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1. Introduction

Low cost commercial microcomputers, (cur–

rently used in many diverse applications, e.g.

point-of–sale terminals, desk top computers,

check processors, etc.), despite their relatively

low computational speed, provide the opportunity
for computing beam steering and shaping phase

shifts for large phased-array antennas at high

beam switching rates through the use of federated
multi-computer techniques.

This paper describes microcomputer applica–

tions for controlling arrays ranging from a small
100 - element segmented aperture configuration to
large 7000 element antennas with beam switching
intervals of 600 ps.

With this approach to phased array beam

steering the control computing circuits are

integrated with the phase shifter drive elec–

tronics reducir.g the former multi-wire interface

to a simple parallel computer interface.

2. Statement of the Problem

Modern phased array antennas, because of

tk~eir inherent beam forming and pointing agility
are invariably used in high–speed, time–multi-
plexed, multi–mode radar applications under the
control of a computer. The large number of phase

shift elements involved in turn presents a high

computing load to set each element with the
correct phase shift for a given beam shape and
pointing angle. Various methods have been used to

date to satisfy the high computing rates required
ranging from a single, high-speed, special-purpose

beam steering programmer (BSP) to multiple medium
and low speed computing units. The latter using
serial arithmetic techniques.

From a system design viewpoint the control

interface with the antenna is comparable to that

of a core-memory stack (Figure 1) with the added
disadvantage that the antenna is usually
physically separated from the beam steering pro–

grammer by wire-runs of typically 100 ft.

A further problem which has made the phased

array antenna elusive to attempts at standardiza-
tion is the customary tailoring of each antenna in
type, number and configuration of phase shifters
to achieve optimum performance for a specific
radar application.

In the area of control however, two recent
studies have identified the micro–computer as a
key to making the antenna complete and self

sufficient, with the interface of a conventional

computer peripheral device, requiring only beam

pointing azirnoth and elevation angles and
operating radar wavelength as digital inputs.
Further, variations in antenna configurations and

performance can be tracked by re-programming the

co–located micro computers. High switching

speeds are achieved through the parallelism of

computer modules, a one-time luxury which can

now be realized at considerably lower cost due to

the high-volume production runs of LSI micro–

computer chips.,

3. Performance Requirements

Before discussing the two specific applica-

tions of microcomputers to phased array antenna

control recently studied, the basic performance
requirements will be briefly reviewed,

As stated earlier in this paper, the forming

and pointing of the beam requires the computation

of phase shift values for each and every element

in the array.

For a symmetrical array, the phase shift

control equation is typically of the following
form:

Y
I’I,N

= MAN + NAN + C(M,N,r) + Sn(M,N;@)
Mod 2T

Where:

M&N - column and row numbers respectively

*
!4,N - phase setting for an element at

location M,N modulo 27T.

A)l,AN - differential phase shift between

adjacent columns and rows
respectively

c- collimation term

r index of refraction in the feed
guide

Sn – beam shaping term

o – antenna roll angle.

Beam polarization is invariably a static or
quasistatic phase term applied to all phase
shifters from a common source and is therefore
excluded from the above equation.

In cases where collimation and shaping for
beams other than pencil shape are not required,
the equation reduces to the MA +NAN steering

phase component. AM andAN bei~g a function Of

pointing angle and operating wavelength, are

computed once per beam position and used for
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incrementally computing the absolute phase value
for all elements in a given column and row
respectively, modulo 27r.

Real time inputs to the BSP (azimuth and

elevation direction sizes, operating wavelength

and roll angle) usually do not exceed 12 bits in

magnitude, and computations within the BSP sim-

ilarly do not require word lengths in excess of

the latter. The final phase shift value for a

given element after round-off is typically 3 to 4
bits magnitude, and this is either used to con–

trol PIN diode phase shifters, in straight binary
form or, alternatively is converted to a propor–

tional pulse width to drive the phasing coil of a
ferrite shifter after initial resetting.

Beam switching intervals typically range

from 10–20 ps up to 1 ms.

Array sizes range from approximately 500 to

12,000 elements.

The composite computing load can therefore

be extremely high in the 12,000 element 10-20 RS
situation but this is normally overcome by taking
advantage of array quadrant symmetry, separation
of row and column phase components for summation
at the element, and zoning for collimation cor–
rection instead of discrete element compensation.

4. Available Microcomputers

Table 1 shows a representative listing of

microcomputers currently on the market. The first

two being initially developed for sophisticated

calculator applications. The first having the

input-output ports incorporated in the memory
modules whereas the others utilize standard LSI.

read/write and read-only memory circuits. The

recent announcement of N-channel MOS microcom-

puters holds the greatest promise for application
in military environments.

5. Microcomputer Mechanizations

The two antenna systems considered during

the recent studies are representative of the two
extremes in the spectrum of antenna configura–

tions, respectively. One antenna was a 100-

element matrix sector of a broadband segmented

aperture array, while the other was a 6,960-
element array with isosceles triangular spacing
of elements. Both arrays employed PIN diode

phase shifters, although it can be shown that the
micro-computer approach offers similar advantages
in ferrite element control.

5.1 Broadband Segmented Aperture Array

This case involved the control of a 10x1O

matrix as a modular subarray for use in larger

antennas by replication of the basic 100-element
module.

Figure 2 shows the basic system configura-

tion with the microcomputer co–located on the
array to provide the computation of phase shift

and polarization settings as 8-bit control words
to each phase shift element, and the common con-
trol interface for three different command
sources: manual by element, manual by besm

position and automatic under the control of the
radar control minicomputer. The similarity be-

tween a calculator keyboard switch matrix and the

array matrix is readily apparent and this in turn,

provides the key to readily interfacing the array

with a microcomputer, since the latter devices

normally interface with such calculator components.
Similar advantages can be realized in the design

of the manual control units through the use of
other standard calculator components such as

light emitting diode (LED) or liquid crystal dis-
plays and compatible micro-computer interface

hardware. Figure 3 shows a 4-bit micro-computer

set configured to drive the 100 element array.
Rough order of magnitude cost for the LSI cir-

cuits would be $100.00 for large quantities.

5,2 Large, High–Speed, Array Control

The size of the antenna considered was a
6,960-element array organized in 163 rows and
107 columns with quadrant symmetry. Beam

switching intervals to be considered were
250,500 and 1000 KS respectively. The control

equation contained only pointing and collimation
terms (i.e. pencil beam shape). Row and column

control was acceptable with zoning in groups of
up to 16 elements for collimation correction.

The respective row and column phase equations

given were as follows:

2 mdy
*N 9 bn N2dy2

= NT sin +
AF

Where,

WN = Row phase component for all elements

in row N

9M = Column phase component for all

elements in column M

dy = Spacing between each row

dx = Spacing between each column

A = Wavelength

!9 = Beam elevation angle with respect to
antenna axis

* = Beam azimuth angle with respect to

antenna axis

F = Focal length of the array

a,b = Collimation zone correction terms



TA8LE 1. MICRO COMPUTER CHARACTERISTICS

Nerd

Length

Manufacturer
and Computer

Type

Register
Register
Add (#S)

Clock

Freq.
kHz

Basic Computer

cost $

100-999

Devl ce
Technology
& Packaging

P–MOS S= Gate

CPU: 16 PIN C DIP

FAN: 16 PIN P DIP

ROM: 16 PIN P DIP

Ins tr”ction

Set
Expanded

Memory

ROM 4Kx8

RAM 1.2K

X4

(Qty) ICS

(1) CPU: 16x4

Registers
(1) RAM: 80x4
(1) ROM: 256x8

‘A’ Type 1 10.8

( 4+4)

750.0 45

Add, Sub
30.00

15.00

15.00

4

(1) CPU: 7x8
Registers

“(8) Ml: 256x8

(1) RI.)}!: 256x8

(1) CPU: 7x8

‘(8) RAN: 1024x8

(1) ROM: 2048x8

(1) ALU: 25x4

Registers
(1) Tim.ng:
(1) ROM: 256x12

(1) RAN: 75x4

62 ICS on 8 1/2”
x 11” PCB

4 x 4 BIt ALIJs

4 GP Registers

‘A’ Type 2 8

8

12.5 ‘

(8+8)

800.0

2 NTLz

48
Add, Sub

74
Add, Sub

90.00

16.50

P-MOS S1 Gate
CPU: 18 PIN C DIP

RAM: 16 PIN DIP

ROM: 24 PIN DIP

N–NOS Si Gate

CPU: 40 PIN DIP
RAM: 16 PIN DIP

ROM: PIN DIP

16KX8
SWY/ RON

‘A’ Type 3 2.0

(8+8)
LOO.00

191.20

48.00

65Kx8

RAM/ROM

‘B’ 4

16

62.5

4.9

400 ‘CHZ

3 MHz

95

Add, Sub

42
Add, Sub

RON 6Kx1

RAM 175X

65 KY.16

P-MOS S1 Gate

ALU: 18 PIN DIP

Timing: 24 PIN DIP

ROM: 16 PIN DIP

RAM: 16 PIN DIP

P-MOS & T2L

Complete 16-Bit
Computer on

8 l/2’’xll” PCB
256 X 16 RAM

512 X 16 ROM

‘c’ !95 .00
without

ROW .

+ 50.00
for 4 2X

PROMS

,~RAN is optional for small data base.

Comput at ion5.2.1 Requirements Analysis. From the above
requirements it becomes necessary to compute only

the beam pointing commands for one quadrant of the

Per Beam

82

82

array and by symmentry to add the collimation term *N
to the true/complement values of the steering

terms to obtain the phase shift settings for the
remaining three quadrants.

*
-N

The total computing load can be broken down 1

as follows:

Computation Per Beam v
M

27rdy
AN . ‘Sintl

A
1

‘-M

27rdx
AN . — Sin+

A
1

NAN 82 (Ql)

=NA +
N

==N+

=HA +

N

=~A +

M

c

N

c

N

c

N

c

N

54

54

qr+ql
NM

1740

1740 Simul -
54

82
(Q2) W+ w

N -M taneous
at all

1740 elements

1740

HA
M

54 (Q3) v + w
-N -M

bi?N2 dy2

CN = XF
82 (Q4) w + W

-N M

amM2 dx2
CM = ‘— 54

kF
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The corresponding computer flow charts to

perform the above operations on an 8-bit, 2 #s,

microcomputer (one per row pair and one per
column pair) are shown in Figure 4. Total running

time is estimated at approximately 100 PS for one
pass plus an additional 12 ps for each subsequent

iteration through the collimation/output path for
zone correction. Table 2 summarizes the large

and medium scale integrated circuit (IC) counts

required for each of the three beam switching

intervals together with the corresponding cost
estimates. The non-recurring design cost would

remain virtually constant for all three casea since

the basic computer set would be replicated.
Figure 5 shows the resulting system configuration

with the microcomputer ICS packaged on the array.

6. Conclusion

The status of current methods for controlling
phased array antenna beam shapes and positions has

been briefly reviewed in the light of the burgeon–
ing microcomputer technology and, from the two
examples considered, the microcomputer and its

associated interface circuits offers a low-cost
solution to the design of antennas as fully inte-
grated components for direct control bv the radar

subsystem computer. Further, the flexibility

required to meet the wide variety of radar appli-
cations can be accommodated in simple micro–

computer software at low operating speeds, in
contrast to the customary deaign of new special-
purpose computer hardware.

TABLE 2.

OTHER _

SUBSYSTEM

UP TO 100FT
TRANSMITTER &

MASTFF

OSCILLATOR

RADAR
FE CEIVER

8 SIGNAL
CONTROL

PRO CESSOW
COMPUTER

(MINI)

I

CRT

DISPLAYS

PA DA RUN ITS . OTHER _
. SUBSYSTEM

Fiqure 1. Control & Interface of Phaaed

?+r~ay Antenna in typical present day

multi-mode Radar System.

B“’*MrN
PHASED

ARRAY

MATRIX

(1OX 10)

Fiqure 2. Microcomputer Control of 10x1O

Array Matrix, System Block Diagram.

LARGE, HIGH-SPEED, ARRAY CONTROL MICROCOMPUTER HARDWARE ESTIMATES

Beam

Switching

Interval

250 /lS

min.

500 fls
min.

1000 /-is
min.

El
SYSTEM

CONTPOL

COMPUTEP

(hAAAl)

Number Material
of cost

Design Approac~ ICS (K$)

Microcomputer per row pair

(82 ea.) and column pair 1.090 32.0
(54 ea.)

Microcomputer per 4 rows

(41 ea.) and per 4 columns 546 16.0
(27 ea.)

Microcomputer per 8 rows

(20 ea.) and per 8 columns 266 80
(13 ea.)
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