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TheLabVIEW Function and VI Reference Manoahtains descriptions
of all virtual instruments (VIs) available for LabVIEW, including the
following:

e G functions and VIs
* Vis that support the devices for data acquisition
e Vis for GPIB, VXlbus, and serial port I1/O operation

» digital signal processing, filtering, and numerical and
statistical VIs

¢ networking and interapplication communications VIs

This manual is a supplement to thebVIEW User Manuadnd assumes
that you are familiar with that material. You should also know how to
operate LabVIEW, and your computer and operating system.

This manual provides an overview of each function and VI available in
LabVIEW. However, for more specific information regarding each
function and VI (e.g. for specific parameter information), refer to the
LabVIEW Online Reference, which you can access by selecting
Online Referencefrom the LabVIEWHelp menu, or Help, which you
access by selectinghow Helpfrom the LabVIEWHelp menu.

Organization of the Product User Manual

This manual covers five subject areas G Functions, Data Acquisition
VIs, Instrument 1/O VIs, Analysis VIs, and Communications VIs.
Chapter 1 introduces the LabVIEW Functions and VIs, which comprise
the sections in this manual.

e Section 1, G Functions and VIs, includes Chaptersdutyn 12,
which describe the functions unique to the G programming
language.

e Section 2, Data Acquisition VIs, includes Chapters 18ugh 29,
which describe the Data Acquisition (DAQ) Vls.
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About This Manual

Section 3, Instrument I/O Functions and Vls, includes Chapters 30
through 37, which describe the Instrument I/O Vs and functions.

Section 4, Analysis VIs, includeshapters 38 through 48, which
describe the Analysis VIs.

Section 5, Communications VI and Functions, includes Chapters 49
through 55, which describe the Communication VIs.

In addition, this manual includes the following appendices and index:

Appendix A,DAQ Hardware Capabilitiesincludes tables that
summarize the analog and digital I/O capabilities of National
Instruments data acquisition devices.

Appendix B,Multiline Interface Messagetists commands that
IEEE 488 defines.

Appendix C,Operation of the GPIBdescribes basic concepts you
need to understand to operate the GPIB.

Appendix D,Referencedists the reference material used to
produce the Analysis VIs described in this manual.

Appendix E,Customer Communicatipeontains forms to help you
gather the information necessary to help us solve your technical
problems and a form you can use to comment on the product
documentation.

Thelndexcontains an alphabetical list of VIs described in this
manual, including the page where you can find each one.

Conventions Used in This Manual

<>

[]

»

The following conventions are used in this manual:

Angle brackets enclose the name of a key on the keyboard (for example,
<option>). Angle brackets containing numbers separated by an ellipsis
represent a range of values associated with a bit or signal name (for
example, DBIO<3...0>).

Square brackets enclose optional items (for exampdepdnse ]).

A hyphen between two or more key names enclosed in angle brackets

denotes that you should simultaneously press the named keys—for
example, <Control-Alt-Delete>.

The » symbol leads you through nested menu items and dialog box
options to a final action. The sequertgle»Page Setup»Options»
Substitute Fontsdirects you to pull down thEile menu, select the
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bold

bold italic

bol d
monospace

CTRL

italic

italic
monospace

monospace

paths

About This Manual

Page Setupitem, selecOptions, and finally select th8ubstitute Fonts
options from the last dialog box.

The ¢ symbol indicates that the text following it applies only to a
specific product, a specific operating system, or a specific software
version.

Bold text denotes the names of menus, menu items, parameters, dialog
box, dialog box buttons or options, icons, windows, Windows 95 tabs,
or LEDs.

Bold italic text denotes a note, caution, or warning.

Bold text in this font denotes the messages and responses that the
computer automatically prints to the screen. This font also emphasizes
lines of code that are different from the other examples.

Key names are in all capital letters.

Italic text denotes emphasis, a cross reference, or an introduction to a
key concept. This font also denotes text from which you supply the
appropriate word or value, as in Windows.3.

Italic text in this font denotes that you must supply the appropriate
words or values in the place of these items.

Text in this font denotes text or characters that should literally enter
from the keyboard, sections of code, programming examples, and
syntax examples. This font is also used for the proper names of disk
drives, paths, directories, programs, subprograms, subroutines, device
names, functions, operations, variables, filenames and extensions, and
for statements and comments taken from programs.

Paths in this manual are denoted using backslashes (\) to separate drive
names, directories, folders, and files.

The Glossarylists abbreviations, acronyms, metric prefixes,
mnemonics, symbols, and terms.

Related Documentation

You might find the following documents helpful as you read this
manual:

e LabVIEW User Manual

e LabVIEW Error Codes

* LabVIEW Getting Started Card
e LabVIEW QuickStart Guide
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 LabVIEW Release Notes
* LabVIEW Upgrade Notes
* G Quick Reference Card

Related Online Documentation

The following related documents are available through the LabVIEW
Online Reference, which you access by selecting
Help»OnlineReference

e Communications Common Questions
* LabVIEW Glossary

Customer Communication

National Instruments wants to receive your comments on our products
and manuals. We are interested in the applications you develop with our
products, and we want to help if you have problems with them. To make
it easy for you to contact us, this manual contains comment and
configuration forms for you to complete. These forms are in

Appendix E,Customer Communicatig@at the end of this manual.
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Introduction to the LabVIEW
Functions and Vis

This chapter contains basic information about the functions and virtual
instruments (VIs) that are available with LabVIEW.

LabVIEW includes collections of VIs that work with your G
programming language, data acquisition (DAQ) hardware devices,
instrument input and output devices, analysis instruments, and
communication devices.

Locating the G Functions and Vis

You can find the G functions and Vls on thenctions palette. To
access th&unctions palette, access a block diagram in LabVIEW.
When you put your cursor over each of the icons inRinections
palette, LabVIEW displays the name of the icon palette.

Functions are elementary nodes in the G programming language. They
are analogous to operators or library functions in conventional
languages. Functions are not VlIs and therefore do not have front panels
or block diagrams. When compiled, functions generate inline machine
code.

You select functions from théunctions palette, in the block diagram.

When the block diagram window is active, select
Windows»Show FunctionsPalette. You also can access the
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Chapter 1 Introduction to the LabVIEW Functions and VIs

Functions palette by popping up on the area in the block diagram
window where you want to place the function.

EdFunctions 4|

4 4 Structures, Mumeric
o} 123 Boolean
¥ [ .

[E]1]Z] String, Array, Cluster
2
H:E::_: - ' Cotnparison, Time &
¥ li Dialog, File 110
'I::"'I_':::"'I_: SE E,"a.-* Cammunication,
EAR _ Instrument 10, DAG
""'*r‘"- r ‘ I 4 Analysiz, Tutarial,
b, 4gﬂ —— and Advanced
InatiLibk| gt Inztrument Driver,
.‘ﬂ User Libraries, Select

a vl

Many Function palette chapters include information about function
examples.

The paths for these examples for LabVIEW begin witdimples\

Function and VI Overviews

The following functions and Vls are available.

Structures

G Structures include While Loop, For Loop, Case and Sequence
structures. This palette also contains the global and local variable
nodes.
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Chapter 1 Introduction to the LabVIEW Functions and Vs

Numeric Functions
Numeric functions perform arithmetic operations, conversions,
trigonometric, logarithmic, and complex mathematical functions. This
palette also contains additional numeric constants, such as Pi.

Boolean Functions
Boolean functions perform Boolean and logical operations.

b
[TH3

String Functions
String functions manipulate strings and convert numbers to and from
strings. This palette also includes the subpalettes Additional String To
Number Functions and String Conversion Functions.

k

Array Functions
Array functions assemble, disassemble, and process arrays.

=
—
g
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Cluster Functions

Use Cluster functions to assemble, access, and change elements in a
cluster.

]

=]

Comparison Functions
Comparison functions compare data (greater than, less than, and so on)
and operations that are based on a comparison, such as finding the
minimum and maximum ranges for two values.

s

Time and Dialog Functions
Time and Dialog functions can be used to manipulate time functions
and display dialog boxes. This palette also includes the functions that
perform error handling.

File 1/0 Functions

File I/O functions manipulate files and directories. This palette also
contains the subpalettes Advanced File Functions, Binary File VlIs, and

File Constants.
|i

]

Advanced Functions

Advanced functions are functions that do not fit into any other category.
The Code Interface Node is an example of an advanced function. The
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DAQ

Instrument 1/0

Communication

Analysis Vis

Chapter 1 Introduction to the LabVIEW Functions and Vs

Advanced Functions palette also contains Help Window functions, VI
Control VIs, Data Manipulation functions, and Occurrences functions.

algl
Tolg

1
0
|
1

DAQ Vls acquire and generate real-time analog and digital data as well
as perform counting operations. See ChaptetritBduction to the
LabVIEW Data Acquisition V]dor more information.

Instrument 1/0 VIs communicate with instruments using GPIB, VISA,
or serial communication. See Chapter Broduction to LabVIEW
Instrument Driver Visfor more information.

Communication VIs network to other applications using TCP/IP, DDE,
OLE, Apple Events, PPC, or UDP. See Chapterdt@pduction to
LabVIEW Communication VIs and Functiofier more information.

s

Analysis VIs perform measurement, signal generation, digital signal
processing, filtering, windowing, probability and statistics, curve
fitting, linear algebra, array operations, and VIs which perform
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additional numerical methods. See Chapterl88oduction to Analysis
in LabVIEW for more information.

|.|.|...|.|.L|.|.|_|.
Select A V...
When you seledtunctions»Select a VI.., LabVIEW displays a file
dialog box. From there, you can select any VI and place it on a diagram.
Tutorial

Selectingrunctions»Tutorial accesses the Tutorial VIs. You call these
VIs while working through th&abVIEW Tutorial Manual.

k

-

Instrument Driver Library

Instrument drivers are a set of VIs for GPIB, VISA, Serial, and CAMAC
instruments. National Instruments, as well as other vendors, distribute
these instrument drivers. Any drivers you place initke.lib

appear in the palette.

Instr Likk
Fidt:

I+
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User Library

This palette automatically includes any VIs in yosgr.lib
directory, making it more convenient to gain access to commonly used
sub-VIs you have written.

Ik
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G Function and VI
Reference Overview

This chapter introduces the G Functions and VIs, descriptions of which
comprise Chapter 3 through Chapter 12.

Functions are elementary nodes in the G programming language. They
are analogous to operators or library functions in conventional
languages. Functions are not VIs and therefore do not have front panels
or block diagrams. When compiled, functions generate inline machine
code.

Vls are “virtual instruments,” so called because they model the
appearance functions of a physical instrument.

You select G Functions from thunctions palette, in the block

diagram. When the block diagram window is active, you can display the
Functions palette by selecting/indows»Show Functions Palette

You also can access thRenctions palette by popping up on the areain
the block diagram window where you want to place the function.

E Functions B3|

w
w

Bz
]
3

] :
El 5 Funations
5 and Vs

BES

Many Functions palette chapters include information about function
examples. The paths for these examples for LabVIEW begin
examples\
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Chapter 2 G Function and VI Reference Overview

G Functions Overview

For brief descriptions of each of the 10 G Function and VI palettes
available refer to Chapter htroduction to LabVIEW Functions and Vls

Introduction to Polymorphism

Polymorphism

The following sections provide some general information about
Polymorphism in G functions.

Polymorphisrris the ability of a function to adjust to input data of
different types or representations. Most functions are polymorphic. VIs
are not polymorphic. All functions that take numeric input can accept
any numeric representation (except some functions that do not accept
complex numbers).

Functions are polymorphic to varying degrees; none, some, or all of
their inputs may be polymorphic. Some function inputs accept numbers
or Boolean values. Some accept numbers or strings. Some accept not
only scalar numbers but also arrays of numbers, clusters of numbers,
arrays of clusters of numbers, and so on. Some accept only
one-dimensional arrays although the array elements may be of any type.
Some functions accept all types of data, including complex numbers.

Unit Polymorphism

If you want to create a VI that computes the root, mean square value of
a waveform, you have to define the unit associated with the waveform.
You would need a separate VI for voltage waveforms, current
waveforms, temperature waveforms, and so on. LabVIEW has
polymorphic unit capability so that one VI can perform the same
calculation, regardless of the units received by the inputs.

You create a polymorphic unit by enterifg wherex is a number (for
example$1). You can think of this as a placeholder for the actual unit.
When LabVIEW calls the VI, the program substitutes the units you pass
in for all occurrences dfx in that VI.

LabVIEW treats a polymorphic unit as a unique unit. You cannot
convert a polymorphic unit to any other unit, and polymorphic units
propagate throughout the diagram, just as other units do. When the unit
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connects to an indicator that also has the abbrevigtipthe units
match and the VI can then compile.

You can usel in combinations just like any other unit. For example,
if the input is multiplied by 3 seconds and then wired to an indicator,
the indicator must bg1s units. If the indicator has different units, the
block diagram shows a bad wire. If you need to use more than one
polymorphic unit, you can use the abbreviati¢ps$3, and so on.

A call to a subVI containing polymorphic units computes output units
based on the units received by its inputs. For example, suppose you
create a VI that has two inputs with the polymorphic usitand$2

that creates an output in the fon$2/s . If a call to the VI receives
inputs with the unit m/s to tl input and kg to th&2 input, LabVIEW
computes the output unit &g m /s"2

Suppose a different VI has two inputs$afand$l/s , and computes an
output of$172 . If a call to this VI receives inputs of m/s to teinput
andm/s"2 tothe$l/s input, LabVIEW computes the output unitra®

/s"2 . If this VI receives inputs of m to ti$a input and kg to thé1/s
input, however, LabVIEW declares one of the inputs as a unit conflict
and computes (if possible) the output from the other input.

A polymorphic VI can have a polymorphic subVI because LabVIEW
keeps the respective units distinct.

Numeric Conversion

You can convert any numeric representation to any other numeric
representation. When you wire two or more numeric inputs of different
representations to a function, the function usually returns output in the
larger or wider format. The functions coerce the smaller representations
to the widest representation before execution.

Some functions, such as Divide, Sine, and Cosine, always produce
floating-point output. If you wire integers to their inputs, these
functions convert the integers to double-precision, floating-point
numbers before performing the calculation.

For floating-point, scalar quantities, it is usually best to use
double-precision, floating-point numbers. Single-precision,
floating-point numbers save little memory, little or no time, and
overflow much more easily. You should only use extended-precision,
floating-point numbers when necessary. The performance and precision
of extended-precision arithmetic varies among the platforms.
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For integers, it is usually best to use a long integer.

If you wire an output to a destination that has a different numeric
representation from the source, LabVIEW converts the data according
to the following rules:

Signed or unsigned integer to floating-point number—Conversion

is exact, except for long integers to single-precision, floating-point

numbers. In this case, LabVIEW reduces the precision from 32 bits
to 24 bits.

Floating-point number to signed or unsigned integer—LabVIEW
moves out-of-range values to the integer's minimum or maximum
value. In most integer objects, such as the iteration terminal of a For
Loop, LabVIEW rounds floating-point numbers. LabVIEW rounds

a fractional part of 0.5 to the nearest even integer—for example,
LabVIEW rounds 6.5 to 6 rather than 7.

Integer to integer—LabVIEW does not move out-of-range values
to the integer’s minimum or maximum value. If the source is
smaller than the destination, LabVIEW extends the sign of a signed
source and places zeros in the extra bits of an unsigned source. If
the source is larger than the destination, LabVIEW copies only the
low order bits of the value.

On the block diagram, LabVIEW places@ercion doon the border of
a terminal where the conversion takes place to indicate that automatic
numeric conversion occurred, as in the following example.
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Because VIs and functions can have many terminals, a coercion dot can
appear inside an icon if the wire crosses an internal terminal boundary
before it leaves the icon/connector, as the following illustration shows.

Fiih)

?@;@@

—
—ii

Moving a wired icon stretches the wire. Coercion dots can cause a VI to
use more memory and time. You should try to keep data types
consistent in your VIs. For more information on coercion dots, see
Chapter 8Customizing Your LabVIEW Environmeint theLabVIEW

User Manual

Overflow and Underflow

LabVIEW does not check for overflow or underflow conditions on
integer values. Overflow and underflow for floating-point numbers s in
accordance with IEEE 488 Standard 754 for binary, floating-point
arithmetic.

Floating-point operations propagate not-a-number (NaN) and +/-Inf
faithfully. When you explicitly or implicitly convert NaN or +/-Inf to

an integer or Boolean value, however, you get a value that looks
reasonable, but is meaningless. For example, dividing by zero produces
+/-Inf, but converting that value to a word integer gives the value
32,768, which is the largest value that can be represented in the
destination format.

Wire Styles
The wire style represents the data type for each terminal, as the
following table shows. Polymorphic functions show the wire style for
the most commonly used data type.

Scalar 10 Aray 20 Amay 30 Arap 4D Aray

MHurmber
Boolean e
String sooocooooc  RRARRARARRI  3GBOG888885 RRRARARAR

General Cluster
Cluzter of Murnbers

A
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Structures

This chapter describes the Structures available through LabVIEW.
To access th8tructures palette, seledtunctions»Structures The

following illustration shows the options that are available on the
Structures palette.

sl Functions B4

x
~ Stuctures |
@wm} Imlhl

e

Structures

abic

" ] o @i
- g iesnnsnsadtt
& £ LOCHL
di—in

TR
Inskr Likd

ol

Seeexamples\general\structs.llb for examples of how
these structures are used in LabVIEW.
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Structures

Structures Overview

The following Structures are available in LabVIEW.

Case Structure

Has one or more subdiagramscasesexactly one of which executes when the structure
executes. Whether or not it executes depends on the value of the Boolean or numeric
scalar you wire to the external side of the terminaabector

For more information on how to use the Case structure in LabVIEW, see Chapter 19,
Structuresin theLabVIEW User Manual

Sequence Structure

Consists of one or more subdiagramsframes that execute sequentially. As an option,
you can add sequence locals that allow you to pass information from one frame to
subsequent frames by popping up on the edge of the structure.

For more information on how to use the Sequence structure in LabVIEW, see Chapter 19,
Structuresin theLabVIEW User Manual

For Loop

Executes its subdiagram count times, where the count equals the value contained in the
count terminal. As an option, you can add shift registers so you can pass information from
one iteration to the next by popping up on the edge of the structure.

numbser
of times . .
curment Heration

For more information on how to use For Loop in LabVIEW, see ChapteStig;tures
in theLabVIEW User Manual
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While Loop

Executes its subdiagram until a Boolean value you wire tadhditional terminalis

FALSE. As an option, you can add shift registers so you can pass information from one
iteration to the next by popping up on the edge of the structure.

’g%—%&— cument ieration

condition

For more information on how to use While Loop in LabVIEW, see Chapter 19,
Structuresin theLabVIEW User Manual

Formula Node
Executes mathematical formulas on the block diagram.

input “EE —
formulase

For more information on the Formula Node, see ChapteTl28 Formula Nodein the
LabVIEW User Manual

Global Variable

A built-in LabVIEW object that you define by creating a special kind of VI, with front
panel controls that define the datatype of the global variable.

For more information on the global variable, see ChapteBRkihal and Local Variables
in theLabVIEW User Manual

Local Variable

Lets you read or write one of the controls or indicators on the front panel of your VI.
Writing to a local variable has the same result as passing data to a terminal, except that
you can write to it even though it is a control, or read from it even though it is an
indicator.

LOCAL
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For more information on the local variable, see ChapteGi#hal and Local Variables
in theLabVIEW User Manual
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Numeric Functions

This chapter describes the functions that perform arithmetic operations,
complex, conversion, logarithmic, and trigonometric operations. It also
describes the commonly used constants like the numeric constant,
enumerated constant, and ring constant as well additional numeric
constants.

To access thBlumeric palette, seledtunctions»Numeric. The
following illustration shows the options that are available on the
Numeric palette.

sl Functions

| MNumeric___|
S
n:ll:-n:.r2

P3[4 C
o B B B B Rl
s o [ [ > [ —§°__
S| [/ =., —
4,_»% (D eV 7
Nl s . (
wwb®®®DH
wm T

The Numeric palette includes the following subpalettes:
e Additional Numeric Constants

« Complex

e Conversion

e Logarithmic

e Trigonometric
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For examples of some of the arithmetic functions, see
examples\general\structs.llb

Polymorphism for Numeric Functions

Note:

The arithmetic functions accept numeric input data. With some
exceptions noted in the function descriptions, the output has the same
numeric representation as the input, or if the inputs have different
representations, the output is the wider of the inputs.

The arithmetic functions work on numbers, arrays of numbers, clusters
of numbers, arrays of clusters of numbers, complex numbers, and so on.
A formal and recursive definition of the allowable input type is as
follows:

Numeric type= numeric scalar || arrapdimeric typg|| cluster
[numeric typek

The numeric scalars can be a floating-point, integer or complex,
number. G does not allow you to use arrays of arrays.

Arrays can have any number of dimensions of any size. Clusters can
have any number of elements. For functions with one input, the
functions operate on each element of the structure.

For functions with two inputs, you can use the following input
combinations:

« Similar—both inputs have the same structure, and the output has
the same structure as the inputs.

e One scalar—one input is a numeric scalar, the other is an array or
cluster, and the output is an array or cluster.

* Array of—one input is a numeric array, the other is the numeric
type itself, and the output is an array.

For similar inputs, G performs the function on the respective elements
of the structures. For example, G can add two arrays
element-by-element. Both arrays must have the same dimensionality.
You can add arrays with differing numbers of elements; the output of
such an addition has the same number of elements as the smallest input.
Clusters also must have the same number of elements, and the
respective elements must have the same structure.

You cannot use the multiply function to do matrix multiplication. If you
use the multiply function with two matrices, G takes the first number in the
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first row of the first matrix, multiplies it by the first number in the first row
of the second matrix, and so on.

For operations involving a scalar and an array or cluster, G performs the
function on the scalar and the respective elements of the structure. For
example, G can subtract a number from all elements of an array,
regardless of the dimensionality of the array.

For operations that involve a numeric type and an array of that type, G
performs the function on each array element. For example, a graph is an
array of points, and a point is a cluster of two numeric typeasdy.

To offset a graph by 5 units in tladirection and 8 units in the

direction, you can add a point, (5, 8), to the graph.

See the Polymorphic Combinations example below illustrates some of
the possible polymorphic combinations of the Add function.

Similar One Scalar

zcalar
scalar :l>_ el seala :l>_ artay
aray :'} artay aray
array gcalar ;[%m cluster
cluster ﬁ>m cluster cluster
cluster

Array of

array of chisters =

aray of clusters
chizter =

Polymorphism for Trig Functions

The trigonometric functions accept numeric input data. If the input is an
integer, the output is a double-precision, floating-point number.
Otherwise, the output has the same numeric representation as the input.

These functions work on numbers, arrays of numbers, clusters of
numbers, arrays of clusters of numbers, complex numbers, and so on.

Polymorphism for Logarithmic Functions

The logarithmic functions accept numeric input data. If the input is an
integer, the output is a double-precision, floating-point number.
Otherwise, the output has the same numeric representation as the input.

These functions work on numbers, arrays of numbers, clusters of
numbers, arrays of clusters of numbers, complex numbers, and so on.
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Polymorphism for Conversion Functions
All the conversion functions except Byte Array to String, String to Byte
Array, Convert Unit, and Cast Unit Bases are polymorphic. That is, the
polymorphic functions work on scalar values, arrays of scalars, clusters
of scalars, arrays of clusters of scalars, and so on. The output has the
same numeric representation as the input but with the new type.

Polymorphism for Complex Functions

The complex functions work on scalar values, arrays of scalars, clusters
of scalars, arrays of clusters of scalars, and so on. The output has the
same composition as the input but with the new type.

Arithmetic Function Descriptions

The following functions are available.

Absolute Value
Returns the absolute value of the input.

r'“i‘“ abs(x]

Add
Computes the sum of the inputs.

A
¥

Add Array Elements
Returns the sum of all the elementsiimmeric array.

numeric array Ii|/> LM
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Compound Arithmetic
Performs arithmetic on two or more numeric, cluster, or Boolean inputs.

waluel
walued

surmn, product,
AND or OF of
walues

EEHIR ]

You select the operation (multiply, AND, or OR) by popping up on the function and
selectingChange Mode

You can invert the inputs or the output of this function by popping up on the individual
terminals, and selectingvert. For Add, selectnvert to negate an input or the output.
For Multiply, selectinvert to use the reciprocal of an input or to produce the reciprocal
of the output. For AND or OR, seleketvert to logically negate an input or the output.

Note: You add inputs to this node by popping up on an input and selecting Add
Input or by placing the Positioning tool in the lower left or right corner of
the node and dragging it.

Decrement
Subtracts 1 from the input value.

X L__h} -1

Divide
Computes the quotient of the inputs.

— Dt
y ?

Increment
Adds 1 to the input value.

H—@—PH-I
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Multiply
Returns the product of the inputs.

p— S
¥
¥

Multiply Array Elements
Returns theoroduct of all the elements inumeric array.

NUMErNc amay {b produict

Negate
Negates the input value.

H] @ X

Quotient & Remainder
Computes the integer quotient and the remainder of the inputs.

X [ R} s floar (=]
y —'_ml_‘— flaar(x/y)

With integer input values foy of zero, the quotient is zero and the remainder is the
dividendx. For floating point inputs, if y is zero, the quotient is infinity and the remainder
defaults to NaN.

Random Number (0-1)

Produces a double-precision floating-point number between 0 and 1 exclusive, or not
including 0 and 1. The distribution is uniform.

Fﬁg nurnber; Ota 1
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Reciprocal
Divides 1 by the input value.

X % 1/

Round To +Infinity

Rounds the input to the next highest integer. For example, if the input is 3.1, the result
is 4. If the input is —3.1, the result is 3.

¥ IB} ceill=] smallest int >= =

Round To —Infinity

Rounds the input to the next lowest integer. For example, if the input is 3.8, the result is
3. If the input is —3.8, the result is —4.

X IUR/ flor(=]: largest int <=«

Round To Nearest

Rounds the input to the nearest integer. If the value of the input is midway between two
integers (for example, 1.5 or 2.5), the function returns the nearest even integer (2).

number lﬂr\/ nearest integer value

Scale By Power 0f 2

Multiplies one inputX) by 2 raised to the power of the other inmit (f n is
floating-point, this function rounds prior to scalingx (0.5 rounds to 0; 0.51 rounds
to 1). If x is an integer, this function is the equivalent of an arithmetic shift.

— g
X
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Sign

Returns 1 if the input value is greater than 0, returns 0 if the input value is equal to 0, and
returns —1 if the input value is less than 0. Other programming languages typically call
this function thesignum or sgn function.

[,
number ek -1.0.1

Square Root

Computes the square root of the input value. if negative, the square root is not a
number (NaN) unless is complex.

¥ L«_l_'r}« it

Subtract
Computes the difference of the inputs.

p— bt
i
¥

User Definahle Arithmetic Constants
You can define the following constants.

Numeric Constant

Use this to supply a constant numeric value to the block diagram. Set this value by
clicking inside the constant with the Operating tool and typing in a value. You can change
the data format and representation.

The value of the numeric constant cannot be changed while the VI executes. You can
assign a label to this constant.

Enumerated Constant

Enumerated values associate unsigned integers to strings. If you display a value from an
enumerated constant the string displays instead of the number associated with it. If you
need a set of strings that will not change, then use this constant. Set the value by clicking
inside the constant with the Operating Tool. Set the string with the Labeling Tool and
enter the string. To add another item, click on the constant and chdddeem Before

or Add Item After .
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The value of the enumerated constant cannot be changed while the VI executes. You can
assign a label to this constant.

Ring Constant

Rings can be used to associate unsigned integers to strings. If you display a value from a
ring constant the number displays instead of the string associated with it. If you need a
set of strings that will not change, then use this constant. Set the value by clicking inside
the constant with the Operating Tool. Set the string with the Labeling Tool and enter the
string. To add another item, pop up on the constant and cAalolskem Before or Add

Item After .

The value of the ring constant cannot be changed while the VI executes. You can assign
a label to this constant.

Conversion Functions Descriptions

The following illustration shows the options that are available orCtireversion
subpalette.

-—HConversion

11g) J116) J132) Jug) Juiel Ju32)
ISGL) IDBL) JEXT! JGSGl ICDB) IGXT)

The following functions convert a numeric input into a specific representation:
 To Byte Integer

e To Double Precision Complex

* To Double Precision Float

e To Extended Complex

e To Extended Precision Float

e To Long Integer

e To Single Precision Complex

e To Single Precision Float

« To Unsigned Byte Integer
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e To Unsigned Word Integer
« To Unsigned Long Integer
e To Word Integer

When these functions convert a floating-point number to an integer, they round the output
to the nearest integer, or the nearest even integer if the fractional part is 0.5. If the result
is out of range for the integer, these functions return the minimum or maximum value for
the integer type. When these functions convert an integer to a smaller integer, they copy
the least significant bits without checking for overflow. When they convert an integer to

a larger integer, they extend the sign of a signed integer and pad an unsigned integer with
Zeros.

Use caution when you convert numbers to smaller representations, particularly when
converting integers, because the G conversion routines do not check for overflow.

Boolean Array To Number

ConvertsBoolean arrayto an unsigned long integer by interpreting it as the two’s
complement representation of an integer with the Oth element of the array being the least
significant bit.

Boolean array rumbes

Boolean To (0,1)

Converts a Boolean value to a word integer— 0 and 1 for the input values FALSE and
TRUE, respectively.

Boolean 7o:1) 0,1

Boolean can be a scalar, an array, or a cluster of Boolean values, an array of clusters of
Boolean values, and so on. See Bodymorphism for Boolean Functiosgction in
Chapter 5Boolean Functions

Byte Array To String

Converts an array of unsigned bytes into a string.

unszigned byte array ztring
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Cast Unit Bases

Changes the units associated with the input to the units associatathiwiind returns

the results at the output terminal. Use this function with extreme care. Beca@asthe
Unit Basesfunction works with bases, you must understand the conversion from an
arbitrary unit to its bases before you can effectively use this function. This function can
change base units, such as changing meters to grams.

unit [none] —‘_|
X ] ot

Convert Unit

Converts a physical number (a number that has a unit) to a pure number (a number with
no units) or a pure number to a physical number.

X —m 7= f—

You can edit the string inside of the unit by highlighting the string with an Operating tool
and then entering the text.

If the input is a pure number, the output receives the specified units. For example, given
an input of 13 and a unit specification of seconds(s), the resulting value is 13 seconds.

If the input is a physical number, andit is a compatible unit, the output is the input
measured in the specified units. For example, if you specify 37 meters(m)uaitds
m, the result is 37 with no associated unitaunit is feet (ft), the result is 121.36 with
no associated units.

Number To Boolean Array

Converts an integerumber to a Boolean array of 8, 16, or 32 elements, where the Oth
element corresponds to the least significant bit (LSB) of the two’s complement
representation of the integer.

number Boolean array
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String To Byte Array

Converts astring into an array of unsigned bytes.

glring unzigned byte array

To Byte Integer

Convertsnumber to an 8-bit integer in the range —128 to 127.

number 118} Bhit integer

To Double Precision Complex
Converts enumber to a double-precision complex number.

numhber 1CDE} double precizion comples

To Double Precision Float
Convertsnumber to a double-precision floating-point number.

number JDEL} double precision float

To Extend Precision Complex
Converts anumber to an extended-precision complex number.

number ICHT) extended precizion comples

To Extended Precision Float
Convertsnumber to an extended-precision floating-point number.

numhber JEXT} extended precizion float
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To Long Integer

Convertsnumber to a 32-bit integer in the range:"—120 21

number 1132} 32bit integer

To Single Precision Complex
Coverts anumber to asingle-precision complex number

number ICSG} gingle precizgion complex

To Single Precision Float
Convertsnumber to a single-precision floating-point number.

number JSGL} zingle precizion float

To Unsigned Byte Integer

Convertsnumber to an 8-bit unsigned integer in the range 0 to 255.

numher 108 } unzigned Bhit integer

To Unsigned Long Integer
Convertsnumber to a 32-bit unsigned integer in the range 0%-2.

numhber 1U32Z} ungigned 32bit integer

To Unsigned Word Integer

Convertsnumber to a 16-bit unsigned integer in the range 0 to 65,535.

number U1E} unzigned 1Ebit integer
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To Word Integer
Convertsnumber to a 16-bit integer in the range —32,768 to 32,767.

number 1116} 16bit integer

Trigonometric Functions Descriptions

The following illustration shows the options for thiEgonometric subpalette.

I Trigonometric |
..... ~

S="5IN

SINH

. ifecfest, > AN I | AR
I || TN B i H T X H
coc| [y sEC ]| YicdT CO5 ATANzZ] | SINGE)

Cosecant
Computes the cosecantxifwherex is in radians. Cosecant is the reciprocal of sine.

14zin] )

Cosine
Computes the cosine &f wherex is in radians.

® Vi - oz«

Cotangent
Computes the cotangentxafwherexis in radians. Cotangent is the reciprocal of tangent.

A3
X \'. -:-:ir| 1/tanx]
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Hyperbolic Cosine
Computes the hyperbolic cosinexgfwherex is in radians.

X H\*“Li | coghix]

Hyperbolic Sine

Computes the hyperbolic sine xfwherex is in radians.

X ismu ginh(x]

Hyperbolic Tangent

Computes the hyperbolic tangentgfwherex is in radians.

X ; tanhlx]

Inverse Cosine

Computes the arccosine in radians. I is not complex and is less than —1 or greater
than +1, the result is NaN.

ey

X N arcoog(x]

Inverse Hyperbolic Cosine

Computes the hyperbolic argcosinexah radians. Ii is not complex and is less than 1,
the result is NaN.

7]

HEI:ZI;'HE

argooshi(=]
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Inverse Hyperbolic Sine
Computes the hyperbolic argsinexoiin radians.

- argzinhx)

Inverse Hyperbolic Tangent

Computes the hyperbolic argtangentadh radians. I is not complex and is less than
—1 or greater than 1, the result is NaN.

X ' “Jlt' argtanhlz]
ATANH

Inverse Sine

Computes the arcsine gfin radians. Ifx is not complex and is less than -1 or greater
than +1, the result is NaN.

arczinx]

Bsing

Inverse Tangent
Computes the arctangentofn radians (which can be betweem'2-andn/2).

"'{igmu

arctan[x]

Inverse Tangent (2 Input)

Computes the arctangentyk in radians. This function can compute the arctangent for
angles in any of the four quadrants of the x,y plane, whereas the Inverse Tangent function
computes the arctangent in only two quadrants.

y— i

ERE
X ATANEZ

atan[x.y]
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Secant

Computes the secant »f wherex is in radians.

T

X 1/cosx]
[ SEC ]

Sinc

Computes the sine afdivided byx, wherex is in radians.

X e o Finfx)=
I
Sine
Computes the sine of wherex is in radians.
S o zin[R]
=8I

Sine & Cosine

Computes both the sine and cosinecpfvherex is in radians. Use this function only
when you need both results.

vl ginx]
& -
& cos(x]

Tangent

Computes the tangent gf wherex is in radians.

tan(x]

=
z
= i
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Logarithmic Functions Descriptions

The following illustration shows the options for thegarithmic subpalette.

iix! Logarithmic |

o zi, ® e-1

Ve | | et | e ‘L ey

§ SEV [T | B

o | el [ e | ioe]| ihg
Exponential
Computes the value of e raised to ¥hpower.
X enplx]

Exponential (Arg) -1

Computes 1 less than the value of e raised ta thewer. Wherx is very small, this

function is more accurate than using the Exponential function and then subtracting 1 from
the output.

B g

explx] -1

—..i1
ERP -1

Logarithm Base 2

Computes the base 2 logarithmofif x is 0,log2(x) is —eo. If X is not complex and is
less than Olog2(x) is NaN.

¥ ! A lag2]z]

QG
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Logarithm Base 10

Computes the base 10 logarithmxofif x is 0,log(x) is —e. If X is not complex and is
less than Olog(x) is NaN.

lagx]

10
LOG

Logarithm Base X

Computes the baselogarithm ofy (x>0, y>0). If y is 0, the output ises. Whenx andy
are both not complex ands less than or equal to 0, pis less than 0, the output is NaN.

1
¥
f lags]
X

Natural Logarithm

Computes the natural base e logarithnx,ahat is, the logarithm of. If x is 0,In(x) is
—oo. |f X is not complex and is less thanli®(x) is NaN.

X i & In[x)

Natural Logarithm (Arg +1)

Computes the natural logarithm of £ 1). Whenx is near 0, this function is more
accurate than adding 1 xoand then using the Natural Logarithm functionx is equal
to —1, the result isos. If X is not complex and is less than —1, the result is NaN.

X : ,K._:: [n[x+1]
L)

Power Of 2

Computes 2 raised to thxepower.
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Power 0f 10

Computes 10 raised to tixepower.

10,
X RIE SR 10™w
ki

Power Of X

Computex raised to the power. Ifx is not complex, it must be greater than zero unless
y is an integer value. Otherwise, the result is NaN.iff zerox”y is 1 for all values of
X, including zero.

L

Complex Function Descriptions

The following illustration displays the options available on@woenplex subpalette.

i Complex

= [k B bl

The functions Polar To Complex and Re/Im To Complex create complex numbers from
two values given in rectangular or polar notation, and the functions Complex To Polar
and Complex To Re/lm break a complex number into its rectangular or polar
components.

Complex Conjugate
Produces the complex conjugatexof iy.

X4y Lﬁh““__..a Wy
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Complex To Polar
Breaks a complex number into its polar components.

r * e [i"theta] {heta

Complex To Re/Im

Breaks a complex number into its rectangular components.

- e w
X+ Z i v

Polar To Complex
Creates a complex number from two values in polar notation.

theta: i r* & i"theta)

Re/Im To Complex
Creates a complex number from two values in rectangular notation.

P
¥
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Additional Numeric Constants Descriptions

The following illustration displays the options available onAldelitional Numeric
Constantssubpalette.

> Additional Numeric Constants |

E (2 kd b (k2 E=
HECDERE B

Additional User Definable Constants
You can define the following constants.

i Listhox Symbol Ring Constant

This ring constant assigns symbols to items in a listbox control. Typically, you wire this
constant into the Item Symbols attribute.

Color Box Constant

Use this to supply a constant color value to the block diagram. Set this value by clicking
on the constant with the Operating tool and choosing the desired color.

The value of the color box constant cannot be changed while the VI executes. You can
assign a label to this constant.

Error Ring Constant

This constant is a predefined ring of errors specific to memory usage, networking,
printing, and file I/O. Errors related to DAQ, GPIB, VISA, and Serial ViIs and functions
are not options in this ring.

Fixed Constants
The following constants are fixed.
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Chapter 4
Avogadro Constant (1/mol)

Returns the value 6.0220e23.

Base 10 Logarithm of e
Returns the value 0.43429448190325183.

Elementary Charge (c)
Returns the value 1.6021892e-19.

Gravitational Constant (Nm%/kg?)
Returns the value 6.6720e-11.

Molar Gas Constant (J/mol K)
Returns the value 8.31441.

e
Returns the value 2.7182818284590452e+0.

Natural Logarithm of Pi
Returns the value 1.14472988584940020.

Natural Logarithm of 2
Returns the value 0.69314718055994531.

Natural Logarithm of 10
Returns the value 2.30234095236904570.

Negative Infinity
Returns the valuecs:

Pi
Returns the value 3.14159265358979320.

Pi divided by 2
Returns the value 1.57079632679489660.

Pi multiplied by 2
Returns the value 6.28318530717958650.

Numeric Functions
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Planck’s Constant (J/Hz)
Returns the value 6.6262e-34.

=] Positive Infinity
Returns the valueos.

'

Reciprocal of e
Returns the value 0.36787944117144232.

=
13

Reciprocal of Pi
Returns the value 0.31830988618379067.

5

Rydberg Constant (/m)
Returns the value 1.097373177e7.

E

Speed of Light in Vacuum (m/sec)
Returns the value 299,792,458.
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Boolean Functions

This chapter describes the functions that perform logical operations.

The following illustration shows thBooleanpalette, which you access
by selecting-unctions»Boolean

it»! Functions

Boolean

i

123 F
= «—1HBoolean

E
w
w

[=]=]
]
| =

|
CrHE+

&) W I 4 |

%
=
[l

e
p
10

Ft
El4.E

For examples of some of the Boolean functions, see
examples\general\structs.llb

Polymorphism for Boolean Functions

The logical functions take either Boolean or numeric input data. If the
input is numeric, G performs a bit-wise operation. If the input is an
integer, the output has the same representation. If the input is a
floating-point number, G rounds it to a long integer, and the output is
long integer.

The logical functions work on arrays of numbers or Boolean values,
clusters of numbers or Boolean values, arrays of clusters of numbers or
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Boolean values, and so on. A formal and recursive definition of the
allowable input type is as follows.

Logical type= Boolean scalar || numeric scalar || artagifal typ§ ||
cluster Jogical type$

except that complex numbers and arrays of arrays are not allowed.

Logical functions with two inputs can have the same input
combinations as the arithmetic functions. However, the logical
functions have the further restriction that the base operations can only
be between two Boolean values or two numbers. For example, you
cannot have an AND between a Boolean value and a number. See the
example below for an illustration of some combinations of Boolean
values for the AND function.

Boalean scalar

cluster
cluster

_____ - Biailean scalar

Boalean scalar -

Boolean arra
¥ Boolean array
Boolean array

Similar One Scalar

Boalean scalar ...
Boolean arvay
Baalean array

Bonlean scalar

Boolean cluster e o= Boolean cluster

array of clusters
cluster

Boolean Function Descriptions

The following Boolean functions are available.

And

Computes the logical AND of the inputs.

w.and. y?

Note: This function performs bit-wise operations on numeric inputs.
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And Array Elements
Returns TRUE if all the elementsBoolean arrayare true; otherwise it returns FALSE.

Boolean amray I"ﬂ" logical AMD

Boolean Array To Number

ConvertsBoolean arrayto an unsigned long integer by interpreting it as the two’s
complement representation of an integer with the Oth element of the array being the least
significant bit.

Boolean array number

Boolean To (0,1)

Converts a Boolean value to a word integer--0 and 1 for the input values FALSE and
TRUE, respectively.

Boolean 1Zo-1} 01

Compound Arithmetic
Performs arithmetic on two or more numeric, cluster, or Boolean inputs.

waluel
walued

surmn, product,
AND or OF of
walues

EEHIR ]

You select the operation (multiply, AND, or OR) by popping up on the function and
selectingChange Mode

You can invert the inputs or the output of this function by popping up on the individual
terminals, and selectingvert. For Add, selecinvert to negate an input or the output.
For Multiply, selectinvert to use the reciprocal of an input or to produce the reciprocal
of the output. For AND or OR, selelttvert to logically negate an input or the output.

Note: You add inputs to this node by popping up on an input and selecting Add
Input or by placing the Positioning tool in the lower left or right corner of
the node and dragging it.
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Exclusive Or
Computes the logical Exclusive OR of the inputs.

Implies
Computes the logical OR gfand of the logical negation a&f That is, the function
negatex and then computes the logical ORyoéind of the negatex

: i E S « implies, y?
Not
Computes the logical negation of the input.
* {3 ot #?

Not And
Computes the logical NAND of the inputs.

L .'_'.';':::::::: .................. not. [ .and. yJ?

¥

Not Exclusive Or
Computes the logical negation of the logical exclusive OR of the inputs.

ik, [ war, w)?

Not Or
Computes the logical NOR of the inputs.

itk [ on w]?
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Number To Boolean Array

Convertsnumber to a Boolean array of 8, 16, or 32 elements, where the Oth element
corresponds to the least significant bit (LSB) of the two's complement representation of
the integer.

number Boolean aray

Or
Computes the logical OR of the inputs.

Or Array Elements

Returns FALSE if all the elements Boolean array are false; otherwise it returns
TRUE.

Boolean amay Iﬁl/\ logical OR

Boolean Constant

Use this to supply a constant true/false value to the block diagram. Set this value by
clicking on theT or F portion of the constant with the Operating tool. This value cannot
be changed while the VI executes.

You can assign a label to this constant.

HF
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String Functions

This chapter describes the string functions, including those that convert
strings to numbers and numbers to strings.

The following illustration shows th®tring palette, which you access
by selecting-unctions»String.

i Functions

73 i 2 (O 2 574 (R )

Overview of Polymorphism for String Functions

This section provides descriptions of polymorphism for String
functions, Additional String to Number functions, and String
Conversion functions.
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Polymorphism for String Functions

String Length, To Upper Case, To Lower Case, Reverse String, and
Rotate String accept strings, clusters, arrays of strings, and arrays of
clusters. To Upper Case and To Lower Case also accept numbers,
clusters of numbers, and arrays of numbers, interpreting them as ASCII
codes for characters (refer to the AppendiMBlltiline Interface
Messageglater in this manual, for the numbers that correspond to each
character). Width and precision inputs must be scalar.

Polymorphism for Additional String to Number Functions

To Decimal, To Hex, To Octal, To Engineering, To Fractional, and To
Exponential accept clusters and arrays of numbers and produce clusters
and arrays of strings. From Decimal, From Hex, From Octal, and From
Exponential/Fract/Sci accept clusters and arrays of strings and produce
clusters and arrays of numbers. Width and precision inputs must be
scalar.

Polymorphism for String Conversion Functions
The Path To String and String To Path functions are polymorphic. That
is, they work on scalar values, arrays of scalars, clusters of scalars,
arrays of clusters of scalars, and so on. The output has the same
composition as the input but with the new type.

Format Strings Overview

Many G functions acceptfarmat string input, which controls the
behavior of the function. A format string is composed of one or more
format specifiers, which determine what action to take to process a
given parameter. The Format Into String and Scan From String
functions can use multiple format specifiers in the format string, one for
each resizable input or output to the function. Characters in the string
that are not part of the format specifier are copied verbatim to the output
string (in the case of Format Into String) or are matched exactly in the
input string (in the case of Scan From String), with the exception of
special escape codes. You can use these codes to insert nondisplayable
characters, the backslash, and percent characters within any format
string. These codes are similar to those used in the C programming
language.
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Table 6-1 displays the special escape codes. A code does not exist for
the platform-dependent end-of-line (eol) character. If you need to
append one, use the End-of-Line constant fronStieg palette.

Table 6-1. Special Escape Codes

Code Meaning
\r Carriage Return
\t Tab
\b Backspace
\n Newline
\f Form Feed
\s space
\XX character with hexadecimal ASCII code xx (using O
through 9 and upper case A through F)
\\ \
%% %

Notice also that for the Scan From String and Format & Strip functions,
a space in the format string matches any amount of whitespace (spaces,
tabs, and form feeds) in the input string.

The Format & Append, Format & Strip, Array To Spreadsheet String,
and Spreadsheet String To Array functions use only one format
specifier in the format string, because these functions have only one
input that can be converted. Any extraneous specifiers inserted into
these functions are treated as literal strings with no special meaning.

For functions that output a string, such as Format Into String, Format &
Append, and Array To Spreadsheet String, a format specifier has the
following syntax. Double brackets [ ) enclose optional elements.

%[-][+]["[0][width][.Precision][{unit}]Conversion Code
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For functions that scan a string, such as Scan From String, Format &
Strip, and Spreadsheet String to Array, a format specifier has the
following, simplified syntax:

%[Width]Conversion Code
Table 6-2 displays the string syntax available.

Table 6-2. String Syntax

Syntax Element Description
% Begins the formatting specification.
— (optional) Causes the parameter to be left justified rather

than right justified within its width.

+ (optional) For numeric parameters, includes the sign evyen
when the number is positive.

N (optional When used with the or g conversion codes,
uses engineering notation (exponent is always a
multiple of 3).

0 (optional) Pads any excess space to the left of a numeric

parameter with Os rather than spaces.

Width (optional) | When scanning, specifies an exact field width to
use. G scans only the specified number of
characters when processing the parameter.

When formatting, specifies the minimum
character field width of the output. This is not a
maximum width; G uses as many characters|as
necessary to format the parameter without
truncating it. G pads the field to the left or right of
the parameter with spaces, depending on

justification. If Width is missing or zero, the
output is only as long as necessary to contain the
converted input parameter.

Separates Width from Precision.
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Table 6-2. String Syntax (Continued)

Syntax Element

Description

Precision (optional

For floating-point parameters, specifies the
number of digits to the right of the decimal point.
If Width is not followed by a period, G inserts a
fractional part of six digits. If Width is followed
by a period, and Precision is missing or 0, G does
not insert a fractional part.

For string parameters, specifies the maximun
width of the field. G truncates strings longer than
this length.

=

{unit} (optional)

Overrides the choice of unit of a VI when
converting a physical quantity (a value with g
associated unit). Must be a valid unit.

>

Conversion Codesg

Single character that specifies how to convernt
number, as follows

to decimal integer

to hex integer

to octal integer

to binary integer

to floating-point number with
fractional format

T O X Q

e to floating-point number with
scientific notation

g to floating-point number using
format if the exponential is less
than —4 or greater than Precision,
orf format otherwise

s to string

The Conversion Codes used in G are similar to those used in the C
programming language. However, G uses conversion codes to

determine the textual format of the parameter, not the datatype of the

parameter.

You can use thd, x, o, b, f, e andg conversion codes to process any
numeric G data type, including complex numbers and enums.
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For complex numbers, you can use the format specifier to process both
the real and imaginary parts as a single parameter.

You can use the conversion code to process string or path parameters
or enums.

Notice that you can use either a numeric or string conversion code with
an enum, depending on whether you want the numeric value or
symbolic (string) value of the enum.

For compatibility with C, G treatswaconversion code (unsigned

integer) the same aslaand ignores ah orL preceding the conversion
code. However, in G it is the datatype of the parameter that determines
the size of an integer and whether the integer is signed or unsigned.

For examples of format string usage, see the Format Into String and
Scan From String function descriptions later in this chapter.

String Function Descriptions

The following string functions are available.

Array To Spreadsheet String

Converts ararray of any dimension tepreadsheet stringspreadsheet strings a table

in string form, containing delimiter-separated column elements, a platform-dependent
EOL character separating rows, and, for arrays of three or more dimensions, pages are

separated.
delimiter [T ab)
format stri T _
o Sa::r;ﬂ FE spreadshest string

Concatenate Strings

Concatenates input strings and one-dimensional arrays of strings into a single, output
string. For array inputs, this function concatenates each element of the array.

string O [ concatenation of
string 1 '::|E+|E.

: ~ogmy; ¢ Ftringd, ztringl, L., string n-1
siring nel ~i@H |
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Format Into String

Converts input arguments intesulting string, whose format is determined byrmat

string. You increase the number of parameters by popping up on the node and selecting
Add Parameter or by placing the Positioning tool over the lower left or right corner of
the node and then stretching it until you reach the desired number of arguments.

format string
initial string

error in Cno error)
argurnent 1 (00

Py
L

resulting string
errar out

Table 6-3 shows the possible errors which may be produced in error out by Format Into

String.
Table 6-3. Possible Format Into String Errors
Error Code Description
Format specifier typ 81 The datatype of a format specifier in the format string
mismatch does not match the datatype of the corresponding
input argument.
Unknown format 82 The format string contains an invalid format specifier.
specifier
Too few format 83 There are more arguments than format specifiers.
specifiers
Too many format 84 There are more format specifiers than arguments.
specifiers
Note: If an error occurs, the source component of the error out cluster contains

a string of the form “Format Into String (arg n),” where n is the first
argument for which the error occurred.

If you wire a block diagram constant string to format string, G checks for errors in format
string at compile time. Such errors must be corrected before you can run the VI. In this
case, no errors can occur at run time.
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Format Specifier Examples

In Table 6-4, the underline character (_) represent spaces in the output. The last three
entries are examples of physical quantity inputs.

Table 6-4. Format Specifiers

Format String Argument(s) Resulting String
score= %2d%% 87 score= 87%
level=\n%-7.2e V 0.03642 level= 3.64e-2 V
Name: %s, %s. Smith John Name: Smith, John.

Temp: %05.1f %s

96.793 Fahrenheit

Temp: 096.8 Fahrenheit

String: %10.5s. Hello, World String: Hello.
%5.3f 5.67 N 5.670 N
%5.3{mN]}f 5.67 N 5670.000 mN
%5.3{kg}f 5.67 N 5.670 ?kg

The last table entry shows the output when the unit in the format specifier is in conflict

with the input unit.

Index & Append

Selects a string specified lrydex from string array and appends that string $tring.

shring array
string [ mﬁ@!

index .

output tring

Index & Strip
Compares each string §tring array with the beginning o$tring until there is a match.
string |r§._.!' index
gtring array %gj output string
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Chapter 6 String Functions

Searches foregular expressionin string beginning abffset, and if it finds a match,
splitsstring into three substrings.

regular expression

before zubstring
match subsztring
after zubstring
offzet past match

gtrning ~
offzet [0]

Table 6-5. Special Characters for Match Pattern

Special Character

Interpreted by the Match Pattern Function as...

Matches any character.

to theoffsetin string. The match fails unlesggular expression
matches that portion atring that begins with the character at
offset. If ~is not the first character, it is treated as a regular
character.

? Matches zero or one instances of the expression precgding
\ Cancels the interpretation of special characters (for example,|\?
matches a question mark). You can also use the following
constructions for the space and nondisplayable characters
\b backspace
\f form feed
\n newline
\s space
\r carriage return
\Xx any character, whepecis the hex code
using 0 through 9 and upper case A
through F
\t tab
A If 7is the first character oégular expression it anchors the match
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Table 6-5. Special Characters for Match Pattern (Continued)

Special Character

Interpreted by the Match Pattern Function as...

[]

Encloses alternates. For example, [abc] matches a, b, or c. The

following character has special significance when used within
brackets in the following manner.

— (dash)Indicates a range when used between digits, or lowerg
uppercase letters (for example, [0-5],[a—g], or [L-Q])

The following characters have significance only when they ar
first character within the brackets.

~ Excludes the set of characters, including nondisplayable
characters. [~0-9] matches any character other than 0 throug

N Excludes the set with respect to all the displayable character
the space characters). [*0-9] gives the space characters and
displayable characters except 0 through 9.

Matches the longest number of instances of the expression
precedingt; there must be at least one instance to constitute
match.

Matches the longest number of instances of the expression
preceding* in regular expression including zero instances.

the

ase or

e the

ho.

5 (and
all

If $ is the last character oégular expression it anchors the matc
to the last element sftring. The match fails unlesggular
expressionmatches up to and including the last character in tl
string. If $ is not last, it is treated as a regular character.

ne

Table 6-6 shows examples of the Strings for the Match Pattern functions.

Table 6-6. Strings for the Match PatteEramples

Characters to Be Matched Regular Expression

VOLTS

VOLTS

on

All uppercase and lowercase versions ( [VV][OO][LI][Tt][Ss]
volts, that is, VOLTS, Volts, volts, and
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Table 6-6. Strings for the Match Patte&amples (Continued)

Characters to Be Matched

Regular Expression

A space, a plus sign, or a minus sign

[+-]

A sequence of one or more digits

[0-9]+

Zero or more Spaces

\s* or* (that is, a space followed by an
asterisk)

One or more Spaces, Tabs, Newlines, | [\t\r\n\s]+
Carriage Returns

One or more characters other than digij [~0-9]+
The word Level only if it begins at the | ~Level
offset position in the string

The word Volts only if it appears at the ¢ Volts$

of the string

The longest string within parentheses | (.*)

The longest string within parentheses i ([~()]*)

not containing any parentheses within i

The character, [

[[]

Pick Line & Append

Chooses a line froomulti-line string and appends that line string.

multi-line string
string ] “"""3 E
Hake?

line index .

output ztring

Reverse String
Produces a string whose characters are in reverse order of thetgadn

Tab-hal
ab-ba

string reversed
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Rotate String

Places the first character stfing in the last position dirst char last, shifting the other
characters forward one position. For example, the sabwgibecomedcda

ztring EEE first char lazt

Scan From String

Scans the input string and converts the string accordifayitmat string. You increase

the number of parameters by popping up on the node and selAdiingarameter or

by placing the Positioning tool over the lower left or right corner of the node and then
stretching it until you reach the desired number of parameters.

Use Scan From String when you know the exact format of the input string.

forrnat string
input string :::%ﬁ?kw remaining string

initial zearch location $o., 0t offset past scan
error in [no error) 1o error aut
default 1 (0 db1) & [ autput 1
: R |

Table 6-7 lists the Scan from String errors.

Table 6-7. Scan From String Errors

Error Code Description

Format specifier type mismatc 81 The datatype of a format specifie
in the format string does not match
the datatype of the corresponding
output.

=

Unknown format specifier 82 The format string contains an
invalid format specifier.

Too few format specifiers 83 There are more arguments than
format specifiers.
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Table 6-7. Scan From String Errors (Continued)
Error Code Description

Too many format specifiers 84 There are more format specifiers
than arguments.

Scan failed 85 Scan From String was unable to
convert the input string into the
datatype indicated by the format
specifier.

I # Note: If an error occurs, the source component of tleeror out cluster contains

a string of the form “Scan From String (arg n),” where n is the first
argument for which the error occurred.

If you wire a block diagram constant string to format string, G checks for errors in format
string at compile time. You must correct these errors before you can run the VI. In this

case, only Scan failed can occur at run time.

Table 6-8 lists Scan From String examples.

Table 6-8. Scan from String Examples

Remaining
Input String Format String Default(s) Output(s) String

abc xyz %s abc 00
12.3+56i 7200 %s%f%2d Xyz

12.3+56i

72
Q+1.27E-3 tail Q%f t 1.27E-3 ail
0123456789 %3d%3d 12 6789

345
X:9.860 Z:3.450 | X:%fY:%f 100 (132) 10 Z: 3450

100.0 (DBL) 100.0
set49.4.2 set%d 49 4.2
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Select & Append

Selects either false string or true string according to a Booleaselectorand appends
that string tostring.

falze string
true ztring
gtring [

selector

]rm

autput string

Select & Strip

Examines the beginning string to see whether it matché&sie string or false string.
This function returns a Boolean TRUE or FALSE valusefection depending on
whetherstring matchegrue string or false string.

: S:TEHQ i — selection
rue string s _
false string e output string

Split String
Splits the string at offset or searches for the first occurrenseas€hchar in thestring,
beginning abffset, and splits the string at that point.

subztring before char
char substring
offzet of char

gearch char [-]
string
offzet (0]

Spreadsheet String To Array

Converts thespreadsheet stringo a numeriarray of the dimension and representation
of array type. This function works for arrays of strings as well as arrays of numbers.

delirmiter [T ab)
format string ]
spreadsheet string - o ' array
array type (2D Dbl =T 2
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String Length

Returns inlength the number of characters (bytesksining.

ztring B e length

String Subset

Returns thesubstring of the originalstring beginning abffset and containindength
number of characters.

length —— _
affset [0] = EE B substring
string

To Lower Case

Converts all alphabetic characterssining to lowercase characters. This function does
not affect nonalphabetic characters.

T = L

ztring 1Aa} all lowser caze string

To Upper Case

Converts all alphabetic characterssining to uppercase characters. This function does
not affect nonalphabetic characters.

glring laf} all upper caze sting

Additional String To Number Function Descriptions

For general information about Additional String to Number functionsPsgenorphism
for Additional String to Number Functionsarlier in this chapter.
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The following illustration displays the options available onAldeitional String to
Number Functions subpalette.

dditional String to Humber Functions |

“52 |§5m|
p[nnEn]| ™
HH #'

:.#
@
=

Format & Append

Convertsnumber into a regular string according to the format specifietbimat
string, and appends this &iring.

format string
string [ mﬁﬁﬂ

niumber [ # autput string

Note: The Format Into String function has the same functionality as Format &
Append but can use multiple inputs, so that you can convert information
simultaneously. You should consider using Format Into String instead of
this function: in many cases, this can simplify your block diagram.

Format & Strip

Looks forformat string at the beginning astring, formats any number in this string
portion according to the conversion code$armat string, and returns the converted
number innumber and the remainder atring after the match ioutput string.

: string E‘.“E’# rumber
E.;Ir:f]:L:lts[tD"dnhgll] o output string
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From Decimal

Converts the numeric characterssining, starting abffset, to a decimal integer and
returns it innumber.

string
offzet
default [OL]

niurnber

From Exponential/Fract/Eng

Interprets the characters 0 through 9, plus, minus, e, E, and the decimal point (usually
period) instring starting abffsetas a floating-point number in engineering notation, or
exponential or fractional format and returns inumber.

Shfifngt offzet pazt number

arrse

default (0 dbl] number

I #= Note: If you wire the characters Inf or NaN to string, this function returns the G

values Inf and NaN, respectively.

From Hexadecimal

Interprets the characters 0 through 9, A through F, and a througdtririg starting at
offsetas a hex integer and returns itnamber.

ghring
offzet
default [Qul]

offzet past number
rwrnber

From Octal

Interprets the characters 0 through &iring starting abffset as an octal integer and
returns it innumber. This function also returns the indexstring of the first character
following the number.

string
affzet
default [Oul)

offzet past number
nLrmber
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To Decimal

Convertsnumber to a string of decimal digitwidth characters wide, or wider if
necessary.

b T, . .
":ir;th?] H% decimal integer sting

To Engineering

Convertsnumber to an engineering format, floating-point striwgdth characters wide,
or wider if necessary. Engineering format is similar to E format, except the exponent is
a multiple of three (-3, 0, 3, 6).

number R
width [-) —'_'"‘%
precizion [B] — e

Enaineering string

To Exponential

Convertsnumber to an E-format (exponential notation), floating-point stnivigth
characters wide, or wider if necessary.

number
width [-] = nnEn] E -format stritig

precision [F] —

To Fractional

Convertsnumber to an F-format (fractional notation), floating-point stringlth
characters wide, or wider if necessary.

number _
width [-] =—{*l.onn F-format string

precizion (&) T
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To Hexadecimal

Convertsnumber to a string of hexadecimal digitgdth characters wide, or wider if
necessary.

number ‘*%
'F NN

width [-] ——{»a he integer string

To Octal

Convertsnumber to a string of octal digitwidth characters wide, or wider if necessary.

number “%
'? Q00|

width [-] ——w

octal integer sting

String Conversion Function Descriptions

For general information about String Conversion functions sesview of
Polymorphism for String Functiorearlier in this chapter.
The following illustration shows th8tring Conversion subpalette.

i» Conversion |

Array Of Strings To Path accepts one-dimensional (1D) arrays of strings, Path To Array
Of Strings accepts paths, Path To String accepts paths, and String To Path accepts strings.

Array Of Strings To Path

Converts ararray of strings into a relative or absolutgath.
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If you have an empty string in the array the directory location before the empty string is
deleted in the path output. Think of this as moving up a level in directory hierarchy.

TElatjy e

array of ztrings [ 1) path

Byte Array To String

Converts an array of unsigned bytes intstrdng.

unsigned byte array shring

Path To Array Of Strings

Converts gath into anarray of strings and indicates whether the pathrétative.

g relative

path g“‘ﬂ-[“].- array of shrings

Path To String

Convertspath into a string describing a path in the standard format of the platform.

path Py abef shring

Refnum To Path

Returns thegath associated with the specifiegfnum.

refrnum 5N path

String To Byte Array

Converts astring into an array of unsigned bytes.

gtring unzigned byte aray
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String To Path

Converts a string, describing a path in the standard format for the current platform, to a
path.

ztring Jab: %} path

String Fixed Constants

The following String Fixed Constants are available.

String Constant
Use this to supply a constant ASCII value to the block diagram. Set this value by clicking
inside the constant with the Operating tool and typing in the value. You can change the
display mode so you can see non-displayable characters or the hex equivalent to the
characters. You can also set the constant in password display mode so “*” are displayed
when you type in characters.

The value of the string constant cannot be changed while the VI executes. You can assign
a label to this constant.

Carriage Return

Consists of a constant string containing the ASCII CR value.

1 Empty String

Consists of a constant string that is empty. Length is zero.

End of Line

Consists of a constant string containing the platform-dependent, end of line value. For
Windows, the value is CRLF; for Macintosh, the value is CR; and on UNIX, the value
is LF.

Line Feed

Consists of a constant string containing the ASCII LF value.

Tab

Consists of a constant string containing the ASCII HT (horizontal tab) value.
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Array Functions

This topic describes the functions for array operations.

The following illustration shows th&rray palette which you access by
selectingFunctions»Array.

B! Functions

-
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b
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o
txd
e
u -

%

Array

+|:| EJJ‘ -EJJ‘
mnx ” =

i:A; Emm .
€

{Im

=

| |
~<I"

i
]
]
il
el
+

+
Eju..

E

Iy

e
I
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Some of the array functions are also available fromAtnay Tools
palette of most terminal or wire pop-up menus. The illustration below
shows the pop-up menu.

| Array Tools p |

[E]E Ey o | [
=4 ] =t et | |ET | [

*gl=E [ET

] -

If you select the functions from this palette, they appear with the correct
number of terminals to wire to the object on which you popped up.

For examples of array functions, see
examples\general\arrays.llb

Array Function Overview

Some of the array functions have a variable number of terminals. When
you drop a new function of this kind, it appears on the block diagram
with only one or two terminals. You can add and remove terminals by
using the pop-up menddd Element Input or Add Array Input and
Remove Inputcommands (the actual names depend on the function) or
by resizing the node vertically from any corner. If you want to add
terminals by popping up, you must place your cursor on the input
terminals to access the pop-up menu.

You can shrink the node if doing so does not delete wired terminals. The
Add Element Input or Add Array Input command inserts a terminal
directly after the one on which you popped up. Regnove Input
command removes the terminal on which you popped up, even if it is
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wired. The following illustration shows the two ways to add more
terminals to the Build Array function.

ra

1
L = =3[ =+
Online Help -+ i ! =
Description... I . =+ H
Show 3 o +1=
Replace [

Change to Arra
Add Array Input
Remove Input
Create Constant
Create Control

Create Indicator

Out-of-Range Index Values

Attempting to index an array beyond its bounds results in a default
value determined by the array element type.

Polymorphism for Array Functions

Most of the array functions accept n-dimensional arrays of any type,
however the wiring diagrams in the function descriptions show numeric
arrays as the default data type.

Array Function Descriptions

The following Array functions are available.

Array Max & Min

Searches for the first maximum and minimum valuesumeric array. This function
also returns the indices where it finds the maximum and minimum values.

T ) max value

array E' max index [indices]
il R min v alue

min index [indices)
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The function compares each datatype according to the rules referred to in Chapter 9,
Comparison Functions

Array Size

Returns the number of elements in each dimensiaraiy .

array Eﬂl 1 zizefs]

Array Subset

Returns a portion dadirray starting atndex and containingength elements.

array sub-array
indexi0) —fu.+
length —fw I

Array To Cluster

Converts a 1D array to a cluster of elements of the same type as the array elements. Pop
up on the node to set the number of elements in the cluster. The default is nine. The
maximum cluster size for this function is 256.

array =], cluster

For more information on clusters, see Chaptetl8ster Functions

Build Array

Appends any number of array or element inputs in top-to-bottom order to areae
with appended element

e]:r:-'ugangt :mﬁ|— array with appended element(s)

e T

aiarnani oo

To change an element input to an array input, pop up on the input andGedecte to

Array . In general, to build an array nfdimensions, eachrray input must be of the

same dimensiom, and eaclelementinput must have—1 dimensions. To create a 1D
array, connect scalar values to the element inputs and 1D arrays to the array inputs. To
build a 2D array, connect 1D arrays to element inputs and 2D arrays to the array inputs.
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Cluster To Array
Converts a cluster of identically typed components to a 1D array of elements of the same
type.

cluster =], array

For more information on clusters, see ChapteZl8ster Functions

Decimate 1D Array
Divides the elements @frray into the output arrays.

array of elerents 0, n, 2Zn, ...

array array of elerents 1, n+l1, 2n+l, ..

Index Array

Returns theelementof array atindex. If array is multidimensional, you must add
additionalindex terminals for each dimension of theray.

n-dimension array p o elernent ar
index O _-.: sub-array

: i :

EITrr T Py e— M |

In addition to extracting an element of the array, youstaxe out a higher dimensional
component by disabling one or more of the index terminals.

Initialize Array
Creates am-dimensional array in which every element is initialized to the value of

element
e'lement:‘--b H |= initialized
ﬂ][‘QEHSWH size e _ n—-dimension array
Al . H

et oize i

o gixe n-i-
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Array Functions

Interleave 1D Arrays
Interleaves corresponding elements from the input arrays into a single output array.

arrayd —
arrayl

interleawved array

ar'r"a:; r-i

Interpolate 1D Array

Uses the integer part of tfractional index of x to index the array and the fractional part
of fractional index of x to linearly interpolate between the values of the indexed element
and its adjacent element.

amray of numberz or points ot
- - .
fractional index or x * liters

ywvalue

Replace Array Element
Replaces the element amray atindex with thenew element

arrau | o ith new elernent
ratH |- array wi
o Hp

new elerment
ey —{u-t

Reshape Array

Changes the dimension of an array according to the valdenghsion size For
example, you can use this function to change a 1D array into a 2D array or vice versa.
You can also use it to increase and decrease the size of a 1D array.

n—dirn array +\|:|_ r=dirn array
dimension size — w4

Reverse 1D Array
Reverses the order of the elementaiiray.

array {in.h] [M..5f reversed array
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Rotate 1D Array

Rotates the elementsafray by the number of places and in the direction indicateml by

n [‘oooi] array [last n elements first]
array
Search 1D Array
Searches foelementin 1D array starting afstart index.
1D armray [oozo] _
element — ﬁTI'LT'.I index of element

start index (0] —

Sort 1D Array

Returns a sorted version afray with the elements arranged in ascending order. The
rules for comparing each datatype are described in ChapBam®parison Functions

array nﬁﬁrﬂ zorted aray

Split 1D Array

Dividesarray atindex and returns the two portions.

amray I.'l...|i...N]| firzt zubarray
index T zecond subarray

Threshold 1D Array

Compareghreshold y to the values imrray of numbers or points starting afstart
index until it finds a pair of consecutive elements such thegshold y is greater than
the value of the first element and less than or equal to the value of the second element.

The function then calculates the fractional distance between the first valtieesitbld
y and returns the fractional index at whitieshold y would be placed withiarray of
numbers or pointsusing linear interpolation.

array of numbers or points 1, ) )
threshold y — oty fractional index ar »
start indesw (0] — e
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Array Functions

For example, supposeray of numbers or pointsis an array of four numbers [4, 5, 5,

6], start index is 0, andhreshold y is 5. Thefractional index or x is 1, corresponding

to the index of the first value of 5 the function finds. Suppose the array elements are 6,
5,5, 7, 6, 6, thetart index is 0, and the¢hreshold y is 6 or less. The output is 0. If
thresholdy is greater than 7 for the same set of numbers, the output ithBeshold y

is 14.2 start index is 5, and the values in the array starting atindex 5 are 9.1, 10.3, 12.9,
and 15.5threshold y falls between elements 7 and 8 because 14.2 is midway between
12.9 and 15.5. The value fractional index or x is 7.5, that is, halfway between 7 and

8.

If the array input consists of an array of points where each point is a cluster of x and y
coordinates, the output is the interpolated x value corresponding to the interpolated
position ofthreshold y rather than the fractional index of the array. If the interpolated
position ofthreshold y is midway between indices 4 and 5 of the array with x values of
—2.5 and 0 respectively, the output is not an index value of 4.5 as it would be for a
numeric array, but rather an x value of —1.25.

Transpose 2D Array

Rearranges the elementsai array such thaD array[i,j] becomegransposed
array/[j,i].

2D array — transposed aray
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Cluster Functions

This chapter describes the functions for cluster operations.

The following illustration shows th€luster palette, which you access
by selecting-unctions»Cluster.

i+ Functions

Instr Likp

, e = ..—D:U[:Iuster
Iz / —0 S
B B Ve r%_l*::“
ALY SEIEE
-t I ERHEE EE
llull..u_.ﬂ —

i 4

E EN
ek

Some of the cluster functions are also available fronCihster Tools
palette of most terminal or wire pop-up menus. The following
illustration shows the pop-up menu.

[
Cluster Tools P | et

]

— N
EmE] 1] [Tezme]
T dPit
[tem] [| [ [em]

If you select the functions from this palette, they appear with the correct
number of terminals to wire to the object on which you popped up.
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Cluster Function Overview

Some of the cluster functions have a variable number of terminals.
When you drop a new function of this kind, it appears on the block
diagram with only one or two terminals. You can add and remove
terminals by using the pop-up meAdd Input or Remove Input

options or by resizing the node using the Positioning tool. If you want
to add terminals by popping up, you must place your cursor on the input
terminal to access the pop-up menu.

You can shrink the node if doing so does not delete wired terminals. The
Add Input option inserts a terminal directly after the one on which you
popped up. Th&emove Input option removes the terminal on which
you popped up, even if it is wired.

The following illustration shows the two ways to add more terminals to
the Bundle function.

o
—

2
Online Help _+ :’:H;"i ]
Description... : : Loy
Show b ! ! -
Replace » L —

Add Input &

Remove Input
Create Constant
Create Control
Create Indicator

Polymorphism for Cluster Functions

The Bundle and Unbundle functions do not show the datatype for their
individual input or output terminals until you wire objects to these
terminals. When you wire them, these terminals look similar to the
datatypes of the corresponding front panel control or indicator
terminals.
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Setting the Order of Cluster Elements

Cluster elements have a logical order that is unrelated to their positions
within the shell. The first object you insert in the cluster is element 0,
the second is 1, and so on. If you delete an element, the order adjusts
automatically. You can change the current order by selecting the
Cluster Order... option from the cluster pop-up menu.

Clicking on an element with the cluster order cursor sets the elements
place in the cluster order to the number displayed inside the Tools
palette. You change this order by typing a new number into that field.
When the order is as you want it, click on gm@er button to set it and

exit the cluster order edit mode. Click on Kédutton to revert to the

old order.

The cluster order determines the order in which the elements appear as
terminals on the Bundle and Unbundle functions in the block diagram.

The Bundle By Name and Unbundle By Name functions give you more
flexible access to data in clusters. With these functions, you can access
specific elements in clusters by name and access only the elements you
want to access. Because these functions reference components by name
and not by cluster position, you can change the data structure of a
cluster without breaking wires, as long as you do not change the name
of or remove the component you reference on the block diagram.

Cluster Function Descriptions

The following cluster functions are available.

Array To Cluster

Converts a 1D array to a cluster of elements of the same type as the array elements. Pop
up on the node or resize it to set the number of elements in the cluster. The default is nine.
The maximum cluster size for this function is 256.

array [1E cluzter

Build Cluster Array

Assembles all theomponentinputs in top-down ordento an array of clusters of that
component If the input is four, single-precision, floating-point components, the output
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is a four-element array of clusters containing one single-precision, floating-point
number. Element 0 of the array has the value of the top component, and so on.

carnponent

companent array of clusters of cornponent

Bundle

Assembles all the individual input components into a single cluster.
cluster
l:nmpnnent%m
cornponernt cluster
Bundle By Name

Replaces components in an existing cluster. After you wire the node to a cluster, you
pop-up on the name terminals to choose from the list of components of the cluster.

cluster
component 1 —ame 1
cluster
component 2 ——name 2

You must always wire theluster input. If you are creating a cluster for a cluster
indicator, you can wire a local variable of that indicator todluster input. If you are
creating a cluster for a cluster control of a subVI, you can place a copy of that control
(possibly hidden) on the front panel of the VI and wire the control taltister input.

Cluster To Array
Converts a cluster of identically typed components to a 1D array of elements of the same
type.

cluster =14] array
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Index & Bundle Cluster Array
Indexes a set of arrays and creates a cluster array in whicthtekement contains the
ith element of each input array.

array of Zedmy] =2
array of Y=+ @EEms array of cluster of (x,y, 2)
array of ==+

This function is equivalent to the following block diagram and is useful for converting a
cluster of arrays to an array of clusters.

Unbundle

Disassembles a cluster into its individual components.

cornponent
I:]"'Et'E'rI““‘EBZGu:um|:u:unent

Unbundle By Name

Returns the cluster elements whose names you specify. You select the element you want
to access by popping up on the name output terminals and selecting a name from the list
of elements in the cluster.

cornponent 1

. [narme 1

cluster

" |namme 2 cornponent 2
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Comparison Functions

This chapter describes the functions that perform comparisons or
conditional tests.

The following illustration shows th€omparison palette, which you

access by selectingunctions»Comparison

if+ Functions |

Comparison

F
IEI

=
B |E]
- w -
|
L=l
Ix!
w
=
w

=L _Eumpa'imn

%u..mjlé = [ & B B

mH@} Iﬁ“} IE> @} I@} I@}

f%% oo
2 2 [P

For examples of comparison functions, see
examples\general\struct.llb

Comparison Function Overview

This section introduces the Comparison functions.
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Compare Boolean

Compare Strings

Compare Clusters

Compare Modes

For the Compare Boolean functions, the Boolean value TRUE is greater
than the Boolean value FALSE.

These functions compare strings according to the numerical equivalent
of the ASCII characters. Thus,(with a decimal value of 97) is greater
thanA (65), which is greater than the numesgks), which is greater

than the space charactég]. These functions compare characters one
by one from the beginning of the string until an inequality occurs, at
which time the comparison ends. For example, LabVIEW evaluates the
stringsabcd andabef until it findsc, which is greater than the value of

e. The presence of a character is greater than the absence of one. Thus,
the stringabcd is greater thaabc because the first string is longer.

Most of the comparison functions test one input or compare two inputs
and return a Boolean value. The functions convert numbers to the same
representation before comparing them. Comparisons with a value of
NaN (not a number) return a value that indicates inequality.

The functions that test the category of a string character (for example,
the Decimal Digit? and Printable? functions) evaluate only the first
character of the string.

The comparison functions compare clusters the same way they compare
strings, one element at a time starting with the Oth element until an
inequality occurs. Clusters must have the same number of elements, of
the same type, and in the same order if you want to compare them.

Some of the comparison functions have two modes for comparing
arrays or clusters. In tHeompare Aggregatesmode, if you compare
two arrays or clusters, the function returns a single value. In the
Compare Elementsmode, the function compares the elements
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individually and then returns an array or cluster of Boolean values. The

Chapter 9

following illustration shows the two modes.

You change the comparison mode by selecGogpare Elementsor
Compare Aggregatesn the pop-up menu for the node, as shown in the

E:xt Array 1 e Arragg Eiua]?

ext]] —l%

Ext Artay 2 - Elernent By Elernent Equality
[EXT) L=~ [TF]

following illustrations.

When you compare two arrays of unequal lengths irCihvapare
Elementsmode, LabVIEW ignores each element in the larger array

© National Instruments Corporation

Ext &rray 1 m
[fE=1] = e
— —= Online Help
Description...
Show [
Ext drray 2 Replace 4
[} ———% Array Tools b
Create Constant
Create Control
Create Indicator

Compare Aggregates .

Ext Arra
[ExT] ]

2

|E19ment By Elernent Equa]itu|

ﬁ/
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[reral
Online Help
Description...
Show 4
Replace 4
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Create Control
Create Indicator
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Comparison Functions

whose index is greater than the index of the last element in the smaller
array.

When you use th€ompare Aggregatesnode to compare two arrays,

the following occurs: (1) LabVIEW searches for the first set of
corresponding elements in the two inputs that differ, and uses those to
determine the results of the comparison. (2) If all elements are identical
except that one has more elements, LabVIEW considers the longer
array to be greater than the shorter array. (3) If no elements of the two
arrays differ, and the arrays have the same length, the arrays are equal.
Thus, LabVIEW considers the array [1,2,3] to be greater than the array
[1,2] and returns a single Boolean value in @mmpare Aggregates

mode.

When comparing clusters using tBempare Aggregatesmode,
LabVIEW goes by cluster order instead of array order. The two clusters
LabVIEW compares are always the same length.

In theCompare Elementsmode, LabVIEW returns a Boolean for each
of the first two elements and ignores the last element of the larger array,
as in the preceding example.

Arrays must have the same dimension size (for example, both
two-dimensional), and for the comparison between multidimensional
arrays to make sense, each dimension must have the same size.

The comparison functions that do not haveGlenpare Aggregateor
Compare Elementsmodes compare arrays in the same manner as
strings—one element at a time starting with the Oth element until an
inequality occurs.

Character Comparison

You can use the functions that compare characters to determine a
character’s type. The following functions are character comparison
functions.

» Decimal Digit?
¢ Hex Digit?

* Lexical Class
* Octal Digit?

* Printable?

*  White Space?
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If the input is a string, the functions test the first character. If the input
is an empty string, the result is FALSE. If the input is a number, the
functions interpret it as a code for an ASCII character.

See Appendix BMultiline Interface Messages$or the numbers that
correspond to each character.

Polymorphism for Comparison Functions

The functions Equal?, Not Equal?, and Select take inputs of any type,
as long as the inputs are the same type.

The functions Greater or Equal?, Less or Equal?, Less?, Greater?,
Max & Min, and In Range? take inputs of any type except complex,
path, or refnum, as long as the inputs are the same type. You can
compare numbers, strings, Booleans, arrays of strings, clusters of
numbers, clusters of strings, and so on. You cannot, however, compare
a number to a string or a string to a Boolean, and so on.

The functions that compare values to zero accept numeric scalars,
clusters, and arrays of numbers. These functions output Boolean values
in the same data structure as the input.

The Not A Number/Path/Refnum function accepts the same input types
as functions that compare values to zero. This function also accepts
paths and refnums. Not A Number/Path/Refnum outputs Boolean
values in corresponding structures. See Chaptein80duction to
LabVIEW Instrument Driver V|sand Chapter 11Kile Functions for

more information on these functions.

The functions Decimal Digit?, Hex Digit?, Octal Digit?, Printable?, and
White Space? accept a scalar string or number input, clusters of strings
or non-complex numbers, arrays of strings or non-complex numbers,
and so on. The output consists of Boolean values in the same data
structure as the input.

The function Empty String/Path? accepts a path, a scalar string, clusters
of strings, arrays of strings, and so on. The output consists of Boolean
values in the same data structure as the input.

You can use the Equal?, Not Equal?, Not A Number/Path/Refnum?,
Empty String/Path?, and Select functions with paths and refnums, but
no other comparison functions accept paths or refnums as inputs.
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Comparison functions that use arrays and clusters normally produce
Boolean arrays and clusters of the same structure. You can pop-up and
change to compare aggregates, in which case the function outputs a
single Boolean value. The function compares aggregates by comparing
the first set of elements to produce the output, unless the first elements
are equal, in which case the function compares the second set of
elements, and so on.

Comparison Function Descriptions

The following Comparison functions are available.

Decimal Digit?
Returns TRUE itthar is a decimal digit ranging from 0 through 9. Otherwise, this
function returns FALSE.

char e digit?
Empty String/Path?
Returns TRUE iktring/path is an empty string or path. Otherwise, this function returns
FALSE.
string/path E_’__% empty?
Equal?

Returns TRUE if is equal toy. Otherwise, this function returns FALSE.

Equal To 0?
Returns TRUE if is equal to 0. Otherwise, this function returns FALSE.

X I@ w=07
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Greater?
Returns TRUE i is greater thag. Otherwise, this function returns FALSE.

Greater Or Equal?
Returns TRUE ik is greater than or equal yo Otherwise, this function returns FALSE.

Greater Or Equal To 0?

Returns TRUE i is greater than or equal to 0. Otherwise, this function returns FALSE.

Greater Than 0?
Returns TRUE i is greater than 0. Otherwise, this function returns FALSE.

X @ w07

Hex Digit?
Returns TRUE ithar is a hex digit ranging from 0 through 9, A through F, or a through
f. Otherwise, this function returns FALSE.

char rfl_f? e

n Range?
Returns TRUE ik is greater than or equallmand less thahi. Otherwise, this function

returns FALSE.
h-_.: .................. lo<=w < hi?
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Note: This function always operates in thEompare Aggregatesmode. To
produce a Boolean array as an output, you must execute this function in a
loop structure.

Less?
Returns TRUE ik is less thary. Otherwise, this function returns FALSE.

Less Or Equal?
Returns TRUE i is less than or equal o Otherwise, this function returns FALSE.

Less Or Equal To 0?

Returns TRUE i is less than or equal to 0. Otherwise, this function returns FALSE.

X @ we=07

Less Than 0?
Returns TRUE ik is less than 0. Otherwise, this function returns FALSE.
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Lexical Class
Returns thelass numberfor char.

char & class number

Table 9-1. Lexical Class Number Descriptions

Class Number Lexical Class

0 Extended characters with a Command- or Option- key prefix (codes 128
through 255)

1 Nondisplayable ASCII characters (codes 0 to 31 excluding 9 through 13)

2 White space characters: Space, Tab, Carriage Return, Form Feed,
Newline, and Vertical Tab (codes 32, 9, 13, 12, 10, and 11, respedtively)

3 Digits 0 through 9

4 Uppercase characters A through Z

5 Lowercase characters a through z

6 All printable ASCII nonalphanumeric characters
Max & Min

Comparex andy and returns the larger value at the top output terminal and the smaller
value at the bottom output terminal.

X [EER NERERY!
y

%} e, 4]

Not A Number/Path/Refnum?

Returns TRUE iihnumber/path/refnum is not a numeric value, path, or refnum.
Otherwise, this function returns FALSE. NaN can be the result of dividing by 0, the
square root of a negative number, and so on.

number/path/frefnum [[2/??} MaM /Path/Refrum?
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Not Equal?
Returns TRUE if is not equal ty. Otherwise, this function returns FALSE.

Not Equal To 0?
Returns TRUE if is not equal to 0. Otherwise, this function returns FALSE.

x fe- 4= 07

Octal Digit?
Returns TRUE ithar is an octal digit ranging from 0 through 7. Otherwise, this function
returns FALSE.

char % octal?

Printable?

Returns TRUE ifchar is a printable ASCII character. Otherwise, this function returns
FALSE.

v

char printable A5CI7

Select

Returns the value connected to thaput orf input, depending on the value ®flf sis
TRUE, this function returns the value connectetl tbs is FALSE, this function returns

the value connected fo
k
g %;7 7 Ef
F—
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White Space?

Returns TRUE ithar is a white space character, such as space, Tab, Newline, Carriage
Return, Form Feed, or Vertical Tab. Otherwise, the function returns FALSE.

char E‘}“_..- zpace, hdv tab, cr, IF, ff?
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Time, Dialog, and
Error Functions

This chapter describes the timing functions, which you can use to get
the current time, measure elapsed time, or suspend an operation for a
specific period of time. Error Handling also is covered in this chapter.

The following illustration shows thEime & Dialog palette, which you

access by selectingunctions»Time & Dialog.

i Functions |
Time & Dialog

4
o 123

abc

w

ol

w

k

et
g

i
G TalTtiy

¥y
Tnstr Likp

=

iy
\H

Time & Dialog

=10 [a2] |

£
o

El8F

;

For examples of time and dialog functions, see
examples\general\viopts.llb

Time, Dialog, and Error Functions Overview

This section introduces the Timing, Dialog, and Error Functions.
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Timing Functions

The Date/Time To Seconds and the Seconds To Date/Time functions
have a parameter calleidte time rec,which is a cluster that consists
of signed 32-bit integers in the following order.

Table 10-1. Order of 32-bit Integers in TIming Functions

Time Value and Range

0| (second) 0to 59

1| (minute) 0to 59

2 | (hour) 0to 23

3| (day of month] 1 to 31 as output from the function;1 to 366 as

input
4| (month) 1to 12
5| (year) 1904 to 2040

6 | (day of week)| 1to 7 (Sunday to Saturday)

7 | (day of year) | 1to 366

8| (DST) 0 to 1 (O for Standard Time, 1 for Daylight
Savings Time)

The Wait (ms) and Wait Until Next ms Multiple functions make
asynchronous system calls, but the nodes themselves function
synchronously. That is, they do not complete execution until the
specified time has elapsed. The functions use asynchronous calls so that
other nodes can execute while the timing nodes wait.

Note: National Instruments can only guarantee correct time values across all
platforms for the range 2082844800 to 4230328447 seconds or 12:00 a.m.,
Jan. 1, 1970, Universal Time to 3:14 a.m., Jan. 19, 2038, Universal Time.

Error Handling Overview

Every time you design a program, you should consider the possibility
that something can go wrong and, if it does, you should consider how
your program should manage the problem. LabVIEW automatically
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notifies you with a dialog box only when a few run-time errors occur,
mostly for file dialog operations. It does not report all errors. If it were
to report all errors, you would lose the flexibility to determine what to
do when an error occurs and how and when to inform the user of the
error in your program.

Rigorous error checking, especially for I/O operations (file, serial,
GPIB, data acquisition, and communication), is invaluable in all phases
of a project. This section describes three I/O situations in which errors
can occur.

The first error can occur when you have initialized your
communications incorrectly or have written improper data to your
external device. This type of problem usually occurs during program
development and disappears once you finish debugging your program.
However, you can spend a lot of time tracking down a simple
programming mistake because you have not incorporated error checks.
Without error checks, all you know is that your program does not work.
You do not know why the error occurred or where it is.

The second type of error can occur because your external device may be
powered off, broken down, or otherwise unable to do what it normally
does. This type of problem can occur at any time, but if you have
incorporated error checking, your program notifies you immediately
when such operational failures occur.

The third kind of error can occur when you upgrade LabVIEW or your
operating system software, and you notice a bug in either a G program
or a system program. This type of error means you should check errors
that you may have felt safe ignoring, such as those from functions that
close files or clear DAQ operations. The bottom line is, check all I/O
operations for errors.

It may feel easier to ignore error checking when you have to add error
handling code to test and report errors. The VIs described here are
designed to make it easier for you to create programs with error
checking and handling.

G functions and library Vls return errors in one of two ways—with
numeric error codes or with an error state cluster. Typically, functions
output error codes while VIs incorporate the error cluster, usually
within a framework called error input/output or error 1/O.
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Error I/0 and the Error State Cluster

The concept of error I/O is natural to the G dataflow architecture. If data
information can flow from one node to another, so can error state
information. Each node that needs to know about errors tests the
incoming error state and responds appropriately. If no error exists, the
node executes normally. If an error does exist, the node detects an error,
skips execution, and then passes its error state out to the next node,
which responds in the same way. In this fashion, notice of the first error
that occurs in a sequence of operations is passed through all the nodes,
with each node responding to the error. At the end of the flow, your
program reports the error to the user.

Error I/0O has an additional benefit—you can use it to control the
execution order of independent operations. While you can use the DAQ
taskID to control the order of DAQ operations for one group, you
cannot use it to control the order for multiple groups. The DAQ taskID
does not work with other types of I/0O operations such as file operations.

The following diagram from the File Utility VIRead Characters
From File , shows how error I/O is implemented in a simple VI.

{F==1| [new file path (Not&Path if canceTled)]
w-{ character string

|cc-nt1'nue or stop ressage on an erru:-r|

Read File+ (string).vi General Error Handler i
]
C

refrum i‘abc
=\ R féﬂ '

||:-r-:-mpt|II3h-:u:-59 file to read.

[fite path (dialog if ernpty]]

o
o5 mode (rel. to begind] ) [mark after read fchars.]|
[start of read offset (chars.: o) (152
S EQF 2
filg zize

[ruriber of characters (all=-1 )lﬁﬂdﬂ%}

The operation starts &pen File+.vi . If it opens the file

successfullyRead File+ (string).vi reads the file an@lose

File+.vi  closes the file. If you pass in an invalid patipen
File+.vi  detects the error and passes the error state through the other
two Vls to the General Error Handler, which reports it. Notice that the
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only presence of error handling on this block diagram is the error wire
and the General Error Handler. It is neither cumbersome nor distracting.

The error state consists of three pieces of information, which are
combined into the error cluster. Th@tusis a Boolean value—TRUE

if an error exists, FALSE if it does not. Thedeconsists of an unsigned
32-bit integer that identifies the error. In some cases, a non-zero error
codecoupled with a FALSE erratatus signals a warning rather than

a fatal error. For example, a DAQ timeout event (code 10800) is
typically reported as a warning. Teeurceconsists of a string that
identifies where the error occurred.

Theerror in anderror out state clusters for th@epenFile+ VI, where

the error shown in the preceding example originated, are shown in the
following illustration. Theerror in cluster, whose default valuens

error does not need to be wired if it is the first in the chain.

Errar in [hao errar] error out

ghatus code ghatis code
no errar I ﬂ ] o errar I ]

FOLIGE FOLMCE

] ]

You can find theerror in anderror out clusters by selecting
Controls»Array & Cluster on the front panel.
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The following illustration shows the message you receive from the
General Error Handler if you pass in an invalid path.

Untitled 2.
Possible reasons:

LablMELW: File not found.
GPIB ENEB: Non-existent board.

“
- 3

General Error Handler is one of the three error handling utility Vls. It
contains a database of error codes and descriptions, from which it
creates messages like the previous one. The Simple Error Handler
performs the same basic operation but has fewer options. The third VI,
Find First Error, creates the error 1/O cluster from functions or VIs that
output only scalar error codes.

Time and Dialog Function Descriptions

The following Time and Dialog functions are available.

Date/Time To Seconds

Converts a cluster of nine, signed 32-bit integers assumed to specify the local time
(second, minute, hour, day, month, year, day of the week, day of the year, and Standard
or Daylight Savings Time) in the configured time zone for your computer into a
time-zone-independent numberss#condsthat have elapsed since 12:00 a.m., Friday,
January 1, 1904, Universal Time.

date time rec secands

If the year and month integers are out of range, the results are unpredictable. G ignores
the day of the week and day of the year integers. The other five integers can be any value.
Thus, you can specify Julian dates by setting the month to January and the current day to
the day of the year. For example, use January 150 for the 150th day of the year.
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Get Date/Time In Seconds

Returns a time-zone-independent number that contains the number of seconds that have
elapsed since 12:00 a.m., Friday, January 1, 1904, Universal Time.

seconds zince 1Jan1304

Get Date/Time String

Converts a time-zone-independent number assumed to be the number of seconds that
have elapsed since 12:00 a.m., Friday, January 1, 1904, Universal Time, to a date and
time string in the configured time zone for your computer.

date format [1) ——+ GEg date shing
H
seconds [how) ———— 2. e time string

want zeconds? [F) -

One Button Dialog Box

Displays a dialog box that contains a message and a single buttobutitve name is
the name displayed on the dialog box button.

message =
buttan name ['OE!") e T2

Seconds To Date/Time

Converts a time-zone-independent number assumed to be the nursbeondsthat

have elapsed since 12:00 a.m., Friday, January 1, 1904, Universal Time, to a cluster of
nine, signed 32-bit integers that specify (second, minute, hour, day of the month, number
of month (1-12), year, day of the week, day of the year, and Standard or Daylight Savings
Time) in the configured time zone for your computer.

geconds [how] gm date time rec
Tick Count (ms)

Returns the value of the millisecond timer. The base reference time (millisecond zero) is
undefined; that is, you cannot convaenillisecond timer valueto a real-world time or
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date. Be careful when you use this function in comparisons, because the value of the
millisecond timer wraps from32-1 to O.

millizecond timer walue

Two Button Dialog Box

Displays a dialog box that containsreessageand two buttonsT button name andF
button name are the names displayed on the buttons of the dialog box.

message =
T button name [0 K“]WIﬁ """"""""" T button™?
F button name ["'Cancel =T

Wait (ms)
Waits the specified number of milliseconds and then returns the value of the millisecond
timer.

milhizeconds to wait milizecond timer value

Wait Until Next ms Multiple

Waits until the value of the millisecond timer becomes a multiple of the specified
millisecond multiple. You can use this function to synchronize activities. You can call
this function in a loop to control the loop execution rate. However, it is possible that the
first loop period may be short.

millizecond multiple millizecond timer value

Error Handling VI Descriptions

The following Error Handling Vls are available.
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Find First Error

Tests the error status of one or more low-level functions or subVIs that output a numeric
error code.

Chapter 10 Time, Dialog, and Error Functions

ermor codes
ermar in [ho erar)

IOUNCE Mezzages

Fird ]
find errar’y
Errar errar oLt

If this VI finds an error, it sets the parameters indghmer out cluster. You can wire this

cluster to the Simple or General Error Handler to identify the error and describe it to the

user.

Find First Error Example

The following illustration shows how you can use Find First Error in the example VI

Write Binary File. Find First Error creates the error cluster from individual error
numbers, and Simple Error Handler reports any errors to the user.

ermnit read, deny write|

IEnter Fi]ename}l

setest e ][40
[

Array of DBEL

write File]  [Close File]
FILE CLOSE!
E =
=]
m|[i
- | ]

Find First Erru:-r.vil Sirnple Error Hand]er.vi|

Fird
First
Error

el

write Binary File write File
‘write Binary File :Close File

Write Binary File :Mew File
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General Error Handler

Determines whether an error has occurred. If an error occurred, this VI creates a
description of the error and optionally displays a dialog box.

[uzer-defined descriptionz]
[uzer-defined codes]
[emar code] (0] T o eror’?

I

[errar zource] [~ 4 L code out
type of dialog [(OF meg:1] fw% FOUMCE out
error in [no ermor| E meszage
[Exwception action] [nome: 0] 2rror oLt
[exception code]
[exception zounze]

Simple Error Handler

Determines whether an error occurred. If it finds an error, this VI creates a description of
the error and optionally displays a dialog box.

ermor code [ho error0) P errar”
eror gource [~ Ky L code out
twpe of dialog [OF. meg:1] fl\zf/l% goLrce oLt
&rmar in [ho erar) errar oLk
Message

Simple Error Handler calls General Error Handler and has the same basic functionality
as General Error Handler, but with fewer options.
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File Functions

This topic describes the low-level functions that manipulate files and
directories. This topic also describes file constants and the high-level
file Vls.

You access these functions, constants, and VIs by selecting

Functions»File I/O.

B Functions B4 |
File 170

[
Hz
k
k

g
ge

w

w

] | B

[=]=]
R | [l
< EE

-s.ﬂi'm
i | =l

e

. -—File 1/0

10
-

didiL

s | ~H| b
it ﬁ ' et B [k +%’E —T = ssﬁf
e e | P B e e il
str Li o =H y

e g 0 EN g |2 = ’
= _ nn“.

The File 1/O palette includes the following subpalettes:
* Advanced File Functions

e Binary File VIs

* File Constants

For examples of File functions and Vls, se@mplesifile

© National Instruments Corporation 11-1 LabVIEW Function and VI Reference Manual



Chapter 11 File Functions

File /0 VI and Function Overview

This section introduces the high-level and low-level File Vls, and the
File functions.

High-Level Vis

You can use the high-level File VIs to write or read the following types
of data:

e Strings to text files

* One-dimensional (1D) or two-dimensional (2D) arrays of
single-precision numbers to spreadsheet text files.

* 1D or 2D arrays of single-precision or signed word integers to byte
stream files.

The high-level File VIs described here call the low-level functions to
perform complete, easy-to-use file operations. These VIs open or create
a file, write or read to it, and close it. If an error occurs, these Vls
display a dialog box that describes the problem and gives you the option
to halt execution or to continue.

The high-level File Vls are located on the top row of the palette and
consist of the following ViIs:

* Write Characters to File

* Write to Spreadsheet File

* Read Characters from File

e Read from Spreadsheet File

* Read Lines from File

* Binary File VIs—located in the subpalette.

Low-Level File Vis and File Functions

The low-level File functions perform one file operation at a time. These
VIs and functions perform error detection in addition to their other
functions. The most commonly used low-level file functions and Vis
are located on the second row of the palette. The remaining low-level
functions are located in thedvanced File Functionssubpalette.

The principal low-level file operations involve a three-step process.
First, you create or open a file. Then you write data to the file or read
data from the file. Finally, you close the file. Other file operations
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include creating directories; moving, copying, or deleting files; flushing
files; listing directory contents; changing file characteristics; and
manipulating paths.

When creating or opening a file, you must specify its location. Different
computers describe the location of files in different ways, but most
computer systems use a hierarchical system to specify the location of
files. In a hierarchical file system, the computer system superimposes a
hierarchy on the storage media. You can store files inside directories,
which can contain other directories.

When you specify a file or directory in a hierarchical file system, you
must indicate the name of the file or directory, as well as its location in
the hierarchy. In addition, some file systems support the connection of
multiple discrete media, called volumes. For example, Windows
systems support multiple drives connected to a system; for most of
these systems, you must include the name of the volume to create a
complete specification for the location of a file. On other systems, such
as UNIX, you do not need to specify the storage media locations for
files because the operating system hides the physical implementation of
the file system from you.

The method of identifying the target of a file function varies depending
on whether the target is an open file. If the target is not an open file, or
if it is a directory, you specify a target using ffahof the target. The

path describes the volume containing the target, the directories between
the top-level and the target, and the name of the target. If the target is
an open file, you usefde refnumto identify the file that G is supposed

to manipulate. The file refnum is an identifier that G associates with the
file when you open it. When you close the file, the file manager
dissociates the file refnum from the file. In other words, the refnum is
obsolete once the file is closed.

See,Strings and File I/QChapter 6 of th@utorial Manual andPath
Controls and Refnurim that section for more information on path
specification in G and for file function examples.

Byte Stream and Datalog Files

G can make and access two types of files—byte stream and
datalog files.

A byte streaniile, as the name implies, is a file whose fundamental unit
is a byte. A byte stream file can contain anything from a homogeneous
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set of one G datatype to an arbitrary collection of datatypes—
characters, numbers, Booleans, arrays, strings, clusters, and so on. An
ASClII text file, a file containing this paragraph, for example, is perhaps
the simplest byte stream file. A similar byte stream file is a basic
spreadsheet text file, which consists of rows of ASCII nhumbers, with
the numbers separated by tabs and the rows separated by

carriage returns.

Another simple byte stream file is an array of binary 16-bit integers or
single-precision, floating point numbers, which you acquire from a data
acquisition (DAQ) program. A more complicated byte stream file is one
in which an array of binary 16-bit integers or single-precision, floating
point numbers is preceded by a header of ASCII text that describes how
and when you acquired the data. That header could alternatively be a
cluster of acquisition parameters, such as arrays of channels and scale
factors, the scan rate, and so forth.

An Excel worksheet file, as opposed to an Excel text file, is also a more
complicated form of byte stream file because it contains text
interspersed with Excel-specific formatting data that does not make
sense when you read it as text. In summary, you can make a byte stream
file that consists of one each of all of G datatypes. Byte stream files can
be created using high-level VIs and low-level functions.

A datalogdfile, on the other hand, consists of a sequence of
identically-structured records. Like byte stream files, the components
of a datalog record can be any G datatype. The difference is that all the
datalog records must be the same type. Datalog files can only be created
using low-level file functions.

You write a byte stream file typically by appending new strings,
numbers, or arrays of numbers of any length to the file. You can also
overwrite data anywhere within the file. You write a datalog file by
appending one record at a time. You cannot overwrite the record.

You read a byte stream file by specifying the byte offset or index and
the number of instances of the specified byte stream type you want to
read. You read a datalog file by specifying the record offset or index and
the number of records you want to read.

You use byte stream files typically for text or spreadsheet data that
other applications may need to read. You can use byte stream files to
record continuously acquired data that you need to read sequentially or
randomly in arbitrary amounts. You use datalog files typically to record

LabVIEW Function and VI Reference Manual 11-4 © MNational Instruments Corporation



Chapter 11 File Functions

multiple test results or waveforms that you read one at a time and treat
individually. Datalog files are difficult to read from non-G applications.

Flow-Through Parameters

Many file functions contaiflow-throughparameters, which return the
same value as an input parameter. You can use these parameters to
control the execution order of the functions. By wiring the flow-through
output of the first node you want to execute to the corresponding input
of the next node you want to execute, you create artificial data
dependency. Without these flow-through parameters, you would often
have to use Sequence structures to ensure that file 1/O operations take
place in the correct order.

Error 1/0 in File 1/0 Functions

G uses error I/O clusters, consistingeofor in anderror out, in all of

its file 1/0O functions. With error 1/0O clusters you can string together
several functions. When an error occurs in a function, that function
passes the error along to the next function. When the error passes to
subsequent functions, the subsequent function does not execute and
passes the error along to the following function, and so on. The
following illustration displays an example of tagor in anderror out
clusters.

[pattern]

prompt

file path

start path (Mot A Path)
function (open:0)
error in (not an error)
default name

advisory dialog? [display :T)

refnum

new file path
file size (bytes)
error out

Although the error I/O clusters specify whether an error has occurred,
you may want to use error handlers to report the error to the user. For
more information on error 1/0, see Chapter Tibne, Dialog, and

Error Functions in this manual.

Permissions

Some of the File Functions have a 32-bit integer parameter called
permissionsor new permissions G uses only the least significant nine
bits of the 32-bit integer to determine file and directory access
permissions.
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(Windows) G ignores the permissions for directories. For files, only bit 7
(the UNIX user write permission bit) is used. If this bit is clear, the file
is read-only. Otherwise, you can write to the file.

(Macintosh) G uses all 9 bits of permissions for directories. The bits
which control read, write, and execute permissions, respectively, on a
UNIX system are used to control See Files, Make Changes, and See
Folders access rights, respectively, on the Macintosh. For files, only bit
7 (the UNIX user write permission bit) is used. If this bit is clear, the
file is locked. Otherwise, the file is not locked.

(UNIX) The nine bits of permissions correspond exactly to nine UNIX
permission bits governing read, write, and execute permissions for
users, groups, and others. The following illustration shows the
permission bits on a UNIX system.

user group others

pekFmission FWwREWRE WY

bit 31 BFEI4 3210

t - read permission
W - write permission
¥ - erecUte permission

File /0 Function and VI Descriptions

The following functions and VIs are available from the File 1/O palette.

Build Path

Creates a new path by appending a name (or relative path) to an existing path.
baze path m:c
name or relative path
Close File

Writes all buffers of the file identified bsefnum to disk, updates the directory entry of
the file, closes the file, and voidsfnum for subsequent file operations.

appended path

refnum path
errar in o error aut
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Note: Error I/O functions uniquely in the Close File function, which closes
regardless of whether an error occurred in a preceding operation, insuring
that files are closed correctly.

Open/Create/Replace File

Opens an existing file, creates a new file, or replaces an existing file, programmatically
or interactively using a file dialog box. You can optionally specify a diplognpt,

default file namestart path, or filter pattern. Use this VI with the intermediate Write

File or Read File functions.

[pattern]

prompt

file path

start path (Mot & Fath)
function (open:0)
error in (not an error)
default narne

adwvisory dialog? (display :T)

refnum

new file path
file zize (bytes)
error out

Read Characters From File

Reads a specified number of characters from a byte stream file beginning at a specified
character offset. The VI opens the file before reading from it and closes it afterwards.

file path (dialog if empty) { fabe.. new file path (Mot &Path if ...
number of characters (all:-1) """"""hcharacter string

start of read offzet (chars... — I *—mark after read (chars.)

Read File

Reads data from the file specified l®fnum and returns it ilata. Reading begins at a
location specified bpos modeandpos offsetand depends on the format of the specified
file.

corvert el [F]

lire miode [F]
refnum dup refrum
pos made [0:2] = data
pos offzet [I_:I] f offzet
&1l in errar aut

caunt
bwte stream tvpe
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Reading Byte Stream Files

If refnum is a byte stream file refnum, the Read File function reads data from the byte
stream file specified byefnum. You can wire eitheline modeor byte stream type

when you read byte stream files, but you cannot wire both. If you do ndbyteetream

type, Read File assumes the data that begins at the designated byte offset is a string of
characters. If you wirbyte stream type the function interpretdata starting at the
designated byte offset to lseunt instances of that type. Following the read operation,

the function sets the file mark to the byte following the last byte read. If the function
encounters end of file before reading all of the requested data, it returns as many whole
instances of the designatbygte stream typeas it finds.

Reading Characters

To read characters from a byte stream file (typically a text file) do not wireytiee
stream type The following paragraphs describe the manner in whictinkemode
count, convert eol anddata parameters function when reading from a byte stream file.

line mode, in conjunction withcount, determines when the read stops.

If line modeis TRUE, and if you do not wireount or count equals 0, Read File reads
until it encounters an end of line marker—a carriage return, a line feed, or a carriage
return followed by a line feed, or it encounters end of filéind modeis TRUE, and
count is greater than 0, Read File reads until it encounters an end of line marker, it
encounters end of file, or it readsunt characters.

If line modeis FALSE, Read File read®unt characters. In this case, if you do not wire
count, it defaults to Oline mode defaults to FALSE.

convert eol (F)determines whether the function converts the end of line markers it reads
into G end of line markers. The system-specific end of line marker is a carriage return

followed by a line feed on Windows, a carriage return on Macintosh, and a line feed on
UNIX. The G end of line marker is a line feed.

If convert eolis TRUE, the function converts all end of line markers it encounters into
line feeds. Iftonvert eolis FALSE, the function does not convert the end of line markers
it reads.convert eoldefaults to FALSE.

data is the string of characters read from the file.

Reading Binary Data

To read binary data from a byte stream file, wire the type of the dhjddstream type
In this casecount, anddata function in the manner described in the following
paragraphs, and you do not have to viine mode or convert eol
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byte stream typecan be any datatype. Read File interprets the data starting at the
designated byte offset to lseunt instances of that type. If the type is variable-length,

that is, an array, a string, or a cluster containing an array or string, the function assumes
that each instance of the type contains the length or dimensions of that instance. If they
do not, the function misinterprets the data. If G determines that the data does not match
the type, it sets the value déta to the default value for its type and returns an error.

count is the number of instances of thgte stream typeto read. Ifcount is unwired,
the function returns a single instance of tiy¢e stream type

If you wire count, it can be a scalar number, in which case the function returns a 1-D
array of instances of tHeyte stream type Or it can be a cluster of N scalar numbers, in
which case the function returns an N-dimension array of instances bytéstream

type.

If the wiredcount is a scalar number and thgte stream typeis something other than

an array, the function returns that number of instances in a 1D array. For example, if the
type is a single-precision, floating point number, the function returns an array of three,
single-precision, floating point numbers. However, if the type is an array, the function
returns the instances in a cluster array, because G does not have arrays of arrays.
Therefore, if the type is an array of single-precision, floating point numbersoamd

is 3, the function returns a cluster array of three, single-precision, floating point number
arrays.

If the wiredcount is a cluster of N numbers, the function returns an N-dimension array
of instances of the type. The size of each dimension is the value of the corresponding
number according to its cluster order. The number of instances returned in this manner is
the product of the N numbers. Thus, you can return 20, single-precision, floating point
numbers as a 2D array of two columns and ten rows by wiring a two-element cluster with
element 0 = 2 and element 1 = 1Qctunt.

data contains the data read from the file. Refer to the previous descriptamunf for
an explanation of the structures data can have.

Reading Datalog Files

If refnum is a datalog file refnum, the Read File function reads records from the datalog
file specified byrefnum. If the data in the file does not match the datatype associated
with the datalog file, this function returns an error.

The number of records read can be less than specifieoluny if this function encounters
the end of the file. The function sets the file mark to the record following the last record
read. (You should never encounter a partial record; if you do, the file is corrupt.)
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Do not wireconvert eol line mode, andbyte stream type They do not pertain to
datalog files. Theount anddata parameters function in the following manner.

count is the number of records to read and may be wired or unwired. If you do not wire
count, the function returns a single record of the datalog type specified when the file is
created or opened. For example, if the type is a 16-bit integer, the function returns one
16-bit integer. If the type is an array of 16-bit integers, the functions returns one array of
16-bit integers. (Your records typically consist of clusters of diverse elements, but the
rules for simple types used in these examples apply to those as well.)

If you wire count, it can be a scalar number, in which case the function returns a 1D array
of records. Or it can be a cluster of N scalar numbers, in which case the function returns
an N-dimension array of records.

If the wiredcount is a scalar number, and the datalog type is something other than an
array, the function returns that number of records in a 1D array. For example, if the type
is a single-precision, floating-point number aralint is 3, the array contains three,
single-precision, floating-point numbers. However, if the type is an array, the function
returns the records in a cluster array (because G does not have arrays of arrays).
Therefore, if the datalog type is an array of single-precision, floating-point numbers and
countis 3, the function returns a cluster array of three, single-precision, floating-point
number arrays.

If the wiredcount is a cluster of N numbers, the function returns an N-dimension array
of records. The size of each dimension is the value of the corresponding number
according to its cluster order. The number of records returned in this manner is the
product of the N numbers. Therefore, you can return 20 records as a 2D array of two
columns and ten rows by wiring a two-element cluster with element 0 = 2 and element
1 = 10 tocount.

Read From Spreadsheet File

Reads a specified number of lines or rows from a numeric text file beginning at a
specified character offset and converts the data to a 2D, single-precision array of
numbers. Optionally, you can transpose the array. The VI opens the file before reading
from it and closes it afterwards. You can use this VI to read a spreadsheet file saved in
text format. This VI calls the Spreadsheet String to Array function to convert the data.

farmat (%36 rew file path [Maok & Path...

file path [dialog if empty] Bz all rows
nurmber af raves (all-1] E]_f firzt row
ztart of read offzet [chars.. LEA

: mark, after read [chars. ]
max charactersdow [no lim... e EOFY
brarEpaEe [fgeF] e
delimiter [Tah]

LabVIEW Function and VI Reference Manual 11-10 © MNational Instruments Corporation



Chapter 11 File Functions

Read Lines From File

Reads a specified number of lines from a byte stream file beginning at a specified
character offset. The VI opens the file before reading from it and closes it afterwards.

file path (dialog if empty) new file path (Mot & Path i...
number of lines (all:-1) = Tine string
start of read offzet (chars... — —lgl™ |- s rark after read (chars.)
[max characters per line] ... Lo EOF 7

Strip Path
Returns themame of the last component of a path and stvépped path that leads to that

Component.
EQ:; stripped path
hame

path

Write Characters To File

Writes a character string to a new byte stream file or appends the string to an existing file.
The VI opens or creates the file before writing to it and closes it afterwards.

new file path (Mot & Path if cancelled)

file path (dialeg if empty)
character string
append to file? (new file:F)

Write File

Writes data to the file specified bgfnum. Writing begins at a location specified pgs
mode andpos offsetfor byte stream file and at the end of file for datalog fitkta,
header, and the format of the specified file determine the amount of data written.

corrvert gl [F] e .
hizader [F] e P
—___refnum g_ dup refrum
pos mode [0:2) = offset
pos offzet [0] —I_E“" = T grror out
27107 i
dats s
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Writing Byte Stream Files

If refnum is a byte stream file refnum, the Write File function writes to a location
specified bypos modeandpos offsetin the byte stream file specified bgfnum. If the
top-level datatype odata is of variable length (that is, a string or an array), Write File
can write éheaderto the file that specifies the size of the data. G sets the file mark to the
byte following the last byte writterronvert eoldetermines whether the function

converts the end-of-line markers it writes into system-specific end-of-line markers. You
can wireconvert eolonly if data is a string. The system-specific end-of-line marker is a
carriage return followed by a line feed on Windows, a line feed on UNIX, and a carriage
return on Macintosh. Ifieaderis true, G ignoresonvert eol

Writing Datalog Files

If refnum is a datalog file refnum, the Write File function writes data as records to the
datalog file specified byefnum. Writing always starts at the end of the datalog file
(datalog files are append-only). G sets the file mark to the record following the last record
written. Theconvert eol header, pos mode andpos offsetparameters do not apply with
datalog files, and you cannot wire them. Tata parameter functions in the following
manner for datalog files.

data must be either a datatype that matches the datatype specified when you open or

create the file, or an array of such datatypes. In the former case, this functioratites

as a single record in the datalog file. Representation of numeric data is coerced to the
representation of the datatype if necessary. In the latter case, this function writes each
element ofdata as a separate record in the datalog file in row-major order.

Write To Spreadsheet File

Converts a 2D or 1D array of single-precision (SGL) numbers to a text string and writes
the string to a new byte stream file or appends the string to an existing file. You can
optionally transpose the data. This VI opens or creates the file before writing to it and
closes it afterwards. You can use this VI to create a text file readable by most spreadsheet
applications. This VI calls the Array to Spreadsheet String function to convert the data.

format [7. 3F] wennnnnnnnnny
file path [dialog if ermpty] [ } hew file path [Mak & Path ...

20 data =L Ty
10 data - TXTEEW

append b file? [new filecF) - :
tramspose? [noF) -
delimiter [T ab)
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Binary File VI Descriptions

The following VIs are available on thginary File VIs subpalette.

[t Binary File Vls

2 kel | ST

st st =]

Read From 116 File

Reads a 2D or 1D array of data from a byte stream file of signed, word integers (116). The
VI opens the file before reading from it and closes it afterwards. You can use this VI to

read unscaled or binary data acquired from data acquisition VIs and written to a file with

Write To 116 File.

20 number of rows dup refhum

refnum

pos mode (rel. to mark:2)

pos offset (bytes:0)

error in (no error)

20 number of columnsF10 count

mark after read (bytes)
error out
EQF ?

Read From SGL File

Reads a 2D or 1D array of data from a byte stream file of single-precision numbers
(SGL). The VI opens the file before reading from it and closes it afterwards. You can use
this VI to read scaled data acquired from data acquisition VIs and written to a file with
Write To SGL File.

rews file path (Mot & Pathi...
=200 aray

10 array

i mark, after read [bytes]
B EQOF?

file path [dialog if empty]

20 nurnber of rows

number of columns 1D cou...
ghart of read offset [bytes:0]

Hiza
A

Write To 116 File

Writes a 2D or 1D array of signed word integers (116) to a new byte stream file or appends
the data to an existing file. The VI opens or creates the file before writing to it and closes
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it afterwards. You can use this VI to write unscaled or binary data from data acquisition

Vis.
file path [dialog if empt ] ) _
P! * 20 c—.ﬁéﬂ _— f new file path Mot & Pathi..
10 argy — 111810
append ta file? [hew file:F] -
Write To SGL File

Writes a 2D or 1D array of single-precision numbers (SGL) to a new byte stream file or
appends the data to an existing file. The VI opens or creates the file before writing to it
and closes it afterwards. You can use this VI to write scaled data from data acquisition
Vls without changing the representation.

file path (dialeg l;;rzlrl:g; ] new file path (Mot & Path if cancelled])

1D array —|_3,3|_

append to file? (new file:F) - /

Advanced File Function Descriptions

The following functions are available on tAdvanced File Functionssubpalette.
i+ Advanced File Functions |
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Access Rights

Sets and returns the owner, group, and permissions of the file or directory specified by
path. If you do not specifynew owner, new group, or new permissions this function
returns the current settings unchanged.

path dup path
FIEW OWNEr FILE Qe
hew graup = qroLp
el ACC] L.
N permigzions —I_E‘“ permizzions
&Il ir errar out

(Windows) The Access Rights function ignoreew ownerandnew group and returns
empty strings foowner andgroup because Windows does not support owners and
groups.

(Macintosh) If path refers to a file, the Access Rights function igner@s ownerand
new group and returns empty strings fowner andgroup because Macintosh does not
support owners or groups for files.

Array Of Strings To Path
Converts ararray of strings into a relative or absolufgath.
relative ........................
array of strings i %) path

Copy

Copies the file or directory specified Bgurce pathto the location specified barget
path. If you copy a directory, this function copies all its contents recursively.

zource path [copyf new path

target path - T — enmar out
BrTOr in

Delete

Deletes the file or directory specified pgth. If path specifies a directory that is not
empty or if you do not have write permission for both the file or directory specified by
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path and its parent directory, this function does not remove the directory and returns an
error.

path [DEL [ dup path
BITO if H error out

EOF

Sets and returns the logical EOF (end-of-file) of the file identifiecefiyum. pos mode
andpos offsetspecify the new location of the EOF. If you do not specify pos mode or
pos offset, this function returns the current unchanged EOF. This function always returns
the location of the EOF relative to the beginning of the file.

refnum FILE dup refrium
pos rode [0:1] - ==

= offzet
pog affeet [0] f i

efrar out
error In

You cannot set the EOF of a datalog filerdfnum identifies a datalog file, you cannot
wire pos modeandpos offset However, you still can get the EOF of a datalog file, which
tells you how many records exist in the file.

File Dialog

Displays a dialog box with which you can specify the path to a file or directory. You can
use this dialog box to select existing files or directories or to select a location and name
for a new file or directory.

promph seeeeeeaeeog
gtart path path
select mode [2) - % """""" ezt
default narme MME"""‘ e cancelled
pattern
datalog ype s

File/Directory Info

Returns information about the file or directory specifiecohyh, including itssize its
last modification date, and whether it is a directory.

,. ..................... dirECtDr}'
path FILE u:I_up path

. I == zlze
Errar iy seemeees) =S INF last mod
errar out
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Flush File

Writes all buffers of the file identified lyefnum to disk and updates the directory entry
of the file associated witrefnum. The file remains open, amdfnum remains valid.

refnum ) dup refrium

10T in 1, error out

Data written to a file often resides in a buffer until the buffer fills up or until you close
the file. This function forces the operating system to write any buffer data to the file.

List Directory

Returns two arrays of strings listing the names of all files and directories found in
directory path, filtering both arrays based uppattern and filtering thefile names
array based upon the specifigdtalog type

directory pt?th - ilISTi - ?Ilup directary path
pattern ile names
datalog type f@% directon names
1o in error oLt

Lock Range

Locks or unlocks a range of a file specifiedrbjnum. Locking a range of a file prevents
both reading and writing by other users, overriding permissions for the file, and the deny
mode associated wittefnum. SeeFile I/O VI and Function Overviewarlier in this

manual for a full discussion of permissions. Unlocking a range of a file removes the
override caused by locking a range, so that the file's permissions and the deny mode
associated withefnum determine whether other users can read from or write to that
range of the file.

SE!t ||:":k [F] ......................
refnum FILE dup refrum
) = B
pos mods [U:2] e errar ot

pog affaet (0] -
20T N mr
count

You cannot lock a range of a datalog file.
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Move

Moves the file or directory specified spurce pathto the location specified byarget
path.

source path
target path -
IOl i ==

riet path
efrar out

New Directory

Programmatically creates the directory specifiediogctory path. If a file or directory
already exists at the specified location, this function returns an error instead of
overwriting the existing file or directory.

directory path —{lypyfl-eeee dup ditectory path
qraLip
PEMIEE0nE f@m errar out
EI70r iR

New File

Creates the file specified e path and opens it for reading and writing (regardless of
permissions.

datalog bype e
PErmizsHons

.
hile path HER] refrum
group
deny mode (2] e gprior ot
&1l i

D'-.-'Efl.-'-.lritE [F] ......................

Open File

Opens the file specified Hjle path for reading and/or writing.

datalog type semmm—
file path OFEN[ refrLm

open mode [0] - ﬁ '

deny mode [2] f‘— &frar ou

207 iR

LabVIEW Function and VI Reference Manual 11-18 © MNational Instruments Corporation



Chapter 11 File Functions

Path To Array Of Strings

Converts gath into anarray of strings and indicates whether the pattrédative.

o, relative

path ﬁ.[“L array of ghings

Path To String

Convertspath into a string describing a path in the standard format of the platform.

path 1% at<} ghring

Path Type

Returns the type of the specified path, indicating whether it is an absolute, relative, or
invalid path. This function checks only the format of the path, not whether the path refers
to an existing file or directory. Therefore, this function only indicates an invalid path for
Not A Path.

&

path LT lype

Refnum To Path

Returns thepath associated with the specifieefnum.

refnum 101 % } path

Seek

Moves the current file mark of the file identified fnum to the position indicated by
pos offsetaccording to the mode chosenys mode

refnum FLE dup refrium
pos made [0:2] - off et
pos offget [0] f (Elsien errar out
&ITar i
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String To Path

Converts astring, describing a path in the standard format for the current platform, to a
path.

string Tats "} path

Type and Creator

Reads and sets the type and creator of the file specifipdthyFile type and creator are
four-character strings. If you do not speaifgw type or new creator, this function
returns the current settings unchanged.

path FILE dup path
new type A ype
P ) Y

new creator E“" creator
&ITar i eror aut

Windows and UNIX do not support file types and creators. Trying to set the type or
creator of a file in these platforms results in an error; however, you can get the file type
and creator in these platforms. If the specified file has a name ending with characters that
LabVIEW recognizes as specifying a file type (such as .vi for the LVIN file type and

b forthe LVAR file type), this function returns that typeype andLBVWn creator.
Otherwise, the function returr®?? in bothtype andcreator.

Volume Info

Returns information about the volume containing the file or directory specifipdthy
including the total storage space provided by the volume, the amount used, and the
amount free in bytes.

volume path
zize

uzed

free

errar out

vl

path
EIT0r j ===
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File Constants Descriptions

The following constants are the options available orFileConstantssubpalette.

iix! File Constants |

B B B (@

Current VI's Path Constant

Returns the path to the file containing the VI in which this function appears. If the VIl is
incorporated into an application (using the Application Builder libraries), the function
returns the path to the VI in the application file, and treats the application file as a VI
library.

path

Default Directory Constant

Returns the path to your default directory. The default directory is the directory which
the file dialog displays initially. The G Preferences dialog box, uRdérs, defines this

directory.

path
Empty Path
Returns an empty path.
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Not A Path

Returns a path whose value is Not A Path. You can use this path as an output from
structures and subVIs when an error occurs.

Not A Refnum

Returns a refnum whose value is Not A Refnum. You can use this refnum as an output
from structures and subVIs when an error occurs.

Path Constant

Use this to supply a constant directory or file path to the block diagram. Set this value by
clicking inside the constant with the Operating tool and typing in the value. Use the
standard file path syntax for a given platform.

The value of the path constant cannot be changed while the VI executes. You can assign
a label to this constant.

Temporary Directory Constant

Returns the path to your temporary directory. The temporary directory is the directory in
which you store temporary information that you expect the user or the operating system
to delete periodically. ThBreferencesdialog box, undePaths, defines this directory.

path

VI Library Constant

Returns the path to the VI library directory for the current G on the current computer. The
G Preferences dialog bokdit»Preferenceg defines this directory. If you build an
application using the Application Builder libraries, this path is the path of the directory
containing the application.

[z path
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Advanced Functions

This chapter describes the functions that perform advanced operations.
This chapter also describes the Help, Data Manipulation, and
Occurrence Functions, and the VI Control and Memory VISA.

To access thAdvanced palette, shown in the following illustration,
selectFunctions»Advanced

s Functions B4 |
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The Advanced Functions include the following subpalettes:
« Data Manipulation

e Help

e Memory

© National Instruments Corporation 12-1 LabVIEW Function and VI Reference Manual



Chapter 12 Advanced Functions

 Occurrences
VI Controls

Advanced Function Descriptions

The following Advanced Functions are available.

Beep

Causes the system to issue an audible tone. You can specify the tone frequency in Hertz,
the duration in milliseconds, and the intensity as a value from 0 to 255, with 255 being
the loudest. Although this VI appears on all platforms, the frequency, duration, and
intensity parameters work only on the Macintosh.

frequency [Hz] - ignored 3
duration [mzec] - ignared —'_'P

interzity [0-255] - ignored —1 ¢

error - ignored

Call Chain

Returns the chain of callers from this VI to the top-level VI as an array of strings.

% poacasoas: -5l chain

Code Interface Node

With a Code Interface Node (CIN), you can call code written in a conventional
programming language, such as C, directly from a block diagram. CINs make it possible
for you to use algorithms written in another language or to access platform-specific
features or hardware that G does not directly support.

Code Interface Nodes are resizable and show datatypes for the connected inputs and
outputs, similar to the Bundle function. The following illustration shows the CIN
function.

[Eode Interface Mode]
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LabVIEW's interface to external code is very powerful. You can pass any humber of
parameters to or from external code, and each parameter can be of any arbitrary G
datatype. LabVIEW provides several libraries of routines that make working with G
datatypes easier. These routines support memory allocation, file manipulation, and
datatype conversion.

If you convert a VI that contains a CIN to another platform, you need to recompile the
code for the new platform, because CINs use code compiled in another programming
language. You can write source code for a CIN so that it is machine-independent,
requiring only a recompile to convert it to another platform.

For examples of CINs, segamples\cins

For more information on the Code Interface Node se€tue Interface Reference
Manual

Call Library Function

With the Call Library Function node, you can call standard libraries without writing a
Code Interface Node (CIN). Under Windows, you can call a dynamic link library (DLL)
function directly. In Macintosh and UNIX, you can call a shared library function directly.
On the Macintosh 68K, you must have the CFM-68K system extension installed for the
Call Library Function node to operate.

This node supports a large number of datatypes and calling conventions. You should be
able to use it to call functions from most standard and custom-made libraries.

The Call Library Function node, shown in the following illustration, looks similar to a
Code Interface Node.

ﬂj:ﬂ [EL]
old
— return walue
pararm 1 — — new wvalue of param 1
parar 2 —1 — new wvalue of param 2

The Call Library Function consists of paired input/output terminals with input on the left
and output on the right. You can use one or both. The return value for the function is
returned in the right terminal of the top pair of terminals of the node. If there is no return
value, then this pair of terminals is unused. Each additional pair of terminals corresponds
to a parameter in the functions parameter list. You pass a value to the function by wiring
to the left terminal of a terminal pair. You read the value of a parameter after the function
call by wiring from the right terminal of a terminal pair.

If you selectConfigure... from the pop-up menu of the node, you see a Call Library
Function dialog box from which you can specify the library name or path, function name,
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calling conventions, parameters, and return value for the node. When you cdk,on

the node automatically increases in size to have the correct number of terminals. It then
sets the terminals to the correct datatypes. For more information on Call Library Function
refer to Chapter 24Calling Code From Other Languagds theLabVIEW User Manual

Quit
Stops all executing VIs and ends the current session of LabVIEW. This function shuts

down only LabVIEW; the function does not power down the system or affect other
applications. The function stops running Vls the same way the Stop function does.

quit’? [T]

Stop

Stops the VI in which it executes, just as if you clicked the stop button in the toolbar. If
you wired the input, stop occurs only if the input value is TRUE. If you leave the input
unwired, the stop occurs as soon as the node that is currently executing finishes.

—

If you need to abort execution of all VIs in a hierarchy from the block diagram, you can
use this function, butou must use it with cautioBefore you call the Stop function with

a TRUE input, be sure to complete all final tasks for the VI first, such as closing files,
setting save values for devices being controlled, and so on. If you put the Stop function
in a subVl, you should make its behavior clear to other users of the VI, because this
function causes their VI hierarchies to abort execution.

In general, you should avoid using the Stop function when you have a built-in terminator
protocol in your VI. For example, I/O operations should be performed in While Loops so
that the VI can terminate the loop on an I/O error. You should also consider using a front
panel Stop Boolean control to terminate the loop at the request of the user rather than
using the Stop function.
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Data Manipulation Function Descriptions

The following illustration displays the options available on[Era¢a Manipulation
subpalette.

== MANT
i (= [ ALY
ﬁ%ﬁﬁm W

s F 15 1

Flatten To String

Convertsanything to a string of binary valuesype string is a type descriptor that
describes the datatype of anything. data string is the flattened form of anything. For more
information on type descriptors and flattened data F&ttened Datain Appendix A,

Data Storage Formatf theLabVIEW User Manual

==
anything w7

type string
data ztring

Join Numbers
Creates a number from the component bytes or words.

pm— | (1)

Logical Shift
Shiftsx the number of bits specified lyy

¥ T ey
X
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Mantissa & Exponent

Returns the mantissa and exponent of the input numeric value suciumhia¢r =
mantissa* 2 ®XPO"ent |f number is 0, bothmantissaandexponentare 0. Otherwise, the
value ofmantissais greater than or equal to 1 and less than 2, and the vadxpafent
is an integer.

TR mantizza

EXF exponent

#

number

Rotate

Rotatesx the number of bits specified lyy

¥ # ratated left by v

Rotate Left With Carry

Rotates each bit in the inpualue to the left (from least significant to most significant
bit), insertscarry in the low-order bit, and returns the most significant bit.

cary = msh carmy out

yvalue value

Rotate Right With Carry

Rotates each bit imalue to the right (from most significant to least significant), inserts
carry in the high-order bit, and returns the least significant bit.

CAFEYY e TR ]5tl carr l:lth
va]u% walue 4

Split Number

Breaks a number into its component bytes or words.

hif]
X —@:I_ |,::[:]
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The following illustration shows an example of how to use the Split Number function.

The function splits the signed 32-bit number 100,000 into the high word component, 1,
and the low word component, 34,464.

W32

v 100,000 |

=
1
[my]

3

(R
T=
-
o
T=

f=]
—_
Em

=
=
o

2

Swap Bytes
Swaps the high-order 8 bits and the low-order 8 bits for every wadyithing.

anything —= byte swapped

Swap Words
Swaps the high-order 16 bits and the low-order 16 bits for every long inteaygytinng.

anything — word swapped

Type Cast
Castsx to the datatypetype.

type
X QE *[type *]
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Casting data to a string converts it into machine-independent, big endian form. That is,
the function puts the most significant byte or word first and the least significant byte or
word last, removes alignment, and converts extended-precision numbers to 16 bytes.
Casting a string to a 1D array converts the string from machine-independent form to the
native form for that platform.

Unflatten From String

Convertsbinary string to the type wired tdype. This function performs the inverse of
Flatten To Stringbinary string should contain flattened data of the type wiretyfe.
For more information on type descriptors and flattened data;latened Datain
Appendix A,Data Storage Formatf theLabVIEW User Manual

binary string ﬁ?@i =)
type @ | walle

Help Function Descriptions

The following illustration displays the options available onkedp subpalette.

-—1HHelp
el |

eel||=s+17

=)

ek

Control Help Window

Modifies the Help window by showing, hiding, or repositioning the window.

T — ﬁ?@

Top Left Corng wmmmmmms (.- =

Control Online Help

Controls the online help system by displaying the table of contents of a help file, jumping
to a specific point in a help file, or closing the online help system.

Operation i)
Shing to search for W‘E.........-EE ‘? [pe==m= E rrior Qluatpuit

Path to the help file
Errar Input I
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Get Help Window Status

Returns the status and the position information for the Help window.

:@..{,?} ................. Show

# = [ fpmmmmmn T op Left Corner

Occurrence Function Descriptions

You can use the occurrence functions to control separate, synchronous activities. In
particular, you use these functions when you want one VI or part of a block diagram to
wait until another VI or part of a block diagram finishes a task without forcing LabVIEW
to poll.

You can perform the same task using global variables, with one loop polling the value of
the global until its value changes. However, global variables add overhead, because the
loop that waits uses execution time. With occurrences, the polling loop is replaced with

a Wait on Occurrence function and does not use processor time. When some diagram sets
the occurrence, LabVIEW activates all Wait on Occurrence functions in any block
diagrams that are waiting for the specified occurrence.

The following illustration displays the options available on@uveurrencessubpalette.

Occurrences |

&[> [D

Generate Occurrence

Creates amccurrencethat you can pass to the Wait on Occurrence and Set Occurrence
functions.

@7 DCCUTENCE

Ordinarily, only one Generate Occurrence node is connected to any set of Wait on
Occurrence and Set Occurrence functions. You can connect a Generate Occurrence
function to any number of Wait on Occurrence and Set Occurrence functions. You do not
have to have the same number of Wait on Occurrence and Set Occurrence functions.
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Each Generate Occurrence function on a block diagram represents a single, unique
occurrence. In this way, you can think of the Generate Occurrence function as a constant.
When a VI is running, every time a Generate Occurrence function executes, the node
produces the same value. For example, if you place a Generate Occurrence function
inside of a loop, the value produced by Generate Occurrence is the same for every
iteration of the loop. If you place a Generate Occurrence function on the block diagram
of a reentrant VI, Generate Occurrence produces a different value for each caller.

Set Occurrence

Triggers the specifiedccurrence All block diagrams that are waiting for this
occurrence stop waiting.

OCCUITENCE —D

Wait On Occurrence
Waits for the Set Occurrence function to set or trigger the giecenrrence

s tirneaut [-1)
OCCUITENCE —
ignore presious [T] -

tirmed out

Memory VI Descriptions

The following illustration displays the options available onMemory subpalette.

- M emory

In Port (Windows 3.1 and Windows 95)

Reads a byte or word integer from a specific register address. Because this VI is not
available on all platforms, VIs using this subVI are not portable.

In
Port

register address
read & byte or a word (Fbgte] -]

walue
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Out Port (Windows 3.1 and Windows 95)

Writes a byte or word integer to a specific register address. Because this VI is not
available on all platforms, VIs using this subVI are not portable.

regizter address Out
write & byte or a word [F:b.. ] Pt

value — !

VI Control VI Descriptions

You can use the VI Control VIs to dynamically load, call, and close other VIs. When you
call a VI dynamically, you specify whether or not the called VI opens its front panel and
then closes the front panel when it finishes executing. You can also pass parameters to
and from the dynamically called VI.

All of these VIs use error cluster inputs and outputs to make error handling easier. If an
incoming error is set, the VI does not do anything. The Release Instrument VI, however,
releases the specified VI from memory regardless of incoming errors.

The following illustration displays the options available on\Whé&ontrol subpalette.

| ,=IF0¥I Control

O, E D1
CAHLL]| LOAD

[wr]
7
+
]
@
[wr]
T
-

+

2
Hi
2

BOR
0. 5|0, |0, 5
oPEn| | cLosE| [ cLosE
0+, 5|04

g
Eﬁj@
:

a

kd
=
M

'l

rﬁﬁj

|
o
=
m

Abort Instrument

Aborts the execution of the specified VI, just as if you clicked the stop button in the
specified VI's toolbar.

¥l name O, @

erar in [ho erar] AEORT errar oLt
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Call Instrument

Loads and then calls another VI as long as the VI you are calling is not currently in the
VI hierarchy of any running VI, including your main VI. For example, if you have the
Serial Port Read VI on your block diagram, you cannot use Call Instrument to call Serial
Port Read directly, because it is already in the main VI's hierarchy. However, you can
call the Serial Port Read VI if you create a VI that is not part of the main VI's hierarchy.
If the called VI has not already been loaded, LabVIEW loads it before the call, and
unloads the VI when the call is finished. If you do not want to incur the speed penalty of
loading the VI at the time of the call, use the Preload Instrument VI to preload the VI,
and then use the Release Instrument VI when you are finished witériotfin contains

an error, LabVIEW does not call the VI.

Y| pathy ey

¥l name ?@-
inputs rrrrrrn Dutputs
desired Dutputsf L Tor rpar at
error in [no error)
call mode [open.call cloze: 1]
retrieve El” DUtDUtS [F:l:lr'll... ..........................

Note: You can pass data to any control (excluding indicators) on the front panel
of the called VI; the controls do not have to be on the connector pane of the
called VI.

Close Panel

Closes the front panel of a specified VI. If the VI is running it will be aborted.

[, i

ol in [ho erar] CLOSE 2ror oLt

¥l name

Close Panel No Abort

Closes the front panel of the specified VI. If the VI is running and was loaded using
Preload Instrument VI, it will not be aborted. If the VI is running, but it has not been
preloaded, it will be aborted.

¥l name

2Irar in [ho erar] CLOSE errar oLt
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Get Instrument State

Returns the VI execution state (Broken, Idle, or Running) and the panel window state
(Closed, Open, or Open and Active). If the VI is not in memory, the error out will be
File Not Found

[ wi tate

O,
ozl L window state
FVATEleoesaeen gy ot

¥l name

EIrar in [ho error] s

Get Panel Size

Read the size of the panel of a VI that is already in memory. The VI must be in memory
but its panel does not need to be open.

¥l name 0. &

panelwindow bounds? (F:panel] -
Ermar in (o emar) =

P e location and size
SIZE? errar out

Open Panel

Opens the front panel of the specified VI. The specified VI must already be in memory,
either because it was loaded using the Preload Instrument VI, or because it is the subVI
of another VI.

¥l name - [
uze ¥l Setup settings? (T)] -
enmar in [ho enor] === OFEN errar out

Preload Instrument

You can use this VI to load another VI into memory. The front panel of the specified VI
is not visible when it is loaded. If you want the front panel to be visible, call either Open
Panel VI or use the appropriate call mode for the Call Instrument VI.

¥l path —-ry
¥l name O—
e
Ermar in (o erar) LOAD errar oLk

If you execute a Preload Instrument VI, and it does not return an error, make sure you
call the Release Instrument VI when you are finished to remove the loaded VI from
memory. If you call the Preload Instrument VI multiple times, you need to balance the
calls with Release Instrument VI calls.
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Release Instrument

Use this VI to unload a VI that was loaded using the Preload Instrument VI. If you call
Preload Instrument more than once; the specified VI is not unloaded until you call
Release Instrument an equal number of times.

¥l name

N]

il

errar out

error in [no ermor) RE

Resize Panel

Resizes and/or moves the front panel of a VI that is already in memory. The VI must be
in memory, but its front panel does not have to be open. Consequently, you can size or
position a front panel before opening it.

¥l name
panel location and size ﬂﬂ:, ........
panelwindow bounds [F:panel] - FroBESIEE oo grror oLt

&rrar in [hio ermar]

C—

Run Instrument

You can use this VI to run another VI that is in memory with the front panel of the VI in
memory open. Run Instrument is different from Call Instrument in that Run Instrument
returns immediately after starting the specified VI running, whereas Call Instrument
waits for the called VI to complete execution and can pass parameters to and from the
called VI. Run Instrument works just as if you seleddgzbrate»Run, while Call

Instrument functions more like a subVI call.

¥l name 0=

Juzp
EUH

errar in [no ermor] error aut
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Introduction to the LabVIEW
Data Acquisition Vis

This chapter contains basic information about the data acquisition
(DAQ) VIs and shows where you can find them in LabVIEW.
Descriptions of these VIs comprise Chapter 14 through Chapter 29.

LabVIEW includes a collection of Vs that work with your DAQ
hardware devices. With LabVIEW’s DAQ VIs you can develop
acquisition and control applications.

You can find the DAQ VIs in th€unctions palette from your block
diagram in LabVIEW. The DAQ Vls are located near the bottom of the
Functions palette.

To access thBata Acquisition palette, choosBunctions»Data
Acquisition, as shown in the following illustration.

IE Functions |
D ata Acquisition
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Analog Input Vis —mr =

Calibration and
Configuration VIS gl

Introduction to the LabVIEW Data Acquisition VIs

The Data Acquisition palette contains six subpalette icons that take you
to the different classes of DAQ VIs. The following illustration shows
what each of the icons in tlizata Acquisition palette means.

Analog Output VIs Digital /0 Vs
B0 Data Acquisition

| B |

- k E'nu b g!! k g!! k [«@—1— Counter Vis
. OET B
Hize I’?;'i"*%

Signal Conditioning VIs

This section of the manual is organized in the order that the DAQ VI
icons appear in thData Acquisition palette from left to right. For
example, in this section, the Analog Input VI chapters are followed by
the Analog Output VI chapters, which are followed by the Digital I/0O

VI chapters, and so on. Most often, there are several chapters devoted
to one class of DAQ VI in the palette, because many of the VI palettes
also contain several subpalettes.

Finding Help Online for the DAQ Vls

You can find helpful information about individual VIs online by using
the LabVIEW Help window Klelp»Show Help. When you place the
cursor on a VI icon, the wiring diagram and parameter names for that
VI appear in the Help window. You can also find information for front
panel controls or indicators by placing the cursor over the control or
indicator with the Help window open. For more information on the
LabVIEW Help window, refer to thGetting Helpsection in Chapter 2,
Creating Vls of the LabVIEW User Manual

In addition to the Help window, LabVIEW has more extensive online
information available. To access this information, selltap»Online
Reference For most block diagram objects, you can se@mdine
Referencefrom the object’s pop-up menu to access the online
description. You can also access this information by pressing the button
shown to the left, which is located at the bottom of LabVIEW’s Help
window. For information on creating your own online reference files,
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see theCreating Your Own Help Filesection in Chapter 25Janaging
Your Applicationsof theLabVIEW User Manual

Note: Use only the inputs that you need on each VI. LabVIEW sets all unwired
inputs to their default values. Many of the DAQ function inputs are
optional and do not appear in th8imple Diagram Helpwindow. These
inputs typically specify rarely-used options. If an input is required, your VI
wiring remains “broken” until a value is wired to the input. Required
inputs appear in bold in theédelp window, recommended inputs appear in
plain text, and optional inputs are in gray text. The default values for
inputs appear in parentheses beside the input name inHedp window.

Note: Some DAQ VIs use an enumerated data type as a control or indicator
terminal. If you connect a numeric value to an enumerated indicator,
LabVIEW converts the number to the closest enumeration item. If you
connect an enumerated control to a number value, the value is the
enumeration index. To wire an enumerated control to an enumerated
indicator, the enumerated items must match exactly, or you will get a
broken wire.

The Analog Input Vis

These VIs perform analog input operations.

The Analog Input VIs can be found by choosing
Functions»Data Acquisition»Analog Input When you click on the
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Analog Input icon in th®ata Acquisition palette, theéAnalog Input
palette pops up, as shown in the following illustration.

El:l Data Acquisition i

Analog Input
By KB, '|E""s. '|"5"ﬁ. '|
'n"-"c,—uiﬂﬁnalng Input

Al Al Al
MIUSCY | qupr Fr || HULTFT || OME PT

There are four classes of Analog Input VIs found inAhalog Input
palette. The Easy Analog Input Vs, Intermediate Analog Input Vs,

Analog Input Utility VIs, and Advanced Analog Input VIs. The
following illustrates these VI classes.

Al 1
ot #7 || AnTeT || omE FT || 0ME PT [@———F—— Easy Analog Input Vs

Al Al Al Al Al i
CONFIG || START || READ | [5-5cAH || CLEAR |Jag—— Eﬁ:g‘eﬁ;aﬁ Vis
] | et | Eer] | ] | iy 9w

uTIL * AOL b Advanced
& < Analog Input Vis

Analog Input Utility VIs

Easy Analog Input Vs

The Easy Analog Input VIs perform simple analog input operations.

You can run these Vis from the front panel or use them as subViIs in
basic applications.
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You can use each VI alone to perform a basic analog operation. Unlike
intermediate- and advanced-level Vis, Easy Analog Input Vs
automatically alert you to errors with a dialog box that asks you to stop
the execution of the VI or to ignore the error.

The Easy Analog Input VIs are actually composed of Intermediate
Analog Input VIs, which are in turn composed of Advanced Analog
Input VIs. The Easy Analog Input VIs provide a basic, convenient
interface with only the most commonly used inputs and outputs. For
more complex applications, you should use the intermediate- or
advanced-level VIs for more functionality and performance.

Refer to Chapter 1&£asy Analog Input V]dor specific VI information.

Intermediate Analog Input Vis

You can find intermediate-level Analog Input Vls in two different
places in théAnalog Input palette. You can find the Intermediate
Analog Input Vls in the second row of tl@alog Input palette. The
other intermediate-level Vis are in tA@alog Input Utilities palette,
which will be discussed later. The Intermediate Analog Input VIs—AI
Config, Al Start, Al Read, Al Single Scan, and Al Clear—are in turn
built from the fundamental building block layer, called the Advanced
Analog Input Vls. These Vls offer almost as much power as the
advanced-level Vs, and they conveniently group the advanced-level
Vls into a tidy, logical sequence.

Refer to Chapter 19ntermediate Analog Input V,i$or specific VI
information.

Analog Input Utility Vis

UL You can access th&nalog Input Utilities palette by choosing the
F. Analog Input Utility icon from theAnalog Input palette. The Analog
Input Utility VIs—AI Read One Scan, Al Waveform Scan, and Al
Analog Input Continuous Scan—are single-VI solutions to common analog input
Utility Icon problems. These VIs are convenient, but they lack flexibility. These

three Vs are built from the Intermediate Analog Input VIs in the
Analog Input palette.

Refer to Chapter 1&nalog Input Utility VIs for specific VI
information.
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Advanced Analog Input Vis

= A ) You can access th&dvanced Analog Inputpalette by choosing the
F. Advanced Analog Input icon from thnalog Input palette. These Vls
are the interface to the NI-DAQ data acquisition software and are the
Advanced Analog foundation of the Easy, Utility, and Intermediate Analog Input VIs.
Input Icon

Refer to Chapter 1 Advanced Analog Input \jI$or specific VI
information.

Locating Analog Input VI Examples
For examples of how to use the analog input Vls, see
examples\dag\anlogin\anlogin.lib

Analog Output Vis

These VIs perform analog output operations.

The Analog Output VIs can be found by chooskunpctions»Data
Acquisition»Analog Output. When you click on the Analog Output
icon in theData Acquisition palette, thé\nalog Output palette pops up,
as shown in the following illustration.

+—1=D ata Acquisition

B *la\. '|En, M-,
IE.—|;l=|;|.|f'|.nalu::g Output

e

(1] A [ L]
HULT FT || HULT FT || OME FT || OME FT

There are four classes of Analog Output VIs found inAhalog
Output palette: the Easy Analog Output VIs, Intermediate Analog
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Output Vs, Analog Output Utility VIs, and the Advanced Analog
Output Vls. The following illustrates these VI classes.

EEQ Analog Dutput §

i i A A0 |<——— Easy Analog Output Vis

[T T Al Al Al :
cobris | [ wriTe || sThRT || wRIT || cLEar |4 Intermediate
Dl Analog Output ViIs

Advanced
< Analog Output VIs

Analog Output Utility VIs

Easy Analog Output Vis
The Easy Analog Output VIs perform simple analog output operations.
You can run these VIs from the front panel or use them as subVIs in
basic applications.

You can use each VI by itself to perform a basic analog output
operation. Unlike intermediate- and advanced-level VIs, Easy Analog
Output VIs automatically alert you to errors with a dialog box that asks
you to stop the execution of the VI or to ignore the error.

The Easy Analog Output VIs are actually composed of Intermediate
Analog Output VIs, which are in turn composed of Advanced Analog
Output VlIs. The Easy Analog Output VIs provide a basic, convenient
interface with only the most commonly used inputs and outputs. For
more complex applications, you should use the intermediate- or
advanced-level VIs for more functionality and performance.

Refer to Chapter 1&asy Analog Output V]dor specific VI
information.

Intermediate Analog Output Vis
You can find intermediate-level Analog Output VIs in two different
places in théAnalog Output palette. You can find the Intermediate
Analog Output Vs in the second row of tAealog Output palette. The
other intermediate-level Vis are in tAaalog Output Utilities palette,
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which will be discussed later. The Intermediate Analog Output Vis—
AO Config, AO Write, AO Start, AO Wait, and AO Clear—are in turn
built from the fundamental building block layer, called the Advanced
Analog Output Vls. These Vls offer almost as much power as the
advanced-level VIs, and they conveniently group the advanced-level
Vlis into a tidy, logical sequence.

Refer to Chapter 19ntermediate Analog Output VI&r specific VI
information.

Analog Output Utility Vs

UL You can access th&nalog Output Utilities palette by choosing the
" Analog Output Utility icon from thénalog Output palette. The
Analog Output Utility VIs—AI Read One Scan, Al Waveform Scan,
Analog Output and Al Continuous Scan—are single-VI solutions to common analog
Utility Icon output problems. These VIs are convenient, but they lack flexibility.

These three Vls are built from the Intermediate Analog Output Vs in
the Analog Output palette.

Refer to Chapter 23nalog Output Utility Visfor specific VI
information.

Advanced Analog Output Vs

vl You can access th&dvanced Analog Outputpalette by choosing the
u Advanced Analog Output icon from tiealog Output palette. These
Vls are the interface to the NI-DAQ software and are the foundation of
Advanced Analog the Easy, Utility, and Intermediate Analog Output VIs.
Output Icon

Because all these Vls rely on the advanced-level Vls, you can refer to
Chapter 21Advanced Analog Output VI®r additional information on
the inputs and outputs and how they work.

Locating Analog Output VI Examples

For examples of how to use the analog output Vs, see the examples in
examples\daqg\anlogout\anlogout.llb
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Digital Function Vis

These VIs perform digital operations.

The Digital 1/0 VlIs can be found by choosifgnctions»Data
Acquisition»Digital I/O . When you click on the Digital 1/0 icon in the
Data Acquisition palette, theDigital /O palette pops up, as shown in

the following illustration.

.=1HD ata Acquizition

Digital 1/0

P E
1
@.—D:ﬂnigital 140
E'u- M E) B ¢
EIER [+ 0l Il 1IG 11k
LIME [[roRT || LIME || PORT

= | = | = =

] Tin |[CoIo_ |[ bId ]
CONFIG|| READ ||“'RITE || 2TART || A |'|I:i:l
e || i 2 | (B | ey | | B

pIo HOU
clear || Fout E'u-;‘ 4
S| [ 3 UL

There are three classes of Digital 1/0 VIs found inBhgital 1/0
palette. The Easy Digital I/0 Vls, Intermediate Digital /0 VIs, and
Advanced Digital 1/0 Vis. The following illustrates these VI classes.

i pigital 170

DI 1IG || 016 || vIG .
LTHE || FORT ||LIME || PORT |<@———— Easy Digital I/O VIs

B B B (B

CDIZ:::T‘?FIG F?EIH':IEI ‘-.E"'EFI'E SDTIHI]RT "-.-\.EE:I'T
78 | B (B | | B Do
_nnnres | | US| (55 nnnrees | | e | — Iglta S

T

nIo 0IO 1
CLERR | R E'"": Advanced
s = T Digital /0 Vis

Easy Digital 1/0 Vis

The Easy Digital 1/0 VIs perform simple digital operations. You can
run these Vls from the front panel or use them as subVIs in basic

applications.
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You can use each VI by itself to perform a basic digital operation.
Unlike intermediate- and advanced-level VIs, Easy Digital I/O Vls
automatically alert you to errors with a dialog box that asks you to stop
the execution of the VI or to ignore the error.

The Easy Digital I/O Vls are actually composed of Intermediate Digital
I/0 Vls, which are in turn composed of Advanced Digital I/O Vls. The
Easy Digital I/0 VIs provide a basic, convenient interface with only the
most commonly used inputs and outputs. For more complex
applications, you should use the intermediate- or advanced-level VIs for
more functionality and performance.

Refer to Chapter 2Easy Digital 1/0 Vs, for specific VI information.

Intermediate Digital 1/0 Vis

You can find intermediate-level Digital 1/0O VIs in the second and third
rows of theDigital I/0 palette. The Intermediate Digital I/O Vs are in
turn built from the fundamental building block layer, called the
Advanced Digital I/O Vls. These Vls offer almost as much power as the
advanced-level Vs, and they conveniently group the advanced-level
Vis into a tidy, logical sequence.

Refer to Chapter 23ntermediate Digital I/O Visfor specific VI
information.

Advanced Digital 1/0 Vis

A
Er,
I

Acheanced Dicital
O loon

You can access th&dvanced Digital I/0 palette by choosing the
Advanced Digital 1/0 icon from thBigital I/O palette. These Vls are
the interface to the NI-DAQ software and are the foundation of the
Easy, Utility, and Intermediate Digital 1/0 ViIs.

Because all these Vls rely on the advanced-level Vls, you can refer to
Chapte 24, Advanced Digital I/0OVIs, for additional information on the
inputs and outputs and how they work.

Locating Digital 1/0 VI Examples

For examples of how to use the Digital I1/0 Vs, see the examples in
examples\daqg\digital\digital.llb
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Counter Vs

These VIs perform counting operations.

The Counter VIs can be found by chooskgctions»Data
Acquisition»Counter. When you click on the Counter icon in tbata
Acquisition palette, theCounter palette pops up, as shown in the
following illustration.

| oIl ata Acquisition
| Counter
= PE\, Pgﬂ Pgﬂ h|
1
| = m [Ean o—IHICounter
=]
| e (B 7R [PULSE [PYEeE | [FRED
TRAIN |11, 2 2% || ELE
INT B HOU
S, S,

There are three classes of Counter Vls found irCiinenter palette: the
Easy, Intermediate, and Advanced Counter VIs. The following
illustrates these VI classes.

i1 Counter

[~] =[] [ —
N PULSE ;HLSE FRE! ~—— Easy Counter Vs

UTIL b RO Advanced
S, Sr, ~<®— Counter Vis
@ .ngl

Intermediate Counter Vis

Easy Counter Vis

The Easy Counter Vls perform simple counting operations. You can run
these Vls from the front panel or use them as subVls in basic
applications.
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Note:

You can use each VI by itself to perform a basic counting operation.
Unlike intermediate- and advanced-level VIs, Easy Counter Vs
automatically alert you to errors with a dialog box that asks you to stop
the execution of the VI or to ignore the error.

The Easy Counter Vls are actually composed of Intermediate Counter
VIs, which are in turn composed of Advanced Counter VIs. The Easy
Counter Vls provide a basic, convenient interface with only the most
commonly used inputs and outputs. For more complex applications, you
should use the intermediate- or advanced-level VIs for more
functionality and performance.

An important basic data acquisition concept is to use only the inputs that
you need on each VI. Leave the rest of the inputs unwired, and LabVIEW
sets them to their default values. In th¢elp window, the most important
terminals are labeled in bold, and the least commonly used are in brackets.
Values given in parentheses are default values.

Refer to Chapter 2%asy Counter Visfor specific VI information.

Intermediate Counter Input Vs

INT |
S,

[8nn

Intermediate
Counter VI Icon

You can find the Intermediate Counter VIs in the second row of the
Counter palette. The Intermediate Counter Vls are in turn built from the
fundamental building block layer, called the Advanced Counter Vls.
These VIs offer almost as much power as the advanced-level Vs, and
they conveniently group the advanced-level Vis into a tidy, logical
sequence.

Refer to Chapter 28ntermediate Counter V]dor specific VI
information.

Advanced Counter Vis

ARl |
S

You can access th&dvanced Counterpalette by choosing the
Advanced Counter icon from thi&ounter palette. These Vls are the
interface to the NI-DAQ software and are the foundation of the Easy
and Intermediate Counter VIs.

Because all these Vls rely on the advanced-level Vls, you can refer to
Chapter 27 Advanced Counter V]$or additional information on the
inputs and outputs and how they work.
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Locating Counter VI Examples

For examples of how to use the Counter Vs, open the example library
by openingexamples\dag\counter\counter.llb

Calibration and Configuration Vls

These VIs calibrate specific devices and set and return configuration
information.

See Chapter 2&alibration and Configuration V|sfor information on
locating these VlIs and examples.

Signal Conditioning Vis

These VIs convert analog input voltages read from resistance
temperature detectors (RTDs), strain gauges, or thermocouples into
units of strain or temperature.

See Chapter 2%ignal Conditioning Visfor information on locating
these VIs and examples.
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This chapter describes the Easy Analog Input VIs, which perform

simple analog input operations. You can run these Vs from the front
panel or use them as subVIs in basic applications.

You can access the Easy Analog Input VIs by choosimgtions»Data
Acquisition»Analog Input. The Easy Analog Input VIs are the VIs on
the top row of théAnalog Input palette, as shown below.

EI:I Analog Input

Al Al 1
wur e || nnret | [ omE p1 || onE pT |<@———F—— Easy Analog Input Vis

Eunh IIIIIII él;nr
K, .

Easy Analog Input VI Descriptions

The following Easy Analog Input VIs are available.

Al Acquire Waveform

Acquires a specified number of samples at a specified sample rate from a single input
channel and returns the acquired data.

device—] Al =waveform
channel (00 -~ WITPT L ooy 01 sample

number of samples ' |2 period [sec)

sample rate (1000 samplesfsec) _
high limit (0.0

Tovwe Timit £0L07
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The Al Acquire Waveform VI performs a hardware-timed measurement of a waveform
(multiple voltage readings at a specified sampling rate) on a single analog input channel.
If an error occurs, a dialog box appears, giving you the option to stop the VI or continue.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers and input
limits available with your DAQ device.

Al Acquire Waveforms

Acquires data from the specified channels and samples the channels at the specified scan
rate.

device — i bwareforms

channels (0) ) BUFT L 20441 sean
number of samples/Seh 18| " period (zec)
scan rate (1000 scansfsec) |
high Timit (0.0
Taw Tirnit (0,00

The Al Acquire Waveforms VI performs a timed measurement of multiple waveforms on
the specified analog input channels. If an error occurs, a dialog box appear, giving you
the option to abort the operation or continue execution.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers and input
limits available with your DAQ device.

Al Sample Channel

Measures the signal attached to the specified channel and returns the measured voltage.

device fl
channel {0} ~a~---{?HE FT

CT1 AN =
high Tmnit (0.0) —T %7
W Nt (00—

sample

The Al Sample Channel VI performs a single, untimed measurement of a channel. If an
error occurs, a dialog box appears giving you the option to stop the VI or continue.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers and input
limits available with your DAQ device.
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Al Sample Channels

Performs a single voltage reading from each of the specified channels.

dl!'ﬁ'(iﬂ:li' [INFE“I‘T
channels (0] ~nennn
b, camples
high Tirit (0.0 — ™
low Hmit(oo) —F

Lﬁi

The Al Sample Channels VI measures a single voltage from each of the specified analog
input channels. If an error occurs, a dialog box appears, giving you the option to stop the
VI or continue.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers and input
limits available with your DAQ device.
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Analog Input Vis

This chapter describes the Intermediate Analog Input VIs. These Vls
are convenient, but they lack flexibility.

You can access the Intermediate Analog Input VIs by choosing
Functions»Data Acquisition»Analog Input The Intermediate Analog
Input VIs are the VIs on the second row of &realog Input palette, as
shown below.

EQ Analog Input i

Al Al Al Al
HULT FT || HULTFT || OME FT || OME

Intermediate
Analog Input VIs

Handling Errors

LabVIEW makes error handling easy with the Intermediate Analog
Input VIs. Each intermediate-level VI haseamor in input cluster and
anerror out output cluster. The clusters contain a Boolean that
indicates whether an error occurred, the error code for the error, and the
name of the VI that returned the erroretfor in indicates an error, the

VI returns the error information iarror out and does not continue to

run.

Note: The Al Clear VI is an exception to this rule—this VI always clears the
acquisition regardless of whether error in indicates an error.

When you use any of the Intermediate Analog Input VIs in a While
Loop, you should stop the loop if tetatusin theerror out cluster
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readsTRUE If you wire the error cluster to the General Error Handler
VI, the VI deciphers the error information and describes the error to
you.

The General Error Handler VI is Functions»Time and Dialogin
LabVIEW.

Intermediate Analog Input VI Descriptions

The following Intermediate Analog Input Vs are available.

Al Clear

Clears the analog input task associated watkID in.

taskID in ke taskID out

error in (ne error) —ocom S Bl grrgr out

The Al Clear VI stops an acquisition associated wagklID in and release associated
internal resources, including buffers. Before beginning a new acquisition, you must call
the Al Config VI. Refer to Chapter 1Advanced Analog Input VI$or description of the

Al Control VI.

Note: The Al Clear VI always clears the acquisition regardless of whetketor
in indicates that an error occurred.

When you use any of the Intermediate Analog Input Vs in a While Loop, you should stop
the loop if thestatusin theerror out cluster read3RUE If you wire the error cluster to

the General Error Handler VI, the VI deciphers the error information and describes the
error to you.

The General Error Handler VI is Functions»Time and Dialogin LabVIEW. For more
information on this VI, refer to yourabVIEW User Manual
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Al Config

Configures an analog input operation for a specified set of channels. This VI configures
the hardware and allocates a buffer for a buffered analog input operation.

[nterchannel Delay [zecs) (board default]
F handle structure s,

coupling & input config (ho change:0
ifiput lirmitz [no change

device il taskiD
channels (0] -7 CORFIS ey - number of channels
buffer size [1000 scans o EEL DSP handle structure out
[arowp] [ E error out
error in [no error

~ [rrnber of buffers] (1
allocation made [no change: 0
[nurmber of A= boards] [no change:-1

You can allocate more than one buffer only with the following devices.
e (Macintosh) NB-A2000, NB-A2100, and NB-A2150
e (Windows) EISA-A2000, AT-A2150, and AT-DSP2200

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, input limits,
and scanning order you can use with your National Instruments DAQ device.

Al Read

Reads data from a buffered data acquisition.

acan backlog
conditianal redrieval (off) nurnber read
taskiD in Al 1askiD ont
number of :n(:na-s to read —'_ RIAD
tirne Timit in sec (no chan =

output units {=c —l_ﬂ

errer in Enu errnrg
read feearch position (frorn mark) =

LEP handle structure e

------- retHieval complete
error out

The Al Read VI calls the Al Buffer Read VI to read data from a buffered analog input
acquisition.
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Al Single Scan

Returns one scan of data from a previously configured group of channels.

data remaining

tazklD in Al tasklD out
opcode 5-5CAN L scaled data

tirne lirnit in 2ec [no change:-1 —l__ ""f_l— binary data
output units ([Scaled: ‘I} —I_H —I—H acquisition state

error in [no ermor error out

If you have already started an acquisition with the Al Start VI, this VI reads one scan
from the acquisition buffer data, or the onboard FIFO if the acquisition is not buffered.
If you have not started an acquisition, this VI starts an acquisition, retrieves a scan of
data, and then terminates the acquisition. The group configuration determines the
channels the VI samples.

If you do not call the Al Start VI, this VI initiates a single scan using the fastest safe
channel clock rate. You can alter the channel clock rate with the Al Config VI.

If you run the Al Start VI, a clock signal initiates the scans.

You must use the Al Start VI to set the clock source to external, for externally-clocked
conversions.

If clock sources are internal and you do not allocate memory, a timed nonbuffered
acquisition begins when you run the Al Start VI. You use this type of acquisition for
synchronizing analog inputs and outputs in a point-to-point control application. The
following devices do not support timed, nonbuffered acquisitions.

*  (Macintosh) NB-A2000, NB-A2100, and NB-A2150
e (Windows) AT-DSP2200, EISA-A2000, and AT-A2150

Note: LabVIEW restarts the device in the event of a FIFO overflow during a
timed, nonbuffered acquisition.

When you sebpcodeto 1 for a nonbuffered acquisition, the VI reads one scan from the
FIFO and returns the data.dpcodeis 2, the VI reads the FIFO until it is empty and
returns the last scan read.
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Al Start

Starts a buffered analog input operation. This VI sets the scan rate, the number of scans
to acquire, and the trigger conditions. The VI then starts an acquisition.

e=dge or =lope {rm changel
pratrigger scans Eﬂg
rigger fype [notrig:0

taskiD in i taskIl oul
nambor +f soans to ii?l'lrﬂl —I S"_"RT mmﬂn:antua'l il rale
scan rate (scansfsec) [ i actual trigger params

rurnber of buffers ta acquire (1)
srror i [ne arror)

soan clock sowrce (no change g
analog chan (=) & leval 0

[additianal rig param:]

error on

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, input limits,
scanning order, triggers, clocks and you can use with your National Instruments DAQ
device.
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This chapter describes the Analog Input Utility VIs. These VIs—Al
Read One Scan, Al Waveform Scan, and Al Continuous Scan—are
single-VI solutions to common analog input problems. The Analog
Input Utility VIs are intermediate-level Vls, so they rely on the
advanced-level Vis. You can refer to ChapterAdyanced Analog

Input Vs for additional information on the inputs and outputs and how
they work.

You can access thenalog Input Utilities palette by choosing
Functions»Data Acquisition»Analog Input»Analog Input Utilities .

The icon that you must select to access the Analog Input Utility VIs is
on the bottom row of thAnalog Input palette, as shown below.

EEQ] Analog Input

Al Al Al Al
HULT FT || HULTFT || OME FT || OME F

Analog Input Utility VIs

Handling Errors

LabVIEW makes error handling easy with the intermediate-level
Analog Input Utility VIs. Each intermediate-level VI has emor in

input cluster and aarror out output cluster. The clusters contain a
Boolean that indicates whether an error occurred, the error code for the
error, and the name of the VI that returned the erratrtr in

indicates an error, the VI returns the error informatioerinor out and

does not continue to run.
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When you use any of the Analog Input Utility VIs in a While Loop, you
should stop the loop if th&tatusin theerror out cluster read3RUE If
you wire the error cluster to the General Error Handler VI, the VI
deciphers the error information and describes the error to you.

The General Error Handler VI is Functions»Time and Dialog in
LabVIEW. For more information on this VI, refer to youabVIEW
User Manual

Analog Input Utility VI Descriptions

The following VlIs are available through the Analog Input Utility subpalette.

Al Continuous Scan

Makes continuous, time-sampled measurements of a group of channels, stores the data in
a circular buffer, and returns a specified number of scan measurements on each call.

buffe zice (1000 scans]
coupling & irput config (no... e
input limit= (o change ) oo
dev(i[:; HH scaled data
channels (0) F Pt L ruraber read
mumber of zoans to read (S00] —'jl— 'g =aan backlog

scan rate {1000 scans Fsed] actual scan perlod (sec)

—’_I"_[

error in [no error]) error ont
iteratison Ginit :01 i
olear asquisition (T] - 8
[rumber of AU beads| na..
m The Al Continuous Scan VI scans a group of channels indefinitely, as

you might do in data logging applications. Place the VI in a While Loop

fteration and wire the loop’s iteration terminal to the tération input.

terminal

Also wire the condition that terminates the loop todlear acquisitioninput, inverting

the signal if necessary so that it reagtJEon the last iteration. On iteration 0, the VI

calls the Al Config VI to configure the channel group and hardware and allocates a data
buffer; the VI calls the Al Start VI to set the scan rate and start the acquisition. On each
iteration, the VI calls the Al Read VI to retrieve the number of measurements specified
by number of scans to readscales them, and returns the data as an array of voltages.
On the last iteration (whetiear acquisitionis TRUB or if an error occurs, the VI calls

the Al Clear VI to clear any acquisition in progress. You should not need to call the Al
Continuous Scan VI outside of a loop, but if you do, you can leavtetia¢gion andclear
acquisition inputs unwired.

When calling the Al Continuous Scan VI in a loop to read portions of the data from the
ongoing acquisition, you must read the data fast enough so that newly acquired data does
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not overwrite it. Thescan backlogoutput tells you how much data acquired by the VI,
but remains unread. If the backlog increases steadily, your new data may eventually
overwrite old data. Retrieve data more often, or adjusbtifier size, thescan rateg or
thenumber of scans to reado fix this problem

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, input limits,
and scanning order you can use with your National Instruments DAQ device.

Al Read One Scan

Measures the signals on the specified channels and returns the measurements in an array
of voltages or binary values.

coupling & input config (no change |0 ey
input limits (no change)

N qle\rt_iﬁ.); '1 LFIH‘ sealkeddata

channels -

; . 5 |k binary data
output units Csoaled:1) . F-errnr aut

error 1 Lhe error) :
iteration Cinit:0)
[nurnber of &MUK boards] (00

m The Al Read One Scan VI performs an immediate measurement of a

group of one or more channels. If you place the VI in a loop to take
multiple measurements from a group of channels, wire the loop iteration
terminal to the Viiteration parameter.

iteration
terminal

On iteration 0, this VI calls the Al Config VI to configure the channel group and
hardware, then calls the Al Single Scan VI to measure and report the results. On
subsequent iterations, the VI avoids unnecessary configuration and calls only the Al
Single Scan VI. If you call the Al Read One Scan VI once to take a single measurement
from the group of channels, titeration parameter can remain unwired.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, input limits,
and scanning order available with your DAQ device.
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Al Waveform Scan

Acquires the specified number of scans at the specified scan rate and returns all the data
acquired. You can trigger the acquisition.

time Hrnit in zec (compute...

trigger and clack (no trig, ... seccceeemoo

coupling & nput config (no. .. oy
input Timils (no change)

device FT A L
channels (0) »d """'H'_""'E scaled data

number of scans J_I— e arbual sean period (sec)
scan rate (1000 scans fsec) error out
error in (mo error)
iteration init:0)

tlear acquisition (Yes: T} -
[rurrbet of &MU boards ] (o

m The Al Waveform Scan VI acquires a specified number of scans from a

channel group at a specified scan rate. If you place this VI in a loop to
take multiple acquisitions from the same group of channels, wire the
iteration terminal of the loop to the Meration input.

iteration
terminal

Also wire the condition that terminates the loop to theMhr acquisition input,

inverting the signal if necessary so that it rea@5EoN the last iteration. On iteration

zero, this VI calls the Al Config VI to configure the channel group and hardware and
allocate a data buffer. On each iteration, this VI calls the Al Start and Al Read VIs. The
Al Start VI sets the scan rate and trigger conditions and starts the acquisition. The VI
stores the measurements in the buffer as they are acquired, and the Al Read VI retrieves
them from the buffer, scales them, and returns all the data as an array of voltages. On the
last iteration (whemwlear acquisitionis TRUB or if an error occurs, the VI also calls the

Al Clear VI to clear the acquisition in progress. If you call the Al Waveform Scan VI

only once, you can leavteration andclear acquisition unwired.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, input limits,
scanning order, triggers, and clocks you can use with your National Instruments DAQ
device.

Note: These Vs use an uninitialized shift register as local memory to remember
the taskID for the group of channels between VI calls. You normally use
one VI in one place on your diagram, but if you use it more than once, the
multiple instances of the VI share the same tasklID. All calls to one of these
Vls configure, read data from, or clear the same acquisition. Occasionally
you may want to use each VI in multiple places and have each instance
refer to a different taskID (for example, when you measure two devices
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simultaneously). Save a copy of the VI with a new name (for example,
Al Waveform Scan R) and make your new VI reentrant.

Note: For all Analog Input Utility Vls, if your program iterates more than32- 1
times, do not wire théeration input to the loop iteration terminal. Instead,
setiteration to 0 on the first loop, then to any positive value on all other
iterations. The VI reconfigures and restarts if iteratiogD.
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This chapter contains reference descriptions of the Advanced Analog
Input VIs. These VIs are the interface to the NI-DAQ software and are
the foundation of the Easy, Utility and Intermediate Analog Input VIs.

You can access th&dvanced Analog Input palette by choosing
Functions»Data Acquisition»Analog Input»Advanced Analog Input

The icon that you must select to access the Advanced Analog Input VIs
is on the bottom row of th&nalog Input palette, as shown below.

EI:I Analog Input i

Al Al L] L]
HULT FT || HWTFT || @ME FT || OMEFT

utIL b ADU b Advanced
= F. = F. Analog Input Vs

Advanced Analog Input VI Descriptions

The following Advanced Analog Input VIs are available.

Al Buffer Config

Allocates memory for LabVIEW to store analog input data until the Al Buffer Read VI

can deliver it to you. LabVIEW refers to the buffer(s) allocated by the Al Buffer Config
VI as internal buffers because you do not have direct access to them.

task ID [Contigl

scans per buffer (-1: no ch_.. —'_"\.f,
[ nurnber of buffers 1 (-1:... e =
error in {no error)

allacation made (0 no change)

DSF mermory handle (00

task ID out
DSP rermory handle oot
error out
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Note:

Note:

(Macintosh) If you are using an NB-A2000 with an NB-DMA280®uffer
sizeandtotal scans to acquireare both multiples of 32, and your computer
has block-mode memory, the driver will automatically use block-mode
DMA transfers.

When you run the Al Control VI with control code set #(clear), the VI
performs the equivalent of running the Al Buffer Config VI with allocation
mode set td.. That is, both VIs deallocate the internal analog input data
buffers. However, acquisitions that use DSP or expansion card memory are
an exception. The Al Control VI does not deallocate DSP memory when
clearing an acquisition. You must explicitly call the Al Buffer Config VI to
deallocate DSP acquisition buffers.

Table 17-1 lists default settings and ranges for the Al Buffer Config VI. The first row
gives the values for most devices, and the other rows give the values for devices that are
exceptions to the rule.

Table 17-1. Al Buffer Config VI Device-Specific Settings and Ranges

Scans per Buffer | Number of Buffers | Allocation Mode
Device

Default Default Default

Setting | Range | Setting | Range | Setting | Range
Most devices 100 0,n=3 1 0,1 2 1,2
Lab-NB 100 n=3 1 0,1 2 1,2
Lab-LC
AT-DSP2200 100 n=0 1 n=0 2 1<n<4
NB-A2000 100 n=0 1 n=0 2 1,2
EISA-A2000
NB-A2100
NB-A2150
AT-A2150
5102 devices 100 n=3 1 1 2 1,2
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Al Buffer Read

Returns analog input data from the internal data buffer(s).

rnark locations

conditional retrieval specification Coff) acquisition state
task ID Fead task ID out
number to read ] nurnber Fead
read/search location (no change) MFﬂ.{ scakd data
output type ( scaled :1) r binary data
error in (no error) | | error out

tirne Tirmit (no change)
read specification (no change) sooeeomconod

=can backlog

Note: When the VI reads from the trigger mark, it does not return data until the
acquisition completes for the buffer containing the trigger.

Al Clock Config

Sets the channel and scan clock rates.

[ configuration made |
[ retrigger mode ]

task ID ; task ID out
which clock =] ) B actual clock rate specification
clock frequency — 1™/ &=
error in (no error) == : error out
clock source o
[ alternate clock rate specification | =

Refer to Appendix ADAQ Hardware Capabilitiesfor the clocks available with your
DAQ device.

For devices that have only a channel clock (Lab-LC, Lab-NB, NB-MIO-16, Lab-PC+,
PCI-1200, PC-LPM-16, DAQCard-500, DAQCard-700, and DAQCard-1200), you

cannot set independent channel and scan clock rates. Setting one resets the other because
the channel rate equals scan rate/number of channels to scan.

For devices that have no channel clock (NB-A2000, NB-A2100, NB-A2150,
EISA-A2000, AT-A2150, and AT-DSP2200), setting the channel clock produces an
error.

If you specify a value dd for the scan clock rate, interval scanning turns off, and channel
scanning (or round-robin scanning) proceeds at the channel clock rate. This option is
meaningful only for devices with independent channel and scan clocks.

The clock rate is the rate at which LabVIEW samples data or acquires scans. You can
express the clock rate three ways—watbck frequency, with clock period, or with
timebase sourcetimebase signal andtimebase divisor The VI searches these
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parameters in that order and sets the clock rate using the first one with a value not equal
to-1.
Table 17-2 lists default settings and ranges for the controls of the Al Clock Config VI.

Table 17-2. Device-Specific Settings and Ranges for Controls in the Al Clock Config VI

Configuration |Retrigger

Mode Mode Which Clock | Clock Source
Device

Default Default |Default Default

Setting| Range| Setting | Setting| Range| Setting| Range
AT-MIO-16E-2 1 1,3 no 1 1,2 1 1,2
AT-MIO-64E-3 support 4<n<1l
NEC-MIO-16E-4
PCI-MIO-16E-1
PCI-MIO-16E-4
PCI-MIO-16XE-10
AT-MIO-16E-10 1 1,3 no 1 1,2 1 1,2
AT-MIO-16DE-10 support 4<n<9

AT-MIO-16XE-50
PCI-MIO-16XE-50

AT-A2150 1 1,3 no 1 1 1 1<n<3

NB-A2150 support

NB-A2100

NB-A2000

AT-DSP2200

EISA-A2000

PC-LPM-16 1 1,3 no 1 1,2 1 1,2

DAQCard-500 support

DAQCard-700

Lab-PC

Lab-LC 1 1,3 no 1 2 1 1,2

Lab-NB support

NB-MIO-16

All Other Devices 1 1,3 no 1 1,2 1 1<n<3
support
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Al Control

Controls the analog input tasks and specifies the amount of data to acquire.

rinirnurn pretrigger scans to acquire
task ID

Contrl task ID out
control code _|—_'_r\
total scans to acquire ol =
error in (no error) el error out
[nurnber of buffers to acquire]

% Note: You cannot use this VI to start an acquisition when you use a Lab and 1200
Series device, PC-LPM-16, DAQCard-500, or a DAQCard-700 device to
scan multiple SCXI channels in multiplexed mode. For this special case,
you must use the Al SingleScan VI to acquire data. (For more information
about the Al SingleScan VI, refer to its description in this chapter.)
However, you can use the Al Control VI for a Lab and 1200 Series device,
PC-LPM-16, DAQCard-500, or DAQCard-700 device when you scan SCXI
channels in parallel mode or sample a single SCXI channel in multiplexed
mode. You can use this VI for an MIO device scanning SCXI channels in
either mode.

Note: Nonbuffered acquisitions are not supported for the following devices.

* (Macintosh) NB-A2000, NB-A2100, or NB-A2150
* (Windows) AT-DSP2200, EISA-A2000, or AT-A2150
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Table 17-3 lists default settings and ranges for the Al Control VI.

Table 17-3. Device-Specific Settings and Ranges for the Al Control VI

Minimum
Pretrigger Number of
Device Control Total Scans Scans to Buffers to
Code to Acquire Acquire Acquire

D s* R* DS* R* DS* R* DS* R*

AT-DSP2200, 0 0,1,4) O 0, n=0 0 0,n=3 1 n=0
EISA-A2000,

AT-A2150,

NB-A2000,

NB-A2150,

PC-LPM-16, 0 0,1,4) O 0,n>3 0 no 1 1
DAQCard-500, support
DAQCard-700

MIO-E Series 0 0,1,4) O 0,n=3 0 0,n=3 1 1
5102 Devices 0 0,1,4 0 n=0 0 n=0 1 1
All Other Devices 0 0,14 0 0,n>3 0 n=0 1 1

*DS = Default Setting; R = Range

Al Group Config

Defines what channels belong to a group and assigns them.

derice I:GWIFIP task ID
[ group (O] < A :scan width
channel scan Tlist (empty) ﬁ e error out
error in (no error)

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges and scanning
order available with your DAQ device.
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Table 17-4 lists default settings and ranges for the Al Group Config VI. The first row of
the table gives the values for most devices, and the other rows give the values for devices
that are exceptions to the rule.

Table 17-4. Device-Specific Settings and Ranges for the Al Group Config VI

Group Channel Scan List
Device

Default

Setting Range | Default Setting | Range
Most Windows Devices 0 0<n<15 all channels 0<n<15
Most Macintosh Devices 0 0<n<15 all channels 0<n<15
AT-MIO-64F-5 0 O<n<15 all channels 0<n<63
AT-MIO-64E-3
AT-A2150, EISA-A2000 0 O<n<15 all channels 0<n<3
AT-DSP2200 0 0<n<15 all channels 0,1
Lab-PC+, PCI-1200, 0 0<n<15 all channels 0<n<7
DAQCard-1200
Lab-LC, Lab-NB 0 O=n<15 all channels o<sn<7
NB-A2000, NB-A2150 0 0<n<15 all channels 0<n<3
NB-A2100 0 0<n<15 all channels 0,1
5102 Devices 0 0<n<15 all channels 0,1

Note: The Lab-LC, Lab-NB, Lab-PC+, PCI-1200, PC-LPM-16, DAQCard-500,

DAQCard-700, and DAQCard-1200 must scan channel lists containing
multiple channels from channel n (2 0) to channel 0 in sequential order,
including all channels between n and 0. The NB-A2000, NB-A2150,
EISA-A2000, and AT-A2150 allow only the following scan lists: (0), (1),
(2), (3), (0, 1), (2, 3), and (0, 1, 2, 3). The NB-A2100 allows the following
scan lists: (0), (1), (0, 1), and (1, 0).

The channel scan listange shown above is for single-ended mode. Please

refer to Appendix A,DAQ Hardware Capabilitiesto determine the valid
range for channels in differential mode.
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SCXI modules in multiplexed mode must scan channels in ascending consecutive order,
starting from any channel on the module. The module order you specify can be arbitrary.
SCXI modules in parallel mode must follow the DAQ device restrictions on the order of
channel scan lists. Refer to t@dannel, Port, and Counter Addressisgction of

Chapter 3Basic LabVIEW Data Acquisition Concepits theLabVIEW Data Acquisition
Basics Manuafor information about SCXI channel string syntax.

Al Hardware Config

Configures either the upper and lower input limits or the range, polarity, and gain. The
Al Hardware Config VI also configures the coupling, input mode, and number of
AMUX-64T devices. The configuration utility determines the default settings for the
parameters of this VI.

[ nurmber of AMUE ] —_|_|
task ID Hr k| task ID out
channel list 28 wnfia Tngroup channel settings
input limits mﬂ.\;l
error in (no error) ce=d ﬂ
[ alternate input limits settings ]
[ ehannel input configuration ]

error out

You can use this VI to retrieve the current settings by witasiID only or by wiring
bothtasklD andchannel list If channel listis empty, the VI configures channels on a
per group basisThis means that the configuration applies to all the channels in the
group. When you specify one or more channelshiannel list, the VI configures
channels on ger channel basisThis means that the configuration applies only to the
channels you specify. This VI always returns the current settings for the entire group.

When the configuration is on a per channel badiannel listcan contain one or more
channels. The channelsdhannel listmust belong to the group namedtagkID. You

specify channels the same way you specify them for the Al Group Config VI. If you take
multiple samples of a channel within a scan and you want to change the hardware
configuration for that channel at each sample, you must supply the settings for each
instance of the channel within the scan. If an elemeaohahnel list specifies more than

one channel, the corresponding element of the other arrays applies to all those channels.

The VI applies the values contained in the configuration arngygef input limits,

lower input limits, coupling, range, polarity , gain, andmode) to the channels in the
group (if you configured on a per group basis) or the channelsannel list (if you
configured on a per channel basis) in the following way. The VI applies the values listed
first in the arrays (at index 0) to the first channel in the group or the channel(s) listed in
index 0 ofchannel list The VI applies the values listed second in the configuration
arrays (at index 1) to the second channel in the group or channel(s) listed in index 1 of
channel list The VI continues to apply the values in this fashion until the arrays are
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exhausted. If channels in the groupcbannel listremain unconfigured, the VI applies
the final values in the arrays to all the remaining unconfigured channels.

Table 17-5 gives examples of this method. The paransbtarnel scan list which is
part of the Al Group Config VI, is used in the following table.

Table 17-5. Al Hardware Config Channel Configuration

but

Configuration
Basis Array Values Results

Group Groupchannel scan list= 1, 3, 4, 5,| All channels in the group hay
channel listis empty input limits of —1.0 to +1.0.
lower input limit [0] =-1.0
upper input limit [0] = +1.0

Group Groupchannel scan list= 1, 3, 4, 5,| Channel 1 has input limits of
channel listis empty —1.0 to +1.0. Channel 3 has
lower input limit [0] =-1.0 input limits 0.0 to +5.0.
upper input limit [0] = +1.0 Channels 4,5, and 7 have inj
lower input limit [1] = 0.0 limits of —10.0 to +10.0.
upper input limit [1] = +5.0
lower input limit [2] =-10.0
upper input limit [2] = +10.0

Channel Groupchannel scan list= 1, 3, 4, 5,| Channels 1, 3, 4, and 5 have
channel list[0] = 1 input limits of —1.0 to +1.0.
channel list[1] = 3:5 Channel 7 has the default ing
lower input limit [0] =-1.0 limits set by the configuratio
upper input limit [0] = +1.0 utility. It is unchanged becau

it is not listed inchannel list
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Table 17-5. Al Hardware Config Channel Configuration (Continued)

Configuration
Basis Array Values Results

Channel Groupchannel scan list= 1, 3, 4,5, Channel 1 has input limits of
channel list[0] = 1 —1.0to +1.0. Channels 3, 4,
channel list[1] = 3:5 and 5 have input limits of 0.(
lower input limit [0] =-1.0 to +5.0. Channel 7 has the
upper input limit [0] = +1.0 default input limits set by the
lower input limit [1] = 0.0 configuration utility.
upper input limit [1] = +5.0

Group Groupchannel scan list= 0, 1,0, 1 | Channels 0 and 1 have input

channel listis empty

lower input limit [0] =-1.0
upper input limit [0] = +1.0
lower input limit [1] =-1.0
upper input limit [1] = +1.0
lower input limit [2] = -10.0
upper input limit [2] = +10.0
lower input limit [3] = -10.0
upper input limit [3] = +10.0

limits of —1.0 to +1.0 the first
time they are sampled and
input limits of —10.0 to +10.0
the second time they are
sampled.

Therange, polarity, andgain determine the lower and upper input limits. When you
wire validinput limit arrays (that is, arrays of lengths greater than zero) the VI chooses
suitable input ranges, polarities, and gains to achieve thpgelimits . The VI ignores
therange, polarity , andgain arrays.

If you do not wire thénput limit arrays, the VI checksnge, polarity , andgain. Where
the VI finds an array, it sets the corresponding input property to the values in the array.
Where the VI does not find an array, it leaves the corresponding input property

unchanged.

For some devices and SCXI modules, onboard jumperaisge, polarity , and/orgain.
LabVIEW does not alter the settings of jumpered parameters when you sSppaify
limits. If LabVIEW cannot achieve the desirggbut limits using the current jumpered
settings, it returns a warning.

To override the current jumper values, you must call the Al Hardware Config VI and
specifyrange, polarity , and/orgain explicitly. The configuration utility determines the
initial setting for these parameters (the default value is the factory jumper setting).

If a pair ofinput limits values are both, the VI does not change timgut limits .
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SCXI channel hardware configurations are actually a combination of SCXI module and
DAQ device settings and require special considerations. The way you specify channels
indicates whether LabVIEW alters the SCXI module settings and/or the DAQ device
settings. Thenput limits parameter always applies to the entire acquisition path.

When you configure on a per group basis, LabVIEW may alter both SCXI module and
DAQ device settings. In this cagggin applies to the entire path and is the product of the
SCXI channel gain and acquisition device channel gain. LabVIEW sets the highest gain
needed on the SCXI module, then adds DAQ device gain if necessary.

When configuration is on a per channel basis, you can specify the channels in one of three
ways. The first way is to specify the entire path, as in the following example.

OBO!SC1!MD1!CHO0:7

(Windows) Also, you can specify the path using channel names configured in the DAQ
Channel Wizard, as in the following example.

temperature

If you use either of these methods, LabVIEW can alter both SCXI and DAQ device
settings, andain applies to the product of the SCXI channel gain and the DAQ device
gain. LabVIEW sets the highest gain needed on the SCXI module, then adds DAQ device
gain if necessary.

The second method is to specify the SCXI channel only, as in the following example.
SC1!MD1!CHO:7

This specification indicates that LabVIEW should alter SCXI settings only. Additionally,
gain applies only to the SCXI channel.

The third way is to specify the acquisition device channel only, as in the following
example.

OBO

In this case, LabVIEW alters only DAQ device settings. §aim parameter applies to
the onboard channel only.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, input limits,
and scanning order available with your DAQ device.

Tables 17-6 through 17-9 list default settings and ranges for the Al Hardware Config VI.
A tilde (=) indicates that the parameter is configurable on a per group basis only. This
means you cannot configure it by channel. The first row of these tables give the values
for most devices, and the other rows give the values for devices that are exceptions to the

© National Instruments Corporation 17-11 LabVIEW Function and VI Reference Manual



Chapter 17 Advanced Analog Input Vis

rule. If you did not set the default settings with the configuration utility, use the default
settings shown in these tables.

Table 17-6. Device-Specific Settings and Ranges for the Al Hardware Config VI

Channel Input
Configuration Cluster
Device Number Channel
Coupling Input Mode ~ of AMUX List

DS* R* DS* R* DS* R* DS*

Most Devices 1 1 1 1<n<3 0 0<n<4 | empty
EISA-A2000, 2 1,2 2 2 0 0 empty
NB-A2000

PC-LPM-16, 1 1 2 2 0 0 empty
Lab-LC, Lab-NB

Lab and 1200 1 1 2 1<n<3 0 0 empty
Series devices

AT-MIO-16X, 1 1 1(no~)|l 1<n<3 0 0<n<4 | empty
AT-MIO-64F-5

AT-A2150, 1 1,2 2 2 0 0 empty
AT-DSP-2200,

NB-A2100,

NB-A2150

DAQCard-500, 1 1 2 1,2 0 0 empty

DAQCard-700

5102 Devices 5 1,2 2 2 0 0 empty

*DS = Default Setting; R = Range

Note: Channels 0 and 1 and channels 2 and 3 must have the same coupling for
the NB-A2150, AT-DSP2200, and AT-A2150.
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Al Parameter

Configures and retrieves miscellaneous parameters associated with Analog Input of an
operation of a device that are not covered with other Al Vls.

=tring in
float in
walue in
bBoalaan im -
talfk 1D |In ,_.aran]- tazk ID out
channels -f
- v o]
operation J_ _ A error out
parameter name =tring out
errorin (no ermor) Float ot
walue out

R boaolean out

Al SingleScan

Returns one scan of data. If you started an acquisition with the Al Control VI, this VI
reads one scan of the data from the internal buffer. On the Macintosh and in Windows,
the VI reads from the onboard FIFO if the acquisition is nonbuffered. If you have not
started an acquisition, this VI starts an acquisition, retrieves a scan of data, and then
terminates the acquisition. The group configuration determines the channels the VI
sample. This VI does not support 5102 devices.

aequisition state
tazk ID Single task ID out
cutput type Csoaled ) Soan scakd data
opeods (e changs) — ™ S binary data
erroer in (no error) == error out
tirne Timit o change) data remaining

If you do not call the Al Control VI, this VI initiates a single scan using the fastest and
most safe channel clock rate. You can, however, alter the channel clock rate with the Al
Clock Config VI.

If you run the Al Control VI withrcontrol codeset to0 (Start), a clock signal initiates the
scans.

If you want externally clocked conversions, you must use the Al Clock Config VI to set
the clock source to external.

If clock sources are internal and you do not allocate memory, a timed, nonbuffered
acquisition begins when you run the Al Control VI withntrol codeset to0. This type
of acquisition is useful for synchronizing analog inputs and outputs in a point-to-point
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control application. The following devices do not support timed, nonbuffered
acquisitions.

e (Macintosh) Lab-NB, Lab-LC, NB-A2000, NB-A2100, and NB-A2150

* (Windows) AT-DSP2200, EISA-A2000, and AT-A2150

Note: In the event of a FIFO overflow during a timed, nonbuffered acquisition,
LabVIEW restarts the device.

Table 17-7 lists default settings and ranges for the Al SingleScan VI.

Table 17-7. Device-Specific Settings and Ranges for the Al SingleScan VI

Output Type Opcode Time Limit
Device
DS R DS R DS R

AT-DSP2200,EISA-A2000 1 1<n<3 1 1 variable | n=0

AT-A2150, NB-A2000,

NB-A2100, NB-A2150

All Other Devices 1 1<n<3 1 1<n<4 1<n<4 | n=0
Al Trigger Config
Configures the trigger conditions for starting the scan and channel clocks and the scan
counter.

additional trigger specific...
Terve] (0,000 —— E

task ID Tr'ig%rg:ri task ID out
trigger type (0: no change) Lon B 3ctual trigger specificatior

1
S
mode (0: no change) f "'éj error out
error in {no error) E
trigger source Cempty string)

trigger or pause condition ...

Refer to Appendix ADAQ Hardware Capabilitiesfor information on the triggers
available with your DAQ device. Refer to your E Series device user manual for a detailed
description of the triggering capabilities of the device.

The following is a detailed description of trigger typeganalog trigger)2 (digital

trigger A), and3 (digital trigger B) as they apply to three types of applications:
posttrigger, pretrigger with software start, and pretrigger with hardware start. The other
trigger types are discussed at the end of this section.
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Application Type 1: Posttriggered Acquisition (Start
Trigger Only)

If total scans to acquires= 0 andpretrigger scans to acquireis 0, you are performing

a posttriggered acquisition. #igger type of 1 or 2 (analog trigger or digital trigger A,
respectively) starts the acquisition (digital trigger B is illegal). You provide a start
trigger. Refer to Table 17-10, parts 2 and 3, to determine the default pin to which you
connect your trigger signal.On some devices you can specify an alternative source
through therigger source parameter.

With E Series devices, if you are using an analog trigger and the analog signal is
connected to one of the analog input channels, that channel must be first in the scan list.
This restriction does not apply if you connect the analog signal to PFIO.

! = acquired data — |
B i,""*\
I —
R N SN
signal a0 . J|': 1 7
SV I —
5.0 : —

In the above illustratiortptal scans to acquireis 1000 andpretrigger scans to acquire
is 0. The start trigger can come from digital trigger A or an analog triggggér or
pause condition=1: Trigger on a rising edge or slogeyel =5.5 , window size=0.2 ).

Application Type 2: Pretriggered Acquisition (for all
trigger types)

If total scans to acquireandpretrigger scans to acquireare both > 0, &igger type

of 1 or 2 (analog trigger or digital trigger A, respectively) starts the acquisition of
posttrigger data after the pretrigger data is acquired. The trigger is cated &igger
because the acquisition does not stop until the trigger occurs. A software strobe starts the
acquisition. This is a software start pretrigger acquisition. You provide the stop trigger.
Refer to Table 17-10, parts 2 and 3, to determine the default pin to which you connect
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your trigger signal. On some devices, you can specify an alternative source through the
trigger source parameter.

|+—— acquired data — |
6.0 ;”n"'n : —
_ . Y !
mput - ) NN :
signal 40 N Y : p
30 1'\_,,"'(1

stop |_|
trigger

In the above illustrationiptal scans to acquires 1000 andpretrigger scans to acquire
i$900. The stop trigger can come from digital trigger A or an analog tridggpér or
pause condition= 1: Trigger on rising edge or slopkevel = 3.7 , window size=0.5 ).

With E Series devices, if you are using an analog trigger and the analog signal is
connected to an analog input channel, that channel must be the only channel in the scan
list (no multiple channel scan allowed). This restriction does not apply if you connect the
analog signal to PFIO.

Application Type 3: Pretriggered Acquisition (Start and
Stop Trigger)

Application Type 3 is used infrequently. Unless you plan to provide both a start trigger
and a stop trigger, skip this section.

On MIO devices, you can enable both the start trigger and the stop trigger. (You must call
the Al Trigger Config VI twice to do this.) In this case, a digital or analog trigger signal
starts the acquisition rather than a software strobe. This is a hardware start pretriggered
acquisition. You provide both the start trigger (as describ@gplication Type Jand the

stop trigger (as described Application Type P Refer toTable17-10, parts 2 ad 3, to
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determine the default pin to which you connect your trigger signal. On some devices, you
can specify an alternative source throughttigger source parameter.

Ll rh\ i

| AN .
input NN i,
signal N Y L

AV VN

20 | \_/ .

ft.mt |_| i
st.np rL

tigger

le— acquired data——m|

In the above illustrationtptal scans to acquireis 1000 andpretrigger scans to acquire

is 900. The start trigger can come from digital trigger B or an analog trigdgg€r or

pause condition=1: Trigger on rising edge or sloplevel=5.5 , window size=0.2 ).

The stop trigger can come from digital trigger A or an analog triggggér or pause

condition =1: Trigger on rising edge or slopleyel =4.0 , window size=0.2 ). Notice

that some of the data after the start trigger has been discarded, because all 900 pretrigger
scans have been collected and the stop trigger is more than 900 scans away from the start

trigger.

When using analog triggering on E Series devices, there are several restrictions that
apply, as shown in Table 17-8.

Table 17-8. Restrictions for Analog Triggering on E Series Devices

—

Start Stop

Trigger Trigger Restrictions

Digital A | Digital B | None

Digital B | Analog Analog signal must be connected to PFIO, unless you are
scanning only one channel, in which case the input to thg
channel can be used.

Analog Digital A | Analog signal must be first in scan list if it is connected tg an
analog input channel.
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A trigger type of 4 (digital scan clock gating) enables an external TTL signal to gate the
scan clock on and off, effectively pausing and resuming an acquisition.

Channel clock and scan clock are the same on the NB-MIO-16. Therefore, if the scan
clock gate becomesALSE, the current scan does not complete and the scan clock ceases
operation. When the scan clock gate becomrsE the scan clock immediately begins
operation again, where it left off previously. You wire your signal to the EXTGATE pin.

A trigger type of 5 (analog scan clock gating) enables an external analog signal to gate
the scan clock on and off, effectively pausing and resuming an acquisition. A trigger type
of 6 allows you to use the output of the analog trigger circuitry (ATCOUT) as a general
purpose signal. For example, you can use ATCOut to start an analog output operation, or
you can count the number of analog triggers appearing at ATCOut.

Note: Trigger typesl, 5, and6 on E Series devices use the same analog trigger
circuitry. All three types can be enabled at the same time, but the last one
enabled dictates how the analog trigger circuitry behaves. The
E Series restrictions described in the trigger applications apply to all three
trigger types.

Trigger type5 on E Series devices uses the digital scan clock gate and the analog trigger
circuitry. Therefore, enabling trigger typeverwrites any settings made for trigger type
4.

For some devices, digital triggering is supported, but for these devices the source is
predetermined. Therefore, tiréggger sourceparameter is invalid. Table 17-9 shows the
pin names on the 1/O connector to which you should connect your digital trigger signal.

Table 17-9. Digital Trigger Sources for Devices with Fixed Digital Trigger Sources

Posttriggering Pretriggering
Device
Start Start Stop
Trigger Pin Trigger Pin Trigger Pin

MIO-16L/H, MIO-16DL/DH STARTTRIG* | STARTTRIG* STOPTRIG

NB-MIO-16L/H STARTTRIG* no support no support
AT-MIO-16X, AT-MIO-16F-5, EXTTRIG* EXTTRIG* EXTTRIG*
AT-MIO-64F-5

Lab and 1200 Series devices EXTTRIG no support EXTTRIG
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Table 17-9. Digital Trigger Sources for Devices with Fixed Digital Trigger Sources (Continued)

Posttriggering Pretriggering
Device
Start Start Stop
Trigger Pin Trigger Pin Trigger Pin
PC-LPM-16, DAQCard-500, no support no support no support

DAQCard-700

AT-DSP2200, EISA-A2000, EXTTRIG* no support EXTTRIG*
AT-A2150, NB-A2000,
NB-A2100, NB-A2150

* On the AT-MIO-16X, AT-MIO-16F-5, and AT-MIO-64F-5, the same pin is used for
both the start trigger and the stop trigger. Refer to your hardware user manual for more
details

Table 17-10 lists the default settings and ranges for the Al Trigger Config VI. The first
row of each table gives the values for most devices, and the other rows give the values
for devices that are exceptions to the rule.

Table 17-10. Device-Specific Settings and Ranges for the Al Trigger Config VI—Part 1

Trigger or
Trigger Pause
Device Type Mode Condition Level

DS* R* DS* R* DS* R* DS* R*

Most Devices 2 2,3 1 1<n< 3| no support no support

AT-MIO-16E-10, 2 2<nz4 1 1<n< 3 1 1,2,7,/ nosupport
AT-MIO-16DE-10, 8
AT-MIO-16XE-50,
PCI-MIO-16XE-50

AT-MIO-16E-2, 2 1<n<6 1 1<n <3 1 1<n<8 0 -10
AT-MIO-64E-3, <n<
NEC-MIO-16E-4 10
Lab and 1200 2 2 1 |1<n<3 no no
Series devices support support
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Table 17-10. Device-Specific Settings and Ranges for the Al Trigger Config VI—Part 1 (Continued)

Trigger or
Trigger Pause
Device Type Mode Condition Level

DS* R* DS* R* DS* R* DS* R*

PC-LPM-16, no support no support no support no support
DAQCard-500,
DAQCard-700

AT-DSP2200, 1 1,2 1 1<n<3 1 1,2 0 |[-2.828

AT-A2150, <n<

NB-A2100, 2.828

NB-A2150

EISA-A2000, 1 1,2 1 1<n<3 1 1,2 0 -5.12

NB-A2000 <n<
5.12

*DS = Default Setting; R = Range

Table 17-11. Device-Specific Settings and Ranges for the Al Trigger Config VI—Part 2

Additional Trigger Specifications

Trigger Source Cluster
Device (Analog)
Window Size Coupling

Default Default Default

Setting | Range | Setting | Range | Setting | Range
AT-MIO-16E-2 0 0=<n<15, 0 0=<n<20 no support
NEC-MIO-16E-4 PFIO
AT-MIO-64E-3 0 0=n<63, 0 0=n<20 no support

PFIO

EISA-A2000, 0 O0<n<3 no support 2 1,2
NB-A2000
AT-A2150, 0 0=<n<3 0 0<n< 1 1,2
NB-A2100, NB-A2150 5.656
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Table 17-11. Device-Specific Settings and Ranges for the Al Trigger Config VI—Part 2 (Continued)

Additional Trigger Specifications
Trigger Source Cluster
Device (Analog)
Window Size Coupling
Default Default Default
Setting | Range | Setting | Range | Setting | Range
AT-DSP2200 0 0,1 0 0<sn< 1 1,2
5.656
All Other Devices, no support no support no support
Device Trigger Source (Digital)
DS R
E Series Start Trigger PFIO | PFI 0~9, RTSI 0~6, GPCTRD
E Series Stop Trigger PFI1 PFI 0~9, RTSI 0~6
E Series Digital Scan Clock Gate PFIO PFI 0~9, RTSI 0~6
All Other Devices no suppoFt

* See Table 17-9 for devices with fixed digital trigger sources.

Table 17-12. Device-Specific Settings and Ranges for the Al Trigger Config VI—Part 4

Additional Trigger Specifications
Cluster
Device

Delay Skip Time

Count | Limit

DS R DS|R|DS| R

EISA-A2000, NB-A2000 0 0<n<655.35 no no
supporf support

AT-A2150 0 0<n<2.05 no no
supporf support
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Table 17-12. Device-Specific Settings and Ranges for the Al Trigger Config VI—Part 4 (Continued)

Additional Trigger Specifications
Cluster
Device

Delay Skip Time

Count | Limit

DS R DS|R|DS| R

NB-A2100, NB-A2150S 0 0=n<32.77 no no
support support

NB-A2150C 0 0=n<16.38 no no
suppori support

NB-A2150F 0 0<n<17.05 no no
suppori support

AT-DSP2200 0 no support no no
supporf support

All Other Devices no support no no
supporf support
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This chapter describes the Easy Analog Output VIs in LabVIEW, which
perform simple analog output operations. You can run these VlIs from
the front panel or use them as subVIs in basic applications.

You can access the Easy Analog Output VIs by choosing
Functions»Data Acquisition»Analog Output The Easy Analog Output
Vls are the VIs on the top row of tiaalog Output palette, as shown
below.

HULT FT [ | HULT FT [ | @HE FT || 9HE FT | <ef———— Easy Analog Output Vs

Easy Analog Output VI Descriptions

The following Easy Analog Output VIs are available.

AO Generate Waveform
Generates a voltage waveform on an analog output channel at the specified update rate.

d 3 — Al
dat te (1000 cdhatnnej?fﬁi mnnnnmnnd QLT FT
update rate I aveforn —

The AO Generate Waveform VI generates a multipoint voltage waveform on a specified
analog output channel. If an error occurs, a dialog box appears, giving you the option to
stop the VI or continue.
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Easy Analog Output Vis

AO Generate Waveforms

Generates multiple voltage waveforms on the specified analog output channels at the
specified update rate.

A
HULT FT

chanmﬂ‘;‘?ﬁg *%

update rate (1000 updatesfsec
waveforms

If an error occurs, a dialog box appears, giving you the option to stop the VI or continue.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers you can use
with your DAQ device.

A0 Update Channel

Writes a specified voltage value to an analog output channel.

device A

OME FT

channel {0} B .~
roltage B

The AO Update Channel VI writes a single update to an analog output channel. If an error
occurs, a dialog box appears, giving you the option to stop the VI or continue.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers and output
limits available with your DAQ device.

A0 Update Channels

Writes voltage values to each of the specified analog output channels.

device Al
OME FT
channels (0) .
roltages =

The AO Update Channels VI updates multiple analog output channels with single voltage
values. If an error occurs, a dialog box appears, giving you the option to stop the VI or
continue.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel numbers you can use
with your DAQ device.
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Analog Output Vls

This chapter describes the Intermediate Analog Output VIs. These
VIs—AO Write One Update, AO Waveform Gen, and AO Continuous
Gen—are single VI solutions to common analog output problems. The
intermediate-level Vis are convenient, but they lack flexibility. Because
all the VIs in this chapter rely on the advanced layer, you can refer to
Chapter 21Advanced Analog Output VI®r additional information on

the inputs and outputs and how they work.

You can access the Intermediate Analog Output VIs by choosing
Functions»Data Acquisition»Analog Output The Intermediate Analog
Output Vs are the VIs on the second row of Amalog Output palette,
as shown below.

B[] Analog Dutput

i 0 A0 AQ .
COHFIE| | wRITE || 2TRART || wAIT || CLEAR Intermediate
By | (Bl || B, m@‘ B - Analog Output VIs

Handling Errors

LabVIEW makes error handling easy with the Intermediate Analog
Output Vls. Each intermediate-level VI hasemor in input cluster

and anrerror out output cluster. The clusters contain a Boolean that
indicates whether an error occurred, the error code for the error, and the
name of the VI that returned the erroretfor in indicates an error, the

VI returns the error information iarror out and does not continue

to run.
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Note: The AO Clear VI is an exception to this rule—this VI always clears the
acquisition regardless of whether error in indicates an error.

When you use any of the Intermediate Analog Output VIs in a While
Loop, you should stop the loop if tiseatusin theerror out cluster
readsTRUE If you wire the error cluster to the General Error Handler
VI, the VI deciphers the error information and describes the error to
you.

The General Error Handler VI is Functions»Time and Dialogin
LabVIEW. For more information on this VI, refer to youabVIEW
User Manual

Analog Output VI Descriptions

The following Analog Output Vs are available.

AO Clear
Clears the analog output task associated ta$iRID in.
taskID in cLEE R taskID out
error in (no error) !":‘:':«::'.! error out

The AO Clear VI always clears the generation regardless of whettwerin indicates
an error.

A0 Config

Configures the channel list and output limits, and allocates a buffer for analog output
operation.

Tirnit zettings (no change)

b d]ev(iﬁt]a I:'F-I'JFIG taskiD

channels rolf  nurnber of channels

buffer size (1000 updates) — B, [ R DSP handle structure out
[group] (O ’ error out

error in (no error)
allocate mode
'SP handle structure

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges and output
limits available with your DAQ device.
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AO Start
Starts a buffered analog output operation. This VI sets the update rate and then starts the
generation.
taskiD in [T taskiD out
number(-:-f buffer iteratiu:-;s (1; e THRT L actual update rate
update rate (1000 updatesfsec Sty
error in (no error) J%_ error out
clock (update clock 1:1)
clock source Cinternal:1)
A0 Wait

Waits until the waveform generation of the task completes before returning.

tazkID in Al tazkID out
update rate (1000 updates/sec) -
check every M updates [B] nﬂﬂ“‘ =

error in [no error)

ittt errar out

Use the AO Wait VI to wait for a buffered, finite waveform generation to finish before
calling the AO Clear VI. The AO Wait VI checks the status of the task at regular intervals
by calling the AO Write VI and checking igeneration completeoutput. The AO Wait

VI waits asynchronously between intervals to free the processor for other operations. The
VI calculates the wait interval by dividing tbkeck every N updatesnput by the update

rate. You should not use the AO Wait VI when you generate data continuously, because
the generation never finishes. The AO Clear VI stops a continuous waveform generation.

AOQ Write

Writes data into the buffer for a buffered analog output operation.

LSP updates to write

taskID in [T taskID out
wvoltage data =F W RITE L numnber of updates dane
tirne Timit in zec (no change ==1) P | = e P numbet of buffers done
allow regeneration T (T) ~i " TF f = genetation cormplete
error in (no error) error out
DSP handle structure e
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This chapter describes the Analog Output Utility VIs. The VIs—AO
Continuous Generation, AO Waveform Generation, and AO Write One
Update—are single-VI solutions to common analog output problems.
The Analog Output Utility VIs are intermediate-level VIs, so they rely
on the advanced-level VIs. You can refer to ChapteA2l¥anced

Analog Output VIsfor additional information on the inputs and outputs
and how they work.

You can access thenalog Output Utilities palette by choosing
Functions»Data Acquisition»Analog Output»Analog Output Utilities

The icon that you must select to access the Analog Output Utility VIs is
on the bottom row of thAnalog Output palette, as shown below.

[I:l Analog Dutput i

Al [ A
NULT FT || MULT FT || OME FT || OME FT

Analog Output Utility Vs

Handling Errors

LabVIEW makes error handling easy with the intermediate-level
Analog Output Utility VIs. Each intermediate-level VI hasearnor in

input cluster and aarror out output cluster. The clusters contain a
Boolean that indicates whether an error occurred, the error code for the
error, and the name of the VI that returned the erratrtr in

indicates an error, the VI returns the error informatioerior out and

does not continue to run.
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When you use any of the Analog Output Utility VIs in a While Loop,
you should stop the loop if tregatusin theerror out cluster reads
TRUE If you wire the error cluster to the General Error Handler VI, the
VI deciphers the error information and describes the error to you.

The General Error Handler VI is Functions»Utilities in LabVIEW.
For more information on this VI, refer to youabVIEW User Manual

Analog Output Utility VI Descriptions

The following Analog Output Utility VIs are available.

AO Continuous Gen

Generates a continuous, timed, circular-buffered waveform for the given output channels
at the specified update rate. The VI updates the output buffer continuously as it generates
the data. If you simply want to generate the same data continuously, use the AO
Waveform Gen VI instead.

buffer gize [1000 updates] ——
[irit zettings [no change]

chdai\r;iglz Pﬂ% of :'Ilm h number of update: done
e L number of buffers done

update rate (1000 updates/sec) j ------ ey —
voltage data E error out
ermor in (ho enar)
iteration [T:initialize]
clear generation [Yes T] e’
m You use the AO Continuous Gen VI when your waveform data resides

on disk and is too large to hold in memory, or when you must create

I&;ﬁg} your waveform in real time. Place the VI in a While Loop and wire the
iteration terminal to the Viteration input.
Note: If your program iterates more than 3_1 times, do not wire this VI

iteration terminal to the loop iteration terminal. Instead, sié¢ration to 0
on the first loop, then to any positive value on all other iterations. The VI
reconfigures and restarts iteration <0.

Also wire the condition that terminates the loop to the ®lEsr acquisitioninput,

inverting the signal if necessary so that iTRJEoN the last iteration. On iteration 0, the

VI calls the AO Config VI to configure the channel group and hardware and to allocate
a buffer for the data. It also calls the AO Write VI to write the given voltage data into the
buffer, and then the AO Start VI to set the update rate and start the signal generation. On
each subsequent iteration, the VI calls the AO Write VI to write the next portion of data
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into the buffer at the current write position. On the last iteration (whear generation

is TRUB or if an error occurs, the VI also calls the AO Clear VI to clear any generation
in progress. Although it is not normally necessary, you can call the AO Continuous Gen
VI outside of a loop (that is, to call it only once). But if you do, leavéattration and

clear generationinputs unwired.

The first call to the AO Write VI setsllow regenerationto TRUE so that the same data

can be generated more than once. If you chaliges regenerationto FALSE, you must

write new data fast enough that new data is always available to be generated. If you do
not fill the buffer fast enough, you get a regeneration error. To correct this problem,
decrease thapdate rate, increase théuffer size, increase the amount of data written
each time, or write data more often.

(Windows) If you setallow regenerationto FALSE, and your device has an analog output
FIFO, yourbuffer size must be at least twice as big as your FIFO.

If an error occurs, the VI calls the AO Clear VI to clear any generation in progress, then
passes the unmodified error informatioretoor out. If an error occurs inside the AO
Continuous Gen VI, the AO Clear VI clears any generation in progress and passes its
error information out.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges and output
limits available with your DAQ device.

Note: The AO Continuous Gen VI uses an uninitialized shift register as local
memory to remember the taskID of the output operation between calls. You
normally use this VI in one place on a diagram, but if you use it in more
than one place, the multiple instances of the VI share the same taskID. All
calls to this VI configure, write data, or clear the same generation.
Occasionally, you may want to use this VI in multiple places on the
diagram but have each instance refer to a different taskID (for example,
when you want to generate waveforms with two devices simultaneously).
Save a copy of this VI with a new name (for example, AO Continuous Gen
R) and make your new VI reentrant.

AO Waveform Gen

Generates a timed, simple-buffered or circular-buffered waveform for the given output
channels at the specified update rate. Unless you perform indefinite generation, the VI
returns control to the LabVIEW diagram only when the generation completes.

I A
[ andnee\illcue HuLT FT
update rake (1000 upuatesxséﬁj Bt
waverl:lr o _=] 11l 1
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El If you place this VI in a loop to generate multiple waveforms with the
, - same group of channels, wire the iteration terminal to thiéevation
iteration ;
, input.
terminal
Note: If your program iterates more than ¥_1 times, do not wire this VI

iteration terminal to the loop iteration terminal. Instead, set the iteration
value to0 on the first loop, then to any positive value on all other iterations.
The VI reconfigures and restarts if iteratiog0.

On iteration 0, the VI calls the AO Config VI to configure the channel group and
hardware and to allocate a buffer for the data. On each iteration, the VI calls the AO Write
VI to write the data into the buffer, then the AO Start VI to set the update rate and start
the generation. If you call the AO Waveform Gen VI only once, you can lezration
unwired. Theteration parameter defaults @ which tells the VI to configure the device
before starting the waveform generation.

If an error occurs, the VI calls the AO Clear VI to clear any generation in progress, then
passes the error information unmodified throegtor out. If an error occurs inside the

AO Waveform Gen VI, it clears any generation in progress and passes its error
information out.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, output limits,
and scanning order available with your DAQ device.

Note: The AO Waveform Gen VI uses an uninitialized shift register as local
memory to remember the taskID of the output operation between calls. You
normally use this VI in one place on your diagram, but if you use it in
multiple places, all instances of the VI share the same taskID. All calls to
this VI configure, write data, or clear the same generation. Occasionally,
you may want to use this VI in multiple places on the diagram, but have
each instance refer to a different taskID. Save a copy of this VI with a new
name (for example, AO Waveform Gen R) and make the new VI reentrant.

AO Write One Update

Writes a single voltage value to each of the specified analog output channels.

Tirnit zattings (no change)l mmmms
device

channels (O} 3==""

rvoltage data

error in [no error)
iteration (0 initialize]
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El The AO Write One Update VI performs an immediate, untimed update
) . of a group of one or more channels. If you place the VI in a loop to write
'tteerrnaﬁ':g} more than one value to the same group of channels, wire the iteration

terminal to the Viteration input.

Note: If your program iterates more than¥-1 times, do not wire this VI
iteration terminal to the loop iteration terminal. Instead, set the iteration
value to0 on the first loop, then to any positive value on all other iterations.
The VI reconfigures and restarts if iteratiog0.

On iteration 0, the VI calls the AO Config VI to configure the channel group and
hardware, then calls the AO Single Update VI to write the voltage to the output channels.
On future iterations, the VI calls only the AO Single Update VI, avoiding unnecessary
configuration. If you call the AO Write One Update VI only once to write a single value
to each channel, leave titeration input unwired. Its default value oftells the VI to
perform the configuration before writing any data.

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, output limits,
and scanning order available with your DAQ device.

% Note: The AO Write One Update VI uses an uninitialized shift register as local
memory to remember the taskID for the group of channels when calling
between Vls. Usually, this VI appears in one place on your diagram.
However, if you use it in more than one place, the multiple instances of the
VI share the same taskID. All calls to this VI configure or write data to the
same group. If you want to use this VI in more than one place on your
diagram, and want each instance to refer to a different taskID (for
example, to write data with two devices at the same time), you should save
a copy of this VI with a new name (for example, AO Write One Update R)
and make your new VI reentrant.
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This chapter contains reference descriptions of the Advanced Analog
Output VIs. These Vls are the interface to the NI-DAQ software and are
the foundation of the Easy, Utility and Intermediate Analog Output VIs.

You can access th&dvanced Analog Output palette by choosing
Functions»Data Acquisition»Analog Output»Advanced Analog

Output. The icon that you must select to access the Advanced Analog
Output Vs is on the bottom row of taalog Output palette, as shown

below.

B[] Analog Dutput

P> Advanced
E'-%E” Analog Output Vs

Advanced Analog Output VI Descriptions

The following Advanced Analog Output VIs are available.

A0 Buffer Config

Allocates memory for an analog output buffer. If you are using interrupts, you can
allocate a series of analog output buffers and assign them to a group by calling the AO
Buffer Config VI multiple times. Each buffer can have its own size. If you are using
DMA, you may allocate only one buffer.

T = Note: (Macintosh) If you are using the NB-A2100 with the NB-DMA2800, the AO
Buffer Write VI restricts the amount of data that can be put into the VI to
one-half of the buffer size specified in the AO Buffer Config VI.
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Use the number you assign to the buffer with this VI when you need to refer to this buffer

for other Vls.

buffer nurber

error in (no error)
allocate mode Q

CSP handle
task ID Config| task ID out
channel Tist ot .}Hl  DSP handle aut
number of updates — __ =1 error out

AO Buffer Write

Writes analog output data to buffers created by the AO Buffer Config VI.

tirme Timit

alternate data and rode set
tazk ID

channel indices

voltage fcurrent data
error in (no error)
regeneration mode

buffer number

I:I:I:I:I:I:I:I:I:I:T |

wWiite task ID out
- 15 5 e Bapdate progress
—— S D
— error out

You wire the new data to one of three inputgsstage/current data, binary data, or

DSP memory handle The VI searches these inputs in that order for the first array with

a length greater than zero. The VI then writes the data from this array to the output buffer.
The length of theoltage/current data or binary data arrays determines the number of
updates the VI writes. DSP memory handlepoints to the source of the datgdates

to write must indicate how many updates the VI is to write. When no data is wired, this
V1 is still useful for reporting update progress information.

The total number of updates written to a buffer before you start it can be less than the
number of updates you allocated the buffer to hold when you called the AO Buffer Config
VI. LabVIEW generates only the updates written to the buffer.
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A0 Clock Config

Configures an update or interval clock for analog output.

clock source specification
config mode (0 no change)
alternate rate set (no change)

tazk ID €L°$k tazk 1D out
buffer number (-1 : no change) — o "‘5‘ L tmactual rates used
—I_.-T error out

clack (0: no change)

error in (no error) mﬂr:
ticks per second (-1: no ch...
clock source (0 no change)

Refer to Appendix ADAQ Hardware Capabilitiesfor the clocks available with your
DAQ device.

You can express clock rates three ways—iiitks per secondseconds per tick or the

three timebase parameters. The VI searches these parameters in that order and expresses
clock rates on the first parameter with a wired valid input. When you configure an update
clock, one tick equals one update. When you configure the interval clock, one tick equals
one interval.

AO Control

Starts, pauses, resumes, and clears analog output tasks.

task ID
control code ——]
staging list mﬁm l**"“*
error in (no errur]
iterations Q

pause fresume channel list

[:.;.,-,_ task ID out

error out

A0 Group Config
Assigns a list of analog output channels to a group number and produces the taskID that
all the other analog output VIs use.

device «-vr'wP task ID out
unfug

gr oy - graup size
n i
channel Tlis ﬁ;::j error out
error in (no error)

Refer to Appendix ADAQ Hardware Capabilitiesfor the channels available with your
DAQ device.
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AOQ Hardware Config

Configures the reference voltage level, output polarity, and the unit of measure for the
data of a given channel (volts or milliamperes). This VI always returns the current
settings for all the channels in the group.

task ID

channel Tist 2

channel type

error in (no error)
Timit settings o

task ID out
i PR cyrrent hardware settings

e arror out

Refer to Appendix ADAQ Hardware Capabilitiesfor the channel ranges, and output
limits available with your DAQ device.

AO Parameter

Sets miscellaneous parameters associated with the Analog Output operation of the
devices that are not covered with other Analog Output Vis.

float in

value in

boolean in

taskID in

channels

parameter name B ermror oul
error in (no error]

Shv— task ID out

A0 Single Update

Performs an immediate update of the channels in the group.
task ID findate] task ID out
a::-i-:-:-de Update_‘—h'i‘la':rg ar'r?.;fg wiitten

voltage Ffecurrent array \_;-’"'

error in (no error)
binary array —I

error out
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A0 Trigger and Gate Config (Windows)

Configures the trigger and gate conditions for analog output operations on E Series
devices 5411 devices.

task 1D Thiagsr task (D out

trigger or gate source [0: ... Cprig]
trigger or gate condition [ I e
errar it [ho erar)

trigger or gate source =pe...

errar out
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Easy Digital 1/0 Vls

This chapter describes the Easy Digital 1/0 VIs, which perform simple
digital I/O operations. You can run these VIs from the front panel or use

them as subVIs in basic applications.

Access the Easy Digital I/0 VlIs by choosiRgnctions»Data
Acquisition»Digital 1/0O .

O Drigital 150

DI DI DI DI
LIME FORT LIME PO
=]

B ||B B BT
A iic |[Tin 3
CONFIG|| READ || W'RITE || 2TART WHIE)
e || i 2 | [ B | ane i | | B

-+—— Easy Digital 110V

T1i0 ADU b
cLear || e Ee,
S| [

The Easy Digital I/O Vs are the VIs on the top row of Bigital 1/0
palette. For examples of how to use the Easy Digital /0 VIs, open the

example library by openingxamples\daqg\digital\digital.llb

You must define the high and low limit settings for your board when using

Note:
the Easy I/0O DAQ VIs.

Easy Digital 1/0 Descriptions

The following Easy Digital I/Os are available.

© National Instruments Corporation 22-1 LabVIEW Function and VI Reference Manual



Chapter 22 Easy Digital I/0 Vis

Read from Digital Line
Reads the logical state of a digital line on a port that you configure.

port width (2] — ]

device EII;:']E Tine state
port numh_er {_
Tine o g Y

iteration (0 initialize)

If an error occurs, a dialog box appears, giving you the option to stop the VI or continue.

Note: When you call this VI on a digital 1/0O port that is part of an 8255 PPI1 when
your iteration terminal is left at 0, the 8255 PPI goes through a
configuration phase, where all the ports within the same PPI chip get reset
to logic low, regardless of the data direction. The data direction on other
ports, however, is maintained. To avoid this effect, connect a value other
than 0O to the iteration terminal once you have configured the desired ports.

Read from Digital Port
Reads a digital port that you configure.

port width C8) —
device OIE pattern
port number FORT

B

jteration [0 :initialize)

If an error occurs, a dialog box appears, giving you the option to stop the VI or continue.

Note: When you call this VI on a digital 1/0 port that is part of an 8255 PPI1 when
your iteration terminal is left at 0, the 8255 PPI goes through a
configuration phase, where all the ports within the same PPI chip get reset
to logic low, regardless of the data direction. To avoid this effect, connect
a value other than 0 to the iteration terminal once you have configured the
desired ports.
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Write to Digital Line

Sets the output logic state of a digital line to high or low on a digital port that you specify.

part width (3]

device
port number
Tine

Tine state
jteration (0 :initialize)

If an error occurs, a dialog box appears, giving you the option to stop the VI or continue.

Note: When you call this VI on a digital I/O port that is part of an 8255 PPl when
your iteration terminal is left at 0, the 8255 PPI goes through a
configuration phase, where all the ports within the same PPI chip get reset
to logic low, regardless of the data direction. The data direction on other
ports, however, is maintained. To avoid this effect, connect a value other
than 0 to the iteration terminal once you have configured the desired ports.

Write to Digital Port

Outputs a decimal pattern to a digital port that you specify.

part width (31

device
port number
pattern

iteration [0 rinitialize)

If an error occurs, a dialog box appears, giving you the option to stop the VI or continue.

% Note: When you call this VI on a digital I/O port that is part of an 8255 PPl when
your iteration terminal is left at 0, the 8255 PPI goes through a
configuration phase, where all the ports within the same PPI chip get reset
to logic low, regardless of the data direction. The data direction on other
ports, however, is maintained. To avoid this effect, connect a value other
than 0 to the iteration terminal once you have configured the desired ports.
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Intermediate Digital 1/0 Vis

This chapter describes the Intermediate Digital I/O VIs. These VIs are
single VI solutions to common digital problems.

For example, the DIO Single Read/Write VI is a single VI solution for
non-buffered reads and writes to the ports in your group. The DIO
Single Read/Write VI works with any device with digital ports.

You combine the other VIs—DIO Config, DIO Start, DIO Read, DIO
Write, DIO Wait, and DIO Clear—to build more demanding
applications using buffered digital reads and writes. Your device must
support handshaking to use this group of VIs, with the exception of the
DIO Single Read/Write VI.

All the Vls described in this chapter are built from the fundamental
building block layer, the advanced-level Vis.

You can access the Intermediate Digital 1/0 VIs by choosing
Functions»Data Acquisition»Digital I/O . The Intermediate Digital 1/0
Vls are the Vis on the second and third rows ofDigtal palette, as
shown below.

DIG DIG DIG DIG
LIME FORT LIME PORT

{—
e |BL B B

CONFIG Intermediate
i | — Digital /0 Vs
cLERR

nne
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Handling Errors

LabVIEW makes error handling easy with the Intermediate Digital 1/0

VIs. Each intermediate-level VI

has arror in input cluster and an

error out output cluster. The clusters contain a Boolean that indicates
whether an error occurred, the error code for the error, and the name of
the VI that returned the error. éfror in indicates an error, the VI

returns the error information irror out and does not continue to run.

Note: The DIO Clear VI is an exception to
acquisition regardless of whether er

this rule—this VI always clears the
ror in indicates an error.

When you use any of the Intermediate Digital I/O Vs in a While Loop,
you should stop the loop if ttetatusin theerror out cluster reads
TRUE If you wire the error cluster to the General Error Handler VI, the

VI deciphers the error informati

on and describes the error to you.

The General Error Handler VI is Functions»Time and Functionin
LabVIEW. For more information on this VI, refer to youabVIEW

User Manual

Intermediate Digital 1/0 VI Descriptions

The following Intermediate Digital 1/0O VIs are available.

DIO Clear

Calls the Digital Group Buffer Control VI to halt a transfer and clear the group.

taskID in — :ltAr
error in (no error) == e

— taskID out

= error out

DIO Config

The DIO Config VI calls the advanced Digital Group Config VI to assign a list of ports
to the group, establish the group's direction, and producaskéD. The VI then calls
the Digital Mode Config VI to establish the handshake parameters, which only affect the

LabVIEW Function and VI Reference Manual 23-2
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operation of the DIO-32 devices. Finally, the VI calls the Digital Buffer Config VI to
allocate a buffer to hold the scans as they are read or the updates to be written.

# of zcans fupdates(1000)
device

group direction
error in (no error)

hand=zhaking rmode pararmeters o)

] taskiD
roup ————] COHFIG

9 = —
port lis %ﬂme

rror out

Refer to Appendix ADAQ Hardware Capabilitiesfor the ports and directions available

with your DAQ device.

DIO Read

Calls the Digital Buffer Read VI to read data from the internal transfer buffer and returns

the data read ipattern.

taskiD in

tirme limit in sec (o change -1

TG
humber of scans to read(1000) — READ 1=port data

nniB

error in (no error) ==f——"

=Can backlog
nurmber read

taskiD out

retriewval complets
error out

DIO Single Read/Write

Reads or writes digital data to the ports specified in the port list. This single VI configures
and transfers data. When you use this VI in a loop, wirét¢nation counter to the
iteration input so that port configuration takes place only once.

nurnber to read

device OIo 1

port list oF RAL
group direction f"-&{
operation code
error in (no error)
updates to write
tirne lirit
iteration (0 :initialize]

ermor

scans read
- nurnber transferred

_l—readg =tate
gy —
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DIO Start

Starts a buffered digital 1/O operation. This VI calls the Digital Clock Config VI to set

the clock rate if the internal clock produces the handshake signals, and then starts the data
transfer by calling the Digital Buffer Control VI.

taskiID in taskiD oul

nIn
number of scans fupdates to ___ START

handshake zource —I_l E-JWT error out

clock frequency
error in (no errorl

DIO Wait

Waits until the digital buffered input or output operation completes before returning. For
input, the VI detects completion when the acquisition state returned by the Digital Buffer
Read VI finishes with or without backlog. For output, the VI detects completion when
the generation completeindicator of the DIO Write VI iSRUE

TaskID in R TasEID ou
direction —
heck every N miliseconds (50 — ] "nf-::

error_in (no error) error out

Refer to Appendix ADAQ Hardware Capabilitiesfor the handshake modes available
with your DAQ device.

DIO Write
Calls the Digital Buffer Write VI to write to the internal transfer buffer.

(Macintosh) You must fill the buffer with data before you use the DIO Start VI to begin the
digital output operation. You can call the DIO Write VI after the transfer begins to
retrieve status information.

—TazKID in e TaskID out
digital data W RITE buffer iterations

o
tirme Timit in sec Cno change =12 j Elnnrt gener ation completd
wiite location ﬂ_ error out
error_in {no error)
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This chapter describes the Advanced Digital I/O VIs, which include the
digital port and digital group VIs. You use the digital port VIs for
immediate reads and writes to digital lines and ports. You use the digital
group Vls for immediate, handshaked, or clocked I/O for multiple ports.
These Vls are the interface to the NI-DAQ software and the foundation
of the Easy and Intermediate Digital 1/0 VIs.

You can access thedvancedDigital I/O palette by choosing
Functions»Data Acquisition»Digital I/O»Advanced Digital /0. The

icon that you must select to access the Advanced Digital I/0 VIs is on
the bottom row of th®igital /0O palette, as shown below.

i Digital 170
DI DIG DIz DIG
LIME FORT LIME PORT
B (B B (B
D10 DI OID nIg DIg
GONFIG| | READ || WRITE || STERT || WAIT
3| | nni S| | B | nneS | | B
mo | [oIo 1 EA0 b Advanced
FLERE (| R :'a. Digital /O Vls
nn| [

Digital Port VI Descriptions

The digital port VIs perform immediate digital reads and writes only.
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Chapter 24 Advanced Digital I/0 VIs

DIO Port Config

Establishes a port configuration. You can usetéis&lD that this VI returns only in
digital port Vis.

device Fort task ID out
port number ~r~Config

part width —T "B

error in (no error) s=f
line direction map

pcoeoo grror out

Refer to Appendix ADAQ Hardware Capabilitiesfor the ports and directions available
with your DAQ device.

Table 24-1 shows the physical port widths you can use.

Table 24-1. Physical Port Widths of Digital Ports

Device Ports Physical Port Width
MIO-16L/H 0,1 4 bits
AT-MIO-16D 0,1 4 bits
2,3,4 8 bits
Most E Series Devices 0 8 bits
AT-MIO-10DE-10 0,234 8 bits
AT-AO-6/10 0,1 4 bits
PC-TIO-10, NB-TIO-10, AO-2DC Devicg 0, 1 8 bits
PC-LPM-16, PC-LPM-16PnP, 0,1 8 bits (cannot be combingd)
DAQCard-700
DAQCard-500, 516 Devices 0,1 4 bits
Lab and 1200 Series Devices, DIO-24 | 0,1, 2 8 bits
Devices
DIO-96 Devices 0 through 1] 8 bits
AT-DIO-32F, NB-DIO-32F 0 through 3| 8 bits
4 3 bits (cannot be combingd)
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Table 24-1. Physical Port Widths of Digital Ports (Continued)

Device Ports Physical Port Width
DIO32HS
SCXI-1160 0 16 bits
SCXI-1161 0 8 bits
SCXI-1162, SCXI-1162HV, SCXI-1163,| 0 32 bits
SCXI-1163R

DIO Port Read

Reads the port identified lkgskiD and returns the pattern readpattern.

task ID Fort task ID out
line maszk — Fead  pattern
R |-:-|-:-|-:-|
error in (no error) error out

DIO Port Write
Writes the value ipattern to the port identified byaskID.

taszk ID FPort task ID out
pattern —— Write

: =
) Tine rask — S
error in (no error)

oo arror out

Digital Group VI Descriptions

The digital group VIs perform immediate, handshaked, or clocked digital I/O.

Digital Buffer Config

Allocates memory for a digital input or output buffer.

task ID Euffer task ID out

# of zcans fupdates —[Config
allocation mode —___|e@

error in (no error)

error out
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Advanced Digital I/0 VIs

Digital Buffer Control

Starts an input or output operation.

tazk ID Buffer task ID out
. cuntr:llﬂ code _.—"_Eﬁlf;l.

of scans fupdates =
error in (no error) o |

data overwrite fregen.

error out

Digital Buffer Read

Returns digital input data from the internal data buffer.

taszk ID Euffer task ID out
nurnber to read ;‘J Ijmar'k locations
read location R nurnbetr read
time Tlimit —I E El—pn:-r't data
error in (no error) error out

scan backlog

Digital Buffer Write

Writes digital output data to the buffer created by the Digital Buffer Config VI. The write
always begins at the write mark. After a write, the write mark points to the update
following the last update written.

tazk ID Buffer task ID out
digital data == "%rite
wiite location oo wigh

error in (no error) s==f |

tirme Timit

update progress
= error out

(Macintosh) Fill the buffer with data before you use the Digital Buffer Control VI to begin
the digital output operation. You can call the Digital Buffer Write VI after the transfer
begins to retrieve status information.

The total number of updates written to a buffer before you start it can be less than the
number of updates you allocated the buffer to hold when you called the Digital Buffer
Config VI. The VI generates only the updates written to the buffer.
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Digital Clock Config

Configures a DIO-32 device to produce handshake signals based on the output of a clock
for timed digital /0.

ETernate ¢k rate spec.
canfig rode
task ID Clock task ID out
handshake source ———[Config . .
clock frequency — ]S clock infarrnation
error in (no error) == “oerror out
gating rmode

Refer to Appendix ADAQ Hardware Capabilitiesfor the clocks available with your
DAQ device.

The following example illustrates how to use the three timebase parameters to specify a
clock rate. Assume these parameters have the following settings:

timebase source 1
timebase signal 1,000,000.0 Hz
timebase divisor 25

In this case, the ticks per second rate is 1,000,000.0 divided by 25, so LabVIEW updates
the digital group 40,000 times per second.

Digital Group Config

Defines a digital input or output group. You can usetéis&lD this VI returns only in
the digital group VIs.

dewice G aup task ID out
group = Config — group size
port list cod ! "°' — handshaking

error in (no error) el | error out

group direction

Refer to Appendix ADAQ Hardware Capabilitiesfor the ports and directions available
with your DAQ device.

% Note: The same port cannot belong to two different groups. If you configure a
group to use a specified port, that port must be one that is not already
defined in another group or you will get an error.

MIO devices (except for the AT-MIO-16D and the AT-MIO-16DE-10), as well as the
NB-TIO-10, LPM devices, DAQCard-500, 516 devices, DAQCard-700, PC-TIO-10,
AO-2DC devices, PC-OPDIO-16, and AT-AO-6/10, do not allow handshaking. The
digital port VIs are more appropriate for these devices. The AT-MIO-16D and
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AT-MIO-16DE-10 do not allow handshakingabrt list includes ports 0, 1, and/or 4. The
DIO-96 devices do not allow handshakingdrt list includes ports 2, 5, 8, and/or 11.
The DIO-24 and Lab and 1200 Series devices do not allow handshaking fist

includes port 2. The DIO-32F allows handshaking for the following configurations only:

e A group containing any one port
* A group containing ports 0 and 1, or ports 2 and 3, in that order
e A group containing ports 0, 1, 2, and 3, in that order

Digital Mode Config

Configures the handshaking characteristics for DIO-32 devices.

request polariiy
acknowledge modify armount
acknowledge modify mode

task ID Made task I oud
=1qnal mode —'_Eﬂn1 fal |
edge ml:u:le g error out

error in (no error) s
acknowledge polarity —I

atrdwrare double buffer mods ———

Refer to Appendix ADAQ Hardware Capabilitiesfor the handshake modes available
with your DAQ device.

DIO Parameter

Configures and retrieves miscellaneous parameters associated with digital input and
output that are not configured by other DIO Vls.

flaat in
value in
[ T
task ID in Faram task |0 oot
channels -1 |_ o
operation E error aut
parameter name 5 |— fl
i ) oat out
error in tho error L alue out
OSSR boolean oot
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Table 24-2 lists device specific parameters and legal ranges for devices.

Table 24-2. Device specific parameters and legal ranges for devices

Input/output
Parameter Setting you should Legal Default
Device Name Support | Possible use Values | Value
VXI-DI | O: Input per input| yes channels, N/A N/A
0-128 Port Logic | port float in, float
Threshold out

Digital Single Read

Reads the ports that belong to the group identifiethbilD and returns the
patterns read.

task ID Grou task ID out

opeode — Fea - patterns read

nurnber to Fead —I 1e1oighial L—pattern list
error in (no error) — | I error out
tirne limit ready state

Digital Single Write
Writes the data ipattern array to the ports that belong to the group identified by
taskiD.

task ID Group task ID out

opcode — Write - patterns written
pattern list —|_'°'°""'_|—r'eadl,| state

error in (no errnr) | error out
tirne Timit

Digital Trigger Config

Configures the trigger condition for starting and/or stopping a digital pattern generation
operation. This VI is only valid when the Digital Clock Config VI hashismdshake
sourceparameter set to 1 or 4 (internal or external pattern generation w/ external clock).

additional trigger specific... mmmmmmm——
tazk ID Trigger tazk D out

Config

trigger type [0: no change) - |-:-|-:-|§|-:-|

mode (0 no change)
error in [ho error) mr

trigger condition 0: no ch..

arrar out
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Easy Counter Vis

The Easy Counter Vls perform simple counting operations. You can run
these Vs from the front panel or use them as subVIs in basic
applications.

You can access the Easy Counter VIs by chooBintctions»Data
Acquisition»Counter. The Easy Counter Vls are the VIs on the top row
of theCounter palette.

i[] Counter
el |FULSE| | FULSE | | FREQ | [
135k || FUCEE | agpd—
‘b' i TT.,; i) | Eemiad] Easy
4w ||lnnnd| A | e Counter
o 2P Vis

This chapter describes the high-level Vis for programming counters on
the MIO, TIO, and other devices with the Am9513 or DAQ-STC
counter/timer chips. These Vs call the Intermediate Counter Vis to
generate a single delayed TTL pulse, a finite or continuous train of
pulses, and to measure the frequency, pulse width, or period of a
TTL signal.

Note: These Vis do not work with Lab and 1200 Series devices, DAQCards, and
other devices that have the 8253 chip. Use the intermediate-level ICTR
Control for those devices. Refer to Chapter 26termediate CounteVls
for more information on the ICTR Control VI.

Some of these VIs use other counters in addition to the one specified.
In this case, a logically adjacent counter is chosen, which is referred to
as counter+1 when it is the adjacent, logically higher counter and
counter—1 when it is the adjacent, logically lower counter.

For a device with the Am9513 chip, if the counter is 1, then counter+1
is counter 2 and counter—1 is counter 5.
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Easy Counter Vs
See the Adjacent Counters VI described in Chapteim@2émediate
Counter Vls for more information.

For examples of how to use the Easy Counter VIs, open the example
library by openingexamples\dag\counter\counter.llb

Easy Counter VI Descriptions

The following Easy Counter VIs are available.

Count Events or Time

Configures one or two counters to count external events or elapsed time. An external
event is a high or low signal transition on the specified SOURCE pin of the counter.

source edge [rizing :0)
event source ftimebase (coun._.

device L = count
counter -3 1‘23%:'5 L segonds since start
counter size (16524-bits:0) i seconds since last call
startfrestart (F: no) i

stop (F: no)

To count events, set the event source/timebase to 0.0 and connect the signal you want to
count to the SOURCE pin of the counter. To count time, set this control to the timebase
frequency you want to use.

Generate Delayed Pulse

Configures and starts a counter to generate a single pulse with the specified delay and
pulse width on the counter’'s OUT pin. A single pulse consists of a delay phase (phase 1),
followed by a pulse phase (phase 2), and than a return to the phase 1 level. If an internal
timebase is chosen, the VI selects the highest resolution timebase for the counter to
achieve the desired characteristics. If an external timebase signal is chosen, the user
indicates the delay and width as cycles of that signal. Execute the Counter Start VI with
this VI's tasklID to generate another pulse. You can optionally gate or trigger the pulse
with a signal on the counter’s GATE pin.

tirmebase source (internal:0)
gate rmode (ungated 01 ————

device PLLSE [tazkID]
counter -F _l_l L [actual delay (s or cycles)]
pulse palarity Chigh I:I:I [actual width (s or cycles)]

pulse delay (= or cycles) Q

pulse width (s or cycles)

LabVIEW Function and VI Reference Manual 25-2 © MNational Instruments Corporation



Chapter 25 Easy Counter Vs

Generate Pulse Train

Configures the specified counter to generate a continuous pulse train on the counter's
OUT pin, or to generate a finite-length pulse train using the specified counter and an
adjacent counter. The signal has the prescribed frequency, duty cycle, and polarity. Each
cycle of the pulse train consist of a delay phase (phase 1) followed by a pulse phase
(phase 2).

gate mode (ungated:0)
pulze polarity Chigh:0) ———— |

device _ri_Hlﬁle [taskID of counter]
t wnf . -
coun _er ) "_ﬁl [taskID of counter-1]
number of pulses (cont:0) — - actual parameters
frequency (Hz) 4'

duty cycle (0.5}

This VI uses only the specifietbunter to generates a continuous pulse. For a
finite-length pulse, the VI also uses counter—1 to generate a minimum-delayed pulse to
gatecounter. To generate another pulse train, execute the intermediate Counter Start VI
with thetaskIDs supplied by this VI. To stop a continuous pulse train, execute the
intermediate Counter Stop VI or execute this counter again to generate one, short pulse.
You must externally wire counter—1's OUT pindounter's GATE pin for a finite-length

pulse train. You can optionally gate or trigger the start of the train with a signal on the
counter—1's GATE pin.

Note: A pulse train consists of a series of delayed pulses, where phase 1 or the
first phase of each pulse is the inactive state of the output (low for a high
pulse) and the phase 2 of the second phase is the pulse itself. Refer to the
following illustration of a high polarity pulse train.

Measure Frequency

Measures the frequency of a TTL signal on the specified counter's SOURCE pin by
counting positive edges of the signal during a specified period of time. In addition to this
connection, you must wire the counter's GATE pin to the OUT pin of counter—1. This VI
is useful for relatively high frequency signals, when many cycles of the signal occur
during the timing period. Use the Measure Pulse Width or Periddr\felatively low
frequency signals. Keep in mind that period(s) = 1/frequency (Hz).

counter-1 gate modefungated 0] 1 f [actual parameters
device FREL] frequency (Hzl
counter - LERT e yalid ?

gate width (5] R Izﬂmﬂm:-:nth-e-r' status

counter size (16/24-bit:0)
[rnasirnurn delay to gate (S.0...
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This VI configures the specifieztbunter and counter+1 (optional) as event counters to
count rising edges of the signal on counter's SOURCE pin. The VI also configures
counter—1 to generate a minimum-delayed pulse to gate the event counter, starts the event
counter and then the gate counter, waits the expected gate period, and then reads the gate
counter until its output state is low. Next the VI reads the event counter and computes the
signal frequencynumber of events/actual gate pulse widthand stops the counters.

You can optionally gate or trigger the operation with a signal on counter—1's GATE pin.

Measure Pulse Width or Period

Measures the pulse width (length of time a signal is high or low) or period (length of time
between adjacent rising or falling edges) of a TTL signal connected to the counter’s
GATE pin. The method used gates an internal timebase clock with the signal being
measured. This VI is useful in measuring the period or frequency (1/period) of relatively
low frequency signals, when many timebase cycles occur during the gate. Use the
Measure Frequency VI to measure the period or frequency of relatively high frequency

signals.
time Timit (computed :-1) 1] count
device — pulse width/period (=)
counter -4 Femot |-y - ¥alid?
type of measurement = e pounker owverflow ?
timebase (1M Hz) — timeout ?

The VI iterates until a valid measurement, timeout, or counter overflow occurs. A valid
measurement exists wheount ( 4 without a counter overflow. If counter overflow

occurs, lower the timebase. If you start a pulse width measurement during the phase you
want to measure, you get an incorrect low measurement. Therefore, make sure the pulse
does not occur until after the counter is started. This restriction does not apply to period
measurements.
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Intermediate Counter Vis

This chapter describes Intermediate Counter VIs you can use to
program counters on MIO, TIO, and other devices with the Am9513 or
DAQ-STC counter chips. These Vls call the Advanced Counter VIs to
configure the counters for common operations and to start, read, and
stop the counters. You can configure these Vls to generate single pulses
and continuous pulse trains, to count events or elapsed time, to divide
down a signal, and to measure pulse width or period. The Easy Counter
Vls call these Intermediate Vls for several pulse generation, counting,
and measurement operations.

This chapter also describes the ICTR Control VI that you use with Lab
and 1200 Series and PC-LPM devices that contain the 8253
counter/timer chip.

You can access the Intermediate Counter VIs by choosing
Functions»Data Acquisition»Counter The Intermediate Counter VIs
are the VIs on the second row of tBeunter palette, as shown below.

L= PULSE || FREQ | [m e

FULSE
{123 FULSE
-‘:I le Tf‘.l.;l ruhn | Ero

it nfy fo———y

Intermediate Counter Vis

Handling Errors

LabVIEW makes error handling easy with the Intermediate Counter
VIs. Each intermediate-level VI has arror in input cluster and an

error out output cluster. The clusters contain a Boolean that indicates
whether an error occurred, the error code for the error, and the name of
the VI that returned the error. éfror in indicates an error, the VI

returns the error information Error out and does not continue to run.
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When you use any of the Intermediate Counter VIs in a While Loop,
you should stop the loop if tregatusin theerror out cluster reads
TRUE If you wire the error cluster to the General Error Handler VI, the
VI deciphers the error information and describes the error to you.

The General Error Handler VI is Functions»Utilities in LabVIEW.
For more information on this VI, refer to youabVIEW User Manual

Intermediate Counter VI Descriptions

The following Intermediate Counter Vls are available.

Adjacent Counters

This VI identifies the counters logically adjacent to a specified counter of an MIO or TIO
device. It also returns the counter size (number of bits) and the timebases.

Timebazes
| counter

derice 7 T counter+1
counter (=1~} -4 -%% % v counter+1
counter L counter—1
_l— counter—1

counter

counter size (bits

Devices with the Am9513 chip have one or two sets of five, 16-bit counters (1-5, 6—10)
that can be connected in a circular fashion. For example, the next higher counter to
counter 1 (called counter+1) is 2 and the next lower one (called counter-1) is 5.

Continuous Pulse Generator Config
Configures a counter to generate a continuous TTL pulse train on its OUT pin.

gate mods (ungated :0) ————
device PULEE taskiD

counter -~ COREIG L [actual frequency (Hzl]
pulse polarity Chigh 00 fm{ %[actua] duty cyele]
error in (no error) error out
frequency (Hz)
duty cycle (0.3)

The signal is created by repeatedly decrementing the counter twice, first for the delay to
the pulse (phase 1), then for the pulse itself (phase two). The VI selects the highest
resolution timebase to achieve the desired characteristics. You can optionally gate or
trigger the operation with a signal on the counter’s GATE pin. Call the Counter Start VI
to start the pulse train or to enable it to be gated.
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Counter Read
Reads the counter or counters identifiedtdskID .

taskiD E-:-un;er taskiD
[counter lizt] of220eoqRea count
=
error in {(no error) =======- averflow ?
error out

The VI is designed to read one counter or two concatenated counters of an Am9513
counter chip or to read one counter of a DAQ-STC counter chip.

Counter Start
Starts the counters identified bgskID.

tazkID E:untth tazk|D
[Founter list] o “;23
&rar in [no error] oo errar out

Counter Stop
Stops a count operation immediately or conditionally on an input error.
task ID Eyunter] task ID
error in (no error) =T error ouf

stop when (Row T e

Delayed Pulse Generator Config
Configures a counter to generate a single, delayed TTL pulse on its OUT pin.

timebase source Cinternal )
gate mode (ungated :0) ————

device FULSE task ID
counter -f L [actual delay (s or cycles)]
1 4 4
pulze polarity Chigh:0) f 4 % [actual width (= ar cycles)]
error in (no error) error out

pulse delay (s or cycles)
pulse width (s or cycles)

The signal is created by decrementing the counter twice, first for the delay to the pulse
(called phase 1), then for the pulse itself (phase 2). If an internal timebase is chosen, the
VI selects the highest resolution timebase for the counter to achieve the desired
characteristics. If an external timebase signal is chosen, the user designates the delay and
width as cycles of that signal. You can optionally gate or trigger the operation with a
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signal on the counter’s GATE pin. Call the Counter Start VI to start the pulse or enable
it to be gated.

Down Counter or Divider Config

Configures the specified counter to count down or divide a signal on the counter’s
SOURCE pin or on an internal timebase signal using a count value callgohéhbase
divisor. The result is that the signal on the counter’'s OUT pin is equal to the frequency
of the input signatimebase divisor

gate mode (ungated 0]
source edge ——

device OH &TR taskiD
counter ~F Fl"_"uuﬂun_i'?
output Chigh pulse :0) f b error out
error in (no error)

timebase divisor
timebase (counter s SOURCE....

You can use this VI to generate finite pulse trains by enabling a continuous pulse
generator until the desired number of pulses has occurred. You can also use it in place of
the Continuous Pulse Generator Config VI to generate a train of strobe or trigger signals.

Event or Time Counter Config

Configures one or two counters to count edges in the signal on the specified counter’s
SOURCE pin or the number of cycles of a specified internal timebase signal.

count lirmit Ceontinuous:1)
gate rmode (ungated 00

device , taskID
counter = -

counter size [16/524-bits :0) e
errar in [no errar) mﬂ
event source Stimebaze [cou...

source edge (rising 00

error out

When the internal timebase is used, this VI works like the Tick Count (ms) function but
uses a hardware counter on the DAQ device with programmable resolution. You can
optionally gate or trigger the operation with a signal on the counter’s GATE pin. Call the
Counter Start VI to start the operation or enable it to be gated.
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Pulse Width or Period Meas Config

Configures the specified counter to measure the pulse width or period of a TTL signal
connected to its GATE pin.

timebase (Hz) ————
device taskiD

FULSE
counter ~f Ferrorh

type of measurement Chigh p... f

error in (no error)

error out

The measurement is done by counting the number of cycles of the specified timebase
between the appropriate starting and ending events. To accurately measure pulse width,
the pulse must occur after the counter is started. Call the Counter Start VI to start the
operation. You can also use this VI to measure the frequency of low frequency signals.
For more accurate measurements, use a faster timebase.

ICTR Control

Controls counters the following devices that use the 8253 chip:
« Lab and 1200 Series devices, DAQCard-500, and DAQCard 700
e (Windows) LPM devices, 516 devices

count

autput state ———
device
counter - Corntrol

=
control code f 123
error in (no errorl

binary ot bed

read value

error out

In setup mode 0, as shown in Figure 26-1, the output becomes low after the mode set
operation, and the counter begins to count down while the gate input is high. The output
becomes high when counter reaches the TC (that is, when the counter decreases to 0) and
stays high until you set the selected counter to a different mode.

Figure 26-1.
Cock I LT LT LT LTI LML LML L L L L
-
Gate |

BS54 2 1 0
Output fn =6

B B+B=n E

In setup mode 1, as shown in Figure 26-2, the output becomes low on the count following
the leading edge of the gate input and becomes high on TC.
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Figure 26-2.

Clack | | |
L — T
qu:lut [I"I = 4] I

In setup mode 2, as shown in Figure 26-3, the output becomes low for one period of the
clock input. Thecount indicates the period between output pulses.

Figure 26-3.
] 7% PR I 6 I Iy

Gale o4 03 2 1 0M)3 2 1 0M)
Duput | = 4) L L

In setup mode 3, the output stays high for one-half ottunt clock pulses and stays
low for the other half. Refer to Figure 26-4.

Figure 26-4.
closk J LT LT LML LM LML

Hote: Counting is possible onhy when Gate

Giahe

4 2 4 2 4 2 4 2 4 2 4 2 4 m hgh_
Supur [n=d) | ] I ] 1 I

5 4 2 5 2 5 4 2 5 2 5 4 2
ouput [h=5] _

In setup mode 4, as in Figure 26-5, the output is initially high, and the counter begins to
count down while the gate input is high. On TC, the output becomes low for one clock
pulse, then becomes high again.

Figure 26-5.
Cloge [ LML LML LM
WE h=+
Gale 43 2 1 0
ot [

Setup mode 5 is similar to mode 4, except that the gate input triggers the count to start.
See Figure 26-6 for an illustration of mode 5.

Figure 26-6.
Clodk _ LML MMM

Gate 4 3 21 10
DUpLE = LI

See the 8253 Programmable Interval Timer data sheet in your Lab device user manual for
details on these modes and their associated timing diagrams.
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Pulse Width or Period Meas Config

Configures the specified counter to measure the pulse width or period of a TTL signal
connected to its GATE pin.

timebase (Hz) —
device e taskiD
counter ~f Ferrorh

type of measurement Chigh p_.. f

error in (no error)

error out

The measurement is done by counting the number of cycles of the specified timebase
between the appropriate starting and ending events. To accurately measure pulse width,
the pulse must occur after the counter is started. Call the Counter Start VI to start the
operation. You can also use this VI to measure the frequency of low frequency signals.
For more accurate measurements, use a faster timebase.

Wait+ (ms)

Calls the Wait (ms) function only if no input error exists.

millizecands to wait rnillisecond timer walue
zecands to wait (unused 00 - L zecond timer value
error in (no error) [ errar out

This VI is useful when you want to wait between calls to 1/0 subVIs that use the error
I/0 mechanism; without it you need to use a Sequence Structure to control the execution
order.
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This chapter describes the Vs that configure and control hardware
counters. You can use these VIs to generate variable duty cycle square
waves, to count events, and to measure periods and frequencies.

You can access th&dvanced Counter palette by choosing
Functions»Data Acquisition»Counter»Advanced Analog Input The

icon that you must select to access the Advanced Counter VIs is on the
bottom row of theCounter palette, as shown below.

UTIL ¥ AU Advanced
El"zl"i El"zl"i <&—— Counter Vis
=X S nn|
Note: An important basic data acquisition concept is to use only the inputs that

you need on each VI. Leave the rest of the inputs unwired, and LabVIEW

sets them to their default values. In the Help window, the most important

terminals are labeled in bold, and the least commonly used are in brackets.
Values given in parentheses are default values.

The following lists the type of counter chips that your device must have
to work with your version of LabVIEW:

e Am9513, 8253, or DAQ-STC Counter Chip
« DAQ-STC Counter Chip

The ICTRControl VI works with devices that contain the 8253 counter
chip.
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Refer to Table 27-1 for the counter chips used with the various devices.

Table 27-1. Counter Chips and Their Available DAQ Devices

Counter
Chip

DAQ Device

Am9513

AT-MIO-16, AT-MIO-16D, AT-MIO-16F-5,
AT-MIO-16X, AT-MIO-64F-5, PC-TIO-10, All
AO-2DC Devices, EISA-A2000, NB-MIO-16,
NB-MIO-16X, NB-DMA-8-G, NB-DMA2800,
NB-T10-10, NB-A2000

DAQ-STC

All E Series Devices, 5102 Devices

8253

All Lab and 1200 Series Devices, DAQCard-500,
DAQCard-700, LPM Devices, 516 Devices

Advanced Counter VI Descriptions

The following Advanced Counter VIs are available.

CTR Buffer Config

Allocates memory where LabVIEW stores counter data. The CTR Buffer Config VI also
configures the specified group to perform buffered counter operations instead of the
normal single point operations.

task ID Euffgr task ID out
counts per buffer (-1:no c.._ - onfig
error out
CTR Buffer Read

Returns data from the buffer allocated by CTR Buffer Config.

number to read (-1: no change) - Fead
error in (no error) —

tirme Timit (-1 : no change)

oo gk locations
acquisition state
task ID out
nurnber read
binary data
error out
backlog

task ID Butfer}

= FE
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Note: Incremental reading from the count buffer is not supported at this time.

Therefore, you must allow the buffer to fill before you read from it and then

you must read all of it. Until incremental reading and circular use of the
buffer are implemented, leaveumber to read unwired (with a value
of —1) or set it to the value afounts per buffer.

CTR Group Config

Collects one or more counters into a group. You can use counter groups containing more
than one counter to start, stop, or read multiple counters simultaneously. DAQ-STC

devices do not currently support multiple counter groups.

device
group =

Grou

counter list
error in {no error) mﬁm

': L group size
B8 eeem error out

task ID

Table 27-2 contains valid counter numbers for devices supported by this VI.

Table 27-2. Valid Counter Numbers for CTR Group Config Devices

Device Type Valid Numbers
DAQ-STC Devices Oand 1
Am9513 MIO Devices 1,2,and 5
NB-DMA-8-G, NB-DMA2800 1 through 5

PC-TIO-10, NB-TIO-10

1 through 10

EISA-A2000, NB-A2000

2

© National Instruments Corporation 27-3

LabVIEW Function and VI Reference Manual



Chapter 27

Advanced Counter VIs

CTR Mode Config

Configures one or more counters for a designated counter operation and selects the
source signal, gating mode, and output behavior on terminal count (TC).

count direction
gate parameters oo
source edge

tack ID Made | tack ID out

courtar izt fmﬂslﬁ

config mode f c] error out
timebase source

error in (ne error)
timebkase =ignal

output type
output polarity

This VI does not start the counters. Use CTR Control VI withtrol code1 (Start) to
start the counters. If you are using a counter for pulse generation, you do not have to call
this VI unless you want to change the gate mode or output behavior.

Modes 3, 4, and 6 can be used with or without buffered counting. Mode 7 must be used
with buffered counting. With buffered counting, call the CTR Buffer Config VI before or
after the CTR Mode Config VI and before the CTR Control VI to start the operation, then
call the CTR Buffer Read VI to read the buffered count values. With buffered or
unbuffered operations, call the CTR Control VI to read the most recently acquired,
unbuffered count value.

Unless otherwise stated, the following figures show timing and counter values for
operations in which thgate modeis set to high-level or rising-edge and goairce edge
is set to rising-edge.

Use mode 1 to reset all the CTR Mode Config VI parameters to their default settings. This
mode overrides any conflicting parameter settings.

Use mode 2 to count transitions of the selected signal and to stop at the first TC. The
overflow status bit is set at TC. Use the CTR Control VI to read the overflow status. This
mode is available only with Am9513 devices. Mode 2 counting is unbuffered.
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Figure 27-1 shows the count values you would read with this mode usingéteamode
settings (gating off; high-level gating; and rising-edge gating).

atart

Gate *_|—| [ R

Source | | LM LI Mm_rr_rn rwo

Counker :gggl'e'd1 —-2 3 4
Value low Ll =2 —=omd — 5= o — e G
‘Eae

Figure 27-1. Unbuffered Mode 2 and 3 Counting

Use mode 3 to count transitions of the selected signal continuously, rolling over at TC
and then continuing on. Figure 27-1 shows unbuffered mode 3 counting. Figure 27-2
illustrates a buffered mode 3 operation with rising-edge gating. This buffered operation
is available only with DAQ-STC devices. With buffered mode 3 operation, LabVIEW
stores the current count value into the buffer on each selected edge of the source signal.

SJiﬁr‘t
' —— Courted Everts —mta— ':;_:‘:‘vfﬁd _.J.._ Courbed E vt _.J
Gate | 1| I
i : i
1 1
Source 1ML LML T gL m
| 1 £ 3 41 5 4 10 11
1 ! :
Buffer ' ! .
1 1 : E
: | i
: : L
1 1 1
1 1 1
1 1 1
1 1 1
1 ! :

Figure 27-2. Buffered Mode 3 Counting

Use mode 4 with level gating to measure pulse width and with edge gating to measure the
period of the selected gate signal.

Note: For the following descriptions of pulse width measurements (modes 4, 6,
and 7), a high pulse is defined simply as the high-level phase of a signal
whengate modeis set to high-level gating. This definition differs from that
of a high pulse using pulse generation (mode 5), which consists of a low
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level delay phase followed by a high level pulse phase. (Low pulses are
similarly defined by switching the words high and low.)

To measure pulse width, set thate modeto high or low level. Figure 27-3 shows
unbuffered mode 4 pulse width measurements. You can start an Am9513 counter at any
time, and it will measure pulses until you stop it. If you start it in the middle of the pulse
you want to measure (for example, during a high pulse for high-level gating), LabVIEW
returns a short count for that measurement. You must start a DAQ-STC counter only
when the signal is in the opposite polarity from the selected gate level (for example, a
low-level phase for high-level gating). Otherwise, the VI returns error nu#&90.

With unbuffered counting, the DAQ-STC stops counting after one measurement. Mode
5 configures the counter for pulse generation. Use the CTR Pulse Config VI to specify
the pulse you want to generate.

o
1

Start 2

4 I e W

2 2 4

Gaate _I
1
1

Timekase

2

=)

AmEst 3

e N P

o I o |

1 1 1 1 1 1
1 o L 1 1 |
1 1 1 I = 1 I 4 1
1 T 1 o |
I o I o 1
1 L 1 I g 1 1
1 1 1 1 1 1 1

Daea-STC

;

4

Figure 27-3. Unbuffered Mode 4 High Pulse Width Measurement

Figure 27-4 shows the buffered mode 4 pulse width measurement, which is available only
with DAQ-STC devices. The measured value is stored into the buffer at the end of each
pulse. See mode 6 for another way to measure pulse width with a DAQ-STC device.

Figure 27-4. Buffered Mode 4 Rising-Edge Pulse Width Measurement

To measure period, set tihate modeto rising or falling edge. Figure 27-5 shows
unbuffered mode 4 pulse width measurement.

You may start either an Am9513 or a DAQ-STC counter at any time. The counter begins
counting at the start of the next period. The Am9513 counter measures periods
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continuously. With unbuffered counting, the DAQ-STC stops counting after one
measurement.

Stark

aate I e I e M
I

Timebase LI LTl

24719513 0 1 4 i

DAG-5TC o 4 -

Figure 27-5. Unbuffered Mode 4 Rising-Edge Period Measurement

Figure 27-6 shows buffered mode 4 period measurement, which is available only with
DAQ-STC devices. The measured value is stored into the buffer at the end of each period.

Start

Measured Measured . Measired

— 1 Peficd ———=,=—— Period —+ 1= Petiod—~

Figure 27-6. Buffered Mode 4 Rising-Edge Pulse Width Measurement

Use mode 5 to configure for pulse generation when you also need to configgedehe
mode, output type, oroutput polarity to non-default values. Otherwise, avoid calling
the CTR Mode Config VI and use only the CTR Pulse Config VI for pulse generation.
See the CTR Pulse Config VI more additional information about this operation.

Use mode 6 with level gating to measure the pulse width of the selected signal. This mode
is available only with DAQ-STC devices. Mode 6 differs from mode 4 in that the
measurement of a high (low) pulse does not begin until the first falling (rising) edge of
the signal after you start the counter. If you use unbuffered counting, the counter
continues to measure pulses until you call the CTR Control VI to read the most recently
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measured value, at which time the counter stops. Unbuffered mode 6 counting is
illustrated in Figure 27-7.

Start Counter Read
Gae I L] I .3y N
1 1
: | A
Timebas2 M MMM ML LCLAL L nr e
1 | 1 1
DAG-STC I 2 _ -

Figure 27-7. Unbuffered Mode 6 High Pulse Width Measurement

With buffered mode 6 counting, the measured value is stored into the buffer at the end of
each pulse, as illustrated with Figure 27-8. Call the CTR Buffer Read VI to read the

values.

Figure 27-8. Buffered Mode 6 High Pulse Width Measurement (Count on Rising Edge of Source)

Use mode 7 to measure every phase of the selected signal using buffered counting. This
mode is available only with DAQ-STC devices. The count value is stored in the buffer
on each low-to-high and high-to-low transition. Use the CTR Buffer Read VI to read the
values. To measure period with this mode, sum successive pairs of signals. To measure
phase, use every other value. LabVIEW ignores the valgatefmodewith mode 7,
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which means that you cannot tell whether the first measurement starts at a rising or falling

edge.
Pairs of arrows indicate measured semi-periods
. Measured | Measured, Meamired ___ihessured) Measured | Measuted |
I — | — I — - !
Interval ' hteral ! hteral ' Inkerval 1 Intetval | hteral !

Figure 27-9. Buffered Mode 7 Semi-Period Measurement

Table 27-3 shows the legal values and default settinggriebase signal A value of-1

tells LabVIEW to use the default settings. When the table says counter, it refers to the
counter being configured. If there are multiple counters, LabVIEW configures each
counter successively.
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Refer to Table 27-3 to determine what is the next higher or lower consecutive counter.

Table 27-3. Adjacent Counters.

Next Next

Device Lower Higher
Type Counter Counter Counter

5 1 2

1 2 3

2 3 4

3 4 5

4 5 1

Am9513

10 6 7

6 7 8

7 8 9

8 9 10

9 10 6

1 0 1

DAQ-STC
0 1 0
CTR Pulse Config

Specifies the parameters for pulse generation. This VI configures the counters but does
not start them. Use the CTR Control VI with control cad&tart) to produce the pulse.

duty cycle q

task ID CPUI'-FSF
counter list ef72emqlontig
=
config rmode fﬁ
error in (no error)
clock frequency
pulze mode

Tows Tevel parameters

tazk I out
actual parameters used
error out
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Use this VI to specify the characteristics of your pulses. You can also use the CTR Mode
Config VI to set your desired gate modes, output polarity, and output type. Use the CTR
Pulse Config VI to speciffimebasesourceandtimebasesignal for pulse generation,
because LabVIEW ignores these values specified in the CTR Mode Config VI.

CTR Control

Controls and reads groups of counters. Control operations include starting, stopping, and
setting the output state.

change parameter data

I:lutplt]t SI:Eit[? —lnt tazk [0 out
as Cartrol} az oLy

counter izt ué_|_.E TR read value array
control code H = overflow state aray

ermar in [ho erar] &rmar out
fout data output state aray

ICTRControl

Controls counters on devices that use the 8253 chip (Lab and 1200 Series devices,
516_devices PC-LPM-16, DAQCard-500, and DAQCard 700).

count
autput state —————
device I CTR
Contral read value

counter —
1%

control code f error out
error in {no error) Jpﬂm
binary ar bed
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Calibration and
Configuration Vis

This chapter describes the Vls that calibrate specific devices and set and
return configuration information.

This chapter also includes a VI for controlling the RTSI bus, which is a
triggering and timing bus you can use to synchronize, time, and trigger
multiple DAQ devices.

(Windows) There is also a VI you can use to set up data acquisition event
occurrences.

You can calibrate certain DAQ devices with the device-specific Vls, but
this is not always necessary because National Instruments calibrates all
devices at the factory.

You can access the Calibration and Configuration VIs by choosing
Functions»Data Acquisition»Calibration and Configuration as shown

below.

Calibration and Configuration

SET||INFO|[RESET][[HamL K Devi i
evice Setting and
T [ : .
LA Channel Confiquration Vls
alibi- (| Catibr alibe| [Lalibr] g Calibration ¥ls
=
Route Cntrl 10
Fignal - Contfig . .
| @dE e Other Calibration
an
Index || 25355 ||[] Configuration ¥ls
= |F = -4
“-a‘ dig{D
=] . o]
=T
Sf7 || GET Cal -+ SCx
iHFo || IHFo || const
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Calibration and Configuration VI Descriptions

The following Calibration and Configuration VIs are available.

1200 Calibrate

This VI calibrates the gain and offset values for the ADCs and DACs on 1200 Series
devices (i.e., DAQPad-1200, DAQCard-1200, etc.).

C&C1 channel
[ACO channel ———

dewvice [E] dewice aut
calibration Calibr
zawve new calibration _I_ i =tatus

EEFPROM location
ADC Calibration Cluster

You can perform a new calibration (and optionally save the new calibration constants in
one of four user areas in the onboard EEPROM) or load an existing set of calibration
constants by copying them from their storage location in the onboard EEPROM.
LabVIEW automatically loads the calibration constants stored in the onboard EEPROM
load area when LabVIEW launches or when you reset the device. By default the
EEPROM load area contains a copy of the calibration constants in the factory area

A2000 Calibrate

Calibrates the NB-A2000 or EISA-A2000 A/D gain and offset values or restores them to
the original factory-set values.

device 2000 device out
sample clock drive fenfia
dither — EE status

You can calibrate your NB-A2000 or EISA-A2000 to adjust the accuracy of the readings
from the four analog input channels. LabVIEW automatically loads the stored calibration
values when it launches or when you reset your NB-A2000 or EISA-A2000.

Warning: This VI is supported only up to NI-DAQ version 4.9.0 and has been
removed from the Calibration and Configuration palette. This VI is still
included in the DAQ VI Library for compatibility only, therefore if you are
using NI-DAQ version 5.0 or later, this VI will return the following
messageteviceSupportError . If you wish to use this VI, please
re-install NI-DAQ version 4.9.0 or an earlier version.
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Refer to Appendix ADAQ Hardware Capabilitiesfor more information on the
NB-A2000 or EISA-A2000 DAQ devices.

Warning: Read the calibration chapter in theB-A2000 or EISA-A2000 User Manual
? before using the A2000 Calibrate VI.

If you setsave new valueso 1, then this VI stores the gain and offset calibration values

in an EEPROM on the NB-A2000 or EISA-A2000 device, which does not lose its data
even if the device loses power. LabVIEW reads these EEPROM values and loads them
into the NB-A2000or EISA-A2000, you can choose to replace the permanent copies of
the gain and offset EEPROM values and use the new values until the next calibration,
even if you reinitialize the device. You can also choose not to replace the EEPROM
values, but to use the new values until the next calibration or initialization.

For example, if you consistently get inaccurate readings from one or more input channels
after you reset the device, you can calibrate and save the new gain and offset values as
permanent copies in the EEPROM. However, if acquisition results are accurate after
initialization but start to drift after a few hours of device operation when the device
temperature increases, you can calibrate the device at this operating temperature and
retain the current EEPROM values to use after the next initialization.

A2000 Configure
Configures dithering and whether to drive the SAMPCLK* line for the NB-A2000 or
EISA-A2000.
derice A2000 device out
sample clock drive Config
dither — ctatus

Warning: This VI is supported only up to NI-DAQ version 4.9.0 and has been
g removed from the Calibration and Configuration palette. This VI is still
included in the DAQ VI Library for compatibility only, therefore if you are
using NI-DAQ version 5.0 or later, this VI will return the following
messageteviceSupportError . If you wish to use this VI, please
re-install NI-DAQ version 4.9.0 or an earlier version.

Refer to Appendix ADAQ Hardware Capabilitiesfor more information on the
NB-A2000 or EISA-A2000 DAQ devices.

After system startup, LabVIEW configures the NB-A2000 or EISA-A2000 as follows.
« sample clock drive= 0: Sample clock signal does not drive SAMPCLK* line.
o dither = 0: Dither disabled.
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A2100 Calibrate (Macintosh)

Selects the desired calibration reference and performs an offset calibration cycle on the
ADCs on the NB-A2100 or the NB-A2150.

device [ — device out
AD group — |

reference — | CAL

status

NI-DAQ driver software calibrates the two A/D channels using the analog input ground
as the reference for each channel when you turn on the computer.

A2100 Config (Macintosh)

Selects the signal source used to provide data to the DACs and lets you configure the
external digital trigger to be shared by data acquisition and waveform generation
operations on the NB-A2100.

device Br—

DA source — E==h
shared trigger —  |CORFIG

device out

status

If LabVIEW acquires multiple data acquisition frames and generates multiple waveform
cycles with a trigger required at the beginning of each cycle, then the external trigger
recognition synchronizes so that each trigger simultaneously initiates the acquisition of
the next data frame while generating the output of the next waveform cycle.

A2150 Config (Macintosh)

Selects whether or not LabVIEW should drive an internally generated trigger to the
NB-A2150 I/O connector. This VI also determines whether LabVIEW should drive the
NB-A2150 sampling clock signal over the RTSI bus to other devices for multiple-device
synchronized data acquisition.

device ST device out

io trigger drive —— Ez=0
master clock — __|cORfIc
number of slaves
slave list

status

Enableio trigger drive only if you have executed the RTSI Control VI to receive the
RTSITRIG* signal over the RTSI bus, or if you have enabled the analog level trigger
using the Al Trigger Config VI. In these cases, you can monitor the signal being sent to
the A/D trigger circuitry at the EXTTRIG* line of the 1/O connector after starting the
acquisition. A high-to-low edge of the signal triggers the data acquisition.
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The NB-A2150 uses signals over the RTSI bus for sampling clock synchronization
between two or more NB-A2150 devices. The sampling clock synchronization circuitry
makes simultaneous sampling possible on more than four channels using additional
NB-A2150 devices. Imaster clockis 1, slave listshould contain the list of devices that
accept the sampling clock frodevice After you run A2150 Config witlmaster clock
equal tol andnumber of slavesgreater tha®, you cannot use the Al Clock Config to
set the scan rate for devicessiave listuntil you run A2150 Config again alevicewith
master clockequal tol andnumber of slavesequal to0.

Note: Executing A2150 Config with master clock equal to 1 and number of slaves
equal to 0 deconfigures the devices previously in the slave list and sets them
up to use their own sampling clock signal.

A2150 Calibrate (Windows)
Performs offset calibrations on the ADCs of the specified AT-A2150.

device AZiS0 device out
ADCO reference ——|Calibr
ADCT reference — |

status

Refer to Appendix ADAQ Hardware Capabilitiesfor more information on the
AT-A2150 DAQ device.

When you launch LabVIEW, or when you reset the AT-A2150, LabVIEW performs an
offset calibration using the analog ground as the reference. Use this VI only for device
calibration to an external reference or for device recalibration for ground reference after
using an external reference.

A0-6/10 Calibrate (Windows)

Loads a set of calibration constants into the calibration DACs or copies a set of
calibration constants from one of four EEPROM areas to EEPROM area 1.

-:-Fif':tiit-::: IEah'I:-r' device out
- Bl ,
EEPROM location = ctatus

You can load an existing set of calibration constants into the calibration DACs from a
storage area in the onboard EEPROM. You can copy EEPROM storage areas 2 through 5
to storage area 1. EEPROM area 5 contains the factory calibration constants. LabVIEW
automatically loads the calibration constants stored in EEPROM area 1 upon start-up or
when you reset the AT-AO-6/10.

© National Instruments Corporation 28-5 LabVIEW Function and VI Reference Manual



Chapter 28

Calibration and Configuration VIs

Note: You can also use the calibration utility provided with the AT-AO-6/10 to
perform a calibration procedure. Refer to the calibration chapter in the
AT-AO-6/10 User Manudbr more information.

Refer to Appendix APAQ Hardware Capabilitiesfor more information on the
AT-AO-6/10 DAQ devices.

When LabVIEW initializes the AT-AO-6/10, the DAC calibration constants stored in
EEPROM location 1 (user calibration area 1) provide the gain and offset values that
ensure proper device operation. So, this initialization is the same as running the
AO-6/10 Calibrate VI wittoperation set tol andEEPROM location set tol. When the
AT-AO-6/10 leaves the factorfEEPROM location 1 contains a copy of the calibration
constants stored IBEPROM location 5 (factory calibration).

A calibration procedure performed in bipolar mode is not valid for unipolar mode and
vice versa. See the calibration chapter ofAfleAO-6/10 User Manudbr more
information.

Channel To Index

Uses the current group configuration for the specified task to produce a list of indices into
the group’s scan or update list for each channel specified in the channel list.

task ID out
= channel indices

task ID |
channel Tist s Inde: |

=
buffer number — ™

status

You can use this list of channel indices to locate data for a particular channel within a
multiple channel buffer. You can also use the indices to read or write to a group subset
with the buffer read and write VIs.

Refer to your specific device information in AppendixB¥Q Hardware Capabilitiesor
the channel limitations that apply to your device.
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Table 28-1 shows possible values for ti@nnel scan list channel list, andchannel
indicesparameters. Table 28-2 shows the possible values for the Sunhaheel scan
list parameter is an input for the group configuration VIs.

Table 28-1. Channel to Index VI Parameter Examples

Channel Scan List

Channel List

Channel Indices

index 9 in the data buffer.

1,3,4,5,7 channel lig[0] =5 channel indice$0] = 3.
Data for channel 5 is at position 3
within a scan. Indices are
zero-based.

1,3,4,5,7 channel listis of 0 length| channel indicesis of 0 length.
(In this case, status is non-zerg.)

1,2,1,3,1,4 channel lisf0] =1,1,1 channelindice$0] = 0,

(The device samples channelindice$l] = 2, and

channel 1 three timeg channelindice$2] = 4.

during a scan.) The first occurrence of channel| 1
within a scan is at index 0, the
second at index 2, and the third at
index 4

0,1,3,4 channel lis{0] = 3 channel indice$0] = 2.

(For this example, The eight bits of data from port|3

channel scan listis a are at index 2 in the scan list.

digital input group.)

0:3 channel lisf{0] = AM1!9 channel indice$0] = 9.

(One AMUX-64T in Data obtained from channel 9 an

use.) AMUX-64T device number 1 is at

SC1!MD1!CHO:7,

channel lis{0] =

channel indice$0] = 11.

© National Instruments Corporation

SC1!MD2!CHO:4 SC1!MD2ICH3 Data obtained from channel 3 g
the SCXI module in slot 2 is at
index 11 in the data buffer.
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Table 28-2. Channel to Index VI Parameter Examples for Sun

channel scan list channel list channel indices

1,3,4,5,7 channel lig[0] =5 channel indice$0] =
Data for channel 5 is at position 3
within a scan. Indices are
zero-based.

1,3,4,5,7 channel listis of 0 length| channel indicess of 0 length. (In
this case, status is non-zero.)

1,2,1,3,1,4 channel lisf0] = 1,1, 1 channel indice$0] =

(The device samples channel indice$l] = 2, and
channel 1 three times channel indice$2] =

during a scan.) The first occurrence of channel 1

within a scan is at index 0, the
second at index 2, and the third at
index 4

DAQ Occurrence Config (Windows)

Creates occurrences that are set by data acquisition events.

general value B
general value A —|

task ID in task ID out
oreate folear — : — OCCUr rence
DAl even't -D error out

error in {no errnr) E
channel

lewe] conditions

A DAQ event can be the completion of an acquisition, the acquisition of a certain number
of scans, an analog signal meeting certain trigger conditions, a periodic event, an
aperiodic (externally driven) event, or a digital pattern match or mismatch. Your VI can
sleep while waiting for an occurrence to be set, freeing your computer to execute other
Vis.

When you set thereate/clearcontrol tol (create) and call the VI, this VI creates an
occurrence. Use tH2AQ eventcontrol to select the event that sets the occurrence. Wire
the occurrence this VI produces to the Wait on Occurrence function. Anything you wire

to the output of the Wait on Occurrence function does not execute until the occurrence is
set. The occurrence is set each time the event occurs. The occurrence does not clear until
you set thecreate/clearcontrol to0 (clear) and call this VI, or call the Device Reset VI

for the device.
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LabVIEW returns a Not a Refnum file 1/0 constant along with a non-zero status code if
it cannot create the occurrence.

For each computer platform, LabVIEW limits the number of occurrences per second that
you can set. Although this limit depends on the speed of your computer, avoid exceeding
500 occurrences per second.

For some of the events, you must perform your operation using interrupts instead of
DMA. Refer to the description of tHeAQ eventcontrol in this section for more
information.

Device Reset
Resets either an entire device or the particular function identifiedsyD .

tazk I RESETI task I out
device

device string status

Resetting aaskID function has the same result as calling the control VI for that function
with control codeset to clear. When you reset the entire device, LabVIEW clears all
tasks and changes all device settings to their default values.

DSP2200 Calibrate (Windows)

Performs offset calibrations on the analog input and/or analog output of the
AT-DSP2200.

device =R device out
mode =] ibr

ADC reference — |

status

Refer to Appendix ADAQ Hardware Capabilitiesfor more information on the
AT-DSP2200 DAQ device.

When you launch LabVIEW or reset the AT-DSP2200, LabVIEW performs an offset
calibration on both the analog input and output using analog ground as the reference.

You can use this VI to calibrate the analog input using an external reference or to
recalibrate the AT-DSP2200 to compensate for configuration or environmental changes.
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DSP2200 Configure (Windows)

Specifies data translation and demultiplexing operations that the AT-DSP2200 performs
on analog input and output data.

device ODSF device out
aitranslate /—|=:n
aotranslate — |
demux

status

Refer to Appendix APAQ Hardware Capabilitiesfor more information on the
AT-DSP2200 DAQ device.

Because software running locally on the AT&T WE DSP32C DSP chip reads data from
the ADCs and writes data to the DACs, you can manipulate the data during these
transfers. When you write analog input data to DSP memory, you can write the data as
unscaled 16-bit integers, unscaled 32C floating-point numbers, or scaled 32C
floating-point voltages. You can use tthemux option only when you write analog input
data to DSP memory. When you enathsmux, the device writes data from channel 0
consecutively into DSP memory, beginning at the start of each buffer, and writes channel
1 data consecutively beginning at the half-way point of each buffer. When the device
writes analog input data to PC memory, it can write the data as unscaled 16-bit integers,
unscaled IEEE single-precision floating-point numbers, or scaled IEEE single-precision
voltages.

The analog output translations in the opposite directions from the analog input
translations. Ihotranslateis 0, the source data must be in a format suitable for the DACs
(16-bit integer DAC values). Hotranslateis 1 or 3, the source data are DAC values in
32C format in DSP memory or in IEEE single-precision format in PC memory. If
aotranslateis 2 or 4, the source data are voltages in 32C format in DSP memory or in
IEEE single-precision format in PC memory.

E-Series Calibrate (Windows)

Use this VI to calibrate your E Series device and to select a set of calibration constants
to be used by LabVIEW.

task ID E-Zericd task ID out
aperation — Calibr
calibration constants f error out
error in (no error)
reference voltage

Warning: Read the calibration chapter in your device user manual before using the
E-Series Calibrate VI.
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Your device contains calibration D/A converters (calDACSs) that are used for fine-tuning
the analog circuitry. The calDACs must be programmed (loaded) with certain numbers,
calledcalibration constantsThose constants are stored in non-volatile memory
(EEPROM) on your device or are maintained by LabVIEW. To achieve specification
accuracy, you should perform an internal calibration of your device just before a
measurement session, but after your computer and the device have been powered on and
allowed to warm up for at least 15 minutes. Frequent calibration produces the most stable
and repeatable measurement performance. The device is not harmed in any way if you
recalibrate it as often as you like.

Two sets of calibration constants can reside in two areas inside the EEPROMlpealled
areas One set of constants is programmed at the factory, the other is left for the user.
One load area in the EEPROM corresponds to one set of constants. The load area
LabVIEW uses for loading calDACs with calibration constants is called the default load
areas. When you get the device from the factory, the default load area is the area that
contains the calibration constants obtained by calibrating the device in the factory.
LabVIEW automatically loads the relevant calibration constants stored in the load area
the first time you call a VI that requires them.

Note: Calibration of your E Series device takes some time. Do not be alarmed if
the VI takes several seconds to execute.

Warning: When you run this VI with theoperation set to self calibrate or external
? calibrate, LabVIEW will abort any ongoing operations the device is
performing and set all configurations to their defaults. Therefore, you
should run this VI before any other DAQ VIs or when no other operations
are running.

12-hit E Series Devices

e Connect the positive output of your reference voltage source to the analog input
channel 8.

e Connect the negative output of your reference voltage source to the AISENSE line.
e Connect DACO line (analog output channel 0) with analog input channel 0.

« If your reference voltage source and your computer are floating with respect to each
other, connect the AISENSE line with the AIGND line as well as with the negative
output of your reference voltage source.

16-hit E Series Devices

« Connect the positive output of your reference voltage source to the analog input
channel 0.
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« Connect the negative output of your reference voltage source to the analog output
channel 8 (by performing those two connections you supply reference voltage to the
analog input channel 0, which is configured for differential operation.)

e If your reference voltage source and your computer are floating with respect to each
other, connect the negative output of your reference voltage source to the AIGND
line, as well as to the analog input channel 8.

Get DAQ Device Information
Returns information about a DAQ device.

I 1

tazk |0 or device IMFO task 10 oot

infarmation hpe B infarmation string
2rar in [fo ermar] E¥ ermar out

Refer to Appendix ADAQ Hardware Capabilitiesfor the transfer methods available with
your DAQ device.

Get SCXI Information

Returns the SCXI chassis configuration information that you set using the configuration
utility or the Set SCXI Information VI.

chassis type

device string - chassiz address
T slat information
IHF0 [ — comrmunication mode

| L — =status

cormunication path

LPM-16 Calibrate

Calibrates the PC-LPM-16 or PC-LPM-16PnP converter. The calibration calculates the
correct offset voltage for the voltage comparator, adjusts positive linearity and full-scale
errors to less than0.5 LSB each, and adjusts zero error to less #ianSB.

device LP1E device out
Calibr
ctatus

Refer to Appendix ADAQ Hardware Capabilitiesfor more information on the
PC-LPM-16, DAQCard-500, or DAQCard-700 device.
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Master Slave Config

Configures one device as a master device and any remaining devices as slave devices for
multiple-buffered analog input operations.

M/E F— Master TaskiD Out
HMaster TaskID —— Config
Slave TasklD List —— | — Stmtu=

Warning: This VI is supported only up to NI-DAQ version 4.9.0 and has been
? removed from the Calibration and Configuration palette. This VI is still
included in the DAQ VI Library for compatibility only, therefore if you are
using NI-DAQ version 5.0 or later, this VI will return the following
messagedeviceSupportError . If you wish to use this VI, please
re-install NI-DAQ version 4.9.0 or an earlier version.

Makes sure LabVIEW always re-enables the slave debiefsethe master device in a
multiple-buffer analog input operation. Only the following devices, which support
multiple buffered acquisitions, can use this VI.

*  (Macintosh) NB-A2000, NB-A2100, and NB-A2150.

The master device sends a trigger or clock signal to the slave device(s) to control the
slave device sampling. In a multiple-buffer acquisition, you must enable the slave device
before the master device to make sure the slave device always responds to a master
signal. If you enable the master device first, it can send a signal to the slave devices
before they can respond. You are responsible for the initial startup order. You should
always start the master device last. The Master Slave Configuration VI makes sure
LabVIEW arms the master device last for each subsequent buffer acquired during a
multiple-buffer acquisition.

MIO Calibrate (Windows)

Calibrates the AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X gain and offset values
for the ADCs and the DACs. You can either perform a new calibration or use an existing
set of calibration constants by copying the constants from their storage location in the
onboard EEPROM. You can store several sets of calibration constants. LabVIEW
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automatically loads the calibration constants stored in the EEPROM load area during
startup or when you reset the device.

reference location
DaCT channel

DACO channel — ]

device M0 device out
calibration — |Calibr| |
save new calibration — ]

EEFROM location —
reference channel Q
reference voltage

ctatus

The load area for the AT-MIO-16F-5 is user area 5. The load area for the AT-MIO-64F-5
and AT-MIO-16X is user area 8.

? Warning: Read the calibration chapter in your device user manual before using the
MIO Calibrate VI.

Refer to Appendix ADAQ Hardware Capabilitiesfor more information on the
AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X DAQ devices.

Note: You should always calibrate the ADC and the DACs after you calibrate the
internal reference voltage.

Note: If the device takes analog input measurements with the wrong set of
calibration constants loaded, you may get erroneous data.

MIO Configure (Windows)

Turns dithering on and off. This VI supports the following devié€sMIO-16F-5,
AT-MIO-64F-5, all 12-bit E Series devices, and all 1200 Series devices.

device B0 device oul
dither — |Config
status

Refer to Appendix APAQ Hardware Capabilitiesfor more information on the devices
supported by this VI.

Route Signal

Use this VI to route an internal signal to the specified I/O connector or RTSI bus line, or
to enable clock sharing through the RTSI bus clock line.
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Note: This VI is supported by E Series and 54XX Series devices only.
task ID Fioute task ID out
zignal narme — %
gignal source f error out
error in {no error)

RTSI Control

Connects or disconnects trigger and timing signals between DAQ devices along the
Real-Time System Integration (RTSI) bus.

device Crtel device out
contral code — &?@ = t-igger line usemap
board signal — |
trigger line —|_|_ status
direction

This VI is not supported for E Series devices. For E Series devices, multiple RTSI
connections can be set directly in the analog input, analog output, and counter VIs and
used along with the Route Signal VI. Other RTSI connections must be made using the
Route Signal VI.

SCXI Cal Constants

Calculates calibration constants for the given channel and range or gain using measured
voltage/binary pairs. You can use this VI with any SCXI module.

TE Gain {1.00

Cal Constant In 1
Yalt/ Amp 2

Yolt/ dmp 1

SCEI Chassis Cluster
Task ID - Task 10 Out

A
Op Code Cal Cal Constant Out 1

Cal Area Lonzt L a1 Canstant Out 2
Range Code errar out
SCH1 Gain
ertor in (no error)
LAl Board Cluster s
Binary 1
Binary 2
Cal Constant In 2
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Set DAQ Device Information
Sets the data transfer mode for different types of operations.

task ID SET task I out
infarrmation type
infarration setting error out
error in (no error)

Refer to Appendix ADAQ Hardware Capabilitiedfor the transfer methods available with
your DAQ device.

Set SCXI Information

Sets the SCXI chassis configuration information.

=lot information

device string ]
chassizs type — e
chassis address — | |?1EFI:|

communication mode —

cornrunication path

status

Use this VI to override the configuration already set with the configuration utility You
can use this Vinsteadof using the configuration utility to enter the chassis configuration
information. If you do not use this VI, the first VI that accesses an SCXI chassis
automatically tries to load information from the configuration file.

Channel Configuration Vls

The following illustration shows the Channel Configurations Vls palette.

AC Channel Utilities
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Set DAQ Configuration File (Windows)
Sets the default DAQ Configuration file, which the NI-DAQ driver uses.

file path [dialog if empty] SET new file path (Mot & Path ...
error in [no eror) AE] Error ot
Note: This VI is specific to computers running Windows with NI-DAQ 5.0 or

later. LabVIEW returns an UnsupportedError message if you attempt to
run this VI on computers not running Windows.

Get DAQ Channel Names (Windows)

Returns the an array of all the channel names in the default configuration file. A
corresponding array of the channels' configured physical units is also returned.

(ZET fecoosoa channel names
%= channel unitz

. w0
&rrar in [hio erar] 1 Pt 2rior ot

Note: This VI is specific to computers running Windows with NI-DAQ 5.0 or
later. LabVIEW returns an UnsupportedError message if you attempt to
run this VI on computers not running Windows.
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This chapter describes the data acquisition Sighal Conditioning Vs,
which you use to convert analog input voltages read from resistance
temperature detectors (RTDs), strain gauges, or thermocouples into
units of strain or temperature.

You can edit the conversion formulas used in these VIs or replace them
with your own to meet the specific accuracy requirements of your
application. If you edit or replace the formulas, you should save the new
VI in one of your own directories or folders outsidevidfb

You can access the Signhal Conditioning VlIs by choosing
Functions»Data Acquisition»Signal Conditioning as shown below.

]

=
L]

ARLBUFE || M 3l g R
=1 ﬂ-:n:-rw STRATH
J_zé/ | | Y COHL!
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Signal Conditioning VI Descriptions

The following Signal Conditioning Vs are available.

Convert RTD Reading

Converts a voltage you read from an RTD into temperature in Celsius.

Ro
RTDvolts rnZs
lex ﬂc%TN% RTDtemp-
i
E— 1

This VI first finds the RTD resistance by dividilJTDVolts by lex. The VI then
converts the resistance to temperature using the following solution to the Callendar
Van-Dusen equation for RTDs:

Rt = Ro[1 + At + B + C(t=100)§]

For temperatures abové G, the C coefficient is 0, and the preceding equation reduces
to a quadratic equation for which the algorithm implemented in the VI gives the
appropriate root. So, this conversion VI is accurate only for temperatures &bGve 0

Your RTD documentation should give y&o and theA andB coefficients for the
Callendar Van-Dusen equation. The most common RTDs ar@1fl@tinum RTDs that
either follow the European temperature curve (DIN 43760) or the American curve. The
following table gives the values fér andB for the European and American curves.

European Curve (DIN 43760) American Curve
A =3.90802e-03 A =3.9784e-03
=-5.80195e-07 = -5.8408e-07
(o = 0.00385p = 1.492) (a0 =0.00392p = 1.492)

Some RTD documentation gives valuesdandd, from which you can calcula# and
B using the following equations:

A =a(1 +0/100)

B = -0d/100?
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Convert Strain Gauge Reading
Converts a voltage you read from a strain gauge to units of strain.

Rg(120)
GF
¥
"Ry s
Bridge Configuration (3]
Yex(Z Z3)
- Winit
[l

Strain

STRAIN
CoHY

The conversion formula the VI uses is based solely on the bridge configuration.
Figures 29-1 through 29-3 show the seven bridge configurations you can use and the
corresponding formulas. For all bridge configurations, the VI uses the following formula
to obtainVr:

Vr = (Vsg—Vinit) / Vex

In the circuit diagrams, ®UT is the voltage you measure and pass to the conversion VI
as thevsgparameter. In the quarter-bridge and half-bridge configuratiansn&®R are
dummy resistors that are not directly incorporated into the conversion formula. The
SCXI-1121 and SCXI-1122 modules providedhd R for a bridge-completion network,

if needed.

Refer to yourGetting Started with SCXhanual for more information on
bridge-completion networks and voltage excitation.
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Figures 29-1 through 29-3 illustrate the bridge-completion networks available.

RL

bridgeConfig = 1 [ Eridge 1]

. - AW I'-.
srEnlE) = e Ut

Fale)
+
Vo =
i Fig [duminn g
bridgeConfig = 1 [GtrBridge 1]
slrain 5] = G-Fﬁ%?ﬂ . 1+—%

Figure 29-1. Strain Gauge Bridge Completion Networks (Quarter-Bridge Configuration)

LabVIEW Function and VI Reference Manual 29-4 © MNational Instruments Corporation



Chapter 29 Signal Conditioning Vs

bridgeConfig = 2 [Half Eridge |
N gy AL
RN (2] = T - e e T ‘3”7@?

bridgaConfig = 2 [H=lf Bridge 1]
2 £oOoRL™
TR

strain (4] = o
T GF

Figure 29-2. Strain Gauge Bridge Completion Networks (Half-Bridge Configuration)
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bridgeConfig = 5 [Full Eridge 1]

oy
SN SE AT

bridgeConfig = £ [Full Bridge 1]

N Y
SN e 1]- [T

Figure 29-3. Strain Gauge Bridge Completion Networks (Full-Bridge Configuration)
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Convert Thermistor Reading

Converts a thermistor voltage into temperature. This VI has two different modes of
operation for voltage-excited and current-excited thermistors.

Type of Excitation ——|—|
Yoltage THERMI Temperature
Voltage Reference ——] ll; .
R‘I — 2
Excitation Corrent

This VI has two modes of operation for use with different types of thermistor circuits.
Figure 29-4 shows how the thermistor can be connected to a voltage reference. This is
the setup used in the SCXI-1303, SCXI-1322, SCXI-1327, and SCXI-1328 terminal
blocks, which use an onboard thermistor for cold-junction compensation.

Figure 29-4. Circuit Diagram of a Thermistor in a Voltage Divider

Figure 29-5 shows a circuit where the thermistor is excited by a constant current source.
An example of this setup would be the use of the DAQPad-MIO-16XE-50, which
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provides a constant current output. The DAQPad-TB-52 has a thermistor for
cold-junction sensing.

s e

Figure 29-5. Circuit Diagram of a Thermistor with Current Excitation

If the thermistor is excited by voltage, the following shows equation relating the
thermistor resistance,fRRto the input values:

RT = Rl DLD
Wrer— Vol

If the thermistor is current excited, the equation is

The following equation is the standard formula the VI uses for converting a thermistor
resistance to temperature:

1
a+ b(InRy)+c(InRy)°

T =

The values used by this VI fa; b, andc are given below. These values are correct for
the thermistors provided on the SCXI and DAQPad-TB-52 terminal blocks. If you are
using a thermistor with different values farb, andc (refer to your thermistor data
sheet), you can edit the VI diagram to use your anm andc values.

a= 1.295361E-3

b= 2.343159E-4

c= 1.018703E-7

The VI produces a temperature in degrees Celsius. ThereforeTk — 273.15.
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Convert Thermocouple Buffer

Converts a voltage buffer read from a thermocouple into a temperature buffer value in
degrees Celsius.

Yoltage Buffer TC LIN Temperature Buffer
C.JC Yoltage BUFF
ThermocoupleType — |

[
C.JC Sensor{D) g

Convert Thermocouple Reading
Converts a voltage read from a thermocouple into a temperature value in degrees Celsius.

Thermuculﬁulle Yoltage THEERD Linearized Temperature
C Yoltage | ’
ThemrmocoupleType ——1

CJC Sensor(0)

Scaling Constant Tuner

Adjusts the scaling constants, which LabVIEW uses to account for offset and non-ideal
gain, to convert analog input binary data to voltage data.

task ID scabi task ID out
channel Tist scposssag LON binary offsets oul
binary offsets —r 5.2 actual gains out
precision voltages - status
binary readings

To use this VI correctly, you must first take two analog input readings—a zero offset
reading and a known-voltage reading.

The default binary offset for each channel in the group 1B determine the actual
binary offset for a channel path, ground the channel inputs and take a binary reading, or
take multiple binary readings and average them to get fractional LSBs of the offset.

If you use SCXI, ground the inputs of the SCXI channels to measure the offset of the
entire signal path, including both the SCXI module and the DAQ device. The SCXI-1100,
SCXI-1122, and SCXI-1141 modules have an internal switch you can use to ground the
amplifier inputs without actually wiring the terminals to ground. To use this feature, type
the special SCXI strinGALGNDn your SCXI channel string as described inAlmeplifier
Offsetsection of Chapter 1L,ommon SCXI Applicationgn theLabVIEW Data

Acquisition Basics Manualse intermediate or advanced analog input VIs to get binary
data instead of voltage data.
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Note: If your device supports dithering, you should enable dither on your DAQ
device when you take multiple readings and average them.

LabVIEW assumes the DAQ devices gain settings and SCXI modules are ideal when it
scales binary readings to voltage, unless you use this VI to determine actual gain values
for the channels. Apply a known precision voltage to each channel and take a binary
reading, or take multiple readings from each channel and compute an average binary
reading for each channel. Your precision voltage should be about ten times as accurate
as the resolution of your DAQ device to produce meaningful results. When you wire
binary readings, precision voltages andbinary offsetsto this VI, LabVIEW

determines the actual gain using the following formula:

voltage resolution { binary reading binary off$et
precision voltage

actual gain=

In this formula, thevoltage resolutionvalue expressed in volts per LSB and is a value
that varies depending on the DAQ device type, the polarity setting, and the input range
setting. For example, the voltage resolution for a PCI-MIO-16E-1 device in bipolar mode
with an input range of +5 to -5 V is 2.44 mV. The VI returns an array of the actual gain
values that the VI stores for each channel.

Note: When you take readings to determine the offset and actual gain, you should
use the same input limits settings and clock rates that you use to measure
your input signals.

LabVIEW uses the following equation to scale binary readings to voltage:

voltage resolution { binary reading binary off$et
gain

voltage =

When you run the Al Group Config VI, it sets the attributes of all the channels in the
group to their defaults, including the binary offset and gain values.

You can wirechannel listif you want to adjust the scaling constants for a subset of the
channels in the group. If you leaghannel listunwired, the VI adjusts the scaling
constants for all channels in the group. The VI uses the same method as the Al Hardware
Config VI to apply values in thiginary offsets, precision voltagesandbinary readings

input arrays That is, if you wired channel list first (at index 0) of the input arrays apply
to the channels listed at index Odfannel listif you wiredchannel list, or to the

channels listed at index 0 ohannel list If you leavechannellist unwired, the first

values of the input arrays apply to the first channel in the group. The VI applies the values
of each input array tohannel listchannels or the group in this manner until the VI
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exhausts the arrays. If channelcirannel listor in the group remain unconfigured, the
VI applies the final values in the arrays to all the remaining unconfigured channels.

If you want to adjust only the channel offsets, and you want to assume the gain settings
on the DAQ device and SCXI modules are ideal, wire dimary offsets and leave
precision voltagesandbinary readings unwired.

You can also use this VI to retrieve the binary offset and actual gain values for all the
channels in the group by wirirtgskiD only.

After you use this VI to adjust the scaling constants for a channel path, any analog input
Vls that return voltage data use the adjusted constants for scaling. You can use the Al
Group Config VI to reset the scaling constants for each channel in the group to their
default values (zero offset and ideal gain).

SCXI Temperature Scan

This VI returns a single scan of temperature data from a list of SCXI channel. The SCXI
Temperature Scan VI uses averaging to reduce 60 Hz and 50 Hz noise, performs
thermocouple linearization, and performs offset compensation for the SCXI-1100
module.

CJC zenzor type [IC)
ternperature units (C)

devicel(1) readings
channels (ob0lsc1Imd1 10:3)
channel sensor types [J tc) errar out

channel signal limits (£50C)
ertar in (no error)
iteration
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Introduction to LabVIEW
Instrument Driver Vis

This chapter includes an overview of LabVIEW instrument drivers and
the GPIB, serial port, instrument driver template, and VISA VlIs and
functions. It also contains a history of the GPIB, and an explanation of
GPIB improvements and standards. Descriptions of the VIs and
functions comprise Chapter 31 through Chapter 37.

You can find the Instrument Driver VIs in tir@nctions palette from
your block diagram in LabVIEW. The Instrument Driver Vls are
located near the bottom of tl@nctions palette.

To access thinstrument I/O palette, choose
Functions»Instrument I1/O , as shown in the following illustration.

iE»! Functions X |
Instrument 1/0

C C
men (23] |[EF
o
’

M 13
iaikE| o)

B EVE VB

&

The Instrument I/O palette consists of the following subpalettes:
« VISA
e Traditional GPIB
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« GPIB 488.2
e Seria

You can find helpful information about individual VIs online by using
the LabVIEW Help windowKlelp»Show Help. When you place the
cursor on a VI icon, the wiring diagram and parameter names for that
VI appear in the Help window. You can also find information for front
panel controls or indicators by placing the cursor over the control or
indicator with the Help window open. For more information on the
LabVIEW Help window, refer to #aGetting Helpsection in Chapter 2,
Creating VIs of the LabVIEW User Manual.

In addition to the Help window, LabVIEW has more extensive online
information available. To access this information, setp»Online
Reference For most block diagram objects, you can sedine
Referencefrom the object’s pop-up menu to access the online
description. For information on creating your own online reference
files, see th&€reating Your Own Help Filesection in Chapter 25,
Managing Your Applicationsf theLabVIEW User Manual

Instrument Drivers Qverview

A LabVIEW instrument driver is a set of VIs that control a
programmable instrument. Each VI corresponds to a programmatic
operation such as configuring, reading from, writing to, or triggering
the instrument. LabVIEW instrument drivers simplify instrument
control and reduce test program development time by eliminating the
need to learn the low-level programming protocol for each instrument.

The LabVIEW instrument driver library contains instrument drivers for
a variety of programmable instrumentation, including GPIB, VXI, and
serial. If a driver for your instrument is in the library, you can use it as
is to control your instrument. Instrument drivers are distributed with
their block diagram source code, so you can customize them for your
specific application. If a driver for your particular instrument does not
exist, you can:

* Try using a driver for a similar instrument. Often similar
instruments from the same manufacturer have similar if not
identical instrument drivers.

* Modify the Instrument Driver Template VIs to create a new driver
for your instrument.
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e Use either the GPIB, VXI, Serial, or VISA 1/O libraries provided
with LabVIEW to send commands directly to your instrument.

Instrument Driver Distribution

LabVIEW instrument drivers are distributed in a variety of media
including electronic via bulletin board and internet and CD-ROM.

You can download the latest versions of the LabVIEW instrument
drivers from one of the National Instruments bulletin boards and, if you
have internet access, you can download the latest instrument driver files
from the National Instrument File Transfer Protocol site. See the
Bulletin Board Support and FTP Support sections of Appendix E,
Customer Communication

CD-ROM Instrument Driver Distribution

The entire library of LabVIEW instrument drivers is available on
CD-ROM. The instrument driver CD-ROM is available from National
Instruments at no charge.

You can retrieve the latest instrument driver list on a touch-tone phone
by calling the National Instruments automated fax system, Fax-on-
Demand, at (512) 418-1111 or by calling National Instruments.

Instrument Driver Template Vis

The LabVIEW instrument driver templates are the foundation for all
LabVIEW instrument driver development. The templates have a simple,
flexible structure and a common set of instrument driver Vs that you
can use for driver development. The VIs establish a standard format for
all LabVIEW drivers and each has instructions for modifying it for a
particular instrument.

The LabVIEW instrument driver templates are predefined instrument
driver VIs that perform common operations such as initialization,
self-test, reset, error query, and so on. Instead of developing your own
Vls to accomplish these tasks, you should use the LabVIEW instrument
driver template VIs, which already conform to the LabVIEW standards
for instrument drivers.

Chapter 33|nstrument Driver Template V|Iprovides more information
on the Instrument Driver Template Vls.
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Introduction to VISA Library

VISA (Virtual Instrument Software Architecture) is a single interface
library for controlling VXI, GPIB, RS-232, and other types of
instruments. The VISA Library provides a standard set of I/O routines
used by all LabVIEW instrument drivers. Using the VISA functions,
you can construct a single instrument driver VI which controls a
particular instrument model across different I/O interfaces.

An instrument descriptor string is passed to the VISA Open function in
order to select which kind of 1/0 will be used to communicate with the
instrument. Once the session with the instrument is open, functions such
as VISA Read and VISA Write perform the instrument I/O activities in

a generic manner such that the program is not tied to any specific GPIB
or VXI functions. Such an instrument driver is considered to be
interface independent and can be used as is in different systems.

Instrument drivers which use the VISA functions perform activities
specific to the instrument, not to the communication interface. This
creates more opportunities for using the instrument driver in many
diverse situations.

For more information on VISA functions, see Chaptend8A Library
Reference

Introduction to GPIB

The General Purpose Interface Bus (GPIB) is a link, or interface
system, through which interconnected electronic devices communicate.

History of the GPIB

Hewlett-Packard designed the GPIB (originally called the HP-IB) to
interconnect and control its line of programmable instruments. The
GPIB was soon applied to other applications such as intercomputer
communication and peripheral control because of its 1 Mbytes/s
maximum data transfer rates. It was later accepted as IEEE Standard
488-1975 and has since evolved into ANSI/IEEE Standard 488.2-1987.
The versatility of the system prompted the name General Purpose
Interface Bus. For a basic description of the GPIB, see Appendix C,
Operation of the GPIB
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National Instruments brought the GPIB to users of
non-Hewlett-Packard computers and devices, specializing in both
high-performance, high-speed hardware interfaces and comprehensive,
full-function software. The GPIB functions for LabVIEW follow the
IEEE 488.2 specification.

The IEEE 488.2 Standard

The ANSI/IEEE Standard 488.2-1987 expanded on the earlier

IEEE 488.1 standard to describe exactly how the Controller should
manage the GPIB, including the standard messages that compliant
devices should understand, the mechanisms for reporting device errors
and other status information, and the various protocols that discover and
configure compliant devices connected to the bus.

The original standard, renamed |IEEE 488.1, addressed only the
hardware specifications of the GPIB cable and basic protocols. Its main
shortcoming was that it left the interpretation of the standard as it
applied to GPIB devices up to the instrument manufacturers. Thus, each
GPIB instrument had a uniqgue command set. To integrate each
instrument into a particular GPIB system, programmers had to learn
programming particulars for each device, a time-consuming and
frustrating process. IEEE 488.2 specifically states how compliant
devices must communicate. This standard, along with Standard
Commands for Programmable Instruments (SCPI), which defines
specific function-dependent command sets, makes instrument
programming more uniform.

The IEEE 488.2 standard also addresses Controller issues, such as the
capabilities a compatible Controller must have. For example, the ability
to monitor any of the bus lines at any time is crucial for detecting active
devices (Talkers and Listeners) on the GPIB. IEEE 488.2 also defines
the bus commands and protocols a Controller must use. The new
standard also lists minimum functionality requirements, which directly
influence the style of the NI-488.2 software in general and the GPIB
488.2 functions for LabVIEW in particular. Appendix Operation of

the GPIB for more information on Talkers, Listeners, and Controllers.
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Compatible GPIB Hardware

The following National Instruments GPIB hardware products are
compatible with LabVIEW:

LabVIEW for Windows 95 and Windows 95-Japanese

AT-GPIB/TNT, AT-GPIB/TNT (PnP), AT-GPIB/TNT+ 2 PCI-
GPIB

PCMCIA-GPIB, PCMCIA-GPIB+
GPIB-ENET

EISA-GPIB

VXIpc Model 850

NEC-GPIB/TNT, NEC-GPIB/TNT (PnP)
GPIB-PCII/IIA

PC/104-GPIB

CPCI-GPIB

GPIB-ENET

PMC-GPIB

LabVIEW for Windows NT

AT-GPIB, AT-GPIB/TNT
PCMCIA-GPIB
PCI-GPIB

VXIpc Model 850
GPIB-ENET

LabVIEW for Windows 3.1

AT-GPIB, AT-GPIB/TNT, AT-GPIB/TNT (PnP), AT-GPIB/TNT+
PCI-GPIB

PCMCIA-GPIB, PCMCIA-GPIB+
GPIB-ENET

EISA-GPIB

VXIpc Model 850

NEC-GPIB/TNT (Japanese), NEC-GPIB/TNT (PnP) (Japanese) 2
GPIB-PCII/IIA

GPIB-232CT-A
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+ GPIB-485CT-A
« GPIB-1284CT

« PCII/IIA

e STD-GPIB

« EXM-GPIB

« MC-GPIB
LabVIEW for Mac 0S
« PCI-GPIB

« NB-GPIB/TNT, NB-GPIB-P/TNT

¢« PCMCIA-GPIB

« LC-GPIB

« GPIB-ENET

+ GPIB-232CT-A

¢ GPIB-SCSI-A

+ PC/104-GPIB

« NB-DMAZ2800 (Traditional GPIB VI's only)

LabVIEW for HP-UX

e GPIB-ENET
+ EISA-GPIB
e AT-GPIB/TNT

LabVIEW for Sun (Solaris)

* GPIB-ENET
*» GPIB-SCSI-A
e SB-GPIB/TNT

LabVIEW for Concurrent PowerMAX

« GPIB-1014
 GPIB-1014D
+ GPIB-1014P
« GPIB-1014DP
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LabVIEW Traditional GPIB Functions

The traditional GPIB functions are compatible with all the GPIB boards
listed in theCompatible GPIB Hardwarsection of this chapter.

These traditional GPIB functions are compatible with both IEEE 488
and IEEE 488.2 devices and are suffcient for most applications. For
more complex applications, such as using several devices and more than
one GPIB interface, you can use the GPIB IEE 488.2 functions.

For more information on the LabVIEW Traditional GPIB functions, see
Chapter 35]Traditional GPIB Functions

GPIB 488.2 Functions

Using GPIB 488.2 functions together with IEEE 488.2-compatible
devices improves the predictability of instrument and software behavior
and lessens programming differences between instruments of different
manufacturers.

The latest revisions of many National Instruments GPIB boards are
fully compatible with the IEEE 488.2 specification for Controllers. The
LabVIEW package also contains functions that make use of

IEEE 488.2. By using these functions, your programming interface will
strictly adhere to the IEEE 488.2 standard for command and data
sequences.

The GPIB 488.2 functions contain the same basic functionality as the
traditional GPIB functions, and include the following enhancements
and additions:

* You specify the GPIB device address with an integer instead of a
string. Further, you specify the bus number with an additional
numeric control, which makes dealing with multiple GPIB
interfaces easier.

* You can determine the GPIB status, error, and/or byte count
immediately from the connector pane of each GPIB 488.2 function.
You no longer need to use the GPIB Status Function to obtain error
and other information.

e The FindLstn Function implements the IEEE 488.2 Find All
Listeners protocol. You can use this function at the beginning of an
application to determine which devices are present on the bus
without knowing their addresses.

» The GPIB Misc Function is still available, but it is no longer
necessary in most cases. IEEE 488.2 specifies routines for most
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GPIB application needs, which are implemented as functions.
However, you can mix the GPIB Misc Function, as well as other
GPIB functions, with the GPIB 488.2 functions if you need to.

e There are GPIB 488.2 functions with low-level as well as
high-level functionality, to suit any GPIB application. You can use
the low-level functions in Non-Controller situations or when you
need additional flexibility.

e Although you must use an IEEE 488.2-compatible Controller to use
these functions, they can control both IEEE 488.1 and IEEE 488.2
devices. The GPIB 488.2 functions are divided into five functional
categories: single-device, multiple-device, bus management,
low-level, and general.

Single-Device Functions

The single-device functions perform GPIB I/O and control operations
with a single GPIB device. In general, each function accepts a
single-device address as one of its inputs.

For more information on Single-Device Functions, see Chapter 36,
GPIB 488.2 Functions

Multiple-Device Functions

The multiple-device functions perform GPIB I/O and control operations
with several GPIB devices at once. In general, each function accepts an
array of addresses as one of its inputs.

For more information on Multiple Device Functions, see Chapter 36,
GPIB 488.2 Functions

Bus Management Functions

The bus management functions perform system-wide functions or
report system-wide status.

For more information on Bus Management functions, see Chapter 36,
GPIB 488.2 Functions

Low-Level Functions

The low-level functions let you create a more specific, detailed program
than higher-level functions. You use low-level functions for unusual
situations or for situations requiring additional flexibility.
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For more information on Low-Level functions, see Chapter 36,
GPIB 488.2 Functions

General Functions

The general functions are useful for special situations. The following
table lists the general functions:

For more information on General functions, see Chapter 36,
GPIB 488.2 Functions

Serial Port VI Overview

The serial port VIs configure the serial port of your computer and
conduct I/O using that port.

For more information on serial port functions, see Chapter 37,
Serial Port Vs
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LabVIEW Instrument Driver
Models

This chapter contains an overview of the LabVIEW instrument driver
external interface model and the LabVIEW Instrument Driver Internal
Design Model.

The following two conceptual models help define a standard for
LabVIEW instrument driver software design, development and use. The
first model, the instrument driver external interface model, shows how
the instrument driver interfaces with other system components. The
second model, the instrument driver internal design model, defines the
internal organization of an instrument driver software module.

LabVIEW Instrument Driver External Interface Model

The following figure shows a general model of how a LabVIEW
instrument driver interfaces with the rest of the system.

Application Program

» 4

Interactive Programmatic
Developer Interface Developer Interface

Instrument Driver
(Functional Body)

Subroutine 1/0 Interface
Interface (VISA)

Figure 31-1. General Model of Instrument Drivers in LabVIEW
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Functional Body

Thefunctional bodyis the actual code for the instrument driver. Refer
to theLabVIEW Instrument Driver Internal Design Modsction of this
chapter, for more information.

The most successful instrument driver products historically have been
developed by using a standard programming language for the functional
body. This is the approach LabVIEW instrument drivers take. The
advantages include greater developer control over the driver, more
robust drivers, and increased functionality. LabVIEW instrument
drivers are written using the standard LabVIEW graphical
programming environment.

The functional body of a LabVIEW instrument driver is a set of VIs that
control a specific instrument. The source code for these Vls are block
diagrams consisting of executable icons connected by data flow wires.
Because the functional body is developed with the standard tools
provided in LabVIEW, users can view instrument driver source code
easily and optimize it for their application.

Interactive Developer Interface

The interactive developer interface of a LabVIEW instrument driver is
the front panel. It is analogous to a physical instrument panel and is the
interactive user interface of the VI. On the panel, controls and
indicators graphically represent the inputs and outputs of the VI. With
the LabVIEW front panel, users can operate individual instrument
driver Vs interactively and verify communication.

Programmatic Developer Interface

The icon/connector is the programmatic interface of the LabVIEW
instrument driver VI. It consists of a graphical representation of the VI
(icon) and a definition of the input and output terminals for the VI
(connector). When you call or execute a VI from another VI, you place
a copy of the subVI icon/connector in the block diagram of the calling
VI. Information passes between the two VIs through the connector
terminals. There are several benefits to this approach. You can assemble
test systems easily using LabVIEW instrument drivers by combining a
few instrument driver Vs, each using multiple parameters. The
instrument driver interface in the user program is modular and easy to
identify, and you can recall the VI front panels during debugging to
understand how the program uses the instrument driver.
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1/0 Interface

An important consideration for instrument drivers is how they perform
I/0 to and from instruments. The 1/O interfaces for LabVIEW
instrument drivers are the VISA and GPIB function libraries, and the
VXI and Serial VI libraries. These libraries contain sets of functions
and Vls that cover the capabilities of GPIB, VXlbus, and Serial bus
capabilities, including both message-based and register-based
programming, interrupt and event handling, and direct access to the
VXI backplane.

VISA, an acronym for Virtual Interface Software Architecture, is a
single interface library for controlling VXI, GPIB, RS-232, and other
types of instruments. Refer to Chapter S#5A Library Referengdor
further information.

Subroutine Interface

Because you write LabVIEW instrument drivers in standard LabVIEW
graphical code, an instrument driver has the same capabilities as any
other LabVIEW VI. While some VIs (such as instrument drivers)
perform only simple 1/O to and from an instrument, other VIs might
control multiple instruments or use support libraries to integrate data
analysis or other measurement-specific operations. With LabVIEW,
you can build virtual instruments that combine hardware and software
capabilities. You can develop and package complete, high-level tests as
single Vls, which other test developers can reuse.

By ensuring compatibility with the virtual instrument concept, the
LabVIEW instrument driver standard has unlimited potential for
delivering baseline as well as sophisticated application-specific
instrument drivers. The LabVIEW instrument driver standard defined in
this document applies both to instrument drivers that control only a
single instrument, and to virtual instrument drivers that combine
features of multiple instruments and add software processing.

LabVIEW Instrument Driver Internal Design Model

The LabVIEW instrument driver internal design model, shown in the
following figure, defines the organization of the LabVIEW instrument
driver functional body Because development guidelines and all
LabVIEW instrument drivers are based on this model, it is important to
both developers and end users of instrument drivers. When you

© National Instruments Corporation 31-3 LabVIEW Function and VI Reference Manual



Chapter 31 LabVIEW Instrument Driver Models

understand the model and how to use one instrument driver, you can use
that knowledge across numerous instrument drivers.

Initialize

Soft Front Panel Application Program
Functional Body
Application Functions
- Close
configure| | ASHon & | | pata | | utility

Component Functions

Support Libraries VISA

Figure 31-2. LabVIEW Instrument Driver Internal Design Model

The functional body of a LabVIEW instrument driver consists of two
main categories of VlIs. The first category is a collectionamhponent

VIs, which are individual software modules that each control a specific
type of instrument function. The second category is a collection of
higher-levelapplication Visthat illustrate how to combine the
component Vls to perform basic test and measurement operations with
the instrument.

The internal design model of LabVIEW instrument drivers is built on a
proven methodology. With this model, you have the necessary
granularity to control instruments properly in your software
applications. You can, for example, initialize all instruments once at the
beginning, configure multiple instruments, and then trigger several
instruments simultaneously. As another example, you can initialize and
configure an instrument once, and then trigger and read from the
instrument several times.

Instrument Driver Application Vis

Theapplication Visare at the highest level of the instrument driver
hierarchy. They are written in LabVIEW block diagram source code and
control the most commonly used instrument configurations and
measurements. These VIs serve as a code example for how to configure
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the instrument for a common operation, trigger the instrument, and take
measurements. Because the application Vls are standard Vls, with icons
and connector panes, you can call them from any high-level application
when you want a single, measurement-oriented interface to the driver.
For many developers, the application VlIs are the only instrument driver
VlIs needed for instrument control. The Tek VX4790 Example VI,
shown in the following figure, demonstrates an application VI front
panel.

)2 |

hpplication Font hd | [FFR %

L&A
In=t-

YISA Refaum

dup ¥ISA Refnum

Tektronix 7

YH47790 Arb. Waveform Generator

Waveform (square: |] High Peak Amplitude Error Dut
Error In (no error) = [ I Hi5.o0 | Tiatis o
status gode
........ Frequenoy (Hz) Low Peak Amplitude
source lez.uDEﬂs Il HI—:.DD |

Figure 31-3. Tek VX4790 Example VI

The application VIs are built from a low-level set of instrument driver
component VIs

Instrument Driver Component Vis

LabVIEW instrument drivers hav@amponent Viswhich are a modular
set of Vls that contain all of the instrument configuration and
measurement capabilities. The component VIs fit into six categories:
initialize, configuration, action/status, data, utility, and close.

All LabVIEW instrument drivers should have anmtialize VI. It is the
first instrument driver VI called, and establishes communication with
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the instrument. Additionally, it can perform any necessary actions to
place the instrument either in its default power on state or in some other
specific state.

The configurationVlIs are a collection of software routines that

configure the instrument to perform the desired operation. There may
be numerous configuration VIs, depending on the particular instrument.
After these Vs are called, the instrument is ready to take measurements
or stimulate a system.

Theaction/statuscategory contains two types of VisctionVIs cause

the instrument to initiate or terminate test and measurement operations.
These operations can include arming the trigger system or generating a
stimulus. These VIs are different from the configuration VIs because
they do not change the instrument settings, but only order the
instrument to carry out an action based on its current configuration.
StatusVIs obtain the current status of the instrument or the status of
pending operations. The specific routines in this category and the actual
operations they perform are left up to you.

DataVIstransfer data to or from the instrument. Examples include VIs
for reading a measured value or waveform from a measurement
instrument, VIs for downloading waveforms or digital patterns to a
source instrument, and so on. The specific routines in this category and
the actual operations performed by those routines are left up to you.

Utility VIs can perform a variety of operations that are auxiliary to the
most often used instrument driver VIs. These VIs include the majority
of theinstrument driver template Viuch as reset, self-test, revision
qguery, error query, and error message and may include other custom
instrument driver VIs, such as calibration or storing and recalling
setups.

All LabVIEW instrument drivershould include &lose VI The close
VI terminates the software connection to the instrument and deallocates
system resources.

Each of these categories, with the exception of the initialize and close
VIs, consists of several modular VIs. Most of the critical work in
developing an instrument driver lies in the initial design and
organization of the instrument driver component VlIs. The specific
routines in each category are further categorized as edhnglateVis

or developer-specifiedls.
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Thetemplate Visare instrument driver VlIs that you can use as templates
or examples. These VIs perform common operations such as initialize,
close, reset, self-test, and revision query. The template VIs contain
modification instructions for their use in a specific instrument driver for
a particular instrument. For more information, refer to Chapter 33
Instrument Driver Template Vs

The remainder of instrument driver ViIs are known as
developer-specified Vignd the actual operations performed by those
routines are left up you. Although all instruments will have
configuration VIs, some instruments can have a different number of
configuration VIs depending on the unique capabilities of the
instrument.

Figure 31-4 shows how the Tek VX4790 Example application VI
diagram uses the instrument driver component VIs:

High Peak drnplitude
“Waveform [1 : ging)
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start connect
¥ ¥
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dup Y154 session

UECREL O T [ & ]
i a :

p&..,

Hun-St!

L E=—=
CHWHELT
| o R o T e H UL am o
Errar In (no error) Ertor Out
[DBL]

Low Peak &rmplitude
Config Standard Start Wave Connect Output
waveform

Figure 31-4. Vs in Tek VX4790 Example Diagram

The block diagram of the instrument driver component VIs uses
standard LabVIEW VIs, as well as VISA VIs to build command strings
and send them to the instrument. In the following figure, the Tek
VX4790 Config Std Wave component VI block diagram assembles the
command string and wires it into the VISA Write ¢tion. This function
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performs the necessary 1/O, checks for errors, and updates the
appropriate error indicators.

SETSIMND
SETSGHUARE
set memory ptr to 0 SETSawTOO
IE SETTRIANG

W aveform [1: Sine) L}

error in [no eror] J[56 5 e n

High Peak Ampltude (5 0] [EEL]—— e
Low Peak Amplitude [-5.0]
Frequency [25 MHz]
WISA session IIEI ..r.'hs.q [ ]| dup 154 zession
al C-\
errar aut

Figure 31-5. Tek VX4790 Config Std Wave Diagram

Error Reporting

LabVIEW instrument drivers use error clusters to report all errors.
Inside the cluster, a Boolean error indicator, a numeric error code, and
an error source string indicator report if there is an error, the specific
error condition, and the source (name) of the VI in which the error
occurred. Additional comments may also be included. Each instrument
driver VI has an error in and an error out terminal defined on its
connector pane in the lower left and lower right terminals respectively.
By wiring the error out cluster of one VI to the error in cluster of another
VI, you can pass error information all the way through your instrument
driver and out to your full application.

Another benefit of error input/output is that data dependency is added
to VIs that are not otherwise data dependent.

Additional Vls Distributed with the Instrument Driver

In addition to the VlIs described by the internal model, include a Getting
Started VI and a VI Tree VI with your instrument driver files.
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The Getting Started VI

The Getting Started VI allows the user to use the instrument without
wiring a subVI on the block diagram. This is generally the first VI the
end user runs to verify communication with the instrument. This VI
generally consists of three sub-VIs: the initialize VI, an Application VI
and the Close VI. The front panel of the Getting Started VI then
resembles the application VI's front panel that it calls. Instead of having
the user provide the VISA resource name, the user should only provide
the GPIB address, VXI logical address or communications port. For
example, instead of requiring the resource name “GPIB0::24", the
Getting Started VI would require the user supply a GPIB address of
“24.” The front panel and block diagram of the Getting Started VI for
the HP34401A are shown below.

Hewlett

Packard Multimeter

BO

Function [0V DC)

lﬂ_ﬁ DC Yaltage

Manual Res.

0.000E +0

344014
GFPIE Address (4]
Source [Cnternall ﬂllfii
lﬂ_g Internal *
error out
Range/Resolution [T:Auto] Samples [1] datus .
[tuo ) CI— [roem] 0
Auta b o error 0
ZOLIMCE
[1: 5.5 Digitz) Manual Range (1.00) Manual Delay (0]
sl w0 |

1 ;65 Digis

@ Copyright 1995 Mational Ingtruments Corparation. ALL RIGHTS RESERVED.

GFIB Address [4]

Initialize

Application Example

tarual Delay [0]
Samples [1)

Close

[oBL] | Measurements

Function [0 DC)
[ TR

CLECLTIE

HP:
\,:‘]: e
AMPLE o1 = error out

Source [Xnternal]
Range/Rezalution [T:Auba)
Manual Range [1.00]

Marual Fes. [1: 5.5 Digits)
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The VI Tree VI

In order for customers to view the entire instrument driver hierarchy at
once, a VI Tree Vl is required. This VI is a non-executable VI that is
designed to show the functional structure of the VI. If an end user does
not install the palette menu files for the instrument, the VI Tree is the
only resource to understanding the structure. An example of a VI tree

VI is shown below.
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HEWLETT PACKARD
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HF 42345 HF dz22488
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[r— u ini I on 1 2 :
e | [L o= o = £ I _
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LabVIEW Instrument Driver
Development

This chapter describes the procedure for developing a LabVIEW
instrument driver. The ideal LabVIEW instrument driver has full
function control of the instrument. Rather than mandate the required
functionality of all instrument types, such as DMMs, counter/timers,
and so on, this chapter focuses on the architectural guidelines of all
drivers. With this information, driver developers can implement
functionality unique to a particular instrument, and still organize,
package and use all drivers in the same way.

Development Procedure

The best way to develop a LabVIEW Instrument Driver is to follow a
three-step process. In step one, yesigh the instrument driver
structure. In step two, you modify the instrument driver templates VIs.
In step three, you add developer defined ViIs.

Designing the Instrument Driver Structure

The ideal instrument driver does what the user needs—no more and no
less. No particular type of driver design is perfect for everyone, but by
carefully studying the instrument and grouping controls into modular
VIs, you can satisfy most users.

When the number of programmable controls in an instrument increases,
so does the need for modular instrument driver design since a single VI
cannot access all features. However, when an instrument driver
contains hundreds of VIs, each controlling a single instrument feature,
more instrument rules regarding command order and interaction apply.
Modular design simplifies the tasks of controlling the instrument and
modifying VIs to meet special requirements.

Ideally, you should devise the overall structure of your instrument
driver before you build the individual VIs. A useful instrument driver is
more than a series of VIs; it is a tool to help users develop application
programs. You should design an instrument driver with the application
and end user in mind.
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You must create some instrument driver VIs that control unique
instrument features. However, you can use template VIs for common
operations. For more information about template VIs see Chapter 33,
Instrument Driver Template Vs

Instrument Driver Structure and VI Hierarchy

When you develop a LabVIE\Mstrument driver, it is important to
clearly define the structure and VI hierarchy of the driver. First, define
the primary VIs and develop a modular VI hierarchy. This hierarchy is
the design document for a LabVIEWSstrument driver.

Useful instrument drivers come from an in-depth knowledge of the
instrument operation and use in test applications. The following steps
outline one approach to developing the structure for the LabVIEW
instrument drivers:

1. Familiarize yourself with the instrument operation. Read the
operating manual thoroughly. Typically the foundation of the
driver hierarchy is in the instrument programming manual. Learn
how to use the instrument interactively before you attempt any
programming.

2. Use the instrument in an actual test set-up to get practical
experience. (The operating manual may explain how to set up a
simple test.)

3. Study the programming section of the manual. Skim the instruction
set to see which controls and functions are available and how the
features are organized. Decide which features are best suited for
programmatic use.

4. Examine instrument drivers for similar instruments. Often
instruments from the same family have the same programming
command set and you can easily modify their corresponding
instrument drivers.

5. Determine which LabVIEW template Vs are suitable for use with
your instrument.

6. Develop a structure for the driver by looking for controls that are
used together to perform a single task or function. The sections of
a well organized manual often correspond to the functional
groupings of an instrument driver.
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Instrument Driver VI Organization

After you have developed your Instrument Driver structure, you can
develop a VI hierarchy to organize the Vls that will be necessary to
create the driver.

The VI organization of an instrument driver defines the hierarchy and
overall relationship of the instrument driver component VIs.

You define the majority of instrument driver ViIs and design them to
access the unique capabilities of a particular instrument. However,
many operations common to all types of instrumentation are performed
by the template instrument driver VIs: initialize, close, reset, self-test,
revision query, error query, and error message.

The template VIs for LabVIEW instrument drivers include prewritten
Vls to perform these common instrument operations. The command
strings are based on the VISA functions. To include these VIs in your
instrument driver, modify the command strings as required for your
instrument. If the instrument is IEEE 488.2 compliant, little or no
modifications are needed. If you are developing a driver for a non-IEEE
488.2 compliant or a register-based device, you will develop equivalent
VIs for your instrument.

A class is a group of Vs that perform similar operations. Common
classes of VIs are configuration, action/status, data, and utility.

The following table shows an example instrument driver organization
for an oscilloscope. At the highest level of the hierarchy, you see the
template VIs, initialize and close and the typical classes of Vls.

Table 32-1.  Instrument Driver Organization Example

VI Hierarchy Type

Initialize VI (Template)

Application VIs
* Autosetup and Read Waveform (Developer Defined)
* Rise-Time/Fall-Time Measurement (Developer Defined)
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Table 32-1.  Instrument Driver Organization Example (Continued)

VI Hierarchy

Type

Configuration Vs
 Configure Vertical

« Configure Horizontal
 Configure Trigger

» Configure Acquisition Mode
* Autosetup

(Developer Defined)
(Developer Defined)
(Developer Defined
(Developer Defined)
(Developer Defined)

Action Vls
* Acquire Data

(Developer Defined)

Data Vs

* Read Waveform

» Voltmeter Measurement

» Counter/Timer Measurement

(Developer Defined)
(Developer Defined)
(Developer Defined)

Utilities Vs

* Reset (Template)
* Self-Test (Template)
* Revision Query (Template)
« Error Query (Template)
« Error Message (Template)
Close VI (Template)

Guidelines and Recommendations

Design an instrument driver VI front panel that contains all the
controls required to perform the VI task.

For example, a configure measurement VI would contain only the
necessary controls to configure the instrument to take the
measurement. It would not take the measurement or configure any
other features. Other Vis included in the instrument driver perform
these tasks.

Design a modular instrument driver that contains a set of Vls, each
performing a logical task or function such as configuring the
instrument or taking a measurement.

A modular instrument driver is flexible and easy to use. For
example, consider a digital multimeter driver design that uses a
single VI to both configure the instrument and read a measurement.
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The user cannot read multiple measurements without reconfiguring
the meter each time the VI executes. A better approach is to build
two Vls: one to configure the instrument, and one to read a
measurement. Then the user can configure the meter once and take
multiple measurements.

Concentrate on the correct level of granularity of driver ViIs and
how these VIs will be used in a system.

An instrument driver with a few very high-level VIs may not give
the user enough control of the instrument operation. Conversely, an
instrument driver with many low-level Vls is difficult for users
unfamiliar with instrument rules regarding command order and
interaction. For example, when using a measurement device such as
an oscilloscope, the user typically configures the instrument once
and takes many measurements. In this case, you should write
high-level configuration VIs for the device. On the other hand,
when using a stimulus device such as a pulse generator, the user
may want to vary individual parameters of the pulse to test the
boundary conditions of his system, or perform frequency response
tests. In this case, you should write lower-level Vs, so that users
can access individual instrument capabilities instead of
reconfiguring each time they want to change one component of the
output.

Consider the relationship of the driver with other instrument drivers
in the system.

Typically, test designers want to initialize all of the instruments in
a system at once, then configure them, take measurements, and
finally close them at the end of the test. Good driver design includes
logical division of operations.

Create an instrument driver design (both in appearance and
functional structure) that is similar to other instruments of the
same type.

Instrument drivers across a family of similar instruments should be
consistent in appearance, structure, and style. For example, all
oscilloscope drivers should resemble each other, as should all
multimeters, scanners, and sources. If possible, modify a copy of an
existing driver of a similar instrument.

Design an instrument driver that optimizes the programming
capability of the instrument.

You can sometimes exclude documented functions that are not
well-suited for programmatic use.
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» Design each VI to be independent of other Vis.

If two or more VIs must always be used together, consolidate them
into one VI.

e Minimize redundant parameters.

For example, the parameters for each channel of a multi-channel
oscilloscope are similar or identical. Rather than duplicate the
programming controls for each channel, you can include a VI
control for selecting which channel to configure. The user can use
this VI to change the settings for an individual channel, rather than
configuring every channel each time the VI is called.

Design Example

Deciding which parameters to include in an instrument driver VI is one
of the greatest challenges facing the instrument driver developer.
Fortunately, organizational information is often available in the
instrument’s manuals. In particular, the programming section of the
manual may group the commands into sections such as configuring a
measurement, triggering, reading measurements, and so on. These
groupings can serve as a model for a driver hierarchy. Begin to develop
a structure for the driver by looking for controls that are used together
to perform a single task or function. A modular driver will contain
individual Vls for each of the control groups.
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The following table shows how the command summary from the
Tektronix VX4790 Arbitrary Waveform Generator Operating Manual
relates to developer specified instrument driver VIs.

Table 32-2. Command Summary from Tektronix VX4790

Instrument Manual Section Instrument Driver VI

Setup Commands TKVX4790 Setup
* External clock input enable
* External trigger source

* Sync pulse control

* Isolation relay control

Pre-Programmed Waveform TKVX4790 Config Std.
Commands Waveform
* Sine wave

» Square wave
* Triangle wave
» Sawtooth wave

Frequency Commands TKVX4790 Config Sample
» Frequency Frequency

* Period

* Divide

» Low-Pass filters

Voltage/Attenuator Commands TKVX4790 Config Volt/Atten.
« Voltage control

* Attenuator enable
* Attenuation level

Arbitrary Waveform Commands | TKVX4790 Download Arb.
» Sample voltage Waveform
* Breakpoint/Last commands

Trigger Commands TKVX4790 Run/Stop
» Start location
* Breakpoint/last commands

While the instrument manual can provide a great deal of information
about how to structure the instrument driver, you should not rely on it
exclusively. Your knowledge of the instrument and how it is used
should be the ultimate guide. The preceding table shows manual
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sections that map nicely to VIs found in the instrument driver. There are
instances when it is more appropriate to place commands from several
different command groups in your VI.

Conversely, it is often necessary to take one group of commands and
divide it into two or more VIs. Consider how an instrument manual
groups the trigger configuration commands with the commands that
actually perform the trigger arming and execution. In this case, you
should separate the commands into two VIs; one to configure the
trigger, and one that arms or triggers the instrument.

The following figure shows the LabVIEW instrument driver VIs for the
Tektronix VX4790 Arbitrary Function Generator.

Initialize VI

Application VI

. . WEHT90] [ysy g 0] [ Y TED

Configuration Vls COHFIC STRMDARD
U SAMFLE

|worrme |~ FREQ [

; 4190
Action Vls el
CAMMELT
O 15COHMHELT)
Data VI
Utility VI LT | PFTRET | SR
YIS W RENISION
By |y
Close VI

Figure 32-1. LabVIEW Instrument Driver VIs for the Tektronix VX4790

Modifying the Instrument Driver Templates

After you design the LabVIEW instrument driver structure, the next
step is to modify the template Vls to represent your instrument. Most of
the modifications involve the instrument prefix. The prefix is a unique
identifier for the instrument driver, and is used as the filename for all
files associated with the driver and as the prefix to all instrument VI
names. Typically, the prefix is the combination of an abbreviation for
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the instrument vendor name and the model number. For example, the
instrument prefix for the Tektronix VX4790 instrument driver is
tkvx4790 . As a default, the template instrument driversRREFIX as

the instrument prefix.

Use the following procedure for modifying the LabVIEW instrument
driver template:

1. Open thePREFIX Initialize template in the fileCoreDrv.llb

2. Save the VI into a new VI library file by using the prefix for your
instrument as the filename of thie file. Save the VI replacing
PREFIX in the VI name with the prefix for your instrument.

3. Follow the instructions in thodification Instructions
string control on the initialize panel to modify the VI for your
particular instrument.

Edit allShow VI Info... and control and indicator descriptions.

5. Editthe icon. Create an icon for each of the color modes of the icon:
Black and White, 16-Color, and 256-Color.

6. Delete theModification Instructions string control after you
have completed the modifications.

7. Resize the front panel and save the VI.

Repeat steps 1 through 7 for PREFIX Close VI and the remaining
template VIs that your instrument uses. All LabVIEW instrument
drivers should have initialize, close, reset, revision query, error
message, self test and error query and error message (multiple) Vis.
If the instrument does not support some of the utility functions, the
VI should return a “not supported” warning.

After completing this procedure, you have a base-level driver that
implements all template instrument driver VIs and is a good framework
from which you can create the rest of your driver.

In addition toCoreDrv.llb  , there is one more instrument driver
template libraryCoreDr_U.llb . This library can contain support VIs
that the instrument driver uses internally, but which you do not intend
the end user to call. Two examples of support files, PREFIX Utility
Clean Up Initialize and PREFIX Utility Default Instrument Setup, are
included in theCoreDr_U.llb  file. If you intend the instrument driver

to use these files, you should rename and modify them like those in
CoreDrv.lIb
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Adding Instrument Driver Component VI Vis

The final step in developing a LabVIEW instrument driver is to add the
developer defined component VIs that define the functionality of the
instrument driver and access the unique capabilities of your instrument.
The Vls that you create will be added to the source code along with the
template Vs in the filerefix.llb

You can use the following procedure to add your new VIs:

1. Open either theREFIX Message-Based or PREFIX
Register-Based  templates VI irCoreDrv.llb . Use thePREFIX
Message-Based template VI for message-based operations. Use
the PREFIX Register-Based template VI for register-based
operations.

2. Edit the VI front panel. Create the controls and indicators for
the VI.

3. Edit all control and indicator Help information. Edit tBhow VI
Info... description.

4. Edittheicon. Create an icon for each of the color modes of the icon:
Black and White, 16-Color, and 256-Color.

5. Edit the connector pane. Select an appropriate connector pattern
and wire all controls and indicators to the terminals.

6. Edit the block diagram. Program all operations necessary to carry
out the functionality of the instrument driver VI.

Save the VI.
Test the instrument driver VI.

Repeat these steps for every instrument driver component VI and
application VI that you define for your instrument.

10. Edit the instrument driveitb by selecting-ile»Edit VI
Library... from the menu. Edit thEunctions andControls names.
Edit the arrangement of icons in the Functions and Controls
palettes.

Editing the block diagram source code is the most difficult step in
adding a component VI to the instrument driver. Defining a block
diagram structure makes it easier to edit the block diagram source code.
You can divide this process into the following steps:

1. Place the appropriate 1/O routines in the block diagram.

2. Wire theerror in cluster terminal to the first 1/O VI error input
connector. Then wire thexror out connector of that VI to therror
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in connector of the next VI. Continue this process for all of the 1/0
VIs. Then wire theerror out connector of the last VI to theror
out terminal of the icon.

3.  Wire theVISA sessionto every 1/O VI.

4. Use the LabVIEW string VIs to assemble a command string based
on the VI inputs.

Wire the command string to tMeSAWrite  function.

6. Use theviISARead function to read the response if an instrument
response is generated.

7. Use the string Vls to parse the response and wire it to the
appropriate indicator terminals.

Modifying the Menu Files to Create Function Sub-Palettes

After you complete all the required VIs, component VIs, Application
Vls and the Getting Started VI, organize them into subpalettes that the
end user can access. This involves editing the template menu files as
follows:

1. Copy theCoreDrv directory to another directory and rename the
new directoryPREFIX. This directory should be a subdirectory of
Instr.lib

2. Relaunch LabVIEW so that the new template subpalettes appear in
the function palette under instrument drivers.

3. Selec€&dit Controls and Function Palettes. . from theFile menu
in LabVIEW.

4. Edit the instrument driver’s palette icon and change the name to
PREFIX.

5. Access the instrument driver’s subpalette window to view the
hierarchy of the driver. For each subpalette, insert the VIs which
correspond to that category. You will need to replace the template
files with the completed version.

6. Save your changes. Your menu files will now contain the added
component VIs.
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The resulting menu palettes should resemble the following subpalette:

i3] HP34401A Vs

f’ CLERRTIL
AppIKatial D€
Example [[Close

Data B Utility 4

R G

Tips for Developing a LabVIEW Instrument Driver

Loop Termination Conditions

When you use looping structures in instrument driver block diagrams,
you must include a way to escape from While Loops if an error occurs.
This escape method is important if you are using a While Loop
containing 1/O routines and the loop termination depends on the result
of the I/0.

If there is an error, the 1/O routines automatically shut down and
LabVIEW may be stuck in an endless loop. Therefore, always test the
error cluster status in conjunction with your normal loop termination
condition to determine when to terminate the loop. Figure 32-2 below
shows the incorrect mechanisms for terminating a While Loop.

& ]|dup ¥I5A session

o ||error out

Figure 32-2. Incorrect Mechanism for Escaping from While Loop

LabVIEW Function and VI Reference Manual 32-12 © MNational Instruments Corporation



Chapter 32 LabVIEW Instrument Driver Development

Figure 32-3 below shows the correct mechanisms for terminating a
While Loop

YISA session
ermar in [ho error | |[ 58 o |jpeeesd] wr jeeesenns

O 1|dup V154 sezzion
error oLt

Figure 32-3. Correct Mechanism for Escaping from While Loop

Assembling Command Strings

After you develop your front panel, the next step is to create the block
diagram which performs the function required by the VI. Each type of
front panel control has a corresponding block diagram string VI that
simplifies the task of building command strings.

You can use Pick Line & Append to choose from a selection of strings
and concatenate it to another string in a single step. This procedure is
easier than using a Case structure and Concatenate Strings.

Use this block diagram... rather than this one...

0D AUTO;
trigger mode Cnarrn P CTE |- -
00 MOR

Arigger mode (rorrm:F)

You can use Format & Append to format and concatenate simple
numeric values. This procedure is easier than using one of the To
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Decimal or To Exponential type conversion VIs in conjunction with
Concatenate Strings.

Use this block diagram... rather than this one...

trigger Tevel (1) trigger level (1]

By using Select & Append you can select a string constant and
concatenate it to another string in a single step. This procedure is easier
than using Select and Concatenate Strings.

Use this block diagram... rather than this one...

TRIG:COUR AC;
TRIG:COUP DC;
TRIG :COUF HFR: ;

t-igger coupling CAC 0]

Data Dependency

Carefully consider the control flow when you build your diagrams.
LabVIEW does not necessarily execute in a left-to-right, top-to-bottom
fashion. Data dependency automatically determines execution order.
Add artificial data dependency wherever appropriate (sekeathVIEW
User Manualfor more information). By using the clusters to chain I/O
VIs together, you can define the execution order without using Case or
Sequence structures, as illustratedrigure 31-3 in Chapte 31,

LabVIEW Instrument Driver ModelSequence structures, which hide
parts of the diagram, are also effective at controlling execution order.
Whichever method you use, make sure that you clearly define control
flow so that the correct branch of the diagram executes first
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Figure 32-4. Range Test VI (Front Panel and Block Diagram)

Programmatic range checking can easily double the size of your VI and
add some execution speed penalties. Figure 32-5 and Figure 32-6 show
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the changes made to the Simple Trigger VI to programmatically check
the ranges of the numeric inputs.

COUP AC;
COUP DG ;
COUF HFR;

Brror in
(=]

Trigger Mode (norm:F)

Y15 Refnum dup V154 Refnum

Figure 32-5. Simple Trigger VI with Programmatic Range Testing

COUP AC;
COUP DC;
COUF HFR;

Trigger Mode (normmF)
i dup VISA session

VIS & session I [} I 'uf.'hs.ﬂ &
~rabie-,
] e
Ertar In Error Out

Figure 32-6. Simple Trigger VI without Programmatic Range Testing
Guidelines

Like the LabVIEW VI, the standard components of an instrument driver
VI are the front panel, block diagram, and icon/connector pane. Special
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guidelines concerning these components, as well as error reporting and
on-line help information, are described in the following sections.

Front Panel

Each VI in your instrument driver should contain a front panel that
groups all the necessary controls together to perform the function of the
VI. When you develop an instrument driver VI, decide which control
styles best represent the instrument commands and options. Typically,
you can categorize instrument commands into three types of control
styles: Boolean, digital numeric, and text or ring humeric.

For example, you can represent any instrument command that has two
options (such as TRIG:MODE:AUTO | NORMAL) on the front panel
with a Boolean switch. In this case, label the swikdlgger Mode and

add a free label showing the optioasito or normal. For commands

that have a discrete number of options (such as TRIG:COUP:AC | DC |
HFREJ), use a text ring or an enumerated type ring rather than a digital
numeric because the ring control labels each numeric value with the
command it represents. Any command requiring a humeric parameter
whose value varies over a wide range and might be represented with a
digital numeric.

Note: You might prefer to use the enumerated type ring controls because
selections for case structures are self-documenting when wired directly to
a enumerated-type control or constant. Also, by using the “Create
Constant” popup feature in LabVIEW, end users generate an enumerated
type ring constant rather than a numeric constant.

You can use Boolean, numeric, and text ring controls to represent most
instrument commands on the front panels of your VIs. In addition, block
diagram string functions specifically designed for use with these
controls exist. These features can simplify string formatting and append
instrument commands into command messages, as discussed in the
Assembling Command Stringsd Block Diagramsections of this

chapter.
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Required Front Panel Controls

In addition to the controls required to operate the instrument, your front
panel must also have the following controls.

YISA session dup ¥YISA session
L5 s
Instr Instr

VISA session(except for the initialize VI) input is a unique identifier
reference to a device I/O session. It identifies the device with which the
VI communicates and all configuration information necessary to
perform the 1/O.

H

dup VISA sessionoutput is a unique identifier reference to a device
I/0 session. It identifies the device with which the VI communicates
and all configuration information necessary to perform the 1/0O.

= error in describes error conditions that occur before this VI executes.
The default input of this cluster i® error

error out is a cluster containing error informationekliror in indicates
an error, thestatus code andsourceelements oérror out have the
same values as the corresponding elemengsrof in . If error in does
not indicate an erroerror out describes the error encountered by the
V1. Refer to theLabVIEW Error Codesnanualfor a description of the
possible error codes.

To gain consistency with other LabVIEW instrument drivetace the
VISA sessioncontrol anddup VISA sessionindicator in the upper left

and upper right corners of the front panel, andeffier out cluster in

the lower right corner. Place tleeror in cluster outside the panel’s
visible window because it has no interactive use and is only needed for
programmatic use.

Control Guidelines

When placing controls on your front panels, use the following style
guidelines to ensure uniformity with other LabVIEW Instrument Driver
VI front panels:
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Use the default font (Application) for all LabVIEW instrument
driver front panel control labels.The application font is available on
all LabVIEW platforms.

Usebold text for control name labels that denote important or
primary controls, and reserve plain text for secondary controls.

Note: In most cases, all instrument driver controls are primary and require bold
text. If you are finding yourself placing many secondary or auxiliary
controls on panels, this may indicate the need to subdivide your VI into two
or more VIs.

© National Instruments Corporation

Capitalize initial letters in all words, except abbreviations or
acronyms, which require caps (such as ID or GPIB)anar in,
error out anddup VISA sessionlabels.

Place labels above the associated control or indicator and color the
label background transparent.

Enclose control default information in parentheses in the control
name.

By including default information in the control name, users access
that information through the help window. This feature is helpful
when you are using the VI in higher-level applications.

For exampleFunction (0:DCV) would be an appropriate label for
a function selector ring control whose default is DC voltage and
item zero in the ring. The abel for a Boolean mode switch that
defaults to true indicating automatic would Mede (T:Auto).
(Notice that the default information is in plain text)

Align and distribute the controls and indicators for a well balanced
panel.
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The following figures shows the simple trigger VI after modification to
meet the style guidelines.

YISA zezzion
Wsa
Irstr

dup ¥ISA session
WS4
Instr

Trigger Coupling [0:AC]

-
error out
Trgger Level [1.00] W
oo
e no emar I D
Trigger Mode [T:Auta) SOUICE

Auta
Marmal

Figure 32-7. Simple Trigger VI Front Panel (See Figure 32-8for Diagram)

COUP AL
COUP DC;
COUP HFR:

TRIG
Trigaer Coupling [(LALC)

Trigger Lewel [1.00]

00 AUTO;

MO0 NORM;
[TE]
Trigger Mode [T:Auto]

VIS4 session wt'.m dup Y154 session
abig-,

&rrar in (o errar] IIE: wiEs &rrar out

Figure 32-8. Simple Trigger Block Diagram

Block Diagram

Proper wiring style improves the diagram appearance and eases

understanding. The following are recommendations for developing
your instrument driver block diagrams:

Add text labels to each frame of Case and Sequence structures.
Label control and indicator nodes with normal text.
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« Use bold text to make your free label comments stand out.

* Leave room for labels and wires. Do not crowd the diagram. Do not
cover wires with loops, cases, labels, or other diagram objects.

¢ Reduce the number of bends in the wires by aligning data terminals
whenever possible. You can use the cursor keys to move objects
one pixel width at a time. Use tiAdign andDistribute options in
the Edit menu to add symmetry and straight lines to your diagram.

e Label long wires and complex operations to increase
understandability.

Icon

When you use an instrument driver VI programmatically, the icon
graphically represents the function (much like the function name of a C
library call). Use meaningful icons for every VI. Include text in the icon
that identifies the instrument model controlled by the VI. If you are
unable to create an icon to express the function of the VI, you can use
text only.

You can borrow icons from similar Vs in other instrument drivers.
These sample icons are available in theifisgicon.llb

Connector Pane

When you use an instrument driver programmatically, the connector
pane defines how to pass parameters to and from the VI. Use the
following rules when creating your instrument driver connector panes:

* Place the/ISA sessioninput anddup VISA sessionoutput in the
upper left and upper right terminals of the LabVIEW instrument
driver connector pane.

e Place theerror in anderror out clusters in the lower left and lower
right terminals of the LabVIEW instrument driver connector pane
respectively.

< Place inputs on the left and outputs on the right of the connector
pane whenever possible. This promotes a left-to-right data flow
when the VI is used in a block diagram.

Note: Itis acceptable to choose a connector pane pattern that has extra terminals
in case you make unforeseen control or indicator additions to your
instrument driver VlIs in the future. This procedure prevents you from
having to change the pattern and replace all instances of calls to a modified
VI.

© National Instruments Corporation 32-21 LabVIEW Function and VI Reference Manual



Chapter 32 LabVIEW Instrument Driver Development

Error Reporting

Refer to the documenitabVIEW Error Codesfor a list of error codes
reserved for LabVIEW instrument drivers.

Online Help Information

LabVIEW has two types of help mechanisms available to usérs
Descriptionsand Control Descriptios. You shouldmplement bothvI
Descriptionsand Control Descriptios for all LabVIEW instrument
driver VIs and controls that you develop.

VI Descriptions

Users can access VI Description help from the description box of the
information window by selecting/indows»Show VI Info..., as shown
in the following figure.

Marme: Tek V4790 Config Std Wawve.wi [~ Locked
Path:  C:ATek W=4730 Config Std wWave vi

Current Revizion: 4

Dezcrphion;

Thiz ¥l determines the charactenistics of the waveform to be -
output, [f the waveform iz zine, square, zawtoath ar tiangular, the
high and low peak. amplitudes muzt be specified along with the

output frequency. The sample frequency zet in the Configure

will be automatically reproarammed in this caze.

~bdemorny zage:

Resources:  34.3K Frant Panel: 6.5k
Block Diagram: 7.8k
Code: 8.6k
Crata: 1.3k
Total: ~24.2K

k. Cancel

This dialog box should contain the following information:
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A general description of the instrument driver VI
Control usage rules

VI interaction with other instrument driver Vis
Important information concerning the use of the VI

Control and Indicator Descriptions

Control and indicator help is the information most frequently viewed by
the user. You can obtain control or indicab@lp by selectindgata
Operations»Description... from the control or indicator pop-up menu,
as shown in the following figure.

Trigger Mode [T:Auto] Description

“when autozero iz enabled [default], the multimeter intzrmally .
disconnects the input signal following each measurement, and takes — |
a zero reading. 1t then subtracts the zero reading from the preceding
reading.  Thiz prevents offzet voltages present on the multimeter's

input circuitty from affecting measurement accuracy.

“When autozero iz disabled, the multimeter takes one zero reading
and subtracts it from all subsequent meazurements. |t takes anew |
zero reading each time vou change the function, range, ar integration

time. ;I

(] Cancel

The control and indicator help information should contain the
following:

Name of the parameter

Brief description of the parameter
Valid range

Default value

Interaction with other controls

Be sure to include information showing index numbers and
corresponding settings for all ring and slide controls, and settings
corresponding to True/False positions on Boolean controls.
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Application Vis

The application VIs demonstrate a common use of the instrument and
show how the component Vs are used programmatically to perform a
task. For example, an oscilloscope application VI would configure the
vertical and horizontal amplifiers, trigger the instrument, acquire a
waveform, and report errors. Consider the following points when
developing application VIs for your instrument driver:

» Concentrate on building simple, quality examples that can serve as
general models for users. It is not necessary to make your
application VlIs perform every function found in your instrument
driver.

» Build the instrument driver top-level examples from the instrument
driver component Vs, and perform common test- and
measurement-oriented operations for this particular instrument.

* Do not use the instrument driver application Vls to call the
initialize or close instrument driver VIs, because doing so will
make the application Vs less useful to higher level applications.

LabVIEW Instrument Driver Standards Checklist

All LabVIEW instrument drivers should conform to recommendations
for programming style, error handling, front panels, block diagrams,
and online help described in this section. Use the following checklist to
verify that your instrument driver complies with library standards:

I. Files and Documents you submit:

A. Prefix.zip containing the instrument driver files.

1) Prefix.llb , your main instrument driver library. (e.g.,
hp16500b.Ib , fl45.llb )

2) Palette menu filesdig.mnu , acstatmnu
data.mnu , applicmnu , utimnu . config.mnu )

3) (optional/recommende®)efix_u.llb . (e.g.,
hp1650_u.llb , fl45 ullb ).

____4) (optional)Prefix.txt
B. Manufacturer’s instrument manual or manual set.

C. A completed checklist.
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Il. General Issues:
A. The instrument driver must use VISA for all instrument 1/O:

B. All VIs are designed for programmatic use, so there are no
pop-up VIs or dialog boxes, and no interactive inputs. All controls and
indicators are wired to the connector pane.

C. All ViIs are multi-instance, so there are no uninitialized shift
registers, and no global storage VIs unless specifically designed to work
with multiple instruments simultaneously.

D. All Vs are fully documented including Show VI Info and
control descriptions.

E. Driver follows the instrument internal and external driver
model: The driver must include the following VIs: Initialize, Close,
Getting Started, Application and VI Tree. In addition, all other VIs must
be grouped into the following categories: Configure, Action/Status,
Data, Utility, or support.

F. All VIs use the error 1/O clustersgror in anderror out.

G. The instrument driver contains the following required Utility
functions: Revision Query, Self Test, Reset, Error Query (single and/or
multiple), and Error Message.

H. The required utility VIs return a VISA NSUP warning code if
the instrument does not support the requested operation.

I. The instrument driver us84SA session dup VISA session
error in, anderror out to channel data flow, and force data
dependency. Do not use sequences or case structures for this purpose
because they slow execution speed and make it harder to debug the
driver.

Il. Prefix.llb

A. Prefix.llb contains all the instrument driver Vs that you
want the end user to access directly.

B. All VIs are saved with meaningful names including
instrument prefix and description, and include only alpha-numeric
characters (no special characters). Use Initial Capital Letter form (e.qg.,
Fluke 45 Read Measurement). VIs that are of the same type should be
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named so that they start with a common name. For example, all
configuration VIs should start with “Prefix Config.”

C. The VI Tree is contained pefix.llb and is named
Prefix VI Tree.vi . The front panel of the VI contains a message
instructing the users to “See the diagram for the VI Tree”. The diagram
contains all of the driver's VIs that are designed for the user to access.
These Vls are arranged by functional grouping, such as Getting Started,
Application, Initialize, Configuration, Action/Status, Data, Utility,
and Close.

D. All instrument drivers have at least one Application VI. These
VIs are programmatic examples that demonstrate how to use the
instrument driver component VIs to perform a common task or tasks.

E. All instrument drivers must have a Getting Started VI. This VI
calls the Initialize VI, one or more application VIs, followed by the
Close VI.

F. Getting Started, Application and VI Tree VIs are given
top-level status in the VI library.

IV. Prefix_U.llb (Recommended/Optional):

A. Prefix_U.lIb contains all the support VIs the end user
should not access directly, but are used by the instrument driver.

V. Palette Menu Files:

A. The function menu palettes are well organized and follow the
format of the instrument driver template.

B. Palette Menu files includdir.mnu
applic.mnu , config.mnu , acstatmnu , data.mnu , and
util.mnu

VI. VI Front Panels

A. ContainsVISA session dup VISA sessionerror in and
error out controls/indicators.

B. Front panel Show VI Info description is complete,
informative, and contains any additional information that helps the end
user successfully operate the instrument driver.
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C. Show VI Info for the Revision Query VI includes the
following:

1) The Instrument Driver Revision Number

2) The Firmware Revision of the Instrument used when
creating the instrument

3) The date the driver will be released on the next Instrument
Driver CD (month/year)

4) The instrument manufacturer's name
5) The instrument model number

6) The instrument type (Digital Multi-Meter, Oscilloscope,
Function Generator, etc.)

7) The instrument driver developer’'s name

D. (optional/recommended). The same information that is
included in the revision query VI is included in the Show VI Info
documentation of the VI Tree VI.

E. VI History is updated with comments as needed.

F. Controls and Indicators

1) All control and indicator descriptions are complete. This
includes valid ranges, default values and items within a ring
control.

2) Labels are placed at the upper left of controls and the
background color of labels is transparent. Size to Text feature used.

3) Default Application Font is used and the initial letters of
control names are capitalized. Use bold for primary controls and
plain text for secondary controls. Use plain text to indicate default
values.

4) Proper defaults are set for each control. Default values are
included in the control name.

5) Proper data type and display format is used.

6) Enumerated text rings used instead of regular test rings,
whenever possible.

G. Align and distribute the controls for an appealing panel
layout. Do not overlap controls. Set Panel Order so that users can tab
through the controls in a logical sequence.
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H. Use color sparingly or use standard gray. If color is desired,
use only the 16 basic colors.

VII. Icon/Connector Pane/VI Setup

A. Create meaningful icons for all VIs.

1) Place the instrument Prefix at the top of the icon. Place a
text description at the bottom of the icon.

2) Try to keep a common theme for all VIs of a particular
driver or group within a driver.

3) Black and white icons are required, 16 and 256 color icons
are recommended/optional.
B. Select an appropriate connector pane.

1) For ease of wiring it is recommended that the following
connector pane is used, whenever possible:

2) Whenever possible, input terminals should be kept to the
left and top while outputs are on the bottom and right.

3) VISA session must be assigned to the upper left terminal
and dup VISA session is assigned to the upper right terminal.
Similarly, error in and error out are assigned to the lower left and
lower right terminals, respectively.

4) If future modifications are expected, a connector pane
with extra unused terminals is acceptable.

C. Use caution when using VI Setup options. Do not select
options to make the panel automatically shown or run.

VIII. Block Diagram:

A. Use bold text labels with 14 point application font to describe
each case or sequence frame. These descriptions should be left-justified
with the background colored transparent.

B. Use plain text labels for controls/indicators with the default
application font. For control terminals, place labels below or on the left.
For indicator terminals, palce the labels below or on the right. If you
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place labels to the left of the terminal, make them right justified,
otherwise use left-justification. Make label backgrounds transparent.

C. Do not crowd the diagram. Do not cover wires with labels,
objects, or structures.

D. When possible, try to wire the VlIs the way that they appear in
the LabVIEW Help Window.

E. Try to lay out the diagram with a left-right, top-down
data flow.

F. For functions and VIs that are chained together using the VISA
sessions and error clusters, try to align the wires between sequences to
be on the same horizontal level.

G. Try to align and distribute terminals, VIs and functions within
your block diagram to give it a well-balanced look. Eliminate
unnecessary bends in the wires.

H. Use proper error 1/O wiring techniques. Use the correct error
codes for error reporting.

I. Save diagrams with the first or most important frames and
cases visible. Place bold-text descriptive free labels in each case
and frame.

J. Avoid using sequence structures because they slow execution
of your VI and make it harder to understand the diagram.

K. Avoid using the Concatenate Strings function when another
string function is more appropriate. Use other string handling functions
such as Pick Line & Append, Select & Append and Format into String.
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Template Vis

This chapter describes the Instrument Driver Template VIs. These Vs
are located irexamples\instrinsttmpl.llb

Introduction to Instrument Driver Template Vis

The LabVIEW instrument driver templates are the foundation for all
LabVIEW instrument driver development. The templates have a simple,
flexible structure and a common set of instrument driver VlIs that you
can use for driver development. The templates establish a standard
format for all LabVIEW drivers and each has instructions for modifying
it for a particular instrument. The LabVIEW instrument driver
templates contain the following 11 predefined template component VIs:

 PREFIX Initialize

« PREFIX Initialize (VXI, Reg-based)
* PREFIX Close

¢ PREFIX Reset

* PREFIX Self Test

* PREFIX Error Query

*  PREFIX Error Query (Multiple)

e PREFIX Error Message

« PREFIX Revision Query

* PREFIX Message-Based Template
 PREFIX Register-Based Template

The templates contain the following support VIs:
 PREFIX Revision Query
* PREFIX Message-Based Template

They also contain the following VI Example Tree:
« PREFIX Message-Based Template
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Rather than developing your own VIs to accomplish these tasks, you
should use the LabVIEW instrument driver template VIs which already
conform to the LabVIEWstandards for instrument drivers. The
template VIs are IEEE 488.2 compatible and work with IEEE 488.2
instruments with minimal modifications. For non-IEEE 488.2
instruments, use the template VlIs as a shell or pattern, which you can
modify by substituting your corresponding instrument-specific
commands where applicable. After modifying the VIs, you will have the
base level driver that implements all of the template instrument driver
Vls for your particular instrument.

Additionally, LabVIEW instrument drivers developed from the
template VIs will be similar to other instrument drivers in the library.
Therefore, you will have a higher level of familiarity and understanding
when you work with multiple instrument drivers.

Instrument Driver Template VI Descriptions

The following Instrument Driver Template VIs are available.

Note: To develop your own Instrument Driver VI, follow the instructions on the
front panel of the Template VI.

PREFIX Close

All LabVIEW instrument drivershould include a Close VI. The Close VI is the last VI
called when controlling an instrument. It terminates the software connection to the
instrument and deallocates system resources. Additionally, you can choose to place the
instrument in an idle state. For example, if you are developing a switch driver, you can
disconnect all switches when closing the instrument driver..

VIS8 session

errar in (no error)
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PREFIX Error Message

The PREFIX Error Message VI is a template for creating an Error Message VI for your
particular instrument. It translates the error status information returned from a LabVIEW
instrument driver VI to a user-readable string.

status

dup ¥I5A session
code

BrFOr message
error out

YISA session

error in (mo error)

PREFIX Error Query, Error Query (Multiple) and Error Message

If an instrument has error query capability, the LabVIEW instrument driveEtias
QueryandError Message/Is. The Error Query VI queries the instrument and returns the
instrument-specific error information. The Error Message VI translates the error status
information returned from a LabVIEW instrument driver VI into a user-readable string.

dup ¥ISA session

] 2 ' e mrror
error in [no error)ecsocco] ey L e rror message

YISA session

oo error sut

PREFIX Initialize and PREFIX Initialize (VXI, Reg-bhased)

The Initialize VI is the first VI called when you are accessing an instrument driver. It
configures the communications interface, manages handles, and sends a default
command to the instrument. Typically, the default setup configures the instrument
operation for the rest of the driver (including turning headers on or off, or using long or
short form for queries). After successful operation, the Initialize VI returns a VISA
session that addresses the instrument in all subsequent instrument driver VIs. The
Initialize VI is a template for message-based instruments while Initialize (VXI,
Reg-based) is for register-based instruments.

instrument descriptor

I* query -
resel - poodabalizfo

error in (no error )oes

YIS5A session

= arror out

The VI has an instrument descriptor string as an input. Based on the syntax of this input,
the VI configures the I/O interface and generates an instrument handle for all other
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instrument driver VIs. The following table shows the grammar for the instrument
descriptor. Optional parameters are shown in square brackets ([]).

Interface Syntax
GPIB GPIB[board]::primary addresk:secondary addref{sINSTR]
VXI VXI:: VXI logical address:INSTR]
GPIB-VXI GPIB-VXI[board[:: GPIB-VXI primary addregsVXI logical
addresE:INSTR]

The GPIB keyword is used with GPIB instruments. The VXI keyword is used for either
embedded or MXIlbus controllers. The GPIB-VXI keyword is used for a National
Instruments GPIB-VXI controller.

The following table shows the default values for optional parameters:

Optional Parameter Default Value
board 0
secondary address none
GPIB-VXI primary address 1

Additionally, the Initialize VI can perform selectable ID query and reset operations. In
other words, you can disable the ID query when you are attempting to use the driver with
a similar but different instrument without modifying the driver source code. Also, you
can enable or disable the reset operation. This feature is useful for debugging when
resetting would take the instrument out of the state you were trying to test.

PREFIX Message-Based Template and Register-Based Template

The Message-BasedndRegister-Basetemplate Vls are the starting point for
developing your own instrument driver VIs. The template Vis have all required
instrument driver controls, and instructions for modification for a particular instrument.

YISA session dup YISA session

error out

error in (no error)
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PREFIX Register-Based Template

The PREFIX Register-Based Template VI is a template for creating a register-based VI
for your particular instrument.

YISA session dup YISA session

error sut

error in (no error)

PREFIX Reset

All LabVIEW instrument drivers have Reset Vithat places the instrument in a default
state. The default state that the Reset VI places the instrument in should be documented
in the help information for the Reset VI. In an IEEE 488.2 instrument, this VI sends the
command string *RST to the instrument. When you reset the instrument from the
Initialize VI, this VI is called. Also, you can call the Reset VI separately.

YISA session IP“[: dup ¥ISA session
error in (no error) : g 4 error out
PREFIX Revision Query

LabVIEW instrument drivers haveRevision Query VIThis VI outputs the following:
e The revision of the instrument driver.

e The firmware revision of the instrument being used. (If the instrument firmware
revision cannot be queried, the Revision Query VI shoetigrn the literal stringlot
Available )

dup YISA session
instr driver revision
instr firmware revision
error out

YISA session

error 'il'l (I'H.'l errnr]m

PREFIX Self-Test

If an instrument has self-test capability, the LabVIEW instrument dekieuld contain

a Self-test Vo instruct the instrument to perform a self-test and return the result of that
self-test.

FREFI dup ¥ISA session

T eal f-test error

error in Kno error)e———=xor o isel‘f—test response

YISA session

error ouk
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PREFIX Utility Clean UP Initialize

Closes an open VISA session in the event that there is an error during initialization. This
VI should be called only from the Initialize VI.

WS4 session FREFIE dup V154 sezsion

error in [no ermor) HELERHUIF eror ouk

PREFIX Utility Default Instrument Setup

Sends a default command string to the instrument whenever a new VISA session is
opened, or the instrument is reset. Use this VI as a subVI for the Initialize and Reset Vls.

WISA sezsion FREFI dup W54 zezsion
ey
error in [no error) ADEF AUILT error out

PREFIX VI Tree

The VI Tree VI is a non-executable VI that shows the functional structure of the
instrument driver. It contains the Getting Started VI, application VIs, and all of the

component VIs.
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VISA Library Reference

This chapter contains descriptions of the VISA Library Reference
operations and attributes.

The following figure shows th¥ISA palette, which you access by
selectingFunctions»Instrument 1/0 »VISA:
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The Visa palette includes the following subpalettes:
« Event Handling Functions

e High-Level Event Access

e Low-Level Registry Access
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Operations

VISA Library Reference

This section describes the VISA Library Reference operations.

VISA Library Reference Parameters
Most of the VISA Library Operations use the following parameters:

Note:

VISA session is a unique logical identifier to a session. It is produced
by the VISA Open function and used by the VISA primitives. dup
VISA session is the VISA session passed to a function. The dup
simplifies dataflow programming and is similar to the dup file refnums
provided by file I/O functions.

TheVISA sessiondrops by default with cladsstr. You can
change the class by popping up on it at edit time. The following
classes are currently supported:

— Instr

— GPIB Instr

— VXI/GPIB-VXI RBD Instr
— VXI/GPIB-VXI MBD Instr
— Serial Instr

— Generic Event

— Service Request Event
— Trigger Event

— VXI Signal Event

—  VXI/VME Interrupt Event
— Resource Manager

The Generic Event, Service Request Event, Trigger Event, VXI Signal

Event, VXI/VME Interrupt Event, and Resource Manager classes work
only with the VISA Close function and the VISA Attribute Node.

LabVIEW Function and VI Reference Manual 34-2

VISA functions vary in the class &fISA sessionwhich can be

wired to them. The valid classes for each function are indicated in
the documentation. For example, the functions on the High Level
and Low Level Register Access palettes do not accept VISA
sessions of class GPIB Instr or Serial Instr. If you wikéd A
sessionto a function that does not accept the class of the session,
or if you wire two VISA sessions of differing classes together, your
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diagram will be broken and the error will be reported &dass
Conflict

e errorin anderror out terminals comprise the error clusters in each
VISA function. The error cluster contains three fields. The status field
is a Boolean which is TRUE when an error occurs, FALSE when no
error occurs. Theode fieldwill be a VISA error code value if an
error occurs during a VISA function. Appendix D lists the VISA
Reference Library error codes. Teeurce fieldis a string which
describes where the error has occurred. By wiringether out of
each function to therror in of the next function, the first error
condition is recorded and propagated to the end of the diagram
where it is reported in only one place.

VISA Operation Descriptions

These functions appear on the main VISA palette. The valid classes for these functions
are: Instr (default), GPIB Instr, Serial Instr, VXI/GPIB-VXI RBD Instr, and
VXI/GPIB-VXI MBD Instr.

VISA Assert Trigger

Asserts a software or hardware trigger, depending on the interface type.

¥I5A session U{_SSG dup IS4, sezsion
protocal [default, 0] -
w5 error out

2IT0r it (o error] s ===

T = Note: The Serial Instr class is not valid for VISA Assert Trigger.

VISA Clear

Performs an IEEE 488.1-style clear of the device. For VXI, this is the Word Serial Clear
command; for GPIB systems, this is the Selected Device Clear command.

¥I5A zession UES‘ER dup VIS4, seszsion
ermar in [ho erar] e (B error out
Note: The Serial Instr class is not valid for VISA Clear.
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VISA Close

Closes a specified device session or event object. VISA Close accepts all available
classes. For a listing of available classes, se&lB& Operation Parametesection
earlier in this chapter.

YISA session ]
o
Erar in [no emar) l.':_‘\ﬁ efrar out

VISA Find Resource

Queries the system to locate the devices associated with a specified interface.

¥ISA session [EEE] dup %154, seszion

event type = ™ 'Wﬁ_
BN i [0 Eror | eoeFee= P g1 cluister

VISA Lock
Establishes exclusive access to the specified source.
¥I5A zession iES-ﬂ dup IS4, seszzion
birnecwt (0] -
errar in [ho error) certpemee{ 24 errar ouk
VISA Open

Opens a session to the specified device and returns a session identifier that can be used
to call any other operations of that device.

timeout
VISA session (for class) Tz VISA session
resource name
access mode j—l jeeeeeeees BFFOF OLIL

error in {na error

The following table shows the grammar for the address string. Optional parameters are
shown in square brackets ([ ]).

Interface Grammar
GPIB GPIB[board]::primary addresg:secondary addre§sINSTR]
GPIB-VXI GPIB-VXI[board]::VXI logical address[::INSTR]
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Interface Grammar
VXI VXI[board]::VXI logical addresg:INSTR]
Serial ASRL[board][::INSTR]

The GPIB keyword can be used to establish communication with a GPIB device. The
GPIB-VXI keyword is used for a GPIB-VXI controller. The VXI keyword is used for

VXI instruments via either embedded or MXIbus controllers. The Serial keyword is used
to establish communication with an asynchronous serial (such as RS-232) device.

The INSTR keyword specifies a VISA resource of the type INSTR.

The following table shows the default value for optional parameters.

Optional Parameter Default Value
board 0
secondary address none

The following table shows examples of address strings.

Address String Description
GPIB::1::0::INSTR A GPIB device at primary address 1 and secondary address
0 in GPIB interface O.
GPIB-VXI::9:INSTR A VXI device at logical address 9 in a GPIB-VXI controlled
VXI system.
VXI0::1:INSTR A VXI device at logical address 1 in VXI interface VXIQ.
ASRLO::INSTR A serial device located on port 0.

See the/ISAClose description earlier in this chapter.
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VISA Read

Reads data from a device. On UNIX platforms data is read synchronously; on all other
platforms data is read asynchronously.

VISA session wa' dup VIS4 session
hyte count (0) ADC read buffer
errar in (no errnrjnzﬁ“’“R return count
errar out
VISA Read STB

Reads a service request status from a message-based device. For example, on the IEEE
488.2 interface, the message is read by polling devices. For other types of interfaces, a
message is sent in response to a service request to retrieve status information. If the status
information is only one byte long, the most significant byte is returned with the zero

value.
VISA session ma | dup YI58 session
_ 5TBE | |; status
EFFOF if (0 BFrOF) s EE errar aut
&= Note: The Serial Instr class is not valid for VISA Read STB.
VISA Status Description
Retrieves a user-readable string that describes the status code presemnimdiin
VISA session ] dup VIS8 session
) abc L. status description
Error in (no error) 12 e FTOF QLT
VISA Unlock
Relinquishes the lock previously obtained using the VISA Lock function.
VISA session 175a dup VIS8 session
BrOr in (no error) B0 errar out
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VISA Write

Writes data to the device. On UNIX platforms data is written synchronously; on all other
platforms data is written asynchronously.

VISA session s dup VIsA session
write buffer -~ abc— L return count
i
BITQF iN (N0 Brror) e=f— errar out

Event Handling Functions

The following section describes the VISA Event Handling functions. Valid classes for
these functions are: Instr (default), GPIB Instr, Serial Instr, VXI/GPIB-VXI RBD Instr,
and VXI/GPIB-VXI MBD Instr.

You access the VISA Event Handling functions through\i2A palette, which you
access by selectingunctions»Instrument 1/0 »VISA.

VIS A

Event Handling

[Ee] - -
| T Event
2 I VEM —HEvent Handling

[EEK]

¢ [F
WA |[WEa | [wea | [wea | [wea i
abew, ||abe-, [[CLR |[STR || TRG || 2T
B @] |wEE]| e @) [ E0)| om0 High W50 | | W | [1vea
HEa | [ g [ K] _’i o ([ x| | o Ty
o o abe|| #=[LL
e [EE] | |4 [E0E] | |42 (] pizd |Lowr  [RA gleEa g
ROS 4.,
i) R

VISA Disable Event

Disables servicing of an event. This operation preveetgevent occurrences from being
gueued. However, event occurrences already queued are not lost; use VISA Discard
Events if you want to discard queued events.

YISA zession LAEA dup VIS4 sezsion
eventtype - 4o
EFON i [0 erpor] === efrar ouk
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VISA Discard Events

Discards all pending occurrences of the specified event types and mechanisms from the
specified session.

¥IS5A session LG dup %154 seszion

event bype Jf*"*ﬁ
BTN i [0 e | e e g1 0r Cluister

VISA Enable Event

Enables notification of a specified event.

YISA session (L] dup %154 zeszion
gvent type - Jo—g
ermor in [no ermor] === errar out

VISA Wait On Event

Suspends execution of a thread of application and waits for an event Event Type for a
time period not to exceed that specified by timeout. Refer to individual event descriptions
for context definitions. If the specified event type is All Events, the operation waits for
any event that is enabled for the given session.

timeaut (0] ———
YISA session [EEE] dup %154, zeszion

event ype 4T L event type
event seszion [for class] f 1event FEEEI0N

&I1ar in [hia ermar] errar oLt

High Level Register Access Functions

The following section describes the VISA High Level Register Access functions. Valid
classes for these functions are: Instr (default), VXI/GPIB-VXI RBD Instr, and
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VXI/GPIB-VXI MBD Instr. To access the VISA High Level Register Access functions,
pop up on the High Level icon on tMSA palette.

~HIVISA

High Level Register Access

= s !
Al Event

W

i

CLR |[5TE || TRG #

o+ (B0 | e [0 [ [ High «.—1-IHigh Level Register Access

[ETEr] (=]

o abe| #EH

o C=H| 2123 |[Low [W5a ][ARa
L1 |
[ | (PG R (= | [ R | [ | [P
8 16 32 8 16 32
ws.un I.-l'.'.S'.ﬂ" L-l'.'.'E-‘.-'J“ w.-s:.un ws.an ws.an
8 16 32 8 16 32
P ) ) ) e | e

VISA In8 /In16 / In32

Reads in 8-bits, 16-bits, or 32-bits of data, respectively, from the specified memory space
(assigned memory base + offset).

address space [A16 1] ———
YISA zession e dup V154 sezsion

offzet [0] - I?— L yalue

Erar in (o error] === 2rror out
(] (]
1o Wisain 18 Wisa in 32 T

VISA Memory Allocation

Returns an offset into a device’s region that has been allocated for use by the session. The
memory can be allocated on either the device itself or on the computer’s system memory.

Y¥ISA zession EA dup W54 sezzion
gize [0] - [ L affzet

. A
Ermar in [ho error] === Eror aut
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VISA Memory Free

Frees the memory previously allocated by the VISA Memory Allocation function.

YISA session [EEE] dup V154 session
affzet [0] - r i
error in [no error] ===

errar ouk

VISA Move In8 / Move In16 / Move In32

Moves a block of data from device memory to local memory in accesses of 8-bits, 16-bits,
or 32-bits, respectively.

address space [A1E 1) ———
YISA session EECW dup *I154, zeszion

aoffset [0] - 8 = data
count [0] f H- error out
2Irar in [hio ermar]

. LA A
lfg'q" Viza Move In 16 Wisa Move [n 32 |32
] il

VISA Move Out8 / Move Out16 / Move Qut32

Moves a block of data from local memory to device memory in accesses of 8-bits, 16-bits,
or 32-bits, respectively.

address space [ATE 1] ———
¥I5A session wEa dup Y154 seszion

offset (0] - 8
data ([ 1] —I_u" error ouk

&rar in [ho erar] mr

lfg'q" Wisa Move Qut 16 Wisa Move DUt 32 lg“
o[ o+ 1
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VISA Qut8 / Out16 / Out32

Writes 8-bits, 16-bits, or 32-bits of data, respectively, to the specified memory space
(assigned memory base + offset).

Chapter 34 VISA Library Reference

VISA seszion
affaet [0]
walue [0]
error in [no error)

Visa Out 16
0+

address space [A16: 1] ———

.

LA

8
ool

mlp

dup V154 session

efrar ouk

L4154
Visa Qut 32 |32
0+

Low Level Register Access Functions

The following section describes the VISA Low Level Register Access functions. Valid
classes for these functions are: Instr (default), VXI/GPIB-VXI RBD Instr, and
VXI/GPIB-VXI MBD Instr.To access the VISA Low Level Register Access functions,
pop up on the Low Level icon on tR@SA palette:

Low Level Begister Access

g + 0
Al % Event

(=] [EE] LAz A LA [ET=] i
abew, [|2bc~, || CLR || STE || TRG || &[T
R[] | [0 | (e [ | (02T | |4ce (03] | Hig
=] (] |=| LA . [E] _'
a a o abc|| =
oo ]| e | e | L 24 | 0.3

ILow {01 ow Level Register Access
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VISA Map Address

Maps in a specified memory space.

address space [A16: 1] ———
¥ISA zession (] dup W54 sezsion
rmap base (0] -
map size [0) f enmor cluizter
el in [ho error]
access [Falgg] e

VISA Memory Allocation

For information on the VISA Memory Allocation function, see High Level Register
Access Functionsection of this chapter.

VISA Memory Free

For information on the VISA Memory Free function, seelitigh Level Register Access
Functionssection of this chapter.

VISA Peek8 / Peek16 / Peek32

Reads an 8-bit, 16-bit, or 32-bit value, respectively, from the specified address.

¥I5A session [GEE] dup Y154 seszion

offset [0] - 63 L walue

2ITar in [hio error] === erar out

L5 A L4154
& Visa Peek 18 Visa Peek 32 |32

VISA Poke8 / Poke16 / Poke32

Writes an 8-bit, 16-bit, or 32-bit value, respectively, to the specified address.

YISA session Lf-'g-ﬂ dup 154, seszion
]
affset [0] M= [Tl t
walue [0 H“‘—F‘m Efror oy

2ITar in [fio erar]

% Yisa Poke 16 Yisa Poke 32 32
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VISA Unmap Address
Unmaps memory space previously mapped by VISA Map Address.

¥ISA zession 2] dup Y54, sezsion
ermar in [ho errar] &rrar aut

VISA Attribute Node

This section describes the VISA Library attributes. The VISA Attribute
Node gets and/or sets the indicated attributes. The node is growable;
evaluation starts from the top and proceeds downward until an error, or
until the final evaluation, occurs.

To access the attribute node, seleahctions»Instrument 1/0 »
VISA. Then select the Attribute Node icon located on the bottom row
of theVISA palette.

—I=Instrument 170
YISA

%E_l%ilé_l
==visa
YISA Attribute Hode

LA l-"n'.f-'.ﬂ _¢_ k
o Event

WzA | [FEA | e |[FEa | A

abc, ||abe-, || CLR STB TRG | F [

E o [E53]| |4 [ETE] | |4 1] |4 [3] | Hig

wEa ] wsa g L-'.'.S'.a A5 A ﬂﬂﬂ
abe| =
2123 |[Low

8
e =H| | P TH| ﬂ

The VISA Attribute Node only displays attributes for the class of the
session that is wired to it. You can change the class of a VISA Attribute
Node as long as you have not wired it tdI&A session Once &VISA
sessionis wired to a VISA Attribute Node, it adapts to the class of the
session and any displayed attributes which are not valid for that class
become invalid (this is indicated by turning the attribute item black).
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VISA Attribute Node Descriptions

Each attribute description includes the attribute’s range of values, default value, and
access privilegd.ocal applies the current session onGiobal refers to all sessions to
the same VISA resource.

Fast Data Channel Mode
Specifies which FDC mode to use (either normal or stream mode).

Fast Data Channel Number
Determines which fast data channel (FDC) will be used to transfer the buffer.

Fast Data Channel Pairs

Specifies use of a channel pair for transferring data; (otherwise, only one channel will be
used).

Fast Data Channel Signal Enable

Lets the servant send a signal when control of the FDC channel is passed back to the
commander. This action frees the commander from having to poll the FDC header while
engaging in an FDC transfer.

GPIB Primary Address

Specifies the primary address of the GPIB device used by the given session.

GPIB Secondary Address

Specifies the secondary address of the GPIB device used by the given session.

10 Protocol

Specifies which protocol to use. In VXI systems you can choose between normal word
serial or fast data channel (FDC). In GPIB, you can choose between normal and
high-speed (HS488) data transfers.

Immediate Servant
Determines if the VXI device is an immediate servant of the local controller.

Increment Destination Count

Specifies the number of elements by which to increment the destination address on block
move operations.
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Increment Source Count

Specifies the number of elements by which to increment the source address on block
move operations.

Interface Number
Specifies the board number for the given interface.

InterfaceType
Specifies the interface type of the given session.

Mainframe Logical Address

Specifies the lowest logical address in the mainframe. If the logical address is not known,
UNKNOWN LAs returned.

Manufacturer ID
The manufacturer identification number of the VXlbus device.

Maximum Queue Length
Specifies the maximum number of events that can be queued at any time on the given

sessionThis attribute is Read/Write until the first time Enable Event is called on a
session. Thereafter, this attribute is Read Only.
Model Code

Specifies the model code for the VXlbus device.

Resource Lock State
Reflects the current locking state of the resource that is associated with the given session.

Resource Manufacturer Identification

A value corresponding to the VXI manufacturer ID of the manufacturer that created the
implementation.

Resource Manufacturer Name

A string that corresponds to the VXI manufacturer name of the manufacturer that created
the implementation.

Resource Name
Unique identifier for a resource.
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The address structure is shown in the following table. Optional parameters are shown in
square brackets:

Interface Grammar
GPIB GPIB[board]::primary addresk:secondary
addres§::INSTR]
GPIB-VXI GPIB-VXI[board]::VXI logical address[::INSTR]
VXI VXI[board]::VXI logical addresg:INSTR]
Serial ASRL[board][::INSTR]
Address String Description
GPIB::1::0::INSTR A GPIB device at primary address 1 and secondary
address 0 in GPIB interface 0.
GPIB-VXI::9:INSTR A VXI device at logical address 9 in a GPIB-VXI controlled
VXI system.
VXI0::1:INSTR A VXI device at logical address 1 in VXI interface VXIO.
ASRLO:INSTR A serial device located on port 0.

Send End Enable

Specifies whether to assert END during the transfer of the last byte of the buffer.

Slot

Specifies the physical slot location of the VXIbus device. If the slot number is not known,
UNKNOWN SLOT is returned.

Suppress End Enable

Specifies whether to suppress the END bit termination. If this attribute isERUBthe
END bit does not terminate read operations. If this attribute is &t 18F, the END bit
terminates read operations.
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Termination Character

The termination character. When the termination character is reatkanidation
Character Enablis enabled during a read operation, the read operation terminates. See the
description forTermination Character Enadisted below.

Termination Character Enable

Determines whether the read operation should terminate when a termination character is
received.

Timeout Value

Specifies the timeout value to use (in milliseconds) when accessing the device associated
with the given session. A timeout valueTofO IMMEDIATEmeans that operations should
never wait for the device to respond. A timeout valugw® INFINITE disables the

timeout mechanism.

Trigger ldentifier

Identifier for the current triggering mechanism.

Note: Trigger ID is Read/Write when the corresponding session is not enabled to
receive trigger events. When the session is enabled to receive trigger events,
the attribute is Read Only.

User Data

Used privately by the application for a particular session. This data is not used by VISA
for any purposes. It is provided to the application for its own use.

Version of Implementation

Uniquely identifies each of the different revisions or implementations of a resource. This
attribute value is defined by the individual manufacturer and increments with each new
revision. The format of the value has the upper 12 bits as the major number of the version,
the next lower 12 bits as the minor number of the version, and the lowest 8 bits as the
sub-minor number of the version.

Version of Specification

Uniquely identifies the version of the VISA specification to which the implementation is
compliant. The format of the value has the upper 12 bits as the major number of the
version, the next lower 12 bits as the minor number of the version, and the lowest 8 bits
as the sub-minor number of the version.

VXl Commander Logical Address
The logical address of the commander of the VXI device.
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VXI Logical Address

Specifies the logical address of the VXI device used by the given session.

VXI Memory Address Space

Specifies the VXIbus address space used by the device. The three types are A16 only,
A16/A24, or A16/A32 memory address space.

VXI Memory Base Address

Specifies the base address of the device in VXlbus memory address space. This base
address is applicable to A24 or A32 address space.

VXl Memory Size

Specifies the size of memory requested by the device in VXIbus address space.

Window Access
Specifies the modes in which the current window may be accessed.

Window Base Address
Specifies the base address of the interface bus to which this window is mapped.

Window Size
Specifies the size of the region mapped to this window.
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Traditional GPIB Functions

This chapter describes the Traditional GPIB functions.

The following figure shows th&raditional GPIB Functions palette
which you access by selectikginctions»Iinstrument I/O »GPIB.
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For examples of how to use the Traditional GPIB functiosese
examples\instr\smplgpib.llb

Traditional GPIB Function Parameters

Most of the Traditional GPIB functions use the following parameters:

e address stringcontains the address of the GPIB device with which
the function communicates. You can input both the primary and
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secondary addressesdddress stringby using the form
primary+secondary Bothprimary andsecondaryare decimal
values, so iprimaryis 2 andsecondaryis 3,address stringis 2+3.

If you do not specify an address, the functions do not perform
addressing before they attempt to read and write the string. They
assume you have either sent these commands another way or that
another Controller is in charge and therefore responsible for the
addressing. If the Controller is supposed to address the device but
does not do so before the time limit expires, the functions terminate
with GPIB error 6 (timeout) and set bit 14status If the GPIB is

not the Controller-In-Charge, you must not specifyaddress

string.

When there are multiple GPIB Controllers that LabVIEW can use,
a prefix to theaddress stringin the formiD:address  (or ID: if

no address is necessary) determines the Controller that a specific
function uses. If a Controller ID is not present, the functions
assume Controller (or bus) 0.

» statusis a 16-bit Boolean array in which each bit describes a state
of the GPIB Controller. If an error occurs, bit 15 is Jéte error
code field of the error out cluster is a GPIB error codenly if bit
15 of statusis set. Refer to GPIB Status in t6€IB Function
Descriptionssection of this chapter for status bit error codes.

e errorin and error out terminals comprise the error clusters in
each Traditional GPIB function. The error cluster contains three
fields. The status field is a Boolean which is TRUE when an error
occurs, FALSE when no error occursThe code fieldwill be a
GPIB error code value if an error occurs during a GPIB function.
Table 6-3 lists the GPIB error codes. Twaurce fieldis a string
which describes where the error has occurred. I§theis field of
theerror in parameter to a function is set, the function is not
executed and the same error cluster is passed out. By wiring the
error out of each function to therror in of the next function, the
first error condition is recorded and propagated to the end of the
diagram where it is reported in only one place.

Traditional GPIB Function Behavior

The GPIB Read and GPIB Write functions leave the device in the
addressed state when they finish executing. If your device cannot
tolerate being left in the addressed state, use the GPIB Misc function to
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send the appropriate unaddress message or configure the NI-488.2
software to unaddress automatically for all devices on the GPIB.

The Traditional GPIB Read and Write functions can execute
asynchronously. This means other LabVIEW activity can continue
while these GPIB functions are operating. When set to execute
asynchronously, a small wristwatch icon appears as part of the function
icons. A popup item on the Traditional GPIB Read and GPIB Write
functions allows for switching their behavior to and from asynchronous

operation.

Traditional GPIB Function Descriptions

Chapter 35

Show 4
Description...

Set Breakpoint

Show Terminals
Replace [

Cluster Tools
Create Constant
Create Control
Create Indicator
Do I/0 synchronously

The following Traditional GPIB functions are available.

GPIB Clear

Sends either SDC (Selected Device Clear) or DCL (Device Clear).

© National Instruments Corporation
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Error in

status

errar out
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GPIB Initialization
Configures the GPIB interface atldress string

rEE]uirE rE'addrESSing [T] ._
azzert BEM wath IFC [T] - i
syztem contraller [T] - =

address sting =~ | LT | —
IST bit zenze [T)] E : srrer out
Errar in

dizallaw DA, [F] -

GPIB Misc

Performs the GPIB operation indicateddnpmmand string Use this low-level function
when the previously described high-level functions are not suitable.

command string output string
; <::> [ ghatug
BT i sy FTeen ottt

Table 35-1. Command String Functions

Device Functions Description
loc address Go to local.
off address Take device offline.
pctaddress Pass control.
ppcbyte address Parallel poll configure (enable or disable).
GPIB Controller Functions Description
cac 0/1 Become active Controller.
cmdstring Send IEEE 488 commands.
dma 0/1 Set DMA mode or programmed 1/0O mode.
gts 0/1 Go from active Controller to standby.
ist 0/1 Set individual status bit.
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Command String Functions (Continued)

Device Functions

Description

=

e.

llo Local lockout.

loc Place Controller in local state.

off Take controller offline.

ppcbyte Parallel poll configure (enable or disable).

ppu Parallel poll unconfigure all devices.

rpp Conduct parallel poll.

rsc 0/1 Request or release system control.

rsvbyte Request service and/or set the serial poll status by

sic Send interface clear.

sre 0/1 Set or clear remote enable.
To specify the GPIB Controller used by this function, useramand
string in the form ID:xxx, where ID is the GPIB Controller (bus
number) ancxxis the three-character command and its corresponding
arguments, if any. If you do not specify a Controller ID, LabVIEW
assumes 0.

GPIB Read

Readsbyte countnumber of bytes from the GPIB deviceaaldress strirg.

timeaout ms (4832 global]

addrezs string

byte count =

-

o [
I

SR

data
[ gk

mode [0]
£ITar N =-==H=

errar ouk

You use the SetTimeOut function to change the default value (the 488.2 global timeout)
of timeout ms. Initially, timeout ms defaults to 10,000. See the description of the
SetTimeOuffunction in Chapte36, GPIB 488.2 Functiog for more information.
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GPIB Serial Poll

Performs a serial poll of the device indicatedalogress string

zenial poll byte

addrezs shring “
T

Eirorin = e rar oLt

GPIB Status

Shows the status of the GPIB Controller indicate@digress stringafter the previous
GPIB operation.

address sting i SG.tgtlLésE”Dr
sfrern _I—“‘H byte count
efrar out

GPIB Trigger
Sends GET (Group Execute Trigger) to the device indicateatiiyess string

address string “ shatuz
< JEL

2IT0T iR error auk

GPIB Wait

Waits for the state(s) indicated kwait state vectorat the device indicated by
address string

tirnecut ms [488.2 global]l ——

address string @ ghatug
wait state wector =] e por att
error in et

Wait for GPIB RQS

Waits for the device indicated laddress stringto assert SRQ.

addresz ztring B
timeout s [435.2 global] —]

2707 in

poll rezponze byte
error auk
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GPIB Write
Writesdata to the GPIB device identified bgddress string

tirmeaut mz [4828.2 global] — 1
address string o & shatis

data
[£3] o= apror out

i -
mode [0]
2Ior in mjm

GPIB Device and Controller Functions

This section describes the functions listed in the GPIB Misc function
description. The device functions send configuration information to a
specific instrument (device). The GPIB Controller functions configure
the Controller or send IEEE 488 commands to which all instruments
respond. Notice that there are both device and Controller versions of the
ppc andloc commands. The syntax and use of the commands are
slightly different for each version.

You can use these functions with all GPIB Controllers accessible by
LabVIEW, unless stated otherwise in the function description below.
An ECMD error (17) results when you execute a function for a GPIB
Controller without the specified capability. The function syntax is
strict. Each function recognizes only lowercase characters and allows
only one space between the function name and the arguments.

Device Functions

loc - Go to local
syntax loc address

loc temporarily moves devices from a remote program mode to a
local mode.

addresds the GPIB address of the device. This argument indicates both
primary and secondary addresses if you use the form
primary+secondarywhereprimary andsecondaryare the decimal

values of the primary and secondary addresses. For exanmmiiendry

is 2 andsecondaryis 3, themaddressis 2+3.

loc sends the GTL (Go To Local) message to the GPIB device.
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off — Take device offline

syntax

off address

off takes the device at the specified GPIB address offline. This is only
needed when sharing a device with another application which is using
the NI 488 GPIB Library.

addresds the GPIB address of the device. This argument indicates both
primary and secondary addresses if you use the form
primary+secondarywhereprimary andsecondaryare the decimal

values of the primary and secondary addresses. For exampiendfry

is 2 andsecondaryis 3, theraddressis 2+3.

pct — Pass control

syntax

pct address

pct passes Controller-in-Charge (CIC) authority to the device at the
specified address. The GPIB Controller automatically goes into an idle
state. The function assumes that the device to whitpasses control
has Controller capability.

addresds the GPIB address of the device. This argument indicates both
primary and secondary addresses if you use the form
primary+secondarywhereprimary andsecondaryare the decimal

values of the primary and secondary addresses. For exampiendfry

is 2 andsecondaryis 3, theraddressis 2+3.

pct sends the following command sequence:

1. Talk address of the device

2. Secondary address of the device, if applicable
3. Take Control (TCT)

ppc — Parallel poll configure

syntax

ppc byte address
ppc enables the instrument to respond to parallel polls.

byteis 0 or a valid parallel poll enable (PPE) commandyteis 0, the
parallel poll disable (PPD) byte 0x70 is sent to disable the device from
responding to a parallel poll. Each of the 16 PPE messages selects a
GPIB data line (DIO1 through DIO8) and sense (1 or 0) that the device
must use when it responds to the Identify (IDY) message during a
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parallel poll. The device compares ihesense and drives the indicated
DIO line TRUE or FALSE.

addresds the GPIB address of the device. This argument indicates both
primary and secondary addresses if you use the form
primary+secondarywhereprimary andsecondaryare the decimal

values of the primary and secondary addresses. For exanmpiiendry

is 2 andsecondaryis 3, thenaddressis 2+3.

Controller Functions

cac — Become active Controller
syntax cacO (take control synchronously)

cacl (take control immediately)

cactakes control either synchronously or immediately (and in some
cases asynchronously). You generally do not need to usathe
function because other functions, suclcis andrpp, take control
automatically.

If you try to take control synchronously when a data handshake is in
progress, the function postpones the take control action until the
handshake is complete. If a handshake is not in progress, the function
executes the take control action immediately. Synchronous take control
is not guaranteed if a read or write operation completes with a timeout
or other error.

You should take control asynchronously when it is impossible to gain
control synchronously (for example, after a timeout error).

The ECIC error results if the GPIB Controller is not CIC.
cmd - Send IEEE 488 commands
syntax cmd string

cmd sends GPIB command messages. These command messages
include device talk and listen addresses, secondary addresses, serial and
parallel poll configuration messages, and device clear and trigger
messages.
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You donot usecmd to transmit programming instructions to devices.
The GPIB Read and GPIB Write functions transmit programming
instructions and other device-dependent information.

string contains the command bytes the Controller sends. ASCII
characters represent these bytesnd string. If you must send
nondisplayable characters, you can enable backslash codes on the string
control or string constant or you can use a format function to list the
commands in hexadecimal.

dma - Set DMA mode or programmed I/0 mode

syntax

dma0 (use programmed I/O)
dmal (use DMA)
dma indicates whether data transfers use DMA.

Some GPIB boards do not have DMA capability. If you try to execute
dma 1, the function returns GPIB error 11 to indicate no capability.

gts — Go from active Controller to standby

syntax

gts0 (no shadow handshaking)
gts1 (shadow handshaking)
Description:

gts sets the GPIB Controller to the Controller Standby state and
unasserts the ATN signal if it is the active Controller. Normally, the
GPIB Controller is involved in the data transfets permits GPIB
devices to transfer data without involving the GPIB Controller.

If shadow handshaking is active, the GPIB Controller participates in the
GPIB transfer as a Listener, but does not accept any data. When it
detects the END message, the GPIB Controller asserts the Not Ready
For Data (NRFD) to create a handshake holdoff state.

If shadow handshaking is not active, the GPIB Controller performs
neither shadow handshaking nor a handshake holdoff.

If you activate the shadow handshake option, the GPIB Controller
participates in a data handshake as a Listener without actually reading
the data. It monitors the transfer for the END message and stops
subsequent transfers. This mechanism allows the GPIB Controller to
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take control synchronously on subsequent operations suwrhchsr
rpp.

After sending thgtscommand, you should always wait for END before
you initiate another GPIB command. You can do this with the GPIB
Wait function.

The ECIC error results if the GPIB Controller is not CIC.

ist — Set individual status bit

syntax ist O (individual status bit is cleared)
ist 1 (individual status bit is set)
ist sets the sense of the individual statisf pit.

You useist when the GPIB Controller is not the CIC but participates in
a parallel poll conducted by a device that is the active Controller. The
CIC conducts a parallel poll by asserting the EOI and ATN signals,
which send the Identify (IDY) message. While this message is active,
each device that you configured to participate in the poll responds by
asserting a predetermined GPIB data line either TRUE or FALSE,
depending on the value of its lodst bit. For example, you can assign
the GPIB Controller to drive the DIO3 data line TRUGEsifis 1 and
FALSE ifistis 0. Conversely, you can assign it to drive DIO3 TRUE if
istis 0 and FALSE ifstis 1.

The Parallel Poll Enable (PPE) message in effect for each device
determines the relationship among the valusstpthe line that is
driven, and the sense at which the line is driven. The Controller is
capable of receiving this message either locallyppi@or remotely via
a command from the CIC. Once the PPE message exestitdgnges
the sense at which the GPIB Controller drives the line during the
parallel poll, and the GPIB Controller can convey a one-bit,
device-dependent message to the Controller.

llo — Local lockout
syntax llo

llo places all devices in local lockout state. This action usually inhibits
recognition of inputs from the front panel of the device.

llo sends the Local Lockout (LLO) command.
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loc — Place Controller in local state

syntax

loc

loc places the GPIB Controller in a local state by sending the local
message Return To Local (RTL) if it is not locked in remote mode
(indicated by the LOK bit of status). You ulee to simulate a front

panel RTL switch when you use a computer to simulate an instrument.

off — Take controller offline

syntax

off

off takes the controller offline. This is only needed when sharing the
controller with another application which is using the NI 488 Library.

ppc - Parallel poll configure (enable and disable)

syntax

ppc byte

ppc configures the GPIB Controller to participate in a parallel poll by
setting its Local Poll Enable (LPE) message to the vallyiaf If the
value ofbyteis 0, the GPIB Controller unconfigures itself.

Each of the 16 Parallel Poll Enable (PPE) messages selects the GPIB
data line (DIO1 through DIO8) and sense (1 or 0) that the device must
use when responding to the Identify (IDY) message during a parallel
poll. The device interprets the assigned message and the current value
of the individual statudgt) bit to determine if the selected line is driven
TRUE or FALSE. For example, if PPE=0x64, DIO5 is driven TRUE if
istis 0 and FALSE ifstis 1. If PPE=0x68, DIO1 PPE message is in
effect. You must know which PPE and PPD messages are sent and
determine what the responses indicate.

ppu - Parallel poll unconfigure

syntax

ppu
ppu disables all devices from responding to parallel polls.

ppu sends the Parallel Poll Unconfigure (PPU) command.

rpp — Conduct parallel poll

syntax

rpp
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rpp conducts a parallel poll of previously configured devices by
asserting the ATN and EOI signals, which sends the IDY message.

rpp places the parallel poll response in the output string as ASCII
characters.

rsc — Release or request system control
syntax rsc O (release system control)

rsc 1 (request system control)

rscreleases or requests the capability of the GPIB Controller to send the
Interface Clear (IFC) and Remote Enable (REN) messages to GPIB
devices using thsic andsre functions. For the GPIB Controller to
respond to IFC sent by another Controller, the GPIB Controller must
not be the System Controller.

In most applications, the GPIB Controller is always the System
Controller. You useasc only if the computer is not the System
Controller for the duration of the program execution.

rsv — Request service and/or set the serial poll status byte

syntax rsv byte

rsv sets the serial poll status byte of the GPIB Controlldayte If the

0x40 bit is set irbyte the GPIB Controller also requests service from
the Controller by asserting the GPIB SRQ line. For instance, if you want
to assert the GPIB SRQ line, send the ASCII character @, in which the
0x40 bit is set.

You usersv to request service from the Controller using the Service
Request (SRQ) signal and to provide a system-dependent status byte
when the Controller serial polls the GPIB port.

sic — Send interface clear
syntax sic
siccauses the Controller to assert the IFC signal for at least 100 msec if
the Controller has System Controller authority. This action initializes

the GPIB and makes the Controller port CIC. You generallysitse
when you want a device to become CIC or to clear a bus fault condition.
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The IFC signal resets only the GPIB functions of bus devices; it does
not reset internal device functions. The Device Clear (DCL) and
Selected Device Clear (SDC) commands reset the device functions.
Consult the instrument documentation to determine the effect of these
messages.

sre — Unassert or assert remote enable
syntax sre 0 (unassert Remote Enable)

sre 1 (assert Remote Enable)

sreunasserts or asserts the GPIB REN line. Devices monitor REN when
they select between local and remote modes of operation. A device does
not actually enter remote mode until it receives its listen address.

The ESAC error occurs if the Controller is not System Controller.
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This chapter describes the IEEE 488.2 (GPIB) Functions.

The following figure shows th&PIB 488.2palette which you access by
selectingFunctions»Instrument I/O»GPIB 488.2

oIl nstrument 170

EPIB4EBE

—D=UEP|B4332

e ey | By | ey |y | e e
E COMFIG| [MHCOHFIG E
G| [ | [ | [ <o | ey | commive [ m | [
= G EWE] E = EHE = EE R E E EVEEEEE]EE E E
S| [t | [y [ fy| [z
EIEEEEREERE|EEE TET waIT NEIEE|EREE
<Gy | |FEm <.-

For examples of how to use the GPIB 488.2 Functions, see
examples\instr\smplgpib.lIb

GPIB 488.2 Common Function Parameters

Most of the GPIB 488.2 Functions use the following parameters:

e addresscontains the primary address of the GPIB device with
which the function communicates. If a secondary address is
required, use the MakeAdéunction to put the primary and
secondary addresses in the proper format. Unless specified
otherwise addressandaddress listare data types integer and
integer array, respectively.

e The default primary address of the GPIB board is 0, with no
secondary address. It is designated as System Controller. The
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default timeout value for the functions is 10 seconds. If you want
to change any of these parameters, use the configuration utility
included with your GPIB board. You can also use the GPIB Init and
SetTimeOut functions to set the primary address and to change the
default timeout value at run time, but these functions affect the
interface only when you use it with LabVIEW. For more
information, see the documentation supplied with your hardware
interface.

busrefers to the GPIB bus number. If you have only one GPIB
interface in your computer, the default bus number is 0. For
additional GPIB interfaces, see the software installation
instructions included with your GPIB board.

byte countrefers to the number of bytes that pass over the GPIB.

statusis a Boolean array in which each bit describes a state of the
GPIB Controller. If an error occurs, the GPIB functions set bit 15.
GPIB error is valid only if bit 15 ofstatusis set. See the status bit
and GPIB error tables in the GPIB Status function description in
Chapter 35Traditional GPIB Functions

error in; error out. See thé&sPIB Traditional Function Parameters
section ofChapter 35 Traditional GPIB Functions

GPIB 488.2 Function Descriptions (Single-Device Functions)

DevClear

Clears a single device. To send the Selected Device Clear (SDC) message to several
GPIB devices, use the DevClearList function.

Single-device functions perform GPIB I/O and control operations with a single GPIB
device. In general, each function accepts a single-device address as one of its inputs.

” bus shatuz
addresz — |
Biron iy =] === errar out
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PPollConfig

Configures a device for parallel polls.

bz
address - e status
" [afa 15 1Y ——
dataline —l_ error ouk

B0 ) s

PassControl
Passes control to another device with Controller capability.

i b IRTR o) status
—
address =] === emrar out
BT i

ReadStatus
Serial polls a single device to get its status byte.

bz zenal poll rezponze
=

address — status
&Irar in error aut
Receive
Reads data bytes from a GPIB device.
buz data string
Sy
addrezs - T shatus
mode f = 1 byte count
court error out
10T in

Receive terminates when the function does one of the following:
e reads the number of bytes requested
* detects an error
» exceeds the time limit
» detects the END message (EOI asserted)

» detects the EOS character (assuming the value suppliedde has enabled
this option)
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Send
Sends data bytes to a single GPIB device.
bz ztatus
address — byte count

mode f P e rar out
data zting
BT |p e

Trigger

Triggers a single device. To send a single message that triggers several GPIB devices,
use the TriggerList function.

i bus statusz
a ressf =] fee======error out

EITar in

GPIB 488.2 Multiple-Device Function Descriptions

The multiple-device functions perform GPIB I/O and control operations with several
GPIB devices at once. In general, each function accepts an array of addresses as one of
its inputs.

AlISPoll

Serial polls all devices.

Although the AlISPoll function is general enough to serial poll any number of GPIB
devices, you should use the ReadStatus function when you serial poll only one GPIB
device.

bz T genal poll byte list
address list=—] aEE— shatus
|1l in ‘“’Lm byte count
error oLt

DevClearList
Clears multiple devices simultaneously.

bus (o
L shatus
address list
; =] & === grror aut
2Irar in
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EnableLocal
Enables local mode for multiple devices.

bus N
. shatus
address list
. ] & Elf========ermor aut
error In

EnableRemote
Enables remote programming of multiple GPIB devices.

bus >
- status
addrezs list
: E & BElf======= error out
errar in

FindRQS
Determines which device is requesting service.
bz G requester skatus byte
address list=—] Ele]c status
Errar if “"Lm requester index
errar ouk

PPoll

Performs a parallel poll.

parallel poll byte
[ status
efrar out

b

£rror iy === ] [ [

PPollUnconfig

Unconfigures devices for parallel polls. The function unconfigures the GPIB devices
whose addresses are contained inaithdress listarray for parallel polls; that is, they no
longer participate in polls.

status
e @rror aulk

——

addrezs Iljst -r UHCOHFIG
Errar in
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SendList

Sends data bytes to multiple GPIB devices. This function is similar to Send, except that
SendList sends data to multiple Listeners with only one transmission.

buz A shatusz
address L [ byte count

rmode f P rrr ot
data string
BITOT ) e

TriggerList
Triggers multiple devices simultaneously.
bHS { TRG shatus
address h.St = ] Elf========errar out
2ar in

GPIB 488.2 Bus Management Function Descriptions

The bus management functions perform system-wide functions or report system-wide
status.

FindLstn

Finds all Listeners on the GPIB. You normally use this function to detect the presence of
devices at particular addresses because most GPIB devices have the ability to listen.
When you detect them, you can usually interrogate the devices with to determine their
identity.

bz e listener address list
addrezs list= zhatus
[irmit f HEE 1 number of listeners
2Irar ih errar aut

ResetSys

Performs bus initialization, message exchange initialization, and device initialization.
First, the function asserts Remote Enable (REN), followed by Interface Clear (IFC),
unaddressing all devices and making the GPIB board (the System Controller) the
Controller-in-Charge.
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Second, the function sends the Device Clear (DCL) message to all connected devices.
This ensures that all IEEE 488.2-compatible devices can receive the Reset (RST)
message that follows.

Third, the function sends the *RST message to all devices whose addresses are contained
in theaddress listarray. This message initializes device-specific functions within each

device.
bz SREET shatuz
address list = B Bl errar out
Error in
SendIFC

Clears the GPIB functions with Interface Clear (IFC). When you issue the GPIB Device
IFC message, the interface functions of all connected devices return to their cleared
states.

You should use this function as part of a GPIB initialization. It forces the GPIB board to
be Controller of the GPIB and ensures that the connected devices are all unaddressed and
that the interface functions of the devices are in their idle states.

bz { IFC statuz

Error in = = =] error ot

SendLLO

Sends the Local Lockout (LLO) message to all devices. When the function sends the
GPIB Local Lockout message, a device cannot independently choose the local or remote
state. While Local Lockout is in effect, only the Controller can alter the local or remote
state of the devices by sending the appropriate GPIB messages.You should use SendLLO
only in unusual local/remote situations, particularly those in which you must lock all
devices into local programming state. Use the SetRWLS Function when you want to
place devices in Remote Mode With Lockout State.

bz £ LG shatus

2Iror in =l E] =] error aut

SetRWLS

Places particular devices in the Remote With Lockout State. The function sends Remote
Enable (REN) to the GPIB devices listedaididress list It also places all devices in
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Lockout State, which prevents them from independently returning to local programming
mode without intervention by the Controller.

t"_-” {RILE: zhatus
addrezs list=—]
: ] Bl Elf====== emar out
EIrar in

TestSRQ

Determines the current state of the SRQ line. This function is similar in format to the
WaitSRQ function, except that WaitSRQ suspends itself while it waits for an occurrence
of SRQ, and TestSRQ immediately returns the current SRQ state.

................. SRO

[ sk
efrar out

bus
Error in oo TEET

TestSys

Directs multiple devices to conduct IEEE 488.2 self-tests.

bus S result list
address ist=—" [ shatug
. [=] =] [=] | . .
EITar in “"Lm failed devices
efrar out

WaitSRQ

Waits until a device asserts Service Request. The function suspends execution until a
GPIB device connected on the GPIB asserts the Service Request (SRQ) line.

This function is similar in format to TestSRQ, except that TestSRQ returns the SRQ
status immediately, whereas WaitSRQ suspends the program for the duration of the
timeout period (but no longer) waiting for an SRQ to occur.

--------------- SHD

status
errar out

b

error in oo WAIT

GPIB 488.2 Low-Level 1/0 Function Descriptions

The low-level functions let you create a more specific, detailed program than higher-level
functions. You use low-level functions for unusual situations or for situations requiring
additional flexibility.
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RcvRespMsg

Reads data bytes from a previously addressed device. This function assumes that another
function, such as ReceiveSetup, Receive, or SendCmds, has already addressed the GPIB
Talkers and Listeners. You use RcvRespMsg specifically to skip the addressing step of
GPIB management. You normally use the Receive function to perform the entire
sequence of addressing and then to receive the data bytes.

bus data string
<k k-
rnode _I_l_““_l_ ghatusg
count mr‘ “"Lm byte count
&frar in errar out

ReceiveSetup

Prepares a device to send data bytes and prepares the GPIB board to read data bytes. After
you call this function, you can use a function such as RcvRespMsg to transfer the data
from the Talker. In this way, you eliminate the need to re-address the devices between
blocks of reads.

bz shatis

addresz — SETUR  byte count
error in e P e rr ot

SendCmds
Sends GPIB command bytes.

You normally do not need to use SendCmds for GPIB operation. You use it when
specialized command sequences, not provided for in other functions, must be sent over

the GPIB.
bus “E'Em‘ ghatus
command string ~* rDe - hyte count
ermor in == P e oy ot
SendDataBytes

Sends data bytes to previously addressed devices.

mclb;: _,_,fm"_l —— Eilatfauzuunt

data sting P mpror ot
£ITar N mr
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SendSetup

Prepares particular devices to receive data bytes. You normally follow a call to this
function with a call to a function such as SendDataBytes to actually transfer the data to
the Listeners. This sequence eliminates the need to re-address the devices between blocks
of sends.

bz shatus

address list = ceTin — byte count
error jn o= P e arar out

GPIB 488.2 General Function Descriptions

The general functions are useful for special situations.

MakeAddr

Combinesprimary address andsecondary addressn a specially formattedacked
addressfor devices that require both a primary and secondary GPIB address.

primary address
gecondan) address —
20T in

packed address

WRKE  Jpomcomecs arror ayk

SetTimeOut

Changes the global timeout period for all GPIB 488.2 Functions. This function also sets
the default timeout period for all GPIB functions.

R

riew tireaut [10000] previous tirmeaut
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This chapter describes the VIs for serial port operations.

The following figure shows th8erial palette which you access by
selectingFunctions»Instrument I/O»Serial.

1 Inztrument 1/0

SERIAL
PORT

For examples of how to use the Serial Port Vs, see
examples\instr\smplserl.llb

Common Serial Port VI Parameters

The following are common Serial Port VI parameters.

Port Number

When you use the serial port VIs under Windows 95 and Windows 3.x,
the port number parameter can have the following values:

0: CoOM1 5: COMG6 10: LPT1
1. COM2 6: COM7 11: LPT2
2: COM3 7: COM8 12: LPT3
3: COM4 8: COM9 13: LPT4
4: COM5
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When you use the serial port VIs under Windows 95 or Windows NT,
the port number parameter is 0 for COM1, 1 for COM2, and so on.

On a Sun SPARCSstation under Solaris 1 and on Concurrent
PowerMAX, theport number parameter for the serial port Vis is O for
/devittya , 1 for/devittyb , and so on. Under Solaris 2, port O refers
to/devicua/a , 1 to/devicua/b , and so on. Under HP-UX port
number O refers ta@ev/ttyo0 , 1 to/devitty0l , and so on.

On the Macintosh, port 0 is the modem, using the drivérs and
.aout . Port 1 is the printer, using the drivéis and.bout . To get
more ports on a Macintosh, you must install other boards, with the
accompanying drivers.

Because other vendor’s serial port boards can have arbitrary device
names, LabVIEW has developed an easy interface to keep the
numbering of ports simple. In LabVIEW for Sun, HP-UX, and
Concurrent PowerMAX, a configuration option exists to tell LabVIEW
how to address the serial ports. LabVIEW supports any board that uses
standard UNIX devices. Some manufacturers suggest usingather
thantty device nodes with their boards. LabVIEW can address both
types of nodes.

The file labviewrc ~ contains the LabVIEW configuration options. To
set the devices the serial port VIs use, set the configuration option
labview.serialDevices to the list of devices you intend to use. For
example, the default is:

labview.serialDevices:/dev/ttya:/dev/ttyb:/dev/ttyc:....
/devittyz

Note: This requires that any third party serial board installation include a
method of creating a standardev file (node) and that the user knows the
name of that file.

Handshaking Modes

A common problem in serial communications is ensuring that both
sender and receiver keep up with data transmission. The serial port
driver can buffer incoming/outgoing information, but that buffer is of a
finite size. When it becomes full, the computer ignores new data until
you have read enough data out of the buffer to make room for new
information.
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Handshaking helps prevent this buffer from overflowing. With
handshaking, the sender and the receiver notify each other when their
buffers fill up. The sender can then stop sending new information until
the other end of the serial communication is ready for new data.

You can perform two kinds of handshaking in LabVIEW—software
handshaking and hardware handshaking. You can turn both of these
forms of handshaking on or off using the Serial Port Init VI. By default,
the VIs do not use handshaking.

Software Handshaking—XON/XOFF

XON/XOFF is a software handshaking protocol you can use to avoid
overflowing serial port buffers. When the receive buffer is nearly full,
the receiver sends XOFF (<control-S> [decimal 19]) to tell the other
device to stop sending data. When the receive buffer is sufficiently
empty, the receiver sends XON (<control-Q> [decimal 17]) to indicate
that transmission can begin again. When you enable XON/XOFF, the
devices always interpret <control-Q> and <control-S> as XON and
XOFF characters, never as data. When you disable XON/XOFF, you
can send <control-Q> and <control-S> as data. Do not use XON/XOFF
with binary data transfers because <control-Q> or <control-S> may be
embedded in the data, and the devices will interpret them as XON and
XOFF instead of as data.

Error Codes

You can connect therror code parameter to one of the error handler
Vls. These Vls can describe the error and give you options on how to
proceed when an error occurs. For more information on using the error
handler Vls, refer to thEérror Handling Overvievsection in Chapter 10,
Time, Dialog and Error Functions

Some error codes returned by the serial port VIs are platform-specific.
Please refer to your system documentation for a list of error codes.

Serial Port VI Descriptions

The following Serial Port VIs are available.
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Bytes at Serial Port

Returns inbyte countthe number of bytes in the input buffer of the serial port indicated
in port number.

ghring read
eror code

port number
requested byte count

Serial Port Break

Sends a break on the output port specifieghdny number for a period of time at least
as long as thdelay input requests.

port nurmber

d
delay (] eror code

Serial Port Init
Initializes the selected serial port to the specified settings.

flow contral ehz, seeeseseemn

buffer size ————
port number SERTAL
baud rate 7 ]

data hitz f 0

ermor code

zhop bitz
parity

Serial Port Read

Reads the number of characters specifiedelpested byte counfrom the serial port
indicated inport number.

ztring read
errar code

part nurnber
requested hyte count

Serial Port Write

Writes the data istring to write to the serial port indicated wort number.

part nmber

. _ ermor code
siring to wnte
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Introduction to Analysis
in LabVIEW

This chapter contains an overview of data analysis and of the LabVIEW
analysis Vls, a description of how the VIs are organized, instructions
for accessing the VIs and obtaining online help, and a description of
analysis VI error reporting.

To access the analysis VIs from the block diagram window, choose
Functions»Analysisand proceed through the hierarchical menus, and
select the VI you want. You can place the icon corresponding to that VI
in the block diagram and then wire it.

s Functions B4 |
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The Importance of Data Analysis

Modern, high-speed floating-point numerical and digital signal
processors have become increasingly important to real-time and
analysis systems. A few of the many possible applications include
biomedical data processing, speech synthesis and recognition, and
digital audio and image processing.

The importance of integrating analysis libraries into engineering
stations is that theaw data, as shown in the following figure, does not
always immediately convey useful information. Often you must
transform the signal, remove noise disturbances, correct for data
corrupted by faulty equipment, or compensate for environmental
effects, such as temperature and humidity.

By analyzing and processing the digital data, you can extract the useful
information from the noise and present it in a form more
comprehensible than the raw data. The following figure shows the
processed data.
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The LabVIEW block diagram programming approach and the extensive
set of LabVIEW analysis Vls simplify the development of analysis
applications.

The LabVIEW analysis VIs give you the most recent data analysis
techniques using Vls that you can wire together, as shown in the
preceding figure, to analyze data. Instead of worrying about
implementation details for analysis routines, as you do in conventional
programming languages, you can concentrate on solving your data
analysis problems.

Full Development System

The base analysis VI library is a subset of the advanced analysis VI
library. The base analysis library includes Vls for statistical analysis,
linear algebra, and numerical analysis. The advanced analysis library
includes more VIs in these areas as well as VIs for signal generation,
time and frequency-domain algorithms, windowing routines, digital
filters, evaluations, and regressions.

If the Vis in the base analysis library do not satisfy your needs, then you
can add the LabVIEW Advanced Analysis Libraries to the G Base
Package. Once you upgrade, you will have all the analysis tools
available in the Full Development System.

Refer to the chapters that introduce each section for information on how
to access a particular Function or VI palette.

Analysis VI Overview

The LabVIEW analysis VIs efficiently process blocks of information
represented in digital form. They cover the following major processing
areas:

« Pattern generation

« Digital signal processing

« Measurement-based analysis

« Digital filtering

e Smoothing windows

« Probability and Statistical analysis
e Curve fitting
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» Linear algebra
* Numerical analysis

The analysis VIs perform numerical operations using the central
processing unit (CPU) and a floating-point coprocessor (FPU). Many of
the Vs take advantage of the concurrent processing capabilities of the
CPU and the FPU, thereby minimizing execution time of data analysis
tasks.

The analysis VlIs use in-place data processing algorithms. That is, the
algorithms allocate minimal data space and process the data within that
space. In-place processing minimizes memory requirements, so you can
process larger data blocks. The only memory limitation for these Vis is
the amount of RAM available in your computer. Refer to yabVIEW

User Manualffor instructions on configuring the memory allocation for
LabVIEW.

The analysis Vs are powerful enough for experts to build sophisticated
analysis applications quickly and efficiently. At the same time, they are
simple enough for novices to analyze data without being expert
programmers in DSP, digital filters, statistics, or numerical analysis.

Analysis VI Organization

After installation, the ten analysis VI libraries appear inRhactions
palette. These libraries cover the following major processing areas:

» Signal Generationcontains VIs that generate digital patterns and
waveforms.

« Digital Signal Processingcontains Vls that perform frequency
domain transformations, frequency domain analysis, time domain
analysis, and other transforms such as the Hartley and Hilbert
transforms.

* Measurementcontains Vls that perform measurement-oriented
functions such as single-sided spectrums, scaled windowing, and
peak power and frequency estimation.

» Filters contains Vls that perform IIR, FIR, and nonlinear, digital
filtering functions.

* Windows contains VIs that perform data windowing.

» Probability and Statistics contains VIs that perform descriptive
statistics functions, such as identifying the mean or the standard
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deviation of a set of data, as well as inferential statistics functions
for probability and analysis of variance (ANOVA).

« Curve Fitting contains Vls that perform curve fitting functions and
interpolations.

« Linear Algebra contains Vs that perform algebraic functions for
real and complex vectors and matrices.

e Array Operations contains Vls that perform common, one- and
two-dimensional numerical array operations, such as linear
evaluation and scaling.

* Additional Numerical Methods contains VIs that use numerical
methods to perform root-finding, numerical integration, and peak
detection.

You can reorganize the folders and the VIs to suit your needs and
applications. You can also rebuild the original structure by removing
the Vs from your hard disk and then reinstalling them from the
distribution disks.

Notation and Naming Conventions

To help you identify the type of parameters and operations, this section
of the manual uses the following notation and naming conventions
unless otherwise specified in a VI description. Although there are a few
scalar functions and operations, most of the analysis VIs process large
blocks of data in the form of one-dimensional arrays (or vectors) and
two-dimensional arrays (or matrices).

Normal lower case letters represent scalars or constants. For example,
a,
T,
b=1.234.

Capital letters represent arrays. For example,
X,
A,
Y=aX+h.

In general X andY denote 1D arrays, aml B, andC represent
matrices.
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Array indexes in LabVIEW are zero-based. The index of the first
element in the array, regardless of its dimension, is zero. The following
sequence of numbers represents a 1D afregntainingn elements.

X = { X0 Xgy Xgs o0 X1}

The following scalar quantity represents teelement of the sequence
X.

X 0<i<n

The first element in the sequencejsand the last element in the
sequence ig.1, for a total ofn elements.

The following sequence of numbers represents a 2D array containing
rows andm columns.

Qo Q1 82 - Bz
Q0 Q1 Qg - Qg

Qo Ay 8y o By

_an—lo A_11 812 - an—lm—l_

The total number of elements in the 2D array is the produttofim.

The first index corresponds to the row number, and the second index
corresponds to the column number. The following scalar quantity
represents the element located onitReow and thgth column.

gjj,0<i<nand Osj<m
The first element irA is a5, and the last element &, m-1.

Unless otherwise specified, this manual uses the following simplified
array operation notations.

Setting the elements of an array to a scalar constant is represented by
X=a,
which corresponds to the sequence

X={a,qa, ...,a}
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and is used instead of
xj=a, fori=0,1,2,..n1.

Multiplying the elements of an array by a scalar constant is represented
by

Y=aX

which corresponds to the sequence

Y={axyax,axX, ...,aX.1}

and is used instead of

yi=ax, fori=0,1,2,..n1

Similarly, multiplying a 2D array by a scalar constant is represented by
B=kA

which corresponds to the sequence

kagy kagy Kkag, . Kagm_g
ka,g ka; Kkap, ... kag,_;
B =1 ka,y kay, Kay ... Kay,_;

[Ka 10 K&y 11 Kay_15 .. Kag 3]

and is used instead of
bij =k alj ,fori=0,1,2,...n-1andj=0,1, 2, ...m-1.

Empty arrays are possible in LabVIEW. An array with no elements is
an empty array and is represented by

Empty =NULL=@ ={}.

In general, operations on empty arrays result in empty, output arrays or
undefined results.
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Sampling Signals

To use digital signal processing techniques, you must convert an analog
signal into its digital representation. This section includes only a brief
discussion of the notation that represents a digital signal. This section
does not discuss the mathematical background or problems associated
with sampling techniques.

Consider an analog signglt) and the sampling intervait. The signal
X(t) can be represented by the discrete sequence of samples

{X(0), X(A1), X(2A1), X(3AY), ..., x(KAY), ... }.

Becausé\t establishes only the sampling rate and has no bearing on the
actual sampled (digitized) value, the sample at

t=iAt, fori=0,1, 2, ...

corresponds to thidh element in the sequence.

Thus,

Xj = X(iAt)

andx(t) can be represented by the sequexeéhose values are
X = {Xg, X1, X2, X3y «ey Xy «++ }-

If n samples are obtained from the sigx@), then the sequence
X = {Xo, X1, X2, X3, -+ X1 }

is the digital representation or the sampled versiox(tf
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Signal Generation Vis

This chapter describes the VlIs that generate one-dimensional arrays
with specific waveform patterns.

You can combine these VIs with the arithmetic functions discussed in
Chapter 4Numeric Functionsto generate more elaborate waveforms.
For example, if you want to generate an amplitude modulated pulse, you
multiply a pulse pattern by a sinusoidal pattern.

To access the Signal Analysis palette, select
Function»Analysis»Signal Generation The following illustration
shows the options that are available on the Signal Analysis palette.

—HAnalyzis
Signal Generation

v YEm *
' Py fﬂ“}l =) I
1“ -—1H5ignal Generation

&

For examples of how to use the signal generation VIs, see the examples
located inexamples\analysis\sigxmpl.llb

Normalized Frequency

Some of the Signal Generation VlIs use an input frequency cofijtrol (
that is assumed to use normalized frequency units of cycles per sample.
Its reciprocal (1f) gives you the number of times that the signal is
sampled in one cycle. This frequency ranges from 0 to 1.0, which

© National Instruments Corporation 39-1 LabVIEW Function and VI Reference Manual



Chapter 39

Analysis Signal Generation VIs

corresponds to a real frequency range of 0 to the sampling rate. This
frequency also wraps around 1.0, so that a normalized frequency of 1.1
is equivalent to 0.1.

For example, if a signal is sampled at Nyquistrate (fs/2), it is
sampled twice per cycle. This corresponds to a normalized frequency of
1/2 samples/cycle that is less than or equal to 0.5 cycles/sample.

If you use some of these VIs, you must convert your frequency units to
the normalized units of cycles/sample. You must use these normalized
units with the following VIs:

* Sine Wave

e Square Wave

* Sawtooth Wave
e Triangle Wave
e Arbitrary Wave
e Chirp Pattern

If you are used to working in frequency units of cycles, you can convert
cycles to cycles/sample by dividing cycles by the number of samples
generated. The following illustration shows an example of the Sine
Wave VI generating two cycles of a sine wave.

samples Sine Wave
A 20—
frequency ftype
H|2_|:| I chgc]es "
zarnpling rate (Hz)
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The following illustration shows the block diagram for converting
cycles to cycles/sample.

zamples
I32
......................... 51I-|E I‘Illlla\lre
frequency ERE gl clag fr oo — [DBL]

f = eyclesfzample

sarmples |

sampling rate (Hz)
I DEL I

However, you may need to use frequency units of Hz (cycles/s). If you
need to convert to Hz (or cycles/s) to cycles/sample, divide your
frequency in cycles/s by the sampling rate given in samples/s. The
following illustration shows an example of the Sine Wave VI
generating a 60 Hz sine signal.

samples Sine Wave

2.0

zampling rate (Hz)

Figure 39-1. Front Panel Example
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The following illustration shows the block diagram for generating a sine

signal.
2armples
Frsa Sine wWave
PR [DEL]

oy cles e

samples /sec

sarnpling rate (Hz)

Figure 39-2. Block Diagram example

For example, build a VI with the Front Panel and Block Diagram, as
illustrated in the Figures 39-1 and Figure 39-2 above. Select a frequency
of 2 cycles and the number of samples of 100. 2 cycles appear on the
plot. Change the number of samples to 150, 200, and 250 and 2 cycles
remain. If you keep the number of samples equal to 100 and the number
of cycles to 3, 4, and 5, there are 3, 4, and 5 cycles, respectively.
Therefore, when you choose the frequency in number of cycles, you
will see that many cycles within the plot.

Signal Generation VI Descriptions

The following Signal Generation Vls are available.

Arbitrary Wave
Generates an array containing an arbitrary wave.
wawe Table __I_,
samples i arbitrary wawe
arnplitude —'_% phase out
F— 1§ arrar
phase in
reset phase et
interpolation
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If the sequencegrepresentérbitrary Wave , then the VI generates the pattern according
to the following formula:
y[i] = a* arb(phasd]), fori=0,1, 2,...n-1,
wherea is theamplitude, n is the number o§amples
arb(phase]) = WT(phasei] modulo 360)1/360)
wherem s the size of th&/ave Tablearray
If interpolation = 0 (no interpolation), thewT(x) = Wave Tabldint(x)].

If interpolation =1 (linear interpolation), theWT(x) is equal to the linearly interpolated
value ofWave Tabldint(x)] andWave Tabld(int(x)+1) modulom].

phasei] = initial_phase #*360.0*, wheref is the frequency in normalized units of
cycles/sample, initial_phasepfase inif reset phaseis true, or initial_phase is the
phase outfrom the previous execution of this Vinéset phaseis false.

The VI is reentrant, so you can use it to simulate a continuous acquisition from an
arbitrary wave function generator. If the input contesdetphaseis false, subsequent
calls to a specific instance of this VI produce the outpbitrary Wave array
containing the nexdamplesof the arbitrary wave.

phase outis set to phase], and this reentrant VI uses this value as its pbase inif
reset phaseis false the next time the VI executes.

Chirp Pattern

Generates an array containing a chirp pattern.

samples A Chirp Pattern
arnplitude T
fl —/ i errar
f2

If the sequenc¥ representE€hirp Pattern, the VI generates the pattern according to the
following formula:

y; =A*sin((&2i+b)i), fori=0,1,2,..n1,
whereA is theamplitude, a = 2r(f2-f1)/n, b = 2rf1, f1 is the beginning frequency in

normalized units of cycles/sampf,is the ending frequency in normalized units of
cycles/sample, andis the number o§amples
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Gaussian White Noise

Generates a Gaussian-distributed, pseudorandom pattern whose statistical profile
is (4, o) = (0,9), wheres s the absolute value of the specifsgdndard deviation.

samples _'ml—ﬁaussian Moize Pattern
ztandard dewviation = B
seed errar

To generate the pattern, the VI uses a modified version of the Very-Long-Cycle random
number generator algorithm based upon the Central Limit Theorem. Given that the
probability density functiorf(x), of the Gaussian-distribut&ghussian Noise Patterns:

1 D_}szl.ﬁ
f(X) - ﬁem 20080 ,

wheres is the absolute value of the specifi@dndard deviation and that you can
compute the expected valué&qs}, using the formula:

00

E(x) = J’ x(f())dx

—00

then the expected mean valye and the expected standard deviation vatyef the
pseudorandom sequence are:

H=E{x} =0,

o= [E{(x-w} " =s .

The pseudorandom sequence produces approximefesatiples before the pattern
repeats itself.

Impulse Pattern
Generates an array containing an impulse pattern.

zamples T Irmpulse Pattern
armnplitude F'_L
de]au e errar
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If the Impulse Pattern is represented by the sequence X, the VI generates the pattern
according to the following formula:

E aifi=d fori=0,1,2,...,n-1

X =
' EO elsewhere
wherea is theamplitude, d is thedelay, andn is the number o$amples

Periodic Random Noise
Generates an array containing periodic random noise (PRN).

ra] Salm:ﬂES pra e Periodic Randorn Moize
spectral amplitude ittt
P P cead : error

The output array contains all frequencies which can be represented with an integral
number of cycles in the requested numbesarhples Each frequency-domain
component has a magnitudespfectral amplitude and random phase.

You can think of the output array of PRN as a summation of sinusoidal signals with the
same amplitudes but with random phases. The urspeétral amplitude is the same as

the outputPeriodic Random Noisgand is a linear measure of amplitude, similar to other
signal generation Vls.

The VI generates the same periodic random sequence for a given peesgtivalue. The
VI does not reseed the random phase generaseeifis negative.
samples
2
You can use PRN to compute the frequency response of a linear system in one time record

instead of averaging the frequency response over several time records, as you must for
nonperiodic random noise sources.

The output sequence is bounded by an amplitudgpeétral amplitude *

You do not need to window PRN before performing spectral analysis; PRN is
self-windowing and, therefore, has no spectral leakage because PRN contains only
integral-cycle sinusoids.
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Pulse Pattern
Generates an array containing a pulse pattern.

samples =
arnplitude —'_g
delay — |5
width

Fulze Pattern

errar

If the sequenc& represent®ulse Pattern the VI generates the pattern according to the
following formula:

Ea ifd<i<(d+w) fori=0,1,2,...,n1.

%’-0 elsewhere

wherea is theamplitude, d is thedelay, w is thewidth, andn is the number afamples

Ramp Pattern
Generates an array containing a ramp pattern.

samples
end
start

Farnp Fattern

errar

If the sequenc¥ representRamp Pattern, the VI generates the pattern according to the
formula:

X = Xpt+ix fori=0,1,2,...n-1,

Xn_1—%g
n-1

The does not impose conditions on the relationship betataenandend. Therefore, it
can generate ramp-up and ramp-down patterns.

whereAx = Xn-1 IS theend, xg is thestart, andn is the number ofamples
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Sawtooth Wave
Generates an array containing a sawtooth wave.

reset phase ey
samples oo P Sawtaoth Wave
amplitude _'_% phaze wut
f jg e ror
phaze in

If the sequenc¥ representSawtooth Wave the VI generates the pattern according to
the following formula:

y[i] = a * sawtooth(phaség]), fori =0, 1, 2,...n-1,

wherea is theamplitude, n is the number ofamples

D_Ic
. 80.0 0< p< 180
SaWt00t|I( phas[e]) =0

op

p = phase]] modulo 360.0, phasg[= initial_phase #*360.0%, f is the frequency in
normalized units of cycles/sample; initial_phasphase inif reset phases true; or
initial_phase is thehase outfrom the previous execution of this instance of the VI if
reset phaseis false.

The Vlis reentrant, so you can use it to simulate a continuous acquisition from a sawtooth
wave function generator. If the input contreket phaseis false, subsequent calls to a
specific instance of the VI produce the outBaivtooth Wavearray containing the next
samplesof a sawtooth wave.

phase outis set to phase], and, ifreset phaseis false, the next time the VI executes
this reentrant VI uses this value as its rgvase in

Sinc Pattern
Generates an array containing a sinc pattern.

ani:?;ﬂﬁi o . Sinc Pattern
delay —'_E,t errar
delta t
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If the sequence Y represer8mc Pattern, the VI generates the pattern according to the
following formula:

yy= ainc( D/ g, fori=0,1,2,..n1,
_ sin(p 4
N =0

where smc( ,ais theamplitude, At is the sampling intervalelta t, d is

thedelay, andn is the number oamples

The main lobe of the sinc function, sirj(is the part of the sinc curve bounded by the
region -1< x < 1.

When k| = 1, the sinc() = 0.0, and the peak value of the sinc function occurs when

x = 0. Using I'Hopital's Rule, you can show that sinc(0) = 1 and is its peak value. Thus,
the main lobe is the region of the sinc curve encompassed by the first set of zeros to the
left and the right of the sinc value.

Sine Pattern
Generates an array containing a sinusoidal pattern.

samples
armplitude e,
phaseldegrees) — — Jiies
cycles

Sinusoidal Pattern

errar

If the sequenc¥ representSinusoidal Pattern the VI generates the pattern according
to the following formula:

yy= osin(x)  fori=0,1,2,..n1,
where

: f
X = Qp/: @ ?8—8 a is theamplitude, k is the number ofyclesin the pattern,

f; is the initialphase(degrees) andn is the number ofamples

Sine Wave
Generates an array containing a sine wave.

r'E'SE't phaSE ......................
zamples PR Sine Wawve
armplitude —— phaze out
f ;5 error
phase in
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If the sequenc¥ represent§ine Wave the VI generates the pattern according to the
following formula:

y; = a* sin(phasei]), fori =0, 1, 2,...n-1,

wherea is theamplitude and phaseé] = initial_phase #*360.0%; f is the frequency in
normalized units of cycles/sample; initial_phasphsse inif reset phases true; or
initial_phase is th@hase outfrom the previous execution of this instance of the VI if
reset phaseis false.

The VI is reentrant, so you can use it to simulate a continuous acquisition from a sine
wave function generator. If the input contreket phases false, subsequent calls to a
specific instance of the VI produce the outfite Wavearray containing the next
samplesof a sine wave.

phase outis set to phase], and ifreset phasas false the next time the VI executes, this
reentrant VI uses this value as the r@vase in

Square Wave
Generates an array containing a square wave.

reset phase

zamples
amplitude

Square Wave

phase out
error
phas=e in

duty cycle (98]

If the sequenc¥ representSquare Wave the VI generates the pattern according to the
following formula:

y; = a* square(phaség), fori =0, 1, 2,...n-1,

wherea is theamplitude; n is the number ofamples

0 rduty

1.0  0sp< Dmsedg
squaré phade]) = E duty

O futy

110 510036%5 p <360

wherep = phase] modulo 360.0duty = duty cycle,
phasei] = initial_phase #*360.0%; f is the frequency in normalized units of
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cycles/sample, initial_phasepsase inif reset phaseis true; or initial_phase is the
phase outfrom the previous execution of this instance of the \feffet phaseis false.

The VI is reentrant, so you can use it to simulate a continuous acquisition from a square
wave function generator. If the input contreket phases false, subsequent calls to a
specific instance of this VI produce the out@guare Wavearray containing the next
samplesof a square wave.

phase outis set to phase], and ifreset phasds false the next time the VI executes, this
reentrant VI uses this value as its nglase in

Triangle Wave
Generates an array containing a triangle wave.

reset phase -
sarmnples L Triangle 'Wawve
amplitude ——] phaze out
F——f error
phaze in —

If the sequenc¥ representJriangle Wave, the VI generates the pattern according to
the following formula:

y; =a* tri(phasel]), fori =0, 1, 2,...n-1

wherea is theamplitude; n is the number oc$amples

93 0<p<90

I i |
o

tri (phasd1]) = Dz—% 90< p < 270

O

0
%’om 270< p < 360

wherep = (phasei] modulo 360.0); phasg[= initial_phase #*360.0%; f is the
frequency in normalized units of cycles/sample; initial_phaphase inif reset phase

is true; or initial_phase is thghase outfrom the previous execution of this instance of
the VI if reset phasés false.

The VI is reentrant, so you can use it to simulate a continuous acquisition from a triangle
wave function generator. If the input contreket phaseis false, subsequent calls to a
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specific instance of the VI produce the outputangle Wave array containing the next
samplesof a triangle wave.

phase outis set to phase], and ifreset phasds false the next time the VI executes, this
reentrant VI uses this value as its nglase in

Uniform White Noise

Generates a uniformly distributed, pseudorandom pattern whose values are in the range
[-a:a], wherea is the absolute value aimplitude.

samples ‘m WY Uniform White Moize
arnplitude
ceed : aFror

The VI generates the pseudorandom sequence using a modified version of the
Very-Long-Cycle random number generator algorithm. Given that the probability
density functionf(x), of the uniformly distributedJniform White Noise is

Dla if —asx<a
0 = P2

elsewhere

wherea is the absolute value of the specifaadplitude, and given that you can compute
the expected valueg{*}, using the formula:

(=)

, then the expected mean valpeand the expected standard
E(x) = Ix(f(x))dx deviation valueg, of the pseudorandom sequence are:

—oo u=E{x}=0,

_ Y2 @
o =[E{(Xx—M)}] 73 0.5773m .

The pseudorandom sequence produces approxima@esaples before the pattern
repeats itself.
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This chapter describes the Vls that process and analyze an acquired or
simulated signal. The digital signal processing VIs perform frequency
domain transformations, frequency domain analysis, time domain
analysis, and other transforms, such as the Fourier, Hartley, and Hilbert
transforms.

To access the Digital Signal Processing palette, select
Function»Analysis»Digital Signal ProcessingThe following

illustration shows the options that are available on the Signal Analysis
palette.

~—HAnalysis

Digital Signal Processing
3 k

Fir |7

<~ Digital Signal Proceszing

wit)
| .
) | FARY||F {RY | Fin} |[F (5]

H, %)
Hartlay

k) Y
[

For examples of how to use the digital signal processing Vls, see the
examples located iexamples\analysis\dspxmpl.llb
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The Fast Fourier Transform (FFT)

The Fourier transform establishes the relationship between a signal and
its representation in the frequency domain. The Fourier transform is a
powerful analysis tool for spectral analysis, applied mechanics,
acoustics, medical imaging, numerical analysis, instrumentation, and
telecommunications.

The definition of the Fourier transform of a signé) is

00

X(H) = F{t}) = Ix(t)e"'z””dt, (40-1)

and the inverse Fourier transform of a sighd) is

00

x(t) = FHX®H} = J’ X(e?™dt. (40-2)

A notation often used to indicate that the signdts andX(f) are a
Fourier transform pair and are related via the Fourier transform is:

x(t) = X(f). (40-3)

To derive the discrete representation of the Fourier transform equations,
equations (40-1) and (40-2), sample the Fourier transform pair in
equation (40-3) using the following sampling relationships:

I =
—

2]

At = £ af =

—h
»
Sl

whereAt is the sampling intervalif is the frequency resolutioff, is
the sampling frequency, amds the number of samples in both the time
and frequency domain.

Thus, the discrete transform pair
X = Xg (40-4)

is obtained and the discrete Fourier transform is given by
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n-1
X, = zxie“'z"‘k/“m (40-5)
i=0
and the inverse by
n-1
X = zxkeiz”ik/”m. (40-6)

i=0

Xy in equation (40-5) represents an amplitude spectral density. Multiply
the right-hand side of equation (40-5) by the frequency resolifiom

arrive at the amplitude spectrum. This amplitude spectrum is the final
form of the DFT and inverse DFT, given by equations (40-7) and (40-8),
respectively. Notice that the DFT is independent of the sampling rate.

n-1

X, = ine_jzmk/” fork=0,1,2,..n1 (40-7)
i=0
n-1

X = %ZXKe‘Z"“‘/” fori=0,1,2,..n1. (40-8)
k=0

Direct implementation of the DFT requires approximat&#lgomplex
operations, and until recently, it was a time-consuming process.
However, when the size of the sequence is

n=2" form=1, 2, 3,...,

you can implement the computation of the DFT with approximately
n log,(n) operations. DSP literature refers to these algorithms as fast
Fourier transforms (FFTs).

Note: The advantages of the FFT include its speed and memory efficiency
because the VI performs the transform in place. The size of the input
sequence, however, must be a power of 2. The DFT can efficiently process
any size sequence, but the DFT is slower than the FFT and uses more
memory, because it must store intermediate results during processing.
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Furthermore, with the aid of the FFT, you can find the DFT of any size
sequence in approximatelyl®g,(n) operations whera is the next
power of 2 that accommodates intermediate results. You can find a
more detailed explanation of FFT theory in most introductory texts on
DSP.

The algorithm implemented in the LabVIEW analysis VIs is known as
the split-radix algorithm. This algorithm has a form similar to the
radix-4 algorithms with the efficiency of radix-8 algorithms. The
split-radix algorithm requires the least number of multiplications
among the radix-2, radix-4, and mixed-radix algorithms.

This manual uses the following notation to denote the discrete Fourier
transform of a sequence

X =F{x},
and
x=FYX}

to denote the discrete inverse Fourier transform. The Fourier transform
always results in a complex output sequence, and the input sequence
can be eithereal or complex Unless otherwise specified, two real
sequences represent the complex sequencess € complex sequence,
then:

Xre = Re{X}

represents the real part of the complex sequ&hce

Xim = Im{X}

represents the imaginary part of the complex sequ¥neaad
X=Xret] Xim = Re{X} + j Im{X}.

If the i/p signal is real, the FT is symmetric.

If the i/p signal is complex, the FT is not symmetric.
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If =8, letk = g . The following table shows the format of the complex

output sequence.

Array Element Interpretation
Yo DC component
Y; 1stharmonic or fundamental
Y, 2nd harmonic
Y3 34 harmonic
Yio (k-2)t" harmonic
Y1 (k-1)!" harmonic
Yy Nyquist harmonic

Yk+1 = Yn-(k-l) = Y-(k-l) - (k—l)th harmonic*

Yk+2 = Yn-(k—2) = Y—(k-2) - (k—2)th harmonic*
Yn3 - 34 harmonic*
Y2 - 224 harmonic*
Y1 - 1stharmonic*

*These entries represemegativeharmonics.
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The following illustration represents this complex sequence.

——
250 | |FFT x| |
200
150
100
Positive "Negative"
Harn"llonics Harmlonics
0= T T 1
0 128 256 384 512
DC Nyquist
Component Component
n-1 .
If n=7, letk = 5 The following table shows the format of the

complex output sequende

Array Element Interpretation
Yo DC component
Y, 1stharmonic or fundamental
Y, 2nd harmonic
A 39 harmonic
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Array Element Interpretation
Y1 kih-1 harmonic
\7 kth harmonic
Yir1 = Yok = Y -kt harmonic*
Yir2 = Ygen) = Yeen) - (k-1) harmonic*
Y3 - 3 harmonic*
Yoz - 27 harmonic*
Yo - 1stharmonic*

*These entries represemegativeharmonics.

The following illustration represents the preceding table.

]
250 NESE TN
200
150
100
Positive "Negative"
Harmonics Harmlonics
50 |
0= 1 1 1 1
0 125 250 375 500
DC
Component

This format is an accepted standard in digital signal processing
applications. It is convenient because it simplifies performing the
inverse transform to obtain the final, processed result.

© National Instruments Corporation 40-7 LabVIEW Function and VI Reference Manual



Chapter 40

Analysis Digital Signal Processing VIs

Signal Processing VI Descriptions

The following Signal Processing Vs are available.

AutoCorrelation
Computes the autocorrelation of the input sequehce

R

|1t ]

Errar

The autocorrelatioR,(t) of a functionx(t) is defined as

00

R (1) = x(t) O x(t) = I X(T)X(t+1)dt ,

—00

where the symbdll denotes correlation.

For the discrete implementation of this VI, Yetepresent a sequence whose indexing can
be negative, lat be the number of elements in the input sequeh@nd assume that the
indexed elements of that lie outside its range are equal to zero,

X=0, j<0 orj=n.
Then the VI obtains the elementsYfising
n-1

y = z XX 4 forj =-(n-1), -(n-2),..., -2,-1,0, 1, 2,..n-1.

k=0
The elements of the output sequeRo& are related to the elements in the sequéting
RXXI :yi—(n—l) fori = 0, 1, 2,..., h-2.

Notice that the number of elements in the output sequiergds 2n - 1. Because you
cannot use negative numbers to index LabVIEW arrays, the corresponding correlation
value att = 0 is thent" element of the output sequerRex. Therefore Rxx represents
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the correlation values that the VI shiftadimes in indexing. The following block
diagram shows one way to display the correct indexing for the autocorrelation function.

Sarmples
[137]
B

] -
[T

The following graph is the result of the preceding block diagram.

33.5-
dutoCorrelation
20.0-
10.0-
n.n—wmw,wm MWMW
-7.2-

T T T T T T T T T
=99 -0 -&0 -40 -20 0O 20 40 &0 20 99

Complex FFT

Computes the Fourier transform of the input sequéhce

—FFT {x}

Brrar

Fidy

You can use this VI to perform an FFT on an array of complex numeric representations.
If Y represents the complex output sequence, then

Y=F{X}.
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You also can use this VI to perform the following operations whdyas one of the
complex LabVIEW data types.

« The FFT of a complex-valued sequence
e The DFT of a complex-valued sequente

This VI first analyzes the input data, and based on this analysis, it calculates the Fourier
transform of the data by executing one of the preceding options. All these routines take
advantage of the concurrent processing capabilities of the CPU and FPU.

When the number of samples in the input sequéhisea valid power of 2,
n=2m form=1, 2, 3,..., 23,

wherenis the number of samples, the VI computes the fast Fourier transform by applying
the split-radix algorithm. The largest complex FFT the VI can compute is
223 = 8,388,608 (8M).

When the number of samples in the input sequéhienot a valid power of 2,
n#2m form=1, 2, 3,..., 23,

wheren is the number of samples, the VI computes the discrete Fourier transform by
applying the chirp-z algorithm. The largest complex DFT that can be computed is
222.1 = 4,194,303 (4M - 1).

Note: Because the VI performs the transform in place, advantages of the FFT
include speed and memory efficiency. The size of the input sequence,
however, must be a power of 2. The DFT can efficiently process any size
sequence, but the DFT is slower than the FFT and uses more memory,
because it must store intermediate results during processing.

Let Y be the complex output sequence argk the number of samples in it. Using
equation (40-7), you can show that

Yni =Y

which means you can interpret theifth element ofY as the " element of the sequence,
if it could be physically realized, which represents the negétivarmonic.
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Convolution
Computes the convolution of the input sequerntendy.

= H_ER HOEY
Y v errar

The convolutiorh(t), of the signalx(t) andy(t) is defined as

0

h() = x()*y(D) = j X(T)y(t—1)dt

—00

where the symbol denotes convolution.

For the discrete implementation of the convolutionhle¢present the output sequence
X * Y, letn be the number of elements in the input sequeha@nd letm be the number
of elements in the input sequen¢eAssuming that indexed elementsXofndY that lie
outside their range are zero,

=0, i<0 ori=n
and
yj=0, j<0 orjzm,

then you obtain the elementsiofising

n-1
h, = z XY fori=0,1,2,.., size-1,
k=0

size=n+m- 1,

where size denotes the total number of elements in the output sequénte
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Cross Power
Computes the cross power spectrum of the input sequéhaedY.

W H_EE 5
F -
T v_d errar

The cross powel§,(f), of the signalx(t) andy(t) is defined as
Syf) =X (Y(F)
whereX'(f) is the complex conjugate X{f), X(f) = F{x(t)}, and Y(f) = F{y(t)}.

This VI uses the FFT or DFT routine to compute the cross power spectrum, which is
given by

Sy = SFIOOFY) |
whereS, represents the complex output sequedg andn is the number of samples
that can accommodate both input sequencesdY .
The largest cross power that the VI can compute via the FFF (8,288,608 or 8M).
When the number of samplesXnandY are equal and are a valid power of 2,
n=m= X fork=1, 2, 3, ..., 23,

wherenis the number of samplesi) andmis the number of samplesh the VI makes

direct calls to the FFT routine to compute the complex, cross power sequence. This
method is extremely efficient in both execution time and memory management because
the VI performs the operations in place.

When the number of samplesXnandY are not equal,
n#m,

wheren is the number of samplesi andmis the number of samples ¥ the VI first
resizes the smaller sequence by padding it with zeros to match the size of the larger
sequence. If this size is a valid power of 2,

max(,m) = fork=1,2,3, ..., 23,
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the VI computes the cross power spectrum using the FFT; otherwise the VI uses the
slower DFT to compute the cross power spectrum. Thus, the size of the complex output
sequence is

size = maxg,m).

CrossCorrelation
Computes the cross correlation of the input sequeXicasdY .

22 Ry
i Y_ erro-

The cross correlatioR,(t) of the signal(t) andy(t) is defined as

00

Rof = X0 O y() = [xO¥(t+1)dr,

where the symbdll denotes correlation.

For the discrete implementation of this VI, katepresent a sequence whose indexing can
be negative, let be the number of elements in the input sequéhdetm be the number

of elements in the sequen¥e and assume that the indexed elemenb$ ahdY that lie
outside their range are equal to zero,

X =0, j<0 orj=n,

and

yj=0, j<0 orjzm

Then the VI obtains the elementstoiising
n-1

h, = Zxkyj+k forj = -(n-1), -(0-2),..., -2, -1, 0, 1, 2,...m-1.

k=0
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The elements of the output sequeRog are related to the elements in the sequérine
Rxy = hi.n.yy fori=0,1,2, .., size-1,

size=n+m-1

where size is the number of elements in the output sequience

Because you cannot index LabVIEW arrays with negative numbers, the corresponding
cross correlation value at 0 is thent™ element of the output sequeriRry. Therefore,
Rxy represents the correlation values that the VI shiftéiches in indexing.

The following block diagram shows one way to index the CrossCorrelation VI.

Samples i:: +

"width

g

Samples V8
200

Crelay
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The following graph is the result of the preceding block diagram.

100.0-

anon-| CrossCorrelation
00—
40.0-

20.0-

0.0 T I I
=93 =30 ] a0 100 150 199

Decimate

Decimates the input sequen¥eby thedecimating factor and theaveraging binary
control.

Decimated Array
error

If Y represents the output sequeeeimated Array, the VI obtains the elements of the
sequence using

Xim if ave is false
U m-1
y, = fori=0,1, 2,..., size-1
o z X(im+ ifave is true
k=0
0

size = trungs-o,

wheren is the number of elementsXi) mis thedecimating factor, aveis theaveraging
option, andsizeis the number of elements in the output sequ&wamated Array.
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Deconvolution
Computes the deconvolution of the input sequeixcéy andY.

WoEY o #
Y vEE error

The VI can use Fourier identities to realize the convolution operation because

X(t) * y(t) = X(f) Y(f)

is a Fourier transform pair, where the symbalenotes convolution, and the
deconvolution is the inverse of the convolution operatioh(t)fis the signal resulting
from the deconvolution of the signai@) andy(t), the VI obtaind(t) using the equation

_ ()
h) = F 559

whereX(f) is the Fourier transform oft), andY(f) is the Fourier transform gft).

The VI performs the discrete implementation of the deconvolution using the following
steps:

1. Compute the Fourier transform of the input sequehtey .

2. Compute the Fourier transform of the input sequahce

3. Divide the Fourier transform of * Y by the Fourier transform of. Call the new
sequencé.

4. Compute the inverse Fourier transforntofo obtain the deconvoluted sequeixce

= Note: The deconvolution operation is a numerically unstable operation, and it is
not always possible to solve the system numerically. Computing the
deconvolution via FFTs is perhaps the most stable generic algorithm not
requiring sophisticated DSP techniques. However, it is not free of errors
(for example, when there are zeros in the Fourier transform of the input
sequence Y).
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Derivative x(t)
Performs a discrete differentiation of the sampled sinal

& o di At
initial condition —— %~
final condition — ] R errar
dt

The differentiatiorf(t) of a functionF(t) is defined as
_d
fit) = O—ItF(t) .

LetY represent the sampled output sequehtet. The discrete implementation is given
by

1 .
yi = H(Xi+1_xi—l) forl = 0, 1, 2, _“,n_l,

wheren is the number of samples xift),
X is specified bynitial condition wheni =0, and
X, is specified byfinal condition wheni =n-1.

Theinitial condition andfinal condition minimize the error at the boundaries.

Fast Hilbert Transform
Computes the fast Hilbert transform of the input sequehce

HAH) Hilbert{x}

Hilksz it errar

The Hilbert transform of a functiox(t) is defined as

[

h(t) = H{x()} = —1-1T tx(_—TidT .

—00
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Using Fourier identities, you can show the Fourier transform of the Hilbert transform of
X(1) is
h(t) < H(f) = -j sgnf) X(f)

wherex(t) = X(f) is a Fourier transform pair and

1 >0
sgn(f)y = g0 =0
1 f<O

I:IQI:II:II:I

The VI completes the following steps to perform the discrete implementation of the
Hilbert transform with the aid of the FFT routines based upom(the- H(f) Fourier
transform pair (refer to the output format of the FFT VI for more information):

Fourier transform the input sequente Y = F{X}.

Set the DC component to zerory = 0.

If the sequenc¥ is an even size, set the Nyquist component to 2q(Q:= 0.
Multiply the positive harmonics by.-

o ks wDn

Multiply the negative harmonics lpyCall the new sequen¢g which is of the form
Hy = - sgn) Y.
6. Inverse Fourier transforid to obtain the Hilbert transform of.

You use the Hilbert transform to extract instantaneous phase information, obtain the
envelope of an oscillating signal, obtain single-sideband spectra, detect echoes, and
reduce sampling rates.

Note: Because the VI sets the DC and Nyquist components to zero when the
number of elements in the input sequence is even, you cannot always
recover the original signal with an inverse Hilbert transform. The Hilbert
transform works well with bandpass limited signals, which exclude the DC
and the Nyquist components.

FHT

Computes the fast Hartley transform (FHT) of the input sequXnce

H artleyf
errar

pw—
HortLay
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The Hartley transform of a functiot{t) is defined as

00

X = Ix(t)ca&{ atft)dt

—00

where cas() = cosk) + sin).

If Y represents the output sequehtztley{X} obtained via the FHT, thenis obtained
through the discrete implementation of the Hartley integral:

n-1
Y, = inca%z——nnﬂf%, fork=0,1,2,...n-1.
i=0

wheren is the number of elements ¥

FHT maps real-valued sequences into real-valued frequency domain sequences. You can
use it instead of the Fourier transform to convolve signals, deconvolve signals, correlate
signals, and find the power spectrum. You can also derive the Fourier transform from the
Hartley transform.

When the sequences to be processed are real-valued sequences, the Fourier transform
produces complex-valued sequences in which half of the information is redundant. The
advantage of using the FHT instead of the FFT transform is that the FHT uses half the
memory to produce the same information the FFT produces. Further, the FHT is
calculated in place and is as efficient as the FFT. The disadvantage of the FHT is that the
size of the input sequence must be a valid power of 2.

Integral x(t)

Performs the discrete integration of the sampled signal

" Al
initia] condition " Integral =
final c-:-nd1t1-:-d? x.:rrrh_ . J—

The integralF(t) of a functionf(t) is defined as

F(t) = I f(t)dt
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LetY represent the sampled output sequéntegral X. The VI obtains the elements of
Y using
i
1 .
y, = éz (%_q+4x +x,,)dt fori=0,1,2,..n1,
j=0

wheren is the number of elements ¥ x_; is specified bynitial condition wheni = 0,
andx, is specified byfinal condition wheni =n-1.

Theinitial condition andfinal condition minimize the overall error by increasing the
accuracy at the boundaries, especially when the number of samples is small. Determining
boundary conditions before the fact enhances accuracy.

Inverse Complex FFT
Computes the inverse Fourier transform of the complex input seq&&TcéX }.

"

errar

FFT {x3 F {5}

You can use this VI to perform an inverse FFT on an array of one of the LabVIEW
complex numeric representations.

If Y represents the output sequence, then
Y =FYX}.

You can use this VI to perform the following operations wRef {X} has one of the
complex LabVIEW data types:

e« The inverse FFT of a complex-valued sequexice
e« Theinverse DFT of a complex-valued sequeXce

This FFT VI first analyzes the input data and, based on this analysis, inverse Fourier
transforms the data by executing one of the preceding options. All these routines take
advantage of the concurrent processing capabilities of the CPU and FPU.

When the number of samples in the input sequéhisea valid power of 2,

n=2m form=1, 2, 3,..., 23,
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wheren is the number of samples, the VI computes the inverse FFT by applying the
split-radix algorithm. The longest sequence with an inverse complex FFT that the VI can
compute is 23=8,388,608 (8M).

When the number of samples in the input sequénisanot a valid power of 2,
n#2m form=1, 2,3, ..., 23,

wheren is the number of samples, the VI computes the inverse DFT by applying the
chirp-z algorithm. The longest sequence with an inverse complex DFT that the VI can
compute is 22-1 (4,194,303 or 4M - 1).

Note: Because the VI performs the transform in place, advantages of the FFT
include speed and memory efficiency. The size of the input sequence,
however, must be a power of 2. The DFT can efficiently process any size
sequence, but the DFT is slower than the FFT and uses more memory,
because it must store intermediate results during processing.

Inverse Fast Hilbert Transform
Computes the inverse fast Hilbert transform of the input sequénce

I Hilbert fH)

H (1)

Hilkz it errar

The inverse Hilbert transform of a functib(t) is defined as
_ 1h(t
h(®) = H{h(®} = = t{%m

Using the definition of the Hilbert transform

[

() = Hix) = = [ e,

—00

you obtain the inverse Hilbert transform by negating the forward Hilbert transform

x(t) =HY{h(®} = - H{h(t)}.
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The VI completes the following steps to perform the discrete implementation of the
inverse Hilbert transform with the aid of the Hilbert transform.

1. Hilbert transform the input sequen¥e Y = H{X}.
2. NegateY to obtain the inverse Hilbert transformtd-1{X} = -V.

For more information on the algorithm this VI uses, refer to the description &aste
Hilbert Transformsection in this chapter.

Inverse FHT
Computes the inverse fast Hartley transform of the input sequénce

I FHT {3}

Brrar

H, (x)
Hartley

The inverse Hartley transform of a functi¥(f) is defined as

o

X(t) = J’ X(fcaq 2ft)df

where cas() = cosk) + sin).

If Y represents the output sequeioeFHT {X} , the VI calculate¥ through the discrete
implementation of the inverse Hartley integral:

n-1
Y = }zxicas%m( ,fork=0,1,2,...n1
n n
i=0
wheren is the number of elements ¥a

The inverse Hartley transform maps real-valued frequency sequences into real-valued
sequences. You can use it instead of the inverse Fourier transform to convolve,
deconvolve, and correlate signals. You can also derive the Fourier transform from the
Hartley transform.

See the=HT section for a comparison of the Fourier and Hartley transforms.
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Inverse Real FFT

Computes the Inverse Real Fast Fourier Transform (FFT) or the Inverse Real Discrete
Fourier Transform (DFT) of the input sequeider{X} .

"

Brrar

F i}

FFT{s}

The input sequence is complex-valued. This VI automatically determines the following
options:

* Inverse Real FFT of a complex-valued sequence if the size is a power of 2.

« Inverse Real DFT of a complex-valued sequence if the size is not a power of 2.

This VI executes inverse FFT routines if the size of the input sequence is a valid power
of 2:

size= m=1,2,..., 23.

If the size of the input sequence is not a power of 2, this VI calls an efficient Inverse DFT
routine.

The output sequence = Inverse Real FFTHFT{X}] is real and it returns in one real
array.

Power Spectrum
Computes the power spectrum of the input sequ&nce

e E Power Spectiim

efrar

ThePower SpectrumS,(f) of a functionx(t) is defined as

Swlf) = X' (XA = [X(M) |2
whereX(f) = F{x(t)}, and X'(f) is the complex conjugate {f).
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This VI uses the FFT and DFT routines to compute the power spectrum, which is given by

S = SIF{X}I,
n

whereS,, represents the output sequemver Spectrum andn is the number of
samples in the input sequene

When the number of samples,in the input sequence¢ is a valid power of 2,
n=2m form=1,2,3, ..., 23,

this VI computes the FFT of a real-valued sequence using the split-radix algorithm and
efficiently scales the magnitude square. The largest power spectrum the VI can compute
using the FFT is 2 (8,388,608 or 8M).

When the number of samples in the input sequéhisenot a valid power of 2,
n#2m form=1, 2, 3,..., 23,

wheren is the number of samples, this VI computes the discrete Fourier transform of a
real-valued sequence using the chirp-z algorithm and scales the magnitude square. The
largest power spectrum the VI can compute using the fast DFPF-iIs (2,194,303 or

4M - 1).

The FFT computation of the power spectrum is time and memory efficient because the
transform is real and done in the same space. However, the size of the input sequence
must be exactly a power of 2. The DFT version efficiently computes the power spectrum
of any size sequence. The DFT version is slower than the FFT version, uses more
memory, and is not as efficient in scaling.

LetY be the Fourier transform of the input sequeX@and letn be the number of samples
in it. Using equation (40-7), you can show that

Yaoi® = Y4

You can interpret the power in the-{)" element ofY as the power in thét? element of
the sequence, which represents the power imégativeit™ harmonic. You can find the
total power for thé" harmonic (DC and Nyquist component not included) using

Power ini" harmonic= 12 = [Yi|2+]Y,_|% O<i <g_
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The total power in the DC and Nyquist components|‘a5)§ |\é,pg|2 , respectively.

If nis even, lek = 2

. The following table shows the format of the output seq&erce

corresponding to the power spectrum.

Interpretation

Array Element

S

S = SKX(pe1)

S = XXn-2)

Skxg = SKX(n-3)

SKXe.2 = S k-2)
SKXe1 = Ky (k-1)
Sk

Power in DC component
Power in ¥ harmonic or fundamental
Power in 2d harmonic

Power in 3 harmonic

Power in k-2)" harmonic
Power in k-1)'" harmonic

Power in Nyquist harmonic

The following illustration represents the preceding table information.

0.25 ! Power Spectrum |-
0.20
0.15
0.10
Positive "Negative"
Harmonics Harmonics
0.05
oo St insh b AP
0 128 256 384 512
DC Nyquist
Component Component
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If nis odd, letk = n__;l . The following table shows the format of the output sequence

Sxx corresponding to the power spectrum.

Array Element Interpretation

S Power in DC component

S0 = SKXn.1) Power in # harmonic or fundamental
S0 = StXn.p) Power in 24 harmonic

SoG = StXn-3) Power in 3 harmonic

2 = S (k-2) Power in k-2)" harmonic

S41 = S (k1) Power in k-1)" harmonic

Sxx = XXk Power inkth harmonic

The following illustration represents the preceding table information.

0.25 ! Power Spectrum |-

0.20

0.15

0.10
Positive "Negative"
Harmonics Harmlonics

0.05

DC
Component

The format described in the preceding tables is an accepted standard in digital signal
processing applications.
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Real FFT

Computes the Real Fast Fourier Transform (FFT) or the Real Discrete Fourier Transform
(DFT) of the input sequenck.

FFT{x}

errar

Fix)

The input sequence is real-valued. The Real FFT VI automatically determines the
options, which are the following:

 FFT of areal-valued sequence
e DFT of areal-valued sequence

The Real FFT VI executes FFT routines if the size of the input sequence is a valid power
of 2:

size= m=1,2,..., 23.

If the size of the input sequence is not a power of 2, the Real FFT VI calls an efficient
Real DFT routine.

The output sequencé= Real FFTK] is complex and returns in one complex array:

Y = YRe +jYIm

Unwrap Phase
Unwraps théPhasearray by eliminating discontinuities whose absolute values exceed

[P
Phase ——
Liraatop

Urwrapped Phase

errar

Y[i] = Clip {X[il}

Clips the elements dhput Array to within the bounds specified lwpper limit and
lower limit.

Input Array LhL) Clipped Array
upper Timit _c_w
Tower Tirnit L) errar
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Let the sequenceé represent the output sequer@gped Array ; then the elements of
are related to the elementsloput Array by

K2 X >a
0
y, = X b<x<a fori=0,1,2,..n1,
% <b

wheren is the number of elements input Array , a is theupper limit, andb is the
lower limit.

Yli] = X[i-n]

Shifts the elements in tHaput Array by the specified number of shifts.

Shifted Array

errar

Input Array
shifts:n

Let the sequenc¥ represent the output sequerBtafted Array ; then the elements of
are related to the elementsXfy

S _ains  if O<i—shifts<n fori=0,1,2,...,n-1,

Yi = 0O
EO elsewhere

wheren is the number of elements input Array .

Note: This VI does not rotate the elements in the array. The VI disposes of the
elements of the input sequence shifted outside the range, and you cannot

recover them by shifting the array in the opposite direction.

Zero Padder

Resizes the input sequeriogut Array to the next higher valid power of 2, sets the new

trailing elements of the sequence to zero, and leaves tha Biements unchanged,
wheren is the number of samples in the input sequence.

Input Array mlllpn:' Zetro Padded Array
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This VI is useful when the size of the acquired data buffers is not a power of 2, and you
want to take advantage of fast processing algorithms in the analysis VIs. These
algorithms include Fourier transforms, power spectrum, and FHTs, which are extremely
efficient for buffer sizes that are a power of 2.
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This chapter describes the measurement VIs, which are streamlined to
perform DFT-based and FFT-based analysis with signal acquisition for
frequency measurement applications as seen in typical frequency
measurement instruments, such as dynamic signal analyzers.

To access the Analysis Measurement palette, select
Function»Analysis»Measurement The following illustration shows
the options that are available on the Measurement palette.

-~ Analysiz
Measurement
[ 3
Fin) "'.
Lk, ~HMeazurement

Fit |

For examples of how to use the measurement VIs, see the examples
using data acquisition located in

examples\analysis\measure\dagmeas.llb (Windows and

Macintosh) and using simulated signals in
examples\analysis\measure\measxmpl.llb
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Introduction to Measurement Vis

Several measurement VIs perform commonly used time domain to
frequency-domain transformations such as amplitude and phase
spectrum, signal power spectrum, network transfer function, and so on.
Other measurement Vls interact with VIs that perform such functions as
scaled time domain windowing and power and frequency estimation.

You can use the measurement VIs for the following applications:
» Spectrum analysis applications

— Amplitude and phase spectrum

— Power spectrum

— Scaled time domain window

— Power and frequency estimate

— Harmonic analysis and total harmonic distortion (THD)
measurements

* Network (frequency response) and dual channel analysis
applications

— Transfer function

— Impulse response function

— Network functions (including coherence)
— Cross power spectrum

The DFT, FFT, and power spectrum are useful for measuring the
frequency content of stationary or transient signals. The FFT provides
the average frequency content of the signal over the entire time that the
signal was acquired. For this reason, you use the FFT mostly for
stationary signal analysis (when the signal is not significantly changing
in frequency content over the time that the signal is acquired), or when
you want only the average energy at each frequency line. A large class
of measurement problems fall in this category. For measuring
frequency information that changes during the acquisition, you should
use joint time-frequency analysis VIs, such as the Gabor Spectrogram.

The measurement VIs are built on top of the signal processing VIs and
have the following characteristics, which model the behavior of
traditional, benchtop frequency analysis instruments.

* Real-world, time-domain signal input is assumed.
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e Outputs are in magnitude and phase, scaled, and in units where
appropriate, ready for immediate graphing.

e Single-sided spectrums from DC L§Campl|nngrequency

« Sampling period to frequency interval conversion for graphing with
appropriate X axis units (in Hz).

e Corrections for the windows being used are applied where
appropriate.

« Windows are scaled so that each window gives the same peak
spectrum amplitude result within its amplitude accuracy
constraints.

Views power or amplitude spectrums in vglrious unit formats, including
decibels and spectral density units, sucVvagHz V/ JHz , and so on.

In general, you can directly connect the measurement VIs to the output
of data acquisition VIs and to graphs through the axis cluster, as the
following spectrum analyzer diagram shows.

e
. e .
-— o Spectrurn Unit

Display Unit 7 |
el )
channel (00 [132]
L
[ DO 75 g
s L__pwd ubaPorve delta-T L
i-lumw- IVI"'"' e — Shan|  |Est Power peal
132 | delta-t
window constants

sarnple ratel

The measurement examples include the following:

e Amplitude Spectrum Example

e Simulated Dynamic Signal Analysis Example

e Total Harmonic Distortion (THD) Example

(Windows and Macintosh) You can use the following examples with
National Instruments hardware.

e Simple Spectrum Analyzer and Spectrum Analyzer—Both work
with any analog input hardware (use dynamic signal acquisition
hardware for good quality measurements).
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» Dynamic Signal Analyzer and Network Analyzer—Both work with
dynamic signal acquisition hardware. The Network Analyzer
requires the AT-DSP2200 board.

Measurement VI Descriptions

The following Measurement VIs are available.

AC & DC Estimator

Computes an estimation of the AC and DC levels of the input signal.

Signal (4 ﬁ‘_ AC estimate (Mrms)
| by DC estimate (%)

Amplitude and Phase Spectrum

Computes the single-sided, scaled amplitude spectrum magnitude and phase of a real
time-domain signal.

Signal (&) m —||:| Amp Spectrum Mag (Mems)
urrwtap phase (T) ;mpmu‘dq Amp Spectrum Phase (radians,
dt tzkru df

The VI computes the amplitude spectrum as

FFT(Signal)
N

whereN is the number of points in tt&gnal array. The VI then converts the amplitude
spectrum to single-sided rms magnitude and phase spectra.

Auto Power Spectrum
Computes the single-sided, scaled, auto power spectrum of a time-domain signal.

Signal (W) Power Spectrurn (M2 rms)
ubaPoven
dt eckm——— df
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This VI computes the power spectrum as

FFT*(Signal) x FFT(Signal)
N2

whereN is the number of points in ti&gnal array and * denotes complex conjugate.
The VI then converts the power spectrum into a single-sided power spectrum result.

Cross Power Spectrum

Computes the single-sided, scaled, cross power spectrum of two real-time signals. The
cross power spectrum gives the product of the amplitude of the signals X and Y and the
difference between their phases (phase of Y minus phase of X).

Signal X (V) CRoE Cross Fower BY Spectrurn Mag (Y"2rms)
Signal ¥ (%) 5;'.5?_.","'“5““ Cross Power XY Spectrum Phasze (radians)
dt Sav df

This VI computes the cross power spectrum as

FFT*(Signal X) x FFT(Signal Y)
N2

whereN is the number of points i@ignal X or Signal Y arrays. The VI then converts the
cross power spectrum to single-sided magnitude and phase spectra.

Harmonic Analyzer

Finds the fundamental and harmonic components (amplitude and frequency) present in
the inputAuto Power Spectrum and computes the percent of total harmonic distortion
(%THD) and the total harmonic distortion plus noi%€THD + Noise).

frame =zize
Auto Power Spectrum Harrnonic drmplitudes
* harmonics - Harrmonic Frequencies

window — — % % THD
zampling rate % THL + Moize

fundarnental flrequency

You must pass the windowed, auto power spectrum of your signal to this VI for it to
function correctly. You should pass your time-domain signal through the scaled time
domain window and then through the Auto Power Spectrum, connecting the Auto Power
Spectrum output to this VI.
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The following illustration shows an example of using this VI.

frame size
132

Auto Power Spectirumn

fundarmental frequency

PR E— ‘x}m [DEL] | Harrmonic Armplitudes
i Fystem ] kol L] | Harmonic Frequencies

# harmonics THD

%
windo % THD + Noise

sampling rate
DEL

Impulse Response Function

Computes the impulse response of a network based on real sigr&tgI(X Stimulus)
and Y Signal Y Responsg

SQRAT ¥ SHMUILS  —s
Signal % Besponse ! g'-'
Thelmpulse Responsas in the time domain, so you do not need to convert time units

to frequency units. Thenpulse Responsas the inverse transform of the transfer
function.

Irnpulse Response

This VI computedmpulse Responseas

Cross Power(Stimulus, Resporse)
Power Spectrum(Stimulus) | °

Inverse FFT [

Network Functions (avg)

Computes several network response functions of two, real time-domain signals X
(Stimulus Signa) and Y Response Signal

Cross Power Spectrum Cavg)
Stimulus Signal W Frequency Response [avg)
Response Signal == il  Cohetence Function I:III..1gJ
4t i Irmpulse Response [avq)
df

The signals X $timulus Signa) and Y Response Signalinclude coherence, averaged
cross power spectrum magnitude and phase, averaged transfer fuRctignefcy
Responsg, and averagetinpulse Response
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You usually compute these functions on the stimulus and response signals from a
network under test. The coherence function shows the frequency contenRespmnse
Signal Y due toStimulus Signal X and measures the validity of the network frequency
response measurement.

You can use this VI to measure the coherence between any two signals. The VI averages
multiple stimulus and response signals to get valid coherence measurefresss.

Power Spectrumandimpulse Responseare the rms averaged versions of the similarly
named VIsFrequency Responsés the rms averaged version of the frequency response
outputs of the Transfer Function VI.

Peak Detector

For information on this VI, see Chapter 4$alysis Additional Numerical Method Vig
this manual.

Power & Frequency Estimate

Computes the estimated power and frequency around a peak in the power spectrum of a
time-domain signal.

Paower Spectrum (M2 rrz) =—{a
eak frequency [max) -
P d 4 uf T ezt power peak

window constants Sfan
df —I_ |
span

With this VI, you can achieve good frequency estimates for measured frequencies that lie
between frequency lines on the spectrum. The VI makes corrections for the window
function you use.

ezt frequency peak

Pulse Parameters

Analyzes the input sequenefor a pulse pattern and determines the best set of pulse
parameters that describes the pulse.

slew rate
| —— overshoot
jsetirne
E— Engﬁlé:gitude
undér=zhoot

erkor
falltirne
width
delay
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The waveform-related parameters alew rate, overshoot topline op), amplitude,
baseline lfase, andundershoot The time-related parameters aisetime, falltime,
width (duration), andlielay.
This VI completes the following steps to calculate the output parameters:

Find the maximum and minimum values in the input sequ&nce

2. Generate the histogram of the pulse with 1% range resolution.
3. Determine the upper and lower modes to establistofhandbasevalues.
4. Find theovershoot amplitude, andundershootfrom top, base maximum, and

minimum values.
5. ScanX and determine thglew rate risetime, falltime, width, anddelay.

The VI interpolatesvidth anddelay to obtain a more accurate result not onlyvidth
anddelay, but also ofslew rate risetime, andfalltime.

If X contains a train of pulses, the VI uses the train to deteravieeshoot top,
amplitude, base andundershoot, but uses only the first pulse in the train to establish
slew rate risetime, falltime, width, and delay.

Note: Because pulses commonly occur in the negative direction, this VI can
discriminate between positive and negative pulses and can analyzX the
sequence correctly. You do not need to process the sequence before
analyzing it.

Scaled Time Domain Window
Applies the selected window to the time-domain signal.

W avefarmm ENET=! windowed Waveform
ﬁ;m
window Eh""',x'fg-.-.-f window constants

The VI scales the result so that when the power or amplitude spectrumvirtiewed
Waveform is computed, all windows provide the same level within the accuracy
constraints of the window. This VI also returns importafihdow Constantsfor the
selected window. These constants are useful when you use VIs that perform
computations on the power spectrum, such as the Power & Frequency Estimate and
Spectrum Unit Conversion VIs.
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Converts either the power, amplitude, or gain (amplitude ratio) spectrum to alternate
formats including Log (decibel and dbm) and spectral density.

zignal unit [V

display unit

window constants

T
Spectrum ¥ Spectrum
spectrum _tg pe
log /linear spectrum unit

df

Threshold Peak Detector

For information on the this VI, see Chapter ABalysis Additional Numerical Method VIs

of this manual.

Transfer Function

Computes the transfer function (also known as the frequency response) from the
time-domainStimulus Signal andResponse Signalrom a network under test.

Stirmulus Signal
Fezponse Signal
dt

Rzdss)

Frequency Responsze Mag (gain)
Frequency Response Phasze (radians)
df

This VI computes the transfer function of a system based on the real sigi&isnXl(s
Signal) and Y Response Signal The output is the amplitude gain of the network, which

is unitless.

The VI computer frequency response is:

© National Instruments Corporation

Cross Power(Stimulus, Response)

41-9

Power Spectrum(Stimulus) -
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This chapter contains a brief discussion of digital filter theory and
describes the Vls that implement IIR, FIR, and nonlinear filters.

To access the Analysis Filter palette, select
Function»Analysis»Filters The following illustration shows the
options that are available on the Filter palette.

L=l Analysis
'

3 Ve v
| ‘_'F{H:I'
M | L, |
[ it K
prid

= —1HIFilters

For examples of how to use the filter Vis, see the examples located in
examples\analysis\fltrkmpl.llb

Introduction to Digital Filtering Functions

Analog filter design is one of the most important areas of electronic
design. Although analog filter design books featuring simple, tested
filter designs exist, filter design is often reserved for specialists because
it requires advanced mathematical knowledge and understanding of the
processes involved in the system affecting the filter.
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Modern sampling and digital signal processing tools have made it
possible to replace analog filters with digital filters in applications that
require flexibility and programmability. These applications include
audio, telecommunications, geophysics, and medical monitoring.

Digital filters have the following advantages over their analog
counterparts:

* They are software programmable.
* They are stable and predictable.

e They do not drift with temperature or humidity or require precision
components.

* They have a superior performance-to-cost ratio.

You can use digital filters in LabVIEW to control parameters such as
filter order, cutoff frequencies, amount of ripple, and stopband
attenuation.

The digital filter VIs described in this section follow the virtual
instrument philosophy. The Vis handle all the design issues,
computations, memory management, and actual data filtering
internally, and are transparent to the user. You do not have to be an
expert in digital filters or digital filter theory to process the data.

The following discussion of sampling theory is intended to give you a
better understanding of the filter parameters and how they relate to the
input parameters.

The sampling theorem states that you can reconstruct a continuous-time
signal from discrete, equally spaced samples if the sampling frequency
is at least twice that of the highest frequency in the time signal. Assume
you can sample the time signal of interegkta#qually spaced intervals
without losing information. ThAt parameter is the sampling interval.

You can obtain the sampling rate or sampling frequépfrpm the
sampling interval

1
fS:E:,

which means that, according to the sampling theorem, the highest
frequency that the digital system can process is
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fS
fNyq = E .

The highest frequency the system can process is known as the Nyquist
frequency. This also applies to digital filters. For example, if your
sampling interval is

At = 0.001 sec,

then the sampling frequency is

fs= 1000 Hz,

and the highest frequency that the system can process is
fayg = 500 Hz.

The following types of filtering operations are based upon filter design
techniques:

e Smoothing windows

* Infinite impulse response (lIR) or recursive digital filters

* Finite impulse response (FIR) or nonrecursive digital filters
* Nonlinear filters

The rest of this chapter presents a brief theoretical background on the
IIR, FIR, and nonlinear techniques and discusses the digital filter VIs
corresponding to each technique. Refgr to Chaptevddow Vig for
information about the Vls that implement smoothing windows.

Infinite Impulse Response Filters

Infinite impulse response filters (IIR) are digital filters with impulse
responses that can theoretically be infinite in length (duration). The
general difference equation characterizing IIR filters is
N, -1 N, -1
0 O
- 10 O
y; = a_ODZ byX; _j = Z ayi —kQ (42-1)
i=0 k=1 o

whereNy, is the number oforward coefficients f;) andN, is the
number ofreversecoefficients &).
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In most IIR filter designs (and in all of the LabVIEW IIR filters),
coefficientag is 1. The output sample at the present sample ingdex
the sum of scaled present and past inpytar(dx, .; when# 0) and
scaled past outputy;(). Because of this, IIR filters are also known as
recursive filters or autoregressive moving-average (ARMA) filters.

The response of the general IIR filter to an impulge=(1 andx; = 0

for all'i # 0) is called the impulse response of the filter. The impulse
response of the filter described by equation (42-1) is indeed of infinite
length for nonzero coefficients. In practical filter applications,
however, the impulse response of stable IIR filters decays to near zero
in a finite number of samples.

lIR filters in LabVIEW contain the following properties:

Negative indices resulting from equation (42-1) are assumed to be
zero the first time you call the VI.

Because the initial filter state is assumed to be zero (negative
indices), a transient proportional to the filter order occurs before
the filter reaches a steady state. The duration of the transient
response, or delay, for lowpass and highpass filters is equal to the
filter order.

Delay = order.

The duration of the transient response for bandpass and bandstop
filters is twice the filter order

Delay = 2 * order.

You can eliminate this transient response on successive calls by
enabling state memory. To enable state memory, sénitieont
control of the VI to TRUE (continuous filtering).
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Transient Steady State

Original Signal
Filtered Signal | ... .~

The number of elements in the filtered sequence equals the number of
elements in the input sequence.

The filter retains the internal filter state values when the filtering
completes.

The advantage of digital IIR filters over finite impulse response (FIR)
filters is that IIR filters usually require fewer coefficients to perform
similar filtering operations. Thus, IIR filters execute much faster and do
not require extra memory, because they execute in place.

The disadvantage of IIR filters is that the phase response is nonlinear.
If the application does not require phase information, such as simple
signal monitoring, IIR filters may be appropriate. You should use FIR
filters for those applications requiring linear phase responses.

Cascade Form IR Filtering

Filters implemented using the structure defined by equation (42-2)
directly are known adirect formlIR filters. Direct form

implementations are often sensitive to errors introduced by coefficient
gquantization and by computational, precision limits. Additionally, a
filter designed to be stable can become unstable with increasing
coefficient length, which is proportional to filter order.

A less sensitive structure can be obtained by breaking up the direct form
transfer function into lower order sections, or filter stages. The direct
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form transfer function of the filter given by equation (42-2) (végh~
1) can be written as a ratio ntransforms, as follows:

by +byz 4. +by 7M7Y
H(2) = —=T - (42-2)
1

By factoring equation (42-2) into second-order sections, the transfer
function of the filter becomes a product of second-order filter functions

N,

S

1 2
boy + bzt +by

H(z) = (42-3)

1 2
kljll l+a, z+a,z"

whereNg = | N,/2 | is the largest integeNg/2, andN, > Nb. (Ngis the
number of stagepThis new filter structure can be described as a
cascadeof second-order filters.

=[i] 00— smq=1 Smge 2 segqe Ns—n Wi

Carcadad Rler Seges

Each individual stage is implemented using divect form Il filter

structure because it requires a minimum number of arithmetic
operations and a minimum number of delay elements (internal filter
states). Each stage has one input, one output, and two past internal states

(sli-1] andsy[i-2]).

If nis the number of samples in the input sequence, the filtering
operation proceeds as in the following equations:

Yolil = {il,

Sl = Yali—1] —agsdli—1] — axsdi-2], k=1, 2,...Ng
Yli] = boysdli] + byesli-1] + bysi-2], k=1, 2,...Ng
Yl = yndi]

for each sample=0, 1, 2,..n5-1.
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For filters with a single cutoff frequency (lowpass and highpass),
second-order filter stages can be designed directly. The overall IIR
lowpass or highpass filter contains cascaded second-order filters.

For filters with two cutoff frequencies (bandpass and bandstop),
fourth-order filter stages are a more natural form. The overall IIR
bandpass or bandstop filter is cascaded fourth-order filters. The
filtering operation for fourth-order stages proceeds as in the following

equations:

Yolil = X[i],

Skli] = Yieali—1] —aysdi—1] — anesli-2] — agsli—3] — assidi—41,
k=1,2,...Ng

Yili] = bosili] + byysidi-1] + boysili-2] + basli-3] + bgysy[i-4],
k=1,2,..Ng

ylil = yndil-

Notice that in the case of fourth-order filter stages= | (N, +1)/4 |

Butterworth Filters

A smooth response at all frequencies a nd a monotonic decrease from
the specified cutoff frequencies characterize the frequency response of
Butterworth filters. Butterworth filters are maximally flat—the ideal
response of unity in the passband and zero in the stopband. The half
power frequency or the 3-dB down frequency corresponds to the
specified cutoff frequencies.

The following illustration shows the response of a lowpass Butterworth
filter. The advantage of Butterworth filters is a smooth, monotonically
decreasing frequency response. After you set the cutoff frequency,
LabVIEW sets thesteepnessf the transition proportional to the filter
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Chebyshev Filters

order. Higher order Butterworth filters approach the ideal lowpass filter
response.

1.0 -
0.9 o
U.B— R
0.7
0.6
0.5
0.4
03] Order=2
0.2 Order=5 | ..
01+ Order=20) -~_-~_-

0.0- :
0.0 0.1

o Butterwonh
Response

Butterworth filters do not always provide a good approximation of the
ideal filter response because of the slow rolloff between the passband
(the portion of interest in the spectrum) and the stopband (the unwanted
portion of the spectrum).

Chebyshev filters minimize peak error in the passband by accounting
for the maximum absolute value of the difference between the ideal
filter and the filter response you want (the maximum tolerable error in
the passband). The frequency response characteristics of Chebyshev
filters have an equiripple magnitude response in the passband,
monotonically decreasing magnitude response in the stopband, and a
sharper rolloff than Butterworth filters.

The following graph shows the response of a lowpass Chebyshev filter.
Notice that the equiripple response in the passband is constrained by the
maximum tolerable ripple error and that the sharp rolloff appears in the
stopband. The advantage of Chebyshev filters over Butterworth filters
is that Chebyshev filters have a sharper transition between the passband
and the stopband with a lower order filter. This produces smaller
absolute errors and higher execution speeds.
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Chebyshey
Response
200 order=2 il
25 Qrder=3 | - :
Order=5 | .« -« - .
-3.0 . . i .
oo 0.1 0.z 0.3 0.4 05

Chebyshev Il or Inverse Chebyshev Filters

Chebyshev 11, also known as inverse Chebyshev or Type Il Chebyshev
filters, are similar to Chebyshev filters, except that Chebyshev Il filters
distribute the error over the stopband (as opposed to the passband), and
Chebyshev Il filters are maximally flat in the passband (as opposed to
the stopband).

Chebyshev Il filters minimize peak error in the stopband by accounting
for the maximum absolute value of the difference between the ideal
filter and the filter response you want. The frequency response
characteristics of Chebyshev Il filters are equiripple magnitude
response in the stopband, monotonically decreasing magnitude
response in the passband, and a rolloff sharper than Butterworth filters.

The following graph plots the response of a lowpass Chebyshev Il filter.
Notice that the equiripple response in the stopband is constrained by the
maximum tolerable error and that the smooth monotonic rolloff appears
in the stopband. The advantage of Chebysheuv I filters over Butterworth
filters is that Chebyshev Il filters give a sharper transition between the
passband and the stopband with a lower order filter. This difference
corresponds to a smaller, absolute error and higher execution speed.
One advantage of Chebyshev Il filters over regular Chebyshev filters is
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that Chebysheuv I filters distribute the error in the stopband instead of
the passband.

Chebyshey I
Respanse

=104

-1 54

-204

Order=2

5] Order=3 | oo

Order=5 [ .- _-"._-

-3 T T d E-|
0.0 01 n.z 0.3

Elliptic (or Cauer) Filters

Elliptic filters minimize the peak error by distributing it over the
passband and the stopband. Equi-ripples in the passband and the
stopband characterize the magnitude response of elliptic filters.
Compared with the same order Butterworth or Chebyshev filters, the
elliptic design provides the sharpest transition between the passbhand
and the stopband. For this reason, elliptic filters are used widely.

The following graph plots the response of a lowpass elliptic filter.
Notice that the ripple in both the passband and stopband is constrained
by the same maximum tolerable error (as specified by ripple amount in
dB). Also, notice the sharp transition edge for even low-order elliptic
filters.

Elliptic
Response

0.3] Order=2
024 Order=3 [ o
0.1 Order=4 |-

0.0 0.1 0.z 0.3 04 0s
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Bessel Filters

You can use Bessel filters to reduce nonlinear phase distortion inherent
in all IR filters. In higher order filters and those with a steeper rolloff,
this condition is more pronounced, especially in the transition regions
of the filters. Bessel filters have maximally flat response in both
magnitude and phase. Furthermore, the phase response in the passband
of Bessel filters, which is the region of interest, is nearly linear. Like
Butterworth filters, Bessel filters require high-order filters to minimize
the error and, for this reason, are not widely used. You can also obtain
linear phase response using FIR filter designs.The following graphs
plot the response of a lowpass Bessel filter. Notice that the response is
smooth at all frequencies, as well as monotonically decreasing in both
magnitude and phase. Also, notice that the phase in the passband is
nearly linear.
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Finite Impulse Response Filters

Finite impulse response (FIR) filters are digital filters, which have a
finite impulse response. FIR filters are also known as nonrecursive
filters, convolution filters, or moving-average (MA) filters because you
can express the output of an FIR filter as a finite convolution

n-1
Yi = Z X _i
k=0

wherex represents the input sequence to be filteyedpresents the
output filtered sequence, ahdepresents the FIR filter coefficients.

The following list gives the most important characteristics of FIR
filters:

* They can achieve linear phase because of filter coefficient
symmetry in the realization.

* They are always stable.

e You can perform the filtering function using the convolution and,
as such, generally associate a delay with the output sequence

n-1
2 1
wheren is the number of FIR filter coefficients.

delay =

The following graphs plot a typical magnitude and phase response of
FIR filters versus normalized frequency.
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0.0 | Phase (radians) l—
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The discontinuities in the phase response arise from the discontinuities
introduced when you compute the magnitude response using the
absolute value. Notice that the discontinuities in phase are on the order
of pi. The phase, however, is clearly linear. See Appendix D,
Referencesfor material that can give you more information on this
topic.

You design FIR filters by approximating a specified, desired frequency
response of a discrete-time system. The most common techniques
approximate the desired magnitude response while maintaining a
linear-phase response.

Designing FIR Filters by Windowing

The simplest method for designing linear-phase FIR filters is the
window designmmethod. To design a FIR filter by windowing, you start
with an ideal frequency response, calculate its impulse response, and
then truncate the impulse response to produce a finite number of
coefficients. To meet the linear-phase constraint, by maintain symmetry
about the center point of the coefficients. The truncation of the ideal
impulse response results in the effect known as the Gibbs phenomenon
— oscillatory behavior near abrupt transitions (cutoff frequencies) in the
FIR filter frequency response.

You can reduce the effects of the Gibbs phenomenon by smoothing the
truncation of the ideal impulse response using a smoothing window
function. By tapering the FIR coefficients at each end, you can diminish
the height of the side lobes in the frequency response. The disadvantage
to this method, however, is that the main lobe widens, resulting in a
wider transition region at the cutoff frequencies. The selection of a
window function, then, is similar to the choice between Chebyshev and
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Butterworth IIR filters in that it is a trade-off between side lobe levels
near the cutoff frequencies and width of the transition region.

Designing FIR filters by windowing is simple and computationally
inexpensive. It is therefore the fastest way to design FIR filters. It is not
necessarily, however, the best FIR filter design method.

Designing Optimum FIR Filters using the Parks-McClellan Algorithm

The Parks-McClellan algorithm offers an optimum FIR filter design
technique that attempts to design the best filter possible for a given
number of coefficients. Such a design reduces the adverse effects at the
cutoff frequencies. It also offers more control over the approximation
errors in different frequency bands—control that is not possible with
the window method.

Using the Parks-McClellan algorithm to design FIR filters is
computationally expensive. This method, however, produces optimum
FIR filters by applying time-consuming iterative techniques.

Designing Narrowband FIR Filters

When you use conventional techniques to design FIR filters with
especially narrow bandwidths, the resulting filter lengths may be very
long. FIR filters with long filter lengths often require lengthy design
and implementation times, and are more susceptible to numerical
inaccuracy. In some cases, conventional filter design techniques, such
as the Parks-McClellan algorithm, may fail the design altogether.

You can use a very efficient algorithm, called the Interpolated Finite
Impulse Response (IFIR) filter design technique, to design narrowband
FIR filters. Using this technique produces narrowband filters that
require far fewer coefficients (and therefore fewer computations) than
those filters designed by the direct application of the Parks-McClellan
algorithm. LabVIEW also uses this technique to produce wideband,
lowpass (cutoff frequency near Nyquist) and highpass filters (cutoff
frequency near zero). For more information about IFIR filter design, see
Multirate Systems and Filter Banky P.P. Vaidyanathan, or the paper
on interpolated finite impulse response filters by Neuvo, et al., listed in
| Appendix D,Referencdsof this manual.
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Windowed FIR Filters

You use thdilter type parameter of the FIR VIs to select the type of
windowed FIR filter you want: lowpass, highpass, bandpass, or
bandstop. The following list gives the two related FIR VIs:

* FIR Windowed Coefficients—Generates the windowed
(or unwindowed) coefficients.

* FIR Windowed Filters—Filters the input using windowed
(or unwindowed) coefficients.

Optimum FIR Filters

You can use the Parks-McClellan algorithm to design optimum,
linear-phase, FIR filter coefficients in the sense that the resulting filter
optimally matches the filter specifications for a given number of
coefficients. The Parks-McClellan VI takes as input an array of band
descriptions, each containing information describing the response you
want for the given band. The VI outputs the FIR coefficients along with
computed ripple, which is a measure of the deviation of the resulting
filter from the ideal filter specifications.

Four Vs use the Parks-McClellan VI to implement filters whose
stopband and passband ripple level are equal: Equiripple LowPass,
Equiripple HighPass, Equiripple BandPass, and Equiripple BandStop.

FIR Narrowbhand Filters

You can design narrowband FIR filters using the FIR Narrowband
Coefficients VI, and then implement the filtering using the FIR
Narrowband Filter VI. The design and implementation are separate
operations because many narrowband filters require lengthy design
times, while the actual filtering process is very fast and efficient. Keep
this in mind when creating your narrowband filtering diagrams.

The parameters required for narrowband filter specification are filter
type, sampling rate, passband and stopband frequencies, passband
ripple (linear scale), and stopband attenuation (decibels). For bandpass
and bandstop filters, passband and stopband frequencies refer to
bandwidths, and you must specify an additional center frequency
parameter. You can also design wideband lowpass filters (cutoff
frequency near Nyquist) and wideband highpass filters (cutoff
frequency near zero) using the narrowband filter VIs.
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The following illustration shows how to use the FIR Narrowband
Coefficients VI and the FIR Narrowband Filter VI to estimate the
response of a narrowband filter to an impulse.

= 4 i= an impulse

) FIR Martowband Filter o Filtet Response
ripple: rp -— " ‘E - — | = [oBL]

]

3 marm -L:::E"IF{H}' 0

i
[ ieo| LG

zampling frreq: fz

passband : fpass

T

stopband : fstop

T T
FIR: Marrowband Coefficients
center freq: fo

attenuation (db): Ar

[ [ B

filter type

Nonlinear Filters

Smoothing windows, IIR filters, and FIR filters are linear because they
satisfy the superposition and proportionality principles

L {ax(t) + by()} = aL {x(t)} + bL{y(t)},

where a and b are constant&) andy(t) are signals, L{*} is a linear
filtering operation, and their inputs and outputs are related via the
convolution operation.

A nonlinear filter does not meet the preceding conditions and you
cannot obtain its output signals via the convolution operation, because
a set of coefficients cannot characterize the impulse response of the
filter. Nonlinear filters provide specific filtering characteristics that are
difficult to obtain using linear techniques. The median filter is a
nonlinear filter that combines lowpass filter characteristics (to remove
high-frequency noise) and high-frequency characteristics (to detect
edges).

Filter VI Descriptions

The following Filter Vis are available.
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Bessel Coefficients

Generates the set of filter coefficients to implement an IIR filter as specified by the
Bessel filter model. You can then pass these coefficients to the IIR Filter VI.

filter type ———
zampling freq: f= PT
high cutaff freq: fh —'
Tow cutoff freq: 1 — 1 oper error

order J

cosfooooeoen | [R Filter Cluster

The Bessel Coefficients VI is a subVI of the Bessel Filter VI.

Bessel Filter

Generates a digital, Bessel filter using the filter type, sampling frequency, high cutoff
frequency, low cutoff frequency, and order by calling the Bessel Coefficients VI. The VI
then calls the IIR filter to filter th& sequence using this model to obtain a Bessel
Filtered X sequence.

filter type ————
H HT o= Filtered X

=zampling freq: fz —'_:i_&m
high cutaff freq: fh —_ll—fnm F
low cutoff freq: 11
arder i
it L cont Cinit F) s ;

errar

Butterworth Coefficients

Generates the set of filter coefficients to implement an IIR filter as specified by the
Butterworth filter model. You can pass these filter coefficiehBFilter Cluster ) to the
IIR Cascade Filter VI to filter a sequence of data.

filter type
sampling freq: f=
high cutoff freq: fh
Towr cutoff freqg: 11

IR Filter Cluster

errar

order

This VI is a subVI of the Butterworth Filter VI.
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Butterworth Filter

Generates a digital Butterworth filter using the sampling frequency, low cutoff
frequency, high cutoff frequency, order, and filter type by calling the Butterworth
Coefficients VI. The Butterworth Filter VI then calls the IIR Filter VI to filter the
sequence using this model to get a Butterwéittered X sequence.

filter type ——
= ar Filtered X

sampling freq: fs = F . .
high cutoff freq: th —_II—FL i
Tovwe cutoff freq: £l |

arder
imit Agont Cindt (F e i

Cascade—>Direct Coefficients
Converts IIR filter coefficients from the cascade form to the direct form.

Eeverse Coefficients

IR Filter Cluster

E]{-%

Forward Coefficients

As an example, you can convert a cascade filter, composed of two second-order stages,
to a direct form filter as follows:

Reverse Coefficients:

{a11.®1,82.32} ->{1.0,a1,8,85,34}
Forward Coefficients:
{bo1,011,021,b02,01 2,022} ->{b ,b1,05,b3,b,4}

See the IIR Cascade Filter VI for information about cascade form filtering, the IIR Filter
VI for information on direct form filtering, and th@bout Digital Filtering Functions|
section of this chapter for a discussion of both filter forms.
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Chebyshev Coefficients

Generates the set of filter coefficients to implement an IIR filter as specified by the
Chebyshev filter model. You can pass these coefficients to the IIR Filter VI to filter a
sequence of data.

filter type ——

zampling freq: f=
high cutoff freq: fh
lorw cutoff freg: 11 S p—

ripple(dE] —l_ |
order

The Chebyshev Coefficients VI is a subVI of the Chebyshev Filter VI.

pooceeern | |R Filter Cluster

errar

Chebyshev Filter

Generates a digital, Chebyshev filter using the sampling frequency, lower cutoff
frequency, upper cutoff frequency, ripple, order, and filter type by calling the Chebyshev
Coefficients VI. The Chebyshev Filter VI filters tiesequence using this model to

obtain a Chebyshekiltered X sequence by calling the IR Filter VI.

filter type 1
" HoT - Filtered ¥
zampling freq: f=s P
high cuteff fireq: th —

lowe cutoff freg: f1
rippleldE)

order

init .'"Cl:ll'lt I:im't :F:I

Convolution

For information on Convolution, see Chapter A@alysis Digital Signal Processing VIs
in this manual.
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Elliptic Coefficients

Generates the set of filter coefficients to implement a digital elliptic IIR filter. You can
pass these coefficients to the IR Filter VI.

filter type ———
zampling freq: f= e T oot

high cutoff freq: fh = |

lomwr cutoff freq: 1 f*’ T
passband ripple (dE])
stopband attenuation (4B

The Elliptic Coefficients VI is a subVI of the Elliptic Filter VI.

IR Filter Cluster
errar

Elliptic Filter

Generates a digital, elliptic filter using teampling frequency, lower cutoff
frequency, upper cutoff frequency, filter type, passband ripple, stopband
attenuation, andorder by calling the Elliptic Coefficients VI. The Elliptic Filter VI then
calls the IIR Filter VI to filter theX sequence using this model to obtain an elliptic
Filtered X sequence.

=+

filter type
passband ripple(dE) I |
e Filtered =

error

zarmpling freq: f2 T |

high cutoff freq: fh I—Fnﬁ
Tow cukaff frreq: f1
stopband attenuationidE]

ordepr ——— i
init Soont Cindt i) s

Equiripple BandPass

Generates a bandpass FIR filter with equi-ripple characteristics using the
Parks-McClellan algorithm and thegher pass frequency, lower pass frequency, # of
taps, lower stop frequency, higher stop frequengyandsampling frequency The VI then
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filters the input sequence to obtain the bandpass, filtered, linear-phase sequence
Filtered Data.

higher pass freq

Iower pass freq —— |
¥ HE f..j?:_ Filtered Data

[EF

- Error
® af taps n
lower =top fireq
higher stop freg
sampling freq: fs

The first stopband of the filter region goes from zero (DC) to the lower stop frequency.
The passband region goes from the lower pass frequency to the higher pass frequency,
and the second stopband region goes from the higher stop frequency to the Nyquist
frequency.

Equiripple BandStop

Generates a bandstop FIR digital filter with equi-ripple characteristics using the
Parks-McClellaralgorithm andhigher pass frequencylower pass frequency# of taps
lower stop frequency higher stop frequency andsampling frequency The VI then
filters the input sequence X to obtain the bandstop, filtered, linear-phase sequence
Filtered Data.

Filtered Data
errar

higher pass freg
Iower pass freq ———
" Hh W E

* of taps .
lower stop freq
higher =top freq
zampling freq: f=

The first passband region of the filter goes from zero (DC) to the lowerfrnegs®ency.

The stopband region goes from the lower stop frequency to the higher stop frequency,
and the second passband region goes from the higher pass frequency to the Nyquist
frequency.

Equiripple HighPass

Generates a highpass FIR filter with equi-ripple characteristics using the
Parks-McClellan algorithm and theof taps, stop frequency, high frequencyand

© National Instruments Corporation 42-21 LabVIEW Function and VI Reference Manual



Chapter 42 Analysis Filter Vis

sampling frequency The VI then filters the input sequence X to obtain the highpass,
filtered, linear-phase sequenEgtered Data.

Filtered Data
errar

N TR
.

¥ of taps n;
=top fireqg
. high freg
zampling freq: f=

The stopband of the filter goes from zero (DC) to the stop frequency. The transition band
goes from the stop frequency to the high frequency, and the passband goes from the high
frequency to the Nyquist frequency.

Equiripple LowPass

Generates a lowpass FIR filter with equiripple characteristics using the Parks-McClellan
algorithm and the# of taps pass frequency stop frequency andsampling frequency.

The VI then filters the input sequenXeto obtain the lowpass filtered, linear-phase
sequencd-iltered Data.

— R Fj
£ jum Filtered Data

3 ebrar
¥ of taps
pass freq
_ =top freqg
zarmpling freq: f=
pling frreq: f:

The passband of the filter goes from zero (DC)dss freq The transition band goes
from pass freqto stop freq, and the stopband goes fratop freq to the Nyquist
frequency.

FIR Narrowband Coefficients

Generates a set of filter coefficients to implement a digital interpolated FIR filter. You
can pass these coefficients to the FIR Narrowband Filter VI to filter the data.

ripple: rp

zampling freq: s
passband: fpass
stopband: f=stop
center freg: fo
attenuation (db): &
filter type

IFIE Coefficients
error

The following figures show how the narrowband filter parameters define the lowpass,
highpass, bandpass, and bandstop filters. The filter response on the y axis is shown on a
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linear scale. For this reason, the stopband attenuAtisras mapped to a linear
attenuation using the following equations:

A, = —20log (b0

—Ar
6A - 10—26 .

e
.
1
.
.
1
.
.
.
1
.
.
1
.
.
.
1
.
"+
-

Tpass Tstop toiz 1

Figure 42-1. Lowpass Filter

0 |
Totop Tpass 2 f

Figure 42-2. Highpass Filter
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IHf| &

Figure 42-4. Bandstop Filter

FIR Narrowband Filter

Filters the input sequencéusing the IFIR filter specified bifFIR Coefficients as
designed by the FIR Narrowband Filter Coefficients VI.

# Hily = Filtered ¥
IFIR Coefficients oooooooo IR Brrar
Note: The overall filter is a linear-phase FIR filter. The delay for this filter is

[(Ng=1)* M +N|]
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where N; is the number of elements in the array Model Filter, i the
number of elements in the array Image Suppressor, and M is the value of
interpolation in the cluster IFIR Coefficients.

FIR Windowed Coefficients
Generates the set of filter coefficients you need to implement a FIR windowed filter.

filker type —————
gampling freq; fs . Tcoar FIR ‘\windowed Coeffizients

high cutaff freq; flh —

lowe cutaff freq: 1 — & i EITOr
taps

window

FIR Windowed Filter

Filters the input data sequeneég, using the set of windowed FIR filter coefficients
specified by thesampling frequency, cutoff frequency, and number ofaps.

filter type
e
¥

sampling freq: f=
Tow cutoff frreq: 1
high cutoff freq: fh ————
tap=
weirndoves

Filtered Data

errar

IIR Cascade Filter

Filters the input sequencéusing the cascade form of the IIR filter specified byltRe
Filter Cluster.

- A Filtered ¥
lIR Filter Cluster —I%J;Eﬁr
initSocont Cindt :FY et LESEL Errar

This IIR implementation is callechscadebecause it is a cascade of second- or
fourth-order filter stages. The output of one filter stage is the input to the next filter stage
for all Ny filter stages.

Hi] o stage 1 stage 2 stage Mol o yfi]

Cazcaded Filtter Stages
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Second-Order Filtering

Each second-order stage (stage nunkbed,2,..Ny) has two reverse coefficients

(ax.a2), and three forward coefficientbg,byy,boy). The total number of reverse
coefficients is RIsand the total number of forward coefficients Ms3TheReverse
Coefficientsand theForward Coefficients array contain the coefficients for one stage
followed by the coefficients for the next stage, and so on. For example, an IIR filter
composed of two second-order stages must have a total of four reverse coefficients and
six forward coefficients, as follows:

Reverse Coefficients =af 1, ay1,812, a5}

Forward Coefficients :l{O]_v bll’ b21, boz, blZ’ b22}

Fourth-Order Filtering

For fourth order cascade stages, the filtering is implemented in the same manner as in the
second-order stages, but each stage must have four reverse coeffigientgK) and
five forward coefficientsly...b4y).

lIR Cascade Filter with Integrated Circuit

Filters the input sequenck, using the cascade form of the IIR filter specified byltRe
Filter Cluster.

b :.:I::i I:: T Filtered =
lIR Filter Cluster s Final Filter State
Initial Filter State =T LG ' arror

IIR Filter

Filters the input sequencé using the direct form IIR filter specified Byeverse
CoefficientsandForward Coefficients.

-ln-lt l,l'cl:lnt |:-"-|-|t F:| ........................ :

" +Eaf,; Filtered ¥
Eeverse Coefficients oy
Forwatrd Coefficients = | Mt LR errar

If y represents the output sequelidiéered X, the VI obtains the elements plising
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wheren is the number oforward Coefficients (represented bly), andmis the number
of Reverse Coefficientgrepresented bg).

lIR Filter with Integrated Circuit

Filters the input sequencéusing the direct form IIR filter specified byeverse
CoefficientsandForward Coefficients.

= +DagH, Filtered
Reverse Coefficients —F -Ebii.i error
Forward Coefficients :II— LG [ e Final ¥ Conditions
Initial i Conditions L rinat v Conditions
Initial ¥ Conditions

If y represents the output sequeirdiéered X, the VI obtains the elements piising

|j11 m-1

Yi = ;szl - Z ale

wheren is the number oforward Coefficients (represented blgj), andmis the number
of Reverse Coefficientgrepresented bg,).

DDDD

Inv Chebyshev Coefficients

Generates the set of filter coefficients to implement an IIR filter as specified by the
Chebyshev Il Filter model. You can pass these coefficients to the IIR Filter VI to filter a
sequence of data.

filter type ————

zampling freq: f= T
high cutoff freq: th -

Tow cutoff freq: 1 f errar
attenuation(dE) |
arder

The Inv Chebyshev Coefficients VI is a subVI of the Inverse Chebyshev Filter VI.

oef oo | |E Filter Cluster

Inverse Chebyshev Filter

Generates a digital, Chebyshev Il filter using the specified sampling frequency, cutoff
frequenciesattenuation in decibelsfilter type, and filterorder by calling the Inv
Chebyshev Coefficients VI. The Inverse Chebyshev Filter VI filters the input sequence
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X using this model to obtain a Chebyshe¥iltered X sequence by calling the IIR
Filter VI.

filter type ——
ko =

- Filtered ¥

error

sampling freq: fs = ¢

high cutoff freq: th __II_
low cutoff fireq: 1
attenuation(dE]

arder

Median Filter
Applies a median filter ofank to the input sequence.

H HEEs| Filtered Data
Fank r BBy errar

If Y represents the output sequeii@iéered Data, and ifJ; represents a subset of the
input sequencX centered about thé& element ofX

‘]i = {Xi-h Xicpa1r ooy Xic1y Xy Xigdy ooy Xigr -1 Xi+r}v

and if the indexed elements outside the rangé @fual zero, the VI obtains the elements
of y using

y; = Median(@;) fori=0,1, 2,...n-1,

wheren is the number of elements in the input sequeficandr is the filterrank.

Parks-McClellan

Generates a set of linear-phase FIR multiband digital filter coefficients using the number
of taps, sampling frequency, Band Parameters andfilter type.

# of taps IR h
sarmnpling fireq: f= —f bf,;ffﬁ ripple
Band Parameters #"F Ml e B errar
filter type
Note: This VI finds the coefficients using iterative techniques based upon an

error criterion. Although you specify valid filter parameters, the algorithm
may fail to converge.
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This VI generates only the filter coefficients. It does not perform the filtering function.
To filter a sequenc¥ using the set of FIR filter coefficients use the Convolution VI
with X andh as the input sequences.

Band Parameters

The equiripple filters use a similar technique to filter the data.
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This chapter describes the VIs that implement smoothing windows.

To access the Window palette, selEatction»Analysis»Windows
The following illustration shows the options that are available on the
Windows palette.

| e=1HlAnalysis
'

3 MEm »
i)
L, |

wit) k[, Fir ¥
: o—HWindows

[

x

&

]
i

;

g

For examples of how to use the window VIs, see the examples located
in examples\analysis\windxmpl.llb

Introduction to Smoothing Windows

In practical, signal-sampling applications, you can obtain only a finite
record of the signal, even when you carefully observe the sampling
theorem and sampling conditions. Unfortunately for the discrete-time
system, the finite sampling record results in a truncated waveform that
has different spectral characteristics from the original continuous-time
signal. These discontinuities produce leakage of spectral information,
resulting in a discrete-time spectrum that is a smeared version of the
original continuous-time spectrum.
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A simple way to improve the spectral characteristics of a sampled signal
is to apply smoothing windows. When performing Fourier or spectral
analysis on finite-length data, you can use windows to minimize the
transition edges of your truncated waveforms, thus reducing spectral
leakage. When used in this manner, smoothing windows act like
predefined, narrowband, lowpass filters.

Windows for Spectral Analysis versus Windows
for Coefficient Design

The window VIs implemented in the Analysis library in LabVIEW are
designed for spectral analysis applications. In these applications, the
input signal is windowed by passing it through one of the window Vls.
The windowed signal is then passed to a DFT-based VI for
frequency-domain display and analysis.

The window functions designed for spectral analysis must be
DFT-even a term defined by Fredric J. Harris in his paPerthe Use
of Windows for Harmonic Analysis with the Discrete Fourier
Transform(Proceedings of the IEEE&/olume 66, No.1, January 1978).
A window function is DFT-even if its dot product (inner product) with
integral cycles of sine sequences is identically zero. Another way to
think of a DFT-even sequence is that its DFT has no imaginary
component.

The following figures illustrate the Hanning window and one cycle of a
sine pattern for a sample size of 8. The figures below show that the
DFT-even Hanning window is not symmetric about its midpoint and its
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last point is not equal to its first point, much like one complete cycle of
a sine pattern.

Hanning Window
1.|:|_ w
08— - -
ne-
) )
0.4-
nz- . o
0.0 T T T T T T
0 1 2 z 4 =] [ 7
Sing
1.|:|_ L_J
[ | |
0.a-
o0-p ]
_D_S_
| L
-1.e- T T T T T T
0 1 z2 3 4 =] & T

Finally, the DFT considers input sequences to be periodic—that the
signal being analyzed is actually a concatenation of the input signal.
The following illustration shows three such cycles of the previous
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sequences, demonstrating the smooth periodic extension of the
DFT-even window and the single-cycle sine pattern.

Periodic Extension

_ N
AN/ AR/ AN

Another type of window application is that of FIR filter design (see the
descriptions oFIR Windowed Coefficienasd FIR Windowed Filtg).

This application requires windows that are symmetric about their
midpoint.

The following equations of the Hanning window function illustrate the
difference between the DFT-even window function (spectral analysis)
and the symmetrical window function (coefficient design).

Hanning window function for spectral analysis:
_— D?T[l[]] L _
wli] = o.5@—cosDN tH fori=0,1, 2, ...N-1
Hanning window function for symmetrical coefficient design:

wii] = 053 - cos oo fori=0, 1, 2, ..N-1

The two equations above show that you can implement the symmetrical
window functions by slightly modifying the use of the DFT-even
window functions. The following illustration shows a block diagram
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that uses the Hanning Window VI to implement symmetrical
windowing of filter coefficients.

input coefficients

windowed coefficients
[oEL]

Se¢ Appendix DReferenceffor more information on smoothing

windows.

Window VI Descriptions

The following Window VIs are available.

Blackman Window
Applies a Blackman window to the input sequeice

ELackmon EBlackranis.

errar

If y represents the output sequeBtackman{X}, the VI obtains the elementsyfrom

y; =X [0.42 — 0.50 cos() + 0.08 cos(®)] fori=0,1,2,..n-1,

wheren is the number of elements ¥

Blackman-Harris Window
Applies a three-term, Blackman-Harris window to the input sequEnce

Blackman-Harris{x}

errar
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If Y represents the output sequeBtackman-Harris{X} , the VI obtains the elements of
Y from

Y, =% [0.42323 — 0.49755 cosf + 0.07922 cos(®)]

fori=0,1,2,..n-1

2t
W= —
n

wheren is the number of elements ¥

Cosine Tapered Window
Applies a cosine tapered window to the input sequehce

0 g Cosine Taperedii}

errar

E

If Y represents the output sequessine Tapered{X}, the VI obtains the elements of
Y from

0.5 (1—cosw) fori=0,1,2,.,m-1,and fori=n-m, n-m+1,..., n-1
a

Yi = 0% elsewhere

2T
wherew = -

m = rounc%l—rgg, and

wherenis the number of elements in the input sequetce

Using this window is the equivalent of applying the Hanning window to the first and last
10% of the input sequence

Exact Blackman Window
Applies an Exact Blackman window to the input sequefice

i Exact Blackrmand i}

errar
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If Y represents the output sequeBo@ct Blackman{X}, the VI obtains the elements of
Y from

Yi =% [ag —ay cosf) + a, cos(2w)]
fori=0,1,2,..n-1

2T

W= —
n

wheren is the number of elements ¥y ag = 7938/18608a; = 9240/18608, and
a, = 1430/18608.

Exponential Window
Applies an exponential window to the input sequeXce

= "‘IE*P- Exponentialix}

errar

7

final value

If y represents the output sequegogonential{X}, the VI obtains the elements pf
from

Y, =X exp@i) fori=0,1, 2, ...n-1,

_ In(f)
a=n-1

wheref is thefinal value, andn is the number of samples i

You can use this VI to analyze transients.

Flat Top Window
Applies a flat top window to the input sequence
y i FT'gg- Flattopis}
ﬂ errar

If Y represents the output sequeitattop{X}, the VI obtains the elements %ffrom

y; =% [0.2810639 — 0.5208972 cagy+ 0.1980399 cos(@)]
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fori=0,1,2,..n-1

wheren is the number of elements ¥a

Force Window
Applies a force window to the input sequence

b 1 Foroz Force {x}

duty cycle(%E)

errar

If Y represents the output sequeircece{X}, the VI obtains the elements ¥ffrom

Ox (if0<is<d)
y = O fori=0,1,2, .., n1
' o elsewhere
O

d = (0.01)f)(duty cycle), wheren is the number of elements ¥

You also can use this VI to analyze transients.

General Cosine Window
Applies a general, cosine window to the input sequéhce

b M Gl GenCos{x}

Co=zine Coefficients

3
;

error

‘E

If arepresents th€osine Coefficientsinput sequence andrepresents the output
sequenc&enCos{X}, the VI obtains the elements pfrom

m-1
Y = X Z (-1)*a,cos(kw) fori=0,1,2, ..n1

k=0
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wheren is the number of elements ¥h andm s the number o€osine Coefficients

Hamming Window
Applies a Hamming window to the input sequeice

Harriing

If y represents the output sequemtamming{X}, the VI obtains the elements pfrom

Harnrmingix}

errar

y; =% [0.54 — 0.46 cos()] fori=0,1,2,...n-1,

2T

W= —
n

wheren is the number of elements in the input sequefice

Hanning Window
Applies a Hanning window to the input sequedce

Harrirg

If Y represents the output sequeitanning {X}, the VI obtains the elements ¥fusing

Hanning {:}

errar

y; = 0.5% [1 —cos)] fori=0,1, 2, ..n-1,

2T

W= —
n

wheren is the number of elements ¥
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Kaiser-Bessel Window
Applies a Kaiser-Bessel window to the input sequex(tg.

EAR 3] Fal=ar Kaiser-Bessel{Hit)]

beta E*”

If y represents the output sequeri€aiser-Bessel{X(t)}, the VI obtains the elements of
y from

errar

I,(BN1.0-a%)
Vi = Xi— o fori=0,1,2,..n-1
SR P (€)
i —k

a= g

=]
|
[ERN

wheren is the number of elements X{t), andlg(e) is the zero-order modified Bessel
function.

Triangle Window
Applies a triangular window to the input sequepce

y Trangs Triangle{:}
Note: The triangle smoothing window is also known as the Bartlett smoothing

window.
If y represents the output sequeficengle{X}, the VI obtains the elements pfrom

yi =xtri(w) fori =0, 1, 2, ...n-1,

where trigv) = 1 — |, andn is the number of elements ¥
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This chapter describes the Vs that perform curve fitting analysis or
regression.

To access th€urve-Fitting palette, choose
Functions»Analysis»Curve Fitting, as shown in the following
illustration.

—ElAnalysis

| Curve Fitting

3 Hem ¢
(g | FiRY
e L]
i ‘v-_f[t]b I:i:?'

== [

Paly || Rrat SFI_'E;_'E_ Spline
Interp [ | Intetp paont Interp

For examples of how to use the regression VIs, see the examples located
in examples\analysis\regressn.llb

Introduction to Curve Fitting

Curve fitting analysis is a technique for extracting a set of curve
parameters or coefficients from the data set to obtain a functional
description of the data set. The algorithm that fits a curve to a particular
data set is known as the Least Squares Method and is discussed in most
introductory textbooks in probability and statistics. The error is

defined as

&) = [f(x,a) —y(x)]% (44-1)
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wheree(a) is the errory(x) is the observed data sé,a) is the
functional description of the data set, ani$ the set of curve
coefficients which best describes the curve.

For example, lea = {ay, a;}. Then the functional description of a line is
f(x,@) =ay+a;x

The least squares algorithm find$y solving the system
ie( a=0 (44-2)
da -

To solve this system, you set up and solve the Jacobian system
generated by expanding equation (44-2). After you solve the system for
a, you can obtain an estimate of the observed data set for any value of
x using the functional descriptid(x, a).

In LabVIEW, the curve fitting VIs automatically set up and solve the
Jacobian system and return the set of coefficients that best describes
your data set. You can concentrate on the functional description of your
data and not worry about solving the system in equation (44-2).

Two input sequences, Y Values and X Values, represent the data set
y(X). A sample or point in the data set is

(X i)

wherey; is theit" element of the sequence X Values, gnid theit
element of the sequence Y Values.

In general, for each predefined type of curve fit, there are two types of
VIs, unless otherwise specified. One type returns only the coefficients,
so that you can further manipulate the data. The other type returns the
coefficients, the corresponding expected or fitted curve, and the mean
squared error (MSE). Because it is a discrete system, the VI calculates
the MSE, which is a relative measure of the residuals between the
expected curve values and the actual observed values, using the formula

n-1

MSE = 35 (1, -y’ (44-3)

i=0
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wheref is the sequence representing the fitted valyésthe sequence
representing the observed values, amnsithe number of sample points
observed.

Curve Fitting VI Descriptions

The following Curve Fitting Vls are available.

Exponential Fit

Finds the exponential curve values and the set of exponential coeffameplisude and
damping, which describe the exponential curve that best represents the input data set.

Best Exponential Fit
T — amplitude

[ L —damping

rse

ebrar

WV AIURS —l
# Malues

The general form of the exponential fit is given by
F = ae™,

whereF is the output sequen@est Exponential Fit, X is the input sequencéValues,
a is theamplitude, andt is thedamping constant.

The VI obtainanseusing the formula

wheref is the output sequend&est Exponential Fit, y is the input sequenceé Values,
andn is the number of data points.

Exponential Fit Coefficients

Finds the set of exponential coefficiemtmplitude anddamping, which describe the
exponential curve that best represents the input data set.

U VATUES — arnplitude
. p .
A Walues ;_rn_-'nl::ng
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This VI is a subVI of the Exponential Fit VI.
The general form of the exponential fit is given by
F = ae™,

whereF is the sequence representing the best fitted vakiespresents the input
sequenc& Values, ais theamplitude, andt is thedamping constant.

General LS Linear Fit

Finds the Best Fit k-dimensional plane and the set of linear coefficients using the least
chi-square method for observation data sets

{Xio Xi1s ---Xik_1, ¥i} wherei =0, 1,...,n—1.nis the number of your observation data
sets.

Standard Deviation =———————
H Gen L Coefficients
Y Malues =l - Eo=t Fit
algorithrn — L Linkjt %mse
error

|

You can use this VI to solve multiple linear regression problems. You can also use it to
solve for the linear coefficients in a multiple-function equation. Before beginning the
formal description of this VI, consider both of the following, simple examples. The first
example uses the General LS Linear Fit VI to perform multiple regression analysis based
entirely on tabulated observation data. The second solves for the linear coefficients in a
multiple-function equation.

Cowariance

Example 1: Predicting Cost

Suppose you want to estimate the total cost (in dollars) of a production of baked scones;
using the quantity producei], and the price of one pound of flour, X2. To keep things
simple, the following five data points form this sample data table.

Cost (dollars) Quantity Flour Price
Y X1 X2
$150 295 3.00
$75 100 3.20
$120 200 3.10
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Cost (dollars) Quantity Flour Price
Y X1 X2
$300 700 2.80
$50 60 2.50

You want to estimate the coefficients to the equation:
Y = by + by X1 + b,X2.

The only parameters that you need to buildlr@bservation matrix) and Values.

Each column oH is the observed data for each independent variable: the first column is
one because the coefficielny is not associated with any independent variable.

H should be filled in as:

1295 3.0
1100 3.2
H = 11200 3.1
1700 2.8
1 60 25

In LabVIEW, the observed data would normally appear in three arvay&sl{ andX2).
The following block diagram demonstrates how to btildsing the General LS Linear

Fit VI.
M
I
L
[0BL] =] i
W |_-+ = ¥ % Coefficients
[DEL]
i Y Walues
[mBL]
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After running this VI, the following coefficients are obtained.

Coefficients

The resulting equation for the total cost of scone production is therefore:

=-20.34 + 0.381 + 19.0%2.

Example 2: Linear Combinations

Suppose that you have collected samples from a transdvid&l(es) and you want to
solve for the coefficients of the model:

y = by +bysin(wx) +b,cos(wx) +byx°

To buildH, you set each column to the independent functions evaluated at ealcie.
Assuming there are 100valuesH is:

sin(wx,) cos(wxg) xo2

N

sin(wx;) cos(wx;) x12

=

sin(wx,) cos(wx,) x22

=

SiN(WXgg) CO(WXgo) )(992

Given that you have the independ&n¥alues and observed Values, the following
block diagram demonstrates how to buldand use the General LS Linear Fit VI.

N - Coefficients
1.0
T1=sinlw*x); ': H I
= =, —=3[:
o || Een 2
w 2
w Walues
[DBL] w 13
7
Y Walues
[DBL]
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The General LS Linear Fit Problem can be described as follows.

Given a set of observation data, find a set of coefficients that fit the linear “model.”

= ¥ bx; i=0, 1,01, (44-4)
j=o0

whereB is the set oCoefficients, n is the number of elements YhVValues and the
number of rows ofH, andk is the number o€oefficients.

X;; is your observation data, which is containedin
[Xo0  Xo1--+  Xok-1 |
X0 X110 Xekea
H =
[Xn-10 Xn-12--+ Xn_1k-1]

Equation (44-3) can also be written¥as HB.

This is a multiple linear regression model, which uses several varigglgs, ..., X _; ,
to predict one variablg. In contrast, the Linear Fit, Exponential Fit, and Polynomial Fit
VIs are all based on a single predictor variable, which uses one variable to predict another
variable.

In most cases, we have more observation data than coefficients. The equations in (44-4)
may not have the solution. The fit problem becomes to find the coeffiBithet
minimizes the difference between the observed gatnd the predicted value:

k-1

z = ijxij.
i=0

This VI uses the least chi-square plane method to obtain the coefficients in (44-4), that
is, finding the solutionB, which minimizes the quantity:
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0 0
-l o2 n—1%’i_ > bjxijg
2 _ [ 0 j=o0 o — V.2 _
K= S Eeg= Toe T =Y (44-5)
i=0 |=0|:| 0
M I

whereh,;; = ol =Y i=0, 1,...,n-1;j=0, 1,... k-1

oij — EI 1yoi - O._l Ty Ly 7J_ 1 ey .
In this equationg; is thBtandard Deviation If the measurement errors are independent
and normally distributed with constant standard deviatipsr o , the preceding

equation is also the least square estimation.

There are different ways to minimiz;é . One way to minimq'%e is to set the partial
derivatives ofx® to zero with respectlg, by,..., b1

0ox”
= =0
éabo

2
Da_x_ =0
gob;
0
0
0
0
0
0
E .
09x2 _

The preceding equations can be derived to:
HIH,B = HIY (44-6)
WhereH{ is the transpose df,.

The equations in (44-6) are also called normal equations of the least-square problems.
You can solve them using LU or Cholesky factorization algorithms, but the solution from
the normal equations is susceptible to roundoff error.

An alternative, and preferred way to minimix% is to find the least-square solution of
equations

HoBzYo.
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You can use QR or SVD factorization to find the solut®Bni-or QR factorization, you
can choose Householder, Givens, and Givens2 (also called fast Givens).

Different algorithms can give you different precision, and in some cases, if one algorithm
cannot solve the equation, perhaps another algorithm can. You can try different
algorithms to find the best one based on your observation data.

The Covariance matrix C is computed as
C= (HJHo)™
TheBest FitZ is given by

k-1

=Y b
j=0

Themseis obtained using the following formula:

Sl

mse =

i=ag
z oiD

The polynomial fit that has a single predictor variable can be thought of as a special case
of multiple regression. If the observation data sets{agey;} whefe 1, ...,n-1,
the model for polynomial fit is

y, = z bX = by+byx; +byx2 + ... +by_jxk-1 (44-7)
i=0,1,2,..n-1.
Comparing equations (44-4) and (44-7) shows #jat X| . In other words,
Xio = xio' X1 =X, Xp = XZ, ... Xy_qg = X5t

AN

In this case, you can build as follows:
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Ul x, X5 X1 E
El X, X} .. xk-1 E
. :
H=0. g
g g
- [l
a d
g- g
El Xo_g X2_y ... Xkl E

Instead of using; = x} , Yyou can also choose another function formula to fit the data
sets {x,y;} .Ingeneral, you can selegt = fj(x;) . Hefgx;) is the function
model that you choose to fit your observation data. In polynomialffis;) = X

In general, you can build as follows:

Efo(xo) fi(X0) falXo) o fioa(Xo) E
E fo(x) fi(xp) falxp) .o fo1(xy) E
A ;
H=0. O
O O
0 - OJ
O O
0 - O
Eo(xn—l) LETCEED I PY O AN R fk—l(xn—l)g

Your fit model is:
yi = bofo() +byf () + ... +by _of, (0.

General Polynomial Fit

Finds the polynomial curve values and the sé®afnomial Fit Coefficients which
describe the polynomial curve that best represents the input data set.

T Values POl FiE Best Folynornial Fit
A Values - '!'._-c-. = Folynomial Fit Coefficient=s
polynornial order — S L — raze

algorithrn T L—error

The general form of the polynomial fit is given by
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m
_ j
i=0

where F represents the output sequeBast Polynomial Fit, X represents the input
sequenc& Values, A represents thBolynomial Fit Coefficients, andmis the
polynomial order.

The VI obtainanseusing the formula

n-1
1
mse = o Z (fi—v)2,
j=0

wherey represents the input sequent&alues, andn is the number of data points.

General Polynomial Fit is a special case of the General LS Linear Fit. The General
Polynomial Fit VI uses the General LS Linear Fit VI as a subVI. This VI buildsithe
matrix internally using input X Values for the General LS Linear Fit VI.

The formula used to builH is as follows:

1 Xy ....Xg ]
' 1 x; ....xPp
hy = fi(x) = X; 1 1
i=01...,n-1 Forexample,H =
j=01....m
11 Xp_q - XDy

For more information about the General LS Linear Fit VI and the difference among
different algorithms, please refer to the description of General LS Linear Fit VI.
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Linear Fit

Finds the line values and the set of linear coefficislgeandintercept, which describe
the line that best represents the input data set.

Be=t Linear Fit

Y Walues =lope
W Walues intercept
mse
I errar

The general form of the linear fit is given by
F=mX+Db,

whereF represents the output sequeBest Linear Fit, X represents the input sequence
X Values, mis theslope andb is theintercept.

The VI obtainamseusing the formula

n-1
1
i=0

whereF represents the output sequeBest Linear Fit, y represents the input sequence
Y Values, andn is the number of data points.

Linear Fit Coefficients

Finds the set of linear coefficierbpeandintercept, which describe the line that best
represents the input data set.

Y Malues LR W _s]:-pe- .
intercep
A Malues P = aFFor

This VI is a subVI of the Linear Fit VI.
The general form of the linear fit is given by
F=mX+Db,

whereF is the sequence representing the best fitted valuespresents the input
sequence&X Values, mis theslope andb is theintercept.
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Nonlinear Lev-Mar Fit

Uses the Levenberg-Marquardt method to determine a nonlinear set of coefficients that
minimize a chi-square quantity.

Standard Deviation 11 Convariance
k] ..onDLi.nF-. Best Fit Coefficients
W --_I L 4 I:E:est Fit
Initial Guess Coefficients b mse
rnax iteration —I_ _l— Errar
derivative

This VI determines the set of coefficients that minimize the chi-square quantity:

N-1
—f(x;a,...ay)2
2 _ i iag--8u)m
X = ZD o, d
i=0

(44-8)

In this equation, X, y;) are the input data points, af(dj;a;...ay) = f(X, A) is the

nonlinear function whera;...ay, are coefficients. If the measurement errors are
independent and normally distributed with constant, standard devigtiero , this is
also the least-square estimation.

You must specify the nonlinear functide f(X, A) in the Formula Node on the block
diagram of the Target Fnc & Deriv NonLin VI, which is a subVI of the Nonlinear
Lev-Mar Fit VI. You can access the Target Fnc & Deriv NonLin VI by selecting it from
the menu that appears when you seRroject»This VI's SubVis.

This VI provides two ways to calculate the Jacobian (partial derivatives with respect to
the coefficients) needed in the algorithm. These two methods follow:

« Numerical calculation — Uses a numerical approximation to compute the Jacobian.

» Formula calculation — Uses a formula to compute the Jacobian. You need to specify
the Jacobian functiodf/dA in the Formula Node on the block diagram of the Target
Fnc & Deriv NonLin VI, as well as the nonlinear functionf(X, A). This is a more
efficient computation than the numerical calculation, because it does not require a
numerical approximation to the Jacobian.

The input arrayX andY define the set of input data points. The VI assumes that you
have prior knowledge of the nonlinear relationship between the x and y coordinates. That
is, f =f(X, A), where the set of coefficients, is determined by the Levenberg-Marquardt
algorithm.

Using this function successfully sometimes depends on how close your initial guess
coefficients are to the solution. Therefore, it is always worth taking effort and time to
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obtain good initial guess coefficients to the solution from any available resources before
using the function.

Polynomial Interpolation

Interpolates or extrapolates the function f at x, given a sepoints Q(i, yi), wheref(xi) =
Yo fis any function, and given a numberThe VI calculates outpuniterpolation value
Pn—1(x), where R—1 is the unique polynomial of degreel that passes through the

points Q(i, yi).
¥ interpolation walue
Faly . .
" I interpolation error
® MeT eFror

Rational Interpolation
Interpolates or extrapolatéstx using a rational function.

Yodrray Fat interpolation walue
“ Array I 4 interpalation error
# walue Miep eFrar

The rational function

P(X) _ Po+PuXi* - +PuX"
Q%) o+ 0pX+ ... +qx"

passes through all the points formedgrray andX Array . P andQ are polynomials,
and the rational function is unique, given a set pbints Q(i, yi),

wheref(xi) =Y, fis any function, and given a numben the range of thEi values. This

P(x)
QX

VI calculates the outpunterpolation value y usingy = . If the number of points

n-1

is odd, the degrees of freedomPandQ are 5

. If the number of points is even, the

n_
2
total number of points formed By Array andX Array .

degrees of freedom éfare; —1 , and the degrees of freedochﬁreg , Where is the
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Spline Interpolant

Returns an arrainterpolant of lengthn, which contains the second derivatives of the
spline interpolating functiog(x) at the tabulated points, wherei = 0, 1,...,n—1. Input
arraysX Array andY Array are of lengtm and contain a tabulated functiqq,: f(xi),
with Xg<x;<...X,_1. initial boundary andfinal boundary are the first derivative of the
interpolating function g(x) at points 0 andl, respectively.

- ”:'; ﬂEFgE fiI:'LU'E Interpolant
injtial boundary —y LMte
final I:u:-un-:lar'E ——| potnt Srror

If initial boundary andfinal boundary are equal to or greater than®20the VI sets the
corresponding boundary condition for a natural spline, with zero second derivative on
that boundary.

The interpolating functiog(x) passes through all the points

{x.yih 9(x) =

wherei =0, 1,...n-1.

The VI obtains the interpolating functi@ix) by interpolating every intervakj, ;1]

with a cubic polynomial functiopi(x) that meets the following conditions:

* Pi) =Y

* P+ =VYisa

* g(x) has continuous first and second derivatives everywhere in the naypge:
) (%) = P, (%)
- ) =Py (%)

For the preceding conditionis= 0, 1,...,n—2.

From the last condition,p" () = p;, (x) , we derive the following equations:

Xi—Xj_1 Xiy1—X Xiv1—X

" i-1_, 1"
6 Y (Xi_1) * 3 9 (%) * 6 Y (Xi+1)

:yi+1—Yi _yi_yi—l
X1 =X X—=Xi_1

i=1, 2,.n-2 (44-9)
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These are-2 linear equations with unknowns 9"(x-)
1
i=0,1,...,n—1. This VI computesg (Xo) o} (X1_1) fromitial boundary andfinal

boundary using the formula

. _ Yi+1—Yi+3A2—1(X —x)g"
SA VI a— 6 i+17 X009 (x)

+3—Bz_1(x -x)g"
6 i+1 i 9 (Xi+1) )
Here
X .1 —X X=X
A= i+1 B=1-A-= XI
Xi+1 =X Xiy1—X

You can derive this formula from the preceding conditions numbered 1-3. This VI then
uses g"(xo) ,g"(X ) in equation (44-1) to solve all tbé(x_) Jiferl, ...n-2.
n— 1

g"(x_) is the outputnterpolant. You can usénterpolant as an input to the Spline
1
Interpolation VI to interpolatg at any value ok, < x<x,_;

Spline Interpolation
Performs a cubic spline interpolationfadtx, given a tabulated function.

W
i
Interpaolant
S

Spline interpolation walue
Inteip errar

This VI performs cubic spline interpolation using a tabulated function in the form of
y, = f(xi) fori =0, 1,...n-1, and given the second derivatiyagerpolant that the VI
obtains from the Spline Interpolant VI. The valuexafiust be in the range of values.
The points are formed by the input arra¢§andY, andn is the total number of points.
On the interval[x;, ;. ;] , the outpinterpolation value y is defined by

y = Ay +By, +1+Cy', +Dy", +1,

and
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C = 5N A %)

D = 3(B*-B)(x.,-x)° .
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Analysis Probability
and Statistics Vis

This chapter describes the Vs that perform probability, descriptive
statistics, analysis of variance, and interpolation functions.

To access thErobability and Statistics palette, choose
Functions»Analysis»Probability and Statistics, as shown in the
following illustration.

—HAnalysis
|l Probability and Statistics

= b

=

Fit M

et |

W —EProbability and Statistics
EH 3 Fi k
|| oz ‘mgz ¥
3o *
IS [m [
. oy MUY
MZE m
"j
Lot

For examples of how to use the statistics Vls, see the examples located
in examples\analysis\statxmpl.llb

Note: These VIs are not available in the Base Analysis package.

Probability and Statistics VI Descriptions

The following Probability and Statistic VIs are available.
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1D ANOVA

Takes an arrayX, of experimental observations made at varilewglsof a factor, with

at least one observation per level, and performs a one-way analysis of variance in the
fixed effect model. In the one-way analysis of variance, the VI tests whether the level of
the factor has an effect on the experimental outcome.

T
=54
= =58

Inde: 1D m=e
®of levels — |ANOVA[1 oy

Lt
error

=igdy

Factors and Levels

A factor is a basis for categorizing data. For example, if you count the number of sit-ups
individuals can do, one basis of categorization is age. For age, you might have the
following levels:

Level 0: 6 years old to 10 years old
Level 1: 11 years old to 15 years old
Level 2: 16 years old to 20 years old

Now, suppose that you make a series of observations to see how many sit-ups people can
do. If you take a random sampling of five people, you might find the following results:

Person1 8 years old (level 0) 10 sit-ups
Person 2 12 years old (level 1) 15 sit-ups
Person 3 16 years old (level 2) 20 sit-ups
Person 4 20 years old (level 2) 25 sit-ups
Person 5 13 years old (level 1) 17 sit-ups

Notice that you have made at least one observation per level. To perform an analysis of
variance, you must make at least one observation per level.

To perform the analysis of variance, you specify an axray observations, with values
10, 15, 20, 25, and 17. The ardaygex specifies the level (or category) to which each
observation applies. In this casedex has the values 0, 1, 2, 2, and 1. Finally, there are
three possible levels, so you pass in a value of 3 fo# thfdevelsparameter.
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2D ANOVA

Takes an array of experimental observations made at various levels of two factors and
performs a two-way analysis of variance.

& levels —
“

Inf
Index & b SI}-;DA
) Inde:: B AMOYA s B
ob=erwvations per cell =19 AB

E levels — I error

Factors, Levels, and Cells
A factor is a basis for categorizing data. For example, if you count the number of sit-ups

individuals can do, one basis of categorization is age. For age, you might have the
following levels:

Level 0: 6 years old to 10 years old

Level 1: 11 years old to 15 years old

Another possible factor is weight, with the following levels:

Level O0: less than 50 kg

Level 1:  between 50 and 75 kg

Level 2:  more than 75 kg

Now, suppose that you made a series of observations to see how many sit-ups people
could do. If you took a random samplingropeople, you might find the following

results:

Person1 8 years old (level 0) 30 kg (level 0) 10 sit-ups
Person 2 12 years old (level 1) 40 kg (level 0) 15 sit-ups
Person 3 15 years old (level 1)7 6 kg (level 2) 20 sit-ups
Person 4 14 years old (level 1) 60 kg (level 1) 25 sit-ups
Person 5 9 years old (level 0) 51 kg (level 1) 17 sit-ups
Person 6 10 years old (level 0) 80 kg (level 2) 4 sit ups
and so on.

© National Instruments Corporation 45-3 LabVIEW Function and VI Reference Manual



Chapter 45

Analysis Probability and Statistics VIs

If you plot observations as a function of factor A and factor B, they fall into cells of a
matrix with factor A as rows and factor B as columns. Each cell must contain at least one
observation, and each cell must contain the same number of observations.

To perform the analysis of variance, you specify an axray observations, with values

10, 15, 20, 25, 17, and 4. The artagex A specifies the level (or category) of factor A

to which each observation applies. In this case, the array would have the values 0, 1, 1,
1,0, and 0.

The arrayindex B specifies the level (or category) of factor B to which each observation
applies. In this case, the array would have the values 0, 0, 2, 1, 1, and 2. Finally, there are
two possible levels for factor A and three possible levels for factor B, so you pass in a
value of 2 for théA levelsparameter, and a value of 3 for tBdevelsparameter.

You can apply any one of the following models, where L is the speafisdrvations
per cell:

* Model 1: Fixed-effects with no interaction and one observation per cell (per
specified levelx andy of the factors A and B, respectively).

e Model 2: Fixed-effects with interaction and L>1 observations per cell.

« Model 3: Either of the mixed-effects models with interaction and L>1 observations
per cell.

¢ Model 4: Random-effects with interaction and L>1 observations per cell.

3D ANOVA

Takes an array of experimental observations made at various levels of three factors and
performs a three-way analysis of variance. In any ANOVA, you look for evidence that
the factors or interactions among factors have a significant effect on experimental
outcomes. What varies with each model is the method used to do this.

Levels mm:mmg

nd § 30 Infa
ndex & = e Significance
Index B ==t ]AHOYA arrOr -

Indes © —d
observations per cell g

The three-way ANOVA models are as follows, where L is the numbebsdrvations
per cell:

« Fixed-effects with interaction and L>1 observations per cell.
« Any of the six mixed-effects models with interaction and L>1 observations per cell.
* Random-effects with interaction and L>1 observations per cell.
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A factor is a basis for categorizing data. A cell of data consists of all those experimental
observations that fall in particular levels of the three factors. The number of observations
that fall in a cell must be some constant number L, which does not vary between cells.
See the description of factors, levels, and cells in the 2D ANOVA VI description.
Remember that a cell in this 3D ANOVA VIl is the intersection of three factors instead of
two as described in the 2D ANOVA VI description.

Chi Square Distribution

Computes the one-sid@dobability , p, of the)(2 distributed random variablg, with the
specifieddegrees of freedom

£ K probability

degrees of freedom Dist eFFar

p = Prob {X_<x},

where X isx? distributed with ndegrees of freedomp is theprobability , n isdegrees
of freedom, andx is the value.

Contingency Table

Classifies and tallies objects of experimentation according to two schemes of
categorization.

Contin- ¥
Table Yy probability
Toble error

With thex? test of homogeneity, the VI takes a random sample of some fixed size from
each of the categories in one categorization scheme. For each of the samples, the VI
categorizes the objects of experimentation according to the second scheme, and tallies
them. The VI tests the hypothesis to determine whether the populations from which each
sample is taken are identically distributed with respect to the second categorization
scheme.

With thex2 test of independence, the VI takes only one sample from the total population.
The VI then categorizes each object and tallies it in two categorization schemes. The VI
tests the hypothesis that the categorization schemes are independent.

You must choose a level of significance for each test. This is how likely you want it to
be that the VI rejects the hypothesis when it is true. Ordinarily, you do not want it to be
very likely. So you should use a small number (0.05 or 5 percent is a common choice) to
determine the level of significance. The output paranpai@vability is the level of
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significance at which the hypothesis is rejected. Thyspibability is less than the level
of significance, you must reject the hypothesis.

erf(x)
Evaluates the error function at the input value.

e i) erfi]l

erfc(x)
Evaluates the complementary error function at the input value.

= erfel:) erfolx]

F Distribution

Computes the one-sid@dobability , p, of the F-distributed random variable, F, with the
specifiedn andm degrees of freedom

probability

Dist

errar

I

p = Prob {ans x},
where F is F-distributed, p is tipeobability , n specifies the first degree of freedom,

specifies the second degree of freedom,»aigdthe value.

General Histogram

Finds the discrete histogram of the input sequefibased on the given bin
specifications.

" Histogram
Eins el e £
max : —IE ¥ qutzide
rmin eFFor
*# hins
inclusion

The VI obtains thélistogram as follows. The VI establishes all the intervals (also called
bins) based on the information in the input arBys first. The intervals (bins) are:
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ai = (Bing[i].lower: Bins[i].upper) i=0,1, 2,..k-1
where

Bing[i].lower is the valudower in theith cluster of arrains, Bing[i].upper is the value
upper in theith cluster of arrains, k is the number of elementsBins, which consists
of the number of total intervals (bins).

Whether the two ending poinBing[i].lower andBins[i].upper of each interval (bin) are
included in the interval (biry; depends on the valueloih inclusion in the corresponding
clusteri of theBins.

Histogram

Finds the discrete histogram of the input sequehcehe histogram is a frequency count
of the number of times that a specified interval occurs in the input sequence.

L (£ Histogram : hiz)

P Yalues

NN —— oo

intervals

If the input sequence is

X={0,1,3,3,4,4,4,5,5, 8},

then theHistogram: h(x) of X for eightintervals is

h(X) = {h, h. h, h,h, h h h}={11023,20,1}
Notice that the histogram of the input sequeXds a function ofX.

The VI obtainsHistogram: h(x) as follows. The VI scans the input sequeKc®
determine the range of values in it. Then the VI establishes the interval width, y
according to the specified numberiofervals,

max— min
AX = ——
m

where max is the maximum value found in the input sequ¥noein is the minimum
value found in the input sequen¥e andm s the specified number aiftervals.

Let x represent the output sequenc¥alues, because the histogram is a functiorXof
The VI evaluates elements pfusing

X; = min+ 0.5Ax+iAx fori =0, 1, 2, ...m-1.
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The VI defines theéth intervalAj to be the range of values frc»(p— 0.5Ax up to but not
including X; * 0.5Ax,

Aj = [xj — 0.5Ax : xj + 0.5Ax), fori =0, 1, 2,... m-1,

and defines the functioyj(x) to be

yi(x) =

Bl ifx 004,
0 .
%) elsewhere

The function has unity value if the valuedtlls within the specified interval. Otherwise
it is zero. Notice that the interval is centered abou(tl, and its width ig\,.

The last intervalf,_4, is defined asyy,,— 0.50X : X4 + 0.94%]. In other words, if a
value is equal to max, it is counted as belonging to the last interval.

Finally, the VI evaluates the histogram sequeldagsing

n-1

h = 3 yilx) fori=0,1,2..m-1,

i=0

whereh;j represents the elements of the output sequdistegram: h(x), andn is the
number of elements in the input sequeKce

Inv Chi Square Distribution
Computes the value of such that the condition

p =Prob{X <x}

is satisfied, given thprobability value,p, of axX? -distributed random variabl, with
n degrees of freedom

probability Irmveaze =

degrees of frreedom Dist error

Inv F Distribution
Computes the value af such that the condition
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p = {Prob, <X}

is satisfied, given thprobability valuep of an F-distributed random variable, with n
andm degrees of freedom.

Irpvetze £

Flist errar
Inv Normal Distribution

Computes the value of such that the condition

probability
n
m

p = Prob {X< x}

is satisfied, given thprobability value,p, of a Normally distributed random variabl¢,

Irrvesze
FHoFTal
Di=t

probability

error

Inv T Distribution
Computes the value af such that the condition

p = Prob {Th < x}

is satisfied, given thprobability value,p, of a T-distributed random variablg, with n

degrees of freedom
Irrvet=s ®
TDizt eFror
Mean

Computes the mean (average) of the values in the input segdence

probability

degrees of freedam

rean

erFrar

This VI computesnean (1) using the following formula:
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wheren is the number of elements ¥

Median

Finds the median value of the input sequeXdey sorting the values of and selecting
the middle element(s) of the sorted array.

rmedian

Lot errar

Letn be the number of elements in the input sequeh@and letSbe the sorted sequence
of X. The VI findsmedian using the following identity:

gsi ifnis odd
median= ]
%D.S(sk_1 +s) ifniseven

=)
|
[y

wherei

andk =

NI S

Mode

Finds themode of the input sequencs.

£

2 rode
intervals m| EFFor

Moment About Mean
Computes the moment about the mean of the input seqXensieg the specifiedrder.

" H am rmarent

order I errar

th
Let m be the desiredrder. The VI computes the -ordermoment using the formula:
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n-1
1

O—T = HZ(Xi_u)mi
i=0

m. th . . .
wherecx is them -ordermoment, andn is the number of elements in the input

sequence«.
MSE
Computes the mean squared errosé of the input sequencesValuesandY Values.
Y Malues Rk rnze
- Tk
# Walues MAF error

The VI uses the following formula to findse

n-1

mse = %z (X —yi)z,

i=0
wheren is the number of data points.

Normal Distribution
Computes the one-sidgaobability , p, of the normally distributed random variabkg,

p = Prob X<x},

whereX is standard Normally distributed,is theprobability , andx is the value.

* Dist probability

RMS

Computes the root mean square (rms) of the input seqience

rrns walue

T
RS error
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Sample Variance
Computes thenean andsample varianceof the values in the input sequente

rmean

B
By ng zample wariance
[ —erraor

Note: If you need to compute the sample standard deviatioiXpfake the square
root of sample variance

Standard Deviation

Computes the mean value and the standard deviation of the values in the input
sequence.

@ standard deviation
= WJ-'-:: mean
error

This VI computestandard deviation (o,) andmean (1) using the following formula:

n-1
wherep = %ZXi , andh is the number of elements ¥

i=0

T Distribution

Computes the one-sid@dobability , p, of the t-distributed random variab]lérf with the
specifieddegrees of freedom

p = Prob {Tn < x},

whereT is t-distributedp is theprobability , nis degrees of freedomandx is the value.

* T priobability

degrees of freedom Dist EFFor
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Variance
Computes the variance and the mean value of the input seg¥ence

= mean
" o, variance
error

This VI computewariance (ze) andmean () using the following formula:

n-1

Oi = %Z(Xi—U)z,

i=0
n-1

1 . )
wherep = ﬁz X; , andhis the number of elements

i=0
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This chapter describes the Vls that perform matrix related computation
and analysis, and provides overviews on the following:

e Basic Matrix Manipulations

» Solving Linear Equations and Matrix Inverses
« Eigenvalues and Eigenvectors

e Matrix Analysis

It includes both real and complex matrices.

To access theinear Algebra palette, choose

Functions»Analysis»Linear Algebra, as shown in the following
illustration.

~HAnalpsis
Linear Algebra

3 MEm ¢
anzan | FAHE
o | L,

Filkers®| wit) ¥

|l

¥
.=HLinear Algebra

a a|[a  Ial A [:] ¥
[ B =:-|[555]| -"‘-X=A§

This chapter is divided into the following groups:
* Matrix factorization

W=l

&

AxH

1]

[ R

* Solving linear equations and matrix inverses
» Eigenvalues and Eigenvectors problems
* Matrix analysis
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A matrix is represented by a 2D array:

Ay QT 8gp 4

A = 10 11 a1n -1

[8m 10 &m-11 " 8@m_1n -1l

A is anm-by-n matrix that containsn rows andn columns.

A matrix is called a rectangular matrix in general. Whem, it is
called a square matrix.

Basic Matrix Manipulations Functions

This section provides an overview of Basic Matrix Manipulations.

Addition
C = A+B0O Gj :aij+bij

A, B, andC have the same dimension size.

Matrix-Matrix Multiplication

r-1
C=ABU g = aikbkj
k=0

If A'is an-by-r matrix, andB is ar-by-m matrix, thenC is an-by-m matrix.

Scalar-Matrix Multiplication
C=oaAl ¢g; =ag;

C andA have the same dimension size.

Transposition
For a real matrix:
C= ATD Gij = &
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For a complex matrix, it is the complex conjugate transposition:
H

Complex conjugate: ih = x+ iy , then conjugad® = x—iy  Alfis anm-by-n matrix,
thenC is ann-by-m matrix and is called the transposefof

Common Matrices

This section describes the Common Matrices.

Identity Matrix

10...0
A= [01..0, & = 0 wheni #j a; =1 when = j

00..1
A is a square matrix.

Diagonal Matrix

4 0 .. O
A 0 a ... 0 8 =0 wheni #j .
0 0 . An_1n-1

Hermitian Matrix
If a complex matrixA satisfiesA = A Alis called a Hermitian matrix.

Symmetric Matrix

Matrix A is called a symmetric matrix &; = &; , thatés= AT
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Upper Triangular Matrix

8p0 891 -+ Qgn-1

0 aj; ... a1

A= , & = 0 wheni>j.

0 0 ..ay 191

Lower Triangular Matrix

a a ..
A=| "0 " , & = 0 wheni<j.

An_10 8m-11 - &m_1n-1

Orthogonal Matrix

Matrix A is called orthogonal iATA =1 , andis an identity matrix.

Permutation Matrix

A permutation matrix is an identity matrix with some rows or columns exchanged. A
permutation matrix is an orthogonal matrix.

Positive Definite Matrix

A real matrix is Positive definite if and only if it is symmetric; thatAss AT , and the
quadratic formx’ AX>0 for all nonzero vectaxs

A complex matrix is positive definite if and only if it is Hermitian; thatAsz Al and
x" ax>0 for all nonzero, complex vectods

Matrix Factorization

A matrix can be factored into the multiplication of several, simpler
matrices. You can use these factored, simple matrices to solve some
matrix problems, such as solving a linear equation, inverting a matrix,
and finding the determinant of a matrix.

The common factorization methods include LU, Cholesky, QR, and
Singular Value Decomposition (SVD).
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» LU Factorization—Factors a square matrix into two matrices. One
is an upper triangular matri¥, and the other is a lower triangular
matrix L that has ones on the diagonal, so &tLU. P is a
permutation matrix.

* When a square matrix is positive definite, you can factor it into
A = R'R, if Ais a real matrix, and = R'R , #is a complex
matrix, where R is an upper triangular matrix. This is called
Cholesky factorization. Cholesky factorization only needs half of
the operations of LU factorization.

* QR Factorization—Factors a matrix as the product of an orthogonal

matrix Q and an upper triangular matfix A=QR. QR factorization
is useful for both square and rectangular matrices.

» SVD—Decomposes a matrix into the product of three matrices:
A = UsV , whereU andV are orthogonal matrices a&ds a
diagonal matrix whose diagonal values are called the singular
values ofA. SVD is useful for solving analysis problems involving
matrices. In addition to its common uses, you can use SVD for
operations such as pseudoinverse, rank, norm, and condition
number.

Solving Linear Equations and Matrix Inverses

To Solve the linear equatighX=Y, you must find solutioiX when you
know the given values & andY. A is am-by-n matrix, X is a vector
with n elementsandY is a vector withm elements.

Using LU factorization, ifm=n andA is a square matriX) can be
factored into triangular matricésandU, so thatA=LU. AX=Y becomes
LUX=Y and you can solvé for LZ=Y whereZ=UX. You can then solve
for X in UX=Z.

In the Cholesky case, = R angl=R
Triangular systems are easy to solve using recursive techniques.

If m# n, the number of equations are different from the number of
unknowns andh is not a square matri§ can be factored into an
orthogonal matrixQ and an upper triangular matri so thatA=QR
AX=Y become®QRX=Y and you can solve fof by usingRX = Q'Y .

Whenm>n, and the system has more equations than unknowns, it is
called an overdetermined system. The solution that satsKe¥ may
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not exist. The solution above finds the least square solution that
minimizes |[AX-Y|= Z[(AX)i—yi]2

Whenm<n, and the system has more unknowns than equations, it is
called an underdetermined system. It may have infinite solutions that
satisfyAX=Y. The previous solution finds one of these solutions.

Inverting a square matri&k means that you find™ that satisfies
AA = |, wherel is an identity matrixA* is called the inverse of
matrix A. You can solve foa™ by solvinglinear equations;\A_lz |

WhenA is not a square matrix, or whénis singular,A‘l does not
exist. You can compute the pseudoinversé aistead. If then-by-n
matrix A* satisfies the following four Moore-Penrose conditions:
AATA=A

ATAAT=AT

AA' is a Hermitian matrix ifA is a complex matrixAA" is a symmetric
matrix if A is real matrix.

A*Ais a Hermitian matrix ifA is a complex matrixA*A is a symmetric
matrix if A is real matrix.

Then,A* is called the pseudoinverse of matixYou can compute for
A* using SVD.

Eigenvalues and Eigenvectors

This Eigenvalue problem is to determine the nontrivial solutions to the
equationAX = AX , wherd is ann-by-n matrix, X is a vector with
nelements, and isascalar. Tlhe values of that satisfy the equation
are called eigenvalues Af and the corresponding values<dre called

the right eigenvectors &.

Matrix Analysis

Matrix Analysis VIs can compute the matrix determinant, condition
number, norm, and rank. Typically, you use these parameters to analyze
a matrix property.

Linear Algebra VI Descriptions

The following Linear Algebra VlIs are available.
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AxB

Performs the matrix multiplication of two input matrices.

||:||=H!CB ——— !\ v B

Brrar

If Ais ann-by-k matrix andB is ak-by-m matrix, the matrix multiplication oA andB, C

= AB, results in a matrixC, whose dimensions areby-m. Let A represent the 2D input
arrayA matrix, B represent the 2D input arr®ymatrix, andC represent the 2D output
arrayA x B. The VI obtains the elements Gfusing the formula

k-1 0
0O = 0,1,2 .,n-1
Ci :zanbu forQ ,
=0

=012 .,m-1

wheren is the number of rows iA matrix, k is the number of columns id matrix and
the number of rows iB matrix, andmis the number of columns B matrix.

Note: The A x B VI performs a strict matrix multiplication and not an
element-by-element 2D multiplication. To perform an element-by-element
multiplication, you must use the LabVIEW Multiply function. In general,
AB | BA.

A x Vector
Performs the multiplication of an input matrix and an input vector.

& Nector

e ——

Yector aFrar

If A is ann-by-k matrix, andX is a vector wittk elements, the multiplication @& andX,
Y = AX, results in a vectoY with n elements. LeY represent the outpét x Vector. The
VI obtains the elements &fusing the formula

k-1
Yy, = Zaijxj ,fori=0,1,2,..n-1,
j=0
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wheren is the number of rows iA, andk is the number of columns i and the number
of elements irX.

Cholesky Factorization
Performs Cholesky factorization for a real, positive definite marix

=R Cholesky
dy =—::H{:: ][]
cha erFar

If the real, square matriX is positive definite, you can factor it as= RR ,wh&e is
an upper triangular matrix, arkl s the transposR of

ComplexAxB

Performs the matrix multiplication of two input complex matrices.
A AxB ——=4xE
E “][;'15[“:] Brrar

If Ais ann-by-k matrix andB is ak-by-m matrix, the matrix multiplication oA andB, C

= AB, results in a matrixC, whose dimensions areby-m. LetA represent the 2D input
arrayA matrix, B represent the 2D input arr®ymatrix, andC represent the 2D output
arrayA x B. The VI obtains the elements Gfusing the formula

Ui=012.,n-1

k-1
g
ci =) gb, forg ,
! lZO' ‘ 0,12 .,m-1

wheren is the number of rows iA matrix, k is the number of columns i matrix and
the number of rows iB matrix, andmis the number of columns B matrix.

Note: The Complex A x B VI performs a strict matrix multiplication and not an
element-by-element 2D multiplication. To perform an element-by-element
multiplication, you must use the LabVIEW Multiply function. In general,
AB# BA.
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Complex A x Vector
Performs the multiplication of a complex input matrix and a complex input vector.

A :l:=:l::x:l-l:| & % Wector
Veotor [c]:[![] —

If A is ann-by-k matrix, andX is a vector wittk elements, the multiplication & andX,
Y = AX, results in a vectoY with n elements. LeY represent the outpit x Vector, X
represents the input vectdrhe VI obtains the elements ¥fusing the formula

k-1
Yy, = Zaijxj ,fori=0,1,2,..n-1,
j=0
wheren is the number of rows i, andk is the number of columns i and the number
of elements irX.

Complex Cholesky Factorization
Performs Cholesky factorization of a complex, positive definite matrix

A= R =——=Chalesky R
& N [
-wcho Error
If the complex square matri is positive definite, it can be factored As= R'R , where

Ris an upper triangular matrix amf’ is the complex conjugate transp&se of

Complex Determinant
Finds thedeterminant of a complex, square matrirput Matrix .

Input Matrix =—f Al determinart

"I

rmatrix type ertar

Let A denote a square matrix that representdripat Matrix, and letL andU be the
lower and upper triangular matrices, respectived sfich that

A=LU,
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where the main diagonal elements of the lower triangular mlatabe arbitrarily set to
one. The VI finds theleterminant of A by the product of the main diagonal elements of
the upper triangular matriy:

n-1
|A| = rl Ui
i=0

where|A| is theleterminant of A, andn is the dimension oA.

Complex Dot Product

Computes the dot product of complExVector andY Vector.

B Vectol e— As HuEY

¥ Mectaor e, errar

Let X represent the input sequen¢é&/ector andY represent the input sequente
Vector. The VI obtains the dot produltY using the formula:

n-1

Xty = Z)Wia

i=0

wheren is the number of data points. Notice that the output v&lye is a complex
scalar value.

Complex Eigenvalues & Vectors
Finds theEigenvaluesand rightEigenvectorsof a square complebaput Matrix A.

Input Fatrizx _® Eigenvalues
ratrix type AK“’H Eigenvectors
output option — LR — arror

The eigenvalue problem is to determine the nontrivial solutions for the equation:

AX = AX
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whereA represents an-by-n Input Matrix , X represents a vector withelements, and
) is a scalar. Thavalues ofA that satisfy the equation areHEmgenvaluesof A and the
corresponding values of are the righEigenvectors ofA. A Hermitian matrix always
has real eigenvalues.

Complex Inverse Matrix
Finds thelnverse Matrix of a complex matrixnput Matrix .

Input Matrix ||[f'_]¢[f'_']' Inverse Matrix
Matrixz Type |"'.3Km ertar

Let A be thelnput Matrix andl be the identity matrix. You obtain theverse Matrix
by solving the systemAB =1 for B.

If A'is a nonsingular matrix, you can show that the solution to the preceding system is
unique and that it corresponds to the inverse matri of

B=A1,

andB is therefore thénverse Matrix. A nonsingular matrix is a matrix in which no row
or column contains a linear combination of any other row or column, respectively.

Note: You cannot always determine beforehand whether the matrix is singular,
especially with large systems. The Complex Inverse Matrix VI detects
singular matrices and returns an error, so you do not need to verify
whether you have a valid system before using this VI.

The numerical implementation of the matrix inversion is not only
numerically intensive but, because of its recursive nature, it is also highly
sensitive to round-off error introduced by the floating point, numeric
coprocessor. Although the computations use the maximum possible
accuracy, the VI cannot always solve for the system.

Complex LU Factorization
Performs the LU factorization of a complex, square mairix
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LU factorization factors the square matfxnto two triangular matrices; one is a lower
triangular matrixd. with ones on the diagonal, and the other is an upper triangular matrix
U, so that

PA=LU

whereP is a permutation matrix, which consists of the identity matrix with some rows
exchanged.

Factorization is the key step for inverting a matrix, computing the determinant of a
matrix, and solving a linear equation.

Complex Matrix Condition Number
Computes theondition number of a complex matrixnput Matrix .

Input Matrix cAIRIIA] condition nurnber
e
c

norm type errar

Thecondition number of a matrix measures the sensitivity of the solution of a system of
linear equations to errors in the data. It gives an indication of the accuracy of the results
from the matrix inversion and linear equation solutions.

Complex Matrix Norm
Computes th@morm of a complex matrixnput Matrix .

Input Fatrizx narm

norm type errar

Thenorm of a matrix is a scalar that gives some measure of the magnitude of the
elements of the matrix. Lét represent thénput Matrix , |A], represent theorm of A,
wherep can be 1,2,% . Different values pfmean different types of norms that are
computed.
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Complex Matrix Rank
Computes theank of a rectangular, complex matrixput Matrix .

Input Matriz =—=— rank rank

[#]=
G

tolerance erFtrar

rank is the number of singular values of timput Matrix that are larger than the
tolerance rank is the maximum number of independent rows or columns ofinine
Matrix .

Complex Matrix Trace
Finds thetrace of Input Matrix .

trace

Input Fatrizx '=:[ :

errar

Let A be a square matrix that represensut Matrix and tr@) betrace. Thetrace of
A is the sum of the main diagonal element#\of

n-1
tr(A) = Zaii )
i=0

wheren is the dimension dhput Matrix .

Complex Outer Product
Computes the outer product of a comple¥ector andY Vector.

# Mector HEHH
¥ Yeotor L” [],3};! errak

———(uter Product

Let X represent the input sequen¢d&/ector andY represent the input sequente
Vector. The VI obtaingOuter Product using the formula:
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bi=0,12.,n-1

0
a; =% Y, for O :
0,,2.,m-1

whereA represents the 2D output sequefager Product, nis the number of elements
in the input sequenck Vector, andmis the number of elements in the input sequence
Y Vector.

Complex Pseudolnverse Matrix
Finds the Pseudolnverse Matrix of a rectangular, complex maik Matrix .

Input Matriz JF—=Fzeudolnverse Matrix

tolerance errar

An SVD algorithmcomputesPseudolnverse MatrixA*, and treats any singular values
less than thé&oleranceas zeros. For a definition of the Pseudolnverse of a matrix, see the
Solving Linear Equations and Matrix Inverssection at the beginning of this chapter.

If Input matrix A is square and not singula?, is the same a&1, but using the Complex
Inverse Matrix VI to computé&t is more efficient than using this VI.

Complex QR Factorization
Performs QR factorization for a complex matrix A.

. i R
algorithm o 1 errar

QR factorization is also called orthogonal-triangular factorization. It factors a complex
matrix A into two matrices; one is an orthogonal ma@ixhe other is an upper triangular
matrix R, so thatA = QR This VI provides three methods for the factorization:
Householder, Givens, and Fast Givens.

You can use QR factorization to solve linear systems that contain less or more equations
than unknowns.
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Complex SVD Factorization

Performs the singular value decomposition (SVD) of a giwdyy-n, complex matrix A
with m>n.

SVD produces three matricek S, andV, so thatA = UV, whereU andV are
orthogonal matricesy, is ann-by-n diagonal matrix with the elements of ar@pn the
diagonal in decreasing order. The diagonal elements are the singular values of A.

Create Special Complex Matrix
Generates a special, complex matrix based omntitex type.

Input Vector?
matrix type

matrix size -
Input Yector ] e— error

=[] Special Matrix

Let n representnatrix size, X representnput Vectorl, nx represent the size of andY
representnput Vector2, ny represent the size of andB represent the outp@pecial
Matrix .

Create Special Matrix
Generates a real, special matrix based onmthgix type.

Input Vector?
matrix type
matrix size -+ | <[
Input Yector ] e— error

Special Matrix

Let nrepresentnatrix size, X representnput Vectorl, nx represent the size of andY
representnput Vector2, ny represent the size of andB represent the outp@pecial
Matrix .
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Determinant

Computes theleterminant of a real, square matrixput Matrix .

A Al

Input Matrix

='-‘|[555]|

rmatrix type

determminant

Brrar

Let A be a square matrix that representsitiput Matrix, and letL andU represent the
lower and upper triangular matrices, respectivelyAsich that

A=LU,

where the main diagonal elements of the lower triangular mlatabe arbitrarily set to
one. The VI finds theleterminant of A by the product of the main diagonal elements of

the upper triangular matriy

n-1
|Al = |_|uii'
i=0

where|A| is thaleterminant of X, andn is the dimension oX.

Dot Product

Computes the dot product ®fVector andY Vector.

# Mector

Y Wectol e——

noEY

errar

Let X represent the input sequen¢&/ector andY represent the input sequence
Y Vector. The VI obtains the dot produitY using the formula:

n-1

Xty = ZXYiy

i=0

wheren is the number of data points. Notice that the output v&ie is a scalar value.
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EigenValues & Vectors
Finds the eigenvalues and eigenvectors right of a squardnpesMatrix .

Input Matrix =—~ = Eigenwvalues
rmatrix type —'—'ﬁ'x"if=-=Eigenvect-:-rs
output aption — | [ — errar

The eigenvalue problem is to determine the nontrivial solutions to the equation:
AX = AX

whereA is an-by-n Input Matrix , X is a vector witm elements, and is a scalar. The
values ofA that satisfy the equation are Higenvaluesof A and the corresponding
values ofX are the rightigenvectorsof A. A symmetric, real matrix always has real
eigenvalues and eigenvectors.

Inverse Matrix
Finds thelnverse Matrix of thelnput Matrix .

Input Matrix |I[ﬁ_]¢[ﬁ_']' Inverze Matrix
ratrix type |m errar

Let A be thelnput Matrix andl be the identity matrix. You obtain theverse Matrix
value by solving the systeAB = | for B.

If A is a nonsingular matrix, you can show that the solution to the preceding system is
unique and that it corresponds to thgerse Matrix of A:

B=A",

andB is therefore amnverse Matrix. A nonsingular matrix is a matrix in which no row
or column contains a linear combination of any other row or column, respectively.

Note: The numerical implementation of the matrix inversion is not only
numerically intensive but, because of its recursive nature, is also highly
sensitive to round-off errors introduced by the floating-point numeric
coprocessor. Although the computations use the maximum possible
accuracy, the VI cannot always solve for the system.
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You cannot always determine beforehand whether the matrix is singular,
especially with large systems. The Inverse Matrix VI detects singular
matrices and returns an error, so you do not need to verify whether you
have a valid system before using this VI.

LU Factorization
Performs the LU factorization of a real, square mafrix

A A=LU :]
sl [
Fi
errar

LU factorization factors the square matfxnto two triangular matrices; one is a lower
triangular matrixd. with ones on the diagonal, and the other is an upper triangular matrix
U, so thatPA= LU , wher® is a permutation matrix, which serves as the identity matrix
with some rows exchanged.

Factorization serves as a key step for inverting a matrix, computing the determinant of a
matrix, and solving a linear equation.

Matrix Condition Number
Computes theondition number of a real matriXxnput Matrix .

Input Matrix celllA condition nurnber

.l
el

norm type errar

Thecondition number of a matrix measures the sensitivity of a system solution of linear
equations to errors in the data. It gives an indication of the accuracy of the results from
a matrix inversion and a linear equation solution.

Matrix Norm
Computes th@morm of a real matriXnput Matrix .

Input Fatrizx narm narm

[]::J"[]"

norm type errar

LabVIEW Function and VI Reference Manual 46-18 © National Instruments Corporation



Chapter 46 Analysis Linear Algebra Vs

The norm of a matrix is a scalar that gives some measure of the magnitude of the elements
in the matrix. LetA represent thénput Matrix , the norm ofA is represented byA|,
wherep can be 1,2,k . Different values pinean different types of norms that are

computed.
Matrix Rank
Computes theank of a rectangular, real matrlrput Matrix .
Input Matriz =——— rank rank
tolerance = erkor

Matrix rank is the number of singular values in theut Matrix that are larger than the
tolerance rank is the maximum number of independent rows or columns itnine
Matrix .

Outer Product
Computes the outer product ¥fVector andY Vector.

¥ Wector ] [] Duter Product
Y Wector L1 elror

Let X represent the input sequen¢&/ector andY represent the input sequence
Y Vector. The VI obtain®Outer Product using the formula:

H=012.,n-1

a; =X y;, for O ,
=012 .,m-1

whereA represents the 2D output sequefaéder Product, nis the number of elements
in the input sequencé Vector, andmis the number of elements in the input sequence
Y Vector.
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Pseudolnverse Matrix
Finds thePseudolnverse Matrixof a rectangular, real matrlrput Matrix .

Input Matrix =——— ———Fzeudolnverse Matrix

A A
| (= |
talerance pzeud erFar

You computePseudolnverse MatrixA* by using the SVD algorithm and any singular
value less than thielerance,which are set to zero. For a definition of the Pseudolnverse
of a matrix, see th8olving Linear Equations and Matrix Inverssection at the beginning

of this chapter.

If Input matrix A is square and not singula?, is the same a&™%, but using the Inverse
Matrix VI to computeA~t is more efficient than using this VI.

Note: This VI is not available with Base packages of LabVIEW.

QR Factorization
Performs the QR factorization of a real mathix

F ======A==QE=======Q
- =
algorithr [ H — . apror

QR factorization is also called orthogonal-triangular factorization. It factors a real matrix
A into two matrices. One is an orthogonal ma@ixand the other is an upper triangular
matrix R, so that A = QR . This VI provides three methods for the factorization:
householder, givens, and fast givens.

You can use QR factorization to solve linear systems with more equations than
unknowns.

Note: This VI is not available with Base packages of LabVIEW.

Solve Complex Linear Equations
Solves a complex, linear systefx=Y.

Input Fatrizx
Enown Yector

ratrix type

Solution Yector

errar
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Let Arepresent them-by-n Input Matrix , Y represent the set ofelements in th&nown
Vector, andX represent the set ofelements in th&olution Vector that solves for the
system

AX =Y.

Whenm> n, the system has more equations than unknowns, so it is an overdetermined
system. Since the solution that satisfe&Y may not exist, the VI finds the least square
solutionX, which minimizes BX-Y]|.

Whenm<n, the system has more unknowns than equations, so it is an underdetermined
system. It might have infinite solutions that satiéd¢=Y. The VI then selects one of
these solutions.

Whenm=n, if A is a nonsingular matrix—no row or column is a linear combination of
any other row or column, respectively—then you can solve the systeXbipr
decomposing thénput Matrix A into its lower and upper triangular matricesandU,
such that

AX=LZ=Y,
and
Z=UX

can be an alternate representation of the original system. Notic2 ithatso am
element vector.

Triangular systems are easy to solve using recursive techniques. Consequently, when you
obtain theL andU matrices fromA, you can findZ from theLZ =Y system an& from
theUX = Z system.

Whenm=# n, A can be decomposed to an orthogonal m&trixnd an upper triangular
matrix R, so thatA=QR, and the linear system can be represente@R¥=Y. You can
then solveRX=Q"Y.

You can easily solve this triangular system to get X using recursive techniques.

Note: You cannot always determine beforehand whether the matrix is singular,
especially with large systems. The Inverse Matrix VI detects singular
matrices and returns an error, so you do not need to verify whether you
have a valid system before using this VI.

The numerical implementation of the matrix inversion is numerically intensive and,
because of its recursive nature, is also highly sensitive to round-off error introduced by
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the floating-point numeric coprocessor. Although the computations use the maximum
possible accuracy, the VI cannot always solve for the system.

Note: This VI is not available with Base packages of LabVIEW.

Solve Linear Equations
Solves a real linear systeiX=Y.

Input Matrix
Known Yector

rnatrix type

Solution Yector

errar

Let A be amtm-by-n matrix that represents theput Matrix , Y be the set ofn coefficients
in Known Vector, andX be the set of elements irSolution Vector that solves the
system

AX=Y.

Whenm>n, the system has more equations than unknowns, so it is an overdetermined
system. The solution that satisfies AX=Y may not exist, so the VI finds the least square
solution X, which minimizeg§AX-Y|

Whenm<n, the system has more unknowns than equations, so it is an underdetermined
systems. It may have infinite solutions that satisfy AX=Y. The VI finds one of these
solutions.

In the case ofn=n, if Aiis a nonsingular matrix—no row or column is a linear combination
of any other row or column, respectively—then you can solve the systexbfor
decomposing the input matriinto its lower and upper triangular matricesandU,

such that

AX=LZ =Y,
and
Z=UX

can be an alternate representation of the original system. Notic2 ithatso am
element vector.

Triangular systems are easy to solve using recursive techniques. Consequently, when you
obtain theL andU matrices fromA, you can findZ from theLZ =Y system and from
theUX = Z system.
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In the case ofn# n A can be decomposed to an orthogonal madiand an upper
triangular matrixR, so thatA=QR. The linear system can then be represente@R}Y.
You can then solv&X=QTY.

You can easily solve this triangular system togesing recursive techniques.

Note: You cannot always determine beforehand whether the matrix is singular,
especially with large systems. The Inverse Matrix VI detects singular
matrices and returns an error, so you do not need to verify whether you
have a valid system before using this VI.

The numerical implementation of the matrix inversion is numerically intensive and,
because of its recursive nature, is also highly sensitive to round-off error introduced by
the floating-point numeric coprocessor. Although the computations use the maximum
possible accuracy, the VI cannot always solve the system.

SVD Factorization

Performs the singular value decomposition (SVD) of a giméry-n real matrixA, with
m>n.

SVD produces three matrices |, &nd V so that A = U/ T, where U and V are
orthogonal matrices,3s ann-by-n diagonal matrix with the elements of ari@pn the
diagonal in decreasing order.

Test Complex Positive Definite
Tests whether thimput Matrix is a Positive Definite matrix.

TS — positive definite:

Input FMMatrix []
C

errar
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Test Positive Definite

Tests whether thinput Matrix is a Positive Definite matrix.

Input FMMatrix

[ty pe=73

[]

positive definite”

errar

Trace

Finds thetrace of Input Matrix .

Input Hatrix =——7

trace

errar

Let A be a square matrix that represelmgut Matrix and tr@) betrace. Thetrace of
A is the sum of the main diagonal elementg\of

n-1
tr(A) = Za“ ,
i=0

wheren is the dimension ofnput Matrix .
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Analysis Array Operation Vis

This chapter describes the VIs that perform common, one- and
two-dimensional numerical array operations.

The following illustration shows tha&rray Operations palette, which
you access by selectiffunctions»Analysis»Array Operations

+—1HAnalpsis

Armray Operations

3 HET »
e | FARY
‘lellthL. .

Tiltersk

:
il

o—1-Amay Operations

== | o
2 v||%

Array Operation VI Descriptions

The following Array Operation VIs are available.
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1D Linear Evaluation
Performs a linear evaluation of the input arkay

# i v lil=[i] £a+b
scale a: b
affset bﬁ errar

The output array[i] = X[i]*a + b is given by
Y = aX+ b,
wherea is the multiplicativescaleconstant, and is the additive constantffset

1D Polar To Rectangular

Converts two arrays of polar coordinates into two arrays of rectangular coordinates,
according to the following formulas:

X = magnitude cosphase

y = magnitude sin(phase.

Magnitude R LH b
Phaze B‘E"«f W
I— error
Note: This VI is not available with Base packages of LabVIEW.

1D Polynomial Evaluation
Performs a polynomial evaluation ¥fusingCoefficients: a

= m n Y
2 0 HY —
Coefficients: a ne ertar

The output array is given by

m
Y = Z a X",
n=0

wherem denotes the polynomial order.
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1D Rectangular To Polar

Converts two arrays of rectangular coordinates into two arrays of polar coordinates,
according to the following formulas:

magnitude =\/x2 +y2

_ ol YO
phase = tant Tl

b ”I j Fi Fagnitude
hy - al Phaze
I eFFor

2D Linear Evaluation
Performs a linear evaluation of the two-dimensional input aXray

T=r¥ath
errar

=y
Y

[ ol VTR

The two-dimensional output arra§/= X*a + b is given by
Y = Xa+ b,
wherea denotes the multiplicative constant, @ndenotes the additive constant.

2D Polynomial Evaluation

Performs a polynomial evaluation of the two-dimensional input atraging
Coefficients a

# ¥, 15 v
Coeffizients a i) 2rrar

The two-dimensional output arradis given by

m
Y = Z a, X",
n=0
wherem denotes the polynomial order.
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Normalize Matrix

Normalizes the 2D inpu¥latrix using its statistical profile (1), where p is thenean
andao is thestandard deviation, to obtain &Normalized Matrix whose statistical profile

is (0,1).
coar—=——=Mormalized Matrix
Fatrize 1| Lo, standard deviation
", EEY
errar
The VI obtainsNormalized Matrix using
B = A\;H'
o
n-1m-1

W= izoizo
nem

n-1 m-1

Z z (8 —H)?

o= 4lizo j=o0
nem

whereB represents the 2D output sequehmemalized Matrix , A represents the 2D
input sequencMatrix with n rows andm columns, ana;; is the element of on theith
row andj™ column.

Normalize Vector

Normalizes the inpu¥ector using its statistical profile (@), where p is theneanand
O is thestandard deviation, to obtain @Normalized Vector whose statistical profile is

(0,1).
_:..E.?—N?rn;a'ﬁﬁecnlj '-.-'n_e-ctt_-:-r'
——=tandard dewiation
Veotor H LQJ__; Star
F————— error

The VI obtainsNormalized Vector using
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y = Z2H

O, 1

X
_i=0

p= n ’

whereY represents the output sequelNmmalized Vector, andX represents the input
sequenc&/ector of lengthn, andx; is thei™ element ofx.

Quick Scale 1D

Determines the maximum absolute value of the input &ragyd then scale$ using this
value.

v [il=R[11/Max]
raxis}
errar

o

The output array[i] = X[i]/Max|X]| is given by
v=2
s

wheres is the maximum absolute valueXn

You can use this VI to normalize sequences within the range [-1:1]. This VI is
particularly useful if the sequence is a zero mean sequence.
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Quick Scale 2D

Determines the maximum absolute value of the input &ragd then scales using this
value.

]

—] I'I"'I_'|=H'|_'| ."IM-H}{{::‘:J
rria]]
errar

The output arrayij = Xij/Max{X} is given by

Y =

»nl X

wheres denotes the maximum absolute valuein

You can use this VI to normalize sequences within the range [-1:1]. This VI is
particularly useful if the sequence is a zero mean sequence.

Scale 1D
Determinesscaleandoffset and then scales the input arbéysing these values.
v YV=[H-offzet)fzcale
" WE*_‘— scale
P L— offzet
2rrar

The output array is given by

_ X-—offset
~ scale

scale= 0.5{max—min), andoffset= min + scale wheremaxdenotes the maximum value
in X, andmin denotes the minimum value ¥

You can use this VI to normalize any numerical sequence with the assurance that the
range of the output sequence is [-1:1].
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Scale 2D

Determinesscaleandoffset and then scales using these values.

——{'=[-0fTzet) zcale

[——— =cale

| L— affset
eFror

The two-dimensional output arrag/= (X — offset)/scales given by

y = X — offset
scale

scale= 0.5{max— min), andoffset= min + 0.5scale wheremaxdenotes the maximum
value inX, andmin denotes the minimum value ¥

You can use this VI to normalize any numerical sequence with the assurance that the
range of the output sequence is [-1:1].

Unit Vector

Finds thenorm of thelnput Vector and obtains its corresponditumnit Vector by
normalizing the originalnput Vector with its norm.

Unit Yectar

narm
errar

|x

Input Yector

=

Let X represent the inpuhput Vector; norm is given by

2 2 2
IXI = SR+ + .. +X_,
where [X|| isnorm, and the VI calculatelgnit Vector, U, using

X
U=r.
IX
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This chapter describes the VIs that use numerical methods to perform
root-finding, numerical integration, and peak detection.

The following illustration shows thadditional Numerical Methods
palette, which you access by selecting
Functions»Analysis»Additional Numerical Methods

o~ Analysis
A dditional Humencal Methods]

3 e ¢
Fix)
=

wit) M, Fit ¥

<[]

<~ Additional Humerical Methods

Zann= {:-E'mdt |l
TE-E) [ Inimerg peak
roots | |Intearabf| detect

Additional Numerical Method VI Descriptions

The following Additional Numerical Method Vls are available.

Complex Polynomial Roots
Finds the complex roots of a complex polynomial.

] Zanh= Folynorial Roots
Folynornial Mix-ED
Foots errar
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This VI uses a modified, complex Newton method to determina twmmplex roots
(some of which may be real, with a zero imaginary part), of the general complex
polynomial:

agtagx+a x’+...+a,_ X" a X",

Numeric Integration

Performs a numeric integration on the input array of data using one of four, popular
numeric integration methods.

Input Array —Tt,.ﬂﬂdt Fesult
At Hiimeric
integration method —r—lrt=grat] errar
Note: If the number of points provided for a certain chosen method does not

contain an integral number of partial sums, then the method is applied for
all possible points. For the remaining points, the next possible lower order
method is used. For example, if the Bode method is selected, the following
table shows what this VI evaluates for different numbers of points:

Number of Points Partial Evaluations Performed
224 56 Bode
225 56 Bode, 1 Trapezoidal
226 56 Bode, 1 Simpsons’
227 56 Bode, 1 Simpsons’ 3/8
228 57 Bode

So, if 227 points were provided and the Bode Method was chosen, the VI would arrive at
the result by performing 56 Bode Method partial evaluations and one Simpsons’ 3/8
Method evaluation.

Each of the methods depend on the sampling intedtpahd compute the integral using
successive applications of a basic formula in order to perform partial evaluations, which
depend on some number of adjacent points. The number of points used in each partial
evaluation represents the order of the method. The result is the summation of these
successive partial evaluations.
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] O
result = gf(t)dt = Zpartial sum%,
A -

] D

wherej is a range dependent on the number of points and the method of integration.

The basic formulas for the computation of the partial sum of each rule in ascending
method order are:

Trapezoidal: X[i] + x[i+1])*dt, k=1
Simpsons’; X[2i] + 4x[2i+1] + x[2i+2])*dt/3, k= 2
Simpsons’ 3/8: (§3i] + X[3i+1] + K[3i+2] + KX[3i+3]) * dt/8, k=3

Bode: (14[4i] + 64x[4i+1] + 24[4i+2] + 64X[4i+3] + 14[4i+4])*dt/45,k = 4
fori =0,k, 2k, 3k, 4k..., Integral Part of j—1)K]

whereN is the number of data pointsjs an integer dependent on the method, »aisd
the input array.

Peak Detector
Finds the location, amplitude, and second derivative of peaks or valleys in the input array.

# found
H e Locations
threshold — peak L arnplitudes

width — —deteet |— b—2nd Derivatives

peaks Avalleys —l_ _l— EFrar
initialize [T oo
end of data [T e

The data set can be passed to the VI as a single array or as consecutive blocks of data.

This VI is based on an algorithm that fits a quadratic polynomial to sequential groups of
data points. The number of data points used in the fit is specifiaddtly.

For each peak or valley, the quadratic fit is tested against the threshold level: peaks with
heights lower than the threshold or valleys with troughs higher than the threshold are
ignored.peaks/valleysare detected only after approximatalidth/2 data points have

been processed beyopdaks/valleydocations. This delay has implications only for real
time processing.
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The VI must be notified when the first and last blocks are passed into the VI, so that the
VI can initialize and then release data internal to the peak detection algorithm.

Threshold Peak Detector

Analyzes the input sequenXefor valid peaks and keepsaunt of the number of peaks
encountered and a recordloflices, which locates the points that exceedttreshold
in a valid peak. A peak is valid where the elementX ekceed th¢hreshold and then
return to a value less than or equal tottiveshold, and the number of elements that
exceed thehreshold is at least equal twidth.

n TG0 Indices
threshald M count
width w Gk Brror
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Introduction to LabVIEW
Communication Vis and
Functions

This chapter introduces the way LabVIEW handles networking and
interapplication communications, and introduces the Communication
functions and VIs, descriptions of which comprise Chapter 50 to
Chapter 55.

You can find the Communication VIs in tRenctionspalette from your

block diagram in LabVIEW. The Communication VIs are located near
the middle of thd-unctions palette.
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To access th€ommunications palette, select
Functions»Communications, as shown in the following illustration.

i Functions |

123

w
v

P 7| B

i)
Instr Lik) ¥
O+0O Exec
[en i

[Fza]

oy
=T
~| W)

The Communications palette consists of the following subpalettes:
« TCP

« UDP

* DDE (Windows only)

¢ OLE (Windows only)

+ HiQ

If you have LabVIEW for the Macintosh, the following additional
subpalettes are available:

* Apple Event

* Program to Program Communications
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If you have a computer running a UNIX operating system and
LabVIEW, the following additional subpalette is available:

« Named Pipes

LabVIEW for Windows and LabVIEW for UNIX also include the
System Exec VI.

You can find information about these LabVIEW features online by
using the LabVIEW Help windowHelp»Show Help. When you place

the cursor on a VI icon, the wiring diagram and parameter names for
that VI appear in the Help window. You can also find information for
front panel controls or indicators by placing the cursor over the control
or indicator with the Help window open.

In addition to the Help window, LabVIEW has more extensive online
information available. To access this information, settap»Online
Reference For most block diagram objects, you can setne
Referencefrom the object’s pop-up menu to access the online
description.

LabVIEW Communication VIs and Functions Qverview

For the purpose of this discussioetworkingrefers to communication
between multiple processes. The processes can optionally run on
separate computers. This communication usually occurs over a
hardware network, such as ethernet or LocalTalk.

One main use for networking in software applications is to allow one or
more applications to use the services of another application. For
example, the application providing services (the server) could be either
a data collection application running on a dedicated computer, or a
database program providing information for other applications.

The purpose of this discussion is to introduce you to the terminology
used in networking and communication applications, and to give you an
overview of how to program networked applications.

Introduction to Communication Protocols

For communication between processes to work, the processes must use
a common communications language, referred tostacol
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A communication protocol lets you specify the data that you want to
send or receive and the location of the destination or source, without
having to worry about how the data gets there. The protocol translates
your commands into data that network drivers can accept. The network
drivers then take care of transferring data across the network as
appropriate.

Several networking protocols have emerged as accepted standards for
communications. In general, one protocol is hot compatible with a
different protocol. Thus, in communication applications, one of the first
things you must do is decide which protocol to use. If you want to
communicate with an existing, off the shelf application, then you have
to work within the protocols supported by that application.

When you are actually writing the application, you have more
flexibility in choosing a protocol. Factors that affect your protocol
choice include the type of machines the processes will run on, the kind
of hardware network you have available, and the complexity of the
communication that your application will need.

Several protocols are built into LabVIEW, some of which are specific
to a type of computer. LabVIEW uses the following protocols to
communicate between computers:

e TCP—Available on all computers
« UDP—Auvailable on all computers

« DDE—Available on the PC, for communication between Windows
applications

e OLE—Available for use with Windows 95 and Windows NT

* AppleEvents—Available on the Macintosh, for sending messages
between Macintosh applications

« PPC—Available on the Macintosh, for sending and receiving data
between Macintosh applications

Each protocol is different, especially in the way they refer to the
network location of a remote application. They are incompatible with
each other, so if you want to communicate between a Macintosh and a
PC, you must use a protocol compatible with both, such as TCP.

Other communication options provided by LabVIEW include:

» System Exec V] which allows you to execute a system level
command. There are actually two System Exec VIs, one for use
with all versions of Windows, the other with Sun and HP-UX.
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* Named Pipes available on UNIX only
« HiQ®, available on the Macintosh and PC only

File Sharing vs Communication Protocols

Before you get too deeply involved in communication protocols,
consider whether another approach is more appropriate for your
application. For instance, consider an application where a dedicated
system acquires data and you want the data recorded on a different
computer.

You could write an application that uses networking protocols to send
data from the acquisition computer to the data repository machine,
where a separate application collects the data and stores it on disk.

A simpler method is to use the filesharing capabilities available on most
networked computers. With filesharing, drivers that are part of the
operating system let you connect to other machines. The remote
machine’s disk storage is treated as an extension of your own disk
storage. Once you connect two systems, filesharing usually makes this
connection transparent, so that any application can write to the remote
disk as if connected locally.

Filesharing is frequently the simplest method for transferring data
between machines.

Client/Server Model

The client/server model is a common model for networked applications.
In the client/server model, one set of processes (clients) request services
from another set of processes (servers).

For example, in your application you could set up a dedicated computer
for acquiring measurements from the real world. The computer acts as
a server when it provides data to other computers on request. It acts as
a client when it requests another application, such as a database
program, to record the data that it acquires.

In LabVIEW, you can use client and server applications with all
protocols except Macintosh AppleEvents. You can use AppleEvents to
send commands to other applications. You cannot set up a command
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server in LabVIEW using AppleEvents. If you need server capabilities
on the Macintosh, use either TCP, UDP or PPC.

A General Model for a Client

The following block diagram shows what a simplified model for a client
looks like in LabVIEW.

Cpen Exec Cloze
Conn E""" Crd [ Conn @
to Srur on Srur to Srurb

Cornrnand
Fesponse

In the preceding diagram, LabVIEW first opens a connection to a

server. It then sends a command to the server, gets a response back, and
closes the connection to the server. Finally, it reports any errors that
occurred during the communication process.

For higher performance, you can process multiple commands once the
connection is open. After the commands are executed, you can close the
connection.

This basic block diagram structure serves as a model and is used
elsewhere in this manual to demonstrate how to implement a given
protocol in LabVIEW.
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A General Model for a Server

The following block diagram shows a simplified model for a server in
LabVIEW.

Initialize

Server F|_|5tatu5

e ﬂ : e e o e e o o e o e o e o e e o e e e T T 2

|1'f errar, don't c-:-ntinue|

t|:-

In the preceding diagram, LabVIEW first initializes the server. If the
initialization is successful, LabVIEW goes into a loop, where it waits
for a connection. Once the connection is made, LabVIEW waits to
receive a command. LabVIEW executes the command and returns the
results. The connection is then closed. LabVIEW repeats this entire
process until it is shut down locally by pressing a stop button on the
front panel, or remotely by sending a command to shut the VI down.

This VI does not report errors. It may send back a response indicating
that a command is invalid, but it does not display a dialog when an error
occurs. Because a server might be unattended, consider carefully how
the server should handle errors. You probably do not want a dialog box
to be displayed, because that requires user interaction at the server
(someone would have to press the OK button). However, you might
want LabVIEW to write a log of transactions and errors to a file or a
string.

You can increase performance by allowing the connection to stay open,
so that you can receive multiple commands, but this blocks others
clients from connecting until the current client disconnects. If the
protocol supports multiple simultaneous connections, you can
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restructure LabVIEW to handle multiple clients simultaneously, as
shown in the following diagram.

wait for connectionsl |Fa1seh
if error, i ]
don't continue| Wait =
f\:lr T
Initilize] Conn . rror ou
server LTVt | f
Li-_b status IE‘D’"

Get new connections iy

one at a time from ﬂ:

the queus. This could

Mo error -
be changed to get all stay 5 =
queued connecstions oze 3
empty wihen queried. ponne cted connections
[ [k} ] 4 N | when finished
True
= -+ | | | gh“
- [ H ;\_‘"aﬂ ] Exec [EReturn| il St’urlﬂ:f
B g5 Cor'n:.; Crnd | [Results =

The preceding diagram uses LabVIEW’s multitasking capabilities to
run two loops simultaneously. One loop continuously waits for a
connection. When a connection is received, it is added to a queue. The
other loop checks each of the open connections and executes any
commands that have been received. If an error occurs on one of the
connections, the connection is disconnected. When the user aborts the
server, all open connections are closed. This basic block diagram
structure is a model which is used elsewhere in this manual to
demonstrate how to implement a given protocol in LabVIEW.

TCP/IP (all platforms)

TCP/IP is a suite of communication protocols, originally developed for
the Defense Advanced Research Projects Agency (DARPA). Since its
development, it has become widely accepted, and is available on a
number of computer systems.
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The name TCP/IP comes from two of the best known protocols of the
suite, the Transmission Control Protocol (TCP) and the Internet
Protocol (IP). TCP, IP, and the User Datagram Protocol (UDP) are the
basic tools for network communication.

TCP/IP enables communication over single networks or multiple
interconnected networks, which are known as an internetwork or
internet. The individual networks can be separated by great
geographical distances. TCP/IP routes data from one network or
internet computer to another. Because TCP/IP is available on most
computers, it can transfer information between diverse systems.

Internet Protocol (IP) transmits data across the network. This low level
protocol takes data of a limited size and sends itdet@gramacross

the network. IP is rarely used directly by applications, because it does
not guarantee that the data will arrive at the other end. Also, when you
send several datagrams they sometimes arrive out of order, or are
delivered multiple times, depending on how the network transfer
occurs. UDP, which is built on top of IP, has similar problems.

TCP is a higher level protocol that uses IP to transfer data. TCP breaks
data into components that IP can manage. It also provides error

detection and ensures that data arrives in order without duplication. For
these reasons, TCP is usually the best choice for network applications.

Internet Addresses
Each host on an IP network has a unique 32-bit internet address. This
address identifies the network on the internet to which the host is
attached, and the specific computer on that network. You use this
address to identify the sender or receiver of data. IP places the address
in the datagram headers, so that each datagram is routed correctly.

One way of describing this 32-bit address is the IP dotted decimal
notation. This divides the 32-bit address into four 8-bit numbers. The
address is written as the four integers, separated by decimal points. For
example, the 32-bit address

10000100 00001101 00000010 00011110

is written in dotted decimal notation as
132.13.2.30

Another way of using the 32-bit address is by names that are mapped to
the IP address. Network drivers usually perform this mapping by
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consulting a locahostsfile that contains name to address mappings, or
consulting a larger database using the Domain Name System to query
other computer systems for the address for a given name. Your network
configuration dictates the exact mechanism for this process, which is
known ashostname resolution

Setup

Before you can use TCP/IP, you need to make sure that you have the
right setup. This setup varies, depending on the computer you use.

Setup for Your System

UNIX

TCP/IP support is built-in. Assuming your network is configured
properly, no additional setup for LabVIEW is necessary.

Macintosh

TCP/IP is built in to Macintosh operating system version 7.5 and later.
To use TCP/IP with an earlier system, you need to install the MacTCP
driver software, available from the Apple Programmer Developer
Association (APDA). You can contact APDA at (800) 282-2732 for
information on licensing the MacTCP driver. LabVIEW also works
with Open Transport.

Windows 3.x

To use TCP/IP, you must install an ethernet board along with its
low-level driver. In addition, you must purchase and install TCP/IP
software that includes a Windows Sockets (WinSock) DLL conforming
to standard 1.1. WinSock is a standard interface that enables application
communication with a variety of network drivers. Several vendors
provide network software that includes the WinSock DLL. Install the
ethernet board, the board drivers, and the WinSock DLL according to
the software vendor instructions.

Several vendors supply WinSock drivers that work with a number of
boards. You can contact the vendor of your board to inquire if they offer
a WinSock DLL you can use with the board. Install the WinSock DLL
according to vendor instructions.
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National Instruments has tested a number of WinSock DLLSs to verify
which work correctly. These tests showed that many DLLs do not fully
comply with the standard, so you may want to try a demo version of a
DLL before you buy the real version. You can usually obtain a demo
version from the manufacturer. Most demo versions are fully
functional, but they expire after a certain amount of time.

If you have access to the internet, several of these demos are available
by anonymous ftp fromunsite.unc.edu . in the directory
/pub/micro/pc-stuff/ms-windows/winsock/packages . Refer to

your LabVIEW Release Notes for a detailed list of WinSock DLLs
tested by National Instruments.

Windows 95 and Windows NT

TCP support is built-in to Windows NT. You do not need to use a
third-party DLL to communicate using TCP.

LabVIEW and TCP/IP

TCP versus UDP

You can use the TCP/IP suite of protocols with LabVIEW on all
platforms. LabVIEW has a set of TCP and UDP VIs that you can use to
create client or server VIs.

If you are writing both the client and server, and your system can use

TCP/IP, then TCP is probably the best protocol to use because it is a

reliable, connection-based protocol. UDP is a connectionless protocol
with higher performance, but it does not ensure reliable transmission of
data.

TCP Client Example

Open
Conn
to Srur

The following discussion is a generalized description of how to use the
components of the Client block diagram model with the TCP protocol.

Use the TCP Open Connection VI to open a connection to a server. You
must specify the internet address of the server, as well gothéor

the server. The address identifies a computer on the network. The port
is an additional number that identifies a communication channel on the
computer that the server uses to listen for communication requests.
When you create a TCP server, you specify the port that you want the
server to use for communication.
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Exec
Cmd
on Srur

Cloze
Conn
to Srur

To execute a command on the server, use the TCP Write VI to send the
command to the server. You then use the TCP Read VI to read back
results from the server. With the TCP Read VI, you must specify the
number of characters you want to read. This can be awkward, because
the length of the response may vary. The server can have the same
problem with the command, because the length of a command can vary.

The following are several methods you can use to address varying sized
commands:

* Precede the command and the result with a fixed size parameter that
specifies the size of the command or result. In this case, read the
size parameter, and then read the number of characters specified by
the size. This option is efficient and flexible.

 Make each command and result a fixed size. When a command is
smaller than the size, you can pad it out to the fixed size.

e Follow each command and result with a specific terminating
character. To read the data, you then need to read data in small
chunks until you get the terminating character.

Use the TCP Close Connection VI to close the connection to the server.

Timeouts and Errors

The preceding section discussed communication protocol for the server.
When you design a network application consider carefully what should
happen if something fails. For example, if the server crashes, how
would each of the client VIs handle it?

One solution is to make sure that each VI has a timeout. This way, if
something fails to produce results, after a certain amount of time, the
client will continue execution. In continuing, the client can try to
reestablish execution, or it can report the error, and if necessary, shut
the client application down gracefully.

TCP Server Example

Initialize
Seryer

The following discussion explains how you can use TCP to fulfill each
component of the general server model.

No initialization is necessary with TCP, so this step can be left out.
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Use the TCP Listen VI to wait for a connection. You must specify the
port that will be used for communication. This port must be the same
port that the client will attempt to connect. For more information, see
the TCP Client Examplsection in this chapter.

If a connection is established, read from that port to retrieve a
command. As discussed in the TCP Client example, you must decide the
format for commands. If commands are preceded by a length field, first
read the length field, and then read the amount of data indicated by the
length field.

Execution of a command should be protocol independent, because it is
done on the local computer. When finished, pass the results to the next
stage, where they are transmitted to the client.

Use the TCP Write VI to return results. As discussed in the TCP Client
example, the data must be in a form that the client can accept.

Use the TCP Close Connection VI to close the connection.

This step can be left out with TCP, because everything is finished after
you close the connection.

TCP Server with Multiple Connections

TCP handles multiple connections easily. You can use the methods
described in the preceding section to implement the components of a
server with multiple connections.

DDE (Windows Only)

Dynamic Data Exchange (DDE) is a protocol for exchanging data
between Windows applications.

In TCP/IP communications, applications open a line of communication
and then transfer raw data. DDE works at a higher level, where
applications send messages to each other to exchange information. One
simple message is to send a command to another application. Most of
the other messages deal with transferring data, where the data is
referenced by name.
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A DDE client initiates a conversation with another application (a DDE
server) by sending a connect message. After establishing a connection,
the client can send commands to the server and change or request the
value of data that the server manages.

A client can request data from a server by a request or an advise. The
client uses a request to ask for the current value of the data. If a client
wants to monitor a value over a period of time, the client must request
to be advised of changes. By asking to be advised of data value, the
client establishes a link between the client and server through which the
server notifies the client when the data changes. The client can stop
monitoring the value of the data by telling the server to stop the advise
link.

When the DDE communication for a conversation is complete, the
client sends a close conversation message to the server.

DDE is most appropriate for communication with standard off the shelf
applications such as Microsoft Excel.

With LabVIEW you can create VIs that act as clients to other
applications (meaning they request or send data to other applications).
You can also create VIs that act as servers that provide named
information for access by other applications. As a server, LabVIEW
does not useonnectiorbased communication. Instead, you provide
named information to other applications, which can then read or set the
values of that information by name.

Services, Topics, and Data Items

With TCP/IP, you identify the process you want to talk to by its
computer address and a port number. With DDE, you identify the
application you want to talk to by referencing the name of a service and
a topic. The server decides on arbitrary service and topic names. A
given server generally uses its application name for the service, but not
necessarily. That server can offer several topics that it is willing to
communicate. With Excel, for example, the topic might be the name of
a spreadsheet.

To communicate with a server, first find the names of the service and
topic that you want to discuss. Then open a conversation using these
two names to identify the server.

Unless you are going to send a command to the server, you usually work
with data items that the server is willing to talk about. You can treat
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these as a list ofariablesthat the server lets you manipulate. You can
change variables by name, supplying a new value for the variable. Or,
you can request the values of variables by name.

Examples of Client Communication with Excel

Each application that supports DDE has a different set of services,
topics, and data items that it can talk about. For example, two different
spreadsheet programs can take very different approaches to how they
specify spreadsheet cells. To find out what a given application supports,
consult the documentation that came with that application.

Microsoft Excel, a popular spreadsheet program for Windows, has DDE
support. You can use DDE to send commands to Excel. You can also
manipulate and read spreadsheet data by name. For more information
on how to use DDE with Excel, refer to thecrosoft Excel User’s

Guide 2

With Excel, the service name Excel For the topic, you use the name
of an open document, such as spreadsheet document, or the word
System .

If you use the nam8ystem , you can request information about the
status of Excel, or send general commands to Excel (commands that are
not directed to a specific spreadsheet). For instance, for the topic
System , Excel will talk about items such &stus , which will have a

value ofBusy if Excel is busy, oReady if Excel is ready to execute
commands). Another, more useful data item you can use when the topic
isStatus isTopics , which returns a list of topics Excel will talk about,
including all open spreadsheet documents andykem topic.

The following VI shows how you can use the Topics command in
LabVIEW. The value returned is a string containing the names of the
open spreadsheets and the work Excel.

valug]
IT-:||:-1'-:5|

ETE] T e

DDE _ DDE

el

l—b L l—l-
OPER REQST CLOSE
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Another way you can use the System topic with Excel is to instruct
Excel to open a specific document. To do this, you use the DDE
Execute.vi to send an Excel Macro to Excel that instructs Excel to open
the document, as shown in the following LabVIEW diagram.

itern

[OFEM "G : \EXCEL WD AT 4405 |

service| JExce]

X 1=l DDE DDE o] DDE
gt 2.8
OFErM EEL CLOSE

After you open a spreadsheet file, you can send commands to the
spreadsheet to read cell values. In this case, your topic is the
spreadsheet document name. The item is the name of a cell, a range of
cells, or a named section of a spreadsheet. For example, in the following
diagram LabVIEW can retrieve the value in the cell at row one column
one. It then acquires a sample from the specified channel, and sends the
resulting sample back to Excel.

Fead the desired channe]
frrom Excel

Send the channel's walue

to Excel
5l bDE 5l DDE
POKE CLOSE]

Fead 1 sarmple from
the zpecified channel
and conwvert it to a string

R1C2

]

LabVIEW Vis as DDE Servers

You can create LabVIEW VIls that act as servers for data items. The
general concept is that a LabVIEW VI indicates that it is willing to
provide information regarding a specific service in topic. LabVIEW can
use any name for the service and topic name. It might specify the
service name to be the name of the applicatiah\(IEW), and the topic
name to be either the name of the Server VI, or a general classification
for the data it provides, such asb Data .
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The Server VI then registers data items for a given service that it will
talk about. LabVIEW remembers the data names and their values, and
handles communication with other applications regarding the data.
When the server VI changes the value of data that is registered for DDE
communication, LabVIEW notifies any client applications that have
requested notification concerning that data. In the same way, if another
application sends Roke message to change the value of a data item,
LabVIEW changes this value.

You cannot use the DDE Execute Command with a LabVIEW VI acting
as a server. If you want to send a command to a VI, you must send the
command using data items.

Also, notice that LabVIEW does not currently have anything like the
System topic that Excel provides. The LabVIEW application is not
itself a server to which you can send commands or request status
information. It is important to understand that LabVIEW VIs act as
servers and that at this time LabVIEW does not itself provide any
services to other applications.

The following example shows how to create a DDE Server VI that
provides data to other client applications. In this case, the data is a
random number. You can easily replace the random number with real
world data from data acquisition boards or devices connected to the
computer by GPIB, VXI, or serial connections.

|wavefu:-rm chartl |de]ag|

iternname| @0 E(FEH———#¥=.| W TF |}
_______
t [E[—{ 1 [ % %
N
SERLUER ITEH ITEHM SERIER

The VI in the preceding diagram registers a server with LabVIEW. The
VI registers an item that it is willing to provide to clients. In the loop,
the VI periodically sets the value of the item. As mentioned earlier,
LabVIEW notifies other applications that data is available. When the
loop is complete, the VI finishes by unregistering the item and
unregistering the server.
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The clients for this VI can be any applications that understand DDE,
including other LabVIEW VIs. The following diagram illustrates a
client to the VI shown in the previous diagram. It is important that the

service, topic, and item names are the same as the ones used by the
server.

[BEL]|
topic name
(o] DDE (o] DDE
=] =]
OPERM CLOSE

Conversation not opened.
'ou need to start the server VI before running this one.

Requesting Data versus Advising Data

The previous client example used the DDE Request VI in a loop to
retrieve data. With DDE Request, the data is retrieved immediately,
regardless of whether you have seen the data before. If the server and

the client do not loop at exactly the same rate, you can duplicate or miss
data.
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One way to avoid duplicating data is to use the DDE Advise VIs to
request notification of changes in the value of a data item. The
following diagram shows how you can implement this scheme.

itern name
.
topic name m
voe [ =] DoE (T3 (T3
wai 7] .8 T8
OREH START bxdwr CHECE || STOPj] CLOSE

Conwversation not opened.
ol need ta start the serwver V1 before running this one.

In the preceding diagram, LabVIEW opens a conversation. It then uses
the DDE Advise Start VI to request notification of changes in the value
of a data item. Every time through the loop, LabVIEW calls the DDE
Advise Check VI, which waits for a data item to change its value. When
the loop is finished, LabVIEW ends the advise loop by calling the DDE
Advise Stop VI, and closing the conversation.

Synchronization of Data

The client server examples in the preceding section work well for
monitoring data. However, in these examples there is no assurance that
the client receives all the data that the server sends. Even with the DDE
Advise loop, if the client does not check for a data change frequently
enough, the client can miss a data value that the server provided.

In some applications, missed data is not a problem. For example, if you
are monitoring a data acquisition system, missed data may not cause
problems when you are observing general trends. In other applications,
you may want to ensure that no data is missed.
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One major difference between TCP and DDE is that TCP queues data
so that you do not miss it and you get it in the correct order. DDE does
not provide this service.

In DDE, you can set up a separate item, which the client uses to
acknowledge that it has received the latest data. You then update the
acquired data item to contain a new point only when the client
acknowledges receipt of the previous data.

For example, you can modify the server example shown in the
Requesting Data versus Advising Dagction of this chapter to set a
stateitem to a specific value after it has updated the acquired data item.
The server then monitors tiseateitem until the client acknowledges
receipt of data. This modification is shown in the following block
diagram.

service name

data available

ITEH

DDE [
=) =]

= =
ITEH SERVEI

A client for this server, as shown in the following diagram, monitors the
state item until it changes tata available At that point, the client
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reads the data from the acquired data item provided by the server, and
then updates the state itemdata readvalue.

data available

abc

3] ODE
=TRE
-
(Bl DDE o] DDE
ligE
OPE! qd CLOSE

Converzation not opened.
‘ou need to start the serwer V1 before running this one.

This technique makes it possible to synchronize data transfer between a
server and a single client. However, it has some shortcomings. First,
you can have only one client. Multiple clients can conflict with one
another. For example, one client might receive the data and
acknowledge it before the other client notices that new data is
available.You can build more complicated DDE diagrams to deal with
this problem, but they quickly become awkward. For applications that
involve only a single client, this is not a problem.

Another problem with this technique of synchronizing communication
is that the speed of your acquisition becomes controlled by the rate at
which you transfer data. You can address this issue by breaking the
acquisition and the transmission into separate loops. The acquisition
can queue data which the transmission loop would send. This is similar
to the TCP Server example in which the server handles multiple
connections.

If your application needs reliable synchronization of data transfer, you
may want to use TCP/IP instead, because it provides queueing,
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Networked DDE

acknowledgment of data transfer, and support for multiple connections
at the driver level.

You can use DDE to communicate with applications on the same
computer or to communicate over the network with applications on
different computers. To use networked DDE, you must be running
Windows for Workgroups 3.1 or greater, Windows 95, or Windows NT.
The standard version of Windows 3.1 does not support networked DDE.

Each computer under Windows for Workgroups has a network
computer name. You configure this name using the Network control
panel.

When you communicate over the network, the meaning of the service
and topic strings change. The service name changes to indicate that you
want to use networked DDE, and includes the name of the computer you
want to communicate with. The service name is of the following form:

\\ computer-name \ndde$

You can supply any arbitrary name for the topic. You then edit the
SYSTEM.INI file to associate this topic name with the actual service and
topic that will be used on the remote computer. This configuration also
includes parameters that configure the network connection. Following
is an example of what this section would look like:

[DDE Shares]

topicname = appname, realtopic, ,31,,0,,0,0,0

Thetopicname is the name that your client VI uses for the topic.
Appname is the name of the remote application. With networked DDE,
this must be the same as the service n&wadtopic  is the topic to use

on the remote computer. The remaining parameters configure the way
DDE works. Use the parameters as listed in the preceding example. The
meaning of these parameters is not documented by Microsoft.

For example, if you want two computers running LabVIEW to
communicate using networked DDE, the server needs tbabsgEwW
for the service name, and a name, suchlamta , for the topic.

Assuming the server computer nameas, the client tries to open a
conversation using théLab\ndde$  for the service. For the topic, the
client can use a name @motelab
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For this to work, you must edit tt&STEM.INI file of the server
computer to have the following line in tf@DEShares] section:

remotelab=LabVIEW,labdata,,31,,0,,0,0,0

For Windows NT, launcibDEShare.exe , which is located in the
winnt/system 32directory. Choos&hares»DDE Shares..and then
selectAdd a Share...to register the service name and topic hame on the
server.For more information, see tbsing NetDDEsection of

Chapter 52DDE Vs

OLE Automation (Windows Only)

OLE (Object Linking and Embedding) Automation is a protocol for
accessing the functions and methods of one Windows application and
making them available for use by another Windows application. OLE
Automation works with Windows 95 and Windows NT only, not
Windows 3.x.

If an application exposes objects and provides a method of operating on
those objects, it is called @LE automation serveApplications that

use the methods exposed by another applicatio@hEeautomation
clients/controllers

LabVIEW contains VIs that enable it to become an automation client.
Helper Vls are provided.

AppleEvents (Macintosh Only)

AppleEvents is a Macintosh specific protocol that allows applications
to communicate with each other. As with DDE, it is a protocol in which
applications use a message to request actions or return information from
other applications. An application can send a message to itself, an
application on the same computer, or an application running on a
computer elsewhere on the network.

You can use AppleEvents to send other commands to other
applications, such as open or print, or to send data requests, such as
spreadsheet information.

LabVIEW contains Vls for sending some of commands common to
most applications. The VIs are easy to use, and do not require detailed
knowledge of how AppleEvents work.
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These Vls use the low level AESend VI to send AppleEvents. Apple has
defined a large&ocabularyfor messages to help standardize
AppleEvent communication. You can combimerdsin this vocabulary

to build complex messages. You can use this VI to send arbitrary
AppleEvents to other applications. However, creating and sending
AppleEvents at this level is complicated and requires detailed
understanding of AppleEvents. Saside Macintostand theAppleEvent
Registry

Client Server Model

You cannot use the AppleEvent Vls to create LabVIEW diagrams that
behave as servers. The VlIs are used to send messages to other
applications. If you need diagram-based server capabilities, you must
use TCP or PPC.

LabVIEW itself acts as an AppleEvent server, in that it understands and
responds to a set of AppleEvents. Specifically, using AppleEvents, you
can instruct LabVIEW to open VIs, print them, run them, and close
them. You can ask LabVIEW whether a given VI is running. You can
also tell LabVIEW to quit.

Using these server capabilities, you can instruct other LabVIEW
applications to run Vls, and control LabVIEW remotely. You can also
command LabVIEW to send messages to itself, instructing the loading
of specific VIs. For example, in large applications where memory is
limited, you can replace subVI calls with calls to the AESend Open,
Run, Close VI to load and run VlIs as necessary. Notice that when you
run a VI this way its front panel opens, just as if you had selected
File»Open...

AppleEvent Client Examples
Launching Other Applications

To send a message to an application, that application must be running.
You can use the AESend Finder Open VI to launch another application.
This VI sends a message to the Finder. The Finder is, in itself, an
application that understands a limited number of AppleEvents. The
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following simple example shows how you can use AppleEvents to
launch Teach Text with a specific text file.

IHD dext files :I

If the application is on a remote computer, then you must specify the
location of that computer. You can use inputs to the AESend Finder
Open VI to specify the network zone and the server name of the
computer with which you want to communicate. If the network zone
and server name are not specified, as in the preceding application, they
default to those of the current computer.

Notice that if you try to send messages to another computer, you are

automatically prompted to log onto that computer. There is no method
for avoiding this prompt, because it is built-in to the operating system.
This can cause problems when you want your application to run on an
unattended computer system.

Sending Events to Other Applications

Once an application is running, you can send messages to that
application using other AppleEvents. Not all applications support
AppleEvents, and those that do may not support every published
AppleEvent. To find out which AppleEvents an application supports,
consult the documentation that comes with that application.

If the application understands AppleEvents, you call an AppleEvent VI
with the Target ID for the application. A Target ID is a cluster that
describes a target location on the network (zone, server, and supporting
application). You do not need to worry about the exact structure of this
cluster because LabVIEW provides VIs that you can use to generate a
Target ID.

There are two ways to create a Target ID. You can use the Get Target
ID VI to programmatically create a Target ID based upon the
application name and network location. Or, you can use the PPC
Browser VI, which displays a dialog box listing applications on the
network that are aware of AppleEvents. You interactively select from
this list to create a Target ID.
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You can also use the PPC Browser VI to find out if another application
uses AppleEvents. If you run the VI and select the computer that is
running the application, the dialog box will list the application if it is
AppleEvent aware.

In the following diagram, LabVIEW interactively selects an
AppleEvent aware application on the network and tells it to open a
document. In this case, LabVIEW is telling the application to open a VI.

JHo LabviEw zimple ]

Dynamically Loading and Running a Vi

The AESend Open, Run, Close VI sends messages asking LabVIEW to
run a VI. First, it sends the Open Document Message and LabVIEW
opens a VI. Then, the Open Run Close VI sends the LabVIEW Run VI
message and LabVIEW runs the specified VI. Next, Open Run Close
sends the VI Active? message, and LabVIEW returns the status of a
specified VI, until the VI is no longer running. Finally, the VI sends the
Close VI message.

Assuming the target LabVIEW is on another computer, you could use
the following diagram to load and run the VI. If you are sending it to the
current LabVIEW, you do not need the PPC Browser VI.

o Lot e simpte ]

apen,
un,
AClo=e Ul
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PPC (Macintosh Only)

Program to Program Communication (PPC) is a Macintosh protocol for
transferring blocks of data between applications. You can use it to
create VIs that act as clients or servers. Although supported by all
Macintoshes running Systemxyit is not commonly used by most
Macintosh applications. Instead, most Macintosh applications use
AppleEvents, a high-level protocol for sending commands between
applications, to communicate.

Although PPC is not as commonly supported as AppleEvents, it does
provide some advantages. Because it is at a lower level, it provides
better performance than AppleEvents. Also, in LabVIEW you can
create VIs that use PPC to act as clients or servers. You cannot create
diagrams that act as AppleEvent servers.

PPC is similar in structure to TCP, in terms of both server and client
applications. The PPC method for specifying a remote application is
different from the TCP method. Other than that, the two protocols
provide similar performance and features. Both protocols handle
gueueing and reliable transmission of data. You can use both protocols
with multiple open connections.

In deciding between TCP and PPC, the main point to consider is which
platforms you plan to run your VIs on, and with which platforms you
will communicate. If your application is Macintosh only, PPC is a good
choice, because it is built-in to the operating system. TCP is built-in to
Macintosh operating system version 7.5. To use TCP with an earlier
system you must buy a separate TCP/IP driver from Apple. If buying
the separate driver is not an issue, then you may want to use TCP,
because the TCP interface is simpler than PPC. PPC uses some fairly
complicated data structures to describe addresses.

If your application must communicate with other platforms or run on
other platforms, then you should use TCP/IP.

Ports, Target IDs, and Sessions
To communicate using PPC, both clients and servers must open ports
that they use for subsequent communication. The Open Port VI opens
the port using a cluster that contains, among other things, the name that
you want to use for the port.
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Ports are used to distinguish between different services that an
application provides. Each application can have multiple ports open
simultaneously.

Each port can support several simultaneous sessions or conversations.
To open a session, a client uses a Target ID indicating the location of
the server. PPC uses the same type of Target ID that the AppleEvent Vis
use. You can use the PPC Browser or the Get Target ID Vls to generate
the Target ID for the remote application.

A server waits for clients to attempt to open a session by using the PPC
Inform Session VI. The server can accept or reject the session by using
the PPC Accept Session VI.

A client can attempt to open a session with a server by using the PPC
Start Session VI.

After the session is started, you can use the PPC Read and PPC Write
VIs to transfer data. You can close a session using PPC End Session,
and you can close a port using the PPC Close Port VI.

PPC Client Example

Open
Conn
to Srur

Exec
Cmd
on Srur

The following discussion explains how you can use PPC to fulfill each
component of the general Client model.

Use the PPC Open Connection and PPC Open Session VIs to open a
connection to a server. This requires that you specify the Target ID of
the server, which you can get by using either the PPC Browser VI or the
Get Target ID VI. The end result is a port refnum and a session refnum,
which are used to communicate with the server.

To execute a command on the server, use the PPC Write VI to send the
command to the server. Next, use the PPC Read VI to read the results
from the server. With the PPC Read VI, you must specify the number
of characters you want to read. As with TCP, this can be awkward,
because the length of the response can vary. The server can have a
similar problem, because the length of a command may vary.

Following are several methods for addressing the problem of varying
sized commands. These methods can also be used with TCP.

* Precede the command and the result with a fixed size parameter that
specifies the size of the command or result. In this case, read the
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size parameter, and then read the number of characters specified by
the size. This option is efficient and flexible.

« Make each command and result a fixed size. When a command is
smaller than the size, you can pad it out to the fixed size.

* Follow each command and result with a specific terminating
character. To read the data, you then need to read data in small
chunks until you get the terminating character.

Use the PPC Close Session and PPC Close Connection Vls to close the
connection to the server.

PPC Server Example

Initialize
Server

Wait
for a
Conn

W ait
fora
Crnd

Exec
Crind

REeturn
Rezultz

Cloze

Conn

The following discussion explains how you can use PPC to fulfill each
component of the general Server.

Use PPC Open Port in the initialization phase to open a communication
port.

Use the PPC Inform Session VI to wait for a connection. With PPC, you
can either automatically accept incoming connections, or you can
choose to accept or reject the session by using the PPC Accept Session
V1. This process of waiting for a session and then approving the session
allows you to screen connections.

When a connection is established, you can read from that session to

retrieve a command. As was discussed inRRE Client Example

section, you must decide the format for commands. If commands are

preceded by a length field, then you need to first read the length field,
and then read that amount of data.

Execution of a command should be protocol independent, because it is
something done on the local computer. When finished, you pass the
results to the next stage, where they are transmitted to the client.

Use the PPC Write VI to return the result. As discussed iRE@
Client Examplesection, the data must be formatted in a form that the
client can accept.

Use the PPC Close Session VI to close the connection.
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Shut
Down
Seruer

Finally, when the server is finished, Use the PPC Close Port VI to close
the port that you opened in the initialization phase.

PPC Server with Multiple Connections

PPC handles multiple sessions and multiple ports easily. The methods
for implementing each component of a server, as described in the
preceding section, also work for a server with multiple connections.
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This chapter discusses Internet Protocol (IP), Transmission Control
Protocol (TCP), and internet addresses, and describes the LabVIEW
TCP VIs. Refer to Chapter 4Btroduction to LabVIEW Communication
VIs and Functionsfor an overview of TCP/IP and examples of TCP
client/server applications.

The following illustration shows thECP palette, which you access by
selectingFunctions»Communication»TCP

—1H Communicatior

EE Eé Eunec

[l TP
I
B+—E

[COE] TCF = TGP _'\_::'!'GF‘ _E::TGF' TGF‘
| =s |*L:’.?: | X

‘”'I_CE-F ‘”'I_Tc!?
o LD

W

fim

-

For examples of how to use the TCP Vls, see the examples in
examples\comm\tcpex.lib

Internet Protocol (IP)

Internet Protocol (IP) performs the low-level service of packaging data
into components calledatagrams A datagram contains, among other
things, the data and a header indicating the source and destination
addresses. IP determines the correct path for the datagram to take across
the network or internet, and sends the data to the specified destination.

The original host may not know the complete path that the data will
take. Using the header, any host on the network can route the data to the
destination, either directly or by forwarding it to another host. Because
some systems have different transfer capabilities, IP can fragment
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datagrams into smaller segments as necessary; when the data arrives at
the destination, IP automatically reassembles the data into its original
form.

IP makes a best-effort attempt to deliver data, but cannot guarantee
delivery. Also, because IP routes each datagram separately, they may
arrive out of sequence. In fact, IP may deliver a single packet more than
once if it is duplicated in transmission. IP does not determine the order
of packets. Instead, higher-level protocols layered above IP order the
packets and ensure reliable delivery. For this reason, IP is rarely used
directly; instead, TCP and UDP, which are built on top of IP, are most
often used to transfer information.

Transmission Control Protocol (TCP)

Using TCP

The Transmission Control Protocol (TCP) ensures reliable transmission
across networks, delivering data in sequence without errors, loss, or
duplication. When you pass data to TCP, it attaches additional
information and gives the data to IP, which puts the data into datagrams
and transmits it. This process reverses at the receiving end, with TCP
checking the data for errors, ordering the data correctly, and
acknowledging successful transmissions. If the sending TCP does not
receive an acknowledgment, it retransmits the data segment.

TCP is a connection-based protocol, which means that sites must
establish a connection before transferring data. TCP permits multiple
simultaneous connections.

You initiate a connection either by waiting for an incoming connection
or by actively seeking a connection with a specified address. In
establishing TCP connections, you have to specify both the address and
a port at that address. A port is represented by a number between 0 and
65535. With UNIX, port numbers less than 1024 are reserved for
privileged applications. Different ports at a given address identify
different services at that address, and make it easier to manage multiple
simultaneous connections.

You can actively establish a connection with a specific address and port
using the TCP Open Connection VI. Using this VI, you specify the
address and port with which you want to communicate. If the
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connection is successful, the VI returns a connection ID that uniquely
identifies that connection. Use this connection ID to refer to the
connection in subsequent VI calls.

You can use two methods to wait for an incoming connection:

* With the first method, you use the TCP Listen VI to create a listener
and wait for an accepted TCP connection at a specified port. If the
connection is successful, the VI returns a connection ID and the
address and port of the remote TCP.

« With the second method, you use the TCP Create Listener VI to
create a listener, and then use the Wait on Listener VI to listen for
and accept new connections. Wait on Listener returns the same
listener ID that was passed to the VI, as well as the connection ID
for a connection. When you are finished waiting for new
connections, you can use TCP Close to close a listener. You can not
read from or write to a listener.

The advantage of using the second method is that you can cancel a listen
operation by calling TCP Close. This is useful in the case where you
want to listen for a connection without using a timeout, but you want to
cancel the listen when some other condition becomes true (for example,
when the user presses a button).

When a connection is established, you can read and write data to the
remote application using the TCP Read and TCP Write Vls.

Finally, use the TCP Close Connection VI to close the connection to the
remote application. Note that if there is unread data and the connection
closes, that data may be lost. Connected parties should use a higher
level protocol to determine when to close the connection. Once a
connection is closed, you may not read or write from it again.
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TCP Errors

The TCP ViIs report errors in clusters as the following illustration
shows. See th&rror Codesmanual for a list of the TCP error codes and
their descriptions.

error in [no errar] error out

Salrce SoUrce

[ — |

TCP VI Descriptions

The following TCP Vls are available.

IP To String

Converts an IP network address to a string.

net address farne

String To IP

Converts a string to an IP network address.

narne ETR_IP net addres:

LabVIEW Function and VI Reference Manual 50-4 © National Instruments Corporation



Chapter 50 TCP Vis

TCP Close Connection
Closes the connection associated weitimnection ID.

connection |0 TCF connection 10 o

abort (F e _Hx

e

ertar in [no error) soooooo errar out
TCP Create Listener
Creates a listener for a TCP connection.
TEF] listener ID
part ﬁ_@
errar in (no error) c - errar out

TCP Listen

Creates a listener and waits for an accepted TCP connection at the specified port.

TCF connection D
port ‘“‘n_@ e remote address
tireout ms Cwait farever @ -11 = " [ — remote port
error in (o error) ol P e e ot it

When a listen on a given port begins, you may not use another TCP Listen VI to listen on
the same port. For example, suppose a VI has two TCP Listen Vs on its block diagram.
If you start a listen on port 2222 with the first TCP Listen VI, any attempts to listen on
port 2222 with the second TCP Listen VI fail.

TCP Open Connection

Attempts to open a TCP connection with the specified address and port.

address mﬂ connection 10
trerote part - -

oF
tirneout rs (E0000) S @ ertar aut
J
ertor in [no errar) Jm
Tocal part
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TCP Read

Receives up tbytes to readbytes from the specified TCP connection, returning the
results indata out.

connection 10 o TCF connection 10 out
bytes to read —'_ Fronnmtes data oot
tireout ms (250000 — |
errar in [no error)

P g out

TCP Wait on Listener

Waits for an accepted TCP connection at the specified port.

listener Il in _q_I_TG,F“ Tistener D out
- ha <
timeaut ms Cwait forever =11 W @ |_rem':'t: add:eg_
errar in (no error) of Fernate por
mLmer'r'-:-r' aut
connection |0

TCP Write

Writes the stringlata in to the specified TCP connection.

c-:-nne-cc’lciin D ———52 T&F] connection 10 oul
ata in ™ - by tes written
tireout s (250000 — ] srror out

errar in (no error) R
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This chapter describes a set of Vls that you can use with User Datagram
Protocol (UDP), a protocol in the TCP/IP suite for communicating
across a single network or an interconnected set of networks.

The following illustration shows thdDP VI palette, which you access
by selecting=unctions»Communication»UDP

: +—1=) Communicatior
|

1EIHEIEIHE
| — ﬂﬂﬂ

UDP Qverview

UDP transmits data across networks. UDP can communicate to specific
processes on a computer. When a process opens a network connection
to a particular port it only receives datagrams that are addressed to that
port on that computer. When a process sends a datagram, it must specify
the computer and port as the destination.

There are several reasons why UDP is rarely used directly. UDP does
not guarantee data delivery. Each datagram is routed separately, so
datagrams may arrive out of order, be delivered more than once or not
delivered at all.

Typically, UDP is used in applications where reliability is not critical.
For example, an application might transmit informative data to a
destination frequently enough that a few lost segments of data are not
problematic.

© National Instruments Corporation 51-1 LabVIEW Function and VI Reference Manual



Chapter 51 UDP Vs

Using UDP

UDP is not a connection-based protocol like TCP. This means that a
connection does not need to be established with a destination before
sending or receiving data. Instead, the destination for the data is
specified when each datagram is sent. The system does not report
transmission errors.

You can use the UDP Open VI to create a connection. A port must be
associated with a connection when it is created so that incoming data
can be sent to the appropriate application. The number of
simultaneously open UDP connections depends on the system. UDP
Open returns a Network Connection refnum, an opaque token used in
all subsequent operations pertaining to that connection.

You can use the UDP Write VI to send data to a destination and the UDP
Read VI to read it. Each write requires a destination address and port.
Each read contains the source address and port. Packet boundaries are
preserved. That is, a read never contains data sent in two separate write
operations.

In theory, you should be able to send data packets of any size. If
necessary, a packet is disassembled into smaller pieces and sent on its
way. At their destination, the pieces are reassembled and the packet is

presented to the requesting process. In practice, systems only allocate a
certain amount of memory to reassemble packets. A packet that cannot

be reassembled is thrown away. The largest size packet that can be sent
without dissassembly depends on the network hardware.

When LabVIEW finishes all communications, calling the UDP Close
VI frees system resources.

UDP VI Descriptions

The following UDP VIls are available.

UDP Close

Closes the UDP connection specifieddmnnection ID.

errar in (no arFor ) oo

cannection 1D __'UDF connection 1D out

2
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UDP Open

Attempts to open a UDP connection on the gipert. Connection ID is an opaque token
used in all subsequent operations relating to the connection.

part UDF connection |0

=

errar out

error in Cno errar)

UDP Read

Returns a datagram in the stridgta outthat has been received on the UDP connection
specified byconnection ID.

cannection |0 T UOF connection |0 out
rax size (S48) — te-data out
timeout_m? KZSDDDg E erFoF out
errar in [no error
I part
address

UDP Write

Writes the stringlata in to the remote UDP connection specifieddnidressandport.

port
address
connection 10 UDF] connection [0 out
data in --‘“‘"“"“"E-_'
EEH
errar in Lno error) error out
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This chapter describes the LabVIEW VIs for Dynamic Data Exchange
(DDE) for Windows 3.1, Windows 95, and Windows NT. These Vls

execute DDE functions for sharing data with other applications that
accept DDE connections.

The following illustration shows the DDE VI palette, which you access
by selecting=unctions»Communication»DDE

+—1FICommunicatior

_____DDE |
%g Eé Ewec

&l DDE =]l DDE @] ODE

REGST POEE| EXEC

[a] DDE o] DDE [a] DDE
STHART] CHELCE STOP

The DDE palette includes thBDE Server subpalette.

For examples of how to use the DDE Vls, see the examples in
examples\comm\DDEexamp.llb

DDE Overview

DDE is aclient-controlledmessage passing protocol. One application,
theclient, passes messages to another applicatiorsehet

Both applications must be running, and both must give Windows their
callback function address before DDE communication can begin. The
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callback function accepts any DDE messages that Windows sends to the
application.

The client initiates a conversation with the server by sending a DDE
connect message. After establishing the conversation, the client can
send commands or data to the server, or request data from the server.

A client can request data from a server lngp@uestor anadvise A

request is a single transfer of data. An advise establishes an active link
between the two applications. The server then informs the client every
time the advise value changes. When the client no longer needs the
changed values, it sends an advise stop message to the server.

When all the DDE communication for the conversation is complete, the
client sends a close conversation message to the server.

Using DDE as a Client

The Dynamic Data Exchange VIs give LabVIEW full DDE client
capability.

To use DDE, you must first establish a conversation using the DDE
Open Conversation VI. The VI must specify gerviceand thetopic.

The service usually corresponds to the name of the server application
and the topic to the active file. DDE messages then carry data to or from
specific locations in the active file. For more information on how a
specific application handles topic names and data item locations,
consult the documentation for that application.

When you have established a conversation, you can send data using the
DDE Poke VI, send commands using the DDE Execute VI, obtain data
with the DDE Request VI, or initiate an advise protocol with the DDE
Advise Start VI.

The DDE Request VI sends a DDE message to the server every time you
call it. The server must then check the data requested and return it in
another DDE message. If your VI checks the value frequently, an advise
protocol might be more efficient than a request.

The DDE Advise Start VI creates a local copy of the data value you are
interested in. When you call the DDE Advise Check VI, the VI returns
this value without sending any DDE messages. At the same time, the
server application sends DDE messages every time the value changes,
so that the local value is always current. If the value seldom changes but
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is often needed, an advise can significantly reduce the required number
of DDE messages.

Caution: During a conversation, you must pass the conversation refnum to all other
? DDE Vs involved in that conversation. Windows uses these refnums to
identify the conversation. If you alter the conversation refnum, or do not
specify or wire the conversation refnum, the VI will fail. The same is true
for the advise refnum. If you alter advise refnum, or do not specify or wire
advise refnum for the DDE Advise Check VI or the DDE Advise Stop VI,
the VIs will fail and may cause a system failure.

The DDE protocol used by LabVIEW is ASCII based, and the
transmission is terminated when a null byte is reached. If the binary data
has a null byte (00) in it, the transmission will end.

To send a number to another application, you must convert that number
to a string. In the same way, you must convert numbers received
through a request or advise from the string format. Use the conversion
VIs from Functions»String. See Chapter &tring Functionsearlier in

this manual for further information on how to use string conversion VIs.

Stop all advises and close all conversations using DDE Advise Stop and
DDE Close Conversation after all DDE commands have executed. This
releases the system resources associated with these Vls.

Using DDE as a Server

The first step to becoming a DDE server is to use the DDE Srv Register
Service VI to tell Windows what your service name and topic are going

to be. At this point other applications can open DDE conversations with
your service.

You can call the DDE Srv Register Service VI multiple times with
different service hames to establish multiple services or multiple times
with the same service name but different topic names to establish
multiple topics for one service.

After specifying your service and topic names, you can define items for
that service using the DDE Srv Register Item VI. After this call, other
applications can request or poke the item, as well as initiate advises on
that item. LabVIEW fully manages all these transactions.

To change the value of an item, call the DDE Srv Set Item VI. This VI
changes the value and informs all clients that have advises on them.
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Using NetDDE

To monitor whether a client has changed an item with a poke, call the
DDE Srv Check Item VI. This VI either returns the current value
immediately or waits until a client changes the value. If a client pokes
the value before DDE Srv Check Item is called witit for poke true,

DDE Srv Check Item returns immediately and reports that the value was
poked.

You call the DDE Srv Unregister Item VI and the DDE Srv Unregister
Service VI to close down your DDE server when you are finished.
LabVIEW automatically disconnects any client conversations
connected to your server when DDE Srv Unregister Service is called.

NetDDE is built into Windows for WorkGroups 3.11, Windows 95 and
Windows NT. It is also available for Windows 3.1 with an add-on
package from WonderWare. If you are using Windows 3.1 with the
WonderWare package, consult the WonderWare documentation on how
to use NetDDE.

If you are using Windows for WorkGroups, Windows 95, or Windows
NT, use the following instructions:

SERVER MACHINE

Windows for Workgroups

Add the following line to th¢DDE Shares] section of the file
system.ini  on the server (application receiving DDE commands):

Ivdemo = service_name,topic_name,,31,,0,,0,0,0

where

lvdemo can be any name.

service_name is typically the name of the application, suclkea=l.
topic_name is typically the specific file name, such siget1.

Enter other commas and numbers as shown.
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NetDDE is not automatically started by Windows 95. You need to run the

program\WINDOWS\NETDDE.EXE. (This can be added to the startup
folder so that it is always started.)

To set up a NetDDE server on Windows 95:

*  RUunWINDOWS\REGEDIT.EXE

« Inthe tree display, open the folddy Computer
HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\
NetDDE\DDE Shares .

* Create a new DDE Share by selectidjt»New»Key and give it
the nameévdemo .

e With thelvdemo key selected, add the required values to the share
as follows. (For future reference, these keys are just being copied
from theCHAT$share buREDEGITdoes not allow you cut, copy, or
paste keys or values.) UEeit»New to add new values. When you
create the key, there will a default value nantesfdult

value of {alue not set

) and a
). Leave these values alone and add the

following:
Table 52-1. Values to Add in Place of Default
Value Type Name Value
Binary Additional item count 00 00 00 00
String Application service_name
String Item service_name
String Passwordl service_name
String Password2 service_name
Binary Permissionsl 1f 00 00 00
Binary Permissions2 00 00 00 00
String Topic topic_name
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e CloseREGEDIT.

» Restart the machine. (NetDDE must be restarted for changes to take
affect.)

Windows NT

LaunchDDEShare.exe , found in thewinnt\system32  directory.
Select from thé&Shares»DDE Shares»Add a Share to register the
service name and topic nhame on the server.

CLIENT MACHINE

On the client machine (application initiating DDE conversation) no
configuration changes are necessary.

Use the following inputs t®DE Open Conversation.vi
Service:\\machine_name\ndde$
Topic: lvdemo

where:
machine_name specifies the name of the server machine

lvdemo matches the name specified in {H@DE Shares ] section on
the server.

Consider the examplezhart Client.vi andChart Server.vi

found inexamples\network\ddeexamp.llb . To use those Vis to pass
information between two computers using NetDDE, you should do the
following:

Server Machine;
1. Do not modify any front panel values.

2. Inthesystem.ini  file of the Server machine, add the following
line in the[ DDEShares] section:
lvdemo = TestServer,Chart,,31,,0,,0,0,0

Client Machine:

On the front panel, set the controls to the following:
Service 2\machine_name\ndde$

Topic =lvdemo

Item =Random
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The following DDE Client VIs are available.

DDE Advise Check

Checks an advise value previously established by DDE Advise Start.

advize refnum
unuzed wrenne

tirmeauti-1) —_|_|

wait for change ?(F ALSE) -’
error in (no error) ==

fop

...... T, g meurrent data

adwize refnumn

e changed 7
error out

CHECE

DDE Advise Start

Initiates an advise link.

error inlno error

conversation refnum ——

DDE advise refnunr
[ =]

=y

START error out

DDE Advise Stop

Cancels an advise link, previously established by DDE Advise Start.

adwvise refnum

DDE

conwversation refnum

e
errar inlno errarl sTOP error out
DDE Close Conversation
Closes a DDE conversation.
conversation refnum DDE
modelT close immediatelyl -
error in {no error) CLOSE} error out
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DDE Execute
Tells the DDE server to executemmand
tireout (=11 —_|_|
conversation refnum DDE caonversation refnum
command -~y
error in {no error) EXEL error out

DDE Open Conversation

Establishes a connection between LabVIEW and another application. You must call this
VI before you use any other DDE VIs (except Server VIs).

Service .........,........ DDE— conwversation refnum
= ey [ =1 EI
topic =
error inlno errorl OFEM error out

DDE Poke

Tells the DDE server to put the valdata atitem.

tirneout [-1)

conversation refnum DDE converzation refnum
data .....!"'"""Fn POKE

- error out
error in (no error)

DDE Request
Initiates a DDE message exchange to obtain the current vaiteof
tirmeout (-1) —_|_|
conversation refnum DE conversation refnum
item data
error in (no error) | RERSTE error out
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DDE Server VI Descriptions

You access by selectirigunctions»Communication»DDE»DDE Server.

-—HDDE Server

DOE||+ DDE ,E['E

R P P DN DS
22— (|2 — | B —| & —| (S

SERUVER| | ITEM SET CHECE || ITEM ||SERUER

DDE Srv Check ltem

Sets the value of a previously defined DDE Item.

tirneout (-1) —

item refnum + DDE itern refnum
weait for poke(F ALSE) - L .......... RS 1T
error in {no error) mﬂﬂpnked?

error out

DDE Srv Register Item

Establishes a DDE item for the service specifieddryice refnum

LwE itern refrumm
—
ITEM error out

service refnum +
item wrmmnn
value [77) wd 2

error in {no error)

DDE Srv Register Service
Establishes a DDE service to which clients can connect.

serrice + I0E zervice refnum
i
topic -
error in (no error) {SERUER] error out

DDE Srv Set ltem

Sets the value of a previously defined DDE Item.

item refnum + [ itern refnum
==Yy | gnnnnnn
walue (")
error in (no error) | GET | error out
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DDE Srv Unregister ltem
Removes the specified item from its service.
T = Note: DDE clients can no longer access the item after this VI completes.
item refnum DE service refnum
error in (no error) ITEM error out

DDE Srv Unregister Service

Removes the specified service. DDE clients can no longer connect to this service and all
current conversations will be closed.

service refnum ——— [DE
=

error in {(no error) SERUER error out
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This chapter discusses the LabVIEW VIs for Object Linking and
Embedding (OLE) Automation, a feature which allows LabVIEW to
access objects exposed by automation servers in the system.

The OLE Automation VI Library contains two levels of Vls. Vs that
are available on the Communication palette represent the higher level
of functionality. These Vls use lower level VIs which are hidden from
the user, providing for a higher level of encapsulation. Helper Vls are
provided.

Note: These VIs work under Windows NT and Windows 95 only.

The following illustration shows th@LE Automation VI palette,
which you access by selectikginctions»Communication»OLE .

—HCommunicatior

For examples of how to use the OLE Automation VIs, see the examples
in examples\comm\OLE-xxx.lIb
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OLE Automation Concepts

In the context of Object Linking and Embedding, objects are defined as
data abstractions exported by an application. You can manipulate these
objects by using another Windows application. Linking and Embedding
are two of the methods used to access OLE objects.

You can use OLE Automation to make the functions and methods of one
application available for use by other applications. You then access
these functions or methods, which are usually grouped into objects.

An application supports automation either as a server or a client.
Applications that expose objects and provide methods for operating on
those objects are call€dl E automation serverg\pplications that use

the methods exposed by another application are callddautomation
clients/controllers The OLE VIs enable LabVIEW to become an
automation client.

Using LabVIEW to Implement OLE Automation

An OLE object exposes both methods and properties. Methods have the
ability to modify a wide range of values, whereas properties can set or
get the value of a specific characteristic of the object. Some servers
provide a type library listing all exposed objects and the methods and
properties of each object.

The typical steps in creating a client application using C are as follows:

» Get the IDispatch interface of the Object whose methods you want
to access.

* Get the DispatchID of the method of that object.

* Invoke the method using the Invoke functions of the IDispatch
interface, packing all parameters into the parameter list.

In LabVIEW, do as follows:

» Use the Create Automation Refnum VI to get an Automation
refnum which uniquely defines the IDispatch interface.

* Use the Execute Method VI to execute a method belonging to that
object. If there is just one parameter, it can be flattened. The type
descriptors and the flattened string are then passed in as input
parameters. If there are multiple outputs, they are bundled in a
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cluster. The resultant cluster is then flattened and wired to the
correct input of the VI.

The implementation uses DLLs to perform the actual OLE calls.
Parameters are passed to these DLLs as flattened data.

OLE Automation VI Descriptions

The following OLE Automation VIs are available.

Create Automation Refnum

Given the object name (registered class name) of an OLE object, returns an Automation
Refnum uniquely identifying the instantiation.

Object Name = Adutornation Befnumn
o

error in bno error) ertar out

Execute Method
Executes a method.

LE Autornation Refnurm
L Feturn Yalus Type Descriptar

Automation Refnum
Hethod Name

Input Type Descriptar %Return YWalue Data String
Input Crata String errar out
error in bno error)
Get Property
Gets the value of a property.
Automation Refum {F=] oLE Autornation Fefnum
Prup.ertu Name s I_'I.,.,.,.,.,L: Property Type De.‘-'tcr'u:nt-:nr'
ertor in (no error) F'F!I:IF'mLuPrl:-pe-rtg Crata String
errar out

List Methods or Properties
Lists all the methods or properties of an object.

DbiEIIII:It:.'Lib?H File S === tethods/Properties
|E|: e -~ soeeedLIST |
Method/Froperty Flag - = er out

EIror in [no ermor] ===
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List Objects in Type Library

Lists all the objects in a type library.

Object Libary File i & possssss:(Jhjects

: LISTALL
errar in I:ng E'FFEIF:' mwmerrnr aut

Release Refnum
Releases the refnum passed in as input.

Automation Refnum

&
R merrnr aut

ertar in [no error)

Set Property

Sets the value of a property.

Autornation Refrium

Automation Refnum
Property Name
Input Type Descriptor
Input Crata String
errar in Cno error)

P error out

LabVIEW Function and VI Reference Manual 53-4 © MNational Instruments Corporation



AppleEvent Vis

This chapter discusses the LabVIEW VIls for interapplication
communication (IAC), a feature of Apple Macintosh system software
version 7 by which Macintosh applications can communicate with each
other. You can use LabVIEW with two forms of IAC, AppleEvents and
program-to-program communication (PPC).

AppleEvents are a high-level method of communication in which
applications use messages to request other applications to perform
actions or return information. An application can send these messages
to itself, other applications on the same machine, or other applications
located anywhere on a network. Apple has defined a kawgebulary

for messages to help standardize this form of interapplication
communication. You can combimeordsin this vocabulary to form

very complex messages. This vocabulary is described in detail in the
AppleEvent Registryg document available from Apple. Most
applications written for System 7, including LabVIEW, respond to
some subset of AppleEvents.

PPC is a low-level form of IAC by which applications send and receive
blocks of data. PPC provides higher performance than AppleEvents,
because the overhead required to transmit information is lower.
However, because PPC does not define what kinds of information you
can transfer, many applications do not support it. PPC is the best way
to send large amounts of information between applications that support
PPC. See Chapter 38rogram to Program Communication Yfer more
information about PPC.
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The following illustration shows th&ppleEvent VI palette, which you
access by selectingunctions:Communication:AppleEvent.

= = = =]
D|::e-n Do @ Quit
Object| [So-jod A

Note: For applications to communicate with IAC, the computer must use system
software version 7.0 or greater with Program Linking enabled.

For examples of how to use the AppleEvent VIs, see the examples
located inexamples\comm\AE Examples.llb

AppleEvents

LabVIEW can send and respond to AppleEvents. You can use
AppleEvent Vis to send AppleEvents. LabVIEW responds to two types
of AppleEvents: LabVIEW-defined events and a subset of standard
AppleEvents. See theending AppleEvensection of this chapter for
more information.

Some of the ways you can use AppleEvents in LabVIEW applications
are listed on the following page:

* You can command LabVIEW to tell another application (even an
application on another computer connected by a network) to
perform an action. For example, LabVIEW can tell a spreadsheet
program to create a graph. See S®nding AppleEvensection in
this chapter for details.

* You can use a program such as HyperCard as a front end to instruct
LabVIEW to run specific VIs.

* You can communicate with and control LabVIEW applications on
other machines connected by a network by sending them
instructions to perform specific operations. SeeSheding
AppleEventsection in this chapter for details.

* Youcan command LabVIEW to send messages to itself, instructing
itself to load, run, and unload specific VIs. For example, in large
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applications where memory is tight, you can replace subVI calls
with a utility VI (the AESend Open, Run, Close VI) and
dynamically load, run, and unload the Vls. See$kading
AppleEventsection in this chapter for details.

The following sections describe in detail how LabVIEW sends and
receives AppleEvents.

Sending AppleEvents

The Communication subpalette of th€unctions palette contains Vls
for sending AppleEvents. With these Vls, you can select a target
application for an AppleEvent, create AppleEvents, and send the
AppleEvents to the target application.

The AppleEvent Vis palette of theCommunication subpalette

contains Vls that send specific AppleEvent messages. These Vs let you
send several standard AppleEvents (Open Document, Print Document,
and Close Application) and all the LabVIEW custom AppleEvents.
These high-level Vis require little understanding of AppleEvent
programming details. Their diagrams also serve as good examples of
how to create and send AppleEvents.

You can use the low-level AESend VI if you want to send an
AppleEvent for which LabVIEW provides no VI. TigpleEvent Vis
palette of the&Communication subpalette also contains Vls that can
help you create an AppleEvent. However, creating and sending an
AppleEvent at this level requires detailed understanding of
AppleEvents as described limside Macintosh, Volume \dnd the
AppleEvent Registry

General AppleEvent VI Behavior

When sending an AppleEvent, you must specifytdrgetapplication
for the event. To receive the AppleEvent, the target application must be
open. You can use the AESend Finder Open VI to open an application.

The User Identity Dialog Box

Before you send an AppleEvent to another computer, you must use the
Users & Groups control panel utility on the destination computer to set
up a user name and password for yourself. The first time you send an
AppleEvent to an application or Finder on the destination computer, a
dialog box prompts you to enter your name and password. The system
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compares this information to the configuration of the Users & Groups
control panel utility on the destination computer.

&

Connect to the file server "Macintosh HOD" as:

1 Guest
i® Registered User

Name: || |

Password: I:I (Two-way Scrambled)
[ Cancel ] [Set Passu.lurd]

w70

The current design of the AppleEvent Manager does not include a
programmatic method for bypassing this dialog box, so you should take
this into account when designing VIs that use IAC. For example, you
cannot command an unattended remote computer to send an
AppleEvent to a third computer; someone must enter user information
into the User Identity Dialog Box that appears on the remote computer.
The PPC ViIs allow founauthenticatedessions if guest access is
enabled on the computer with which you wish to communicate, so you
may find the PPC VIs more useful for certain kinds of LabVIEW-to-
LabVIEW communication.

Target ID

Most Vs that send AppleEvents need a description of the target
application that will receive the AppleEvent. Ttagget ID is a

complex cluster of information, defined by Apple Computer Inc.,
describing the target application and its location. The following Vs
generate theéarget ID, so you do not need to create this cluster on the
diagram.

 PPC Browser creates th@rget ID by displaying a dialog box by
which you interactively select AppleEvent-aware applications on
the network.
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e Get Target ID creates thiarget ID programmatically based on the
application's name and network location.

These VIs are discussed in more detail inThegeting Vissection of
this chapter.

You need to look at thearget ID cluster only if you want to pass target
information from one VI to another. To creatéaeget ID cluster for

the front panel of a VI that passes target information to another VI or to
an AppleEvent, you can copy tterget ID cluster from the front panel

of one of the AppleEvent Vis.

Send Options

Many of the VIs that send an AppleEvent hav&ad optionsinput,
which specifies whether the target application can interact with the user
and the length of the AppleEvent timeout.

zend aptions

@ @]Eerver’ rnay corme o f-:-r'egr'n:nunl:l|
@ @bon't try to r'ecn:nnnect|

|transaction Iblglg |
El.ﬂ.ﬂnw Interaction [timeout tick5|HE-DD 1

Targeting VI Descriptions

The following Targeting VlIs are available.

Get Target ID

Returns a target ID for a specified application based on its name and location. You can
either specify the application's name and location or the VI searches the entire network
for the application.

Hpp Aport namme first target I

Search entire netwark - @ L total targets
Zane ﬁﬂ% all targets
Server errar
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The following table summarizes the operatiorSefirch entire network Zone, and
Server.

To search the following
locations: Use the following parameters:

The current computer| ZoneandServer must be unwired. Search entire network must
be FALSE.

A specific computer of Zone andServer must specify the target computer’'s zone and
the network server. (If you do not wiréone, the VI searches the current
zone.)Search entire networkmust be FALSE.

A specific zone Zone must specify the zone to be searci&etver must be
unwired.Search entire networkmust be FALSE.

The entire network Search entire networkmust be TRUE. The VI ignore®ne
andServer.

PPC Browser

Invokes the PPC Browser dialog box for selecting an application on a network or on the
same computer.

Tozzation MEF type
prorpt

dpplication Tist label
default specified - gk
default target IO

zelected target |0
errar
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You can use this standard Macintosh dialog box to select a zone from the network, an
object in that zone (in System 7, this is typically the name of a person's computer), and
an application. The VI then returns ttegget ID cluster.

Prompt
Macintoshes Application List Label

bowlorama ¢ || File Sharing Extension ils
Finder

4|

AppleTalk Zones

1=t & 2Znd Floors
3rd Floor
Ath Floor
Sth floor

=
Ph I

o

4|

AppleEvent VI Descriptions

The following AppleEvent Vs are available.

AESend Do Script
Sends the Do Script AppleEvent to a specified target application.

Seript nnmannenl g T
target | cooooeed Do
zend options ool error

errar string
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AESend Finder Open

Sends the AppleEvent to open specified applications or documents to the System 7 Finder
on the specified machine.

Note:

Full path u:-f::-lde-r cu:;nt.a%ﬁéngaf;glgg [E-. error string
one containing Finder
Server c-:-nta'in'ing Finder 0 Errar
zend options

Apple may change the set of AppleEvents to which the Finder responds so
that they more closely conform to the standard set of AppleEvents. As a
result, the AppleEvent that AESend Finder Open sends to the Finder may
not be supported in future versions of the system software.

AESend Open
Sends the Open AppleEvent to a specified target application.

object specifier anmnmanl g0
target ID Open
send options b ject

error string

arrar

AESend Open Document

Sends the Open Document AppleEvent to the specified tapgédication, telling the
application to open the specified document.

full pathnarne of docurnent [ = error string

Cipeh

. . target |
zone containing doclﬂﬂen
zerwer containing decurnent

zend options

errar

AESend Print Document

Sends the Print Document AppleEvent to the specified target application, telling the
application to print the specified document.

full pathname of docurnent

errar string

. target |0 e
zone containing du:-cl.ﬁ'nen
setver containing docurnent

zend options

Berrar
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AESend Quit Application
Sends the Quit Application AppleEvent to a specified target application.

Chapter 54 AppleEvent Vis

&=

target |0

Quit

zend options

errar string

errar

LabVIEW Specific AppleEvent Vis

LabVIEW specific AppleEvent ViIs send messages that only LabVIEW applications
(standard and run-time systems) recognize. To access the LabVIEW Specific Apple
Events Vls, seledfunctions:Communication: LabVIEW Specific Apple Events

o
i,
Close Ul

57

You should use these VIs only when communicating with LabVIEW applications. You
can send these messages either to the current LabVIEW application or to a LabVIEW
application on a network. See tAgpleEvent Error Codesection of theerror Codes

manual for error information.

AESend Abort VI

Sends the Abort VI AppleEvent to the specified target LabVIEW application.

AESend Close VI

V1 name
target |0 soomooe

o T

zend options

errar string

errar

Sends the Close VI AppleEvent to the specified target LabVIEW application.

© National Instruments Corporation

W1 narne
target 10
zawe options
zend options

error string

errar
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AESend Open, Run, Close VI

Uses the Open Document, Run VI, VI Active?, and Close VI AppleEvent VIs to make a
specified LabVIEW application open, run, and close a VI.

Full pathnare of V1 EURDE errar string
target ID .,.c.gg‘*u. erraor

For this VI, you must specify theomplete pathname of the VI you want to run. See
Chapter 13Path Controls and Refnumaf yourLabVIEW User Manudior a description
of path controls and indicators available in the Controls palette.

AESend Run VI
Sends the Run VI AppleEvent to the target LabVIEW application.

M1 name ‘EE brnnnnnnn gFpor string
target D Iw
send options error

AESend VI Active?

Sends the VI Active? AppleEvent to the specified target LabVIEW applicafion.
running? is a Boolean indicating whether the VI is currently executing.

target |0 error string

V1 narme | FE] W runming ?
A |||»7
zend options . errar

Advanced Topics

This section describes some of the advanced programming you can do
with AppleEvent Vis.

Constructing and Sending Other AppleEvents

In addition to VIs that send common AppleEvents, you can use
lower-level Vis to send any AppleEvent. Using these VIs requires more
knowledge of AppleEvents than using the VIs described earlier in this
chapter. If you are interested in using these VIs, you should be familiar
with the discussion of AppleEventslimside Macintosh, Volume VI,

and theAppleEvent Registry
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When sending an AppleEvent, you must include several pieces of
information. The event class and event ID identify the AppleEvent you
are sending. The event class is a four-letter code which identifies the
AppleEvent group. For example, an event classoaf identifies an
AppleEvent as belonging to the set of core AppleEvents. The event ID
is another four-letter code that identifies the specific AppleEvent that
you wish to send. For exampteloc is the four-letter code for the Open
Documents AppleEvent, one of the core AppleEvents. To send an
AppleEvent using the AESend VI, concatenate the event class and event
ID together as an eight-character string. For example, to send the Open
Documents AppleEvent, pass the AESend VI the eight-character code
coreodoc .

If you are sending the AppleEvent to another application, you have to
specifytarget ID andsend options as described earlier in this chapter.

You can also specify an array of parameters if the target application
needs additional information to execute the specified AppleEvent.
Because the data structure for AppleEvent parameters is inconvenient
for use in LabVIEW diagrams, the AESend VI accepts these parameters
as ASCII strings. These strings must conform to the grammar described
in the next section. You can use this grammar to describe any
AppleEvent parameter. The AESend VI interprets this string to create
the appropriate data structure for an AppleEvent, and then sends the
event to the specified target.

Creating AppleEvent Parameters

In many cases, an AppleEvent parameter is a single value; however, it
can be quite complex, with a hierarchical structure containing
components that in turn can contain other components. In LabVIEW, a
parameter is constructed as a string, which has a simple grammar with
which you can describe all kinds of data that an AppleEvent parameter
can be, including complex structures.

An AppleEvent parameter string begins with a keyword, a four-letter
code describing the parameter's meaning. For example, if the parameter
is a direct parameter (one of the most common types of parameters) you
must specify that the keyword iskeyDirectObject by using the
four-letter code--- (four dashes). Other examples of keywords
includesavo , short for save options, which is used when sending the
Close VI AppleEvent to LabVIEW. Documentation detailing an
application's supported AppleEvents should indicate the keywords used
for each parameter. See tBending AppleEvents to LabVIEW from Other
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Applicationssection of this chapter for a list of the AppleEvents that you
can use with LabVIEW.

Following the keyword, you must specify the parameter data as a string.
You can use AppleEvents with many different data types, including
strings and numbers. When you specify the data string, the AESend VI
converts it to a desired data type based upon the way the data is
formatted and optional directives that can be embedded in the string.
Each piece of data has a four-letter type code associated with it,
indicating its data type. The target application uses this code to interpret
the data. For example, if comma-separated items are enclosed in
brackets, a list oAE Descriptorss created, and the list has a data type
of list ; each of the comma-separated items could in turn be other
items, including lists.

You can use a number of Vis in tAgpleEvents VI palette to create

some of the more common parameter strings, including aliases, which
are used when referencing files in parameters, and descriptor lists,
which are used to specify a list of items as a parameter. You can
concatenate or cascade these strings together to create a more complex
parameter.
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Table 6-1 describes the format of AppleEvent descriptor strings and
indicates VIs that can create the descriptor, where appropriate.

Table 54-1. AppleEvent Descriptor String Formats

VI that can
Parameter is of construct

To send data as: Format the string as: code type: | Examples: string:
an integer A series of decimal digity long or shor 1234 n/a

optionally preceded by -5678

minus sign.
enumerated data A four-letter code. enum whos n/a

If it is too long, it is ‘@all’

truncated; if it is too shor| long

it is padded with spaceg >=

If you put single quotes ( '86it’

around it, it can contain

any characters; otherwig

it cannot contain:

@':-,([{}])and

cannot begin with a digi
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Table 54-1. AppleEvent Descriptor String Formats (Continued)

VI that can
Parameter is of construct
To send data as: Format the string as: code type: | Examples: string:
a string Enclose the desired TEXT “put x into | n/a
sequence of characters card field
within open and close 5”
curly quotes (“entered “Hi There”
with option-[and” entere
with option-shift-[).
Notice that the string is
not null-terminated.
an AE record Enclose a comma- reco {x:100, y:—| AECreate
separated list of elemen 100} Record
in curly braces, where {'origin":
each element consists 0 {x:100, y:-
keyword (a typecode) 1004},
followed by a colon, extent:
followed by a value, {x:500,
which can be any of the| y:500},
types listed in this table cont:[1,5,2
Sl}
an AE descriptor lisy Enclose a comma- list [123, 58, | AECreate
separated list of “test”] Descriptor
descriptors in square List
brackets.
hex data Enclose an even numbg ?? (must be «0157 64| (Hexdatais &
of hex digits between coerced —see fe AB Cl»| componento
French quotes («entere( next item) the string
with option-\ and» produced by
entered with option-shifi Make Alias)
\).

LabVIEW Function and VI Reference Manual
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Table 54-1. AppleEvent Descriptor String Formats (Continued)
VI that can
Parameter is of construct
To send data as: Format the string as: code type: Examples: string:
some other data tyg Embed data created in | The specified| sing(1234)| n/a
one of the types of this | type code alis(«hex Make Alias
table in parentheses an dump of an creates a he
put the desired type coq alias») dump of a file
before it. If the data is & description.
numeric, LabVIEW
coerces the data to the . n/a
specified type if possiblg type(line) | nfa
and returns the rang{star.
errAECoercionFall 5, stop: 6}
error code if it cannot. If
the data is of a different
type, LabVIEW replaceg
the old typecode with th
specified type code.
null data Coerce an empty string| null @) n/a
no type.

Low-Level AppleEvent Vis

You can use the Vls in this section to construct AppleEvent parameters and send the
AppleEvent. The high-level Vis for sending AppleEvents, described earlier in this
chapter, are based on the AESend VI, and are good examples of creating AppleEvents
and their parameters.

To access the Low Level Apple Events palette, pop up on the Low Level Apple Events
icon.

[ =]
Creake
.|| biact
Spec.

]
Cragke
Dest.
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AESend
Sends an AppleEvent specified in parameters to the specified target application.
requested reply parameters
Event Class and 1D ;E eply parameters
parameters Send errar string
target ID BrFar

zend options

Make Alias

Creates a unique description of a file from its pathname and location on the network. You
can use this description with the AESend VI when sending an AppleEvent that refers to
a file.

File's full pathnzacllﬂ;g Fake

Servel name fhas
alias kind —
[0: minimal alias)

Aliaz (aliz) AESend descriptor

errar

An alias is a data structure used by the Macintosh toolbox to describe file system objects
(files, directories and volumes). Do not confuse this with a Finder™ alias file. A minimal
alias contains a full path name to the file and possibly the zone and server that the file
resides on. A full alias contains more information, such as creation date, file type, and
creator. (The complete description of the structure of an alias is confidential to Apple
Computer.) Aliases are the most common way to specify a file system object as a
parameter to an AppleEvent.

Creating AppleEvent Parameters Using Object Specifiers

Apple has created a high-level interface for creating AppleEvents called the Object
Support Library. This interface is actually layered on top of the AppleEvent parameter
data structures described earlier in this chapter. This interface helps create common types
of parameters, including range specifications. LabVIEW object support Vs are located
on the Low Level Apple Events pop up palette.

AECreate Comp Descriptor

Creates a string describing an AppleEvent comparison record, which specifies how to
compare AppleEvent objects with another AppleEvent object or a descriptor record.

comparison operator sennaaand g T
operand 1 Greate comparizon descriptor
operand 2 Desk.
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For example, you can use the output comparison descriptor string as an argument to the
AESend VI, or as an argument to AECreate Object Specifier to build a more complex

descriptor string. See tl@bject Support VI Exampgection of this chapter for an example
of its use.

AECreate Logical Descriptor
Creates a string describing an AppleEvent logical descriptor, which you use with the

AESend VI.
logical operator annseannd ?? ] ]
] b Togical descriptor
logical terms  nnnnsneefS 2 0F
[AEDesc o AEDescList)

AppleEvent logical records describe logical, or Boolean expressions of multiple terms,
such as the&NDof two AppleEvent comparison records. For example, you can use the
output logical descriptor string as an argument to the AESend VI, or as an argument to
AECreate Object Specifier VI to build a more complex descriptor string. Ségbjhet
Support VI Examglin this chapter for an example of its use.

AECreate Object Specifier

Creates a string describing an AppleEvent object, which you use with the AESend VI.

-:1?5.5 IC & =

CONTAINel mnnnnmand ~paak . P

key form 1D (}EEC‘% Object specifier
key data ammmnnna) Spec,

An object specifier is an AppleEvent record whose typmjisand describes a specific
object. It has four elements: the class of the object, the containing object, a code
indicating the form of the description, and the description of the object.

AECreate Range Descriptor

Creates a string describing an AppleEvent range descriptor record, which you use with
the AESend VI.

& T
range start Creste Range descriptor
Fange stop wananned HRITEE
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Range descriptor records are used in object specifiers whose key form is formRange
(rang ). They describe a range of objects with two object specifiers: the start and the end
of the range

AECreate Descriptor List

Creates a string describing a list of AppleEvent descriptors, which you can then use with
the AESend VI. You commonly use Descriptor lists when you create the operands for a
logical descriptor

o T

Craate
Cesc.
Lisk

drray of &E Descriptors ecoccond AE Descriptor List

AECreate Record

Creates a string describing an AppleEvent descriptor record, which can then be used with
the AESend VI. You can use a record descriptor to bundle descriptors of different types.
Each descriptor has its own keyword, or name, and value

type i T
4F Create #E Record
keywards and values exrrmrmRecard

Object Support VI Example

The following example creates an AppleEvent parameter using the object support Vis.
This example creates an AppleEvent parameter to be sent to a word processor, asking the
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word processor to return the first line of a specified document whose first wapdl is
and whose second wordis.

ik T
Creake
COmp.

cond 1 AND Tines of Doc Mame that meet first line of partial
cond 2 cond 1 AME cond 2 =3 partial

-------

""""

The following string that the previous diagram creates is quite complicated; tabs are
added to make the string easier to read. For further information about the Object Support

Library consult theAppleEvent Registry
obj {
want: type(‘line’),
from: obj {
want: type('line’),
from: Doc Name,
form: test,
seld: logi {
term:[
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cmpd{
relo:=,
obj1:*April”,
obj2:0bj {
want: type(‘'word"),
from: exmn(),
form: indx,
seld: 1
}
h
cmpd{
relo:=,
objl:“is”,
obj2:0bj {
want: type(‘'word"),
from: exmn(),
form: indx,
seld: 2
}

1
logc: AND
}
h
form: indx,
seld: 1

}

Sending AppleEvents to LabVIEW from Other
Applications

LabVIEW responds to required AppleEvents, which Apple expects all
System 7 applications to support, and to LabVIEW specific
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AppleEvents, designed specifically for LabVIEW. Both categories are
described in the following sections.

Required AppleEvents

LabVIEW responds to the required AppleEvents, which are Open
Application, Open Documents, Print Documents, and Quit Application.
These events are described in Inside Macintosh, Volume VI.

LabVIEW Specific AppleEvents

LabVIEW also responds to the LabVIEW specific AppleEvents Run VI,
Abort VI, VI Active?, and Close VI. With these events and the Open
Documents AppleEvent, you can use other applications to
programmatically tell LabVIEW to open a VI, run it, and close it when
it is finished. A thorough understanding of AppleEvents, as described
in Inside Macintosh, Volume VI, and the AppleEvent Registry is a
prerequisite for sending these AppleEvents to LabVIEW from other
applications. You can send these events between two or more LabVIEW
applications by using the utility VIs described in the Sending
AppleEvents section in Chapter 499mmunication Applications in
LabVIEW

The LabVIEW specific AppleEvents are described in later sections, in
a format similar to that used in the AppleEvent Registry.

Replies to AppleEvents
If LabVIEW is unable to perform an AppleEvent, the reply will contain
an error code. If the error is not a standard AppleEvent error, the reply
will also contain a string describing the error. Hreor Codesmanual
summarizes the LabVIEW specific errors that can be returned in a reply
to an AppleEvent.

Event: Run VI

Description

Tells LabVIEW to run the specified VI(s). Before executing this event,
the LabVIEW application must be running, and the VI must be open
(you can open the VI using the Open Documents AppleEvent).
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Event Class

LBVW (Custom events use the Applications creator type for the
event class)

Event ID
GoV| ----

Event Parameters

Description Keyword Default Type

VI or List of VIs| keyDirectObject (---- ) | typeChar (char)
(required)or list of
typeChar (list)

Reply Parameters

Description Keyword Default Type

none
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Possible Errors

Error Value Description

KLVE_InvalidState 1000 | The Vlis in a state that does not
allow it to run.

kLVE_FPNotOpen 1001 The VI front panel is not open.

KLVE_CtrlErr 1002 | The VI has controls on its front
panel that are in an error state.

kLVE_VIBad 1003 | The VI is broken.
KLVE_NotInMem 1004 | The VI is not in memory.
Event: Abort VI
Description

Tells LabVIEW to abort the specified VI(s). Before executing this
event, the LabVIEW application must be running, and the VI must be
open (you can open the VI using the Open Documents AppleEvent).
This message can only be sent to Vs that are executed from the top
level (subVls are aborted only if the calling VI is aborted).

Event Class

LBVW (Custom events use the Applications creator type for the
event class)

Event ID
RsVI
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Event Parameters

Description Keyword Default Type
VI or List of VIs| keyDirectObject (---- ) | typeChar (char)
(required)or list of
typeChar (list)
Reply Parameters
Description Required? Keyword Default Type
none
Possible Errors
Error Value Description
KLVE_InvalidState 1000 The VI is in a state that does nof
allow it to run.
KLVE_FPNotOpen 1001 The VI front panel is not open.
KLVE_NotInMem 1004 The VI is not in memory.

Event: VI Active?

Description

Requests information on whether a specific VI is currently running.

Before executing this event, the LabVIEW application must be running,

and the VI must be open (you can open the VI using the Open
Documents AppleEvent). The reply indicates whether the VI is

currently running.

Event Class

LBVW
event cl

ass)

54-24
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Event ID
VIAC

Event Parameters

Description Keyword Default Type
VI Name keyDirectObject (---- ) | typeChar (char)
(required)

Reply Parameters

Description Keyword Default Type
Active? (required] keyDirectObject (- )| typeBoolean
(bool)
Possible Errors.
Error Value Description
KAEVtErrfFPNotOpen 1001 | The VI front panel is not open.
KLVE_NotInMem 1004 | The VI is not in memory.

Event: Close VI

Description

Tells LabVIEW to close the specified VI(s). Before executing this
event, the LabVIEW application must be running, and the VI must be
open (you can open the VI using the Open Documents AppleEvent).

Event Class

LBVW (Custom events use the Applications creator type for the
event class)
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Event ID
CIVI

Event Parameters

Description

Keyword

Default Type

VI or List of VIs | keyDirectObject

(____

)

typeChar (char)
(required)or list of
typeChar (list)

(not required) (savo)

Save Options keyAESaveOptions

typeEnum (enum)
possible values: ye
and no

[

Reply Parameters

Description Keyword Default Type
none
Possible Errors.
Error Value Description
KAEVtErrFPNotOpen 1001 | The VI front panel is not open.

kKLVE_NotiInMem

1004 | The VI is not in memory.

cancelError

43 The user cancelled the close
operation
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Program to Program
Communication Vls

This chapter describes the LabVIEW VIls for program-to-program
communication (PPC), a low-level form of Apple interapplication
communication (IAC) by which Macintosh applications send and
receive blocks of data.

The following illustration shows thePC VI palette, which you access
by selecting=unctions»Communication»PPC

Get 1D

ERC | CRC I ER
Cpen || Start |[Inform
st

GB%

Riziepk?

JEEA
Fead || Yrhte
Cloge || Close

End
For examples of how to use the PPC Vis, see the examples located in
examples:comm:PPC Examples.lib

Introduction to PPC

PPC is a higher performance protocol than Apple Events because PPC
requires less overhead to transmit information. However, because PPC
does not define the form or meaning of information that it transfers, it
is more complicated to use and many applications do not support it.

LabVIEW ViIs can use PPC to send and receive large amounts of
information between applications on the same computer or different
computers on a network. For two applications to communicate with
PPC, they must both be running and prepared to send or receive
information. To launch an application remotely, you can use the
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AESend Finder Open VI, which is described in AppleEventsection
of Chapter 49Communication Applications in LabVIEW

General PPC Behavior

To communicate using PPC, each application must open a rzorned
over which communication sessions are established, as shown in
Figure 55-1. The application that requests communication islitbe;

and the application with which the client communicates is#reer

The server application makes its availability known by issuing a PPC
Inform Session operation. The client requests a session with the server
application, which can either accept or reject the request. If the server
application accepts the request, then the system establishes a session
and the two applications can send and receive blocks of information
between them. When the applications finish communicating, you
should end the session. You may also want to close the port if you do
not want to establish more sessions with that port.

You use the PPC Open Port VI to open a port for communication. PPC
Open Port returns a port reference number, which you use in subsequent
operations relating to that port. You can have multiple ports open
simultaneously, as long as they each have a different name. Each port
can support multiple sessions.

You can initiate a session using the PPC Start Session VI. You pass PPC
Start Session &arget ID (see theGeneral Apple Event VI Behavior

section of Chapter 54/pple Event Vlsand the port reference number
through which you want to communicate. If the target application
accepts the session, PPC Start Session returns a session reference
number, which you use in subsequent communication for that session.
PPC Start Session also incorporates an authentication (password)
mechanism.

To receive session requests, use the PPC Inform Session VI. You can
configure this VI to accept all requests automatically, or you can decide
whether to accept or reject the request based on the information about
the requesting application that this VI returns. You should accept or
reject the request using the PPC Accept Session VI immediately,
because the other computer waits (hangs) until you accept or reject its
attempt to initiate a session, or until an error occurs.

When a session is established, you can use the PPC Write and PPC Read
VlIs to communicate with the other application. When you are finished
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with a session, you should execute the PPC End Session VI and close
the port using the PPC Close Port VI.

Figure 55-1 illustrates the order in which you use the PPC ViIs.

PP PR
—_ Toolbox Toolbox ﬂ

[«@—— PPC Inform Session

PPC Browser
PPC Start Session
:> PPC Accept
- M)
Session Established Session Established
PPC Write —] PPC Read
Life of PPC Read PPC write Life of
Port
N eor . : > o
Session") N i Life of
You can execute many You can execute many Session
PPC Read and PPC Write PPC Read and PPC Write
Vs for each session Vs for each session
established. <: established.
- PPC End Session PPC End Session

You can establish many You can establish many
sessions for each port opened. sessions for each port opened.
PPC Close Port PPC Close Port

Figure 55-1. PPC VI Execution Order (Used by permission of Apple Computer, Inc.)

PPC VI Descriptions

The following PPC Vls are available.

PPC Accept Session

Accepts or rejects a PPC session request based on the Baotegt?

zession refnum
anoept? (T1 weeed
reject info — 1

B

Reept?

zession refnum output

errar
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You should accept or reject the request using the PPC Accept Session VI immediately,
because the other computer waits (hangs) until the VI accepts or rejects its attempt to
initiate a session or an error occurs.

PPC Browser

For information on the PPC Browser VI, see ChapteApp)e Events V|of this manual.

Close All PPC Ports
Closes all the PPC ports that the PPC Open Port VI opened.

o]

port refrum Close errar

Closing a port terminates all outstanding calls associated with the port with a
portClosedErr (error —916).

You can use the Close All PPC Ports to handle abnormal conditions that leave ports open.
An example of an abnormal condition is when a VI is aborted before it can terminate
normally and close the PPC port. You can use the Close All PPC Ports VI during VI
development, when such mistakes are more likely to be made, or as a precaution at the
beginning of any program that opens ports.

PPC Close Port
Closes the specified PPC port.

SS

Cloze

patt Fefnum arFat

Closing a port terminates all outstanding calls associated with the port with a
portClosedErr (error —916).

PPC End Session

Ends the specified PPC session.

F¥E)

Fezsion refnumm arrar
End

Ending a session causes all outstanding calls associated with the session (PPC Read and
PPC Write calls) to finish with a sessClosedErr (error -917).
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Get Target ID
For information on the Get Target ID VI, see ChapterApple Event Visof this manual.

PPC Inform Session
Waits for a PPC session request.

port Fefrumn ﬁ@ session refnumm
autornatically accept (T) - B initiator’s target 1D

Ihfn:lrn'; .
timeout ticks (0 no tireout) — %r’equegt info
errar

PPC Open Port

Opens a port for PPC communication and returns a unique port reference nuptrér in
refnum. You can use a single port for multiple sessions.

portMarne ﬁ@
alias location name ~remm Open

network visible (falze) -’

part refriurm

errar

When opening a port using PPC Open Port, you must spepifytdlame cluster.

artMNarne
myra——

was registered
on network

=
alias location narne

network
wigible

(falze)

Refer to the LabVIEW online help for more information on this VI.
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PPC Read

Reads a block of information from a specified session. If a timeout occurs or the VI aborts
before completing execution, the port tpatt refnum represents closes.

session refrum 5 g data bytes
n bytes to read e o dats infa
timeout ticks (0 no timeaut) = EFFOF

poll wait (10 ms) —

PPC Read executes asynchronously by starting to read the specified data and then polling
until the read is finished.

PPC Start Session

Attempts to start a session with the application specifiethiget ID through the

specified port. If a timeout occurs or the VI aborts before completing execution, the port
represented bport refnum closes.

timeout ticks (0 no tirmeout) —
port refnum @ @ zegzzion refium
usertggt?gt(é% ' reject info
; Start
Allow Drialog Crge) e BFOF
praompt

PPC Write

Writes a block of information to the specified session. If a timeout occurs or the VI aborts
before completing execution, the port representeddsyrefnum is closed. PPC Write
executes asynchronously by starting to write the specified data and then polling until the
write is finished.

tireout ticks (0 : no tirmeout) —

=zezsion refium :
@ @ length written
data bytes = ' ?

data info r Hrite errar

e e
poll wait (10 ms)
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This appendix contains tables that summarize the analog and digital
I/O capabilities of National Instruments data acquisition (DAQ)
devices. The devices in this appendix are grouped into categories. The
DAQ device categories for these tables include the following.

* MIO and Al Devices

 Laband 1200 Series and Portable Devices
» 54xx Series Devices

e SCXI Modules

« Dynamic Signal Acquisition Devices

* Analog Output Only Devices

» Digital Only Devices

e Timing Only Devices

e 5102 Devices Hardware Capabilities

Note: (Macintosh) When a NuBus device indicates it supports DMA transfers, a
DMA device (such as an NB-DMA2800) is also required.
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MIO and Al Device Hardware Capabilities

Table A-1. Analog Input Configuration Programmability—MIO and Al Devices

Device Gain Range Polarity SE/DIFF Coupling
All MIO-E Series Devices By Channel By Channel By Channel | By Channel DC
All Al-E Series Devices
AT-MIO-16F-5 By Channel By Group By Group By Group DC
AT-MIO-64F-5 By Channel By Channel By Channel | By Channel DC
AT-MIO-16X
AT-MIO-16/16D By Channel By Device By Device By Device DC
NB-MIO-16
NB-MIO-16X

“By device” means you select the value of a parameter with hardware
jumpers, and the selection affects any group of channels on the device.
“By group” means you program the selection through software, and the
selection affects all the channels used at the same time. “By channel”
means you program the selection with hardware jumpers or through
software on a per channel basis. When a specific value for a parameter
is shown, that parameter value is fixed.

Table A-2. Analog Input Characteristics—MIO and Al Devices (Part 1)

Number of Range (V)1 Input FIFO
Device Channels Resolution Gains1 (words) Scanning2
AT-MIO-16E-1 16SE, 8DI 12 bits 0.5,1,2,| #5,0to10 512; E-1: Up to 512
AT-MIO-16E-2 5, 10, 20, 8,192; E-2 and
AT-MIO-16E-10 50, 100 E4: 2,048
AT-MIO-16DE-10
NEC-MIO-16E-4
PCI-MIO-16E-1
PCI-MIO-16E-4
NEC-AI-16E-4
AT-MIO-64E-3* 64SE, 32Dl 12 bits 0.5,1,2,| #5,0to10 2,048 Up to 512
5, 10, 20,
50, 100
PCI-MIO-16XE-10 16SE, 8DI 16 bits 1,2,5, +10,0to 10| 512 Up to 512
10, 20,
50,100
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Table A-2. Analog Input Characteristics—MIO and Al Devices (Part 1) (Continued)

Number of Range (V)l Input FIFO
Device Channels Resolution Gainsl (words) Scanning2
NEC-MIO-16XE-50 16SE, 8Dl 16 bits 1, 2,10, +10,0to 10| 512 Up to 512
NEC-AI-16XE-50 100
AT-MIO-16XE-50
DAQPad-MIO-16XE-50
PCI-MIO-16XE-50
AT-MIO-16F-5 16SE, 8Dl 12 bits 0.5,1,2,|] 45,+10,0to| 16F-5: 256; Up to 512
AT-MIO-64F-5** 64SE, 32Dl 5,10,20,, 10 64F-5: 512
50, 100
AT-MIO-16X 16SE, 8Dl 16 1,2,5, +10,0to 10| 512 Up to 512
10, 20,
50, 100
AT-MIO-16(L) 16SE, 8DI 12 (L)1,10,| #5,#10,0to| 16 (L,H); Upto 16
AT-MIO-16(H) 100, 10 512 (DL, DH)
AT-MIO-16D(L) 500; (H):
AT-MIO-16D(H) 1,2,4,8
NB-MIO-16 16SE, 8Dl MIO-16: (L)1,10,| #10,+5,0to| 16;MIO-16, Up to 16;
NB-MIO-16X 12; 100, 10,0to 5 Rev. G: MIO-16:
MIO-16X: 500; (H) 512 groups of 2,
16 1,2,4,8 4,8, and 16

1You can determine the limit settings of your device by multiplying the range and the voltage values together. For more
information on limit settings in LabVIEW, refer to the Basics LabVIEW Data Acquisition Concepts chapter in the LabVIEW
Data Acquisition Basics Manual.

2Scanning = channels, in any order.

*The valid channels for the AT-MIO-64E-3 in Differential Mode are 0-7, 16-23, 32-39, and 48-55.

**The valid channels for the AT-MIO-64F-5 in Differential Mode are 0-7 and 16-39.
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AT-MIO-16E-10
AT-MIO-16DE-10

E-10 and DE-10: 100 k

Appendix A DAQ Hardware Capabilities
Table A-3. Analog Input Characteristics—MIQO and Al Devices (Part 2)

Device Triggers1 Max Sampling Rate (S/s) Transfer Method
AT-MIO-16E-1 SW, Pre, Post, (and E-1:. 1 M, DMA, interrupts
AT-MIO-16E-2 Analog on E-1, E-2, E-2 and E-3: 500 k,

AT-MIO-64E-3 E-3, and E-4 only) E-4: 250 k,

PCI-MIO-16E-1
PCI-MIO-16XE-10
NEC-AI-16E-4
NEC-MIO-16E-4
PCI-MIO-16E-4
All MIO-16XE-50 Devices SW, Pre, Post 20k DMA, (interrupts on
NEC-AI-16XE-50 DAQPad-MIO-16XE-50)
AT-MIO-16F-5 SW, Pre, Post 200 k DMA, interrupts
AT-MIO-64F-5
AT-MIO-16X SW, Pre, Post 100 k DMA, interrupts
AT-MIO-16/16D
NB-MIO-16 SW, Post 111 k (L-9 or H-9), DMA, interrupts

67 k (L-15 or H-15),

40 k (L-25 or H-25)
NB-MIO-16X SW, Post 55 k (L-18 or H-18), DMA, interrupts

24 k (L-42 or H-42)

1 sw=software Triggering (also called conditional retrieval), Pre=Pretrigger, Post=Posttrigger.

Note:

For NB-MIO devices, software triggering is actually done in the interrupt
service routine (interrupts only) and is different than conditional retrieval.
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DAQ Hardware Capabilities

Table A-4. Analog Output Characteristics—MIO and Al Devices

Device

Channel Numbers

DAC Type

Output Limits

Update Clocks

Waveform Grouping

Transfer Method

All MIO-16E Devices
AT-MIO-16DE-10
AT-MIO-64 E-3
AT-MIO-16XE-50
DAQPad-MIO-16XE-50
PCI-MIO-16E-1
PCI-MIO-16E-4
PCI-MIO-16XE-50

o
N

12-bit double
buffered

(E-1, E-2,
64E-3, and E-4
2 K FIFO)

0to 10, %10,
+Vref, 0 to
Vref (only
+10 on XE-50
devices)

Update clock
1 or external
update.

0,1,0r0
and 1

DMA,
interrupts

PCI-MIO-16XE-10

16-bit

£10,
0to 10

AT-MIO-16F-5
AT-MIO-64F-5

12-bit double
buffered
(64F-5: 2K
FIFO)

0to 10, 10,
+Vref, 0 to
Vref

Update clock
1is first
available of
ctr5,2,1or
external
update.
Default is 5.
Timebase
signalrangei
5,000,000,
1,000,000,
100,000,
10,000,
1,000, and
100.

0,1,0r0
and 1

DMA,
interrupts

AT-MIO-16X

16-bit double
buffered
(2 K FIFO)

+10, O to 10,
+Vref, 0 to
Vref

Update clock
1is first
available on
ctrb5,2,1,or
external
update.
Timebase
signalrangei
5,000,000,
1,000,000,
100,000,
10,000,
1,000, 100.

0,1,0r0
and 1

DMA,
interrupts
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Table A-4. Analog Output Characteristics—MIO and Al Devices (Continued)

Device

Channel Numbers
DAC Type

Output Limits
Update Clocks
Waveform Grouping
Transfer Method

AT-MIO-16/16D

o
-

12-bit double 0to 10, +10, | Update clock| 0,1,0r0 | Interrupts
buffered +Vref, 0 to lisctr2 or and 1
Vref external
update.
Timebase
signalrangei
1,000,000,
100,000,
10,000,
1,000, and
100.

NB-MIO-16/16X 0,1 MIO-16: 0to 10, +10, | Update clock| 0,1,0r0| MIO-16:
12-bit ; +Vref, 0 to 1, external and 1 DMA;
MIO-16X: Vref update MIO-16X:
12-bit double (MIO-16X DMA,
buffered only). interrupts
Timebase
signalrangei
1,000,000,
100,000,
10,000,
1,000, and
100.
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Table A-5. Digital /0 Hardware Capabilities—MIO and Al Devices

Port Port Handshake DIO Transfer
Device Type | Numbers Modes Direction Clocks Method
All MIO-16 Devices 4-bit 0,1 No handshaking Read or write] None Software
AT-MIO-16D ports polling
AT-MIO-64F-5
All MIO-16E Devices 8-bit 0 No handshaking Bit-wise None Software
All NEC-E Series Devices ports direction polling
AT-MIO-64E-3 control
AT-MIO-16DE-10"
AT-MIO-16XE-50
DAQPad-MIO-16XE-50
PCI-MIO-16XE-50
AT-MIO-16Dl 8-bit 2,3 Handshaking orf Read or write] None Interrupts
AT-MIO-lGDE-lO1 ports or off port 2 may be
bi-directional
8-bit 4 No handshaking Read or write] None Software
ports Unusable if port polling
2 or 3uses
handshaking

1 These devices appear more than once in this table, because they have enhanced digital functionality.
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Table A-6. Counter Characteristics—MIO and Al Devices

s | Be 2 =

3 ! g B = “

= |&5 2 g2l 2 |38 g
Device £ S Z 0 2 ) z| B d

O [T @ o k] u.> =

= c 0 . <} |l =2 a

Q L O © ) s 5 - Q

5 = 5 2 P al 28 £

S — 3 £ IS 3 o F= =]

[=} © o £ = © = > > [e}

[©) # O = =z O] o o< ®)

E Series Devices | DAQ-STC| 2 2 internal: 20 24 rising-edge, 2 up or down,
MHz or 100 falling-edge, can be SW- or
kHz; external high-level, HW-controlled

low-level

AT-MIO-16F-5 Am-9513 3 S5or6internal:§ 16 | rising-edge, 2| TC Up

AT-MIO-64F-5 MHz (only on falling-edge, pulse

AT-MIO-16/16D CTR2 of 16F-5, high-level, orTC

NB-MIO-16/16X 64F-5, and low-level toggle
AT-MIO-16X),

1 MHz, 100
kHz, 10 kHz, 1
kHz, 100 Hz;
external
1SW = Software; HW = Hardware.
Table A-7. Counter Usage for Analog Input and Output—NMIO and Al Devices
Counter Chip | Al Channel Al Sample
Device name Used Clock Counter Al Scan Clock | AO Update Clock

E Series Devices DAQ-STC The DAQ-STC chip uses dedicated clocks for these purposes.

AT-MIO-16F-5 Am9513 Ctr3 Ctr4 (& 5)1 Ctr 2 (or 1? Ctr5,2o0r1

AT-MIO-64F-5

AT-MIO-16X

AT-MIO-16/16D Am9513 Ctr 3 Ctr4 (& 5)1 Ctr 2 (or 1? Ctr 2 (and via

NB-MIO-16X DMA for

NB-MIO-16X)

NB-MIO-16 Am9513 ctr3 ctr4 (& 5)t None (or 1% (via DMA)

1 If the total number of samples is less than 65535, only the first counter is used. If the number of samples exceeds 65536,
the first counter is used together with the second counter as a 32-bit sample counter.

2 Ctr 2 (or no counter for NB-MIO-16) is used for normal scanning operations, and Ctr 1 is used for AMUX-64T and SCXI
hardware scanning.
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Lab and 1200 Series and Portabhle Devices Hardware
Capabilities

Table A-8. Analog Input Configuration Programmability—Lab and 1200 Series and Portable Devices

Device Gain Range Polarity SE/DIFF Coupling
Lab-LC By group By device By device SE DC
Lab-NB
Lab-PC+ By group By group By device By device DC
SCXI-1200 By group By group By group By group DC

DAQPad-1200
DAQCard-1200

PCI-1200
DAQCard-500 1 Only 1 range available Bipolar SE DC
DAQCard-516/PC-5| 1 Only 1 range available Bipolar By group DC
16
DAQCard-700 1 By group Bipolar By group DC
PC-LPM-16 1 By device Bipolar SE DC

Note: “By device” means you select the value of a parameter with hardware

jumpers, and the selection affects any group of channels on the device. “By
group” means you program the selection through software, and the
selection affects all the channels used at the same time. “By channel”
means you program the selection with hardware jumpers or through
software on a per channel basis. When a specific value for a parameter is
shown, that parameter value is fixed.
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Table A-9. Analog Input Characteristics—Lab and 1200 Series and Portable Devices (Part 1)

Number of Resolution Input FIFO

Device Channels (bits) Gainsl Range (V)1 (samples)
Lab-LC 8SE 12 1,2,5,10,20,50,1¢ #5,0to 10 16
Lab-NB
Lab-PC+ 8SE, 4Dl 12 1,2,5,10 20, 50, 10, +5,0to 10 2,048;
SCXI-1200 Lab-PC: 512
DAQPad-1200
DAQCard-1200
PCI-1200
DAQCard-500 8SE 12 1 +5 16
DAQCard 516 8SE,4DI 16 1 +/-5 512
PC516
DAQCard-700 16SE, 8DI 12 1 +10, 5, £2.5 512
PC-LPM-16 16SE 12 1 +5,+2.5,0t0 10; 16

Oto5

1 You can determine the limit settings of your device by multiplying the range and the voltage values together. For more
information on limit settings in LabVIEW, refer to the Basics LabVIEW Data Acquisition Concepts chapter in the LabVIEW
Data Acquisition Basics Manual.

Table A-10. Analog Input Characteristics—Lab and 1200 Series and Portable Devices (Part 2)

Max
Sampling Transfer

Device Scanning Triggers Rate (S/s) Method
Lab-LC Any single channel; for Software trigger, pretrigger, a  62.5 k Interrupts
Lab-NB multiple channelsiN posttrigger with digital trigger

through 0, wher&l<=7

Lab-PC+ Any single channel; for Software trigger, pretrigger, arf 100 k; Interrupts;
SCXI-1200 multiple channels, N posttrigger with digital trigger | Lab-PC+: Lab-PC+:
DAQPad-1200 through 0, where N<=7. 83 k Interrupts,
DAQCard-1200 DMA
DAQCard-500 Any single channel; for Software trigger only 50 k Interrupts
DAQCard 516 multiple channels, N
PC-516 through 0, where N<=7
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Table A-10. Analog Input Characteristics—Lab and 1200 Series and Portable Devices (Part 2) (Continued)

Max
Sampling Transfer
Device Scanning Triggers Rate (S/s) Method
DAQCard-700 Any single channel; for Software trigger only 100 k Interrupts
multiple channels, N
through 0, where N#15
PC-LPM-16 Any single channel; for Software trigger only 50 k Interrupts
multiple channels, N
through 0, where N#15

Table A-11. Analog Output Characteristics—Lab and 1200 Series and Portable Devices

Output
Channel DAC Limits Waveform Transfer
Device #s Type V) Update Clocks Grouping Methods
Lab-NB 0,1 12-bit 0to 10,#5| Update clock 1 is 0,1,or0and| Interrupts
Lab-LC double- ctrA2 or external
buffered update; timebase is 1
MHz or ctrBO
Lab-PC+ 0,1 12-bit 0to 10,£#5| Update clock 1 is 0,1,or0and| Interrupts
SCXI-1200 double- ctrA2 or external
DAQPad-1200 buffered update; timebase
DAQCard-1200 signal range is
PCI-1200 1,000,000, 100,000,
10,000, 1,000, and 1
Note: The DAQCard-516 and PC 516 devices do not have analog output.
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Table A-12. Counter Usage for Analog Input and Output—Lab Series and Portable Devices

Counter Al Channel Al Sample Al Scan AO Update

Device Name Chip Used Clock Counter Clock Clock
Lab-NB, Lab-LC 82C53 Ctr AO (& BO)1 Ctr A1 None Ctr A2
Lab-PC+, DAQPad-1200, 82C53 Ctr AO (& BO)1 Ctr A1 Ctr B1 Ctr A2
SCXI-1200, DAQCard-1200,
PCI-1200
DAQCard-500, DAQCard-700, 8254 Ctro (software) None None
DAQCard 516 82C54 Ctr0 SwW None None
PC-516
PC-LPM-16 82C53 Ctr0 (software) None None

1 The second counter is used as an extended timebase for timed analog input or output when sample interval exceeds
65.535 ms.

Table A-13. Digital I/0 Hardware Capabilities—Lab and 1200 Series and Portable Devices

Port Port Handshake DIO Transfer
Device Type Numbers Modes Direction Clocks Method
Lab-NB 8-bit 0,1 Handshaking on| Read or write, None Interrupts
Lab-LC port or off port 0 may be
Lab-PC+ bidirectional
SCXI-1200
DAQCard-1200
DAQPad-1200
PCI-1200
8-bit 2 No handshaking] Read or write None Software
port unusable if port ( polling
or 1 uses
handshaking
PC-LPM-16 8-bit 0,1 No handshaking| O: read or write | None Software
ports polling
DAQCard-500 4-bit 0,1 No handshaking| O: write, 1: read| None Software
ports polling
DAQCard-700 8-bit 0,1 No handshaking| O: write, 1: read| None Software
ports polling
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54xx Devices

Table A-14. Analog Output and Digital Output Characteristics—54XX Series Devices

Characteristics AT-5411, PCI-5411
Channel Numbers 0
Maximum Update Rate 40 MHz.
Update Interval 1 to 65535.
DAC Type 12-bit, double buffered.
Output Limits (V) +5 into 500 load
(Internal reference only) +10 into unterminated (high input impedance) load.
Update Clocks Update clock 1.
Triggers Onrising TTL edge, at trigger input connector or RTSI pin. Can

be also generated internally by software.

RTSI Trigger Bus Yes
Digital Outputs 16-bits with clock signal
Waveform Grouping 0

Waveform Memory Depth

-ARB Mode 2,000,000 16-bit samples (standard)
-Direct Digital Synthesis (DDS) Mode 16,384 16-bit samples maximum
Maximum Waveform Stages 290
Buffer Numbers 1 to 1,000.
Buffer Iterations 1to 65,535
Buffer Sample Count 256 samples minimum
-ARB Mode Memory depth maximum

Note: Buffer size should be a multiple of 8 samples.

- DDS Mode Must be equal to 16,384 samples. If you load less number| of
samples then you will see the contents of unfilled sections|of
memory also appearing in the waveform generation.

Marker Output TTL level, One available for every stage
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Table A-14. Analog Output and Digital Output Characteristics—54XX Series Devices (Continued)

Characteristics AT-5411, PCI-5411
DDS Accumulator Size 32-bit
Maximum Output Frequency 16 MHz
Output Frequency Resolution (DDS Mode only) 9.31 mHz
Output Attenuation (after the DAC) 0 through 74.000 dB (Decibels) in 0.001 dB steps
SYNC Output Duty Cycle (% High) TTL level, 20% to 80%.
PLL Reference Clock 1 MHz, 10 MHz or 20 MHz
Output Enable software switchable to ON or OFF
Output Impedance 500 or 7% (video), software selectable
Low-Pass Filter 16 MHz, software switchable to ON or OFF
Digital Half-Band Interpolating Filter 80 MSPS, software switchable to ON or OFF
Trigger Operation Modes Single, Continuous, Stepped and Burst
Note: Refer to your hardware user reference manual for default settings of your
device.
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Table A-15. Counter/Timer Characteristics -- Lab and 1200 Series and Portable Devices
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Lab-NB 8253 | 3 (2 with Internal: 16| high-level 3 Refer to down
Lab-LC SOURCE 1 MHz; or ICTRControl
Lab-PC+ input at I/0| (PC-LPM-1 rising-edgel VIdescription
SCXI-1200 Connector)| 6: only on depending on modes in
DAQCard-1200 CTRBO) on output Chapter 19,
DAQPad-1200 external mode Advanced
PC-LPM-16 Counter Vis.
PCI-1200
DAQCard-500 8254 | 3 (2 with Internal: 16| high-level 3 (2 for Refer to down
DAQCard 516 SOURCE 1 MHz only or DAQCard| ICTRControl
DAQCard-700 input at I/O| on CTRBO; rising-edgel -500) VIdescription
PC-516 Connector)| external depending on modes in
on output Chapter 19,
mode Advanced
Counter Vis.
SCXI Module Hardware Capabilities
Table A-16. Analog Input Characteristics—SCXI Modules (Part 1)
Input
Number of Voltage Excitation
Module Channels |Range (V) Gainsl Filter 1 Channel Mode Support
SCXI-1100 32Dl +10 1,2,5,10,20,| lowpass filter| — multiplexed
50, 100, 200, (or no filter)
500, 1,000, with 10 kHz or
2,000 4 Hz cutoff
(SW/M)1 frequency
@asmt
SCXI-1102 32 DI +10 1,100 (SW/C;} 1Hzlowpass | — multiplexed
on each
channel
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Table A-16. Analog Input Characteristics—SCXI Modules (Part 1) (Continued)
Input
Number of Voltage Excitation
Module Channels | Range (V) Gains1 Filter 1 Channel Mode Support
SCXI-1120 8 DI 5 1, 2,5, 10, 20,| lowpass filter SCXI-1121 multiplexed or
SCXI-1121 (SCXI-1120) 50, 100, 200, with 10 kHz or| only: 4 parallel
4 DI 500, 1,000, anq 4 Hz cutoff voltage or
(SCXI-1121) 2,000 frequency current
@sicH @3s/cy excitation
Jsict
(channels)
SCXI-1120D 8 DI 15 0.5,1,25,5, 4,500, SCXI-1121 multiplexed or
(SCXI-1120) 10, 25, 50, 100| 24,500 Hz only: 4 parallel
4 DI 250, 500, 1,00 voltage or
(SCXI-1121) current
excitation
Jsict
(channels)
SCXI-1122 16 Dlor8DI| %10 0.01, 0.02, lowpass filter 8 voltage or multiplexed
and 8 0.05,0.1, 0.2, | with 4kHz or 4| current
excitation 0.5,1,2,5,10{ Hz cutoff excitation
SW/M1 20, 50, 100, frequency channels in
channels 200, 500, 4-wire
1,000, 2,000 scanning
swimyt mode
SCXI-1140 8 DI, sample| +10 1, 10, 100, 200, none — multiplexed or
and hold 500 parallel
os/cyt
SCXI-1141 8 DI 5 1, 2,5, 10, 20,| ellipticlowpasy — multiplexed or
50, 100 filter with parallel
(swic 10Hz to 25KHZ
cutoff
frequenc
(swimyt
(disabled on a
per channel
basis)

1 DS/C = dip switch-selectable per channel, JS/C = jumper-selectable per channel, JS/M = jumper-selectable per module,

SWIC = software-selectable per channel, SW/M = software-selectable per module

2 The SCXI-1141 has an automatic filter setting. LabVIEW sets the filter frequency based on the scan rates used with the

module.
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Table A-17. Analog Output Characteristics—SCXI Modules

DAQ Hardware Capabilities

Module Number of
Channels Output Voltage Range (V or mA) Mode Support
SCXI-1124 6 voltage or 0tol, 0to 5, 0to 131, 5, +10 (software-selectable) multiplexed
current or 0to 0.20 mA
Table A-18. Relay Characteristics—SCXI Modules
Number of Latched or
Module Channel Non-latched Start-up Relay Position1 Mode Support
SCXI-1160 16 Latched Leave relays in the position at power-down.| multiplexed
SCXI-1161 8 Non-latched Switch to the Normally Closed (NC) position] multiplexed
when the hardware reset is set on the modu

1 You can set or reset each SCXI relay individually without affecting other relays, or you can change all of the relays

at once.
Table A-19. Digital Input and Output Characteristics—SCXI Modules
Module Type of Module Number of Channels1 Input Voltage Range Mode Support

SCXI-1162 Input 32 (optically-isolated)) Oto5V Parallel support—when
connected to a DIO-24,
DIO-96, or DIO-32F
device. Multiplexed
support with any DAQ
device supporting SCXI

SCXI-1162HV | Input 32 (optically-isolated)] AC or DC signals uf Parallel support—when

to £240 V connected to a DIO-24,

DIO-96, or DIO-32F
device. Multiplexed
support with any DAQ
device supporting SCXI
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DAQ Hardware Capabilities

Table A-19. Digital Input and Output Characteristics—SCXI Modules (Continued)

Module

Type of Module

Number of Channelsl

Input Voltage Range

Mode Support

SCXI-1163

Output

32 (optically-isolated)

Oto5V

Parallel support—when
connected to a DIO-24,
DIO-96, or DIO-32F
device. Multiplexed
support with any DAQ
device supporting SCXI

SCXI-1163R*

Output

32 (optically-isolated)

+240 V

Parallel support—when
connected to a DIO-24,
DIO-96, or DIO-32F
device. Multiplexed
support with any DAQ
device supporting SCXI

1

Table A-20. Terminal Block Selection Guide—SCXI| Modules

Functionally equivalent to the SCXI-1163, but incorporates solid-state relays in place of digital outputs.

SCXI Module Terminal Blocks Cold-Junction Compensation Sensor (CJC)
SCXI-1100 SCXI-1303 Thermistor
SCXI-1102 SCXI-1300 IC Sensor
SCXI-1120 SCXI-1320 IC Sensor
SCXI-1121 SCXxI-1321¢ IC Sensor

SCXI-1327 Thermistor
SCXI-1328 Thermistor
SCXI-1122 SCXI-1322 Thermistor
SCXI-1124 SCXI-1325 —
SCXI-1140 SCXI-1301 —
SCXI-1304 —
SCXI-1141 SCXI-1304 —
SCXI-1160 SCXI-1324 —
SCXI-1161 None—screw terminals located in —
module.
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Table A-20. Terminal Block Selection Guide—SCXI Modules (Continued)

SCXI Module Terminal Blocks Cold-Junction Compensation Sensor (CJC)
SCXI-1162 SCXI-1326 —
SCXI-1162HV
SCXI-1163
SCXI-1163R
SCXI-1180 SCXI-1302 —
SCXI-1181 SCXI-1300 IC Sensor
SCXI-1301 —
SCXI-1200 SCXI-1302 —
CB-50 —

1scxI-1121 only

Table A-21. Analog Input Configuration Programmability

Device Gain Coupling
5102 devices by channel by channel
Table A-22. Analog Input Configuration Programmability
Number of Input FIFO
Device Channels Resolution Gains Range (V) (words) Scanning

5102 devices| 2 8 bits 1,5, 20, 100 +/-5 663546 lor2
channels in
any order
without
repetitions

Note: “By device means you select the value of a parameter with hardware
jumpers, and the selection affects any group of channels on the deVigg.
group” means you program the selection through software, and the
selection affects all the channels used at the same tifisy. channel’

means you program the selection with hardware jumpers or through
software on a per channel basis. When a specific value for a parameter is

shown, that parameter value is fixed.
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Analog Output Only Devices Hardware Capabilities

Table A-23. Analog Output Characteristics--Analog Output Only Devices

Output Waveform Transfer
Device Channel #s DAC Type Limits (V) Update Clocks| Grouping Method
AT-AO-6 0 through 5,§ 12-bit +10,+Vrefl, 0| Update clock| For update Update clock
AT-AO-10 through 9* double-buffer| to 10, 0 to lisctrO or clock 1 1 channels:
NB-AO-6 ed Vrefl, 4 to 20{ external channels are | DMA,
with1 KFIFO| mA, 4 to update. any one interrupts;
for update Update clock| channeN or update clock 2
clock 1 1channels ar{ set of channe| channels:
channels 0,1,2,3,4,5 pairs:0ON;for| interrupts
6*, 7*, 8%, 9*, | update clock 2
Oto1,0to 3, channelsare
0to5,0to 7%, 2-N, same
0 to 9*. rules as above
Update clock| N#6, N#10*
2 is ctrl.
Update clock
2 channels ar
2,3,4,5, 6%
7*, 8% 9% 2t0
3,2t05,2to
7*, 210 9%;
timebase
signal range ig
1,000,000,
100,000,
10,000,
1,000, 100
PC-AO-2DC | 0,1 0to 10, %5,
(Plug and 0-20mA sink
Play) software-sele
table
DAQCard-A 0,1 0to 10, %5,
0-2DC 0-10mA sink
software-sele
table

*AT-AO-10 only
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Dynamic Signal Acquisition Devices Hardware
Capabilities

Table A-24. Analog Input Configuration Programmability—Dynamic Signal Acquisition Devices

Device Gain Range (V) Polarity SE/DIFF Coupling
EISA-A2000 1 +5 Bipolar SE By channel
NB-A2000
NB-A2100 1 +2.828 Bipolar SE By group
AT-DSP2200
NB-A2150 1 +2.828 Bipolar SE By channel pair 0 and 1,2
AT-A2150 and 3
Note: “By device” means you select the value of a parameter with hardware

© National Instruments Corporation A-21

jumpers, and the selection affects any group of channels on the device. “By
group” means you program the selection through software, and the
selection affects all the channels used at the same time. “By channel”
means you program the selection with hardware jumpers or through
software on a per channel basis. When a specific value for a parameter is
shown, that parameter value is fixed.
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Table A-25. Analog Input Characteristics—Dynamic Signal Acquisition Devices

X%)
[0}
c
c
8 o
O £
Device “é é S g _ " ) %g 5 o
£ 13| & | =8 2 £ ©s | 28
E | 8 § | 28 2 g g5 €3
P 14 o £ [ (9] = ==
EISA-A2000 4 SE 12 +5 EISA Software trigger,| 0,1,2,3,0/ 1M DMA,

NB-A2000 bits 512; pretrigger, and and 1, 2 andg interrupts|
NB: posttrigger with 3,0to0 3.
1,024| digital or analog
triggering and
posttrigger delay

NB-A2100 2SE | 16 +2.828| 32 Software trigger,| A2150: 2100: DMA,
NB-A2150 bits pretrigger, and 0,1,2,3,0 48k, 2150: interrupts
posttrigger with and1l,2anq 24Kk,
digital or analog | 3, 0to 3; 2150C:

triggering A2100: 48 k,
0,1,0and] 2150S:
51.2 k
AT-A2150 4 SE 16 +2.828| — Software trigger,| 0, 1, 2,3,0|{ 2150: DMA,
bits pretrigger, and and1,2anq 24k interrupts|
posttrigger with 3,0and 3 2150:
digital or analog 51.2k
triggering
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DAQ Hardware Capabilities

Table A-26. Digital Hardware Capabilities—Digital I/0 Devices

Port Transfer
Device Type Port #s | Handshake Modes Direction DIO Clocks Method
AT-DIO-32F 8-bit 0,1,2,| 8-bitport Read or write Two DMA for each
NB-DIO-32F ports 3 Handshaking on clocks group; dual
or off; extensive available channel DMA for|
handshaking 16-bit groups
modes with containing port g
variable
timebase
2-bit 4 No handshaking | Read or write None Software polling
ports
PC-DIO-24 8-bit 0,1 Handshaking on | Read or write, None Interrupts
NB-DIO-24 port or off port 0 may be
DAQCard-DIO-24 bidirectional
8-bit 2 No handshaking;| Read or write None Software polling
port unusable if port O
or 1 uses
handshaking
PC-DIO-96 8-bit 0,1, 3,/ Handshakingon| Read or write, None Interrupts
PCI-DIO-96 port 4,6,7, oroff ports 0, 3, 6, an
NB-DIO-96 9,1 9 may be
bidirectional
8-bit 2,5,8,| No handshaking;| Read or write None Software polling
port 11 unusable if port A
and B of the 8254
chip use
handshaking
PC-OPDIO-16 (Plug | Opti- 0,1 — Port 0 is output| None Programmed 1/Q
and Play) cally- (write); port 1 is
isolated input (read)
8-bit
port
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Timing Only Devices Hardware Capabilities

Table A-27. Digital Hardware Capabilities—Timing Only Devices

Port Port Handshake DIO Transfer
Device Type Numbers Modes Direction Clocks Method
PC-TIO-10 8-bit 0,1 No handshaking | Bit-wise direction| None Software
NB-TIO-10 ports control polling

Table A-28. Counter/Timer Characteristics—Timing Only Devices

© o )
(%2} = Q
o Q © Q
235 K] ] e
S T > T c
oz > < = %] o
Device £ ® Z - 4 Sl 3 8
© S 4 3 8 < S 2
el c £ 0 n o o =35 a
o o Q g = S S = @ -
53 25 2 @ v 2l 22 | €
SR SlS] £ o o 5 58 5]
0> # O [ 3 ] o o< o
PC-TIO-10 Am-9513| 10 (8 have Internal: 5 MHz 16| high-level, 10| TC Up or
NB-TIO-10 SOURCE (only on CTR5 and low-level, pulse, Down
inputs atthg CTR10), 1 MHz, rising-edge, TC
110 100 kHz, 10 kHz, falling-edge toggle
connector) 1 kHz, 100 Hz;
external
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5102 Devices Hardware Capabilities

Table A-29. Analog input configuration programmability

Device Gain Coupling

5102 devices by channel by channel

Table A-30. Analog input characteristics

Number Input FIFO

Device of Channels Resolution Gains Range (V) Words) Scanning

5102 2 8 bits 1,5, 20, 100 +/-5 663,000 1or2channelg,

devices| in any order
without
repetitions

Table A-31. Analog input characteristics, Part 2
Device Triggers Maximum Sampling Rate (S/s)

5102 devices SW, Pre, Post, Analog 20,000,000 real time
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Multiline Interface
Messages

This appendix lists multiline interface messages, which are commands
that IEEE 488 defines. Multiline interface message manage the GPIB—
they perform tasks such as initializing the bus, addressing and
unaddressing devices, and setting device modes for local or remote
programming. These multiline interface messages are sent and received
with ATN TRUE. The following list includes the mnemonics and
messages that correspond to the interface functions.

For more information on these messages, refer to the ANSI/IEEE
Standard 488.1-198TEEE Standard Digital Interface for
Programmable Instrumentation

Hex | Oct | Dec | ASCII Hex | Oct | Dec | ASCII
00 | 000| O NUL 20 040| 32 | SP
01 001| 1 SOH 21 041| 33 !
02 002| 2 STX 22 042 34 | "
03 | 003| 3 ETX 23 043| 35 | #
04 004| 4 EOCT 24 044| 36 | $
05 005| 5 ENQ 25 045 37 | %
06 006| 6 ACK 26 046 38 | &
07 007| 7 BEL 27 047| 39 |
08 | 010| 8 BS 28 050| 40 | (
09 011 9 HT 29 051| 41 | )
OA | 012| 10 | LF 2A 052| 42 | *
0B 013| 11 | VT 2B 053| 43 +
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Hex | Oct | Dec| ASCII Hex | Oct | Dec | ASCII
oC 014| 12 | FF 2C 054| 44 ,
0D 015| 13 | CR 2D 055| 45 -
OE 016| 14 | SO 2E 056| 46
OF 017 15 | SI 2F 057 47 | |/
10 020| 16 | DLE 30 060| 48 | O
11 021| 17 | DC1 31 061| 49 1
12 022| 18 | DC2 32 062| 50 2
13 | 023| 19 | DC3 33 063| 51 | 3
14 024| 20 | DC4 34 064 52 | 4
15 025| 21 | NAK 35 065| 53 5
16 026| 22 | SYN 36 066 54 | 6
17 027 23 | ETB 37 067| 55 7
18 | 030| 24 | CAN 38 070| 56 | 8
19 031| 25 | EM 39 071| 57 9
1A | 032| 26 | SUB 3A 072| 58
1B | 033| 27 | ESC 3B 073| 59 | ;
1C 034| 28 | FS 3C 074| 60 <
1D 035| 29 | GS 3D 075| 61 =
1E | 036| 30 | RS 3E 076| 62 | >
1F | 037| 31| US 3F 077| 63 | ?
40 | 100| 64 | @ 60 140| 96
41 101| 65 | A 61 141| 97 a
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Hex | Oct | Dec | ASCII Hex | Oct | Dec | ASCII
42 102| 66 | B 62 142 98 b
43 103 67 | C 63 143| 99 | c
44 104| 68 | D 64 144) 100( d
45 105| 69 | E 65 145| 101| e
46 106| 70 | F 66 146| 102| f
47 107 71 | G 67 147| 103| g
48 110 72 | H 68 150| 104| h
49 111 73 | | 69 151 105| i
4A 112 74 | J 6A 152| 106| j
4B 113} 75 | K 6B 153| 107 k
4C 114) 76 | L 6C 154| 108| |
4D 115 77 | M 6D 155| 109| m
4E 116| 78 | N 6E 156| 110| n
4F 117} 79| O 6F 157 111 o
50 | 120| 80 | P 70 160| 112| p
51 121| 81 | Q 71 161 113| q
52 1221 82 | R 72 162| 114| r
53 123] 83 | S 73 163| 115| s
54 124 84 | T 74 164| 116| t
55 125| 85 | U 75 165| 117 u
56 126 86 | V 76 166| 118 v
57 127 87 | W 77 167| 119 w
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Hex | Oct | Dec| ASCII Hex | Oct | Dec | ASCII
58 | 130| 88 | X 78 170| 120| x

59 131 89 | Y 79 171 121 y

5A 1321 90 | Z 7A 172| 122| z

5B | 133| 91 | [ 7B | 173| 123| {

5C | 134| 92 | \ 7C | 174| 124| |

5D 135| 93 | ] 7D 175 125| }

5E 136 94 | ~ 7E 176| 126| ~

5F 137 95 | _ 7F 177| 127| DEL
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Operation of the GPIB

This appendix describes basic concepts you need to understand to
operate the GPIB. It also contains a description of the physical and
electrical characteristics of the GPIB and configuration requirements of
the GPIB.

Types of Messages

The GPIB carries device-dependent messages and interface messages.

« Device-dependent messages, often calletd or data messages
contain device-specific information such as programming
instructions, measurement results, machine status, and data files.

« Interface messages manage the bus itself. They are usually called
command®rcommand messagdaterface messages perform such
tasks as initializing the bus, addressing and unaddressing devices,
and setting device modes for remote or local programming.

Do not confuse the tereommandas used here with some device
instructions, which can also be called commands. These device-specific
instructions are actually data messages.

Talkers, Listeners, and Controllers

GPIB devices can be Talkers, Listeners, and/or Controllers. A digital
voltmeter, for example, is a Talker and may be a Listener as well. A
Talker sends data messages to one or more Listeners. The Controller
manages the flow of information on the GPIB by sending commands to
all devices.

The GPIB is like an ordinary computer bus, except that the computer
has its circuit cards interconnected via a backplane bus, whereas the
GPIB has stand-alone devices interconnected via a cable bus.

The role of the GPIB Controller is similar to the role of the CPU of a
computer, but a better analogy is to the switching center of a city
telephone system. The switching center (Controller) monitors the
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communications network (GPIB). When the center (Controller) notices
that a party (device) wants to make a call (send a data message), it
connects the caller (Talker) to the receiver (Listener).

The Controller addresses a Talker and a Listener before the Talker can
send its message to the Listener. After the Talker transmits the message,
the Controller may unaddress both devices.

Some bus configurations do not require a Controller. For example, one
device may always be a Talker (called a Talk-only device) and there
may be one or more Listen-only devices.

A Controller is necessary when you must change the active or addressed
Talker or Listener. A computer usually handles the Controller function.

With the GPIB board and its software, your personal computer plays all
three roles:

* Controller—to manage the GPIB

» Talker—to send data

» Listener—to receive data

The Controller-In-Charge and System Controller

Although there can be multiple Controllers on the GPIB, only one
Controller at a time is active or Controller-In-Charge (CIC). You can
pass active control from the current CIC to an idle Controller. Only one
device on the bus—the System Controller—can make itself the CIC.
The GPIB board is usually the System Controller.

GPIB Signals and Lines

The interface system consists of 16 signal lines and 8 ground-return or
shield-drain lines.

The 16 signal lines are divided into three groups:
* Eight data lines

* Three handshake lines

» Five interface management lines
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Data Lines

The eight data lines, DIO1 through DIO8, carry both data and command
messages. All commands and most data use the 7-bit ASCII or
International Standards Organization (ISO) code set, in which case the
eighth bit, DIOS8, is unused or is used for parity.

Handshake Lines

Three lines asynchronously control the transfer of message bytes among
devices. This process is called a three-wire interlocked handshake, and
it guarantees that message bytes on the data lines are sent and received
without transmission error.

NRFD (not ready for data)

NRFD indicates whether a device is ready to receive a message byte.
All devices drive NRFD when they receive commands, and Listeners
drive it when they receive data messages.

NDAC (not data accepted)

NDAC indicates whether a device has accepted a message byte. All
devices drive NDAC when they receive commands, and Listeners drive
it when they receive data messages.

DAV (data valid)

DAV tells whether the signals on the data lines are stable (valid) and
whether devices can accept them safely. The Controller drives DAV
when sending commands, and the Talker drives it when sending data
messages.

Interface Management Lines

Five lines manage the flow of information across the interface.

ATN (attention)

The Controller drives ATN true when it uses the data lines to send
commands and drives ATN false when a Talker can send data messages.
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IFC (interface clear)

The System Controller drives the IFC line to initialize the bus and
become CIC.

REN (remote enable)

The System Controller drives the REN line, which places devices in
remote or local program mode.

SRQ (service request)

Any device can drive the SRQ line to asynchronously request service
from the Controller.

EOI (end or identify)

The EOI line has two purposes. The Talker uses the EOI line to mark
the end of a message string. The Controller uses the EOI line to tell
devices to respond in a parallel poll.

Physical and Electrical Characteristics

You usually connect devices with a cable assembly consisting of a
shielded 24-conductor cable which has both a plug and a receptacle
connector at each end. With this design, you can link devices in either
a linear or a star configuration, or a combination of the two.

The standard connector is the Amphenol or Cinch Series 57
Microribbon or Amp Champgype. You can use an adapter cable with a
non-standard cable and/or connector for special interconnection
applications.
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The GPIB uses negative logic with standard transistor-transistor logic
(TTL) level. When DAV is true, for example, itis a TTL low level
(=0.8V), and when DAV is false, it is a TTL high levet .0 V).

prolt |[ 1 [ 18 ||Dros:
proz: |[T2 [ 44 ||Dioe
pios* |8 [ 15 ||Drov:
Dot |4 [16 ||Dros:

goi* 85 [ 17 ||REN*®

Davt T8 T T8 1|GND (Twised Pair with DA V*)
MRED:* |7 | 12 ||GND (TwisedPair with NRFD*®
noact [TE T 20 ||9MD (TwisedPai with MDAC)

a

IFC* 51 ||9MD TwisedPai wih [FC)
arg* [[F0 [ 22 ||9ND (TwisedPair with SRO*)
ATH: |7 [ 23 ||oMD (TwisedPai with ATH®)

SHIELD |[72 | 23 ||SIGNAL GROUND

Figure C-1. GPIB Connector Showing Signal Assignment
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GPIB Cables

—a

Device A

— =

Device B

=

Device C

Figure C-2. Linear Configuration

LabVIEW Function and VI Reference Manual C-6 © MNational Instruments Corporation



Appendix C Operation of the GPIB

GPIB Cables
k4
= -
Device A Device D
[ e | [ o ]
Device B Device C

Figure C-3. Star Configuration

Configuration Requirements

To achieve the high data transfer rate for which the GPIB was designed,
the physical distance between devices and the number of devices on the
bus must be limited. The following restrictions are typical:

A maximum separation of 4 m between any two devices and an
average separation of 2 m over the entire bus.

A maximum total cable length of 20 m.

« No more than 15 devices connected to each bus, with at least
two-thirds powered on.
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Contact National Instruments for bus extenders if your requirements
exceed these limits.
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Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve your technical problems and a form you can use to comment on the product
documentation. When you contact us, we need the information on the Technical Support Form
and the configuration form, if your manual contains one, about your system configuration to
answer your questions as quickly as possible.

National Instruments has technical assistance through electronic, fax, and telephone systems to
quickly provide the information you need. Our electronic services include a bulletin board
service, an FTP site, a fax-on-demand system, and e-mail support. If you have a hardware or
software problem, first try the electronic support systems. If the information available on these
systems does not answer your questions, we offer fax and telephone support through our technical
support centers, which are staffed by applications engineers.

Electronic Services

Bulletin Board Support

National Instruments has BBS and FTP sites dedicated for 24-hour support with a collection of
files and documents to answer most common customer questions. From these sites, you can also
download the latest instrument drivers, updates, and example programs. For recorded instructions
on how to use the bulletin board and FTP services and for BBS automated information, call (512)
795-6990. You can access these services at:

United States: (512) 794-5422
Up to 14,400 baud, 8 data bits, 1 stop bit, no parity

United Kingdom: 01635 551422
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

France: 01 48 65 15 59
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

FTP Support

To access our FTP site, log on to our Internet Hshatinst.com , as anonymous and use
your Internet address, suchjassmith@anywhere.com , as your password. The support files
and documents are located in thepport  directories.
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Fax-on-Demand Support

Fax-on-Demand is a 24-hour information retrieval system containing a library of documents on a
wide range of technical information. You can access Fax-on-Demand from a touch-tone
telephone at (512) 418-1111.

E-Mail Support (currently U.S. only)

You can submit technical support questions to the applications engineering team through e-mail
at the Internet address listed below. Remember to include your name, address, and phone number
so we can contact you with solutions and suggestions.

support@natinst.com

Telephone and Fax Support

National Instruments has branch offices all over the world. Use the list below to find the technical

support number for your country. If there is no National Instruments office in your country,
contact the source from which you purchased your software to obtain support.

: %
0000

% Telephone

Fax

Australia 02 9874 4100 02 9874 4455
Austria 0662 4579900 0662 45 79 90 19
Belgium 02 757 00 20 02 75703 11

Canada (Ontario)
Canada (Quebec)

905 785 0085
514 694 8521

905 785 0086
514 694 4399

Denmark 45 76 26 00 45 76 26 02
Finland 09 527 2321 09 502 2930
France 01 48 14 24 24 01 48 14 24 14
Germany 089 741 31 30 089 714 60 35
Hong Kong 2645 3186 2686 8505
Israel 03 5734815 03 5734816
Italy 06 5729961 06 57284309
Japan 03 5472 2970 03 5472 2977
Korea 02 596 7456 02 596 7455
Mexico 5520 2635 5520 3282
Netherlands 31 348 43 34 66 313484306 73
Norway 3284 8400 328486 00
Singapore 2265886 2265887

Spain 91 640 0085 91 640 0533
Sweden 08 7304970 08 7304370
Switzerland 056 200 51 51 056 200 51 55
Taiwan 02 377 1200 02 737 4644

U.K.

01635 523545

01635 523154



Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and
use the completed copy of this form as a reference for your current configuration. Completing
this form accurately before contacting National Instruments for technical support helps our

applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem,
include the configuration forms from their user manuals. Include additional pages if necessary.

Name

Company

Address

Fax(__ ) Phone (___ )

Computer brand Model Processor

Operating system (include version number)

Clock speed MHz RAM MB Display adapter
Mouse __yes __ no Other adapters installed

Hard disk capacity MB Brand
Instruments used

National Instruments hardware product model Revision
Configuration

National Instruments software product Version

Configuration

The problem is:

List any error messages:

The following steps reproduce the problem:




LabVIEW Hardware and Software Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each
item. Complete a new copy of this form each time you revise your software or hardware
configuration, and use this form as a reference for your current configuration. Completing this
form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

National Instruments Products

DAQ hardware
Interrupt level of hardware

DMA channels of hardware
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1200 Calibrate, 28-2

1D ANOVA, 45-2

1D Linear Evaluation, 47-2

1D Polar To Rectangular, 47-2
1D Polynomial Evaluation, 47-2
1D Rectangular To Polar, 47-3
2D ANOVA, 45-3

2D Linear Evaluation, 47-3

2D Polynomial Evaluation, 47-3
3D ANOVA, 45-4

AXx B, 46-7

A x Vector, 46-7

A2000 Calibrate, 28-2

A2000 Configure, 28-3

A2100 Calibrate (Macintosh), 28-4
A2100 Config (Macintosh), 28-4
A2150 Calibrate (Windows), 28-5
A2150 Config (Macintosh), 28-4
Abort Instrument, 12-11

AC & DC Estimator, 41-4
Access Rights, 11-15

Addition, 46-2

Additional User Definable Constants, 4-22

Adjacent Counters, 26-2

AECreate Comp Descriptor, 54-16
AECreate Descriptor List, 54-18
AECreate Logical Descriptor, 54-17
AECreate Object Specifier, 54-17
AECreate Range Descriptor, 54-17
AECreate Record, 54-18

AESend Abort VI, 54-9

AESend Close VI, 54-9

AESend Do Script, 54-7

AESend Finder Open, 54-8
AESend Open Document, 54-8
AESend Open, 54-8

AESend Open, Run, Close VI, 54-10
AESend Print Document, 54-8
AESend Quit Application, 54-9
AESend Run VI, 54-10

AESend VI Active?, 54-10
AESend, 54-16

Al Acquire Waveform, 14-1
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Al Acquire Waveforms, 14-2
Al Buffer Config, 17-1

Al Buffer Read, 17-3

Al Clear, 15-2

Al Clock Config, 17-3

Al Config, 15-3

Al Continuous Scan, 16-2
Al Control, 17-5

Al Group Config, 17-6

Al Hardware Config, 17-8
Al Parameter, 17-13

Al Read One Scan, 16-3

Al Read, 15-3

Al Sample Channel, 14-2
Al Sample Channels, 14-3
Al Single Scan, 15-4

Al SingleScan, 17-13

Al Start, 15-5

Al Trigger Config, 17-14

Al Waveform Scan, 16-4
AlISPoll, 36-4

Amplitude and Phase Spectrum, 41-4
And Array Elements, 5-3
And, 5-2

AO Buffer Config, 21-1

AO Buffer Write, 21-2

AO Clear, 19-2

AO Clock Config, 21-3

AO Config, 19-2

AO Continuous Gen, 20-2
AO Control, 21-3

AO Generate Waveform, 18-1
AO Generate Waveforms, 18-2
AO Group Config, 21-3

AO Hardware Config, 21-4
AO Parameter, 21-4

AO Single Update, 21-4
AO Start, 19-3

AO Trigger and Gate Config (Windows), 21-5
AO Update Channel, 18-2
AO Update Channels, 18-2
AO Wait, 19-3

AO Waveform Gen, 20-3
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AO Write One Update, 20-4
AO Write, 19-3

AO-6/10 Calibrate (Windows), 28-5
Arbitrary Wave, 39-4

Array Max & Min, 7-3

Array Of Strings To Path, 11-15
Array Of Strings To Path, 6-19
Array Size, 7-4

Array Subset, 7-4

Array To Cluster, 7-4

Array To Cluster, 8-3

Array To Spreadsheet String, 6-6
Auto Power Spectrum, 41-4
AutoCorrelation, 40-8

Beep, 12-2

Bessel Coefficients, 42-17
Bessel Filter, 42-17

Blackman Window, 43-5
Blackman-Harris Window, 43-5
Boolean Array To Number, 4-10
Boolean Array To Number, 5-3
Boolean Constant, 5-5

Boolean To (0,1), 4-10

Boolean To (0,1), 5-3

Build Array, 7-4

Build Cluster Array, 8-3

Build Path, 11-6

Bundle By Name, 8-4

Bundle, 8-4

Butterworth Coefficients, 42-17
Butterworth Filter, 42-18

Byte Array To String, 4-10

Byte Array To String, 6-20
Bytes at Serial Port, 37-4

cac — Become active Controller, 35-9
Call Chain, 12-2

Call Instrument, 12-12

Call Library Function, 12-3
Carriage Return, 6-21
Cascade—>Direct Coefficients, 42-18
Case Structure, 3-2

Cast Unit Bases, 4-11

Channel To Index, 28-6
Chebyshev Coefficients, 42-19
Chebyshev Filter, 42-19

Chi Square Distribution, 45-5
Chirp Pattern, 39-5

Cholesky Factorization, 46-8
Close All PPC Ports, 55-4
Close File, 11-6

Close Panel No Abort, 12-12
Close Panel, 12-12
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Cluster To Array, 7-5

Cluster To Array, 8-4

cmd — Send IEEE488 commands, 35-9
Code Interface Node, 12-2

Complex A x B, 46-8

Complex A x Vector, 46-9

Complex Cholesky Factorization, 46-9
Complex Conjugate, 4-20

Complex Determinant, 46-9

Complex Dot Product, 46-10

Complex Eigenvalues & Vectors, 46-10
Complex FFT, 40-9

Complex Inverse Matrix, 46-11
Complex LU Factorization, 46-11
Complex Matrix Condition Number, 46-12
Complex Matrix Norm, 46-12
Complex Matrix Rank, 46-13
Complex Matrix Trace, 46-13
Complex Outer Product, 46-13
Complex Polynomial Roots, 48-1
Complex Pseudolnverse Matrix, 46-14
Complex QR Factorization, 46-14
Complex SVD Factorization, 46-15
Complex To Polar, 4-21

Complex To Re/lm, 4-21

Compound Arithmetic, 5-3
Concatenate Strings, 6-6
Contingency Table, 45-5

Continuous Pulse Generator Config, 26-2
Control Help Window, 12-8

Control Online Help, 12-8

Convert RTD Reading, 29-2

Convert Strain Gauge Reading, 29-3
Convert Thermistor Reading, 29-7
Convert Thermocouple Buffer, 29-9
Convert Thermocouple Reading, 29-9
Convert Unit, 4-11

Convolution, 40-11

Convolution, 42-19

Copy, 11-15

Cosecant, 4-14

Cosine Tapered Window, 43-6
Cosine, 4-14

Cotangent, 4-14

Count Events or Time, 25-2

Counter Read, 26-3

Counter Start, 26-3

Counter Stop, 26-3

Create Automation Refnum, 53-3
Create Special Complex Matrix, 46-15
Create Special Matrix, 46-15

© MNational Instruments Corporation



Creating AppleEvent Parameters Using Object Specifiers,
54-16

Cross Power Spectrum, 41-5

Cross Power, 40-12

CrossCorrelation, 40-13

CTR Buffer Config, 27-2

CTR Buffer Read, 27-2

CTR Control, 27-11

CTR Group Config, 27-3

CTR Mode Config, 27-4

CTR Pulse Config, 27-10

Current VI's Path Constant, 11-21

DAQ Occurrence Config (Windows), 28-8

Date/Time To Seconds, 10-6

DDE Advise Check, 52-7

DDE Advise Start, 52-7

DDE Advise Stop, 52-7

DDE Close Conversation, 52-7

DDE Execute, 52-8

DDE Open Conversation, 52-8

DDE Poke, 52-8

DDE Request, 52-8

DDE Srv Check Item, 52-9

DDE Srv Register Item, 52-9

DDE Srv Register Service, 52-9

DDE Srv Set Item, 52-9

DDE Srv Unregister Item, 52-10

DDE Srv Unregister Service, 52-10

Decimal Digit?, 9-6

Decimate 1D Array, 7-5

Decimate, 40-15

Deconvolution, 40-16

Default Directory Constant, 11-21

Delayed Pulse Generator Config, 26-3

Delete, 11-15

Derivative x(t), 40-17

Determinant, 46-16

DevClear, 36-2

DevClearList, 36-4

Device Reset, 28-9

Diagonal Matrix, 46-3

Digital Buffer Config, 24-3

Digital Buffer Control, 24-4

Digital Buffer Read, 24-4

Digital Buffer Write, 24-4

Digital Clock Config, 24-5

Digital Group Config, 24-5

Digital Mode Config, 24-6

Digital Single Read, 24-7

Digital Single Write, 24-7

Digital Trigger Config, 24-7

DIO Clear, 23-2
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DIO Config, 23-2

DIO Parameter, 24-6

DIO Port Config, 24-2

DIO Port Read, 24-3

DIO Port Write, 24-3

DIO Read, 23-3

DIO Single Read/Write, 23-3

DIO Start, 23-4

DIO Wait, 23-4

DIO Write, 23-4

dma — Set DMA mode or programmed 1/0O mode, 35-10
Dot Product, 46-16

Down Counter or Divider Config, 26-4
DSP2200 Calibrate (Windows), 28-9
DSP2200 Configure (Windows), 28-10
EigenValues & Vectors, 46-17
Elliptic Coefficients, 42-20

Elliptic Filter, 42-20

Empty Path, 11-21

Empty String, 6-21

Empty String/Path?, 9-6
EnableLocal, 36-5

EnableRemote, 36-5

End of Line, 6-21

EOF, 11-16

Equal To 0?, 9-6

Equal?, 9-6

Equiripple BandPass, 42-20
Equiripple BandStop, 42-21
Equiripple HighPass, 42-21
Equiripple LowPass, 42-22

erf(x), 45-6

erfc(x), 45-6

E-Series Calibrate (Windows), 28-10
Event or Time Counter Config, 26-4
Exact Blackman Window, 43-6
Exclusive Or, 5-4

Execute Method, 53-3

Exponential (Arg) —1, 4-18
Exponential Fit Coefficients, 44-3
Exponential Fit, 44-3

Exponential Window, 43-7
Exponential, 4-18

F Distribution, 45-6

Fast Data Channel Mode, 34-14
Fast Data Channel Number, 34-14
Fast Data Channel Pairs, 34-14
Fast Data Channel Signal Enable, 34-14
Fast Hilbert Transform, 40-17

FHT, 40-18

File Dialog, 11-16

File/Directory Info, 11-16
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Find First Error, 10-9

FindLstn, 36-6

FindRQS, 36-5

FIR Narrowband Coefficients, 42-22
FIR Narrowband Filter, 42-24
FIR Windowed Coefficients, 42-25
FIR Windowed Filter, 42-25
Fixed Constants, 4-22

Flat Top Window, 43-7

Flatten To String, 12-5

Flush File, 11-17

For Loop, 3-2

Force Window, 43-8

Format & Append, 6-16

Format & Strip, 6-16

Format Into String, 6-7

Formula Node, 3-3

From Decimal, 6-17

From Exponential/Fract/Eng, 6-17
From Hexadecimal, 6-17

From Octal, 6-17

Gaussian White Noise, 39-6
General Cosine Window, 43-8
General Error Handler, 10-10
General Histogram, 45-6
General LS Linear Fit, 44-4
General Polynomial Fit, 44-10
Generate Delayed Pulse, 25-2
Generate Occurrence, 12-9
Generate Pulse Train, 25-3

Get DAQ Channel Names (Windows), 28-17
Get DAQ Device Information, 28-12
Get Date/Time In Seconds, 10-7
Get Date/Time String, 10-7

Get Help Window Status, 12-9
Get Instrument State, 12-13

Get Panel Size, 12-13

Get Property, 53-3

Get SCXI Information, 28-12
Get Target ID, 54-5

Get Target ID, 55-5

Global Variable, 3-3

GPIB Clear, 35-3

GPIB Initialization, 35-4

GPIB Misc, 35-4

GPIB Primary Address, 34-14
GPIB Read, 35-5

GPIB Secondary Address, 34-14
GPIB Serial Poll, 35-6

GPIB Status, 35-6

GPIB Trigger, 35-6

GPIB Wait, 35-6
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GPIB Write, 35-7

Greater Or Equal To 0?, 9-7
Greater Or Equal?, 9-7

Greater Than 0?, 9-7

Greater?, 9-7

gts — Go from active Controller to standby, 35-10
Hamming Window, 43-9

Hanning Window, 43-9

Harmonic Analyzer, 41-5

Hermitian Matrix, 46-3

Hex Digit?, 9-7

Histogram, 45-7

Hyperbolic Cosine, 4-15

Hyperbolic Sine, 4-15

Hyperbolic Tangent, 4-15

ICTR Control, 26-5

ICTRControl, 27-11

Identity Matrix, 46-3

IIR Cascade Filter with Integrated Circuit, 42-26
IIR Cascade Filter, 42-25

IIR Filter with Integrated Circuit, 42-27
IIR Filter, 42-26

Immediate Servant, 34-14

Implies, 5-4

Impulse Pattern, 39-6

Impulse Response Function, 41-6
In Port (Windows 3.1 and Windows 95), 12-10
Increment Destination Count, 34-14
Increment Source Count, 34-15
Index & Append, 6-8

Index & Bundle Cluster Array, 8-5
Index & Strip, 6-8

Index Array, 7-5

Initialize Array, 7-5

Integral x(t), 40-19

Interface Number, 34-15
InterfaceType, 34-15

Interleave 1D Arrays, 7-6
Interpolate 1D Array, 7-6

Inv Chebyshev Coefficients, 42-27
Inv Chi Square Distribution, 45-8
Inv F Distribution, 45-8

Inv Normal Distribution, 45-9

Inv T Distribution, 45-9

Inverse Chebyshev Filter, 42-27
Inverse Complex FFT, 40-20
Inverse Cosine, 4-15

Inverse Fast Hilbert Transform, 40-21
Inverse FHT, 40-22

Inverse Hyperbolic Cosine, 4-15
Inverse Hyperbolic Sine, 4-16
Inverse Hyperbolic Tangent, 4-16
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Inverse Matrix, 46-17

Inverse Real FFT, 40-23
Inverse Sine, 4-16

Inverse Tangent (2 Input), 4-16
Inverse Tangent, 4-16

10 Protocol, 34-14

IP To String, 50-4

ist — Set individual status bit, 35-11
Join Numbers, 12-5
Kaiser-Bessel Window, 43-10
Less Or Equal To 0?, 9-8

Less Or Equal?, 9-8

Less Than 0?, 9-8

Less?, 9-8

Lexical Class, 9-9

Line Feed, 6-21

Linear Fit Coefficients, 44-12
Linear Fit, 44-12

List Directory, 11-17

List Methods or Properties, 53-3
List Objects in Type Library, 53-4
llo — Local lockout, 35-11

loc — Go to local, 35-7

loc — Place Controller in local state, 35-12
Local Variable, 3-3

Lock Range, 11-17

Logarithm Base 10, 4-19
Logarithm Base 2, 4-18
Logarithm Base X, 4-19

Logical Shift, 12-5

Lower Triangular Matrix, 46-4
LPM-16 Calibrate, 28-12

LU Factorization, 46-18
Mainframe Logical Address, 34-15
Make Alias, 54-16

MakeAddr, 36-10

Mantissa & Exponent, 12-6
Manufacturer ID, 34-15

Master Slave Config, 28-13
Match Pattern, 6-9

Matrix Condition Number, 46-18
Matrix Norm, 46-18

Matrix Rank, 46-19
Matrix-Matrix Multiplication, 46-2
Max & Min, 9-9

Maximum Queue Length, 34-15
Mean, 45-9

Measure Frequency, 25-3
Measure Pulse Width or Period, 25-4
Median Filter, 42-28

Median, 45-10

MIO Calibrate (Windows), 28-13
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MIO Configure (Windows), 28-14
Mode, 45-10

Model Code, 34-15

Moment About Mean, 45-10
Move, 11-18

MSE, 45-11

n Range?, 9-7

Natural Logarithm (Arg +1), 4-19
Natural Logarithm, 4-19
Network Functions (avg), 41-6
New Directory, 11-18

New File, 11-18

Nonlinear Lev-Mar Fit, 44-13
Normal Distribution, 45-11
Normalize Matrix, 47-4
Normalize Vector, 47-4

Not A Number/Path/Refnum?, 9-9
Not A Path, 11-22

Not A Refnum, 11-22

Not And, 5-4

Not Equal To 0?, 9-10

Not Equal?, 9-10

Not Exclusive Or, 5-4

Not Or, 5-4

Not, 5-4

Number To Boolean Array, 4-11
Number To Boolean Array, 5-5
Numeric Integration, 48-2

Octal Digit?, 9-10

off — Take controller offline, 35-12
off — Take device offline, 35-8
One Button Dialog Box, 10-7
Open File, 11-18

Open Panel, 12-13
Open/Create/Replace File, 11-7
Or Array Elements, 5-5

Or, 5-5

Orthogonal Matrix, 46-4

Out Port (Windows 3.1 and Windows 95), 12-11
Outer Product, 46-19
Out-of-Range Index Values, 7-3
Parks-McClellan, 42-28
PassControl, 36-3

Path Constant, 11-22

Path To Array Of Strings, 11-19
Path To Array Of Strings, 6-20
Path To String, 11-19

Path To String, 6-20

Path Type, 11-19

pct — Pass control, 35-8

Peak Detector, 41-7

Peak Detector, 48-3
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Periodic Random Noise, 39-7

Permutation Matrix, 46-4

Pick Line & Append, 6-11

Polar To Complex, 4-21

Polynomial Interpolation, 44-14

Positive Definite Matrix, 46-4

Power & Frequency Estimate, 41-7

Power Of 10, 4-20

Power Of 2, 4-19

Power Of X, 4-20

Power Spectrum, 40-23

ppc — Parallel poll configure (enable and disable), 35-12

ppc — Parallel poll configure, 35-8

PPC Accept Session, 55-3

PPC Browser, 54-6

PPC Browser, 55-4

PPC Close Port, 55-4

PPC End Session, 55-4

PPC Inform Session, 55-5

PPC Open Port, 55-5

PPC Read, 55-6

PPC Start Session, 55-6

PPC Write, 55-6

PPoll, 36-5

PPollConfig, 36-3

PPollUnconfig, 36-5

ppu — Parallel poll unconfigure, 35-12

PREFIX Close, 33-2

PREFIX Error Message, 33-3

PREFIX Error Query, Error Query (Multiple) and Error
Message, 33-3

PREFIX Initialize and PREFIX Initialize (VXI,
Reg-based), 33-3

PREFIX Message-Based Template and Register-Based
Template, 33-4

PREFIX Register-Based Template, 33-5

PREFIX Reset, 33-5

PREFIX Revision Query, 33-5

PREFIX Self-Test, 33-5

PREFIX Utility Clean UP Initialize, 33-6

PREFIX Utility Default Instrument Setup, 33-6

PREFIX VI Tree, 33-6

Preload Instrument, 12-13

Printable?, 9-10

Pseudolnverse Matrix, 46-20

Pulse Parameters, 41-7

Pulse Pattern, 39-8

Pulse Width or Period Meas Config, 26-5

Pulse Width or Period Meas Config, 26-7

QR Factorization, 46-20

Quick Scale 1D, 47-5

Quick Scale 2D, 47-6
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Quit, 12-4

Ramp Pattern, 39-8

Rational Interpolation, 44-14

RcvRespMsg, 36-9

Re/lm To Complex, 4-21

Read Characters From File, 11-7

Read File, 11-7

Read from Digital Line, 22-2

Read from Digital Port, 22-2

Read From 116 File, 11-13

Read From SGL File, 11-13

Read From Spreadsheet File, 11-10

Read Lines From File, 11-11

ReadStatus, 36-3

Real FFT, 40-27

Receive, 36-3

ReceiveSetup, 36-9

Refnum To Path, 11-19

Refnum To Path, 6-20

Release Instrument, 12-14

Release Refnum, 53-4

Replace Array Element, 7-6

ResetSys, 36-6

Reshape Array, 7-6

Resize Panel, 12-14

Resource Lock State, 34-15

Resource Manufacturer Identification, 34-15

Resource Manufacturer Name, 34-15

Resource Name, 34-15

Reverse 1D Array, 7-6

Reverse String, 6-11

RMS, 45-11

Rotate 1D Array, 7-7

Rotate Left With Carry, 12-6

Rotate Right With Carry, 12-6

Rotate String, 6-12

Rotate, 12-6

Route Signal, 28-14

rpp — Conduct parallel poll, 35-12

rsc — Release or request system control, 35-13

rsv — Request service and/or set the serial poll status byte,
35-13

RTSI Control, 28-15

Run Instrument, 12-14

Sample Variance, 45-12

Sawtooth Wave, 39-9

Scalar-Matrix Multiplication, 46-2

Scale 1D, 47-6

Scale 2D, 47-7

Scaled Time Domain Window, 41-8

Scaling Constant Tuner, 29-9

Scan From String, 6-12
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SCXI Cal Constants, 28-15
SCXI Temperature Scan, 29-11
Search 1D Array, 7-7

Secant, 4-17

Seconds To Date/Time, 10-7
Seek, 11-19

Select & Append, 6-14

Select & Strip, 6-14

Select, 9-10

Send End Enable, 34-16

Send, 36-4

SendCmds, 36-9
SendDataBytes, 36-9

SendIFC, 36-7

SendList, 36-6

SendLLO, 36-7

SendSetup, 36-10

Sequence Structure, 3-2

Serial Port Break, 37-4

Serial Port Init, 37-4

Serial Port Read, 37-4

Serial Port Write, 37-4

Set DAQ Configuration File (Windows), 28-17
Set DAQ Device Information, 28-16
Set Occurrence, 12-10

Set Property, 53-4

Set SCXI Information, 28-16
SetRWLS, 36-7

SetTimeOut, 36-10

sic — Send interface clear, 35-13
Simple Error Handler, 10-10
Sinc Pattern, 39-9

Sinc, 4-17

Sine & Cosine, 4-17

Sine Pattern, 39-10

Sine Wave, 39-10

Sine, 4-17

Slot, 34-16

Solve Complex Linear Equations, 46-20
Solve Linear Equations, 46-22
Sort 1D Array, 7-7

Spectrum Unit Conversion, 41-9
Spline Interpolant, 44-15

Spline Interpolation, 44-16

Split 1D Array, 7-7

Split Number, 12-6

Split String, 6-14

Spreadsheet String To Array, 6-14
Square Wave, 39-11

sre — Unassert or assert remote enable, 35-14
Standard Deviation, 45-12

Stop, 12-4
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String Constant, 6-21

String Length, 6-15

String Subset, 6-15

String To Byte Array, 4-12

String To Byte Array, 6-20

String To IP, 50-4

String To Path, 11-20

String To Path, 6-21

Strip Path, 11-11

Suppress End Enable, 34-16

SVD Factorization, 46-23

Swap Bytes, 12-7

Swap Words, 12-7

Symmetric Matrix, 46-3

T Distribution, 45-12

Tab, 6-21

Tangent, 4-17

TCP Close Connection, 50-5

TCP Create Listener, 50-5

TCP Listen, 50-5

TCP Open Connection, 50-5

TCP Read, 50-6

TCP Wait on Listener, 50-6

TCP Write, 50-6

Temporary Directory Constant, 11-22
Termination Character Enable, 34-17
Termination Character, 34-17
Test Complex Positive Definite, 46-23
Test Positive Definite, 46-24
TestSRQ, 36-8

TestSys, 36-8

Threshold 1D Array, 7-7
Threshold Peak Detector, 41-9
Threshold Peak Detector, 48-4
Tick Count (ms), 10-7

Timeout Value, 34-17

To Byte Integer, 4-12

To Decimal, 6-18

To Double Precision Complex, 4-12
To Double Precision Float, 4-12
To Engineering, 6-18

To Exponential, 6-18

To Extend Precision Complex, 4-12
To Extended Precision Float, 4-12
To Fractional, 6-18

To Hexadecimal, 6-19

To Long Integer, 4-13

To Lower Case, 6-15

To Octal, 6-19

To Single Precision Complex, 4-13
To Single Precision Float, 4-13

To Unsigned Byte Integer, 4-13
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To Unsigned Long Integer, 4-13
To Unsigned Word Integer, 4-13
To Upper Case, 6-15

To Word Integer, 4-14

Trace, 46-24

Transfer Function, 41-9
Transpose 2D Array, 7-8
Transposition, 46-2

Triangle Wave, 39-12

Triangle Window, 43-10

Trigger Identifier, 34-17

Trigger, 36-4

TriggerList, 36-6

Two Button Dialog Box, 10-8
Type and Creator, 11-20

Type Cast, 12-7

UDP Close, 51-2

UDP Open, 51-3

UDP Read, 51-3

UDP Write, 51-3

Unbundle By Name, 8-5
Unbundle, 8-5

Unflatten From String, 12-8
Uniform White Noise, 39-13

Unit Vector, 47-7

Unwrap Phase, 40-27

Upper Triangular Matrix, 46-4
User Data, 34-17

User Definable Arithmetic Constants, 4-8
Variance, 45-13

Version of Implementation, 34-17
Version of Specification, 34-17
VI Library Constant, 11-22

VISA Assert Trigger, 34-3

VISA Clear, 34-3

VISA Close, 34-4

VISA Disable Event, 34-7

VISA Discard Events, 34-8

VISA Enable Event, 34-8

VISA Find Resource, 34-4

VISA In8/1n16 / In32, 34-9

VISA Lock, 34-4

VISA Map Address, 34-12

VISA Memory Allocation, 34-12
VISA Memory Allocation, 34-9
VISA Memory Free, 34-10

VISA Memory Free, 34-12

VISA Move In8 / Move In16 / Move In32, 34-10
VISA Move Out8 / Move Out16 / Move Out32, 34-10
VISA Open, 34-4

VISA Out8 / Outl6 / Out32, 34-11
VISA Peek8 / Peek16 / Peek32, 34-12
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VISA Poke8 / Pokel6 / Poke32, 34-12
VISA Read STB, 34-6

VISA Read, 34-6

VISA Status Description, 34-6
VISA Unlock, 34-6

VISA Unmap Address, 34-13
VISA Wait On Event, 34-8

VISA Write, 34-7

Volume Info, 11-20

VXI Commander Logical Address, 34-17
VXI Logical Address, 34-18

VXI Memory Address Space, 34-18
VXI Memory Base Address, 34-18
VXI Memory Size, 34-18

Wait (ms), 10-8

Wait for GPIB RQS, 35-6

Wait On Occurrence, 12-10

Wait Until Next ms Multiple, 10-8
Wait+ (ms), 26-7

WaitSRQ, 36-8

While Loop, 3-3

White Space?, 9-11

Window Access, 34-18

Window Base Address, 34-18
Window Size, 34-18

Write Characters To File, 11-11
Write File, 11-11

Write to Digital Line, 22-3

Write to Digital Port, 22-3

Write To 116 File, 11-13

Write To SGL File, 11-14

Write To Spreadsheet File, 11-12
Y[i] = Clip {X[i]}, 40-27

Y[i] = X[i-n], 40-28

Zero Padder, 40-28
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