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Abstract

The purpose of this thesis (project) was to design and
construct a video processor capable of producing a number of useful
effects. The design is such that the processor can be used
between any two edit video tape recorders as well as in live systems.
The circuit can be easily interfaced with external devices to
produce additional effects that a user might want to create. The
big advantage of this processor over most others is that it
works with video tape recorders directly, without a time base
corrector or any other external equipment. A waveform monitor is
useful in setting up the device, but is not necessary.

Thesis Supervisor: Richard Leacock
Title: Professor of Cinema
Head of the Film Department, M.I.T.
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HISTORY OF PROJECT AND LIST OF SPECIAL EFFECTS

The first thing I had to decide on was what kind of effects I
wanted the processor to have. I had seen other processors and I
had some ideas myself. I also discussed with various video artists
what kinds of effects they would T1ike to see. The following is a
list of effects which I decided might be useful. I did not design
and build all of the circuits for these effects because of time and
money limitations. Definitions follow on the next page.

* Multi-level Keyer (voltage controlled)

* Inverter

* Variable High Filter

* Variable Low Filter

* Mixer (voltage controlled)
Function Generator (for mixing and modulating)
Colorizer (voltage controlled)
Cartoonizer

Edge Generator

*

= designed and built in final processor



DEFINITIONS OF THE SPECIAL EFFECTS

Multi-level Keyer - This is an electronic switch which has
one control input, n selectable inputs, one output and n-1 threshold
adjustments. The video signal control is constantly compared to the
threshold voltages. When the video level is below all of them, in-
put 1T is connected to the output. When the video Tevel is below all
of the thresholds but the lowest,input 2 is connected to the output,
etc., finally if the video level is above all of the thresholds
then input n is connected to the output. Voltage controlling the
thresholds with an oscillator or with audio would cause the images
to have wavering edges. |

Inverter - This is an inverting amplifier which createsghegative

picture. (i.e. blacks become white and vice-versa).

Variable High Pass Filter - This is a single pole high pass

which has the effect of turning everything gray except for

edges.

Variable Low Pass Filter - This is a single pole low pass

which has the effect of cutting down resolution at the high
cutoff settings and has the effect of smearing at the low

cutoff settings.

Mixer - This allows the summing of a number of signals.

(Either video or oscillator signals or whatever).



Function Generator - This is a sine, square, triangle wave

oscillator, which can be used with the mixer or Keyer.

(.1 hz - 1 MhZ. variable).

Colorizer - This is a circuit that allows one to put color
on a black and white signal. A voltage controlied phase
shifter could allow you to put different colors onto

different levels of brightness.

Cartoonizer - This is a combination of the multilevel Keyer
and the colorizer. This allows you to break up the video
signal into a number of regions, with no detail in each region,

just controllable grey tone and controllable color.

Edge Generator - This is another offshoot of the Keyer. When-

ever one of the Tayer thresholds is crossed, the switch switches
but only for a preset amount of time after which it switches

back again.



REASONS FOR A NEW SPECIAL EFFECT GENERATOR

Most special effect generators (S.E.G.) only work with live
video signals. The reason for this is that when you're working through
a S.E.G. all of the video signals arrive in sync., The S.E,.G. usually
has a blanking and sync input so that the sync and blanking are un-
changed by any of the effects. Say, for instance, one wanted a
negative video picture. If one simply inverted the total video signal,
a television would not accept this. The sync pulses, instead of
being downward, would be upward. A S.E.G. however would just invert
the video and leave the blanking alone. The problem with a tape
input to a S.E.G. is that it gets no separate sync and blanking
pulses so it doesn't know which part of the video signal to leave
uneffected. What my processor does is detect the blanking and leave

the video signal alone during blanking.
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THEORY OF OPERATION

The idea is to separate the sync and blanking and burst from
the picture information. To do this the blanking level has to be
clamped to a constant voltage so that the video signal can be fed to
a comparison circuit. This comparison circuit controlls an electronic
SPDT switch. When the video signal goes above blanking the switch
toggles and lets the processed (effected) video through. When the
video signal is at or below blanking level the switch toggles
again and sends the original sync and burst and blanking through
to the output. There are two problems involved with this method of
separation. One is how to clamp the blanking level to a constant
voltage. The other is what happens during color burst which is the
only part of the composite video signal that goes both above and
below blanking.

The first problem is solved non-ideally by clamping the sync
tip instead of the blanking. This is theoretically as good as
clamping the blanking because the sync tip should be .3 volts less
than blanking level. This is not always the case so an adjustment
is necessary with input video signals that have sync levels other
than .3 volts P/P. The second problem is solved by filtering the
3.58 MhZ color signal out of the video signal that is used to control

the switch. This way the back porch will simply be at blanking level.
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INTRODUCTION TO THE CIRCUITRY

On the following pages are the schematics of the processing
amplifier. Here are a few notes concerning these schematics.
1. I.C. supply connections are not shown.
A1l Op-Amps are + 15 and -15 volts.
The comparaters and switches are +6 and -6 volts.
2. Op-Amp compensation capacitors are not shown.
3. Op-Amp bypass capacitors on the supply are not shown.

4. Power Supply Schematic is not given.

Op-Amps used for different purposes
Wide-Band CA3100
High Input Impedance TLO81

General Purpose LM318

Other I.C.'s used
High Speed Complimentary Output Comparater UA760
Quad Analog Switch CD4066

Transigtors used

General Purpose, high frequency, low noise NPN MPS6515
PNP MPS6519

Resistors used

A1l resistors are 5% 1/4 watt.
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BRIEF CIRCUIT DESCRIPTIONS

Fig. 3 This is a basic diode clamping circuit except that

diode D1 isn't connected to ground, but to the Tow
impedance output of a voltage follower. (IC1)). This
allows one to vary the clamping voltage by adjusting
trimmer T1. The clamp seems to work optimally with
T1 adjusted to approximately 3.5 volts. Rp and Cj
determine the time constant of the clamp.
Ro x €1 =.2 secs. C2 is used to improve the high
frequency response. IC3 is used as a subtractor to
subtract the D.C. clamping voltage from the clamped
video signal. This puts the blanking levelt at

approximately 0 volts.

Fig. 4 This is the master video control circuit which comes
after all of the effects. The video and sync are
inverted here, fed tégg%itch and then to the driver.
This gives separate control of the sync part and the

picture part of the video signal.

Fig. 5 This is the control part of the sync and blanking
separator. First the color information is filtered.
Then the filtered video signal is compared to a D.C.

reference voltage which is set manually to slightly above
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blanking. When the video signal goes above blanking
the comparator switches and causes the electronic

switch to switch and change outputs.

Fig. 6 This is a standard push-pull output stage with a gain of
2. Diodes D3 and D4 are used to reduce crossover dis-
tortion. The transistors used are high frequency,
low noise signal transistors similar to 2N3904 and

2N3906.

Figs. 7 The low pass and high pass filters are single pole and
variable, both in two ranges. 10 hZ - 8 KhZ, 8 KhZ -
700 KhZ.

Fig. 9 The inverter is a single op-amp wired in an inverting
configuration, Ryg is used to reduce oscillation when

there is no input connected.

Fig. 10  This is a non inverting amplifier with an input attenuator
to control the gain and a D.C. offset control to vary

the pedestal.
Fig. 11 This is a passive two-input, one output mixer.

Fig. 12 The Keyer is best explained by a block diagram, which

is shown on the next page.
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SOME PATCH CONFIGURATIONS

negative picture J-G, N-A

soft focus picture I-J, P-A

smeared picture I-J, P-A

two-tone picture M-A J-C J-D L-F K-E
line drawing picture M—H J-C J-D L-F K-E O-A

normal picture with whited out whites M-A J-C J-D L-F K-E
normal picture with blacked out black M-A J-C J-D L-F K-E
part negative, part positive picture J-D J-C L-F K-G N-E M-A

gray picture with only edge detail H-J, 0-A
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PROBLEMS

Most of the problems I encountered had to do with the fact that
such a large bandwidth is required for video circuitry (DC - 5 MhZ).
This limited me to a few easily available operational amplifiers
(Op-Amps). I tried the LM318 and the pA715, but I had bandwidth
problems with both of them, and stability problems with the 715, I
ended up using the CA3100 for most of the applications because it
is easily compensated and less prone to pick up than the 715.

I had to insert bypass capacitors at the supplies of all the Op-Amps
to retain high frequency stability.

There are a few problems in the final design which I think are
worth mentioning. Firstly, the circuit has to be adjusted when the
input has a sync level other than .3 volts p/p. This is fine for
Tive signals or unedited tape. When one tries to run an edited
tape signal through the processor, where each segment has a different
sync level, one encounters problems. The way I could have gotten
around this is by clamping to the blanking level. This takes
fairly sophisticated circuitry and I did not have time to design
or build it. The second problem is that the switching of the Keyer
is delayed about 1 psec. This is due to the delay of the analog
switch and the comparator. This delay is not visually apparent unless
a fine lined image is on the screen. The way to solve this problem
is to insert analog delay lines immediately before the key inputs.

Lastly there is no color control. There is very little color shift
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going through the processing part of my S.E.G. When one does effects
to the video the colors are very strange and interesting, but un-
controllable. To put color controls into the processor would be

very difficult and would require complicated filters and phase

shifters. Again I didn't have enough time to do this.
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CONCLUSIONS

What good is it? Does it have any artistic relevance? The
device was originally conceived of to be a useful, accessible tool
for video artists. What it does is take a clear, real life picture
of an event or scene and change it to a more abstract image. It
does this by changing and/or Tosing some of the information content
in the original picture. This, of course, leaves the viewer with
an indeterminate image, and so the viewer must use what he sees to
realize a new picture. The way the viewer will interpret this new
picture will probably be different for different effects. This gives
the artist a means for creating various aesthetics which might not
benpossible with unprocessed video alone.

I would 1ike to see two additions to my circuit both of which
I plan to do. One is a color control, preferably voltage controlled.
This would allow the colorization or the cartoonization of a black
& white signal. The second thing I would like to add is voltage
control to all of my effects. This would allow an audio signal
or oscillator to control the video resulting in very interesting

perceptual effects relating sight to sound.
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