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By Richard Carden VK4XRL

Would you believe this project 
started out as a simple audio/
video distribution system? I 

was approached to provide some extra 
outputs for VK4TVD’s ATV system 
and then while I was at it I thought what 
about providing a suitable insertion test 
signal for setting video levels. Searching 
back through CQ-TV I came across an 
article by D.J. Long G3PTU in CQ-TV 
No.97 called “An ITS Generator”. Not 
many articles have been produced on 
this subject so I thought this may fill 
the void.

I started of using the ideas based on the 
circuit supplied in CQ-TV 97, however 
I wanted to use CMOS devices. For 
some reason I was unable to obtain the 
same results and also a equivalent for 
the 7413 was not available. Also the 
shift register circuit using a 74HC74 
and 74HC164 wouldn’t work unless 
you used a normal 7474. The ideas used 
in this circuit arrangement weren’t lost 
though, so armed with this a new circuit 
was developed.

Test Signal Generation
The block diagram shows the basic 
requirements and is drawn as such, as 
this was how I approached it. The OP 
amps were already available on a PCB 
using a MAX 497. The circuit is drawn 
with different OP amps as a complete 
unit.

Incoming program video is feed via 
two paths, one to the video inserter 
and the other to the sync separator 
to provide the required digital pulses. 
The sync separator is the now familiar 
LM1881, this produces MS, VS and 
Burst as required by the rest of the 
circuit. The first pulse required is horiz 
Blanking. I tried a couple of simple non-
retriggerable monostables consisting of 
a flip-flop formed by two cross-coupled 
NAND gates. While these worked it was 
decided to try a 4098 IC monostable 
which has two per package. This would 

reduce the overall component count and 
would be much simpler to implement. 
Looking at the circuit -ve MS sync is 
fed from LM1881 (pin 1) to the 4098. 
The timing components are selected 
for a pulse duration of approx 10.5us. 
The +ve pulse from pin 6 is then fed 
to pin 11, where the –ve edge triggers 
the second monastable producing a –ve 
pulse at pin 10. The duration of this 
pulse is around 52us, the duration of 
the active line period. At this stage pins 
3 and 13 are tied to +5V.

The next part of the circuit is the clock 
oscillator using a 74HC132. The clock 
oscillator is switched on and off from 
the above horizontal BLK signal, the 
frequency being adjusted so the last 
stairstep is completed before the start 
of H.BLK. The shift register is made 
up from a 4015 and is clocked from 
the above oscillator. The data input is 
fed from a separate 4098 to produce a 
pulse approx 5.8us wide while the reset 
is fed from pin 9 –ve H.BLK. The data 
is then clocked at intervals along the 
line. Each output is fed via a diode and 
resistor network before being summed 
across the 1k resistor to provide the 
basic test signal. Because the data from 
4015 (pin5) has been clocked it starts 
approx 5.8us after H.BLK. Therefore to 
provide a more standard bar output the 
–ve data pulse output is gated with the 
output from 4015 (pin5) via an inverter 
to produce the bar output. Also the 
pulse waveform is produced from the 
differentiator formed by the 27p and 

ITS Generator

Figure 1 - Video output with ITS & ITS test signal

Figure 2 - Video Input & Clock Output
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10k resistor and feed via Schmitt gates 
to the summing network. 

This combined output is then fed to 
a video OP amplifier where its level 
can be adjusted. Its output is then fed 
via a Gaussian Filter to the inserter. 
Because sync has been added to the 
test signal H.BLK now sits at +0.3V, 
therefore a –ve offset is required to set 
the test signal blanking to the incoming 
program blanking. This is provided by 
the fixed 15K and 5K pot connected to 
the -5V rail.

Inserter
The incoming program video needs to 
be clamped before the test signal can 
be added to the signal. I was unable to 
obtain a EL4089 but had some EL4090 
IC’s left from another project, either 
one will work. Program video is now 
clamped with blanking at 0V. Burst 
pulse from the LM1881 is used as 
the clamp pulse feed to 4090 (pin 7). 
PGM video level can also be adjusted 
at this point. Clamped video is now 
fed to a 4053 (pin12) a triple two 
channel analogue multiplexer IC. Pin 
13 is the test signal feed from another 
OP amplifier which also provides a 
separate test signal output. The output 
from the analogue switch (pin 14) feeds 
another video OP amplifier providing 
four separate outputs. Unused inputs 
and address lines being grounded. The 
switching signal (pin 11) is derived 
from ITS BLK and H. BLK.

ITS Switching
While investigating this part of the 
circuit I came across an article on 
descrambling related to encoded 

satellite signals (Ref.4). Suitable gating 
can also produce the required switching 
signal, however the approach using 
an EPROM was cleaner and simple. I 
have never used this method although 
I have seen it done before (Ref.5). 
Unfortunately the EPROM character 
generator chart in the above article had 
a few errors, also I wasn’t sure how to 
go about providing the data to program 
the EPROM. A cry of help to Mike 
Cox provided me with the answers I 
needed and I greatly appreciate the help 
given. Since this was new to me I have 
covered the requirements below.

A 4040 counter was used, clocked by 
–ve sync (pin 10) and reset (pin 11) 
from +ve VS via an inverter from the 

LM1881 (pin 3). Since we require the 
decimal 313 which is 10101001, which 
means we need a counter/decoder that 
can handle nine lines. The 4040 can 
output the correct count, but the decoder 
must be able to ‘watch’ nine lines. The 
EPROM is an elegant one chip solution 
to the problem. Unused address lines 
of the EPROM are grounded. The 
EPROM used was a 27c64, however 

a 2716 could do the job as well. D0 
(pin 11) is the ITS BLK. Signal and 
is fed to one input of a 74hc00 gate 
while the other input is fed by H.BLK. 
The output is five lines of H.BLK (i.e. 
lines 17 to 21). Five lines were used to 
provide easier reading of the test signal 
with program video. The output from 
this gate is inverted in another 74hc00 
gate while the other input is tied high. 
Grounding this produces the full field 
test signal.

Power Supply
The power supply requirements are 
easily met by a 7805 regulator to 
provide the +5v supply. The -5v is 
derived from a DC-DC converter feed 
from the +5v supply via a filter to 
remove high frequency switching being 
feed back to the +5v supply line.

EPROM Programming
EPROM’s can be used in two ways:-

They can be followed by a DAC, in 
which case the hex value programmed 
in to a specific location will give the 
output dc for that location. Example:- a 
location programmed with a hex value 
of 80 will give an output of ½ the DAC 
reference voltage.

An 8 bit EPROM can be used so 
that each location acts as a store of 8 
individual bits of information. Each bit 
can be programmed to be 0 or 1; however 
the location must be programmed as 
an 8-bit word. Thus at each location, 
the 0s or 1s must be translated into a 
hexadecimal number for the benefit of 
the programmer.

The following table may help.

The vertical reset pulse from the 
LM1881 (pin3) starts around line 4. 
Therefore drawing up a table as shown 
enables you to work out the hex code 
required by the EPROM. D0 is the ITS 
BLK pulse, D1 the inverse of the above 
while D3 is used as the pseudo vertical 
blanking. This output was added after 
the initial design and could have been 
feed to the first mono-stable 4098 

D7  
[MSB]

D6 D5 D4 D3 D2 D1 D0 
[LSB]

HEX NUM.

1 1 1 1 1 1 1 1 FF 255
1 1 1 1 0 0 0 0 F0 240
0 0 0 0 1 1 1 1 0F 15
1 0 0 0 0 0 0 0 80 128
0 1 1 1 1 1 1 1 7F 127
0 0 0 0 0 0 0 0 0 0

Highest ‘Nibble’ Lowest ‘Nibble’

Figure 3 - ITS Test signal



Page 10 CQ-TV 208 - November 2004 Copyright © by the BATC

(pin3) if required. By utilizing an extra 
address line (A9) it would be possible 
by programming the EPROM so each 
alternate line was on and off (i.e. 1 or 
0), this them makes it very easy to set-
up the unit. This also can be achieved 
by a jumper pin to pin 9 4040 or pin 
10 27c64.

Setting Up
Remove VTS BLK lead from pin 11 
(27c64) to pin 9 (4040) or pin 10 
(27c64). This will produce alternating 
program and test signals on the output.

ITS GENERATOR EPROM INFORMATION
LINE Hex D7 D6 D5 D4 D3 D2 D1 D0 Hex

4 00h 0 0 0 0 0 0 1 0 02h
5 01h 0 0 0 0 0 0 1 0 02h
6 02h 0 0 0 0 0 0 1 0 02h
7 03h 0 0 0 0 0 0 1 0 02h
8 04h 0 0 0 0 0 0 1 0 02h
9 05h 0 0 0 0 0 0 1 0 02h
10 06h 0 0 0 0 0 0 1 0 02h
11 07h 0 0 0 0 0 0 1 0 02h
12 08h 0 0 0 0 0 0 1 0 02h
13 09h 0 0 0 0 0 0 1 0 02h
14 0Ah 0 0 0 0 0 0 1 0 02h
15 0Bh 0 0 0 0 0 0 1 0 02h
16 0Ch 0 0 0 0 0 0 1 0 02h
17 0Dh 0 0 0 0 0 1 0 1 05h
18 0Eh 0 0 0 0 0 1 0 1 05h
19 0Fh 0 0 0 0 0 1 0 1 05h
20 10h 0 0 0 0 0 1 0 1 05h
21 11h 0 0 0 0 0 1 0 1 05h
22 12h 0 0 0 0 0 0 1 0 02h
23 13h 0 0 0 0 0 1 1 0 06h
24 14h 0 0 0 0 0 1 1 0 06h
25 15h 0 0 0 0 0 1 1 0 06h
26 16h 0 0 0 0 0 1 1 0 06h
27 17h 0 0 0 0 0 1 1 0 06h
28 18h 0 0 0 0 0 1 1 0 06h
29 19h 0 0 0 0 0 1 1 0 06h
30 1Ah 0 0 0 0 0 1 1 0 06h
31 1Bh 0 0 0 0 0 1 1 0 06h
32 1Ch 0 0 0 0 0 1 1 0 06h
33 1Dh 0 0 0 0 0 1 1 0 06h
" " " " " " " " " " "
310 133h 0 0 0 0 0 1 1 0 06h
311 134h 0 0 0 0 0 0 1 0 02h
312 135h 0 0 0 0 0 0 1 0 02h
313 136h 0 0 0 0 0 0 1 0 02h
314 137h 0 0 0 0 0 0 1 0 02h
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(1) With 1V P/P program input, 
adjust PGM output level for 
1V P/P output. 

(2) Set ITS test signal blanking 
adjustment to match program 
video.

(3) Set ITS test signal level for 
1VP/P.

(4) Check H.BLK width and set 
the first M/stable AOT for cor-
rect finish of H.BLK, next set 
the second M/stable foe correct 
start of H.BLK.

(5) Set last stair-step trailing edge 
to finish at the start of horizon-
tal blanking (i.e. 1.5us before 
start of sync. Pulse).

Conclusion
This project would not have happened 
if not for the help received from Mike 
Cox on the EPROM encoding and 
to Ian Capps of Ian Caps Electronics 
for the drawings, both were greatly 
appreciated.

Reference
(1) CQ-TV198 Circuit Notebook 

No.77
(2) CQ-TV199 Teletext Encoder
(3) Elantec Application Note 3
(4) Electronics Now APRIL 1993 
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