





































































































































































































i. " Introduction

The name of the exhibit ‘Colour Perception’
describes its prejudice - +to focus on our perception of
colour rather than on the physics of colour or the technol-
ogy +for 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 aof 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 for producing colour.

2. Match the Colour

2.1. ODObjyective

The more obvious goal of this exhibit is to test
the wvisitor‘s ability to match a colour selected at randem
by the computer. The main., though at first sight less obvi-
ous, goal 1is to encourage the visitor to explore different
tolour selection systems and to introduce the concept of
colour spaces.

There are many different colour systems being
vsed. Four were chosen for this exhibit - RGB (Red Green
Blue), CMY (Cyan Magenta Yellow), HEV (Hue Saturation Value)
and a hybrid developed at the Mational 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 for the additive (equal amounts
of Red: Green and Blue produce whifte) and subtractive (equal
amounts of cyan, magenta and yellow produce black} methods
respectively. These two methods are equivalent - one is just
the complement of the other. RGB is used in optics, CHMY, 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 Ffrustrated
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 of
that hue by adding some mixture of white and black, a gray.
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The hexcone model (HSY) is an attempt to tramsform the RGB
colorcube inte 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
intensity control. The plane has red, yellow, green and
blue in the four corners of the digitizing tablet. They are
arranged in a hue civcuit, with white in the middle, as sug-
gested by opponent-colours theory. NMNRC 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 - browns;
olives, navy blues ~ are hard to find.

2. 2. Colour Spaces

This exhibit lends itself to 3D models of colour
spaces. particularly +the RGB colour cube, the HSY 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 +Ffrom a natural scene 7 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 fto some
colour criterion. Copy around the HSY space should
explain why the basically cylindrical co-ordinate system is
displayed as a cone. I+ a colour is very light or very dark
it cannot be fully saturated. Only colours of intermediate
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 Tablet
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:
{i) Overall controls

START - return to introduction page

CHECK -~ evaluates colour match and allows visitor
to correct the colour

HELP - displays an esxplanation of the current colour
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system

(2) Selection of a colour system

RGB -~ selects the RGB indicators
CMY ~—~ selects the CMY indicators
HEV -~ selects the HSV indicators
MRC ~ selects the NRC system

The credit could be roughly as follows:

* This exhibit was developed with the cooperation of
the NMational 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 research 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 futorial page for each of the four colour systems. The
avalvation is superimposed on the main display which
includes +the fwo 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 exhibift 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 %o
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,
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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.

PREES THE BIT PAD TO CONTINUE

Tutorial Pages

Each tutorial page, except for the NRC one, contains
both text and a colour illustration of the colour space.

(1) RGB
THE RED-GREENM-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
tolours together
the result is a
gray or white
colour

(2)CMY
THE CYAN-MAGENMTA-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.

I# 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”
light, and the
resulting colour
becomes darker.

(3} HBV
THE HUE-SATURATION-VALUE COLOUR SYSTEM

It is easier to select a colour in the
HEV system than in the RGBE system, since
hue, saturation, and

value correspond

to the way people

arrange colours.

Hue is the pure
colour you are
using. such as
orange or green.

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

Value is the
intensity or
brightness.

(43 MRC System

A COLOUR SYSTEM DESCRIBED BY THE
NATIONAL RESEARCH COUNCIL OF CANADA

The other colour systems in this exhibit
are counter—intuitive to some degree, It
requires a great deal of training fo
quickly 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
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large coloured square.

¥ou can also change the brightness of the
current plane using the bavr indicator
below the coloured square.

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

others.
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2.%. Egquipment

The basic hardware configuration is based on a
system developed at the National Research Council of Canada,
designed to be operated under the Harmony operating system
: developed by Morven Gentleman. We have chosen the same
fm\chassis and CPU fto speed up our development. In addi-
" tion, we rvequire a frame buffer/colour lookup table combina-
tion to allow access to the full 16.7 million palette of
colours. We should include some basic description of
the colour generation mechanism. This is described in GSec-
tion 4 under TV.

The system includes the basic hardware:
Part: MC-&0PE chassis, with PPRCE
Description: ?-slot Multibus compatible, rack mountable
chassis with power supply, RFI filtering.
dual fan cooling, and front switches. It
includes the parallel priovity option.
Dimensions: Width 12.0 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: QOutput power 300 watts maximum
volts Imax volts Imax
+3 40G. 0A +12 3. 04
-5 15CmA ~-12 2. BA

@m\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: DB&BK1A

Pescription: MC&B0O0O0/ IEEE-7946 (MUltibus}) single board compufter
Supplier: Omnibyte Corporation

245 W. Roosevelt Rd.
West Chicago, Il &0185
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(312} 231-6880

PCE: RGB~Graph &4/4

Description: frame buffer (2 boards for Si2x512x8) / graphics

'& ; processor

Supplier: Matrox electronic systems Ltd.
35800 Andover Ave.,
T.MR., Guebec

4T 1H4
PCE: VAF-312/8
Description: real time frame grabber, colour lookup

table {(permits display of 25& colours
from a palette of 1& 7 million)

Supplier: Matrox electronic systems Litd. '

PCB: RGB—-Alpha SL

Description: colour alphanumerics board for character
generation

Supplier: Matrox electronic systems Ltd.

€®\PCBZ BL.C-8705
Description: Prototyping board for Multibus te contain
the interrupt generators and mailboxes for
the Harmony operating system

Supplier: Semad Electronics
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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 Dbasic physiology of the eye. a short descrip-

&ﬁ\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 “YEye and Brain" (page 120). We should also include the
colour rvesponse curves of the eye (page 121).

€@N The theory of three principle colours, unfortunately,
does not explain cevrtain phenomena such as why the eye
recognizes four fundamental distinct colours — rved, green,

yellow and blue.

3. 2. Colour Deticiencies

About 10 % of the male population is colour defaec—-
tive in some way ov 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 shouws
that there appears to be & wider range of colour experience
available to colour defective observers than was previously
thought.

- September 20, 1983



9

3.3. Subjyective Colour Phenomena

The videotape +from the Computer Graphics Lab.
University of Waterloo. summarizes subjective colour
phenomena -

simulataneous contrast
depth

temperature

etc.

The ‘Match the Colour’ exhibit demonstrates the fivst phenomena very
well, where the fixed background appears to be changing colour.

4. The Physics of Colour

Mewton was the first to show that white light is
made up of all the spectral colours. We may want to repro-
duce the experiment with the prism. Affter 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 of the electromagnetic spectrum.

3. Colour Technology — TV, Film, Video and Printing

It is difficult to isolate the colour of an object
from fthe medium or material. Much effort has gone into
attempts to translate the colour off a television moniteor to
» the same colour on some form of 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
different environments from the printing industry teo the
paint industry ¢to surround a thorough description of the
colour generation technique used in the ‘Match the Colour’
exhibit. It c¢ould include paint patches, colour dic—-
tionaries, film, printing inks, etc. each with a very brie#f
description of how a particular colour is produced.
Television/Video

A normal home television can become the display for a
computer graphics system, provided some circuitry is added
tfor character and line generation. It is not useful in many
applications because of the limited resolution. Resolution
refers 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 396,000 pixels (720 lines by 540 elements per line),
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cg%sideved to be medium resolution. The resolution and fthe
_price are closely related.

Colour information can be transmitted in various ways.
First, there 1is 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 & narrower—band signal. Because the RGB uses three full
bandwidth signals the colour is significantly better than
any encoded scheme. In the US, Canada, Japan and South Amer-—
ica the NTSC scheme, defined by the National Television Sys-—
tem Committee in 1953 is wused. 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 sach made up of individual pixels;
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
(bitsy. To add colour, or grey scales this increases
» exponentially

Si2x512x1 2x1 2 colours

S12x512x2 242 4 colours

512x512x3 2x2x2 8 colours

S12x512x4 2xZx242 1& colours
512x512x8 256 colours

S512x512x1é& 164.7 million colours

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

Film

Please read the enclosed article by John A
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Blunden, “Fundamentals 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 divectly from the computer fto a
printer, and conventional printing. For the latfter, 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®. Perhaps
we could also include samples of press sheets in each of the
4 colors of lithography., as well as the combination of all
ctolours.

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 fthree
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 &700 allows three colours to be
transferred to paper. A laser is used to copy the image onto
the xerox dvum which then goes through the toners and is
transfervred 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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Apiendix A Images

This exhibit lends itself to coleourful images ranging
from subjective colour phenomena to fine art.

The following list comprises those that I feel are
., essential

Views of the RGE colour cube
Views of the HSV hexcone
The three intersecting primaries for
additive (RGB)
subtractive (CHMY)
Gecale 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}

™ September 20, 1983
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Appendix B Artifacts
The purpose of all the artifacts and images is to start
the visiftor thinking about colour. The following artifacts
would be helpful:
e 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 Kodai}
Textiles/Ceramics

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

videotape of subjective colour phenomena ( wusing colour to
create distance, temperature, contrast, etc.)

Wm\

. How many colours are offered in each medium - dyes, paints,
prints. etc. 7

- September 20, 1983
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