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Inage Processing ard Video Synthesis . Dot S.
Electronic Videographic Technlques

by Stephen Beck

I. =lectronic imaging technligues as applied to television
utilize the innerent plasticlty of the medium to expand it
beyond *3 s=rictly photograr rizic/realistic, renrnsont=tional
aSDBCt wqicﬂ clarterizes the alstory of television in genersa

A wide variety of electronic instruments have been cnnstructed
by engineers, artists, and enginéer-artist collzborations in
thé'past several years which operate specifically with TV sets

es primary diszlay or “eanvass™. Ezch imaging system'which has

ﬁbeen developed reflects the artistic and technical capablilitles

éf its originztors, and tends to be utilized according to distinetly
differen%‘aesthetic theories. In some c2sesS the resultant izage

1s larzely due to the {rherent circuit designs of a given instruusnhs
Ir other cases, the instrument is utilized to produce 2an irzace with

z specific visual .or Ppsyc chological affect, the elctronic aspect telir
zore of a means than 2n. ‘end to the realisation.

Regardless of the specific aesthetlc usage of particula} in-
strupents, soze insight nmay be obtained‘by exanining the structural
differences and éimilarities retwezn typical video syntheslz=Ts
and 1image orééessors, as well 2s soms of the basic circultry
which is used 1n these devices. In every case, the video synthesiieT
may be viewed 2s 2 tin of the 1ceberg of electronic technology &
visual artse - vest armies of individu=zls mzke the transistors,
resistors, capadﬁtg{:; amd int:zgrated circults which coxdrise

a syntheslsing instr mgpt, when proverly aprlied under the design

of visually {neclined electronic artists.



-I. Categorlcal distinctions of elzctronic vidas instruments.

thi? science of biclcgy many classificz=tions of life-

S‘S‘
forms exzist, there ares several gerre of videc szrnthesizer., In
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bines parts to form 2 waole entity, Jjust 2bsut =211 video instruments
cculd be classified as such. However, in tefms of structural
detalls some clarificztion can be made. I have iisted several
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zories of video izaze

cf tielr crinciple of cperation, zlong wlth scme criteria for

mazing tie distinction, and artists and engineers in the video

1. Cazera image processor tyves. These tyses include such

guentizers which separate value levels in 2 scene and allow
g TRAT s
otazr Trocesses to take rlace in the scene- 2dd synthetic cclor,

ot
45
ol

flace znother image in cer n places of the original, obtain
=

3
AV}
ct
ct
(1]
4]
ty
b

ects; modifiers which dol®t alter the geometry of the

tut rather whied affect 1ts grey scalg such as polarity
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inversicn, or which generzte znd edge around elements of the
image, or which.ggg'by“supérimpnsitionméeVeralﬁimage;sources,
Some systems which are essentlally of the image processcr type
deserited inblude those bulll by: Paik/sbe, Siegle (CVS ),

. \“__ .
Templetcn, Sangeen, Hearn, Vasulkas'and others, S’i@fv'

2. Direct Video synthesizer types. These tyres are in principle
onceived to operate without the use of any camera lmage, though
some of thex can also perferz the erocessing operztions described
above. 3asically, a complete TV signal is formed from electronic

generators which comnrise the synthesizer circults, which include



clruliry such as color genergtors which sroduce chromincance

signals according to either I-J methods, Hue-3aturation zmsthods,

or Red-Green-3Blue methods; form zenerators wnlch estabvlisn thae

necessary pulse vibratlons to produce shapes, plénes, lines,
or points and to mave them 1in various ways by use of zctlicon

modulators with elther simcle electronic waves sucn as ramps,

sines, or triangles, or mcre com-lex curves, Or even with audic

freguency sound signals; texture amvlifiers which alow fer

color manipulagicn to achieve shading, chiarascuro, "zirbrush",
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or granulzated ts, roughly could be thought of -3% electrenic

O

brush effects. Instruments using the Direct Video process
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include those by Beck ( Direct Video Synthesizer ), Sie

Dupouy ( Movicolor ), EMS ( Spectron ), and cthers.

3, Scan modulation/ Re-scan types. These tyres rely on the

princirle of a TV camera viewlng an oscilloscope or televisicn

screen which displays the inage from another TV canera. Tae
image on the screen can then be manipulated geometrically
( stretched, squeezed, rotated, reflected, etc. ) by means of

deflection modulation, either magnetically or electronically,

The second TV camera then transforms this imzce into one bearing
a proper TV scan relations:ip, and may then be colorized or
processed b} tecnhnioues cutlined in section 1, These systems
can alsc be ﬁsed without an input camera where the image then
consists only'bf the manizulation of the raster, producing
Lissajous type images, <2>ystems using thisvmethoa include those

by Harrison ( Computer Image ), Palk/Abe, Rutt/Ztra, and others.

»



%, Non- VIR recordable.types. Tuese types are included

for completeness and encompass tacse video displays which

do not actually produce 2 standard TV signal waveform and

can hence only be utilized on one set wilca 18 speclally pre=

vared, and cannot be directly recorded on macnetic video tape.
¥ost are based primarily upon magnetic distortion of tne
nornal TV sca2n vatter, or else they utlilize a color Picture
tuhe a2s if 1t were an oscilloscons scresn., Such indivi%uals

TAMGELLI VI

zs Paikx, Tadlock ( 4rczetron ), and Hearn ( vidium ) have
utilized these +technigues in thelr video sculptureg.

T have not included in this categorization the studio switcrer

and special effects generator to be found 1n most teleprcduction

studios, which include processing and wilpe generation, or the

emerging video game box walch 1s in principle a direct video

signal generztor of very sreciflc configuration, Xor rave 1

alluded to video feesdtack tecinigues, which all systems are

cavable of sustaining in one of its various forms.

In every case the individual approach to #ideo instruments
encompasses a wide variety of circult designs and processes.
Some require czmeras, others dc not; some utilize -a form . _
of'voltagejcontrol waich peraits color changes, image size,
or movement';ate, for examslss, to be changed by some other
circuit, 1in é&dition to being changed by an operztor. This
'factor indroduces zn interesting dilemma intc the realm of
electronic images: how much is the image a product of the

instrument rather than of the instrumentalist?

:



5t video synthesizer can be get to conditicns walcnh
s image :fter image for hours upen acurs-— pernacs

L R

inter=sting, perhaps not- depends uvon the vi.svwel. Butvin
this czse the images have their comrosition ir the circult

cv 2nd programming of tre instrument, Or the lmage Iay
be altered and shaved temporally by someone pilaying tne video

gsyrntnesizer, in which case the image have tneir composition

i1n tne mental image of the slayer, interactinz with tae circult

Cre can conceéive of a syntheslzer as 2 gezerative device
which» forms the resultant sicture by a DProcess of assemblage
of elsctronic pulsatlon, or one can conceive cf it a2s a filtration
device . in which, due to the prdper selection of numerous
elec+trcnic conditicns, 2 glven image out of t:e infinity of
possitis lzagzes results 23 a plcture. Glordcnc Brumo in his

tnesis e Immensc, Innunerazbilius et Infizuracilibus postulates

nfinite number of universes which are perceived by 2 selective

w
s
’k

process . i 4o form a reality distirnctly unique to
the viewer. Thus 1t is that a video synthesiver and Marconl
Mafx 7 cclor studlo caxera reveal very different lmages- each
is filtering according to Very jifferent criteria- nelther one
mofe or less valid, Just different.

4nen visual literacy has advanced sufficiently, many will
no longer cqpsider the synthesized image as 2 by=product of
television téc :nology, but as a visual reallty of its own,

distinct from the terms of a representational, photographlc

image, an image which is more glyphic than literal.
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III. Two examples of videc synthesizer clreull structures.

In order to lllustrate in more detall some typical elecilion.is

techniques utilized in vidieo =ynthesizer and imare processor

circuits I shall mentior the compa rator circult and colorizing

-

techanliques,
The eccomnarator is a very ceneral circuit used in keyers
quantizérs, wibs generaters, and forn gensratorse It is sytolized

electrconically 2s a triangle eihclosing 2 quection mark:

There are two inputs and oxre output. The inpyts can be

continucus voltages from, say, a scale of 0=-10, The output
nowever is allowed only twc conditions: CN oT OFF, The appropriat
condition is determined by comparing the values of the %wc inputs.

+a» than the = inrut value t:ze

[44]
$

If the + input value ls grs=z
outrut is ON; If the + 1lnrut 1s the same as or less than the
- innut the putrut- i“ CFP. A tyzical circult used for this

function is the u710 integrated circuit, about the size cf 2

dime.

“men the continuoue voliage to one Inrut comes from a

morochrome TV camera the value O represents 2any black aress in
4
the lmaze, while the value 10 represents the brightest white

areas in the ‘plcture, w#ith value 5 rerresenting an area of
medium grey. Imagine the izage to be a wnite cross inside

a grey square surrcunded by a blzck backround. the image

could be depicted schematiczlly as

00000000
00555500
00553500
©C999900
©6599500
00555500



If the other input to i

joy
(]
O
[0
L]
1S
o
3y
£
ot
(o]

s )
0
(e}
&3
(¢}
Ul
th
12
oY
]
4
]
b
]
4]
ol

value source, callec the +~rashold, then the rezultant ciréuit
i1s a simole keyer, The cu<? t will bé OFF whenever thz plcture
element 1s less than the tnreshold and will be CX whenever the
picture element 13 more than the threshcld.

2
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For example, the whlte cross could be cclorized by sett
the tareshnold to say v-lue 7 and connecting the cutput of tne

1

comparatof to a colorlzor zativate circuit. Cnly wnere the

r

picture value exceeds value 7 will the colcr be turned ca ,

in the reglon occuried by =ne CICSSe If ancther comparatilr
were introduced with 1ts tareshold set to value 4 then the
output would be ON in the rzzion occupied by the zrey box =znd
the white cross, and 1t couzd be used to cocntrol a second
colorizer producing a cclered square, which migat be coxbinad
with the colorized cross. If the two intuts to comparater 2
were exchanged, thexn the color «7ould be inserted into tzs area
surrcunding the.g;ey SqU3ITe.

Vlearly thals examvle czx "e extended to man channels, $ or
even 16 not beihg uncormen, =2nd forms the vasis for gquantizing
colorizers and multiple level keyers used by scme video artizits.
Bear in mind that the scanning process traverses each line of
picture elé@ents in some 52 millionths of a second, with ezck
element beiﬁg occuzisd for oxnly 250 nano seconds ( bpilliponths
of a second )Kso that the comparison must be rerformed very faste.
The u710 can make 2 comparison in less than 20 nanoseconds., But
at this high speed, and whex the »icture and trreshold levels arc
almost equal ( within 2 few +nougandths of a volt ) the outjut
often is undecisive, oscillz+ing back and forth for 2 time, pro-

ducing the speculztel or "so-n" edge characteristic of keyinge.



are zpplied to tue inside surface of the plcture tube W
eacn emit a differing color 1izht when exclted by electrons
scanning over them., The three colors are red, green, and blue,
and are applied in either triadic clusters of tiny dots, or in
verv thin strips, sc that =% normal viewing distances the

individual phosphers are no% discernable as suchn, but tend to
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fuse thelr colors accerding %0 +ve subje:tivs orecess of ¢
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vision. Bach of the primary colors can be varied 1n intensity
from zerp to 1007 by modul=ting the intensity of the electron
streams exciting then. » this manner, polycaromatic reproducticn

¢4

is achieved éy contrelling +he admixture of tnree primary color
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Since the color process is édditive and involves the mixture
5? emi<ted light,all three colors waen excited in equal amounts

i1+

producz the sensatlon of walte or grey values. ~hen juss tae

nsed
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red and the grsen cclors are stimulated 2 yellow coler 1s ’
or when red and blus =re excited, purnles result,

The three properties of cclor include hue~ wnat is the
\

wavelength of the color ( 1.e. yellow as oprosed to greszn Or biue,

saturation- how intense or #ivid is the hue; and brightness or

value~ how much is the color diluted or made pastel by the acditic
of white or geye. Any videc colorizér nust determine each of

the three propertles., In black and whité television ( more
properly kn&wn 2s monchrome ) the picture 1is composed entirely

of various intensities of light of e bluish-white nature. This
signal 1s known in television terminology as tne luminance signal.
It conveys inforzmatlion of vzlues. With color televislon an
additional information bezring signal 1is used to convey the

hue and saturation information, called the ehrominance signal

Oor cnroma.
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This cnromninance sienal iz 2ra2sent 12 the forxz ci = color
subcarrier which vibrates 3z 3,579,5&9 cyclez Terl gsecond.

he sat-
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Tts intensity or am? tgude 1s varied accerding
uragicn of the color, and 1its phase 1s varied according to
tne hue of the color. Thils +nehniques of phaz” modulation

requires the presence of a pilot or reference siznal to susply

16)]

the prase angle reflerence, xnown as the coloT zurste
I» essence, the color spectrum may be visuzlized as oC=-
cupying a circular distriduticn. The cenier c? the cilrcle

represznts no saturation,while any distance putward from the

’U

center rerresent Ddrogre eszzively more saturated cclors with the
direction representing the hue of the color. In fact there are
actually two elements of tne color subcarrier -shich can be con-~

trollei to produce syn netic color; the I and o components,

(0

f57 invhase 2nd quadrature.

Tne simplést colorizgrs operate on the hus-saturation principle
with one contrcl affecting the phase of the cclor subcarrier
thus date*minﬂnv red yelllew, green, cyan, biue, Or magenta
hues nile tre other control affects the amplitude of the sub-
carrier determining the vividness or saturation of the desired
nwue. An zdditioral control may ve used to introduce a luminance
value, OT +the 'subcarrier can be added electrorically to an
existing ﬁbnochrome signal derived from a camera,

P €

Arother<type © colorizGr operates by modulating the intensity

~

of the 1 and Q subcarrier con 1nonents. The co~pined effect of
two irndependent modulations generates both hue and saturation
informztion, wita the tWe variables both belnz affected simul-
taneouzly. Thus to change the vividness of a ziven hue both

contrcls must be changed together,



A third type of colorizer circult 1s the Red=-Green=-ziue
encoding method. Three contrcls determine the saturaticn
levels of red, green,z2and blue primaries, whlc:h then mix
in the encoder to produce lu~inance,and chromanance signals
of the standard video signal. Beisdes operatinz in a grapalic
mode tais type of cclorizer ts readily adaptable to other
TV systems in use by substitutlon of encoding circultry. The
I/Q and Hue/Saturation zethods normally recuire different
technigues for eact Lys€ cf <ezlevision system used.

Many colorizers sare 131~3-2d to full screen coloT OF
gquantized color type of operation. This allows for baslcally
nard edge color. In the Becx Direct‘Video synthesizer I have
been particularly interested 1in surmounting this limitation

Il

and achieving a2 full range of color contouring.

4

IV. Video synthesils zn cc-tuter grathlcs. In the strict

£

sense of the word a diglital computer is but a larze collection
of electrohic switches arranged to operate on binary blts

of information. As such, mesit video synthesizers do nct
qualify =s computers; altuiouzs the analog computer, with op-
amps, differentiators, intesrztors, and amplifiers more closely
resembles thF structure of video syntheslzers. Computer
graphics generally has beesn done with oscilloscope displays
under compute;?control, thouzh some newer systems go generate
images on color television iisplay directly. We can expzect

to see the use of digital ccxzruters in the control of video
synthesizers vie means suci 23 digital to analog convertars,

When one compares the bandwidth of video imazes ( 4,200,000

cycles per second ) with com~uter processing speeds ( 500,000

bits per second typically ) cr with audlo signals ( 20,000



cycles per second ) the gap between computer cutput speeds
~— and the necessary information rates to generste a moving
video iracge become apparent,

I» terms of circuilt deviceé most video syntassizers and
imace processors utllize discrete transistors and some types of
integrated microcircuits, We can expect to ses tne emergence
in two or three years of video integrated circuilts designed
specifically for the imaéing functions of telsvision displaye

Video syntheslzers consume electrical power of from 50 wattis
to several hundred watts- far less than even 2 single spot-
1ir-ht utilized by the deczen in standard cazerz studios. They
also equire far fewer personnel to operate trem compared to
standard teleproduction.. * ., Both of these factors

ake video synthesized television images ap ling from an

economical perspectives

V. The appearance of electronic imaging instruments such as
the videc synthesizer and image processors uskers in a new
language of the screen; non-representational and departing
from the conventional television image, these methods will
stizulate the gwareness of new images in the culture. Any
growth of ghe video synthesized image will be contingent

on the ability of video zartists to become proficient Iin
techniques of{composiﬁg and presenting synthesized 1lmagery.
The instruments themselves will not perform without the

artistic consclousness of a skilled operator.

o Stephen Becx

Subzitted Ausgust 18, 1975




Image Processing 2n¢ Video Synthesls

Booklist and References for additional reading on technlgues.

1. Direct Video: Ain Ilectrcnic Artform for Jolor Television

by Stephen Beck, 1972, Reports, National Center for
!\ Experiments in Televisicn.
2. Methods from Syntuesls tape by Stephen Beck, 1972, Produced
by National Centsr for Zzperiemnts in Television, avallztle
from Zlectronic Arts Intermix, N.Y.

3, PFundamentals of Television by Walter H. Buchsbaym. 1964,

John P, Rider, Inc.
4, Television Broadcasting »y Howard A. Chims, 1953, McGraw-Hill,

5., Television Systems Maintainance by Harold E.Ennes, 1967,

L Howard Sams Co., Inc.
LNl 6. Fundamentals of Televisdon Engineering by Glemn M. Glassforc,

1955, Mc Graw-Hill.
7. Musi¢/Image Workshop by Zon Hays, 1974, WGBH Educatlonal
Foundatlion.

8. Introduction to Solid State Television Systems by Gerald

L. Hansen, 1969, Prentice-Hall, Inc.
9. Handbook of Magnetic Beccrding by Finns Jorgensen, 1970,
Tab Bookse

10. Color Tdlevision Fundamentals BY Milton S. Kiver, 1955,

McGraw-Higl, Inc.

11. Television Simplified, 6ta Editlom, by Milton 3. Kiver,

“ 1962, D. Van Nostrand Co., Inc,
!f 12, TV Servicing Made Zasy b Wayne Lemmons, 1971, Howard. We
%éxff/ Sams & CO.




13. Television and Radio Zepalring by John Markus, 1961,

McGraw - Hill.
14, Iriependent Videc b Xen Marsh, 1974, Stralght Arrovw Books.

15, Videa 'n' Videology:Rem June Palk ,. edited by Judson

Iosebush, 1974, Everson lNuseum of Art.

16, Tzlevision 1ln ¥oience 2nd Industry by V.K. zworykin, 1958,

Jonn Wiley & Souns, Inc.

Abstrzct: Image Processing and Video Synthesls

Zlectronic Viceographic Techniques

by Stephen Beck
Tais =2rticle démarcates the structural distinctions between
vericus instruments constructed and used by video artists.
In aidition two typisal circaits, the comparator and colorizors
are dilscussed. The intent is to clarify for the viewer

the zcproacies to electronic video image making presently in

use.,

1

Stechen Beck holds-a degree in electrical engineering from

the University of Californla, ferkeley, and also studied at
the University of Illinois, Urbana in electronics and electron
ausic. He constructed his first direct video synthesizer ( #C
in 1969, and;anokher synthesizer while affiliated with the
National Center for Experiments in Television, San Francisco.
His videograpﬁlg work include many cdmpositions realised with

the direct video synthesizer on video tape, live performances

videofilms. DPresently he works from a studio in Berkeley
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