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= On Screen Display Project :

.. : dnmﬂ %
callsign an T code %
emﬂratur‘

The BElchBoxCamen™ Company Lid.
sponsors the CO-TV capltion competition.
The winner will receive a keyboard text
ovariay unit.

@ PIC 16F628 microcontroller
@ 28 by 11 character OSD
@ Fully programmable
@ Demo software available
@ |/O lines for sensor interface
@ R5232 senal interface
@ PAL or NTSC compatible
=0 ukg L] EI'ICI{:I'EUFE ﬂ‘ptlﬂn a‘u’-allable

Caption
Competition.

Page 2 CQ-TV 219 - August 2007 Copyright © by the BATC



CQ-TV 219

Contents

AdVErtiSING RALES.......eouieiiiiieieiieieeeiee ettt sttt enae s e 4
Caption COMPELILION. ....cvievieiieiietieeierieetesteete e ete e ebesseesbesseessesseessesseessesseensensns 2
Circuit NOtEDOOK 94 ...ttt 5
COLOURFUL TIMES ...ttt 27
COMMITEEE CONTACES. .. .eeueiuieeienieiieeierte et eee sttt ettt ente st e e eee e e e s eneeeneeneeens 4
COMEBIES ...ttt ettt ettt ettt ettt e sbeesnesbeesnesaeenaesae 3
CONLESE INEWS ...ttt ettt ettt ettt ettt et et sae e e s eaesaees 25
DEAAIINES. ...ttt sttt a et nee 4
Experimental TeleViSIOn ..........ccceiieiirieniiiee e 21
FATHERLAND TV oottt ene e 29
The EJECtOr S@at......c.ecieriieieiieiesieeie ettt nse e enseseees 10
The POOR MAN’s DIGITAL ATV TRANSMITTER : .....cccooveiiiiiiieiee 11
Thomas Telford 1757 — 1834, Engineer extraordinary ...........c.cceceeeeverenenennnne 23
Turning Back The Pages.......c.coooiiiiiiiiee e 8
TV CAMERAS COME AND GO...c.oovtieiiieiieiieisieieeeee e 30
Understanding Analog Video Signals..........cccccveeveriiivieriesienieieneeie e 31

Copyright © by the BATC and contributors.

Legal Niceties (the small print)

E&OE. Whilst every care is taken in the production of this publication, the editor
accepts no legal responsibility for the advice, data and opinions expressed. The
BATC neither endorses nor is it responsible for the content of advertisements or the
activities of those advertisers. No guarantee of accuracy is implied or given for the
material herein. The BATC expressly disclaims all liability to any person in respect
of anything and in respect of the consequences of anything done or omitted to be
done wholly or partly in reliance upon the whole or any part of this magazine.

As the regulations for the operation of radio frequency equipment vary in differ-
ent countries, readers are advised to check that building or operating any piece of
equipment described in CQ-TV will not contravene the rules that apply in their own
country.The contents of this publication are covered by international copyright and
must not be reproduced without permission, although an exception is made for not-
for-profit publications (only) wishing to reprint short extracts or single articles and
then only if acknowledgment is given to CQ-TV.

Apart from any fair dealing for the purposes of published review, private study or
research permitted under applicable copyright legislation, no part of this publication
may be reproduced, stored in a retrieval system or transmitted in any form or by
any means, electronic, mechanical, photocopy, recording or otherwise, without the
prior permission of the publisher. All copyrights and trademarks mentioned in this
publication are acknowledged and no infringement of the intellectual copyright of
others is intended. Printed in Great Britain. ISSN 1466-6790

Notice to Contributors

Authors are alone responsible for the content of their articles, including factual and
legal accuracy, and opinions expressed by them may not reflect the editorial stance
of the publication. Material submitted to CQ-TV should not infringe the copyright
of other writers or bodies. Articles remain the copyright of their authors and follow-
ing publication in CQ-TV, they may also appear on the BATC’s web site and CD-
ROMs, also in other not-for-profit amateur publications. Contributions are accepted
for publication on this basis alone.

Printed by Hastings Printing Company Ltd., Drury Lane, St Leonards on
Sea, TN38 9BJ, England. Telephone: 01424 720 477.
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Committee Contacts

President: Peter Blakeborough G3PYB

E-mail: president@batc.org.uk

Chairman: Trevor Brown, G8CJS

Club affairs, Videotape library, and Technical queries,
especially relating to handbook projects. 14 Stairfoot
Close, Adel, Leeds, LS16 8JR. Tel: 01132 670115

E-mail:chairman@batc.org.uk

General Secretary: Graham Hankins,
G8EMX

General club correspondence and business. Library
queries relating to the borrowing or donation of written
material. Graham Hankins GSEMX, 17 Cottesbrook
Road, Acocks Green, Birmingham, B27 6LE. Tel: 0121
706 7384

Email secretary@batc.org.uk

Hon. Treasurer: Brian Summers, G8GQS
Enquiries regarding club finances, Donations, and
constitutional enquiries. 9 Prior Croft Close, Camberley,
Surrey, GU15 1DE. Tel: 01276 677879, Mobile 077 4029
1191

Email: treasurer@batc.org.uk

Membership:

Anything to do with membership, including new
applications, queries about new and existing membership,
non-receipt of CQ-TV, subscriptions, membership records
etc. Pat Hellen, The Villa, Plas Panteidal, Aberdyfi,
Gwynedd, LL35 ORF, UK. Telephone 01654 767702
E-mail: memsec@batc.org.uk

Club Liaison:

And anything of a political nature, co-ordination of ATV
Repeater licences. Graham Shirville, G3VZV, Birdwood,
Heath Lane, Aspley Heath, Woburn Sands, MK17 8TN
Tel: 01908 282292.

E-mail g3vzv(@amsat.org

Advertising Rates

Contests:
Dave Crump G8GKQ.
Email: contests@batc.org.uk

Anything for publication in CQ-TV:

Articles, Review items, Letters to the editor, and other
material except as below. Email: editor@cq-tv.com.
Photographs for the CQ-TV covers: Please send any
photographs by post and electronic images by email, to the
editor at the above address.

CQ-TV Advertising:

Trevor Brown, 14 Stairfoot Close, Adel, Leeds, LS16 8JR.
Tel: 01132 670115

Email: adman@batc.org.uk

Members adverts for inclusion in CQ-TV should be sent
directly to the editor and the above address, either by post or
e-mail.

CQ-TV and BATC web Masters
Anything to do with the CQ-TV web site
Email: webmaster@cg-tv.com

or for the BATCs web site.

E-mail: webmaster@batc.org.uk

Publications:

Handbooks, Back copies CQ-TV, and anything related to the
supply of BATC publications. Paul Marshall, Fern House,
Church Road, Harby, Notts., NG23 7ED
E-mail:_publications@batc.org.uk

Deadlines

Q-TV is published quarterly in February, May, August and

Size Mono Colour November each year. The deadlines for each issue are as follows: -
Quarter page £50 £75 February - please submit by December 31st
May - please submit by March 31st

August - please submit by June 30th

Half page [ £100 £150 November - please sumit by September 30th
Full page | £150 £200 Please send your contributions in as soon as you can prior to this date.
Don’t wait for the deadline if you have something to publish as the longer

we have your article, the easier it is for us to prepare the page layouts.
If you have pictures that you want including in your article, please send them,
in the highest possible quality, as separate files. Pictures already embedded in a
page are difficult to extract at high quality but if you want to demonstrate your
preferred layout, a sample of your finished work with pictures in place is welcomed.
Please note the implications of submitting an article which are detailed on the
contents page.

CQ-TV, then please contact our

advertising manager, Trevor Brown,
14 Stairfoot Close, Adel, Leeds, LS16
8JR, England. Telephone: +44 (0) 1132
670115. Email: adman@cg-tv.com

If you would like to advertise in
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Circuit Notebook 94

By John Lawrence. GW3JGA
Audio Test Burst Generator

Here is a circuit which will generate a
sine wave signal in 8 steps of increasing
amplitude. Each step lasts for 2 seconds
with the sequence of steps repeating
continuously. The circuit could be
used for checking audio level meters,
transmitters, limiters, compressors etc.

Circuit Description
The circuit is shown in Fig.1.

IC1 (74HC 4060) is a 14 stage
Ripple Counter with Oscillator. The
1kHz (approx) signal is generated in
the oscillator section of IC1 where
the frequency is determined by R15
and Cl. The square-wave signal is
passed through a low-pass 1kHz filter
consisting of IC2a and IC2b (LM358).
After this filtering, the output from
IC2b is a respectable sine wave. This is
fed to the resistor chain R1 to R14. Its

purpose is to provide 8 levels of signal
including zero and maximum level.

Returning to IC1, the outputs from the
last three counter stages (Q11, Q12 &
Q13) provide a three line address which
is connected to the select inputs of IC3
(74HC 4051) an Analogue Multiplexer.
The eight signal inputs of the multiplexer
are connected to points on the chain of
resistors to select specific signal levels.
One input is connected to zero level and
another to maximum level. A diagram
indicating the relationship between the
three line address and signal level is
shown in Fig.2. The diagram shows the
signal level increasing in equal steps,
this would be the case if all the resistors
in the chain were of equal value.

However, the values of the resistors in
the chain are selected to provide specific
amplitude levels of the 1kHz signal. In
the circuit shown, the resistor values are
chosen to provide 3dB increments of
signal level. To avoid ‘difficult’ resistor
values, each required value is made up

of two resistors selected and connected
in series. Using 1% resistors, the overall
error in signal level is likely to be less
than 0.2dB. The resistor values for 3dB
steps are shown in Table 1. and for 4dB
steps in Table 2.

The sine wave amplitude at the top
of the resistor chain is approximately
150mV and a final amplifier stage IC3
(ICL 7611) is provided to enable the
maximum output signal to be increased
to 0dBu (0.775v rm.s., 2.2 V p-p).
The ICL 7611 is a rail-to-rail op-amp
which is needed to provide a 2.2V p-p
output from a +5V supply. In use, the
maximum output is set to 0dBu by
means of the ‘Set Level’ control RV1.
An alternative maximum level could be
chosen, e.g. -10dBu, and the 3dB steps
would then apply to the new level.

The oscillator frequency of nominally
1kHz (mine turned out to be 987 Hz)
can be adjusted by replacing R15 with
a 1MO potentiometer and setting the
frequency using a frequency counter. If

]

T | | t ] |
| | | 1
T ':E. !
1 = an I
7ane | ._
5 o 1
£ —=1
'~—||" ! [22 LM3S8
_[n . o
T _.I.. +5 J- .
I _ |
) E T |
. |r ||.|-P1:|‘._ '!!..-. _.-';:_ ko
- = - .T- : (W F BT B
Fig. 1
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the frequency is changed, by a significant
amount, for example to 600Hz, then the
component values in the low-pass filter
will also need to changed.

Aninteresting dB-dBu-dBv Comparison
Table is published in the Technical Data
section of the Canford catalogue www.
canford.co.uk and it is reproduced here
in Table.3.

References;

74HC 4051 and 74HC 4060 data.

Mullard Technical Handbook No.4.

Part 5.

Decibel Table
RSGB Radio Data Reference Book

G. R. Jessop, G6JP, Fifth Edition p.37

dB-dBu-dBV Comparison Table
www.canford.co.uk/technical

Source: BBC Designs Department
Handbook No.3. 186 (1986)

TABLE 1 RESISTOR VALUES 3dE STEPS
DECIBELS | RELATIWE | REQUIRED = B
VWOLTS | RESISTOR | NUMBER OHMS
N 1
2920 R 2700
=3 0.7 R2 220
2050 T 1800
5 0.5 =¥ 270
1450 RS 1200
3 0.36 RE 270
1040 R7 1000
A2 0.25 Ra 39
730 == G0
5 016G R10 A7
520 R11 470
18 013 R12 47
1260 R13 1200
IE 0 R4 56
TABLE 2 RESISTOR J/ALUES 4dB STEPS
DECIEELS | RELATIVE | REQUIRED R R
WOLTS | RESISTOR |[NUMBER |  OHMS
0
3690 R1 3300
4 063 RZ 390
2330 R3 2200
8 0.4 R4 120
1470 RS 1200
12 0.25 RE 2710
920 R7 520
16 0.16 RA 100
500 R3 S
20 0.1 R10 33
370 R11 2710
24 0.06 R12 100
B3l R13 Shi]
INF R14 BE
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TABLE 3 . dB{dBu-dB% CJOMPARISDMN TABLE [ www. canford.co.uk )
FRULTIFLIER dB dBu dBs FF kA FF kA s
Helative ta UK scale |EBU scale| UK scale
reference %'
10 20 779V 10.0%
4 12 3.08% 3.95% 7 12
(& 1.95% 2515 & (=] 4
7 1,73 224N
e & 1.55% 2004 2
o 1.35% 1.73%
4 1.23% 1.59% 5 4 EI
3 1.09% 1. 41%
2 S5 mN 1264
1 ahSm* 1.12%
1 ] Iamt 1.00% 4 1] -4
-1 BEE0 M 891 "’
-2 B15mY FEA Mt
.7 -3 S5t SOSm -7
-4 A89m™ B31 m* 3 -4 -5
-5 436 m" Sh2m*
0.5 -5 388 M 501 ™ -10
-5 A0S m™ 395 M 2 -5
.25 =12 1595 1m* 257 1 =12
-15 97 5m 126m"
-24 45.9m% | B3.1m"
-30 25 4m | 31.BmY
0.01 -40 FAmy | 10 .0mY
-5l 2. A5mY | 3. 1BmY
O -B0 AU 1m'
-0 2. 4500 31Eu™
dBu = 20 log YA 775 where voltage iE irrespectiye of impedapmce
dBm = 20 log 0.7 75 whire voltage js measurel across BOO ohms
dBY = 20 log ¥4
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Turning Back The Pages

A dip into the archives of CQ-TV,
looking at the issue of 50 years ago.

by Peter Delaney

CQ-TV 33 - “Summer 1957”

One of the technical articles in this
issue described a “fascinating little unit
that will add much to the interest and
amusement of your transmissions”.
This video effects amplifier was a
‘device for chopping out part of the
picture from one camera and inserting
in its place the picture from another
camera’. The block diagram shows that
2 video inputs, marked 1 and 2, are
fed into a video changeover switch
operated by the trigger circuits. The
switch is operated by combinations
of DC level changes and suitable AC
waveforms, primarily derived from line
and field syncs. The video signals were
applied to the supressor grids of V4 and
V5, arranged as a Schmitt trigger so
that V5 would normally conduct unless
the grid of V4 was taken higher than
that of V5. As only one valve could
conduct at a time, they have a common
anode load, feeding the phase splitter
V6A and cathode follower output,
V6B. V3 is another Schmitt trigger , to
ensure clean switching. Only 4 switch
positions were shown, “but by applying
some ingenuity and thought, almost any
effect can be produced’. With no input
from V1 or V2, V3A is controlled by
the 250k manual potentiometer, or from
the ‘operate’ switch - acting as a simple
vision switch. V1 and V2 are simple
integrators, producing line and field
sawteeth. If, say, line sawtooth is added
to the dc fed to V3, then by setting the
manual control, the changeover will
occur at any desired point in the line,
and the resulting picture is as in figure
(a). On ‘auto’, the vertical division
moves across the picture, producing
a horizontal wipe. Using the field
sawtooth from V1, a horizontal division
is produced, or a vertical wipe, as in
figure (b). Adding the line and field
sawtooth signals (ideally) produces a
rectangular cut out (as in (c)), but in
practice this becomes rounded and more
lozenge shaped (figure (d)). An external
input could be used to create other
effects, such as a venetian blind (figure
(e)), if a switching signal at a multiple of
the field frequency is fed in./(Although
created with valve technology of the

time, the block diagram would still be
applicable to a similar device made in
a solid state form)./mateurs wishing
to use a camera at that time had little
choice other than to build it themselves.
Vidicon type tubes were available via
the Club (apart from to ‘Iron Curtain
countries’), being tubes rejected by
the makers for ‘minor blemishes’.
Tubes cost £25 each - plus postage and
insurance charges ‘send us the £25,
and we will send the bill for the extra’.

Dim® Line Coils

Field Coils Alignment Colls

The line coils were cemented into place
with shellac as diametrically opposite
as possible, and it was recommended
that the field coils be attached to a thin
paper former, so they could be rotated
slightly to give a truly rectangular scan,
and then secured permanently. The
focus coil had to provide a field of 40
gauss, and was made of 6500 turns of
34swg enamelled wire, to pass 40mA
of dc. The tube socket was considered
much more difficult - a paxolin disc

A 2 3/168"
'B 1 7/8"

are not critical).

jig not critical).

Winding details

Field:

on
2 5/16"
(Tolerance on sbove: + 1/16"; alignment coil dim®

c 0.110" 0.08" 9/32"
P 15/16" 29/32" 3/8"
Q 1 1/4" 11/16" 7/8%

(Tolerance on P & Q: +1/32" - O"; alignment coil

R 0.55" approx  0.69" approx 1 3/4"
ohms/coil 1.6 82 70
mH/coil 0.62 17 22
Total L,
series 1.35mH 41 44
Turns/coil 105 620 1000
SWe 26 38 34

(Lewmexbond T will be found to be easiest to work).

Iine: Wind 26 turns, tie with thread; repeat twice
(total 78); wind to 105 turns, finish off and tie.
Bind sides with Sellotape and bend to shape.

Wind 150 turns, insert pegs into first holes,
or tie; repeat for 160, then 150t, then finish off to
620 turns. If Lewmexbond, pass 6.3V or heat to 150°C
to bond wire, or tie. Form to shape.

Alignment: Not critical - wind on Jig as preferred.

TABLE 6.1l: COIL WINDING DATA

11/4%
3/an

However, no tube bases or
coils were then available,
and so the magazine gave
details of how to make your
own. The accompanying
diagrams and table gave
most of the details. /(There is
a note about “see text” about
the ‘saw slots’ and ‘drill
holes for pins’, but the text
mentioned neither!!!)/ After
the coils were wound, they
were formed to shape round
a 1 3/32” former for the line
coils, and 1 3/8” for the field.

SIGNAL PLATE
CoONfECTION

Details of Tube Socket

SHORT INnpEX PIN
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A VIDEO EFFECTS AMPLIFIER

By M.Barlow, G3CVO.

+ 250
ASPECT KATIO
t LozENeE "
56K DZM oufts(l'r Vo8 - 28T
EFFECTX
ouT
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3
£
+250
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' 16F33
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PEDESTAL
Q 3
Ko

LINE
-

AC
d I e\ TRGER

o a=

PHAsE + 4 [cATwodE
ReverseR |MMrouower

F_i_l

was drilled to accept pins salvaged
from a valveholder. /(Vidicon scan coils
in due course also became available
through the Club).

/Amongst the other notes was a list
of ‘New Members’ -- including J.T.
Lawrence G3WGA, Perranporth,
East Ave, Brynn Newydd, Prestatyn,
Flintshire -- the same as on the
envelope shown in John’s article about
transmissions from Winter Hill in the
last CQ-TV!!. There was a question
as to ‘why lines?’ - noting that no
BATC member has yet experimented
with spiral scanning! Mike Barlow -
the Club’s founder, by then in Canada
- had a monoscope to generate a test

3

VIOFO SWITCH
Ly 24
DEFLECTION COILS

orere WA OTaVe

#ﬂ'&v_n_l
OEARKOOIARS
R XN ..

11

i
EQM&
Assembly of lete Yoke and Tube

=1
Assembly of Foous Coil Former LL__:QY;:'J

card, which had “at great expense
been overprinted with the call letters
of “Barlow’s Broadcasting Co” /(!!!),/
whilst Mike Cox - back in Beccles
- had greatly improved his ‘Pathe-
Cox’ telecine unit - using a 931A
photomultiplier tube as the sensing
device inside the lamphouse of the
original projector, and a scanning crt
about 2 ft infront of the projector (and
using the optics ‘backwards’. He was

® also building a transistorised pattern

generator - transistor circuits being
very novel at the time. The back page
listed the 32 British amateur television
transmitting stations in known to the
club at that time.

(Right) Deflection [k
coll after bending.

Defleotion coil

‘befare .
See Table 6.1 for
details.

el h\-cﬁéu )

Sow Slok
(e eet)

for the colls.
Aluminium or
brass is
suitable.
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P Televlslal Gy | e We have produced a DVD containing
(e ~ o, , electronic versions of CQ-TV
5% *a, and the CQ-TV  articles  index.
;‘“ ! - \ r \ r a”i-% Also included are electronic
] = L1 = 3
A =% = . versions of our three most
& rrl"" o I- ‘/ J j_) J‘% recent handbooks, ‘Slow Scan
3 r it LY i e Television Explained®, ‘Amateur
E__f rrle'rl [rlj :H"LI-':I '3% Television Handbook® and
05_{‘* 1‘1‘.1‘1“!_.:2H 1.5901 X ,3; An Introduction to Amateur Television®.
=

Thearchiveisconstantly beingupdated as more of

the old paper issues are converted to electronic

format. Currently issues 1 to 134 and 161 to 216

are included along with a few odd ones.

This DVD is updated 4 times a year, to include
the current issue of CQ-TV.

The DVD is playable in a standard (domestic)
DVD player (and on a PC witha DVD player) and
the data files will ‘auto-run® when the DVD is put

12 CO-TY magazine
a2rcnive 2ind vidsos

into a PC.

Thevideosectionwas prepared by BrianKellyand

contains videos from

m Bletchley  Park 1999, one  from
Shuttleworth2002 and one from2004. The cost for

s ,j.r_jfjf. this DVD is  £5.00 for current
S P members and £10.00 for

non-members.

Note: This DVD is supplied on +R media only.

The Ejector Seat

The best place to sit for a rapid
exit! - Brian Kelly

About a year ago, at the BATC BGM at
Stow-cum-Quy, a call was made for a
new CQ-TV editor to step forward. The
stampede for the door was pedictable
and immediate. That was the exit door,
not the entrance I hasten to add.

With nobody prepared to take on the
job, I was ‘volunteered’ (coerced, even
pleaded to!) to take over, despite my
objections on the grounds of having
no spare time on my hands. Evetually,
and after repeatedly objecting, I said I
would hold the position for one year,
and no longer. That year is up. I
have on numerous occasions hinted that
some else has to take over but so far,
instead of cries of “me, me, me” there
has been an ominous silence.

It’s crunch time, unless somebody
volunteers to continue where I leave
off, there will be no more CQ-TV.

So here is my plea, if you have spare
time, and this would be an ideal job for
a retired person, get in touch with us so
we can discuss what needs to be done.
If you can dedicate a few hours each
week to the job, it should be fairly easy

to do. Staying on top of the work is the
key, regularly adding to the magazine
as articles become available is much
easier than trying to rush it all at the
eleventh hour.

Sadly, my year has allowed me virtually
no free time, from the beginning of
March to the end of September I work
8:30am until 6:30pm , seven days a
week on the ‘regular’ job and handle
several projects in the remaining hours.
One of them in Thailand with the
obvious problems of time differences
that causes. I’ve also had several months
living on a building site, with me doing
the building work and had to care for
someone with severe dementia (not me
or Pat- yet!)

That said, I should be able to offer two
articles to the incoming new editor. they
would have been in this CQ-TV but
writing and editing with all the other
work just didn’t fit into 24 hours.

I hope I’ve managed to maintain the
standard of CQ-TV for the past four
issues and wish the new recruit the very
best of luck. 73’s Brian. GW6BWX.
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The POOR MAN’s DIGITALATV TRANSMITTER

Build this simple and cheap 70 MHz Exciter and start to transmit Digital Television !

by Jean-Frangois FOURCADIER FADAY

Digital television transmitters generally
call upon a complex signal processing
sequence. However, it is possible to
simplify considerably the circuitry if
we stick to the essentials. Thus, we
describe here a small circuit able to
generate a digital amateur TV signal
from pre-recorded video sequences on
a PC hard disk or on a “cartridge”
containing an EPROM.

To keep a simple structure for the
Nyquist filter, and to significantly
improve the ISI (Inter Symbol
Interference) performance, an original
circuit has been developed specifically
to achieve this goal in a way that is easy
to implement using pre-distortion of the
modulating signals.

Summary of Exciter Features

data input

This exciter will deliver a 70 MHz
signal which will be easy to transpose
to the 23 cm amateur band (1240
MHz - 1300 MHz). This will make
it compatible with FTA (Free To Air)
digital receivers which use the common
DVB-S satellite standard. The RF signal
is modulated by means of a four- state
phase modulation (QPSK) method. The
binary rate is fixed at 2.048 Mbit/s
(European binary rate E1 standardized
in telecommunications). On the signal
input side, a DB-25 connector receives
the request to send data and the data
itself to be transmitted from the signal
source.

The data source could be one of the
following three options:

1. A PC with direct connection via the
parallel port. The computer can store

several tens of MB of data enough to
transmit animated video sequences with
audio of several minutes duration.

2. A “cartridge” including an EPROM
(and a counter to sweep the addresses).
The EPROM can contain a test pattern
with animation and an audio signal.

3. Ultimately, perhaps, a Compact
Flash memory stick could be used
to store more than fifteen minutes of
uninterrupted video and audio.

The exciter can be placed in a metal
case approximately 148 x74 x 30 mm.
(One suitable item available in Europe
is known as the Schubert box). The
exciter is fed with 12 VDC and the
current drain is about 180 mA.

RF output

p | 70 MHz QPSE
byte request iali — - OPSK Wi
seraliZzer [ —
. modulator
— ] ]
byte input 8 J}/f T
hit master clock 70 MHz oscillatar
:
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The serializer
Features

The serializer successively requests the
data source (computer, cartridge, or
compact flash memory stick) to send the
bytes to be transmitted. These are sliced
into packages of two bits (dibits) by
the serializer in order to represent one
point of four in the QPSK constellation.
(One use of the word constellation is to
suggest the several data points one sees
on a scope, just as many stars are seen in
a constellation). The serializer contains
the main bit clock and generates the
various secondary clocks needed by the
system, that is: request for a new byte
every 3.906 ps, output of a dibit every
0.977 us to the QPSK modulator. The

master clock, integrated in the serializer
module, is fixed very precisely at 2.048
Mbit/s, the binary rate on the radio
channel. This results in symbol rate of
1.024 MBaud.

The serializer includes useful additional
features for the setting of the QPSK
modulator and control of the modulation.
It can, when requested, generate two I
and Q signals of 90° lead or 90° lag, or
pseudo-random modulating signals.

It is worth noting that the serializer
provides, in addition to the I and Q
modulating signals, two I* and Q*
auxiliary signals for which the
objective is to correct the step response
of the summary Nyquist filters located
on the printed circuit board of the

1]

- P —
1

1

- | P

1

1]

..—-

1]

1

sl

2

a
register
PC parallel port ~
]
8 —
]
strearn
cantrol 5]
register

clock

Improvement of the intersymbol
interference by predistorsion of the I
and Q modulating signals

To correct the total response of the
channel filter (5th order Butterworth
filter in the transmitter, plus root
raised cosine filter in the receiver), it

is necessary to create and apply to the
QPSK modulator the dual pre-distortion
signals I * and Q * which minimize
the inter-symbol interference. After in-
depth studies of this phenomenon, we
see that the correction signals I * and Q
* must be precursory signals with levels
reversed compared to their references 1

QPSK modulator. It will be seen that
one can thus obtain at a lower cost
a substantial reduction in the inter-
symbol interference (ISI).

How tthe serializer operates

Two eight- bit registers A and B are
connected alternatively, every 3.906
us, to the parallel port of the PC.
These registers store the data from
the computer. These two registers are
sequentially read, 2 bits by 2 bits, every
0.977 ps and the dibit thus obtained
is sent to the QPSK modulator input
to form one point among four of the
constellation.

F DAY

and Q with an advance of one symbol
duration.
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correction

We will see below that this provision
is very simple to implement. It only
uses two wires and two weighting
resistors added to the assembly. It
makes a spectacular improvement in the
reduction of inter-symbol interference.

SMD capacitors of 2.2 nF and 100 nF.
The printed circuit is designed like
that of a high frequency circuit with a
large ground mass and many places for
through- the- board connections.

To simplify PCB building (1-1/2

correction

position switch for choosing the desired
operating mode from the front panel of
the transmitter. Pay attention to avoid
reversal of the I* and Q* wires !

- printed circuit

Practical serializer creation sides), some connections will need to  Logic diagram of the CPLD
be made very carefully using small  configuration
- schematic diagram diameter insulated wire. A 5 V regulator
ensures the stabilization of the supply
e ---:'--i ; 1 _;;; E1L]] ] 2 |
snfe = Cl i E
Eo vt o E _:*‘. | :I:l- ._.,!-:.:-.g-..-...-"--.q-u.“ r_|-|:!pql-_1-r||r|.'.:.:-|.!|_r|.:_-l':r|u:|-ll-lJ '.Ih
ra . + 0 i El,:.:rj'_r,:l:'r"r_t i i | .
- L 1
L ™ ¥
=ik ] L
[ T Ll
—4
- N !
———
LR, T T [ . | s
[Ty ’ - ' %
FY
= H aw [T r—rrh
B " L 3 =
L] m - roE A A
R
D N
& 6 Mbit's Senalizer
WA TR L e T P e
Baihar : URCADEN FADAY .i Ilh-l_
Cates FESIE 2000 Shepeie | /1

The diagram requires few comments.
The principal components are
two: a low cost CPLD Altera
EPM7064SL.C44-10 and a quartz
crystal oscillator on 8.192 MHz.
As the CPLD is very sensitive, one
will endeavor to carefully decouple
the power supply pins using several

voltage. A jumper permits choosing 1

of 5 operating modes: three modes of

adjustment (90° lead, 90° lag, pseudo-
random generator), an operating mode
(DB-25 external input) and a Continuous
Wave (CW) mode, obtained by simply
withdrawing the jumper. It may be
possible to directly connect a 1 pole 5

The logic diagram can be read by
opening the file “serialisateur2.gdf”,
provided below, by means of the
Maxplus+ II software by Altera. The
logic diagram comprises six major parts:
- a serializer whose central function
is a double multiplexer with 8 inputs

Copyright © by the BATC
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and 2 outputs. The diagram shows the
synoptic of the serializer,

- a pseudo-random data generator which
provides in serial form a succession of
32767 bits. It is followed by a de-
serializer which produces the groups of
2 bits 1Q,

- a square signal generator for signals of
90° lead and 90° lag,

- a multiplexer with 5 inputs and one
user selected output which makes it
possible to select the data source or
mode,

- two output D flip-flops which, by
their synchronous operation, guarantee
the precise timing of the output signals.
The first D flip-flop is used to produce
the logical pre-distortion signals I* and
Q*, the other to deliver signals I and

Q

- and finally, a synchronous counter
provides all the various clock signals
necessary for unit operation

QPSK modulator

The QPSK modulator was already fully
described (diagram, printed circuit,
adjustments) in a previous article to
which the reader is invited to refer.

Building the exciter and making the
interconnections between the circuits

The two printed circuits are fixed in
an aluminum or metal box of 148 x
74 x 30 mm. In Europe, a Schubert
box is available. The two 7805 voltage
regulators are placed against the wall
of the case which acts as a heat sink. A
feed-through capacitor of 1 nF passes
the + 12 VDC power to the circuit
board.

A male DB-25 socket connects the
transmission bytes which come either
from a cartridge containing an EPROM,
or from the parallel port of a PC. The
DB-25 connector also links the control
signal flow which is transmitted on the

Note: pay strict attention to avoid
reversal of the wires transmitting the
I* and Q* correction signals (and also
to the I and Q wires to which they
are referred). The correction could
no longer be assured and the remedy
would be even more painful.

ATEREEFS Ty

L
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The integrated test generator

The absence of a jumper produces a
pure carrier at 70 MHz.

The first two positions of the jumper
correspond to adjustment signals of
the QPSK modulator: 90° lead and 90°
lag. Therefore one will see, under these
conditions and good QPSK modulator
setup, an output at 70.256 Mhz being +
256 kHz from the carrier (respectively
69.744 Mhz being - 256 kHz from the
carrier). The carrier and the undesired
sideband will be completely cancelled
during the setup process (see more
details on the QPSK modulator page).

The next to last position produces
a pseudo-random test signal, whose
spectrum is similar to that of a digital
television transmission. Finally, the 5th
and last position authorizes the entry of
the data to be transmitted to the DB-25
input connector.

The constellation

It was able to connect this 70 MHz
QPSK exciter to a professional test
equipment to visualize the constellation
such as it is seen by a general public-use

TRACE A: Chi
R My
i

dBn

LogMog

digital satellite receiver with root raised
cosine filtering where alpha = 0.35. By
transmitting a pseudo-random sequence

dBr

. 'y
o
L et

using the integrated test generator, one
can see the constellation. Hereafter,
the constellation is obtained without
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TEACE A: Chl Spectrun
I:|F| Morker JOO255 000 Hz =5.106 dBn

P

Center: 70 MHz

TEACE A: Chl Spectrun
GH Mok er 69 745 Qo0 Hz

¥

WAL

=17
dBr
Center: 7 MHzE
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using pre-distorsion, i.e.
with [* and Q* inoperative
(logical input I* connected
to the I logical input and
logical input Q* connected

to the Q logical input): S Y

A Morker Ao Q00 Qo0 He -149.383 dBn

TRACE A: Chil QPSKE Meoas Time
A Mkr O, 0 sy E.915 deag

-1, 9607843757 1.960783437567
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Inter-symbol interference is relatively
important issue. One can detect that
each point of the constellation is in fact
made up of four groups of points.

By connecting the pre-distortion now,
that is, by connecting I * and Q * inputs
at the dedicated outputs of the CPLD,
one notes a spectacular improvement
in the inter-symbol interference
reduction:

The optimum result is obtained by
adjusting the weighting resistances R29
and R30 on the QPSK modulator for
the best constellation. The correct value
for R29 and R30 is 1.5 kohm.

Connection to a computer

Connect to the PC parallel port using
a short cable with CB-25 connectors.
There is a male connector at one end
and a female connector at the other end.
The cable must contain at least 10 wires
and its length should not exceed 60
cm to avoid affecting the transmission
quality of the fast signals (indeed, a
byte travels within the cable every 3.9

us).
Software and files

The PC must store on its hard disk the
data to be transmitted, then it needs for
fast access to transfer the data to RAM
before any transmission. In order to
ensure control of the data flow, the PC
must scan the ACK wire of its parallel
port and present a new byte at each
change of logic level on ACK. For
these reasons, it is necessary to run a
small management and dialog software
in the PC. Information relating to the
operating system and the software was
given in a previous article.

The video files are developed using
the Manzanita software (free in demo
version) and the TS188TolQ.exe
software written by Evariste, FSOEO.
The details of building the files were
provided in a previous article.

The reader in a hurry to visualize images
will find hereafter an 1Q file, ready- to-
play, representing a bar test pattern.

Note: The above file provides 1Q data
ready to be injected into the serializer.
It is planned for a binary rate of 2.048
Mbit/s on the radio channel, S/R =
1.024 MBaud, FEC = 1/2, PAL system,
25 frames/s. The video bit rate is 800
kbit/s. The file represents a bar test
pattern with some animation to allow
the detection of pictures freezes. Its
duration is 2 seconds. For a continuous

TEACE H: Chl QP
A Mkr
1.5

transmission, it is necessary to loop
the end to the beginning with the PC
software.

Transmission of digital television
signals

The final goal is of course to create
a genuine digital transmitter which
will use the present 70 MHz exciter,
transposition, filtering and finally linear
RF amplification. However, one can,
as of now, start to visualize images by
connecting the exciter output to a simple

44,052  deg

balanced mixer fed by an oscillator
generating a local oscillation with F-70
MHz or one of its sub-multiples. Thus
a 300 MHz oscillator with an output
level of + 7 dBm will be able to beat
with the 70 MHz signal from the exciter
to generate a signal of (300x4) + 70 =
1270 MHz. The transmitted level is not
very important, but a small antenna
connected directly at the output of the
mixer will make it possible to transmit
the digital TV signal out to a range of
several meters.

Copyright © by the BATC
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The aluminum case, provided above  So quick, let’s connect the computer,
with three BNC connectors, contains  let’s setup the FTA digital receiver,
a simple SRA-1 balanced mixer. It is a  and..... here is the result !

useful accessory!

Conclusion Translation from the French article with
the friendly help and advice of John

This little 70 MHz exciter, without  Jaminet, W3HMS

any pretensions, calls only for readily

available and inexpensive components.

With a little care, building the printed

circuits is entirely possible for anyone

with amateur means, i.e. inkjet printer

jet for the films, horizontal tub, and iron

perchloride for etching. The result is a

unit making it possible to start some

very interesting personal experiments

in the field of amateur digital signal

transmission. The description of the

data “cartridge” will be the subject of a

forthcoming article. The unit will then

be autonomous.

Gentlemen, start your soldering irons !
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Experimental Television

by CON WASSILIEFF Z1 2AFP

BOUT ten years ago | wrote o little article for Break-dn
ithedl “Mechankeal Television™'" describing my early
experiments with iransmitiing and recelving mechanieally-
seanned low definition moving pictures in 24 lines, verti-
cially scanned. At that time, mechanical scanning of a scene
by means of a Nipkow disk, focassing the isdibvidaal pletare
elemenis onto & photodinode, was the only practical means
of obtaining low-resolution moving pictures that conld be
converied into amplitnde modalation of an AM carrier nnd
then transmitted throngh a conventional HF transmitter.

IHrect amplitude modula
tem of an BF cartier prodeces
photures that safTer from phase
shifts thal dastort the imnge
badly, especially al the low
frams rafes (8 fps) wsed in poy
experinwntal transmissions
Fidure | slvivws the @fTesct af
lack af kw (requencies in the
signal. It s only the movensent
that recleems the pleture to nny
extiend Insl as a nsable metfod
ol sefidlfe moving peclimes |
is sub-pptimal to say the keast!
Fowever, this immge kas been
re-recarded twice ando aisdso
Lapsr S P 1S o o Ss2ortion
theam im the original received
pecture

Posar lowr freqpaendcy respnse
can be improved drmadically
by using the pictune sigral G
ampliude modulsie an audse
carrier. Lhils techinlgue = sind-
lar to that used i analogue
slow-scan television (SSTV),
exeepl thid anapeitusles ralber
phanm I’rl'I':.|I'|If"!| r.||n|I,.||.I1|lH'| ||r
thee audbn carrier was ased,
Demodulation of the recefved
signal was performed by asim-
|l||' CENmpEber program wribhen
in Chiicklasic, running ander
DS Indrially a G-bic Mash

Figiza 1. K i o &
macha seamned piciurs
ol 24 Endd ranamiited &S &
basaband AM signal from
‘Wedingfon b Auckland during e
daylima on 40 m

A coperier cofnecied 1o the
paralle] port was wsel (o digh-
tise the signal and the PC was
el ety Lo dlemodulae Ehe
sigrinl and display the peceived
pheture. Subsequently the I
sommdeand was wsed as the
digitiser The resultant péciane
hamt] mania ol Chee Blleser il wis
very evident im the mechani-
eally scanmied receiver as the
PC mennitor sereen was oflec
tively an Imlegriting display. As
a result the frame rates couald
st peddibeed d@nad Ehie Bindbwidih
used to increase the piciure
resi| i hon

Wh=n soundcards changed
from IsA o UL my omgimal
receiving program did not work
anymare and 1 did mot know
B 1o adapl my sounce oodie
to ialk o MU soundeards. |
wans thos forced Into learn-
ing Windows programming,
thicigh which ore “talks” 1o
hardware (such as soundeants)
win the Windows Application
Mrogramming Inlertace (AP
As long as there is a driver fior
thie hardware, Windows cnn
inlk to @, The hard work of
setting bits and doing all sorms
of gymnasthes at the kardware
kevel is all done for you by the
AT,

Among these APIs ks the
Nl For Wirdows"™ (VFW
inlerface, This s a 16-Int sys
pam that has been aroond
since Windows 1.1, and ena-
bles video capture cands aml
webcams (o be s reladively
easily. The YFW interface s
compatible with all Windows
versions up 1o Windows X1
bt 1 usiderstand that @ may
nid work with Windlows Visia®,
= |6-hit functionality will be
remmuived altogetber. 1y have
o |earm Soame nevw program-
ming skills

The APl fumctions apen ap
a whobe range of options that
were simply not availalde under
s, Thie most useluel cnes for

Figura 2. B0-ling pichoros aant belweds Auckipnd and Wallinglon during
1ha daylima as 40 m.

lelevisaon work ane the Was
[audin), the YEW (video)
and the MCI (hedia Conirod
Inkerfaee) AMs, nol Lo mention
bétmap mandpalsion fasctons
tir repiber the pleture to (and
Froah e sereen

Arepditide modhilation al an
nuidio subcarrier produces &
pecture that s suseepiible (o
brightness variations as thie sig
mal suffers propagation disios-
tioms such as fdes. Changing
this modlulntiom method to fre
(el modulation resalis in &
plctiure whose brightness now
deperds only an the taning ofT-
sl Tl method s now exactly
Ll SSTV althoogh, instead of
sending and recebving a high
resaludion pécture over a duras
tion of sxty sscondls or mione
o low resolution pletwre of
aroanad one frame per second
ia senl Mot exacily “moving
pletures” bul near enowgh o
compare with early Internict
video frame rabies

The maximum decail tha
can be sent in & usclfal mudio
bandwideh of 2 kHz is 2000
pixels per second. An argu-
menl can be made that 4000
pixcls per second can be
sccommodated in 2 kiz but
efther way, the thme between
pixels is in the order of only
5 milliseconds. As puliipath
propagatkon iming dillerences
can easily e several millisec-
onds, severe “ghosting” of the
receivel image enn (and I
quently does) oocus, Flgure 2

shows a4 monlage of [rames
Irgen 4 television Sgnal st
apdl received over the 40 m
band between my QTH in
Wellingten and that aof Steve
ZLIBEA in Auckland. Unlike
the vertically-scanmesd pictore
in Figure |, these ones an
limes horlzontally scanned,
with less than 3 pixels rescia-
1y e lime, seod it 1A Erons
per secand. Becaase the pie
ture {5 easily distorted, Hee and
{rame spne pulses are of it
use in mainaining a cormectly
frnemed picture and the pleture
is instesd manmally frsmed, o
iedlboies process if the sound-
cards ab the ransmitier aml
recelving end have slightly dif-
ferent snmple mics

The=e fmilitpsth Uming dis-
TOCTEMES I |||I||!|' ha mipahiaced
by slowing down the pixe] mie
a1 (hat the tlme beween plioets
is novw bonger than the propa:
gation timing differences. To
meodl losing picture detail, sey
eral audlo sub-carriers can be
sent in parallel. This requines
as many ibemoehalators as there
nre CArTiers. Fortunat ey ihl8 is
pasy to do with cur old friend
the Fourier Transform, in par
ticalar = modern relation the
Fast Fourier Teansform (FFT)
The FTT acts like o bank of
parakbe] fiers whose frequency
siparatbon deperds upon the
mumbser of samgles per frans-
form. It muast b remembered
that the Soundeard sample
rafe e be :'L:l'n'lhl:'lg From B000
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samgiies per second (8 kKHz) up
o % kiz for most compisters.
To speed op processing. the
loorst sample rate is used, as
lomg as this satisfies Nyquist
criterbon that the maximuam
snmal frequency be no mond
than half of the sampie rate,
For o sample rate of 8 kHz,
signals of up G0 4 kH: can be
demodulale] without aliasing
profilems

At nosample e of B0 EFz
aml 256 Souped caml sanples pes
FFT operation, the [requency
spacing betwesn “bins” will
b 3125 He If the tramsmit-
sl signal consists of malti-
phe parallel carriers spaced
ot exactly 5125 Hz, then each
carrier will be demodulaied by
the FFT indepenilently of all of
the others. At & sample rate of
4 kHz the time taken for the
FFT to gather 256 samphs s
32 millisecopde. Thias up (o
1125 plvels per Boe per spe-
ondl (50 25= K, maee) can be
resalved coprectly The carriers
are sald to be “orthogonal” to
each other if the carrier spac
ing equnks the dati b rale.
In this case emch bEud 18 one
pixel aof pheture information.
This arthogonality criterion is
the basls of MFSE modes such
as MFSE 16 and DominokEX, I
each carmer is modokated by
ithe brighteess of each line of
the pctane (he demodulated
output of the FFT reprocices
the original piciure exactly

As the frequency of exch af
the FFT bins b= lixed, {iné tumn-
ing of the incaming signal can
b achleved efther by adjust-
ment of the recelver dial or
by mixing the signol with a
numirically contmled oscal-
Intor (MO in software. The
brightness of each ploel of each
line af the plefure (o be sent
t5 nsed o foequency modulatie
each of 48 carmiers, eitler by
nn inverse FFT process of the
phase-pecumulation method.
Either method works eqanlly
well The deviation of esch car-
rher mnst be kept snall (hess
than about =4 Hz) bn arder to
avoid interferenoe #fects in the
receivid plcture,

The basbe photure format in
this *FFT-TV" = a monochrome
$8=48 piw;u'] picture, seml al
1 fps Ewen al | fps nsothon In
a “Tivw” seeni: is sl reasonably
acceplable. This can be modi-
el Lo @ 3224 pixel pheture
al 3 fps, or a colour picture

HREEAK-IN

i o K

Figarg . Piclures sent betwean Auckiand and Wellingian during the
wianing on B0 m, with frame rates from 3 fps (monochroma) io 0.2 Tpa

Figure &, General appearance of he trarsmitting and receiving
g T

of =48 paxels at | fps. This
lafter format uses the colour
dlifference method (o comgpress
the colour. Thirty-six of 48 car-
riers nre used for the fuml-
mance, Y= (03K « 060 + 015}
with the remaining 13 carriers
belng wsed for chrominamee
dlfference skgmals (Four for V-8
and pine for ¥-R

An HirB peclire s Sefl &5
three separate red, green, and
blue frames. and recombined
imto one coboar frame of the
receiver. A plain BGH colour
pleture eannot be compressed
newe than aboud 66 per cent
before green and purple colour
fringes appear. but the signal is
easier o une in. For instanee,
il tedevision signal using colour
differenoe has 1o be cormectly
tuned to within 1 Hz ctherwise
pronusificed e shifts oeeur,
whireas mis-tunkng an BGE sig-
nal merely changes the brigha-
ness of each colour evenly,
resulting in a bright or dark (but
correctly coloned) pheiure

JULNALIGLTST. 2007

Figure & presents fromes
talen of pactunes rederved Trom
Murray £LIBPU amd Grant
ILIWTT. Some of these ame
caleir pletures sent at a musch
slower rate of one fmme overy
five secomds. However, the fuc
fures are Bow To=06 pixels
which coptaln 4 lod more detail
than the basic 48 =45 pixel pie-
ture. These “high dedinition”
[ormats are inferuded 10 be used
o send individual frames of
mevies [ AV and MPEG format)
alhough they can be used to
give a “tour of the shack”, as

can be seen m some of the
pictures. Apart from general
noise the plctures do ot dis-

il amy of the distortions that

are evident In & television pic-
ture modulaied onto & singhe
CArTier.

Thit meceiving program dis-
plays two consecutive frames
tosgether a0 that at beast one is
always complete. This avokls
hurving to use pny sort of [rame
synchronisation signal. Lige
syne s mionatic as each line
s represented by each 5:I1..'_E|E
carrier amd the keation on the
screen I8 determined by the
recelver iuning.

Figure 4 shows the gén-

el appeearance of one of the

receiving programs, and also
the transmitting program. The
frame {5 capinred from a web
cam or video camera or an AVE
or MPEG merdie vin the MLE
interTace, and dh]lLa}H'.l.lliIhl:"
sereen. Varioas bilmap manipa-
kations are performed to take
each plxel and use the bright-
niess. and coloar 1o frequency
maodulate each audbo subcars
rier, Ome of the advantages of
this methed of aecessing the

pixels [s that amy window tha

i8 placed over the top of the

capture screcn will be eap-

tured and seni as o felevision
picture, This can be nseful if
there is otherwise no webcam
of e fle, for instance 1o
send A thumbnail image or test
puitterm.

Each recefved frame can be
aaved sequertially to & movie
fili= fior sbsequend replny, Mok
may be reduoed by a moving

average al two or mie ad jaces
frames, Figure 5 shows a single
framie with diagonal nodse lines
doe 1o selective fnding. aed
the same frome averaged with
several subsequert (rames in
a movie sequence. Although

mdbon 15 smeared owl soEne-
what, statknary details are
mich improved

Figurs 5 A single frame with nolse (iefl picture), and the same frame
averaged wilh several subsequent frames B & movie Sequence [right
pictura). The frame rale is 0.4 fremes o8 §econc.
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~ CONTINUED FROM PAGES I

Futire devebrpids will
imclmde a il diefinition vet
o at, fasgter frame rales, using
tha | & O miodukaton demodala
tor technigues used (o spnd and
peceive DRM by Lrand ZLIWTI
These employ a wider bkanid-
weidih of 10 kiz

| hope to have some o e
soliwaTe on 2 wieh Siie a8 SO
grape in the near future kit i
the meantime if anyone Wanls

further information [ can I-_.
niacied ||_l il Al "::;'_I;!!E';.:
Frart v i I n |
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Thomas Telford 1757 — 1834, Engineer extraordinary

Special Event Station GB 250 TT.
Report by John Lawrence GW3JGA

Amateur Radio Special Event stations
aroundtheU.K.havebeencelebratingthe
250th anniversary of Thomas Telford’s
birth date of August 9th 1757. One such
station GB 250 TT was established
at one end of Telford’s Menai Straits
suspension bridge which connects the
Isle of Anglesey to the mainland coast
of North Wales (Fig.1.).

The bridge was opened on January 30th
1834 and has a span of 580 feet, which
was the longest span in the world at
that time. It provided a much needed
road route to Holyhead, the port which
provides a link across the Irish Sea to
Ireland.

The Special Event Station GB 250 TT
was set up in a caravan at the southern
end of the bridge by GW3PRL and
members of the Dragon Amateur Radio
Club (Fig.2). The station operated on
the HF bands over a 24 hour period
on Thursday August 9th 2007, 250
years to-the-day of Telford’s birth. 175
contacts were made, 60% on SSB, the
remainder on CW

In addition, Members of the GB3TM
ATV repeater group were invited to
take part in the event. On the Thursday
morning, an ATV station on 23cms

using the GB 250 TT call sign was
established nearby by GW3JGA (in his
car boot) (Figs.3 & 4.) and a mobile
ATV station, operated by GW4KAZ
and GWS8FEY, with two Alford Slots on
23cms, took up position on the opposite
side of the Straits (Fig.5.). Almost
immediately, two-way ATV operation
was established. The received signal
from GB 250 TT is shown in Fig.6.

The mobile station GW4KAZ then
travelled along the main A5 road,
through Menai Bridge town eventually
crossing the bridge itself, transmitting
holiday-style pictures of the boats in the
Straits below and the massive structure
of the bridge supporting towers above.

A walkabout then took place by
GW4KAZ carrying a low-power ATV
TX in a rucksack with GWSFEY as
cameraman. Several Vintage Cars
crossing the bridge to a local car rally
provided interesting subjects. A ‘post
mortem’ on the ATV part of the event
was held over lunch at the nearby Four
Crosses Hotel, including a toast to
Thomas Telford.

Kit. GW3JGA
GW4KAZ
TX Worthing
Worthing
TX Ant Sevenside Yagi
Alford Slot

RX Maspro Sat Rx with
pre-amp Maspro Sat Rx

RX Ant Alford Slot
Alford Slot

Thanks go to the Dragon ARC for
providing facilities and assistance
during the event.

Due to the screened location it was
not possible to relay pictures through
GB3TM

Formoreinformationon ThomasTelford,
go to: http://www.thomastelford250.
org/timeline/static.php

Figures & Titles

Fig.1. Menai Bridge, Sketch by
GW3JGA

Fig.2. GB250TT - HF, Ops.
GW3GUX & GW3PRL

Fig.3. GB250TT - ATV, Menai
Bridge

Fig4. GB250TT - ATV (GW3JGA)
Fig.5. GW4KAZ - ATV. Menai

Bridge in distance

Fig.6.
-P

Signal received at GW4KAZ
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GB 250 TT/ATV
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Contest News

Repeater Contest

The results for the BATC's first ever ATV Repeater Contest are below.
Congratulations to John, GW3JGA and to all those involved with GB3TM. All
repeater groups are encouraged to compete in the next Repeater Contest,
which will be held on 8/9 December, from 1800 on Saturday until 1200 on
Sunday. The rules are similar to a normal contest, but you should score the
total distance from you to the repeater and then on to the other station. The
full rules and a simple scoresheet are posted on the BATC website.

BATC Repeater Contest 2007 (24 - 25 March)
Results

Participants

Place Call SignPoints Locator QSO Rptr Rptr Dist

GW3JGA 2020 1083HI 6 GB3TM 61
GW4KAZ 1280 IO73VE 6 GB3TM 24
GWS8FEY 1060 1073XH 5 GB3TM 19
GWOABL 816 I073VF 4 GB3TM 19

A OWON-

Repeaters
Place Call SignPoints Locator
1 GB3TM 5176 1073UJ
Please try to compete and send me an entry for the December contest; John
GW3JGA commented that the last contest had brought two stations back on
the air that had been dormant for several years. Please try to make the

December contest have the same effect in your area!

Summer Fun Contest

Congratulations to the Grimsby ATV Group: John GOATW, Jason G7KPM and
Colin G4PYD operating as G4PYD/P from the Lincolnshire Wolds. Although
bemoaning the lack of stations to work, they were the clear winners. In
second place came Roger GW4NOS who must be commended for taking kit
for 3 bands out portable on his own.
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BATC SummerFun 2007 (9th-10th June) Contest Results

70 CM
Place Call Sign Points Locator QSO DX DX Loc Km
1 G4PYD/P 182 I093WH 5 G7KPM 1093WM 23
23 CM.
Place Call Sign Points Locator QSO DX DXLoc Km

1 G4PYD/P 1024 1093WH 7 GOACZ 1093FD 96
2 GW4NOS/P 232 I081FP 1 G1PIB |O81LF 58

13 CM

Place Call Sign Points Locator QSO DX DXLoc Km

1 G4PYD/P 980 I093WH 5 G7AVU 10930J 45

Overall Results

Place CallSign 70CM 23CM 13CM 3CM Total Points

1 G4PYD/P 182 1024 980 0 2186
2 GWA4NOS/P - 232 0 0 232

Roger, GW4NOS requested that the next Summer Fun runs from 1200

Saturday to 1200 Sunday, so that portable stations get more daylight (and
warmth). | will amend the times for next year.

September IARU Contest

The highlight of the Contest Calendar takes place from 1800 UTC on
Saturday 8 September to 1200 UTC Sunday 9 September. Please make an
effort to get on-air and put in an entry - it would be good to show just how
many stations are out there! Rules are on the BATC Web Site.

December Repeater Contest

Don't forget, the next repeater contest is on 8 and 9 of December.
Conclusion

You will note that my address has changed (again); | am going to be living in
the USA for a few years, but plan to remain in post as Contest Manager. |
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can be contacted through e-mail (contests@batc.org.uk), or through my
BFPO address: Wg Cdr D G Crump, Mailbox Number ACT, BFPO 63,

London.

CONTEST CALENDAR

N

007

1800 UTC 8 September - 1200 UTC 9 September - International ATV Contest

1800 UTC 8 December - 1200 UTC 9 December - BATC Repeater Contest

N

00

o

1800 UTC 22 March - 1200 UTC 23 March - BATC Repeater Contest

1200 UTC 7 June - 1200 UTC 8 June - BATC Summer Fun Contest

1800 UTC 13 September - 1200 UTC 14 September - International ATV

Contest

1800 UTC 6 December - 1200 UTC 7 December - BATC Repeater Contest

COLOURFUL TIMES

Dicky Howett charts a few colour tv experiments and returns to the fervid days of early British colour tv.

Colour tv had been a dream of television
engineers since John Logie was a Baird.
These days, it’s all relatively easy. For
example, an all-dancing-all singing
colour tv camera can fit comfortably
within the folds of a belly button, and
produce colour pictures of stunning
clarity and resolution that would
certainly have amazed and astounded
the pre-war pioneers . The latest
technology now enables newfangled
‘high definition’ telly to be universally
available, digitally compressed into
multi channels with colour pictures of
remarkable chromatic fidelity

Of course nothing under the sun is
really new. Way back in 1928 the
prescient Scot, J.L.Baird demonstrated
colour television, mechanically using
sequential colour analysis and synthesis.
His system worked, better in theory
than in practice. Later, in 1941 the US
broadcast network, CBS, inaugurated
the ‘world’s first’ scheduled colour tv
service. This service- started mainly
in order to pre-empt their deadly rivals
RCA/NBC- was viewed by almost

nobody. The CBS system adapted
Baird’s clumsy Field Sequential Colour
process, using three coloured discs (Red.
Green.Blue) spinning rapidly in front
of a prototype Orthicon image tube.
However, the system used too much
radio bandwidth( by a factor of three)
and only tv sets with complimentary
spinning discs could receive the image,
which displayed unacceptable colour
fringing, especially =~ when things
moved suddenly sideways. Another
problem was the presence of a slight
but annoying buzz from the coloured
disc as it whirred. On one notable
occasion a switched on tv set equipped
with a spinning disc disintegrated
when moved. Not exactly something
to encourage the guardians of health
and safety. Thus the entire scheme was
a dodgy technological dead-duck and
soon faded from view.

Back in Merrie England, BBC
Television in 1955 embarked on a
series of live, experimental colour
TV broadcasts from Studio A, Alexan-
dra Palace using the established RCA

dot matrix compatible system which
the BBC’s research department at
Kingswood Warren had adapted to run
from the US 525-line NTSC standard
to the British tv standard of 405-Iines.
This system was built in conjunction
with Marconi's who provided a couple
of re-engineered RCA colour cameras.

Initially, slides and films were
transmitted late night after normal
programmes had ceased. These
experimental images used the medium-
power reserve transmitters at Alexandra
Palace. Later, in November 1956 live-
action shows beamed from the Channel
1 transmitter at Crystal Palace were
broadcast..

The intention was to mount a ‘normal’
colour TV service in order to assess
the quality of the transmitted image.
Selected homes in the area were
equipped either with 405 line colour
sets, or asked to log the compatibility, or
otherwise, of the black and white image
on standard black and white sets. The
live colour programmes were produced
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by BBC director Michael Leeston-
Smith and these included drama, talks,
ballet, music (The Hot Colour Club)
and light entertainment.

Labouring under the fierce colour lights
( a compliment of nine 5K spots, two
10K, twenty five 2K, six 500W and
52 1K scoops, phew!) in the cause
of tv science were (amongst others)
Cy Grant, Janie Marden, Carole Carr,
Sylvia Peters, a dance troupe called the
TV Silhouettes and Phillip Harben who
demonstrated cooking. (Cookery was a
tricky subject for the colour cameras,
because it was discovered that food looks
terribly unappetising if the colours are
wrong. Fillet steak and cabbage proved
a difficult test although, apparently,
cheese photographed well.) In all cases
these little programmes were mounted
to establish the quality and stability of
the system. There was no intention to
explore production techniques. As a
consequence, the technicians retained
unprecedented overriding control of
programme content.

Technically, the minimum Studio A
line-up comprised two Marconi cameras
(each with three 3” image orthicon tubes
of RCA design) on pedestal mounts,
each with four lenses (maximum
aperture f4.5); one 16mm film or slide
flying spot scanner; a 35mm Cintel
film scanner; one simple vision mixing
panel allowing cuts, mixes, fades and
superimpositions from all channels; and
three 21” colour monitors.

Of the cameras themselves, it was
reported that in spite of their weight
and length (6ft 6in.) they proved quite
manoeuvrable on their pedestals which
had assisted elevation by means of
hydraulic rams. The fixed (non-tilting)
view-finders gave the cameramen some
trouble which limited the height of
shots to the height of the cameramen.
The lens turrets were very quick to
swing and were reasonably silent.
They gave consistent results working
at an aperture of f5.6. and at a scene
illumination of approximately 300 ft
candles. However. the picture definition
was poor due mainly to the many
dimensional registration problems,
both in the three-tube cameras and
the three-gun shadow mask monitors.
To overcome these problems all shots
were framed 15-20 per cent closer than
normal monochrome practice. Matching
of cameras was also a great problem.
Colour response varied all the time.
The valve-driven cameras suffered
from overheating, with resultant loss
of definition. They had to be allowed
a few hours’ cooling off time between

rehearsal and transmission, (as no doubt
did the performers). Other common
faults occurred in colour registration,
as well as shading (usually magenta
or green) microphony and dichroic
filter reflections within the cameras. To
compound matters, the picture monitors
(shadow mask type as well as a huge
three-tube projection model) were very
unstable at all times. It was also thought
that panning and tilting the cameras
through the Earth’s magnetic field
would mean constant re registration by
test card. Fortunately, in practice this
was not the case.

It was concluded in a report issued
later that ‘the BBC’s 405-line NTSC
system is undoubtedly capable of
offering a most exciting improvement
to present monochrome standards’.
Even so, the report shrewdly suggested
that before embarking on large scale
colour television broadcasting the
system would have to be capable of
giving consistently improved horizontal
and vertical definition. as well as even
better colour.

In 1957, MPs at Westminster had the
opportunity to view a half-hour light
entertainment colour show. Six 2I-inch
colour sets, and four black and white
receivers were installed in Committee
Room Number 4. Five of the colour
sets were of a type designed by the
BBC’s Research Department. The sixth
was supplied to special order. The four
black and white receivers were standard
commercial models. As reported in the
Daily Express, the black and white
pictures looked pretty glum. On the
other hand, the colour pictures looked
a bit too florid, like an over-dressed,
over-painted woman. But the MPs were
enthusiastic. What did they see? Some
“quite beautiful” close-ups of flowers
and bees, butterflies and dancing girls.
In the studio, Carole Carr sang Smoke
Gets In Your Eyes against a changing
background of harsh greens and blues.

A Marconi/RCA
405-line three-tube
image orthicon
colour camera, one
of two wused by
BBC Television to
‘test’ the wviability
of a colour service.
This 1960 scene
was taken at White
City Stadium, thus,
not far to hump the
lump.

She appeared later in an Edwardian
get-up which showed off excellently
a golden dress and vividly flowered
hat. But Members must have reserved
their opinions about making political
appearances in TV colour when they
saw naturalist James Fisher and Dr
W.E Swinton showing off crystals and
art objects. Here, the colour was at its
worst, with the men’s faces a plum
shade and hands a deep salmon pink.
Up at Alexandra Palace, one of the
cameras broke down for two hours. An
official said: “We were all mucking in
with soldering irons and a plan on the
floor”. Such is history.

Butdoes anything visual survive of these
experimental BBC colour broadcasts?
Actually, yes, but not a lot. Apart from
a brief sequence of Studio “A” filmed
in colour for the otherwise black and
white 1959 BBC documentary “This Is
The BBC”, there are a few production
stills, some taken by director Michael
Leeston-Smith. His colour slides include
shots of the performers and the ‘teapot’
caption which opened the tests every
night. Leeston-Smith told the present
writer that his colour programmes were
actually tele-recorded by the research
department for later assessment.
Investigations have shown that nothing
of Leeston-Smith's productions survive
as specifically colour recordings,
however there are some monochrome
recordings of the 1957 demonstration
programme to MP’s.

Subsequently, afterresiding at Alexandra
Palace, the BBC’s experimental colour
kit trundled along to studio H at
Lime Grove. During 1966, a visiting
cameraman shot on 8mm colour, a
closed circuit production of ‘The Black
and White Minstrel Show’.  Despite
many hours of colour trials in Studio
H, this film is the only known pictorial
record of BBC 405-line colour television
from that studio.
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FATHERLAND TV

Dicky Howett writes, ‘This snippet,
written by Wilhelm E. Schrage, is from
a pre-war US magazine called ‘Radio
News’, and is a contemporary report on
German Television in the mid 1930s’.
Note that the cost of tv receivers is quite
high,butaccording to most subsequent
accounts, they were never on sale to
the general German public. Initially, a
tv receiver in the US, UK or Germany,
cost as much as a small car.’

While America is still of the belief that
television has not advanced sufficiently
for general use, England and Germany
are now endeavoring, through the aid
of their respective governments, to
make television as popular as sound
broadcasting. Other European countries
are following in their footsteps, and it
can be truthfully said that Europe is
now in the throes of ‘television fever’.

Four hundred and fifty-three feet in
the air, rising slightly above the top
of the well known Berlin radio tower,

A German twin lens Fernseh Iconoscope television camera.

with its famous restaurant, two copper
rings appear to be growing in the sky.
Each has a diameter of about ten feet,
and their surfaces shine in the early
spring sun like spun gold. They are
symbolic of a new era--television is no
longer a mere technical problem, but
is being made available for the use of
the general public. The golden rings are
the antennas of the Berlin Television
Station. From these high points, far
above the surrounding buildings, radio
waves of a special kind--ultra-short
waves, as the technicians term them,
are radiated into the air by a force of
15 kilowatts, covering an area of about
50 miles in diameter. Each of these
television stations has two ultra-short-
wave transmitters. One radiates the
sound impulses, as usual, while the
other one delivers the picture impulses
to be shown in the home transmitter.
The radio listener, or should we say
the “television looker,” uses a special
television receiver to receive these
transmissions. Pictures of home-movie

size are reproduced. These receivers
are of two sizes, one having a screen of
about 4 inches by 6 inches and the other
about 10 inches by 12 inches

It is simple to tune in on television
programs, because there is plenty of
space in the present wave range, which
is about 7 meters. In other words, there
are far less stations in this wave range
than in the normal broadcast band, and
the selectivity of the television receiver
does not have to be as great as for
plain broadcasting. Also, the “monkey
chatter” does not occur, because of the
stations being situated so close to one
another. There is also no danger of two
stations showing their pictures at the
same time to the surprised listener. A
great number of these new receivers
have to be tuned only once. Later on
it is brought into operation by turning
only the small switch of the power line

For the past 9 months, the Berlin
Television Station has been radiating
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interesting programs, daily, on 7 meters.
The picture appears, as stated before,
behind the surface of a glass plate.
Sometimes it is in black and white,
but very often, has a slightly bluish or
greenish caste. If the transmitter radiates
the picture in the so-called “180 lines
manner,” as is done in Berlin, not only
heads, but the entire body may be seen.
Entire scenes with all movements are
easily recognized

The average price range of the receivers
is from $250.00 to $500.00 per set.
A television receiver contains two
complete receivers, one for sound
reception, and the other for the reception
and reproduction of the image. While the
sound receiver is only connected with
the loudspeaker, the picture receiver
works with a cathode-ray tube which is
the heart of the visual system. Another
type of picture receiver uses a “mirror-
screw” for reproducing the picture.

Recently, in Germany, there has been
developed a television pick-up car.
This car carries on its roof a standard
motion-picture camera mounted on a
cast-iron roof, allowing the camera to
be moved in any desired direction. The
hollow pillar of the camera support is
used to convey the exposed film ribbon
to the dark room which is in the interior

The roof-mounted 17.5mm movie camera van giving ‘almost’ live television. This
was the Intermediate Film television system

of the car. By use of special apparatus
and extremely fast-working chemicals,
the film is developed in 1-1/2 minutes.
The still-wet film ribbon is then sent at
once through a so-called “Abtastgerat”,
which cuts the single-film pictures
in 180 lines and transforms each line
in a succession of strong and weak
electrical impulses. The impulses are

radiated from a transmitter into the air
and the radio listener, receiving these
impulses through the televisor, may see
the broadcast scenes

Wilhelm E. Schrage, Radio News, July
1935

TV CAMERAS COME AND GO.

Dicky Howett recalls the Philips
LDK13

This portable colour camera is hardly
remembered, due mainly to the shortness
of it’s production run and general use in
tv. In the UK, the BBC, Thames and
LWT had a few each and it’s rumoured
that one was used on the famous
Queen ‘Bohemian Rhapsody’ promo.
The camera itself, which appeared
around 1970, featured three newly
developed electrostatically focussed
5/8th Plumbicon tubes all housed in an
irregularly shaped box. (The three tube
ends jutted uncomfortably). The zoom
lens was by Schneider and the control
CCU electronics were standard to the
current Philips LDK3 camera.

The bulk of the LDK 13 camera
electronics was in a backpack, strapped
to the unfortunate cameraman, with a
thick, polypole cable running out the
back. However, in practice, the camera
was mounted usually on a tripod or
dolly. Programmes and sequences shot

with this camera included those of
‘Upstairs-Downstairs’, an FA Cup Final
(where allegedly, the picture turned
purple ocassionally) and a production of
‘Dr Jekyl and Mr Hyde’ at Shepperton
Studios, starring Kirk Douglas.

Of this camera, very little remains.
Indeed, I seem to own the sum total. My

picture shows a Schneider zoom lens,
the back pack electronics and the carry
webbing unit. No camera body or tubes
appear to survive, unless, of course you
know better.......

Dicky Howett.

email: dicky.howett@ticali.co.uk

LEDM13 Electromos kackpack
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Understanding Analog Video Signals

Abstract: This paper describes the analog video signals used in both broadcast and graphics applications. Topics covered include
video signal structure, video formats, standard video voltages, gamma correction, scan rates,and sync signals.
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This paper describes the analog video
signals used in both broadcast and
graphics applications.

There are two forms of video in general
use today: broadcast and graphics.
While broadcast is based on terrestrial
television, the graphics format
was developed to meet the needs of
workstations and PCs without regard
for the formatting and bandwidth
limitations needed in TV signal
transmission. The broadcast graphics
format is specified by government
agencies such as the FCC in the US and
the ITU in Europe, while the graphics
format is specified by industry or
company standards. Originally, both
formats shared a common baseband
signal structure, specified in EIA-RS-
170, but that changed when color was
added to broadcast TV in 1953.

Monochrome TV required a single
luminance signal and the required

We’ll see how the formats are derived,
and what sort of problems there are
in handling them, and why. The issue
of video quality is also discussed as a
function of format.

Broadcast and graphics have other
differences that are not immediately
obvious. Broadcast video has a property
called gamma (g), which graphics lacks.
Broadcast uses interlaced scanning
while graphics wuses progressive
scanning. Two types of video displays
developed because of these differences;
one for TV and another for the PC.
We’ll look at why they are different and
how they can share a display.

Broadcast and Graphics Analog
Video Signal Structure

The signal structure of broadcast video
is more complex than a graphics video
signal because of the analog encoding
process used in converting it to the
composite signal® needed for modulating
a TV transmitter. In this process, all the
other video formats are created, starting
from the native format®. The formats
are native primaries, component, and
composite video. Only broadcast video
uses encoding. There are no component
or composite video signals in a PC
today.

Originally the PC used a TV format
in the display. Graphics only has a

single RGB format, but it has evolved
to include multiple scanning rates for
increased resolution. The need for
higher resolution was driven by the short
viewing distance, typically between one
and three screen heights, compared to
TV which is typically observed from
six or more screen heights away. Based
on a minimum resolvable area of one
arc-second in the human eye, a graphics
display is enhanced greatly by increased
resolution, while the TV wasn’t until
larger displays became available.

NTSC4, PALS5, and SECAMG6 are the
names of the broadcast video formats
developed in the US, Germany, and
France to encode color video and sound
into a single signal. All reduce the
quality of video in two ways: bandwidth
reduction, and artifact generation.
Bandwidth reduction reduces the
resolution7, while artifacts are the
crawling, or hanging, dots on an edge.
The latter is the most objectionable
to viewers, while the former isseldom
noticed.

The broadcast video formats have
these characteristics in common: 1 All
use amplitude to encode the “Luma”
portion of a signal (Y’) as the weighted
sum of R’, G’, and B’. 1 All have a
reduced-bandwidth component-video
form. 1 All use subcarrier(s) phase or
frequency to encode color or “Chroma”.
1 All include sound subcarrier(s). 1 All

transmission bandwidth was moderate.
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result in a single wire form called
composite video, suitable for terrestrial
RF transmission.

Video formats can be viewed as a
hierarchy8 (Figure 1):

Native Primaries

The first line in the hierarchy is R’, G’,
B’, where the prime mark () indicates
gamma (g) correction. This is the native
form of broadcast video. The second
line is linear RGB, the native form of
graphics, with no prime mark. This
convention is misused in some texts,
making it difficult to follow through
the literature. Here, we’ll use a prime
to indicate the g-corrected form, in
accordance with the SMPTE and ITU
standards in Figure 1.

The bandwidth of the signals RGB and
R’G’B’ are equal and determined by
the video resolution9. This is as good
as it gets. Any further signal processing
degrades the video quality, which is why
graphics stuck with RGB. A viewer may
not perceive this degradation if human
vision or the display can’t resolve it.
Broadcast used human perception
factors to design the composite signal
for TV. HDTV, PAL plus, and MPEG
all later rejected composite and native
primaries, and decided to use the next
form — called component video — to
improve video quality.

Component Video

The third and fourth lines are the
two forms of component video, color
difference (Y’PbPr/Y’UV/Y’IQ) and
Luma- Chroma (Y’-C)10. Sometimes,
there is confusion about the terms used.
Some texts use the terms Luminance
and Chrominance, which are from
Color Science. Here we’ll use Luma
and Chroma where the Luma term is
written with a prime (Y’) to indicate
the non-linear video form. The Color
Difference form is produced by the
linear addition and scaling of R’G’B’ to
implement the well-know equations;

Y’ = (Kr x Er’) + (Kg x Eg’)+(Kb x
Eb)

Pb, U, 1=Kcb x (B’-Y")
Pr,V,Q=Kerx (R*-Y)

The coefficients for Luma (Kr,Kg,Kb),
are the same for NTSC, PAL, and
SECAM, but the coefficients for the
difference terms (Kcr and Kcb) vary
according to the process. It is important
to remember that the equationsapply to

the active video portion of the signal and
not the sync. They must be separated
prior to this process, and combine them
again afterwards. One of the challenges
with multiple video signals is that of
controlling delay. In order to display
an image, the video voltages must be
correctly aligned in time. Two types
of delay prevent this, flat delay caused
by the transmission path length and
frequency-dependent delay caused
by filters. This applies to R’G’B’ and
component video. Flat delay is seldom
a problem at video frequencies, and any
required compensation can be made
either by coax cable or delay lines.
Frequency-dependent delay is another
matter. Because the R’, G’, and B’
signals all have the same bandwidth,
flat delay is seldom a problem, but
the Chroma portions of the component
signals (Pb, Pr & C) are filtered to
reduce the occupied bandwidth. To
compensate for the delay associated
with this filtering, the Luma signal
(Y) must be delayed the same amount.
The Chroma filtering is considered
“visually lossless”, based on a model of
human vision that says the eye doesn’t
detect small details in color. The analog
videotape formatofBetall isanexample
of a scaled colordifference format, and
S-VHS12 is an example of the Y-C
form. MPEG uses a digitized form of
the color-difference signals, designated
YCbCr, and shown on the seventh line,
where the bandwidth reduction is done
by sampling Cb and Cr at half the
rate of the Y channel. This is called
4:2:2 sampling, and is based on ITU-
R BT.601. The Y-C component form
is produced by phase- or frequency-
modulating color subcarrier(s) with the
colordifference components, and then
adding them together depending on
which process is used. The Y channel is
the same as in YPbPr, but the Chroma
signal is an FM or PM subcarrier that is
band-pass filtered, further truncating the
color bandwidth. This is an important
point in the encoding process. It’s the
last place where Luma and Chroma
information are separate. Once Y and
C are combined, they will never again
be totally separated, and that produces
the artifacts that give composite its
reputation for compromised quality.

Composite Video

The fifth, and center, line is composite
video (Cvbs), formed by adding the
Luma and Chroma components
together with monaural audio, NTSC,
PAL and SECAM are composite video
signals. The Cvbs signal is the lowest
quality video on the chart and suffers
from cross-color artifacts. These are

bits and pieces of Chroma and Luma
information that remain after we try to
separate Cvbs back into R’,G’, & B’ for
display. These artifacts became more
noticible as broadcast began to use
larger, higher-quality displays. Today,
Cvbs is more of a legacy format, and
will probably disappear as single-wire
digital forms of component video take
its place. One odd thing about NTSC
Cvbs is something called “setup.”
This is a voltage offset between the
“black” and “blanking” levels, and is
unique to NTSC. As a result, NTSC
is more easily separated from its sync
portion, but has a smaller dynamic
range when compared with PAL or
SECAM. The Video formats are also
called color spaces in digital literature,
and the encoding/decoding process
is called color-space conversion to
distinguish it from the analog process.
Don’t be confused by this — digital
video uses the same formats as analog
video. The signals produced by the
encoding process are shown in Figure
2, along with approximate amplitudes,
in percent. Exact amplitudes are given
in Table 1 for several of the formats,
based on a 1V p-p R’G’B’ set of native
primaries, across a 75W load. These are
the signal values you will see going into
or out of video equipment like displays,
VCRs, and DVD players.

Linear and Gamma Corrected Video

Originally, video signals were created in
cameras using vacuum tube sensors. The
output voltage (V) of a tubecamera isn’t
linear in relation to the incident light
(B). It’s exponential and the exponent is
called gamma (g).This relationship can
be mathematically expressed as B = K
x Vg. where B is light flux, in lumens
per square meter. K is a constant; and
V is the voltage generated, in Volts.
Since the CRT is also a vacuum tube,
with inverse non-linearity (1/g) similar
to that of the camera tube, the light
output is linear with respect to the light
input — that is, the inverse gamma of
the picture tube compensates for the
gamma function of the camera’s pickup
tube. However, the voltage is non-linear
compared to the luminance level. This
poses a challenge when superimposing
two images since you cannot do simple
linear addition of, say, a title or other
graphic. Video mixers deliver odd
results with broadcast signals because
of their non-linear luminance. Special-
effects generators use linear signals
when layering, compositing, titling, etc.
Graphics video is linear, which makes it
easy to mix graphics video signals. The
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Figure 2. Analog encoding from R'G'B’ to Cyps.

Copyright © by the BATC CQ-TV 219 - August 2007 Page 33



linear signal is gamma corrected at the
display, so it will appear correctly on
the display, to allow for the display’s
gamma. A beneficial side effect of
gamma is that it reduces the effect of
additive noise.

Gamma is specified as 2.22 for NTSC
and as 2.8 for PAL and SECAM.

Originally, the camera and CRT were
thought to be exactly complementary,
but they are not. Later it was found that
intentionally under-compensating for
g in the display improved the contrast
ratio. Because of that, Sun and Apple,
optimized their displays with values
of 1.7 and 1.45, respectively, while
others use broadcast values. Today,
TV and PC display manufacturers
all undercompensate for g to some
degree to improve the appearance of
the display. One thing is certain. You’ll
need to be able to add, remove, or
change g to fit the video signal. This is
called g correction in some texts, which
is the addition of g to a linear RGB
signal. It’s really more in the nature of
a gmodification.

Gamma Modification

The addition, removal, or change of
g can be done in either the analog or
digital domain. In analog, it takes the
form of a non-linear amplifier where
one of the gain resistors around an
op-amp is replaced by a real or a
piecewise equivalent to a non-linear
impedance. This is non-trivial in
terms of design. Analog g correctors
are seldom accurate, and they require
trimming adjustments. A side effect
of g modification is distortion. For
these reasons, g correction is best done
digitally. Note that this only applies to
the active video, not to the sync. The
digital process uses substituted values
from a look-up table (LUT) stored in
software. It’s as accurate as the stored
value, and trivial in terms of its design.
Obviously if the signal is digital, this is
the preferred method to use. In either
case, we need a formula for the voltage
in terms of the light flux (B). Broadcast
video has two, one used for standard-
definition TV (SDTV), and another for
HDTV.

For NTSC/PAL per SMPTE170M and
ITU-R BT.709;

E’x = [(1.099 x B (0.45)) - 0.099] for
0.018>B> 1.0

E’x =[4.5 x B] for 0> B > 0.018

For HDTV per SMPTE240M;

E’x = [(1.1115 x B (0.45)) - 0.1115] for
0.0228 >B > 1.0

E’x =[4.0 x B] for 0 > B > 0.0228
Scanning and Sync

Video signals have two parts: the active
video and sync. We have so far only
looked at the active video. The proper
name for sync is Image Reconstruction
Timing, and it’s used to reconstitute
the image. The sync portion doesn’t
interfere with the active video because
it’s below the black level and can’t
be seen. Any signal below the black
level is said to be blanked. The black
and blanking level are the same in
every format except NTSC composite.
Originally, the black, or blanking level
was at 0Volts, with active video above
and sync below, to simplify separating
them based on level and timing.

If you could spread out the active video
and sync interval on a flat surface,
you would get a raster, which looks
like Figure 3. The unused portion,
T2(H) to T3(H), originally allowed
magnetically-scanned CRTs to “fly
back” to their starting point for the
next line, and settle during TO(H) to
T1(H). The vertical deflection works in
a similar manner. The sync interval is
“dead time” as far as the active video
is concerned. Consequently, there are
two resolutions for a video format, the
active-video resolution we see, and the
total resolution13 of the raster. This is
true for both broadcast and graphics.
The image quality is a function of
the active-video resolutionl4 and the
bandwidth through which the signal is
transmitted.

A raster is created by scanning, both
horizontally and vertically, starting at
the upper left corner of the display.
These “scan lines” are synchronized by
the horizontal sync pulse, or H-Sync, so
that they all start at the same place on the
display. The frame, or V-Sync, indicates
when the scan is finished and when to
start the next. This means the image
is sampled at the frame rate, and any
motion that’s faster than 1/2V-Sync will
produce “aliasing” in the reconstructed
image. Figure 3. Display raster with
horizontal and vertical flyback time.

In RS-170, the frame rate was split into
odd and even fields — a process called
interlaced scanning — to conserve
bandwidth. Visually this has the effect of
re-sampling the displayed image faster
and avoids flicker without increasing
the frame rate — and bandwidth —
in broadcast. The addition of a color
subcarrier modified this sequence. In
NTSC, the phase of the color subcarrier
reverses every field, and in PAL, it
indexes 90° per field. This gives rise to
the 4, and 8 color field sequences for
the NTSC and PAL composite signals.
Graphics uses progressive scanning,
since the increased bandwidth isn’t a
problem. A side effect of the vertical
sampling is that if you AC couple
a video signal, you must still have
good squarewave response at the field
(broadcast), or frame rate (graphics).
If you don’t, you’ll get brightness
variations across the raster. This can
be seen in a vertically-split black
and white screen pattern. Very large
capacitors (>330uF) are required to
maintain good square-wave response
when AC coupling an output because
of the 75W
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varies between the different types of
video. In order to share a display, the
Multi- Sync™ concept was invented.
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Video Groups and Specifications

NTSC: National Television System
Committee. The US form of standard
definition TV.

PAL: Phase Alternating Line. The
system of standard definition TV
implemented in Europe and elsewhere.

SECAM: Sequential Couleur avec
Memoire. The French form of standard
definition TV.

ATSC: Advanced Television Systems
Committee. The US form of high
definition TV (HDTV).

VESA: Video Electronics Standards
Association. Proposes and publishes
video standards for Graphics.

ITU: International Telecommunications
Union. Proposes and publishes video
standards for Broadcast in the EU.

SMPTE: Society of Motion Picture and
TV Engineers. Proposes and publishes

video standards for Broadcast in the
US.

JPEG: Joint Photographic Experts
Group. Proposes and publishes video
standards for Still Images.

MPEG: Motion Picture Experts Group.
Proposes and publishes video standards
for Broadcast.

EIA RS 170 & 170A The original specs
for Monochrome and Color TV in the
US. Has been replaced by SMPTE
170M.

EIA 770-1: The US spec for Enhanced
Component video, similar to ITU-R
BT1197/ETSI 300 294 for PAL-Plus.

EIA 770-2: The US specs for Standard
Definition TV (SDTV) Baseband
Component Video.

EIA 770-3: The US spec for High
Definition TV (HDTV) Baseband
Video.

ITU-R BT.470: Harmonized spec for
SDTV world wide, including NTSC,
PAL, and SECAM.

ITU-R BT.601: Universal Sampling
spec for SDTV and HDTV Broadcast
Video. Similar to SMPTE125M.

ITU-R BT1197/ETSI 300 294: Spec for
PAL Plus Enhanced TV in Europe.

SMPTE 125M: Similar to ITU-R
BT.601.

SMPTE 170M: Has replaced EIA RS
170A, color spec for NTSC.

SMPTE 253M: RGB Analog Video
Interface spec for SDTV Studio
applications.

SMPTE 274M: Component spec for
1920x1080 HDTV.

SMPTE 296M: Spec for 1280 x 720
RGB and YPbPr Baseband Video.
Similar to PAL Plus.

Choosing A Video IC

Tables 3 and 4 show large-signal
bandwidth (2Vp-p), slew rate,
differential gain and phase, and supply
voltage for Maxim’s most popular video
drivers, buffers, and receivers with
single-ended and differential outputs.

A special subset of the video driver
is the video-distribution amplifier (see
Table 5). Built to drive multiple loads,
they offer higher isolation, selectable
outputs, fixed or settable gain and are
often used in professional equipment.

Another subset of the video driver is
the video mux-amp (see Table 6). Mux-
amps combine a video multiplexer and
a video line driver for routing video
signals.

Analog Video Filters maybe used to
eliminate many discrete components and
save board space in video reconstruction
applications(see Table 7.)

Notes:

1. RS-170 was replaced by SMPTE
170M.

2. Cvbs usually means “composite
video, with blanking and sound.”

3. The native form is that in which
the signal was created. Usually it is
R’G’B’, the g-corrected primaries.

4. NTSC is the National Television
Systems Committee system of analog
encoding.

5. PAL is the Phase Alternating Line
system of analog encoding.

6. SECAM is the Sequential Couleur
avec Memoire system of analog
encoding.

7. Bandwidth versus video resolution
8. The exact form and process
information for Terrestrial Broadcast
can be found in ITU-R BT.470.

9. Bandwidth versus Video Resolution
10. The Y Component is often called
“Luminance,” and confused with the
color science term. We use the term
Luma, and designate it with an accent,
Y’.

11. Trademark of Sony Corp.

12. Trademark of JVC.

13. Total resolution is also called format
resolution.

14. Bandwidth
Resolution

versus  Video

15. This is the Nyquist frequency of the
image-sampling process.

Copyright Maxim Integrated Products
(http://ww.maxim-ic.com). Used by
Permission.
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Table 3, Single-Ended Vidoo Line Drivers and Buffers

MAX 000 1
MAKAOD3E 1
A4 4501 1/ 2
WA A 35001 g b
MAX4 3604 L1z

3/

|
MAKS 1A% 08 a3/
M4 108 1
MAKA109 1
M4 308
hiaa 309
MAY4OT12! 16/ 1/2
184 20 34
Maxga1a/ 13/ 1/2
18/ 18/ 20 1/4
MAX40147 15/ 1/ 2
186195 27 3/4
MAXaZ14 15/ 1/ 2
170 184 22 374
MAKATT 1

Oriver

| Recoiver
MAX435 Driver
MAX4142 Driver
MAN414T Drinver

MAX4447 /850 Driver

MAXL 35 Receiver

MAX&144/5/6 Recelver
MAX4444/5 Recelver

b

L

T

T

Cparating
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+5
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=3 =3

+5.+-8

+3.3,

« 1.3,

+3.3,

+3.3,

f =]

+5,

+5,

+5,

=5

=5

o

L]

Operating

Voltage (V)

1]

=5

=]

=5

=5

=5
9

55

55

175

175

175

127

225
220

140

180

140

220
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Table 4. Differential Wideo Line Drivers and Rocoivers

278

180

250

405

273

110
SO0

275 0.8M1.0

275 0.6/0.4

485 0,080 02

485 0.0850.02

485 0,085 02

200 0.015/0.015

1200 0,004/
0.008

0.02/0.02

&00

800 0.02/0.02
SO0 0.02/0.04
800 0.02/0.04

1100 0.01/0.07

IDP/DG (535 |Notes

SC70, 3V, 150nA
Shutdown, Inpur
Clamp

SC70, 5V, Sag
Corrected Output
SCTOVS0T23
Packages
SCHOS0T23
Packages
SCTO/S0TZ3
Fackages, Dizable
Avallable

SCTYS0T23
Packages, Disable
Available

Stable Gain,1,2,5,10
MAX4108 O.1db/ 2V,

p BW s 100MHz.

Disable Awvailable

Disable Awvaillable
Gain of 2 Buffer,
Disable Awvailable

Gain of 2 Buffer,
Disable Available

130MHz 0. 1dB Gain
Flatmess

Slaw
Rate (V/ DP/DG (*/%) Notes
s)

= J00pV Input
e Not Specified ot Voltage
1400 0.01/0.01 Thrad Gaie of 2Y:
2000  0.03/0.008 :,"“";' Galn of 2V

Single-Ended

6500 0011002

: 300WV Input
o Nol Specified et Voltage
1000 0.03/0.0% Shutdown Mode
SO00 0.050.07 Shutdown Mods
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Table 5. Distribution Amplifiers

0. 1dB Gain
MAX4135/6 & -] 185 100 0. 1501 Flatness 1o
40k

1. 1d8 Gain
Maxs137/8 4 P! 188 1000 0.1/8.1 Flatness o
40MHz

Table 6. Video Mux-Amp

Slow
Operating Voltage -3dB LSBW ” S a
) (MHz) Rate (M7 |DRP/DG (/%)
Low Cost,
MAXa023-5 2:1 w0, =5 2510 300 D.05/0m2 Fixed and
Settable Gain
Fixed Gain of 2
MaXa0zars 29 +5 210 200 0.2 with Input
Clamps
Maxazio  2:1 +85, &5 110 450 0,06/0,08 g"tﬁfu'"
MAaXa311  4:1 +5. +5 1060 430 006 DL 08 gﬁﬂﬁd"
MAX4312 &1 +5. 25 80 345 0.06/0.08 EE'.‘EI.?"“
MAX4312  2:1 +5, x5 40 540 0,08 0.03 Fixed Gamn af 2
MAXa314 41 +5. x5 11 ] 430 0.08/0.03 Fined Gain of 2
KaXa315 81 +5 =5 i 310 008003 Fixe-d Gain of 2

Table 7. Video Reconstruction Filuors

t Output
Chanmnels Operating Video

|H|gh Frequerncy
|Boost
|

Violtage (V) Bufliar

Widen Conditicrsr
MAKT 4502 1 =3 =5 0,8 Yos o with AGC and
Back Porch Hamp

H.Channel RGE
Viden Filter

4-Channel RGE
MAXT 448 4 5 & Yes Tos Wideo Filter with
CVBS input
4-Channel -
Viden, CVBS Video
Filtar with CVBS
input
4-Channed RGB
MAKT 446 4 5 = Yeu Yas and CVBS Videos

Fillbeer

& 5.5 4-Channel Yideo

IR T 445 d L 1:|'." U Yes Teas Filter wath

selectalde gan

MAXT 449 3 3 & TeEs Mo

MAXTAET 4 5 & Yo You

& o8 A-Channed Video
MAXT443.4 3 L4 lli‘ O YWes Vs Fillteer wath
selectable gain
&-Channel Video
WA T 4400 -2 L3 3 0 Mo Vs Filters with MF
Baoat

3-Channel, Back-
MAX7438/0 3 '8 595 Yes Yeu E:giumwm

T1e,2x, OF 3=
MAKT A28/ 30032 1, 2, 3 & & s Tes Channel Filter, 221
inpast Wi,
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MAX4399 3 - o | 0.36/0.13

MAX4397 2

HI DE HI DEF

Dicky Howett and daughter pose in 1989 before a BBC ‘Eureka’ High Definition tv scanner, parked outside the Royal Albert
Hall. Such plans and dreams, back in the days when the BBC had its very own mighty ob fleet and could mount eleborate ‘trial’
programmes to test the systems.
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Circuitfacilitates video fading
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