






































































































Drag pieces of type from the Typecase _I 
into this frame from left tp right. .... 

to PRJ NT the 
type right-side- up 

to PUT BACK 
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The Story.of Hanaset Type 
The printing industry began in the 1400's in Maim, 
Germany where Johann Gutenberg invented a 
reusable mold for metal type. In order to print books in 
quantities, it was necessary to produce type that was 
moveable, reusable, and that would form an even line 
on a page. Gutenberg's mold could produced such 
pieces of type. Gutenberg, a goldsmith, also 
concocted his 0 wn formula for the metal that would 
be most suitable for type. 

This exhibit sho ws you the kind of case in which 
metal type was stored . You can place these metal 
letters in a fra me just as the printers did in 
Gutenberg's time. Imagine working with letters that 
had to be read upside down! It must have been a slow 
and difficult job to set a page of type. 

Click: this screen to conti nue 
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Cliek to PAINT 
ove r 8 ste neil 

Click to DRAG a 
ste ncil a ro u nd 

Click to ERASE 
extra paint 
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IIhe Story of Stencil Letters 

A stencil letter is formed by cutti ng its shape out of a 
background. These shapes are filled with color. When the 
stencil is removed, only the colored letter shape will remain 
behi nd . 

Stencil letters have shapes that are different from other letters. 
If a stencil were cut in one piece li ke an ordi nary letter, its 
inner shape would not be attached to anythi ng and would fall off. 
The refo re, a ste nci 1 1 ette r is cut as two 0 r mo re se pa rate pa rts 
so that its inner and outer shapes remai n attached. 

Stencilli ng is one of the oldest of pri nti ng techniques. It is par­
ticularl y useful for pri nti ng di rectl yon surfaces such as fabrics 
and walls. 

Click this screen to conti nue 
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The Story of Braille 
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A I L L E 

In ni neteenth century France l Louis Braille developed a readi ng and 
writi ng system for the bli nd. This system known as braille i ncl udes 
signs based upon six raised dots arranged in all possi ble combi nations. 
It was Louis Braille's intent that his dot al phabet be si mple enough to 
be read by the touch of a fi ngerti p. 

"~i 
," 

This exhi bit lets you type i ndividualletters and see a letter by letter 
translation into the braille dot alphabet. Braille l however l also includes 
shorthand symbols for commonl y occurri ng words l punctuation marks l 

accent marks for foreign languages l notes for musical scores l and math­
ematical and chemical notations.) '" :; ); 

TodaYI the production'of braille doclfments are aided by optical scan­
ners and voice recognition systems on Personal Computers. A hundred 
and forty years after Louis Braille's death l braille conti nues to be a vital 
resource for the bli nd enabli ng them to partici pate equall yin this 
information age. 

Click: this screen to continue 
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~ 1:.11:) r.- ~ The letters you see on the computer screen are built of 
~ .... ti ny dots called pixels;.'Pixels are either on or off 
h § (black or white). Nor~~l1y, pixels are too small to see 
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clearl y, but in this program they are speciall y 
enlarged so you can see ,them . 

With a computer, you c~n easil y design your own • 
letters on the sereeno l _ 
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Images and Image Making 

Overall Content 

The following list gives a brief overview of the exhibits 
and demonstrations in the images and animation section of 
the exhibition. 

The visitor's first view of the show is a 60-foot mural 
created by Harold Cohen and his assistant, a program 
called AARON which runs on a VAX 11/750. Mr. Cohen also 
has a human assistant, Linda Winters. 

The system which creates this original art is a computer. 
The computer and 4 drawing machines will be on display 
churning out 'original art '. The works are interesting 
and remind friends of Mr. Cohen of his own pieces before 
he decided to program his computer to do the work for him. 

Mr. Cohen has displayed his works in major galleries 
worldwide. 

STANDALONE EXHIBITS 

(1) "Warpitout" Jane Veeder, Chicago 

Jane Veeder is a Chicago video artist who got interested in 
computer graphics through video synthesis. "Warpitout" was 
first exhibited at the 1982 SIGGRAPH art exhibit in Boston. 

As the name suggests, the object of the piece is to warp 'it' 
out, the 'it' typically being your own face. "Warpitout" is 
extremely interactive. You sit in front of a television screen 
with a video camera overhead and take snapshots of your face. 
This image is stored digitally. Once you are satisfied with 
you rima 9 e , you s e I e c t the colo u r s t hat b est sui t you. You 
then start altering your image in drastic ways - enlarge the 
nose, alter the edges, add a new mouth, and so on. 

The system works on a microcomputer designed for real-time 
graphics and animation: 

ZGRASS language 
Datamax UV-l Graphics Computer and Digitizer 
Electrohome television monitor 

(2) Colour Matching, Ontario Science Centre 

Want to test your colour vision. Try matching this colour. The 
computer selects a colour at random from its palette of 16.7 
mill i on s had e s . Yo u h a vet 0 try to ma t chi t. You h a v e 4 wa y s 
to choose from 

Red Green Blue 

1<- ~..,J 
Cyan Magenta~e 

Most colours can be synthesized 
by combining red, green and 
blue light 

The complementary colours of red, 
green and blue. Th ey are ca 11 ed 
the 'subtractive' primaries 
because they subtract colours 
from white light. 



Hue Saturation Value 

National Research 
Council 

The colours in a paint book are 
organized this way 

You select a colour from a palette 
of colours at constant brightness. 
There is a separate brightness 
control. 

This exhibit is the result of collaboration with the National 
Researc h Counc i I of Canada. They, Ii k e many c omp uter lab s, are 
interested in the easiest way to select specific colours in 
a computer graphics system. 

Configuration 

(3) Touc h Draw, 

Motorola 68000 
C language 
Harmony operating system 
Matrox frame buffer 

Ontario Science Centre 

This is a simple drawing program. You touch the menu to 
choose the object you want to draw - rectangle. circle, 
line, polygon - and then you place the object in the 
drawing area on the screen. It demonstrates a small 
sample of the graphics capability of Telidon, Canada's 
videotext system. 

Configuration 

(4) PAINT, 

Z80 
C language 
Telidon terminal 
Eleographics touch sensitive screen 

Ontario Science Centre 

A paint program is a computer program for ~andpainting 
two-dimensional images in full colour. It is modelled 
on the traditional artist's setup. However, since the 
'canvas' is a piece of digital memory displayed on a 
normal television monitor, it is easier to make changes 
to the painting. The program simply stores a copy of 
the display and has no knowledge of any objects in the 
picture. 

In this paint program you draw on an electronic touch 
tablet. The paint appears on the computer screen. There 
are many colours and brush designs to choose from. 

Paint programs are becoming very popular. They are now 
used in television studios to 'touch up' the video image. 
Animation programs, such as Tween, use them to colour 
the cartoons. And artists use them to create new r images. 

(5) Fractal Play Ontario Science Centre 

Benoit Mandelbrot, oT the IBM Thomas J. Watson Research 
Centre, coined the word 'fractal' to describe a new 
geometry which turns out to be very useftil in computer 



~ 

grapnlcs Tor crea~lng na~ura! Torms - p!an~s, moun~alns, 

coastlines, and so on. 

You can experiment with this mathematics to try to create 
a realistic coastline or a mountain range. Or you can 
scan through some o~ the images generated with this technique 
at Lucas~ilm Ltd. 

The program is based on a prototype developed by Alain Fournier 
at the Computer Systems Research Institute, University o~ 
Toronto. 

The display around the exhibit describes the technique and 
shows works by Richard Voss o~ the IBM Thomas J.Watson 
Research Centre. One o~ the images "Mount Mandelbrot" is 
part o~ the 1983 SIGGRAPH art show. 

Con~iguration 

VAX 11/750 operating under Berkeley Unix 4.2 
Norpak Video Display Processor (512x512x24) 
C language 

(6) II Star Rider" Atari Arcade Game 

This arcade game ~its in with the section on visual simulation. 
You dr i ve throug h spac e. The scenes and c ha 11 eng es change 
quickly both ahead and behind (which you watch through your 
rear view mirror). 

(7) Image Theatre 

Drop in and watch some o~ the most astounding images yet 
created with a computer - in art, in commercials, in 
science. An hourlong program has been care~ully selected 
~rom artists/programmers ~rom around the world. 

(8) Animation Theatre 

Watch two remarkable computer-animated ~ilms: 

"Hunger" Peter Foldes, National Film Board 

A very ~ine example o~ the technique known as key~rame 
animation. The artist does the key ~rames; the computer 
does all the in-betweening. The so~tware was developed 
by N. Burtnyk and Marcelli Wein at the National Research 
Council o~ Canada. 

"Dream Flight" Philip Bergeron, University o~ Montreal 
Nadia Thalmann 
Daniel·Thalmann 

A ~antasy ~ilm generated by a graphics language called MIRA, 
an extension o~ Pascal, and displayed on a Tektronix 4027. 

\ (9) Rocking Cube, Douglas Back 
Ontario College o~ Art 

An art installation exploring the relative nature of 
our view of the world. The ~ine balances are controlled 
with an Apple microcomputer. 



( 10) R Ma tr i x. Dennis J Vance 
Vancouver 

Wa I k throug h a spac e. Use your mot i on to create different 
sounds and images. Find the hidden rewards. 

This installation has two banks of lights. and two banks 
of sensors arranged on opposite sides OT a large square 
matri lC ( 8 x 8 >. It operates from an Atari 800. 

(11) Arcade Dennis J Vance 
Vancouver 

This is a piece for 4 players. You each play music with 
a very simple touch panel. Together you can discover 
musical secrets. 

It operates from an Atari 800. 

(12) Binary Counter, Jim Pallas 
Detroit 

A very unusual binary counter, guaranteed to delight. 

(13) "Progmod" Jim Pallas 
Detroit 

A sound and light sculpture that uses radar, a microphone. 
and a photocell to pick up and react to your presence. 

(14) Sound Sculpture Sandor AJenstat 
Ontario College of Art 

A finely balanced piece which reads a tape in a most unusual 
manner - the recorder moves up the tape. 

(15) Ladder Michael Hayden 

(16) Neon Circles Michael Hayden 

(17) "Computer Eyepiece". Michael Naimark 

An art piece first exhibited in the 1983 SIGGRAPH art show 
in Detroit. 

A 16mm film loop and frosted acrylic dome produced with the 
Chroma-chron digital image processor of Raster RSRCH Inc, 
in collaboration with Ed Tannenbaum 

(18) Matrix One Norman White 
Ontario College of Art 

,.. (19) ____ _ Norman White 
Ontario College of Art 

(20) 1983 SIGGRAPH art show 

Approximately 55 computer-generated art pieces selected by 



~ Jury Tur ~ne ,u~n ~nnua, conTsrence OT ~ne opec~a, 'n~eres~ 

Group in Computer Graphics, Association for Computing Machinery. 

The show includes a i-hour videotape with works by 20 artists. 

STAFFED EXHIBITS 

(1) Telidon Images 

Telidon is Canada's videotext system. In this exhibit you 
can talk to picture creators who use the technology to 
create both artistic works and information pages for 
communicating general information to the public. 

You can also look at works selected from artists across 
Canada. 

Configuration 

Norpak Information Provider System 
Createx software 

Microtel terminal linked 
to VAX 11/750 

(2) Animation (TWEEN) 

Tween, from the New Yor~ Institute of Technology Computer 
Graphics Lab, is a computer-assisted animation system. It 
does inbetweening by linear interpolation, inking, creation 
of exposure sheets and a realtime pencil test to check the 
animation. 

The various features will be demonstrated by skilled 
animators. 

A selection of works by artists at the New York Institute of 
Technology will be displayed nearby. 

Configuration 

PDP 11/44 operating under Unix 
Vector Automation display 
Summagraphics bit pad 

(3) Solid Modelling 

Have you ever dreamed of flying an F-16 ? 

With this system the visitor becomes the pilot in an exciting 
f'" tr i p through th e mounta ins. Or wi th the same sy stem, th e 

visitor can design 3-dimensional objects and move them around 
in realtime. 

Configuration 

VAX 11/750 operating under Unix 
Iris work station 



(4) Images Workshop 

The workshop is set up for visitors to come in, sit down 
and explore numerous small systems for creating images, 
telling stories, producing a short movie, and so on. 

The emphasis is on small systems and afTordability. 

It includes the following programs which run on the 
Apple IIle , Commodore 64, Mackintosh, Sony SMC-70, 
and Atari 800 

Movie Maker 

MacPaint 

Face Maker 

Story Machine 

Micro Illustrator 

Graphics Editor 

View Titles 

Magic Voice 

In addition, the LOGO language will be running on the DEC 
Pro/350. This language, created by Seymour Papert at the 
Artificial Intelligence Lab of the Massachusetts Institute 

~ of Technology, encourages very young children to explore 
\ abstract ~oncepts in an experiential way. 

STATIC EXHIBITS 

FILMS 

SIGGRAPH 63 Art Show 
new installations 
The best of Telidon 
The best commercials (computer-generated) 
SIGGRAPH tapes 
Fractals 

"Hunger", NFB 
"Vol de Reve", University oT Montreal 
latest computer images 
flight simulations 
dissection of a Richard Voss landscape <Mount Mandelbrot> 
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1. ~ Introduction 

The name o~ the exhibit 'Colour Perception' 
describes its preJudice to ~ocus on our perception o~ 
colour rather than on the physics of colour or the technol­
ogy ~or producing colour. The centre of the exhibit is an 

~'interactive computer-driven display which tests the 
. visitor's ability to match two colours. The evaluation is 

based on a person with normal vision. Anyone with colour 
deficiencies will have problems, though no less enJoyment. 
Section 2 describes the purpose of the colour matching, Sec­
tion 3, the nature of the eye and colour deficiencies. Hope­
fully the two displays will be interesting enough that the 
visitor getting consistently poor results will do the colour 
blindness test. 

Other surrounding displays describe briefly the 
physics of colour and the technology ~or producing colour. 

2. Match the Colour 

2.1. Objective 

The more obvious goal of this exhibit is to test 
the visitor's ability to match a colour selected at random 
by the computer. The main, though at first sight less obvi­
ous, goal is to encourage the visitor to explore different 
colour selection systems and to introduce the concept o~ 
colour spaces. 

There are many different colour systems being 
used. Four were chosen ~or this exhibit - RGB (Red Green 
Blue), CMY (Cyan Magenta Yellow), HSV (Hue Saturation Value) 
and a hybrid developed at the National Research Council in 
Ottawa. Traditional colour systems use 3 separate indica­
tors. In the case of RGB and CMY, these represent the inten­
sities of 3 primary colours ~or the additive (equal amounts 
of Red, Green and Blue produce white) and subtractive (equal 
amounts o~ cyan, magenta and yellow produce black) methods 
respectively. These two methods are equivalent - one is Just 
the complement o~ the other. RGB is used in optics, CMY, in 
the print industry. Ultimately in computer graphics all the 
methods have to control the voltages of the red, green and 
blue guns of the monitor. 

An artist would probably become very ~rustrated 

with both these methods. Trying to produce a colour like 
pink or brown is not intuitive with the RGB controls. Nor­
mally the artist chooses a pure hue, or pigment, and light­
ens it to a tint of that hue by adding white or darkens it 
to a shade by adding black. or, in general obtains a tone o~ 
that hue by adding some mixture of white and black, a gray. 

September 20, 1983 
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Th~ hexcone model (HSV) is an attempt to transform the 8GB 
colorcube into a set of dimensions modeling the artist's 
method of mixing. 

The fourth method, developed at NRC, integrates 
two of the three variables to produce a colour plane and an r intensity control. The plane has red, yellow, green and 

. blue in the four corners of the digitizing tablet. They are 
arranged in a hue circuit. with white in the middle, as sug­
gested by opponent-colours theory. NRC claims that inexperi­
enced users are able rapidly and reliably to find the colour 
they want with only a few minutes learning. 

With all the methods, certain colours 
olives. navy blues - are hard to find. 

2.2. Colour Spaces 

browns, 

This exhibit lends itself to 3D models of colour 
spaces, particularly the RGB colour cube, the HSV hexcone, 
and the Munsell space. The obJect is to stimulate people 
into thinking about colour definitions. Are paint patch 
books and English-type names really satisfactory when one 
wants to specify a colour from a natural scene? The 
enclosed article by W.B.Cowan and Colin Ware describes the 
typical use of colour names and describes the 'Desert Island 
experiment'. We could consider doing the latter with a large 
container of pebbles which must be sorted according to some 
colour criterion. Copy around the HSV space should 
explain why the basically cylindrical co-ordinate system is 
displayed as a cone. If a colour is very light or very dark 
it cannot be fu 11 y saturated. On 1 y colours of i ntermed iate 
lightness can be vivid. The maximum possible saturation of a 
colour decreases as it becomes light or dark. This is the 
reason for the common description of the colour solid as a 
sphere or double cone rather than as a cylinder. 

2.3. Copy content for Tab let 

The copy on the tablet has to clearly define the 
controls for the exhibit and give credit to the National 
Research Council for assisting in the development. 

The functions are as follows: 
(1) Overall controls 

START 

CHECK 

return to ·introduction page 

evaluates colour match and allows visitor 
to correct the colour 

HELP - displays an explanation of the current colour 

September 20. 1983 
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system 

(2) Selection of a colour system 

ROB selects the ROB indicators 

CMY selects the CMY indicators 

HSV selects the HSV indicators 

NRC selects the NRC system 

The credit could be roughly as follows: 
" This exhibit was developed with the cooperation of 

the National Research Council, Ottawa and is based on a pro­
totype seen there in October, 1982. Both the Computer 
Graphics Lab, University of Waterloo, and the Computer Sys­
tems Research Group, University of Toronto also contributed 
ideas. It represents re~earch which is very fundamental to 
the whole field of computer graphics. " 

2.4. Copy Content for Display 

Currently the exhibit has an introduction page and 
one tutorial page for each of the four colour systems. The 
evaluation is superimposed on the main display which 
includes the two colour patches ( a rectangle in a rectan­
gle) and a status area showing the indicators for the chosen 
colour system. John Voskuil has made some valuable sugges­
tions for both the tablet copy and the main display, which 
will be incorporated before the exhibit is installed. 

Introduction page 

Colour Perception 

This exhibit illustrates the use of dif­
ferent colour systems to select colour. 

Using the controls on the tablet, try to 
match the colour of the inner region to 
the colour of the outer region. 

The upper buttons select a new colour 
system. You can choose the Red-Green­
Blue system, the Cyan-Magenta-Yellow 
system, the Hue-Saturation_Value system, 

September 20, 1983 
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or a system developed at the National 
Research Council of Canada. 

When you think you have matched the 
colours, press CHECK & CORRECT, and 
you will see how well you did. You can 
then correct your errors, or start 
again. 

PRESS THE BIT PAD TO CONTINUE 

Tutorial Pages 

Eac h tutor ia 1 pag e, ex c ep t for the NRC one, c onta ins 
both text and a colour illustration of the colour space. 

(1) RGB 

THE RED-GREEN-BLUE COLOUR SYSTEM 

Most colours can be synthesized by 
combining red, green, and blue light. 

The red-green-blue (RGB) colour system 
varies the intensities of these three 
"primaries" to produce a colour. 

For instance, when 
bright red light is 
mixed with bright 
green light, a yellow 
colour is produced. 

If you mix all 
three of the 
colours together 
the result is a 
gray or white 
colour 

(2)CMY 

THE CYAN-MAGENTA-YELLOW COLOUR SYSTEM 

Cyan, magenta and yellow are the comple­
mentary colours of red, green and blue. 
They are called ,the "subtractive primaries" 
because they subtract colours from white 
light. 

If you have ever mixed paints or used 
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filters, then you 
have been using 
a subtractive 
colour system. 

As you increase 
the subtractive 
primaries you 
reduce the amount 
of "reflected ll 

light, and the 
resulting colour 
becomes darkeT'. 

(3) HSV 

THE HUE-SATURATION-VALUE COLOUR SYSTEM 

It is easier to select a colour in the 
HSV system than in the RGB system, since 
hue, saturation, and 
value correspond 
to the way people 
arrange colours. 

Hue is the pure 
colour you are 
using, such as 
orang e or green. 

Saturation is the 
amount of colour, 
or the depatrure 
from gray. 

Value is the 
intensity or 
brightness. 

(4) NRC System 

A COLOUR SYSTEM DESCRIBED BY THE 
NATIONAL RESEARCH COUNCIL OF CANADA 

The other colour systems in this exhibit 
are c ounter-i ntu i t i ve to some degree, It 
re~uires a great deal of training to 
~uickly and acturately pick out a colour 
using them. 

In this system you control your position 
on a plane of colours of constant bright­
-ness by touching different areas of the 

September 20, 1983 
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large coloured square. 

You can also change the brightness of the 
current plane using the bar indicator 
below the coloured square. 

You should find that it is much easier to 
select colours in this system than in the 
others. 

September 20, 1983 
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2. 5. EQ.uipment 

The basic hardware con~iguration is based on a 
system developed at the National Research Council o~ Canada, 
designed to be operated under the Harmony operating system 
deyeloped by Morven Gentleman. We have chosen the same 
chassis and CPU to speed up our development. In addi­
tion, we reQ.uire a frame bU~Ter/colour lookup table combina­
tion to allow access to the Tull 16.7 million palette oT 
colours. We should include some basic description OT 
the colour generation mechanism. This is described in Sec­
tion 4 under TV. 

The system includes the basic hardware: 

Part: MC-609E chassis, with PPRC8 
Description: 9-slot Multibus compatible, rack mountable 

chassis with power supply, RFI Tiltering, 
dual Tan cooling, and front switches. It 
includes the parallel priority option. 

D.imensions: Width 19.0 in. (43.3 cm. ) 
Depth 17.5 in. (41. 9 cm. ) 
Height 7.0 in. (17.8 cm. ) 
Weight 27 lbs. (12.3 kg. ) 

Power Supply: Output power 300 watts maximum 
volts Imax volts Imax 
+5 40.0A +12 3.0A 
-5 150mA -12 2.8A 

Supplier: Transduction Ltd. 

Part: Hitachi 19" monitor 

Description: High resolution RGB monitor 

Dimensions: 

Power Supply: 

Supplier: Megatronix 

The chassis contains the following Printed Circuit Boards: 

PCB: OB68K1A 

Description: MC68000/ IEEE-796 (MUltibus) single board computer 

Supplier: Omnibyte Corporation 
245 W. Roosevelt Rd. 
West Ch icago, I I 60185 
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(312) 231-6880 

PCB: RGB-Graph 64/4 

Description: frame buffer (2 boards Tor 512x512x8) 1 graphics 
processor 

Supplier: Matrox electronic systems Ltd. 
5800 Andover Ave., 
T.M.R., Quebec 
Q4T lH4 

PCB: VAF-S12/8 

Descriptiori: real time frame grabber, colour lookup 
table (permits display of 256 colours 
from a palette of 16.7 million) 

Supplier: Matrox electronic systems Ltd. 

PCB: RGB-Alpha SL 

Description: colour alphanumerics board for character 
generati"on 

Supplier: Matrox electronic systems Ltd. 

PCB: BLC-8905 

Description: Prototyping board Tor Multibus to contain 
the interrupt generators and mailboxes for 
the Harmony operating system 

Supplier: Semad Electronics 

September 20, 1983 
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3.· Seeing Colour 

The purpose of this display is to explain how the 
eye sees colour, and how the eye can be easily 'tricked' 
into seeing different effects under certain conditions. It 
includes the basic physiology of the eye, a short descrip­
tion of colour blindness with a chart for testing oneself, 
and a videotape or panel on different colour phenomena. 

3.1. The physiology of the Eye 

It is not accidental that colour systems, in gen­
eral, use 3 parameters to obtain any colour. Until recently, 
it was firmly believed, as expounded by Helmholtz and Young, 
that the eye has three types of colour receptors - one for 
red, one for green, and one for blue. Clark Maxwell assessed 
Thomas Young's contribution in these words: 

"It seems almost a truism to say that the colour is ·a 
sensation; and yet Young, by honestly recognizing this ele­
mentary truth, established the first consistent theory of 
colour. So far as I know, Thomas Young' was the first who, 
starting from the well-known fact that there are three pri­
mary colours, sought for the explanation of this fact, not 
in the nature of light but in the constitution of man. " 

There is an illustration of Young's experiment in Gregory's 
book "Eye and Brain" (page 120), We should also include the 
colour response curves of the eye (page 121). 

The theory of three principle colours, 
does not explain certain phenomena such 
recognizes four fundamental distinct colours 
yellow and blue. 

3.2. Colour Deficiencies 

unfortunate 1 y, 
as why the eye 

red, green, 

About 10 % of the male population is colour defec­
tive in some way or another. The traditional explanation is 
that the colour defective observer lacks a dimension of 
colour response. This means that such an observer can get a 
perfect colour match with any two of the three colour pri­
maries using an additive mixture. Recent observation shows 
that there appears to be a wider range of colour experience 
available to colour defective observers than was previously 
thought. 
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3.3. SubJective Colour Phenomena 

The videotape ~rom 

University of Waterloo, 
phenomena -

the Computer Graphics Lab, 
summarizes subJective colour 

. simulataneous contrast 
depth 
temperature 
etc. 

The 'Match the Colour' exhibit demonstrates the ~irst phenomena very 
well, where the ~ixed background appears to be changing colour. 

4. The Physics of Colour 

Newton was the ~irst to show that white light is 
made up o~ all the spectral colours. We may want to repro­
duce the experiment with the prism. After the development of 
the wave theory of light it was shown that each colour 
corresponds to a given frequency. We can demonstrate this 
with an illustration o~ the electromagnetic spectrum. 

5. Colour Technology - TV, Film, Video and Printing 

It is dif~icult to isolate the colour of an obJect 
~rom th e med i um or mater ia 1. Muc h eH10rt has gone into 
attempts to translate the colour of~ a television monitor to 
the same colour on some form oil hard copy. This is not a 
trivial task, particularly since each industry has different 
standards. The people producing TV monitors and the people 
producing colour printers use quite different techniques. 

I would like a small display on colour as it is used in 
dif~erent environments from the printing industry to the 
paint industry to surround a thorough description o~ the 
colour generation technique used in the 'Match the Colour' 
exhibit. It could include paint patches, colour dic­
tionaries, film, printing inks, etc. each with a very brie~ 
description of how a particular colour is produced. 
Television/Video 

A normal home television can become the display ~or a 
computer graphics system, provided some circuitry is added 
~or character and line generation. It is not use~ul in many 
applications because of the limited resolution. Resolution 
reilers to the number of individual picture elements (pixels) 
that can be displayed on the screen. An ordinary television 
can handle roughly 72,000 pixels (300 lines by 240 elements 
per line), considered nowadays to be low resolution. The 
television in the 'Match the Colour' exhibit can handle 
roughly 390,000 pixels (720 lines by 540 elements per line), 
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• considered to be medium resolution. The resolution and the 
price are closely related. 

Colour information can be transmitted in various ways. 
First, there is the RGB type monitor where there are three 
separate signals of red, green and blue to contain the 

~ colour. Then there are numerous methods which encode the 
" colour information into one signal. All encoding schemes use 

luminance (or the grey scale of the three colours> on a wide 
band signal with the other information, called chrominance, 
on a narrower-band signa 1. Because th e RGB uses three fu 11 
bandwidth signals the colour is significantly better than 
any encoded scheme. In the US, Canada, Japan and Sou~h Amer­
ica the NTSC scheme, defined by the National Television Sys­
tem Committee in 1953 is used. Computer people refer to it 
Jokingly as Never Twice the Same Colour. 

Most current computer graphics displays are based on 
television technology. They are referred to as raster 
displays, since the image is formed from a raster, a set of 
horizontal raster lines each made up of individual pixelsi 
the raster is simply a matrix of pixels covering the entire 
screen. The entire image is scanned out sequentially, 30 
times a second, one raster line at a time top to bottom, by 
varying only the intensity of the electron beam for each 
pixel on the line. The entire image is stored in memory 
reserved for the screen and referred to as the refresh 
buffer. Until the development of solid-state technology ras­
ter displays were limited by the price of memory. A 512x512 
black and white image requires 262,144 memory locations 
(bits). To add colour, or grey scales this increases 

~. exponentially: 

512x512x1 2xl 
512x512x2 2x2 
512x512x3 2x2x2 
512x512x4 2x2x2x2 

512x512x8 

512x512x16 

2 colours 
4 colours 

8 colours 
16 colou'rs 

256 colours 

16.7 million colours 

In the 'Match the Colour' exhibit it is possible to generate 
16.7 million colours. 

Fi 1m 

Please read the enclosed article by John A. 
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• Blunden, IIFundamentals Of Color Film Technology". We should 
contact the Eastman Kodak Company for possible material on 
the development of colour film. 

Printing 

There are two aspects of printing that relate to 
computer graphics - printing directly from the computer to a 
printer, and conventional printing. For the latter, we can 
use material from the existing printing exhibit, particu­
larly the dyes used to generate colour. For extra informa­
tion read the enclosed article by Robert Kushner, "Ink and 
Paper and Their Relationships to Color Perception ll • Perhaps 
we could also include samples of press sheets in each of the 
4 colors of lithography, as well as the combination of all 
colours. 

There are 5 maJor types of colour graphics 
printers that can be used to transfer CRT images directly to 
paper. These are: 

(1) impact printers 

This device uses multiple coloured ribbon to print 
the colour on standard paper. 

(2) ink Jet printers 

This device sprays ink on the paper. Usually three 
inks - cyan, magenta and yellow - are used. 

(3) thermal printers 

This process uses three coloured ink sheets and a 
thermal head to transfer the image to special paper. 

(4) xerography 

The Xerox 6700 allows three colours to be 
transferred to paper. A laser is used to copy the image onto 
the xerox drum which then goes through the toners and is 
transferred to paper. 

(5) electrostatic printers 

Versatec has announced a colour plotter using the 
electrostatic principle. 

There are also devices for transferring the images directly 
to film. It would be interesting to display the same image 
using all the different methods. This would certainly get 
across the difficulty in reproducing exact colours. 
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Images 

This exhibit lends itself to colourful images ranging 
from subJective colour phenomena to fine art. 

~ The following list. comprises those that I feel 
C . essential : 

are 

'. 

Views of the RGB colour cube 
Views of the HSV hexcone 
The three intersecting primaries for 

additive (RGB) 
subtractive(CMY) 

Scale of Saturation levels bounded by fully 
saturated red and fully desaturated white 

Illustration of a raster display 
Chart for testing colour blindness 
Chart of visible spectrum (4000 to 7000 A) 
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.. 
Appendix B Artifacts 

The purpose of all the artifacts and images is to start 
the visitor thinking about colour. The following artifacts 
would be helpful: 

3D models RGB Colour Cube 
HSV Hexcone 
Munsell colour system 

Paint Colour Book 

Colour Dictionary 

Printing dies 

Finger Paints 

Live spectrum ( Light + prism) 

Filters 

Kodak artifacts on film (contact Kodak) 

Textiles/Ceramics 

a Piet Mondrian reproduction(e. g. "Broadway Boogie Woogie U 

videotape of subJective colour phenomena ( using colour to 
create d i stanc e, temp erature, c ontras t, etc.) 

~HOW many colours are offered in each medium - dyes, paints, 
printsl etc. ? 
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