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— THE FORSIUS SYMPOSIUM ON COLOUR ORDER SYSTEMS —

Papers and abstracts of posters given in advance.

This Colour Report contains the contributions delivered in
advance as a background for discussions at the Symposium

in Kungilv, Sweden, August 25- 29, 1983,

Betweén different "workers in colour", from scientists in
physics, physiology and psychology to all kind of designers
of environment, there seems to be a lack of understanding
for the different objectives of colour order systems. The
aim of the Symposium at this AIC Midterm Meeting is to di-
minish this gap.

The contributions are of two kinds, written papers and ab-
stracts of poster papers intended to be exhibited. These

papers are documents of their own value and they will not

be orally presented at the Symposimm. Instead a maximum of
time will be devoted to clarifying talks at each sub-topic.
It is therefore of paramount importance that they are read
in beforehand by the participants. This will allow discus—

cussions to be held on a competent level.

On each paper is indicated the sub-topics- see cover- where
it has been imagined to represent a relevant document.

They have also been given their numbers and index of pages
and are listed in alﬁﬁabetic order after authers on the

following pages 2-5.

We thank all authors for their contributions to this first
part of documentation of the Symposium for which it repre-
sents a working material. It is also a detached material of

*
its own value. )

The Symposium represents a Midterm Meeting of the AIC and
is devoted to the memory of Sigfrid Aron Forsius, a Swedish
scientist who already 1611 presented the three dimensional

colour order space.

THE ORGANIZING COMMITTEE OF THE FORSIUS SYMPOSIUM ON
COLOR ORDER SYSTEM

Anders Hi3rd Lars Sivik Ake Stenius Gunnar Tonnquist

*) This Celour Report can also be ordered separately from
The Scandinavian Colour Institute, Box 14038, S-10440
Stockholm, Sweden.
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COLOUR CHART MEASURES IN THE "PLANETS = - COLOUR - SY3TEM"

AUTHOR: Pr. Michel ALBERT-VANEL E.N.S.A.D. - C.F.C. PARIS FRANCE

The Planets -Colour-System is original as instead of studying colours
sepérately, it studies them as different groups.

In classical colour research, the result is not so precise, as it has
been reduced to three parameters so as to manipulate the colours more
easily, this is fact has just widened the gap between scientific theory
and its everyday use.

Especially when trydng to talk of a picture or a landscape as a colour
chart. Having then to describe the colours either too vaguely or choosin
the predominant tones to give the general feeling. In both cases their
action on each other is lost. A colour is never seen on its own, but
always in reference to others, to its background, its light, ett...

It is this complete interaction that should be taken into consideration
not only when creating colour charts, but also to change our general

outlook on Art, textile, design, etc.

Colour Chart definition

A colour chart is what can be altogether seen by the observer at a given
time in space. It is therefore relative and temporary, but it can be
determined from different points of view.

Considering the visual field "a window" in which there are a given
number of coloured dots, side by side. Thanks to graphic computer proces
sing an image can be drawn from a mosaic of elementary dots, called
"pixels'", which can be reduced, if less dots are required (256 x 256,

or 128 x 128, 64 x 64, 32 x 32, 16 x 16, 8 x 8, & x &4, 2 x 2).

On each pixel numbers give information: how much green,in relation to
the red, medium light, etc. This information gives an idea of the colour

chart.

Measure

To measure, certain number of references and fundamental laws must be
known. It is the substractive pigments that are to considered in a
picture for instance, or additive-ones on a television screen ?

Only when reproducing colours does one really have to known. Often when
looking at a picture or a landscape as the colours blend at a distance
in a "pointillist" effect, one remains between substractive and additive
Rotating disks are a good example, except that these occur in time, not

in space.



( ALBERT-VANEL 2)

These disks have six colours: giﬁsv;;jyan - green - yellow - red =
magenta. Naturally since these arevadditive and substractive; and it has
been proved that all the colours cannot be represented in three colour
process. dhen optically they blend at a distance, it is possible to keep
four colours only: blue - green - yellow = red.
Cyan and magenta getting too close to the other colours then and khere-
fore no longer necessary. Just like Hering's theory, when black and white
are added there are basically six colours.
All colour charts therefore are balanced amongst those colours.
When optically blending they become additive when connected with light,
substractive when with pigments. |

ADDITIVE PROPORTIONAL SUBSTRACTIVE

6/\ ’

S
S
%

B
Polzchromz OPTICAL

"Polychromy" this is the key to the chart. Lookiag a coloured chart with
all its bright colours next to each other. If'the colours are balanced
then it is a polychrome chart. Imagine the polychromy in the middle of .
a surface (the four colours: bleu - green - yellow - red, balanced).

The predominant colour reaching the edge. A yellow colour chart getting
yellower and yellower until it is completely yellow, then becoming
monochrome.

Monochromy differs from polychromy in that its a chart where the colours
are so close they cannot be seen separatly. This however is always

relative.

An apparent monochromy may hide a spectral polychromy.



( ALBERT-VANEL 3)

A monochrome chart tends to its unity. T¢ analyse it, the yellow,
blue, red, green are examined and measured.

This can be done from two antagonistic axes: yellow - blue and green -

red. ' & R
k- J/‘Gt ) 5| GREEN / RED
J
7
MONOCHROME
¢ L]
YELLOW Y POLYCHROME
- B
BLUE
A4
8
Tone

Like in classical chromatic circles tone 1is defined at an angular
distance. This is referring to the four 'cardinal points'": blue -

"yellow - green - red. Tone becomes interesting especially when it
describes the "entrhapy" point of the colour chart. According to the
distance the colours may biend in just one point: grey when its a perfect

polychromy; or otherwise in a tone completely predominant.
Saturation

Consider all of colour X (whatever its internal balance) in relation

to the amount of black and of white introduced in the chart.

Brightness

After comparing the white in proportion to the black notice that the K
colour chart has its own brightness. Its equivalence can be found in

the grey grid.
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Conclusion

A colour chart will therefore be specific through its:

- polychromy

- tone

- saturation

- brightness

Therefore all colour chart may be described as more or less polychrome
or monochrome, hot or cold, satured or not, bright or dark.

We have therefore a four dimensional space. To see it more cleary, we
remove the black and the white axis from the saturated colour space.
Th¥s*has a double interest:

With polychromy it is possible like to go from additive to substractive
The additive disappears in favour of white, where as with the substrac-
tive it does so in favour of black.

Instead of just converging towards black or white, it is also possible
to aim at transparency or reflecftinn. It is impo-rtant not mix white
and transparent or unpolished and reflecting, like metal surfaces for

instance.
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=  LIGHT OPTICAL -SUBSTANCE
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Additive
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LY
Passivity

Unpolished
TRANSPARENCY

SEace

Sixty three typical cases explain the colour chart, whether this or that
colour is visible or not. Like the different posi.tions of the planets
whose magnetic field shorten as they get further away.

This may define a complete colour chart may it may not be enough.
"Dispersion' therefore must be taken into account. Colours side by side
will blend when spread. Bright colours can be reduced to minute spots
on a white background. The coefficient of dispersion is found .by obser-
ving how far the colours spread in relation to its surface. Of course
background colours are inside or on the outside and how evently they

spread. (They may do so differently, evenly, tone by tone or unevenly)-.

Semantics

With light, substance and space, semantics is the third possibility of
change. What the picture contains influences how the colours are repre-
sented.

The same colour chart will be judged differently if it's in an abstract,
figurative or a three dimensional picture. For instance it does not matte
if a triangle is painted red or green, but a figure will resent being

painted green.

COLOUR

LIGHT-SUBSTANCE SPACE
SEMANTICS
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Color-Constant Extensions of the Munsell Book of Color

*
Fred W. Billmeyer, Jr., Roy S. Berns, and Richard S. Sacher
Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New York, 12181 USA

Introduction

It is very important that material color standards, such as the Munsell Book
of Color as an embodiment of the Munsell color-order system, exhibit color constancy.
A page of colored standards should retain their hue and-general relationships to one
another irrespective of viewing and illuminating conditions. Otherwise, trouble-
some cha]]enges must be expected as to the suitability of the co]lect1on

A]though the problem of lack of color constancy (also referred to as flare) is
well known, how to prepare color-constant samples is not known. It is not that the
use of some colorants always causes flare or that others never cause it. Flare can
occur with any colorant, yet that same colorant can be used to make some colors that
exhibit color constancy. The solution is expected to be that the spectral reflec-
tance functions of the standards should satisfy some rather specific but not well
understood criteria. The purpose of this study is to define these criteria based on
theoretical approximately color-constant reflectance functions.

Deriving these theoretical curves involved two steps. First, tristimulus values
corresponding to equal appearance under a range of illuminants between 7600 K and
2300 K compared to that under CIE standard illuminant C were calculated using Nayatani
nonlinear model of chromatic adaptation.

The second step was to generate spectral reflectance functions that gave exact-
ly the Munsell renotation tristimulus values for illuminant C and as closely as pos=-
sible the approximately color-constant tristimulus values over the illuminant range
mentioned. A linear programming model was devised to generate these curves.

Deriving Approximately Color-Constant Tristimulus Values

Deriving tristimulus values corresponding to equal appearance for a range of
illuminants necessitated a correction for chromatic adaptation. The method proposed
by Nayatani et al.'’? was used. In the test field, a Munse]] color chip with tristinu-
lus values X, Y, and Z (based on renotation chromat1c1t1es ), is illuminated by CIE
standard 111um1nant C with 111um1nance E = 1200 Tux and viewed against a mat non-
selective background with Po = Q. 1977 (Munse]] Value 5/). In the reference field,

the chip has tristimulus values X J Y 1 y L ' represented by points mJ in tristimulus

space that correspond to equivalent appearance under illuminants j when E R 1200
lux and po' = 0.1977. The illuminants were CIE illuminant A and (Macbeth type) fil-

tered incandescent with approximate color temperatures 3600, 4000, 4500, 5000, 5500,
6000, 6500, 7200, and 7600 K.

Nayatani's method derives the coordinates of a corresponding chip in the refer-
ence field which elicits the same perceptual response as the test-field chip irre-
spective of different states of adaptation in the two fields. In theory a color chip

with a reflectance function that would integrate to tristimulus values X oy J, 79
for each illuminant j would be color constant for this series of illuminants.

- :
Richard S. Sacher is with the Voorhees Computing Center and Operations Research
and Statistics Program at Rensselaer.



Generating Reflectance Functions With Properties Relating to Color Constancy

A linear approximation to tristimulus integrations for each jth illuminant
provided the basis for a linear programming model to de@erm1ne the spectral reflec-

tances R. of the color chip. We let an unknown point tJ have tristimulus coordinates
F{ GJ,HJ, for example,

j _ 100 o o - iz

6 = 3 LiSiRYy ko= LSy

The wavelengths § vary from 390 to 700 nm; Sg represengs the spectral reflectance of
illuminant j; ii,yi,ii are the CIE 1931 2° standard observer functions.

To achieve approximate color constancy, we imposed several constraints on the

values Ri such that the resulting points tJ would be as close as possible to their

corresponding m.

Preliminary observations of surface colors exhibiting a significant lack of
color constancy suggested that hue shifts were the most objectionable appearance chang

Accordingly, we introduced a hue vector joining the color-constant point md

gJ

to a point

in tristimulus space corresponding to illuminant j. Points along the hue vector

have approximately the same hue as the color chip having coordinates m. Movement

along the vector from m to s’ corresponded to decreasing chroma and increasing light-
ness. The model constrained movement along the hue vector as well as off the vector
by restricting the accgptable points td to 1ie within a linear approximation to a

cylinder centered at mJ and having the hue vector as its axis. The diameter and
length of the cylinder were controlled by the objective function of the linear program
A parameter varied the relative importance of the length (which determined the chroma
and Tightness error) and the diameter (which determined the error in hue).

A second set of constraints, due to Ohta," dealt with the spectral curve shape
and were included to smooth potentially jagged curves that might result from the
linear programming model.

Finally, we required that for illuminant C, the tristimulus coordinates t were
identical to the Munsell renotation values.

Examples of color-constant reflectance functions are given in Table I and
Figs. 1 and 2.

Estimating the Degree of Color Constancy

Precisely determining the degree of color constancy of a generated reflectance
funcplon would be a twofold task: (1) preparing a physical sample with exactly the
pred1cteq reflectance distribution, and (2) conducting visual experiments to judge
the magnitude of color constancy in terms of perceptibility and acceptability criteriz
Unfortunately both tasks are beyond the scope of this initial research. However, in-

g;igs were devised that estimated the accuracy of the optimization as a first approxi-
ion.



The 11near program minimized the error between the color-constant tristimulus

values, X J Y J, Z ] and the approximate tristimulus values FJ GJ HJ, respectively.
Thus root mean squares could be used as simple indices of color constancy: the

greater the index, the poorer the approximation and the poorer the degree of color
constancy. However, given that the uniformity of any color space would not be retained
when the adapting illuminant changes, the magnitudes of these differences would be dif-
ficult to compare among the illuminants.  Instead, using Nayatan1 s transformation as
above but with illuminant j in the test field and illuminant C in the reference field,

the approximate tristimulus values FJ GJ HJ were- transformed to F ] G R s H J, cor-
responding to the equivalent appearance under adaptat1on to 111um1nant C.

To be consistent with the premise that hue deviations were the major cr1ter1on
for flare, a color-constancy index was devised that weighted CIELAB hue as McLaren®
did in a.study correlating acceptability data from industrial pass-fail judgements
for color-difference equations with dimensions of lightness, chroma, and hue:

cetd = LML)+ (e (2o )05 (10,02 )

; * * ' s %13
where L , C , H were ca]cu]ated from the renotat1on values and L J C J, H J were
calculated from F 3, g J, H ', '

Discussion

At the time of this writing, preliminary results indicate our linear programming
model can indeed generate smooth reflectance functions with approximate color-constant
properties. In some cases these curves have much lower color-constancy indices than
their corresponding object-colors, in other cases they are approximately the same.

We have found that for some colors, more conventional models (e.g. variations of
Ohta's® _minimax approximation) yielded better results.

When we analyzed the collection of reflectance functions having relatively low
indices of color constancy, we found the following trends in curve shape: (1) curves
- were multimodal, often with zero reflectance at each end of the spectrum and always
with at Teast one well-defined minimum between the ends; (2) primary peaks often cor-
responded in position to areas of maximum reflectance of the corresponding object-
colors; (3) changes in the size and position of secondary peaks often had the greatest
effect on overall color constancy. It is possible the position of these maxima and
minima are related to the position of normal human-visual-system responses, but at
present we have been unable to support this hypothesis.

Analyzing the collection of reflectance functions for any Munsell Hue indicated
these trends: (1) with a decrease in Value, positions of maxima and minima remained
constant while the overall size of the peaks diminished. Additionally, there was a
slight systematic shift of each maximum, consistent with induction effects; (2) with
a decrease in chroma, pos1t1ons of maxima and minima remained constant with a sys-
tematic spreading of each maximum towards an equi-energy curve at the equivalent Value
level (this may be true only for colors with Value equal to that of the background);
and (3) with a decrease in Chroma, greater color constancy was achievable. These
trends suggest that color chips from a page in a color-constant color-order system
should be produced using the same colorants. This supports the original formulation
techniques of the 1929 Munsell Book of Color.
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Table L. Color-constancy indices and hue differences calculated

from theoretical color-constant curves (T) and measured curves

from a Munsell Book of Color (M). The spectral curves are shown

in Figs. 1 and 2. '

CCI AH;b
7600 6000 5000 4000 2854K 7600 6000 5000 4000 2854K

5P 3/10 T 0.13 0.28 0.50 0.80 2.16 0.07 0.26 0.47 0.58 0.09

M 1.96 1.04 1.39 3.02 6.74 1.74 0.40 0.88 2.68 6.30
5y 7/10 T 0.69 0.93 1.76 3.09 5.90 0.78 0.71 0.58 0.38 0.57

M 2.41 1.95 1.80 2.48 5.74 2.84 2.29 1.53 0.15 3.42
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Munsell Notations of the Natural Color System

Fred W. Billmeyer, Jr., and Anna Bencuya
Department of Chemistry
Rensselaer Polytechnic Institute
Troy, New York, 12181 USA

Introduction

In 1965, Hard!:2 described the philosophy and the production of a color-order
system based on the HeringgJohansson opponent-color system. In this color atlas, the
spacing of the samples was based on their resemblances to the elementary color sensa-
tions whiteness, blackness, and two adjacent hue sensations out of the four redness,
yellowness, greenness, blueness, corresponding to the so-called unique hues. The pre-
liminary spacing of this Natural Color System (NCS) was revised, and in 1978 a new
color atlas and set of aim points for the system were issued as Swedish National Stand-
ard SS 01 91 02 and SS 01 91 03, respectively. The new standard has been described,?
although details of the v1sua1 sca11ng leading to the system have not been descr1bed in
the literature.

Based on the original spacing and samples produced in 1969,* Judd and Nickerson®
studied the relation between the Munsell and NCS scales. They concluded that simple re-
lationships existed between the Munsell system and the NCS as then constituted, that
the samples of the two systems represented different samplings and descriptions of the
same color space, and that there was consequently little difference in the color spaces
arrived at experimentally in terms of color-difference judgments (the basis of the Mun-
sell system) or color resemblances (the basis of the NCS).

The 1978 Swedish Standard provides for the first time a complete set of aim points
for 2211 colors and specifications of 1412 samples in the Color Atlas, in terms of CIE
tristimulus values and chromaticity coordinates. It was of considerable interest to
re-examine the relation between the Munsell System and the NCS, and between the Munsell
Book of Color and the Swedish Standard Color Atlas with this revised and extended data
base. This poster presentation provides preliminary results of this study in progress.

Experimental

CIE color coordinates for the aim points of Swedish National Standard SS 01 91 03
and for the samples of Swedish Standard Color Atlas SS 01 91 02 were kindly made avail-

able by Anders Hard and Ake S:son Stenius. The coordinates of the samples were derived
from spectrophotometric measurements made on a Zeiss DMC 26 spectrophotometer. These
data were converted to Munsell notations using a computer program based on that derived
at the U.S. National Bureau of Standards (NBS) by Rheinboldt and Menard.® The program
retains the NBS data base and therefore the accuracy of the original NBS program. The
tables of NCS, CIE, and Munsell notations resulting fromthese conversions will be dis-
played, and arrangements can be made to provide the data to interested workers for re-
search purposes.

Preliminary Analysis

Time has allowed only a brief first analysis of the Munsell notations of the NCS
data. We present here the results of a preliminary examination of the NCS aim points



for one hue, ¢ = -Y30R. Figure 1 shows a Munsell Value-Chroma plot for the aim points
for that hue, and similar charts will be displayed for other hues. In the figure, the
Munsell Hue for each NCS aim point has been listed; they range from approximately

6.4 YR to 1.0 Y. The locations of approximately vertical curves of constant NCS chroma-
ticness c and approx1mate1y diagonal curves of constant NCS blackness s are also in-
dicated as an aid in identifying each NCS aim point in terms of its notation s, ¢, ¢.

From Fig. 1 it can be seen that constant NCS hue corresponds only approximately
to constant Munsell Hue, though the differences appear to be systematic. This appears
to be the case throughout the hue circle, and charts of Munsell Hue vs. Munsell Chroma
showing NCS aim points over narrow ranges of Munsell Value will be displayed to illus-
trate this. Itcan also be seen from the figure that 1ines of constant NCS ¢ and con-
stant NCS s-are nbt precisely straight, but show systematic slight curvature.

The NCS hue selected for analysis is close enough to one studied by Judd and
Nickerson,® Y25R, that comparisons can be made. They found the 1969 point of ¢ = 100
by extrapo]at1on, to be at Munsell V/C = 7.8/17.5, whereas the new c = 100 point appears
to be located at about V/C = 7.1/18. _Judd and N1ckerson also found that the line s = 0
extrapolated to the position of NCS white on the neutral axis at V = 10.3 and the Tine
100-s extrapolated to the position of NCS black on the neutral axis at V = 1.8. We es-
timate the corresponding points, from data at ¢ = -Y30R only, to be at approximately
V = 10.0 and 0.0 respectively, corresponding closely to the locations of pure white and
black on the Munsell Value scale.

Time has not permitted further analysis at this writing.
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ITTuminant Dependence of Object-Color Ordering
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ABSTRACT: Ordering of colors--e.g., by the dichotomous Farnsworth
D-15 test--is modelled as a cyclic ordering (right/left handedness)
of object reflected-1ight chromaticities. It is shown that the
cyclic ordering of three such chromaticities is illuminant-invariant
if, when the three reflectance spectra are taken as "tristimulus
functions” in a formal sense, the spectrum locus of the resulting
“chromaticity space" is convex and well-ordered in wavelength.

The illuminant-invariance is also assured (irrespective of the
reflectances) when the illuminant consists of three predetermined
spectral lines whose relative powers are allowed to vary. Computer-
simulated effects of illuminant change on ordering of the Color
Rendering Index reflectances are presented as predictions of future
experimental results.



1. Introduction.

Traditional color order systems specify how to tesselate a uniform color
space with reflectances under a particular illuminant. In several directions
within the space, adjacent reflectances map into equivalent perceived color
differences. Particularly in the case of the Munsell and Natural Color Systems,
this has resulted in the use of some rather elegant crystallographic concepts
to specify object colors with errors impartial to the position in a uniform
color space. However, change in the spectral power distribution (SPD) of the
1ight source disturbs the uniformity of color spacing between reflectances.

This is true even when the metric structure of color space compensates by
chromatic adaptation (Pointer, 1974).

For this reason, we introduce a definition of color order that is less
prone to illuminant disturbance than distance between two colors. Three
reflectances with intrinsic labels (1,2,3) map to points in chromaticity space
(under a particular illuminant) such that, if the points are not collinear,
they are ordered either clockwise or counterclockwise as one proceeds from 1
to 3. We denote the cyclic ordering parameter of these colors as +1 if the
ordering is counterclockwise, -1 if the ordering is clockwise, and O if the
points are collinear. Conditions under which the cyclic ordering parameter
of three reflectances is robust under illuminant change are discussed later
in the present paper.

The perceptual usefulness of cyclic color ordering can be tested via a
dichotomous color-blindness test (such as the Farnsworth D-15 test). If
cyclic ordering has perceptual meaning, then a normal subject attempting to
arrange a few colored chips in spectral order will reproduce the cyclic
orderings in chromaticity space of the reflected 1ights from these chips.

In this experiment, the reflectances of the chips should, under some nominal
light, be fairly saturated, about equal in value, and dispersed appreciably

in hue about the white point. This will tend to insure that, after chromatic
adaptation, the perceived white will 1ie within the cluster of points
generated by the reflectances under a new light. Hence hue ordering about

the adapted neutral can be identified with cyclic ordering among the reflected-
light chromaticity points. The appreciable hue differences will tend to keep
the colors distinct under different 1ights, and hence reversals in color
ordering will not be contaminated by the issue of just-noticeable differences
and color confusion.

It should be emphasized that such effects as visual nonlinearities might
make the experimental orderings different from the computed orderings in
chromaticity space. Hence the connection of the visual task results with the
simple cyclic ordering formalism is not trivial. If the connection can be
made, it will provide a new descriptive framework for object-color ordering as
perturbed by substantial changes in illumination.

2. Illuminant Dependence of the Cyclic Ordering Parameter.

The mathematics in this paper is aimed at showing one basic fact: Three
reflectances can change cyclic order with change of illuminant only if, when
the reflectances are treated formally as tristimulus functions, the "color
space" that results has a spectrum locus that is not everywhere convex. Our
computer simulations show that ordering changes may take place when at least
one of the reflectances is multimodal in wavelength (e.g.,a purple). Having
summarized the principal result, we proceed to the formalism.
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Figure 1. Formal analogue to spectrum locus, constructed from reflectances
7.5R 6/4, 2.5P 6/8, and 10P 6/8 (labelled R1, R2, and R3, respectively).

Table I. Munsell CRI
reflectance triads and
3-1ine 1lights display-
ing significant color
reversals relative to
benchmark 1ight.

0
R | ] I
<
g
M
S
N :
o | | |
I 1 T
0.1 0.2 0.3 . 0.4
R1/(R1+R2+R3)

Light wavelengths|Reflectances with det(r)>.01 [det(r)
405, 436, 578 nm | 7.5R6/4, 2.5P6/8, 10P6/8 .0107
5Y6/4, 2.5P6/8, 10P6/8 .0121

5GY6/8, 2.5P6/8, 10P6/8 .0129

405, 436, 620 nm |7.5R6/4, 5PB6/8, 10P6/8 .0100
7.5R6/4, 2.5P6/8, 10P6/8 .0151
i 5Y6/4, 2.5P6/8, 10P6/8 1 .0104 |
405, 436, 660 nm | 7.5R6/4, 10BG6/4, 10P6/8 .0106
7.5R6/4, 5PB6/8, 10P6/8 .0143

. 7.5R6/4, 2.5P6/8, 10P6/8 .0148

405, 436, 546 nm | 5GY6/8, 2.5P6/8, 10P6/8 .0163
2.566/6, 2.5P6/8, 10P6/8 .0124




- significant positive values of det(r), the appearance under any light of a
large value of det(r) is termed a significant reversal relative to this bench-
mark 1ight. The purples 10P 6/8 and 2.5P 6/8 participated in 11 and 8 of these
reversals, respectively, and 7.5R 6/4 participated in 6 of the 11 most signi-
ficant reversals. A1l these spectra are bimodal in wavelength (have two
maxima), and hence produce nonconvex "spectrum loci" of reflectance triads.

An example of this behavior is shown in Fig. 1, for reflectances 7.5R 6/4,
2.5P 6/8, and 10P 6/8 (labelled ri(A), rz(A), and r3(Aa), respectively). The
lights and reflectances producing the 11 most significant reversals are
summarized in Table I. Note that 1ights with predominantly short-wavelength
Tines (such as in ordinary fluorescent lights) produced the greatest number

of these reversals.

4. Implications Regarding the Design of Atlases.

L)

In the selection and formulation of colorants to produce a color-order
atlas, compromises must be made to deal with a number of mutually contra-
dictory requirements. Among these requirements are the following:

a.) Each color chip in the atlas should be minimally sensitive to illum-
inant or observer changes. This dictates avoiding any spectral selec-
tivity greater than is needed to produce each desired cq1or.

b.) The atlas should cover a substantial fraction of the volume of color
space accessible with durable colorants; this dictates some use of
high-chroma colorants.

c.) The use of high-chroma colorants to produce low-chroma colors would
require mixtures of substantially more than three colorants in each
color if condition (a) is to be met.

d.) For accuracy and economy of color control, each chip should be made
with a minimum number of colorants, preferably three (or perhaps
four), plus white.

The foregoing statements suffice to reveal the necessity of compromise
in designing the colorant-mixture scheme to produce the atlas. The probiem
is made additionally difficult by the following requirement:

e.) The appearance of any sequence of colors selected by varying only
one dimension of the color space should be minimally sensitive to
changes in illuminant or in observer. To meet this condition, it
is desirable that, at each wavelength of the visible spectrum, the
reflectance of each member of any 1inear sequence should be a
monotonic function of its sequential position, insofar as this can
be achieved with available colorants.

In selecting colorant mixtures to exemplify any real sampling of an
ordered color space, it is desirable that an algorithm be available to
dictate the continuity of spectral changes. The simplicity of the concept
of cyclic ordering may facilitate the devising of appropriate algorithms.



The cyclic ordering parameter of three reflectances under a given light
is the algebraic sign on the triple scalar product of the reflected-light
tristimulus vectors generated by these reflectances. Let the reflectances be
r(A) ( A is wavelength and k=1,2,3), the illuminant SPD be I(A), and the
tristimulus functions in a particular basis be qJLZ) (j=1,2,3). Then the
cyclic ordering parameter P is given by

P = sgn(det Q) = sgn(det <1(A)q;(AIr A)) ) (1)

where € ? denotes integration over the visible wavelength range, det Q is the
determinant of the 3x3 matrix Q of the reflected-light tristimulus values,
and sgn(x) =1 for x>0, -1 for x<0.

We first examine the effects of I(A) on P for illuminants consisting of

spectral lines at three wavelengths. Thornton (1971) has discussed theoretical
properties of these 3-1ine lights, and has also invented the "prime color"
Tamp as a useful approximation to a 3-1ine light with good color rendering
properties. In view of the growing popularity of three-band lights, it is
practical concern as well as mathematical expedience that motivates their
discussion here.

A 3-1ine Tight's spectral power distribution has the form

3
1A) = 3.3 $§(A-2) (2)

i=1
where 2% are the three emission wavelengths, ai are the powers emitted at these
wavelengths, and §( ) is the Dirac delta function (Butkov, 1968). This light
causes the j-th tristimulus value of the k-th reflectance to have the form

3
Qi = 25 2 (A r(A). (3)

Writing matrix Aji = aiq;(Ai) and Big = rg(A;), it follows that matrix Q is
the product of A and B, hence

det Q = det(aiqj(ﬁi)) det(rk(li)) = a1a2a3det(q)det(r) (4)
where q is the matrix with elements qj(ﬁi), and r is the matrix ri(A;). -

From Eq. 4 we can deduce three instructive theorems about the behavior of
the cyclic ordering parameter with change of -3-1ine light:

a.) Since the powers aj are nonnegative, they cannot influence the sign
of det Q unless one or more a; is zero (which renders the tristimulus vectors
coplanar--an uninteresting case). In particular, this means that in the
experiments of McCann, McKee and Taylor (1976), object-color orderings by our
definition could not be disturbed by changing the gains on three narrowband
lamps they used for illumination. (Of course, changing the wavelengths of
these lights in their experiment midht well have changed the ordering.) One
test of our cyclic-ordering hypothesis would be to vary the relative powers
of a 3-1Tine 1ight and observe whether there is an effect on an observer's
spectral ordering of colored chips: Theory predicts no effect.

b.) The tristimulus functions can affect P only through the factor det(q).
In order for this to occur, two triplets of A; must exist such that the
chromaticity points generated by the monochromatic lights for one triplet have
clockwise ordering in increasing A, and the other choice has counterclockwise
ordering. Since the spectrum locus is convex and well-ordered in wavelength,
this reversal will never happen: indeed, in CIE x-y space, the ordering of
monochromatic 1ights is always clockwise in increasing wavelength. Incidentally,



the fact that the spectrum locus is convex and well ordered in wavelength is
also necessary for the optimality of Schr8dinger colors (West and Brill, 1983)-.

c.) It follows from (a) and (b) above that, for CIE tristimulus space,
changing a 3-line light changes P only if det(r) changes sign. When is that
possible? By analogy with (b) above, construct a formal "chromaticity space"
analogue with ri(d) as "tristimulus functions", and observe the spectrum locus
in this space. If it is convex and well-ordered in wavelength, then det(r)
can never change sign by changing the ')\i.

It can be shown that the condition described in (c) insures the invariance
of P under any change of illuminant SPD, not only for 3-1ine Tights. We
sketch the proof here for a light with N spectral lines, and then pass to the
continuum by a simple argument.

If ]1 = I(zl’z, rk! = rk(al)’ qj-! = qJ(}l)’ then

It is readily shown from Eq. 5 that
N e, Cag, D1, Na, Y21, "3y

r
det(Q) = 2o Ip L) I det Pu1, 2ty Dag,{det| 't "2z Taa | (6)
L, 01 7 2
3‘?«?13}1 %"QG 2113 %3.( “?13 r2!3 r3ﬂ3
From Eq. 4, this will be recognized as the sum over all wavelength-
triplet combinations of the det(Q) due to reflectances rg(X) under 3-line
Tights with powers Ip ,Ig, , Ig, at wavelengths ﬁu‘, Ay s Az, . Clearly

the total det(Q) can change sign only when at least one term in Eq. 6 changes
sign. This is precluded by precisely the condition in (c) above: So Tong

as the "spectrum locus" generated by r () is convex and well-ordered in
wavelength, det(r) cannot change sign #or any of the 3-1ine combinations,

and hence neither can the total det(Q).

_ To extend the above proof to continuous illuminant spectrdl power
distributions, assign I, = 1(21)47& , let AA=>0, and let N—ree

3. Computer-Simulated Dichotomous Tests.

To understand the susceptibility of realistic reflectances to reversal
of co]or ordering, we computed predictions of the results of a dichotomous hue
ordering test, using the eight Munsell reflectances that form the basis of the
Color Rendering Index (in the order presented in CIE Publ. 13.2, 1974, Table
1) under various 3-1ine lights. The wavelengths of the spectral lines
were chosen from six that were deemed easy to obtain via fluorescent lights:
Four mercury lines (405, 436, 546, and 578 nm) were used, as well as two lines
at 620 and 660 nm obtainable from rare-earth phosphors (W. Thornton, personal
communication). The parameter P was computed from the sign on -det(r) (since
det(q)$ 0) for all 3-reflectance combinations out of the eight CRI reflectances,
and for all the 3-Tine combinations from the above menu of six wavelengths.
Since the reflectances were tabulated only to third-decimal-place accuracy,
values of det(r) were deemed significant only when greater in magnitude than .001.

Of a total of 1120 computations of P, only 130 had P=-1. Of these, only

90 had det(r) greater than .001, and only 11 of these had det(r) greater than
or equal to .0l. Since a light at wavelengths 436, 546, 620 nm produced no

*
In preparation.
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THE DEGREE OF TRANSPARENCY ACCORDING TO DIFFERENT SYSTEMS MEASURES.
Osvaldo Da Pos
Istitute of Psychology
University of Padua - Italy

It has been shown (Metelli 1967,1974,1982) that physical transparency
is neither a necessary nor a sufficient condition for the perception of
transparency and that the perception of transpareﬁcy depends on two orders
of conditions; figural and'chromatic. We can abolish transparency in a figure
by modifying either the form or the colour of its regions. Here we are dealing
with the chromatic conditions of transparency, beginning with a short
description of the mathematical model by Metelli. On the ground of previous
researches (G.M.Heider 1933) Metelli considers transparency as a chromatic
scission: a stimulation which normally determinates the perception of one
colour, gives rise, under special conditions, to the vision of two colours,
two coloured surfaces, one seen behind and through the other. Metelli mantains
that the phenomenon of chromatic scission is the inverse of the phenomenon of
chromatic fusion and consequently the same equation which describes colour
fusion according to Talbot's law can be used to describe chromatic scission
in phenomenal transparency. The theory was developed for achromatic colours
only (an extension of the theory has been proposed by Da Pos 1976 ,1977
for chromatic colours) and in the case of complete and balanced transparency
(Fig.1) when the front layer is evenly transparent against two differently

coloured regions lying behind. We consider the simpler case of partial

transparency in which a part only of the front figure is transparent against
the background while the remaining part is opaque (Fig.2). In this case the

colour of the region W where the two layers are superimposed, is determined



by the Talbot's law:

w=ag + (1-a) t (1
w = reflectance of the region W, g = reflectance of the region G, t = reflectance
of the region T, a and (1-a) = proportions of the two colours g and t in a
colour wheel which are mixed to produce the fusion colour w.
The same equation can be applied to transparency: when we have the perceptual
scission of the transparency, the stimulus colour w splits into ag, the colour
seen behind (the opaque surface colour), and (1-a)t, the colour seen in front
(the transparent surface colour). Given the three colours g w t, the unknown
o means how much opaque colour g is visible through the transparent layer, i.e.

how much transparent the front surface is.

- (2)
This coefficient of transparency (o) has a physical meaning as it describes
how much colour g is present in the mixture. The ascertainement that acparameter
is physical measure gave rise to the requirement to obtain the correspondent
perceptual measures. Metelli (1982) developed the assumptions underlying his
mathematical model and deduced a formula of the same form as the former, but
which involved psychological measures: |

w* = a*g* + (1-0*) t* (3)
w*, g*, t* are perceptual measure of colours, o* is the measure of transparency
from a subjective point of view.
w* - t*

a* = —gT-_tT (4)

We tried therefore to look for what kind of colour measures in (3)
and in (4) could allow to predict the subjective impression «a*of transparency.
In the first experiment situations of transparency were realized by mean of
an episcotister rotating in front of a background and subjects were asked
to express a direct estimate of the perceived transparency by numbers from
zero to 100. In the second experiment three situations of transparency were
shown at a time to the subject and he had to adjust the w colour of the middie
in order to obtain an intermediate impression of transparency between the
two extremes. Experimental results were compared with theoretical predictions

in which different colour systems measures were used.



EXPERIMENT 1. —homogeneously coloured part of the front

' figure. t=its colour measure.

E=vigible part of the episcotister rotating
at fuston speed; it lay at the same plane
of the T surface and looked like a unique
figure together with it. Through the epi-
scotister the homogeneous background G
was partially visible. e=episcotister
colour measure (in this experiment e=t).

=homogeneously coloured background; g=its
colours measure (white when e was black,
black when e was white).

A=Variegated part of the background against
which the surface T looked clearly opaque.

S=stripes to strengthen depth perception.

Ten naive subjects took part in the experiment. Each subject was sitting at
m 1.8 from the front figure and was adapted to the environment illumination
of about 10 lux. When a curtain was raised to show the working and evenly
illuminated apparatus, the subject had to fixate the background and judge
with numbers from O to 100 how much transparent the front figure (in its upper
part)appeared to him. O meant no transparency: it was impossible to see the ’
background through the front figure and this appeared uniformly coloured and
opaque; 100 meant absolute transparency: the background was fully visible in
the upper part of the front figure which consequently disappeared. The size
of the empty sector (D) of the episcotister was varied in twelve steps when
the colour ¢ was black, and in eleven steps when ¢ was white (list in Tabs.l
and 2). The amplitude of the empty sector (D) corresponds, as Metelli pointed
out, to the a value in (1) and naturally i1 can vary from 0 to 1 only. The
result of the mixture (ag + (1-a)e ) is the colour w, which can be seen
through a reduction screen (i.e. through a hole or a tube).

RESULTS R
In Tabs. 1 and 2 two series of situations are reported. Colour measures of G & T
are: g:R=.95, M=9.2, NCS=1.9 and t (e=t):R=.007, M=.58, NCS=98 (Tab.1) , and
correspondingly the opposite in TabB.2. Colours were measured in three ways:
by Reflectance (R), by Munsell value (M) and by NCS scale (NCS). M and NCS
measures, put in (4), give the correspondent values a*y, a*jycs. St.= mean
subjective direct estimates of transparency.

PR\ B Ay
D R M NCS op o ofeg St D R M NCS op of aysg St
350°1 .92 9.1 3.1 .97 .98 .98 .99 358° .011 .92 97 .99 .96 .99 .98
336°] .88 9 4.1 .93 .97 .97 .97 357°1 .014 1.2 97 .99 .93 .98 .96
310°] .76 8.4 11 .80 .90 .91 .88 356° .016 1.3 95 .99 .92 .97 .94
240° .64 7.8 17 .67 .83 .84 .80 353°1 .025 1.7 93 .98 .86 .95 .91
180° .47 7.3 28 .50 .78 .72 .72 348° .035 2.1 91 .97 .81 .92 .83
100°| .27 5.7 49 .28 .59 .51 .53 331° .082 3.3 80 .92 .68 .81 .68
60° .17 4.6 64 .17 .47 .35 .47 306° .15 4.4 67 .85 .55 .68 .54
30°] .09 3.5 78 .09 .34 .20 .36 276° .22 5.3 55 .77 .45 .56 .44
15°1 .04 2.4 88 .04 .21 .09 .23 252°1 .29 5.9 47 .70 .38 .47 .36
7°1 .02 1.7 93 .02 .13 .05 .10 96° .69 8.1 14 .27 .13 .12 .06
3°1 .01 1.1 96 008 .06 .02 .06 1°1 .94 8.7 2 .01 .06 .01 .002
1°1 009 0.7 97 003 .02 .01 .001
Tab. 1 Tab. 2



In Fig. 3 and 4 mean subjective estimates (St) are plotted as function of
the degree of transparency predicted by Metelli's model.

St ¢ st -
Fig. 3 o ./« Fig. 4 /‘
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EXPERIMENT 2.

T=front and partially transparent figure(t=its colour). G=opaque figure
(g=its colour); it lies on the same plane of T but, as consequence of
figural conditions, it 18 generally seen behind. W=region where the two
figures T and G are superimposed: it consists in a hole and its colour (w)
18 obtained by a colour wheel rotating behind; this colour ts seen on the
same plane of the front figures (Metelli,Da Pos,Cavedon 1978). In the
middle situation, w can be varied at will by the observing subject. B=
medium grey main background <lluminated at 71 lux. A=variegated Eackground.

Twenty naive subjects performed the first series of bisections with Tight
transparent figure, and twenty subjects with dark transparent figure. Each
subject made six bisections twice, once with the more transparent situation
at right, the second time at left, alternatively. (Z = mean bisections)

RESULTS. Data are reported in Tabs. 3 and 4.

R__M NCS op oy dics Zn  Zn Zus R_M NCSOR O OjcS  Za Zm Zws
11.09 3.6 77 .95 .92 .93 11.09 3.6 77 .05 .08 .07
21.13 4,2 70 .75 .71 .72 .80 .71 .74 2}.14 4.2 70 .25 .29 .28 .20 .29 .27
31.16 4.5 66 .64 .60 .62 .71 .61 .64 3|.16 4.6 65 .36 .39 .38 .30 .40 .38
41.19 4.9 61 .53 .50 .52 .61 .50 .53 4{.19 4.9 60 .46 .49 .49 .40 .50 .48
5{.20 5.1 58 .43 .40 .42 .54 .43 .46 5(.21 5.2 57 .56 .60 .59 .49 .60 .57
6(.23 5.4 54 .33 .30 .31 .43 .33 .35 6{.24 5.5 52 .67 .70 .70 .60 .70 .68
71.32 6.1 44 .13 .08 .10 71.32 6.1 44 .87 .91 .91

=W Tab. 3 vend Tab. 4



Colours (w) were measured by Reflectance (R), by Munsell value (M) and by

NCS scale (NCS). The mean bisections (Z) and the corresponding stimulus values
(asa™) derived from (2) and (4) are reported for the different colour systems.
The same results are plotted in Fig. 5 (light transparent figure) and in Fig. 6
(dark transparent figure). Measures of g:R=.35,M=6.4,NCS=40; and of t:R=.08,
M=3.4,NCS=80.

Fig. 5 Fig. 6
, g ; g
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DISCUSSION. ol NCS

Our results indirectly confirm the algebraic model which was formerly proposed
by Metelli at physical level. Moreover they strongly justify the deduction of
the perceptual model, which show that in transparency situations it is possible
to make good predictions of subjective degree of transparency from perceptual
measures of colours. According to this model, especially if Munsell values are
used, colours of the transparent figures do not modify the degree of subjective
transparency, as usually happens when reflectance measures are used. Nontheless
our results do not allow to decide which colour system fits better Metelli's
model. It seems to us that the Munsell system, for the case of achromatic
colours, is more adequate to our situations, even if an experiment on complete
transparency, which is being conducted at present, favours the use of NCS
system. We agree with Beck (1983) who made perceptual measures each time he
needed: obviously this procedure is not always possible, especially if we are
using chromatic colours, with which Metel1i's model will be tested in the future.
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TRANSFORMAT ION OF NCS DATA INTO CIELAB COLOUR SPACE
Gunilla Derefeldt and Christer Sahlin

Fé6rsvarets Forskningsanstalt
Box 1165
581 11 Link3ping

In order to use the NCS Colour System (Hard and Sivik, 1981) far
computer graphics the ClE-tristimulus values of 1760 NCS notations
(the nominal NCS notations given in Svensk Standard SS 01 91 03)
were transformed into CIE 1976 (L*,a*,b*) space according to the
formulae (CIE, 1978): ’

L* = 116 (Y/YN)1/3 - 16
a* = 500 [(X/xN)”3 - (Y/YN)]/3]
b* = 200 [(Y/YN)'/3 - (Z/ZN)’/3]

where X, Y, Z are the tristimulus values given in SS 01 91 03 and
Z. are the tristimulus values for CIE standard illuminant C.

N> 'N” N
XN = 98,041
YN = 100,000
ZN = 118,103

The CIELAB correlates of lightness (=L*) chroma and hue were for
each NCS notation calculated according to the definitions (CIE,

1978):

CIELAB 1976 a, b, chroma; c*ab = (a*2 4+ 13*2)”2

CIELAB 1376 a, b, hue-angle; hab = arctan (b*/a*)
Our major concern has been colours of large perceptive distances.
To a comparison between NCS and CIELAB colour - difference formulae
we refer to Tonnquist (1975).

The NCS data were plotted on CIELAB psychametric chroma diagram (a*,
b*) for values of NCS blackness of 00, 10, 20, 40, 50, and 60. These
plots are shown in Figure 1.

The data'points for each of the NCS hue-triangles Y, Y50R, R, R50B,
B, B50G, G, and G50Y were plotted on CIELAB chroma-lightness diagram.
These plots are shown in Figure 2. '
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Figure 1: NCS data plotted in the CIE 1976 (a*,b*) diagram for NCS blackness
of 00,10,20,40,50 and 60. The approximately straight radial lines
are loci of constant NCS hue. The approximately concentric contours
are loci of constant NCS chromaticness from 05 up to maximum 30 as
for blackness 00 and 10.
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Figure 2: NCS data points for each of the NCS hues Y, Y50R, R, R50B, B,
B50G, G and G50Y plotted on CIELAB chroma-lightness diagram.
The approximately horisontal lines are loci of constant NCS
blackness. The approximately vertical lines are loci of con-
stant NCS chromaticness.

Analysis of data:

In the NCS system, each hue-triangle is equilateral, and lines of con-
stant blackness and constant chromaticness are parallel. As shown from
Figure 2, when transformed to CIELAB lines become slightly curved.

The mean CIELAB hue-angle was calculated for each NCS hue-triangle, by
calculating the mean h,, of the datapoints of each triangle. The trans-
formation of NCS hue to CIELAB hue is shown in Figure 3. As shown from
Figure 3 the hue segmentation becomes more irregular, when transformed
to CIELAB. .

Y . Y
G 90Y AR
GeoY ARt
Y G T0Y
GSOY NS YI0R G0y ClELAB T e YH
GROY — s Y20R ab ~ TSt
G70Y Y30R G30Y - Y
G6OY Y40R GLoY - ¥
G50Y YSOR G 30Y Y80
GLOY Y60R G20Y
G30Y Y70R G10Y e
G20Y Y8R 5 - R
G10Y Y90R 890G - R10
39056 R B 80G R0
R108
880G - . R208 B70G - R¥
B70G R308 B60G R
B&0G RW0B BS0G
8500 RS08 B 40G e RS
B4&0G R608 8 30G Ré&(
830G R708 B20G T RY(
820G RE0B T Ry
810G R908 B 106 ——
B 8 = RY(

Figure 3: Transformation of NCS hue to CIELAB hue.
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Figure 4: CIELAB chroma (C*;,) plotted Figure 5: CIELAB lightness (L*) plotted
against NCS chromaticness (C) against NCS blackness (S) for
for the NCS hues Y (a—a—a), the NCS hues Y (d—a—a),
Y50R (g---go---g), R (0—0—20), YS0R (g~--go---o0), R (0—0—C
R50B (0---0---0), B (k—%—x), R50B (0---0---0), B (%——x—1
BSOG (#--—%==-%), G (+——t—ut), BSOG (*---%---x), G (+——+—ri
and G50Y (4+--=+---+). and G50Y (4===+--=+).
The mean CIELAB chroma was calculated for each level of chromaticness
for each NCS hue. In Figure 4 chroma is plotted against chromaticness
for the hues Y, Y50R, R, R50B, B, B50G, G, and G50Y.
The mean CIELAB lightness was calculated for each level of blackness
for each NCS hue. In Figure 5 lightness is plotted against blackness
for the hues Y, Y50R, R, R50B, B, B50G, G, and G50Y.
References:
1. ClE, Supplement No 2 to CIE Publication No 15 (E-1.3.1.)1971/
(TC-1.3.). Recommendations on Uniform Colon Spaces, Commission
internationale de 1'Eclairage, Paris, 1978.
2. Hard, A., Sivik, L.: NCS - Natural Color System: A Swedish
Standard for Color Notation, Cofor Res Appl, 6, 129-138, 1978.
3. Swedish Standards Institution, Swedish Standard SS 01 91 03,
CIE tnistimulus values and chromaticity co-ordinates fon the
colour samples in SS 01 91 02, SIS, Stockholm, 1982.
L, Tonnquist, G.: Comparison between CIE and NCS Colour Spaces,

FOA Repont C 30032-E7, Stockholm, 1975.
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SOME EXPERIENCES IN CALIBRATION OF COLORANTS FOR COMPUTER
COLOUR MATCHING IN AUTOMOTIVE INDUSTRY

V. J. Georgijevié, P. S. Krstié and M. Tripkovié

Faculty of Civil Engineering and Institute of Physics, .
Belgrade, Yugoslavia )

In the Yugoslav comercial production of the colorant com-
positions, any desired colour‘'is as yet normally produced by
the trial-and-error mixing, based on experience, itself being
derived purely empirically from the results of experiments in
which the different colorants are mixed and the produced co-
lours are visually observed. In recent years, due to increasing
requirements of quality at the export market, such procedure
have become unsatisfactory. So; the problem of the colour de-
finition of a sample as well as the calculation of the colo-
rant recipe on the basis of the measured spectrophotometric
curves of a sample and its colorants, through the satisfacto-
ry digital computer procedure, is of a great economic importance,

We based our colorant formulation programme on the Kubel-
ka-Munk two-flux theory (1), on the assumption that there is
no interaction between the various constituents of a colorant
layer. Consequently, both the absorptlon coefficient (XK) and
the scattering coefficient (S) of the “film are supposed to be
separately linear functions of the concentrations of the colo-
rants.

In the next section we define our computer matching (CCM)
algorithm, which is essentially based on the idea of E, Allen (2),
We neglect the influence of the substrat in which the colorants
were dispersed on the scattering and the absorption characte-
ristics of the mixture. This gave good results,

Afterwards we describe the calibration of the colorants,
a task which have shown to be of a great and decisive importance
for the successful CCM,

Finally, we discuss our experience, based on the calibra-
tion of the ten colorants, comercially used in automotive in-
dustry, and on the CCM of the twenty comercial samples, made
of three and four colorants.

Spectrophotometric measurements of the spectral reflectan-
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ces of samples and colorants have been performed by SuperScan 3
(Varian) UV-Visible Spectrophotometer, in the 10 nm steps (2 nm
bandwidth), in range from 400-710 nm (32 points). The integra-
ting sphere of the 0/d4 illuminating and viewing conditions was
used. The illuminant used was CIE Standard Illuminant D 65,
and the calculations were done on Digital computer Decsystem 20.

. Computer colour matching algorithm, Similarly as in men-

tioned paper of E. Allen, we define the matrices

X 1

t=|¥ 5 u={1|; r=[% J],1=T3,3=032 ;
Z 1 | —_—

E:[El,j] » By 4= 0 if i#£g§,1i=1,32,3=1,32 ;

DK = [DKi,J.] y DRy 4 = (dR/dK)i,j W I,32

DS = [DSi,J.] , DSy 4= (aR/aS); 55 5, 1=T32

e

K = [Ki,j] y 1=1,32 , § =1,3 ; K, = Kq_,i y 1 =132
S [Si,j] , 1=1,32 , § =1, ; S, = Sq_’j_ , 1 =T1,%2
[c] ,» i=T3 ; ac =[ac], 1

e

C

ae

where X, ¥, Z are the tristimulus values of the sample to be

matched, Ki 3
I

cified condition of wieving, E.

‘s are the tristimulus coefficients for the spe-
l,j's is the relative spectral
energy distribution of the illuminantj R is the spectral re-
flectance of the sample, so dR/4K = —2R2/S(1-R2) and
dR/dK = R(1-R)/S(1+R) represent the derivatives of R(A)
with respect to K and S respectively ; Ki,j and Si," are
K’s and 5°s values of thz colorants and K4,i and S4,i are the
coresponding values of the fourth colorant (the third colorant,
in the alternative algorithm for the three-colorant mixtures),
arbitrarily chosen between four; finally, Ci's are the coloramts
concentrations in the mixture, that satisfy the condition

Cl'+ C, + C5 + C, = 1. Linearization of the functions R(K,S,a)
with respect to S and K, the linear relations of S(C) and

K(C) of C, as well as the choice of the Kubelka-Munk function

F = K/S = (l-R)2/2R resulted in the matrix formula for the cal-~
culation of unknown concentrations of the colorants in the
mixture

C = —{T-E"[DKo(K-K4-uT)+DS-(S-Sq:uT)]}-loToE-(DK°K4+DSoSq_) (1)



-3 -

Although in both DK and DS appears the unknown factor 1/S, it
is cancelled out of the expression, since it is present as a
linear factor in both the numerator and the denominator. The
sample sharacteristics appear in this expression only through
its spectral reflectance, a measured quantity. This removes
the ambigﬁity of the rough match concentration in the original
Allen’s algorithm, due to the presence of the S in his formula,
If we define the tristimulus values of a sample and the match-
as (X v Yoy Zg ) and (X Yo, 2y ) than the corectlons for C’s,
AC’s, are found in next 1teratlon as

{ £vEe DKo (k=K ~u®) + DSe(5-5,-u")]} ~at (2)

S that appears in (2) are calculated from the known concentra-
tlons of the rough match.

The application of the iterative procedure, deflned by (2)
was twofold: a) After the rough match concentrations had been
found, the CCM programme went on automatically to the calcula-
tion of the reflectances of the match, as well as the K's and
S’s values of the match (x to the sample), and than to the nu-
merical evaluation of AC, in as many steps as is enough to
satisfy the condition {AC. l<£(1t was mostly enough up to three
steps with &= 10_4) Corectlons AC in such a way were up
to 5% of the values in the rough match, and gave the better
agreement with the sample, than uncorected rough match did,

But the primar task of such a procedure was our experience that
the iterative procedure never stops (ACi's g0 larger and lar-
ger) if the composition (isomeric) of the colorants was a bed
gess. That resulted in a method for detecting the colorants
composition in a mixture (isomeric) not only quantitatively
but also qualitatively; b) After the corrected rough match
concentrations were found, the colour layre was made out of
them, and its spectral reflectance curve measured. With such
"real" values, we entered the iterative algorithm (2). Such a
procedure was repeted until we get satisfactory visual agreement
of the match and the sample. This occured at the colour diffe-
rence values from 0,7 to 2 MacAdams, depending on the sample
composition. The number of iterations to reach such a goal

was from O to 3, but in most cases it was two. We mached 20

comercial colour samples, 14 of these were of 4 colorants and
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6 of 3 colorants, not mecessarily with the white,

In the case of the four colorants in a composition, the
problem is well defined: there are the three independent con-
ditions in tristimulus values and the fourth was ZCi = 1l. In
the case of the three colorants compositions, the problem is
overdefined. In such a situation, at each step of algorithm,
the three groups of the three independent equations were made,
the unlogical results discarded and the rest averaged. That ’
gave not worse results than those we got in the case of four
. components mixtures, ’

Calibration of the colorants. The ten colorants, comer-

cially used in the automotive industry were calibrated (in the
sence of determination of the S and K coefficients (3),(4)).
These are: black, blue, green,yellow, orange, violet blue,
oxid red, oxid yellow, red and violet., This was done by mixing
the colorants with the white (and/or with black, for the high
reflectance colorants, as are yellow and orange), in the dif-
ferent concentrations (7 to 12 points). In that way the sur-
faces K(C,A) and S(C,A) were obtained. The intersections of
such surfaces with the planes A= const. were not the stright
lines but rather the curves, which we fitted to the analytical
curves (the correlation better than 0,98)

5(C,3) = 5,(A) + A(A)-(c - &)WV (3)

One could expect that if one enter with such S's and K = SeF
into the algorithm, the results of the matching would be bet=
ter and the convergence faster. But, our experience showed that
this was not the case. We couldn’t have any acceptable recipe
result with such "correct" K's and S's. This is esentially a
consequence of the conceptual nonlinearity in the mixing of
the various constituents in the colour, in contrast with the
linear theory used. Fortunately this inconvenience was surpas-—
sed by appropriate averaging of S(C,A) and K(C,A) over the
ranges of their concentrations in white. So, by trial-and-er-
or method we made the choices of the ranges of averaging of
K's and S°s over a range of concentrations in white, which
gave the positive rough matches concentrations and satisfac~-
tory fast convergence in each of the 20 matched samples. The

general rule was that for the dark pigments (black, green,...)
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everaging of S(C,A) and K(C,}) over C should be performed in
the range C £ 3%, for the medium dark (oxid red, blue, ...)
in the range C £ 20%, for the medium light (oxid yellow,...)
C € 100% and for the colorants with high reflectivity (yellow,
orange) in the range C >50%. ‘

Conclusion. We conclude with the empirical results: The

interaction between the different constituents of the colour
layer causes the nonlinear dependence of the mixture coeffici-
ents Ks and Ss on the concentrations of the colorants. Still
we can use the linear two-flux Kubelka-Munk theory, but the
effect of nonlinearities hav to be cancelled by the appropri-
ate averaging of the K and S coefficients of the colorants.,
With such a choice of the co#ficients, the numerical procedu-
re mentioned earlier could be used not only for the gquantita-
tive but also for qualitative determination of the isomeric
colorants mixtures compositions,
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BRIGHTNESS, WHITENESS AND LIGHTNESS bce

Paul Green-Armytage, 1983.

DIMENSIONS OF A COLOUR SOLID

It is widely accepted that a 3-D "colour solid" can be constructed to illustrate
the different dimensions of cclour appearance. It is also generally agreed that one
of these dimensions, a cclour's hue or chromatic type, can be indicated on a
continuous scale in the form of scme kind of ring - circular, sguare, hexagonal or
otherwise.

Every cclour has a place on this ring but each place is shared. For example
a vivid reddish orange would have the same place as other colours that are lighter,
darker, duller, weaker, etc., but which are all 30% yellowish ard 70% reddish.
Although they share the same positicn on the ring each of these colours can have its
own place in the solid. To establish this place two other scales are needed which
must be chosen to correspond with two other dimensions of appearance. )

There are many possible scales - dark to light, dull to vivid, dim to bright
etc. - but two sets of scales have become established as the most useful and from
these the colour solids of many systems have been constructed. Representative systems
and their scales are:

NCS MUNSELL

Z hue veeeenn.. ....(chromatic type) ....... - hue

- chromaticness ... (chromatic amount) ..... -~ chroma

- blackness - value (light reflectance)
- whiteness

The work behind this paper was aimed at comparing the structures of these
systems, understanding the differences and resolving certain ccnfusions. The hope was
that some conclusions might be reached about the relative merits of the two structures.

CONFLICT OF TERMINOLOGY

Confusions arise from the way in which such terms as brightness, whiteness and
lightness are applied to colour scales. To investigate this problem nine colour chips
were selected from the NCS colour album for which there were close equivalents in the
Munsell System. The colours are shown in their various positions on cross-sections of
the two systems in fig. 1.

NCS MUNSELL

G50Y @V.pale chartreuse 5 GY

C
0 ‘e B70aG @ pale turquorse 715 BG 3 Je
0 .. 8 Y
“ ..0 YIOR ® yellow 25Y . /@
40 .E R¢60B @ lilac 2.5 p 6 ‘ (©
Ve .
% .. C Y 30R @ ochre (dki,ye!low) T5YR i & .fR
60 \
- H. yaor (R) red 75R 3 Ccr;,
% .’ R708 @ ultramarine blue 7-5 PB 2 N %
B
zo G1OY @ dark green 25G 1<[/
10
> .black N 2 4 6 81012816
Fig. |

Directions can be established within each cross-section which determine orders for
the colours. Such orders can be compared with other orders established by asking
pecple to arrange the colours according to, for example, lightness. The comparison can
reveal the extent to which the construction of the systems reflects the ordering of
everyday language.



INVESTIGATION - COLOUR ORDERING

Several people were asked to order the colour chips according to the various terms.
The table shows some of these orders together with relevant orders extracted from the

systems.
ORDER No. SCALE ORDER BY
1

a D B|G|U|O|R|Y |L|T|C NCS

b BLACKEST Big|U|O|R|Y |L|T|C | wHiTEST Howard
2 >

a B|Gg|U|R|O YAl T|C Munsell

E ) H st/

0| srareer’ |B|G|U|R|O|Y|L|T|C| faireer Clare
3 a | BLACKEST B YIRIY|O|L|T|C| WHITEST Sarah

b | DARKEST B G|R|IY|O|L|T|C| LIGHTEST Sarah

C BLACKEST BIU|IGIR|Y|O|L|T|C | WHITEST Ben
4 D

a B|lGg|UL RAILIY | T |C NCS

b | DARKEST B GIR|O|L|Y|T|C| LIGHTEST Michael

C | BLACKEST Bl{u|aG|R AlY|T|C| WHITEST Peter
5 1

a BI/UIG|IR|L|O|T|YIC Munsell

b | DARKEST BIU|G|R|L|O|T|Y|C| LiGHTEST ggga/

C | LEASTBRIGHT [B UG |R|[L|O|T|Y|C| BRIGHTEST 39;%‘25;1’235@
é LEASTBRIGHT | B [C |G |U|R|T |O|Y |L | BriGHTEST | S¢lgalwnie
7 >

a B|G|T Uil L O R NCS

A

b B|Gg|T YelL |O|R|Y Munsell

C LEAST BRIGHT | B G|T|UlC O|R |Y | BRIGHTEST Penny
8 | [>

a B|C|TIG|ILIUIO|YIR NCS

b| I Bic|TlalL|u|lo|Y|Rr Munsell

C LEAST ViVID BIC|T|G|L|IU|OI|Y|R | MOSTVIVID Ben
q LEAST BRIGHT | C | T |B|G|U|L |O|R |Y | BRIGHTEST Rosie
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Such results expose certain factors and point to certain conclusions.

Different people can mean different things by the same term (orders 3b, 5b).

Some people can mean the same thing by different terms (order 2b).

The meaning of more than one term can be confused in a single situation (order 6).

Context can play a critical role, especially the contrast between a colour chip

and the colours of the background and neighbouring chips (orders 5c and 6).

Terms might be referring more to the effect of a colour in its context than to the

inherent properties of the colour itself. (Black on white is comparatively

. "bright"™ - order 9.)

6. Objective judgements can get mixed up with subjective response. A "crude" red
is not "vivid", a "subtle" lilac is. (order 11)

7. For colour scales to be useful theremust be an agreed objective basis which can
operate reliably in different contexts.

8. The terms of everyday language, with the possible exception of whiteness and
blackness, are understood in too many different ways. Unequivocal terms are
needed for each scale.

9. When the concept of colour scales is first introduced each scale needs to be

illustrated with colour. samples and understood in perception before it is linked

with language by the application of a term.

CHOICE OF SCALES

The horizontal scale indicating chromatic amount (chromaticness or chroma) is
common to both structures. This scale can be accepted when it is associated with
those terms and when some other confusions have been cleared up. The issues involved
in a choice of scale or scales for the third dimension become clear in the different
interpretations of the terms brightness, whiteness and lightness.

HORIZONTAL SCALES

The terms of everyday language which are most readily associated with the
horizontal scales apply more to colour effect than colour fact. Different orderings
reflect different individual reactions to colour, hence the confusion.

At the bottom of this scale are the achromatic colours including black, but
black can be placed near to the top in scales of "purity" (order 12) "intensity",
"saturation" and even "brightness". The most reliable everyday term is probably
"vividness".

Even when the scale is understocd there is another source of confusion which is
also due to use of language. This appears in theyellow to red section of the chromatic
sequence. As a result of language evolution the colours in this section are only
called "yellow", "orange" or '"red" when they are highly chromatic. As the chromatic
amount decreases the colours get called "brown". Pale reds and purples also get called
"pink", but between blue and yellow, colours can be light, dark, vivid, dull and
almost grey but still be called "blue" or '"green". This means that when judgements
are made about the chromaticness of colours there can be a single scale operating in
the blue sector and a double scale in the organge sector (fig. 2).

This can lead to a moderate blue
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chip being judged to be more chromatic DULL MODERATE 4 VIVID
‘than dull yellow-orange like the BLUE BLUE BLUE
ochre(o) chip. (This chip, with 70% DULL VIVID
NCS chromaticness and Munsell ORANGE ORANGE
chroma 12 is well down the scale in . .

orders 10, 11 and 12.) FIG.2 | BRown BROWN |

BRIGHTNESS

The term "brightness" is used particularly loosely and is applied to scales in
all directions. It seems to imply a combination of light reflectance (vertical scale -
order 5c) and chromatic amount (horizontal scale - order 9).*

Since people clearly confused ideas in some orders it is reasonable to conclude
that a compromise diagonal direction is best associated with brightness (order 7c¢).
This may represent a genuine perceptual scale with a physiological basis.

¥NOTE: As with some other comparisons, order 9 is not a perfect match for order 8 but
it is sufficiently close to suggest that the orderer meant essentially the same

thing.
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WHITENESS

Whiteness and blackness seem to be the best understood and most reliable terms f«<
describing colour appearance. Order la is, strictly, two scales which intersect.
These are the scales of the NCS and refer to the whiteness and blackness in a colour's
appearance. There was some confusion between "whiteness of appearance" and "closeness
to white" and difficulties with colours having no clear dominance of whiteness or
blackness. Such difficulties largely disappear when a colour can be placed within
the NCS triangle and the relative influence of the three perceptual extremes - white,

black and most chromatic - can be weighed.

LIGHTNESS

The investigations reveal two distinct meanings for "lightness". For some
people lightness is the same as light reflectance which is essentially what is meant
by Munsell "value" (order 5a, 5b). For others a light colour seems to be the result
of a mixture involving a white.colourant. Pale turquoise and lilac are '"whiter" and
therefore "lighter" than vivid yellow (orders 2b, 3b). %}th this interpretation of
lightrness the mid point between lightest and darkest for each chromatic type occurs
where the colour is at its most chromatic.

These points might be established through experience and stored in the brain for
reference. The points are at different light reflectance levels which serve as base
lines for judging the lightness and darkness of colours. This means that "light"
(whitish) colours like lilac (L), which are above their base line can actually be
"darker" (of lowerlight reflectance) than "dark" {blackish) colours like ochre (0)
which are below their base line (fig. 3).

. amut of
——————— I base line for YELLOW ‘Ejnoyrma(?reds
© (shaded) fluorescent red
@ base line for RED Mmost chromatic
IR M base line for VIOLET “normal” red
Flg 3 Fig 4

The base line concept can also account for the distinctive appearance of the
rarely encountered fluorescent colours. Such colours are at maximum chromatic
amount for their chromatic type but appear to be reflecting more light than would
be expected; they are above their base line and so outside '"normal" experience (fig. &)

LIGHTNESS, WHITENESS, LIGHT REFLECTANCE AND VALUE

To resclve the confusion over the meaning of "lightness' separate terms like
"whiteness" and "light reflectance" or "value" should be adopted. "Lightness" itself
should be abandoned.

The meaning of whiteness is reasonably clear.

Light reflectance and value are best understood in terms of a corresponding scale
of greys from white to black. The minimally distinct border technique of relating
colours to a scale of greys is embodied in the NCS Lightness Meter and is particularly
helpful. The scale needs to be illustrated and the distinction made between steps
that are visually equal and those that are equal in terms of increasing percentage
reflectance of incident light.

The distinction also needs to be made between what we see and what we know.

The two surfaces of a piece of folded pink paper may be judged to be equally light
reflectant because we are aware of the direction of the light and know that one surface
is receiving direct illumination while the other is not. Similarly we may judge both
surfaces to be physically the same and, therefore, equally "whiteish". Nevertheless
they do not look the same. One is clearly "closer to white". This does not present
problems in the NCS which is independant of physical samples. It is based on perceptior
and a change in appearance means a different notation and a correspondingly different
position in the solid for each surface.
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If a system based on perception were to be constructed with a light reflectance or
value scale it would be necessary to make a distinction and establish that, for
example, light reflectance refers to the physical properties of a surface and value
refers to its apparent position relative to a grey scale. The total context of the
perception would supply the reference points for such a scale. Therefore both surfaces
.of the pink paper would have the same light reflectance but the directly illuminated
surface would have a higher wvalue.

CONCLUSIONS

At present the conflicting interpretations of "lightness" make the vertical
scale of the Munsell type structure confusing and, therefore, unreliable. However the
rectilinear co-ordinates are simple and the vertical scale directly indicates light
reflectance or value which is crucial in applied design.

NCS type whiteness and blackness are more reliable but the triangular co-ordinates
are difficult to grasp and the structure does not clearly illustrate light reflectance.

Assuming clarification of lightness, and if I had to choose, I would prefer the
Munsell structure. But once the issues are clarified it can be seen that the two
structures are not incompatible and that both can contribute to a clearer appreciation
of the phenomena.

REFERENCES

ABRAMOV, Israil. ‘'Physiological Mechanisms of Color Vision'. Invited paper.
Proceedings of the 4th Congress of the Internaitonal Colour Association - AIC Color 81,

Berlin, 1981.
FARGINSTITUTET (Scandinavion Colour Institute). NCS Colour Album. Stockholm, 1979.

GREEN-ARMYTAGE, Paul. 'Colour for Ordinary People'. Contributed paper. Proceedings
of the 4th Congress of the International Colour Association - AIC Color 81, Berlin, 1981,

GREEN-ARMYTAGE, Paul. Professional Experience Progfamme 1981 Report. Western
Australian Institute of Technology, 1982.

GREEN-ARMYTAGE, Paul. 'An Introductory Colour System'. Paper submitted to the Forsius
Symposium, Sweden, August, 1983.

HERD, Anders and SIVIK, Lars. 'NSC - Natural Colour System: A Swedish Standard for
Color Notation'. Color Research and Application. Vol. 6, No. 3, Fall, 1981, pp 129-138.

LAND, Edwin. 'The Retinex Theory of Color Vision'. Scientific American Vol. 237,
‘No. 6, December, 1977, pp. 108-128.

MUNSELL COLOR. The Munsell Book of Color, Baltimore, 1976.




9:1 (b)
AN INTRODUCTORY COLOUR SYSTEM abc

Paul Green-Armytage, 1983

My objective has been the development of a colour system which is
scientifically acceptable and which can help ordinary people to a better
understanding of colour as they experience and use it.

THE VISUAL CODE

The system is based on a model of what might be called the 'visual
code' at the threshold of consciousness. The visual code is the pattern
of nervous activity in its final form, just before that point where we
become conscious of a particular colour.

Recent research suggests that this code might have three components
or signals which can be called ¥/B, R/G and 0/100. Each of the Y/B and
R/G signals can be positive or negative, and give information about
chromatic type (hue) and chromatic amount (saturation).

Positive signals indicate yellowness (Y/B+) or redness (R/G+).
Negative signals indicate blueness (Y¥/B-) or greenness (R/G-). Chromatic
type is indicated by the particular combination of positive and negative
and the relative strength of each. E.g., ¥/B+ with R/G- at equal strengttl
would be a yellowish or 'lime' green. Chromatic amount is indicated by
the total strength of the two signals combined. (In this situation a
negative signal of blueness or greenness counts as a positive contribution
to chromatic amount).

) 0/100 can only be positive and gives information about the percentage
of light being reflected or transmitted in the particular situation, the
situation being a guide to the possible limits. (Percentage light
reflectance is independent of l1light energy. This independence and its
significance in the process of colour vision, has been convincingly
demonstrated by Edwin Land (1977)).

Before finally entering consciousness as a colour sensation, the
three signals would be subject to modification because of past

(B o

VISUAL VISUDAL CODE EVALUATION/ | CONeCious
PATHWAY (3 SIGNALS) MODIFICATION | EXPERIENCE

experience and present expectations. The model is illustrated in Fig.l.
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THE VISUAL CODE COLOUR SPACE

The three signals of the visual code can be represented in a
3-D diagram (Fig. 2). From point '0' the lines to points Y,B,R,G and
100, can each be divided into 100.



Signals can range in strength from 0-100% positive or negative.

In a particular example the strength of each signal can be marked on
the corresponding lines which can then be used as co-ordinates to locate
a point in space. E.g., 'Mauve' could be located in the space from its
visual code which might be Y/B-20, R/G+30, 0/100+50. (Fig.3).

It is easier to read the location of a point in a 3-D space if it
is presented in two projections. (Fig. 4). Projection 1 indicates
chromatic type and chromatic amount, while projection 2 indicates light
reflectance. '
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PROOF OF CORRECTNESS OF A MODEL

A model such as this can be shown to be sound in two ways; it can
be approached from either side of the threshold of consciousness.

Direct méasurement of the physiological responses immediately
before the threshold of consciocusness might establish the nature of
the visual code. To my knowledge this has not been achieved.

Alternatively we can analyse our conscious experience of colour
sensations ‘and see if we can judge colours accurately in terms of the
three hypothetical signals.

The research behind the Swedish Natural Colour System (NCS) has
revealed that observers can be in impressive agreement about such
judgements. :

ELEMENTARY COLOURS ¢

There are six special situations in the working of the visual code,
of which we might be aware and which can be equated with six 'elementary

colours' - yellow, blue, red, green, black and white.
If there is no positive or negative signal from one of ¥Y/B or R/G,
the experience might be, e.g., a green that is neither yellowish nor

bluish, a pure or 'unique' green. This gives us four chromatic
reference colours:

Y/B+)Reference Y/B-)Reference Y/BO%Reference Y/BO%Reference
R/GO)Yellow R/GO)Blue R/G+ )Red Y/G-)Green

If 0/100 is at or near its limits, (0 or 100), there could be no
significant signal from Y/B or R/G. Near 0 the experience would be
'black'. Near 100 the experience would be 'white' for opaque materials
and 'clear' for transparent ones.



JUDGING COLOURS

A judgement about a colour's appearance can be made by recording
a position on three scales which correspond to the three attributes or
dimensions of colour:

1 Chromatic type (hue) A colour's chromatic type can be judged as its
relative similarity to two chromatic reference colours. This is
most easily done on a percentage scale. E.g., Lime Green might be
50% yellowish and 50% greenish.

2 Chromatic amount (saturation) this can also be judged on a percentage
scale where 0% i1s grey and 100% is the most chromatic appearance
imaginable for that chromatic type. A vivid lime green might be
80% chromatic and a dull one 403%. _

‘Several colours can appear different but be of the same chromatic typ

and chromatic amount, e.g., a pale lime green and an olive green. A *

third judgement 1is n%eded to separate such colours.

3 Lightreflectance (value) It is possible to estimate what percentage
of the incident light is being reflected (or transmitted) by the
coloured material. This gives us a third percentage scale

with black at 0 and white at 100. A lime green surface might have
70% light reflectance and an olive 40%.

THE COLOUR JUDGEMENT COLOUR SPACE

The three scales can be combined 1in a 3-D diagram which can be
read as a colour space. (Fig. 5). Judgements about a colour's
appearance can be marked on each scale, which can then be used to locate
a point in the space. E.g., the 'Mauve' might be judged to be 40%
bluish, and 60% reddish with 50% chromatic amount and 50% light
reflectance. (Fig.6).
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COLOUR JUDGEMENT AND THE VISUAL CODE

The colour judgement space and the visual code space have
essentially the same structure. This makes it possible to relate the
two if the scales from both are combined on projection 1. (Projection
2 1s the same for each space).

We can now make a judgement about a colour's appearance and see
what visual code signals might have been responsible for such a
sensation, and we can say what colour sensation we might expect
from a particular set of visual code signals.



SYMBOLS FOR DESCRIBING COLOURS

The colour space can be divided into zones which can be shown
on the two projections of the space. These projections can be used

as symbols for everyday descriptions of colours. (Fig. 10).
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éELATION TO OTHER SYSTEMS

The system can serve as an introduction to other systems. It is a
simple matter to add to the other symbols the NCS triangle for
indicating the colour's nuance, thereby linking the two systems. (Fig. 11)
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The main point of difference between this and the Munsell system
comes from the different conceptual starting points. The difference
is most apparent in the relationship between chromatic types as they
occur opposite to each other on the circle. (Fig. 12).

The CIE chromaticity diagram can easily be related to the projection
1 in this system which shows chromatic type and chromatic amount.
Similarly the estimation of light reflec#ance in this sytem can be
equated with the measurement which determines the CIE luminance factor Y.

The visual code space can be used to approach the problem of uniform
colour scales.

REFERENCES
ABRAMOV, Israel. 'Physiological Mechanisms of color Vision'. Invited
paper. Proceedings of the 4th Congress of the International Colour

Association - AIC Color 81, Berlin, 1981.

GREEN-ARMYTAGE, Paul. Professional Experiende programme 1981 Report.
Western Australian Institute of Technology, 1982.

HARD, Anders and SIVIK, Lars. 'NCS-Natural Color System: A Swedish
Standard for Color Notation'. Color Research and Application Vol. 6,
No.3, Fall, 1981.

LAND, Edwin. 'The Retinex Theory of Color Vision'. Scientific
American Vol.237, No.6, December, 1977, pp.108-128.




FORSIUS SYMPOSIUM ’ . 10:1 (3)
- adf

COLOR ORDER SYSTEMS - WHO NEEDS THEM?

W. N, Hale

Recent improvements in color measuring instruments, both in accuracy and
precision of measurement and with respect to the variety of specimens they
can measure, leads one to ask how useful are the various color order systems
and to question the value of illustrating such systems with books of color

chips. Why do we need them] If certain groups need them, what do they need?

Instrumental measurement data tells us what the color is, but a color order
system is needed to appreciate how a number of colors are interrelated,.
Visually spaced color order systems permit one to understand the magnitude
of a set of related colors in three dimensional space, which leads to
optimum methods of fractionating that space, or of sampling it with actual
colors. Until we put sets of color data into an organized system we find
it difficult to understand, and therefore to work with in any fashion.

Color tolerance work demands a systematic approach to specification of de-

sired tolerances on a visual attribute-by-attribute basis. In such work it

is the usual thing for the magnitude of tolerance to differ for each visual
parameter. A series of colors, representing the appropriate part of the color order
system of interest, permits one to have a visual appreciation of this region in
color space, and is a useful preliminary to fine-tuning the individual tolerances.

Systematic collections of color chips, on charts, have been available since
the beginning of this century, and these have covered the greater part of
the accessible color space, to differentiate them from abridged collections
designed to sample the color range of specific colored materials or speci-
mens (soils, rocks, bird plumage, etc.). In most cases it has been that by
viewing the complete collection, . users have decided that an abridgement,_
for their specific purpose, would be feasible, The specific has thus been
derived from the general.

Visually-spaced color chip collections can be divided into two categories.
Some are derived empirically, such as Munsell, Ostwald and the Natural
Colour System. Others are mathematical transformations from CIE measure-
ment data, such as Hunter and CIELAB. The former would seem to enjoy a
great advantage in providing optlmal visual spacing, inasmuch as they are
limited only by their creator's ability to improve upon existing .
visually-spaced system. Thus the early Munsell System was importantly
improved by the 1943 respacing, which also produced the graphical relation
to CIE space. A further improvement in this system seems called for now,
and with ‘the wealth of data from the recently specified OSA colors this
would not be terribly difficult. However, such empirical systems are not
readily related to instrument results in the same easy way as are those
with a direct mathematical 1link.



For many years color measuring instruments have augmented their CIE data
readouts with mathematical transformations to such color spaces as Hunter

L, a and b, Now such instruments provide CIE and transform it into Hunter,
CIELAB and other instrument-related color order systems and the color dif-
ference formulations derived from them. The ability of such systems to
approach perfect visual color space (should we ever agree upon what it is)
is a function of how well one can formulate the mathematical transform.
Given the number of improvements that have been made, and the fundamental
limitations inherent in such transformations, . further
improvement in visual spacing by this approach is likely to be quite modest,

’
The numerous variables involved in viewing colors and color differences --
light sources, illuminating and viewing conditions, adaptation and other
psychological factors -- certainly limit the perfection we can reasonably
expect to achieve. Perhaps further improvements in color spacing are not
really practical,
What is desired by way of an improved color space? The 1976 CIE recommen-
dation of CIELAB seems quite a good one. While it has room for improvement
in certain color regions, whose spacing is importantly different from that
in other regions, is this terribly important? Most industrial color work
involves extensive treatment of small regions in color space, as with estab-
lishing and maintaining tolerances in the manufacture of consumer products,

Transformation equations from CIE to CIELAB require modest amounts of com-
puter capacity and can even be handled with programmable calculators of the
small hand-held variety. This can be a tremendous. advantage.

Wiith all the excellent instruments and improved color order systems, we
might well ask, do we still need collections of color chips? I believe

that we do. Who needs them? First they are needed in the aesthetic areas.
Architects, designers in all fields, those who select colors for any purpose,
need extensive collections from which to choose. The color in the mind's

eye must be located and specified before it is lost from imagination. These
practitioners need visually ordered color sets which permit them to not only
select specific colors found in the sets, but also to specify by visual
interpolation the many intermediate colors., A set of 1,000 colors may allow
one to visualize, and specify, 100,000 colors,

Who else needs color charts? Many scientists regularly work with specimens
that are not suitable for instrumental measurement due to size, shape, sur-
face conditions or physical location. Some colors must be measured in the
field. Some plants change color quickly when harvested, some acquatic
creatures change color quickly out of water,

In the United States two professional societies in the biology field have
recently emphasized their members' needs for suitable collections of color
standards. They plan to propose a new set of color charts for biology and
hope someone will produce it to their requirements.

Biokgists require color charts of a size convenient for use under the com-
parison microscope because many of their specimens are quite small. They
need accurate color measurements of chart colors because they must assign
color specification by visual interpolation. And they need materials at

a cost which is sufficiently low so that all those who need this tool can

afford to buy it. Because most postage stamp colors are quite small, the

philatelists have much the same requirements as the biologists.



Many other scientific disciplines involve specimens which need to be classi-
fied and specified, but which are not amenable to instrumental treatment,
All of these groups, however, are more concerned with the adequacy of the
color gamut, and the appropriateness with which it is sampled, than with the
niceties of equal visual spacing.

What are the characteristics of an ideal set of physical color standards?
How would such a set be an improvement over those now in use? An ideal set
should represent some form of visual spacing, and should preferably be a
mathematical transformation from CIE, so that it could be available as in-
strument readout. It should be in high gloss finish for maximum gamut, and
should encompass the entire color space accessible in the colorant medium
employed. BSome transparence should be permitted, as with some currently
available materials, although this is not generally known.

The optimum set of color standards might sample the color space on a c8nstant
lightness basis, with the colors on each chart showing equal steps in chroma-
ticity., Both natural and manufactured macerials vary more in lightness than
in other color dimensions. In color tolerance work the lightness tolerance
is almost always the largest one, Such charts would permit maximum accuracy
in specifying chromaticity, which is what most users desire. Such charts
could be sampled in equal increments in CIELAB a and b, with the spacing of
colors modified to provide more colors where desired, such as the neutral
region and the gamut limit positions.

While it is tempting to suggest the colors be made with permanent, non-fading
materials, few of these exist, and those are very expensive. The charts
should be made with pigmented lacquer films on paper, either by mounting chips
or by direct deposition upon the paper stock., Printing, using current tech-
niques, would result in too much variability throughout the print rum, al-
though it would provide a low cost product. Color photographic technology
does not provide sufficient accuracy and reproducibility, and the colors may
be less permanent than pigmented films.

Colors made with pigmented films do change with time, in both light and dark
storage., Thils is caused by both pigment and vehicle ageing, resulting in
some colors changing more than others. Storage at sub-freezing temperatures,
while improving permanence, is usually not feasible.

One approach to color change problems is to produce charts in large quantity,
and publish suitable measurement data. This permits the user to make more
accurate interpolations than when only aimpoints and tolerances are available,
Subsequent measurements could be made and published at five year intervals.
While it is recognized that charts will age differentially as a function of
use and storage, such periodic remeasurements are a great deal better than
none at all.

Improvements in instruments are very welcome, but we still need color order
systemsand sets of color samples to visually represent them. We already hawme
a suitable color order system, mathematically related to CIE, Who will then
undertake the production of the needed color standards so that everyone can
document the colors of interest to them?



FORSIUS SYMPCSIUM ON COLOUR ORDER SYSTEMS

AUTHOR: ARCHITEKT EMIL HANISCH,
PoSTFACH 1205, D 8720 SCHWEINFURT

THE FRIELING-SYSTEM
BY DR, HEINRICH FRIELING, MARQUARTSTEIN

Das FRIELING-System

nach Dr. Heinrich Frieling, Marquartstein

A SYSTEM THAT HAS A LOT TO IT = "IN ITSELF",

- Ein System, das es "in sich" hat.

FIVE PRIMARY COLOUéS FORM THE NUCLEUS AS
STARTING POINTS OF THE MIXTURES, WHICH ARE
ARRANGED AFTER THE PRINCIPLE OF THE PENTAGON,
Den Kern bilden finf Grundfarben als Ausgangspunkte

der Ausmischungen, die nach dem Prinzip des Pentagons
angeordnet sind.

THIS PRINCIPLE OF MIXING IN ITS GEOMETRICAL
FORM HAS GOT THE MIXING POINTS SITUATED
CLEARLY OPPOSITE TO ONE ANOTHER.

E. G,

Dieses Mischprinzip hat in seiner geometrischen

Form die Mischpunkte eindeutig gegeniberliegend.
z. B.

11:1 (6)
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THE COLOUR SPACE IS SEEN IN AN ABSTRACT

WAY AS CYLINDER THAT IS DIVIDED UP INTO

TEN PLANES ACCORDING TO GRADES OF LIGHTNESS,
IN THE BRIGHT ZONE FURTHER IN-BETWEEN

PLANES EXIST,

Der Farbraum wird abstrakt als Zylinder gesehen,

der in zehn Ebenen nach Helligkeit aufgeteilt ist.
Im hellen Bereich sind weitere Zwischenebenen.

THE MIXING SYSTEM IS PLANNED IN AN
ARTISTIC AESTHETIC WAY, THE STEPS OF
MIXING ARE GRADED BY PERCEPTION. NE_HAYE
TO DO WITH ADDITIVE MIXTURE OF COLOURS
SITUATED OPPOSITE TO ONE ANOTHER,
DEPENDING ON- THE CASE OF APPLICATION

THE MﬁTERIAL CHOSEN IS DYED FOLLOWING
THE MIXED COLOURS QOF THE SYSTEM.

Das Mischsystem ist kinstlerisch, dsthetisch
angelegt, Die Mischschritte sind visuell gestuft.
Es handelt sich um additive Mischung gegeniber-
liegender Farben.

Je nach Anwendungsfall werden die ermischten

Farben mit dem zur Anwendung vorgesehenen
Material farblich nachgestellt.

THE OTHER MIXING SYSTEMS HAVE GOT A
SCREEN, CONSISTING OF LINES OF THE SAME
HUES GOING FROM THE GREY AXIS TO A HUE
OF THE EXTERIOR CIRCLE, THAT ARE GRADED
IN EQUAL STEPS IN SHADES OF INCREASING

- SATURATION WITH THIS SYSTEM THE POINTS
OF THE SCREEN RESULT FROM THE CROSSING
OF THE CONNECTINGLINES OF THE POINTS OF
THE PENTAGON, - :

THE MIXING OF THESE IN-BETWEEN SHADES IS
REACHED BY ROTATING OR GRAPHICALLY IN THE
CIE CHART OF NORMS,




Andere Mischsysteme haben ein Raster aus Linien
gleichen Bunttones von der Grauachse zu einem
Buntton des duBeren Bunttonkreises, die in Stufen
steigender Sdttigung aufgeteilt sind.

Bei diesem System entstehen die Rasterpunkte an
den Kreuzungen der Verbindungslinien der Penta-
gonpunkte.

Die Ermischung dieser Zwischentdne erzielt man
durch Kreiseln oder graphisch in der CIE-Norm-
tafel.

THE CLASSIFICATION OF COLOURS IS DONE
IN SIX CIRCLES OF DECRASING SATURATION
BETWEEN THE CENTRE AND THE CHROMATIC
CIRCLE OF OPTIMAL COLOURS,

Die Stufung erfolgt in sechs Kreisen abnehmender
Sattiqung zwischen dem Mittelpunkt und dem Optimal-
farbenkreis.

THE MIXING OF A CERTAIN COLOUR TAKES PLACE
BY COLOUR ROTATION,
Die Ermischung einer Farbe erfolgt durch Farb-

kreiseln.

PLANE OF
LIGHTNESS

Hellebene

INHERENT
LIGHTNESS

OF THE

OPTIMAL COLOUR
IIG”

Eigenhelligkeit

der Optimalfarbe
(G)

PLANE 6

Ebene 6
INHERENT
LIGHTNESS

OF THE

OPTIMAL COLOUR
npu
Eigenhelligkeit
der Optimalfarbe

(R)
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ExamMpLE: CHOSEN SHADE: G 2 R, PLANE OF LIGHTNESS 8,5

1ST STEP: MIXING G & R AT APPROPRIATE
PARTS

2ND STEP: BRIGHTENING UP UNTIL LIGHTNESS
VALUE OF PLANE 8,5 HAS BEEN
REACHED

Beispiel:  Ausgewdhlter Ton: G 2 R, Hellebene 8,5

1. Schritt: Mischen von G und R zu entsprechenden
: Teilen
2. Schritt: Aufhellung bis Hellwert der Ebene 8,5
erreicht

ADHERING TO AN ABSOULTE GREY AXIS IS THOUGTH TO BE
UNNECESSARY FOR THIS SYSTEM.

Die Einhaltung einer absoluten Grauachse wird bei diesem System
fur entbehrlich gehalten.

THE COLOURS SITUATED IN THE INTERIOR OF THE CIRCLE ARE THE
COLOURS REQUIRED FOR DESIGNING ELEGANT RCOMS AND FOR
PRETENTIOUS FASHION,

Die inneren Farben sind die Bedarfsfarben fir Gestaltung eleganter
Raume und anspruchsvoller Mode.

FOR ADVERTISING AND GRAPHIC PURPOSES THE EXTERIOR CHROMATIC
CIRCLE IS PROPOSED, IT IS ARRIVED AT ALSO BY MIXING OF THE
FIVE PRIMARY COLOURS, HOWEVER, BY MIXING OF THE COLOURS
SITUATED NEXT TO EACH OTHER (RIGHT OR LEFT) IN THE
CHROMATIC CIRCLE OF OPTIMAL COLOQURS,

Fur Werbe- und Graphikzwecke ist der &duBere Farbkreis, der sich eben-

falls durch Ausmischungen der finf Grundfarben, jedoch durch Mischung

der im Optimalfarbenkreis als nachste (rechts oder links) liegenden
Farbe ergibt. - : ’

EXAMPLE:
Beispiel:
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WHEN USING HIGHT QUALITY AND POSSIBLY PURE COLOUR

RAW MATERIAL, CONTRARY TO OTHER MIXING SYSTEMS ONLY FIVE
SILOS OF PRIMARY COLOURS AND ONE EACH FOR BLACK AND WHITE
ARE NECESSARY, WHEREAS MANY MIXING SYSTEMS USW EIGHTEEN
AND MORE PRIMARY COLOURS, |

Bei Verwendung hochwertiger, mdglichst reiner Farbgrundstoffe

sind im Gegensatz zu anderen Mischsystemen nur finf Silos + Schwarz

und Wei3 notig, wahrend viele Mischsysteme achtzehn und mehr Grund--
farben benutzen,

FOR cOLOUR NOTATION CIE-COORDINATES, AS WELL AS SHADE
SATURATION : DEPTH OF SHADE - VALUES ACCORDING TO DIN 6164,
WHICH ARE THE NEW GERMAN NORMS OF COLOUR DESCRIPTION, ARE
AT DISPOSAL,

Fir die Farbkennzeichnung stehen CIE-Koordinaten sowie T : S : D-Werte
nach DIN 6164, den neuen deutschen Farbbeschreibungsnormen, zur
Verfigung.

THESE CAN BE TAKEN AS BASIS FOR THE CALCULATION OF THE
FORMULA WITH USUAL MATERIAL BY WAY OF COMMON DATA
PROCESSING,

Die fir die Rezepturberechnung mit herkdmmlichen Materialien Uber
gebrduchliche Datenverarbeitung zugrunde gelegt werden konnen.

-6 =
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THE COPYRIGHT IS WITH DR. H, FRIELING, MARQUARTSTEIN.
THE PURCHASE OF RIGHT OF USE 1S POSSIBLE,

Die Urheberrechte liegen bei Dr. H. fFrieling, Marquartstein,
Der Erwerb von Nutzungsrechten ist mdglich.,

CHARACTERISATION OF THE COLOUR SHADES IS EFFECTED
THROUGH A COMBINATION OF FIGURES CONSISTING OF
COLOUR SHADE - SATURATION - PLANE OF LIGHTNESS,

Die Kennzeichnung der Buntttne erfolgt in einer Zahlenkombination
aus

Buntton / Sdttigung / Hellebene.

680

E.G. 664 -6 -4
z. B,

LITERATUR: FRIELING, GESETZ DER FARBE,
MUSTERSCHMID-YERLAG, GOTTINGEN.
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A COMPARISON OF THE CIELAB AND JPC 79

COLOUR DIFFERENCE FORMULAE.
C. J. Hawkyard- UMIST

ABSTRACT.

Recent work at UMIST has -produced a computer program
enabling AE and AE., the colour differences between sample
and standard according to the CIELAB and JPC 79 formulae,
to be calculated. The input can be direct measurements from
a spectrophotometer, or -numbers keyed in by the operator.

The first study using this progam involved the visual
assessment of 4 sets of samples round 4 standards supplied
by a commercial dyehouse, and the measurement of their
colour. The results indicated no significant difference imn
the performance of the 2 formulae.

A set of 78 colour cards ranging from low to high
chroma and lightness were then used as standards, and
numbers keyed in to the computer to obtain small differences
(AEt = 1). Grahps of hue angle, chroma and lightness
against theAE/AE. ration showed that only chroma had a
significant effect.

Introduction.

The CIELAB (1) and ANLAB (2) modifications of XYz
colour space to produce more visually uniform colour spaces
for the assessment of small colour differences are well
known, and widely used. It is also common practice to
convert the A and B values into chroma and hue so that the
results are expressed in similar terms to the Munsell Colour
Atlas. Hence -~

Colour difference = AE = LALZ + AA2 4 ABZJ 3 cee (1)
AL = L sample - L standard,
A and B similarly

Chroma = ¢ =[a2 + 52} ceel(2)
Hue angle = 6 = arctan (é) cee . (3)
B

AE = [AL?— + Ac2 ,,Aﬁzj% v (4)
where AC = C sample - C standard
and AHZ = AE2 - ALZ - Ac? e (5)

Where AH is the metric hue difference expressed in
colour difference units.

RMDAAZ



The tolerence level for acceptability of the colour of
a sample to match a particular standard can then be
expressed in terms of a sphere of radiusAE as defined by
equation (4). Unfortunately, it has not gemnerally been
found that a single number, sayAE = 2, gives a useful
pass/fail tolerance level over a range of shades, and quite
often limits forAL,AC andAH are set in practice.

Two British companies, Marks and Spencer and J and P
Coats have further modified LAB colour space, and using
microspaces round the standard have defined tolerance
ellipsoids. Unfortunately only the J and P Coats formula
has been published (3,4). Called the JPC 79 formula it
applies corrections to AL, AC and AH according to the
position in ANLAB (43.909) colour space of the standard.
Hence -

AEy = [%L 2+ Ac 2 + AH {} 3 ce..(6)

The ways Ly, C, and H, vary with the lightness, chroma
and hue angle of the standard are illustrated in graphs
1 and 2.

As part of his M.Sc. project at UMIST, Mr. D. P. OQulton
of Salford College of Technology, developed a program for
pass/fail judgements to be run on an Apple II microcomputer
which has been interfaced with a Macbeth 2020 measuring head
(5). This program enables AE, to be obtained either by
direct measurement of standard and sample or by typing in
values for XY and Z from the keyboard, and was used in the
two investigations described below.

Comparison of AE and AE; tolerances for 4 shade sets.

In order to test his program Oulton used 4 sets of
polyester/cotton sheeting samples around 4 standards, kindly
supplied by Dorma Sheets Ltd., (5). Seven observers were
asked to look at each set in turn under a daylight tube in a
matching cabinet and classify each sample as pass,
borderline pass, borderline fail or fail against the
standard. The average results for the panel were then
compared with AE(CIELAB) aund AE; (JPC 79) values (tables
1-4). Optimum tolerance levels for AE and AE, were
determined, and it is clear that AE gives better agreement
with the panel average than AE,. This 1is true whether a
single number is selected for all 4 shades (table 5), or a
variable tolerance is set according to the shade (table 6).

RMDAAZ
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TABLE 5

Number of Disagreements for Fixed Tolerance Levels

(AE and AE:)

Tolerance AE¢
1.2 1.4 1.6

|
|
f
Shade | »
| |

Red | 2 2 4 l 3 1 1
| |

Dark Brown | 9 6 2 ’ 3 2 2
l |

Green | 0 1 1 | 0 0 0
I |

Blue | 2 0 0 | 3 2 0
| |

TOTAL 13 9 7 9 5 3

The reason AE; shows up as worse than AE when used as a
pass/fail tolerance limit in this restricted set of shades
is entirely due to its performance for the Dark Brown shade.
In this instance some large AE. values were obtained for
visual passes because of the exageration of hue differences
in the JPC 79 formula. This causedfE; to be larger thanAE
in 5 cases-out of the 24. From this it would appear that
the panel of 7 observers, some of whom have had experience
as industrial colourists, are not as critical of hue
differences as the J and P Coats colourists.

When the performances of the individual members of the
panel were assessed it was clear, as is well established,
that no single colourist produced as few disagreements with
the measured colour differences as the average result of the
panel did. The observer with the most disagreements
(C.J.H.), was found to have a bias towards passing shades
which were darker (fuller) than the standard, since from his
industrial experience he was aware that these could not be
readily corrected by making additions to dye to the dyebath.
This provides evidence of the need to be able to include a
bias into tolerance ellipsoid specifications (6).

Comparison of AE and AE, over a range of 78 shades.

Since we at UMIST do not have access to a large bank of
pass/fail information as would be available in a commercial
dyehouse, a student project was devised which used numerical

RMDAAZ
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values for the standards instead of physical samples (7).
This was based on measurements of the colour of 78 standards
which consisted of coloured cards covering a wide range of
lightness, chromas aand hues,. The values of X, Y and Z of
the standards were varied in turn to provide simulated

samples. It was decided to change each tristimulus value
such that AEy was approximately | in each case. This was
done by trial aand error. AE was recorded in each case and

AE/ AEr calculated. The way the ratio changed with
lightness, chroma and hue of the standard was then studied.

The results are given 1in tables 7-9, and gllustrated in
graphs 3-7. From these 1t can readily be appreciated that
the most significant factor over a broad range of colours 1is
the chroma of the standard. Variation in the lightness of
the standard appears to have little, 1f any, etfect on the
ratio of AE to AE.. The relationship with the hue angle of
the standard is more complex, with Hy having minima of 55°
and 280°. However, it seems likely that a bias factor in
favour of hue differences, and indepeundent of hue angles 1is
most appropriate. In this respect the colour difference
equation proposed by Mclaren and McDonald viz:

sE = [(aL)2 + (AC)? (24H) 2P (CIELAB UNITS)
1 + 0.018¢cC

appears to be a simple and valuable altermative (8, 9).
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TABLE 1
RED  COLOUR DIFFERENCE AGAINST STANDARD

SAMPLE PANEL AEt COMPONENTS
NO CLASSIFICATION AE éﬁ; ALt ACt AHt
2 PASS 1.89 1.04 0.79L 0.46B 0.49B
3 " 2.07 1.22 0.96L 0.06S 0.74B
5 " 2.12 1.05 0.1l6F 1.00D 0.278B
7 " 0.66 0.35 0.30F 0.17D 0.07S
14 " 0.66 0.36 0.33L 0.08Ss 0.12B
15 " 1.57 0.87 0.61F 0.450 0,448
1 BORDER PASS 1.56 0.78 0.42L 0.668 0.08s
6 " " 1.52 0.91 0.40F 0.47D 0.67B
12 " : b 1.59 0.81 0.06S8 0.748B 0.328
13 " " 1.42 0.74 0.09S 0.648B 0.36Y
4 BCRDER FAIL 3.73 |, 1.99 1.94L 0.30D 0.358B
8 " " 2.70 1.39 0.89L 1.048 0.21Y
11 " " 1.61 0.79 0.42L 0.678B 0.04s
9 FAIL 2.92 1.49 0.76F 1.178 0.51Yy
10 " 2.93 1.49 0.78F 1.168 0.52Y
Hue subscripts B = bluer Y = yellower S = same Hue
Chroma subscripots B = brighter D = duller S = same
Lightness subscripts L = Lighter F = Fuller 'S = Same
TABLE 2
DARK BROWN COLOUR DIFFERENCE AGAINST STANDARD
SAMPLE PANEL AEt COMPONENTS
iEL CLASSIFICATION AE AEL ALt ACt AHdt
2 PASS 1.35 1.48 | 0.57F | 0.308 | 1.33G |
4 " 1.19 1.09 0.54F 0.328 0.90G
16 " 0.87 0.50 0.46F 0.18B 0.10s
20 " 1.22 0.70 0.67F 0.01s 0.21G
23 " 1.42 1.46 0.31F 0.80B 1.18G
24 B 0.92 1.12 0.26L 0.37B 1.02G
1 BORDER PASS 1.26 1.27 0.11F 0.788B 0.99G
3 " . 1.76 1.22 0.80F 0.688B 0.62G
8 ! " 1.76 1.41 0.86F 0.388 1.05G
13 " " 2.16 1.80 0.97F 0.668 1.37G
14 " " 2.03 1.53 1.04F 0.298 1.08G
15 " " 2.33 1.39 1.27F 0.04S 0.55G
21 ! " 1.53 1+ 2.Q1 0.08F 0.768B 1.86G
5 BORDER FAIL 3.13 | 1.76 1.67F 0.55B 0.11R
6 " " 2.46 2.10 0.42F 1.588B 1.32G
7 " " 2.03 1.85 0.34F 1.278 1.30G
9 " " 2.37 1.71 0.79F 1.338 0.74G
10 M " 2.90 2.24 1.22F 1.238 1.41G
18 " " 2.34 2.26 0.52L 1.328B 1.76G
22 " " 2.56 1.66 1.13F 1.108 0.54G
12 FAIL 3.16 2.38 0.03Ss 2.218 0.87G
11 " 3.49 2.51 0.420L 2.398 0.64G
17 " 2.73 1.92 0.48L 1.81D 0.42R
19 " 3.56 3.35 0.13L 2.33B Z.40G

1]

Hue subscripts G = Greener R Redder




TABLE 3

GREEN COLOUR DIFFERENCE AGAINST STANDARD

SAMPLE PANEL AEt COMPONENTS
NO | CLASSIFICATION | AE AEL ALt ACt AHt
I
1 2ASS L 1.67 1.00 0.43F | 0.64B | 0.63Y |
2 " g 1.25 0.96 0.24L 0.07S 0.93Y |
3 " | 1.20  0.73 | 0.3SF | 0.358B | 0.53Y
5 " | 1.52 | 0.90 | 0.44L | 0.51D | 0.60Y |
6 " 0.77 0.61 | 0.07s | 0.138 | 0.59Y |
7 " | 0.90 0.64 0.23L | 0.09S | 0.60Y |
8 " L 0.90 0.51 0.31L 0.208 0.35Y
4 30RDER FAIL | 2.64 1.25 1.03F 0.598B 0.37Y
10 e " . 2.55 1.91 0.01S 0.90B 1.69Y
13 « o 4.44 - 2.30 1.78F 0.17B 1.45Y
9 SALL 2.76 | 2.28 0.13F U0.063 | 2.277
11 " 6.23 3.13 2.54F 0.62D 1.73Y
12 " 5.39 3.33 0.82F 2.65B | 1.84Y
14 " 3.53 2.22 0.62F 1.618 1.39v
15 " 3.32 2.26 0.98F 0.03S 2.04Y
16 " 6.19 3.38 1.43F 3.05B 0.33Y
17 " , 4.27 2.34 1.10F 1.93B 0.75Y
Hue subscripts Y = Yellower B = Bluer
TABLE 4
BLUE COLOUR DIFFERENCE AGAINST STANDARD
SAMPLE PANEL DEt COMPONENTS
— NO CLASSIFICATION AE AEt ALt ACt AHE
9 PASS 1.43 0.70 0.67L 0.10D 0.19G
10 o 0.52 0.25 0.25F 0.01S 0.03S
11 " 1.72 0.85 0.79L 0.15D 0.28R
12 " | 0.46 0.32 0.11L 0.16B ). 25R
13 " 1.67 0.85 0.77L 0.20B 0.308
14 " 1.21 0.61 0.48L 0.32D 0.18R
15 " 0.57 0.43 0.13L 0.128B 0.39R
16 " 0.67 0.46 0.21L 0.07S 0.40R
17 " 0.77 0.42 0.24L 0.34B 0.07S
18 " 0.35 0.19 0.11F 0.14D 0.07S
(S BORDER PASS 2.24 1.23 0.97°F 0.168 | 0.75R
7 " " 2.21 1.16 0.99F 0.28D 0.54R
8 " " 2.01 1.25 0.80L 0.068 0.96R
3 BORDER FAIL 3.63 1.89 1.63F 0.18B | 0.94R
I | " FAIL T T T 3.527 771,97 [ I.3IF | 0.58B | 1.25R
2 & 5.86 4.19 1.74F 0.83D |, 3.72R
4 " 4.05 2.15 1.33F 1.69D0 | 0.01S
5 " 5.02 3.05 1.45F 1.93D 3.05G
19 " 4.05 2.78 1.31F 0.62D 2.37R
20" " 6.94 3.76 1.86F 3.24D 0.39G
21 " 6.36 4.18 1.46F 2.45D 3.05G

Hue subscriots G = Greener R = Redder
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A PHYSICLOGICALLY PLAUSIBLE COLOUR ORDER SYSTEM BASED ON TEE CIE 1931
STANDARD COLORIMETRIC OBSERVER
by
R.W.G.Hunt (The City University) and
M.R.Pointer (Kodak Limited Research Nivision)

Summary

A physiologically plausible model of colour vision, based on the CIE 1931
standard colorimetric observer, is shown to provide a colour order system
giving reasonably good predictions of the unique hue loci, of constant hue
loci, and of constant saturation loci, as judged by comparison with the
Munsell and NCS systems, for daylight illumination. When combined with a
chromatic adaptation transform of the Von Kries type, the model is also )
shown to give quite good predictions for real surface colours seen in
daylight (D65) and in tungsten light (SA) illuminants. For pseudo-surface
colours 1t is shown that a transform of the Nayatani type gives better

predictions than those given by a Von Kries type.

Introduction

To be able to make reasonably accurate quantitative predictions of the
appearance of colours is an important requirement in the fields of lighting,
and of the reproduction of colours in pictures. It is also a requirement

to be able to make such predictions for illuminants of different colours.

A recent model of colour vision (Hunt, 1982) provided a basis for predicting
colour appearance that was in good accordance with the Munsell and NCS colour
systems, for a daylight illuminant. This paper summarizes work carried out

to extend the model so as to provide predictions of colour appearance for a
tungsten light illuminant in addition to a daylight illuminant., Extension to
illuminants of other colours, and to cover the effects of changes in the
intensities of the illuminants, and in the nature of the surrounds to the
arrays of colours viewed, are also required; but the great importance of
daylight and tungsten light illuminants justifies an initial study confined
to them, In extending the model to these illuminants, the opportunity has been
taken to use the CIE 1931 standard colorimetric observer; this results in a
model that is more readily applicable to practical colorimetric problems

than that based on the more physiologically~likely observer (Estevez, 1979)

used in the original model,



The model

In this extended model, the cone spectral sensitivity curves used (for light

incident on the cornea) are given by:

T(N) = 0.4708%(N) + 0.83243(N) - 0.0951z(N)
g\) = -0.2681%(N\) + 1.3809%(N\) + 0.0542z(N)
BON) = ' 1.,0000z(\)

These curves are shown in Fig. 1, together with those used in the original

model which they were designed to imitate as closely as possible.

The signal processing scheme consists of the formation of an achromatic

signal, A, and three colour difference signals, C1, C2, and C3, as follows:

A = 23% + G% + (1/20)3%

This scheme is the the same as that used in the original model, except that

A was then equal to R + G. It is now considered more physiologically plausible
for the signals comprising A to be added after their compression by the power
law (with exponent of %) than'before; the constants, 2 and 20, are to zllow for
the probability that there are about twice as many R cones, and about one
twentieth as many B cones, as G cones, in the retina (Walraven and Bouman, 1966).

The following criteria are used:

Achromatic colcurs C, =C, =¢C, = d

1 2 - 37
Constant hue C1 : 02 H 03 in constant ratios
Unique red C1 = C2
Unigque green C1 = 03
Tnique yellow C1' =0
Unique blue C."=0



Blueness-Yellowness My = %:(10/13)(03 - 02)83/4‘5
Redness-Greenness Moo = (10/13)(Cy = Co/T)eg

2 2\%
Colourfulness M= (MBY + Mo )

1 1 1
Saturation s = M/(R® + G= + B<?)

. 2, 2

Chroma C = s[116(A + M)3/An3 - 16]
Brightness Q = a function of A + M

1

where C,' = R< - (8G2/7 B%/7) and 01" = R% - (5G%/4 - B%/4), and represent
inhibition of the G2 signal by the 35 signaly e is the eccentricity function
used in the original model; and An is the value of A for the reference white
considered. These criteria are all the same as in the original model except
for a slight change in C1' by the use of 8 and 7, instead of 12 and 11, as
the constants: this change has been introduced to result in predictions of
unique yellow that agree better with a wider range of data than that used

previously.

Predictions from the model

In Fig. 2 the spectral luminous efficiency curve based on A = 2R%V+ G% + (1/20)3%
is shown; it is similar to the CIE V(A) curve (although higher around 600nm)

and lies within the spread of experimental results for such curves,

In Fig. 3 the predicted hue lines and saturation contours are shown and

a%e seen to be similar to those of the NCS system, except for the prediction

of a redder unique yellow locus (which is intentional, in order to fit other
data, as will be considered later). In Fig. 4 the predicted hue lines and
saturation contours are compared to those of the Mﬁnsell system (at Munsell

Value 5) and are seen to be similar (although there is some under-estimation

of Munsell Chroma for purples and some over-estimation of Munsell Chrome

for yellow-greens).

Chromatic adaptation

The model, normalized for Standard Illuminant S has been used with four

y
different types of chromatic adaptation transfogm, to predict hue and
colourfulness for Standard Illuminants D65 and S . These predictions have
been compared with eighteen sets of experlmental data for colours scaled
for hue and colourfulness (or saturation or chroma) in illuminants having
the same chromaticities as Standard TIlluminants D65 and SA' The sets of data

used were the same as those used in a previous study (Pointer, 1982).
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A criterion of goodness of fit for the prédictions was derived as_follows.
For each data set, the relationship between the predicted hue, Hp, and
the scaled hue, HS, was expressed as a linear equation:

H_p = a.HHS + bH

using a least-squares criterion to determine the values of ay and Dere
In a similar way the relationship between the predicted colourfulness,]%ﬂ

and the scaled colourfulness, MS, was expressed as:

iy = adly +

A perfect prediction requires that ay and ay be equal to unity, and bH

and bM be eqgual to zero. A good fit was then defined as one in which

ar = 1 + ta and bH = 0 + tb, where a and b are the standard errors in
determining 8y and bH, respectively, and t was set by the number of degrees
of freedom (number of samples -~ 2) for each data set, and a probability

level of 0,05; similar criteria were used for 3y and Db

The four different types of chromatic adaptation transform used were as
follows: VK (Von Kries type, in which R, G, and B are multiplied by factors
that give equal results for all illuminants); CJB (Bartleson, 1979);

YN (Nayatani, Takahama, and Sobagaki, 1981); and XR (Richter, 1980).

In analyzing the results, a distinction was made between data sets that had
been obtained with real surface colours, and those that had been obtained
with pseudo-surface colours (usually self-luminous colours with surrounds).
The results of the analysis are shown in Table I, together with those obtained by
using a Munsell type of hue and chroma grid (for SC) with the same four transform:
It was found that,for real surface colours,the model together with the Von
Kries transformation gave the highest proportion of good predictions yet
obtained in our studies (6 out of 10 for D65’ and 7 out of 10 for SA)'

For pseudo-surface colours the Nayatani transform with either the model or
the Munsell grid gave the best results (7 out of 8 for D65,.and 4 out of 8
for SA). In Fig. 5 the unique hue loci and a high saturation contour are
shown for the model with each of the four different transforms: it is clear
that the Von Kries transform is rather different from the other three in
that its saturation contour is compressed in the blue-yellow direction.

The analysis summarized in Table I indicates that this type of compression
is appropriate for predicting the appearance of real surface colours in
tungsten light, at least for the viewing conditions used in obtaining

the eighteen sets of data considered.
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Conclusions

A physioclogically plausible model of colour vision, based on the CIE 1931
standard colorimetric observer's colour matching functions, when combined
with a Von Kries chromatic adaptation transform, gives quite good predictions
of the colour appearance of real surface colours seen in daylight (D65) and

tungsten light (SA> illuminants.

TABLE T Number of data setg for which good predictions were made.

Real colours Pseudo-surface colours
Dgs Sa Dgs Sy
lodel + VK 6 7 7 0
CJB 7 1 7 3
YN 7 2 7 4
KR 4 1 7 2
Munsell + VK 4 3 6 2
3 4 3 7 1
YN 3 2 7 4
KR 2 3 7 2
Maximum 10 10 . 8 8 “|
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achromatic signal A = 282 4+ G2 4 (1/20)B%, plotted as A2 and
normalized to give a maximum of 100 (it is necessary to plot A2,
not A, because these functions all relate to intensities of stimuli,
not of visual signals). Broken line: the CIE V(A) curve. Dotted
line: Judd modification of the V(A) curve. Dot-dash lines: the

range of curvesg found for individual observers,
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Hue loci and one saturation contour, as predicted by the model
for tungsten light (SA) using four different chromatic adaptation
transforms: VK (Von Kries type); CJB (Bartleson); YN (Nayatani);
KR (Richter).



Paper at the Forsius Symposium Anders Hard
on COLOR ORDER SYSTEMS Lars Sivik
KUNGALV 1983

DISTINCINESS OF BORDER AS A CONCEPT FOR A UNIFORM COLOR SPACE

The R&D-work of the despriptive color system NCS (Hard & Sivik,
1978) consisted of a phenomenological analysis of color as appea-
rance, together with extensive and well controlled experiments
which were carried out in order to

1... demonstrate how observers with surprisingly high accuracy
are capable of scaling colors psychometrically, in terms of
resemblance to the imaginary elementary colors, without any
other help than their eyes.

2... establish despriptive color notations of colors by psycho-
metric scaling of that kind. The NCS descriptive color space
was thus defined without relating it to any physical defini-
tions of stimuli used.

3... co-relate the NCS psychometric color space with physically
based specifications of color stimuli (for example CIE). It
must be noted, however, that such a psychophysical relation-
ship is true only under specific viewing and lighting condi-
tions.

4.,., produce a number of color samples that illustrate the NCS
color-describing system. These constitute the NCS Color
Atlas (Swedish Standard, 1978). The Atlas and other collec-
tions of samples published by Scandinavian Color Institute
are specified according to CIE with certain tclerance values
compared to the nominal NCS-notations given.

5.., make clear that the NCS color ordering and notation system
does not rely on its samples but can be used to identify and
specify 1in descriptive terms the color of an object in an
arbitrary situation.

6... show that the difference between two colors - either two
different color objects under the same viewing conditions,
or the same color object under different conditions (e.g.
different illuminations) -~ can be determinened by the diffe-
rence in NCS- notations.

However, when studying the problem of "color difference" we found
this to be a very ambiguous concept. Many unanswered questions
appeared regarding the perception and conceptualization of color
differences and to begin with we have concluded that we have to
consider at least two different aspects of perceptual interpreta-
tion as response to a stimulus difference. (This is easily demon-
strated and should have been obvious for all who have studied
color differences: When giving observers the instruction to judge
or estimate "the color difference" between two colors there are
alway some "naive" persons who ask "What kind of difference? What
do you mean?". This indicates of course that color difference is
multidimensional as a phenomenon and not only as regards the
stimulus.



One of the aspects of difference concerns the way the perceptual
system "detects" an object, how the objects are differentiated
and seen against their surroundings by color-discrimination.

The other aspect concerns the fact that by identifying the speci-
fic color of an object we receive information of the object. This
was in fact indicated in W.D. Wright’s lecture 1966 in Luzern and
before that we have found the same kind of philosophy in S.A.
Forsius® book Physica, 1611.

We have named these two kinds of interpretation:

A. the discriminative or distinguishing, and
B. the identifying/informative aspects of color perceptlon.

The R&D-work of NCS was mainly dealing with type-B questions. The
basic goal for the NCS project was to create a color notation
system, and an atlas, in order to supply a need regarding color
communication in envirommental design.

When we started to study the use of color in art and design - in
order to find a basis for a "color combination theory" (Hard &
Sivik, 1975) - we found, however, that the type-A aspects were
also of essential importance. One can notice, for example, in a
complex visual field how two color elements, juxtaposed with a
border 1in common, sometimes seem to almost fuse together, in
spite of the fact that they may be very different. 1In other
words, a colored field or object is hardly seen at all against
some background colors and very distinctly against others. This
may seem a banal statement and the phenomenon is well known
indeed. DBut as a matter of fact it is not sufficiently explained
and certainly not adequately accounted for by the existing color-
difference equations recommended by CIE. We have tested several
of them from just that point of view - with poor results.

Our further analysis of the phenomenon finally led us to the
concept of "distinctness of border" which previously had been
studied by Boynton, Kaiser and others (e.g. Boynton, 1973). We
found that this definition of a color difference was useful also
in our studies which concerned attributes of the "color-gestalt".
Here, for example, we noticed that the formation of total surface
patterns was dependent on the border-distinctness between adja-
cent color elements.

Consequently we started to examine the nature of distinctness of
border, mainly in order to elucidate its relationships with other
color parameters, and those of the NCS in particular. From a
forthcoming report about these experiments we will here extract
and pinpoint some of our findings.

1. First of all we could confirm that distinctness of border (DB)
is a unidimensional visual phencmenon, which our observers were
able to estimate - seemingly without caring about the identity of
the two colors involved.

2. The observers were also able with high accuracy to quantify DB
by a number, from an instruction saying that DB=0 when they do
not see any border at all, and DB=10 for the most distinct border
they can imagine. (All of these axperiments were carried out with
pairs of object-colors, with one border in common.)



3. In comparison with the scale from black to white, or lightnes-
scale, (the only one in NCS - or any other color space we know of
that 1is phenomenologically unidimensional) it was found that
constant difference in NCS blackness (s) resulted in a constant
DB, independent of the position along the blackness scale of the
blackness-interval. No statistically significant deviation from
this was found.

For achromatic colors we have determined the relationship between
YCIE and NCS blackness to

s = 100-156Y/(Y+56) (N

)

4. Also for chromatic color-pairs, where the hue and the chroma-
ticness was kept constant, the same uniform relationship between
DB and blackness-difference was found. As lines for constant Y
are convergent in the NCS constant hue triangle for pairs of this
kind, the s-value above has to be reduced with a constant <
depending on chromaticness and the convergence which varies with
the hue (fig. 1). From this we conclude that a given difference
in reflectance factor Y will show a lower DB for two chromatic
colors than for two achromatic ones.

Figur 1.

5. DB was found to vary with difference in NCS blackness accor-
ding to a power function. Tn our latest series of experiments
with achromatic pairs where the difference in blackness varied
from 0.3 to 82 NCS units, the following function was arrived at:

DB = 2.5(AS-O_.U)O'U' (2)

where 0.4 within the paranthesis represents the threshold. The
average confidence interval for 20 observers on the 0.05-level
was 0.35.

In fact, the NCS blackness-scale shows perceptually uniform dif-
ferences not only with respect to blackness s, (and whiteness w),
but also with respect to the "contrast" phenomenon defined as
distinctness of border DB (the DB being a power function of as).

The most spectacular result, however, seems to be that this
equation of prediction (2) has a correlation with the observed
data of 0.9958!1!! ‘



6. From a series of pilot experiments, reported at the AIC Mid-
term Meeting in Tokyo, (Hard, 1979), we found it most probable
that the relationship between DB and differences in NCS chroma-
ticness ¢, and hue ¢, also may be descibed by some power func-
tion. A tentative equation was set up and tested against availab-
le observation data, which however were too few for general
conclusions.

7. We now considered it worthwhile to perform a broader investi-
gation. 20 observers estimated DB of 272 different pairs of
object-colors, spread all over the NCS color space. The DB obser-
ved varied between 0.11 and 8.5. For all the pairs were also
calculated the differences in NCS blackness as, chromaticness ac,
and hue a¢, derived from instrumental measurements. By a multiple
regression analysis we finally found an equation for prediction
of DB from NCS differences:

DB = 2.5(a5%-0.14)+0.46(sc~0.6)+0.73(c/100 8.9 -0.6)0+" (3)

(Figures within paranthesis represent tentative thresholds and
¢/100 means that has to be corrected for chromaticness; as¥ is
a blackness difference derived from lightness difference).

The average confidence interval for observed data was 0.39 which
includes all possible reasons of variation in the results. The
above equation may be interpreted so that the "stimdus" for
perceived DB is a power function of the sum of differences in the
three NCS dimensions.

Also here there was a remarcable correlation between the observed
data and those predicted by the equation: 0.9666.

CONCLUSIONS

I. From the miltidimensional phenomenon of color difference bet-
ween two given colors we have chosen one of its aspects, dis-
tinctness of border (DB), and designed a psychometric scaling
procedure which have proved to give reliable and significant
data. It was now possible to correlate such DB-data with the
various difference-data from other NCS parameters by which the
actual colors were identified.

IT. We have assumed that distinctness of border DB is one rele-
vant concept for expressing the visual phenomenon of color con-
trast. This kind of contrast must be of tremendous importance for
our visual perception of the environment as it is crucial for how
we see patterns, and contrasts, and figure-ground relations.

The experimental results were compressed into an equation of good
validity, by which the DB is predicted frcm the NCS descriptions
of the two colors that form the contrast. This equation repre-
sents a DB-color-difference space and is of a city-block type
with a power function. This implies that a perceived difference,
defined as distinctness of border, cannot be represented as a
distance between two points in a eucledian coordinate system.



Figure 2.

In figure 2,. above, is shown how 8 triangular planes represent
the loci of all points of constant DB from the ceantral point. The
three coordinate axes represent differences in NCS blackness
(4s); chromaticness (ac); and hue (s4¢). The axes are scaled in
accordance with the equation. The smaller "space" represents DB=1
and the larger DB=2.

III. In comparison with other equations for predicting color
differences and their reported correlations with observed data we
consider owr correlation of 0.97 remarcably high. In studies by
Kuehni correlation values are reported not better than 0.76 for
the best color difference equation (CIELAB). And for the 0SA-UCS,
published by McAdam, the unweighted correlation between calcu-
lated and observed data is only 0.64.

As the aim of all these equations 1s to predict the perceived
difference (defined in one way or another) from the given stimu-
lus difference, it must be of of major interest to know the
accuracy of the predictions. Using the statistic "index of fore-
casting efficiency" E, (Guilford 1973):

E = 100(1-V1-r2)

For the above mentioned studies, E will be

Study E
HArd-Sivik DB (total) 0.76
" (achromatic colors) 0.91
Kuehni, CIELAB 0.35
0SA-UCS 0.23

The predictive values above of the CIELAB and the OSA-UCS equa-
tions for color differences are not very impressive compared with
that of the DB. The reason is, of course, that they try to grasp
the whole multidimensionality at one mouthful, while the DB
equation only deals with one of the aspects of color difference.
It seems to us a promising possibility to solve the notorious
problem of color difference if we could identify the relevant
visual dimensions of this phenomenon. Studying one perceptual and
psychometric dimension at the time and relating it to stimulus
differences will provide far better psychophysical equations. We
think that we have demonstrated this by our research on distinct-
ness of border DB, which is one of many possible aspects of
visual color difference. Measures of DB is probably the most
relevant color difference dimension for some, well-defined appli-
cations - in other contexts there may be others. And the only way
to identify them is by an analysis of the visual phenomenon as
such.
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Uniform Color Scales of Optical Society of America
David L. MacAdam
Institute of Optics, University of Rochester, Rochester, N.Y. 14627

Arrangements of colors in orderly sequences according to visually perceived
attributes of color, such as hue, saturation, and lightness, are useful for stor-
age and retrieval of color samples and facilitate assembly and examination of many
varities of combinations of related or contrasted colors. Many systems of color
arrangements have been devised and used for such purposes. Some of them have been
found useful by various artists and designers. Rules or theories of color-scheme
preference or harmony have been explained in terms of some such systems, and have
even been derived from them.

Most color systems exhibit series (sometimes called ''scales™) of colors that
are characterized by constancies of pairs of perceived attributes of color, such
as hue and lightness (Munsell called the latter '"value'), hue and saturation (Mun-
sell's '"chroma' is related to the latter), value and chroma, hue and tint, or hue
and shade. In each such scale, a third attribute changes in an orderly way, e.g.,
chroma in the first case, value in the second, hue in the third, shade in the
fourth and tint in the fifth. '

In the development of some systems, efforts were made to provide perceptually
equal changes of the third attribute (e.g., chroma) along each scale. More rare-
ly, perceptually equal changes of one or of both of the constant attributes (e.g.,
hue) characterized the difference (e.g., of hue or value) from scale to neighboring
scale throughout the system. Even though such "uniformity" of spacing of scales
was not attempted in the design of a system, it is often taken for granted by
users, who seem to feel that equality of cross-scale intervals should be incorpor-
ated.

The Committee,on Uniform Color Scales was appointed in 1947 by the Optical
Society of America” to study the possibility of producing a color system in which
all color scales would have perceptually equal steps, with all cross-scale dif-
ferences equal to those steps.

Dr. Deans B.Judd was chairman of that committee from its beginning until his
death in 1972.

The -Committee soon realized that a system that fulfills the requirements can-
not be organized on the basis of any circular, spherical, cylindrical, or conical
plan. That is for the same reason that the spokes of a wheel (homologous to scales
of constant hue) are not equally distant from each other from hub to rim. Therefore,
a scale from black to white cannot play a special, central, pivotal role in the sys-
tem sought by the Committee. For the same reason, neighboring scales cannot be
characterized by constant hue or saturation (chroma).

A plain cubic-lattice arrangement, with colors arranged as at the intersections
of equally spaced, mutually orthogonal sets of planes would satisfy the requirements.
With it, each color would be a member of three color scales and would have six equal-
ly different nearest neighbors (other colors). However, a slight modificgt%on of
that arrangement - at the lattice points of a face-centered cubic crystal™’~ per-
mits each color to be a member of six different color scales, and to have twelve
equally different nearest neighbors.

Instead of nomenclature or notations based on the cycle of hues and differences
from gray (saturation or chroma), the Committee was forced to develop a notation
that corresponds to a rectangular coordinate system. One of the variables, L is



similar to Munsell value. It is, however, more closely related to the perception
of lightness: highly saturated colors have lower luminance factors (CIE Y) than
have grays of equal L, whereas colors of high chroma appear lighter than the gray
that has the same Munsell value (equal Y).

The other two descriptors of the OSA/UCS colors are j (the initial of the
French word jaune for yellow, to avoid confusion with the CIE chromaticity coordi-
nate y) and g (qualitatively referred to as green). Negative values of j are
qualitatively referred to as blueness, and negative values of g indicate the com-
plementary bluish-redness.

In the OSA/UCS system, every color is identified by numeyical specifications
of the three quantities L, j, g, which are explicitly defined in terms of the CIE
values Y, x, y. Each of those quantities may be specifi®d to any desired degree of
precision. All gray colors have j = 0, g = 0. Lightness, L, ranges from -7 to +7
(which, for grays, correspond to Y = 3.75 percent and Y = 98 percent, respectively).
A medium gray (with luminance factor Y = 30 percent) that was used as the background
for all of the judgements on which the OSA/UCS Committee based its system has L = 0.

To select colors at the lattice points of a face-centered cubic arrangement,
the Committee sge%ified all that could be produced with permanent pigments in an
acryllic paint,”’  with combinations of even-integer values of L, j, g and with com-
binations of odd integers. Any of the integers could be either positive or nega-
tive. Zero values were considered even. The Committee calculated’ the corresponding
CIE values Y, x, y by itterative use of the nonlinear formulas® for L, j, g in texrms
of Y, x, V.

In order to produce equally perceptible steps, whether or not they involve
lightness differences, units of L are represented by (vertical) distances v2 times
longer than (horizontal) units of j and g in the Committee's uniform color space .
Consequently, in terms of the Committee's unit of color difference, the difference
between any two colors (whether or not of the Committee's set) is

2
AE = J2(AL)% + (09)% + (ag)2.
Application of this formula to the Committee's rule for selection of its basic set

of colors shows that the difference between all pairs of nearest neighbors is AE = 2.
The 424 colors of the basic set can form 2058 such pairs.

The Committee also obtained 134 extra colors that bisect all 2-unit color dif-
ferences in the range -2<L<2, -2<j<2, -2<g<2. Some of the extra colors have mixed
sets of even and odd values of L, j, g. Others have half-integer values from -3/2
to +3/2. Included in the extra 134 are eight colors that have L = + 1/2, (j = * 1/2,
g=4=+5/2) or L=1+1/2, (j = +5/2, g= =2 1/2), with which a cubo-octahedium of
half steps can be completed. Togethe?ivi$h the colors of the basic set in the range

-2 < Kj <2,

a
o

the extra colors provide for 740 pairs that have AE = 1. The half-integer colors
also provide 138 pairs of colors for which AE = 2, in addition to the 2058 pairs
provided by the basic set of 424 colors. '

The sides of the unit cell of the face-centered cubic Iattice3 correspond to
AE = 2 Y2 . The height of that unit cell spans two units of L, i.e., from one
even value to the next even value, or from one odd value to the next odd value.
The Committee's original description of its system as a regular rhombohedral
crystal lattice involved unit cells (regular rhombohedra) whose side lengths cor-
respond to AE = 2, which is the step length throughout the OSA/UCS system. Each
rhombohedral unit cell spans only one unit of L.



The twelve nearest neighbors of any point (color) are corners of a cubo-
octahedron - a cube (as big as the unit cell of the face-centered cubic lattice,
but displaced one-half of a side length, AE = V2, on all three axes) with its
eight corners cut away to leave equilateral trianguéar faces that have their cor-
ners at the midpoints of the 12 edges of the cube ™’ Those midpoints, which are
the corners of equilateral triangular faces of the cubo-octahedron, are the points
that represent the twelve nearest neighbors of the color that is represented by
the center of the original cube.

The top surface of the original cube is at one unit greater value of L than
the center (color). The bottom surface of the original cube 1s at L one unit less
than the center. The corners of the top and bottom surfaces of the original cube
are at j ¥ 2, g ¥ 2, where j and g are those of the central color. The midpoints
of the twelve edges of the original cube are at (L, j + 2, g* 2) and (L +1, j * 1,
g ¥ 1) which are consistent with the Tules for selection of the 0SA/UCS colors.

A model that displays all of the OSA/UCS colors in the space-lattice arrange-
ment will be portrayed at the Forsius Symposium. Charts that display the colors
and scales that appear in 30 typical cross sections (cleavage planes) through the
lattice will also be exhibited.

In total, more than 80 such charts can be assembled from the 424 basic 0SA/UCS
colors, and 35 more from the 134 half-step colors combined with the intermediate
and immediately surrounding colors from the basic set.

With the basic set of colors, scales characterized by constant values of L
(from -7 to +5) can be assembled in 13 charts. They correspond to horizontal
cleavage planes in the model. Scales with constant values of j and g intersect
at right angles in those charts. Other scales with larger but equal steps can be
selected at other angles, e.g. 45, with step size 2v/2 .

Scales of L for about 100 combinations of j and g, including gray (j = g = 0)
can be selected from alternate charts (for L even or L odd). The step sizes AL = 2
in those scales are also 2v2 .

Eleven charts characterized by constant values of j + g (from -8 to +12) can
also be assembled. They correspond to parallel, equally spaced, vertical cleavage
planes. They are parallel to two faces of the original cube. In nine of those
planes, from 8 to 23 color scales appear, in each of which L varies and j or g
varies so as to keep L * j constant (as well as j + g constant).

o

Thirteen charts with j - g = constant can be assembled. They correspond to
parallel, equidistant, vertical cleavage planes that are perpendicular to the ver-
tical planes for j + g = constant. Eleven of the charts for j - g = constant dis-
play from 4 to 20 color scales all of which are different from any shown in the

charts for constant L or constant j + g. Again L and j or g vary in each scale.

The 424 basic 0SA/UCS colors can be arranged in 422 scales that consist of
from 3 to 9 colors. They are all shown in the horizontal (L = constant) and ver-
tical (J + g constant) planes. Most of those color scales are of kinds that have

not been shown in any color systems.

Four other sets of parallel, equally spaced cleavage planes occur in the
space model of the OSA/UCS colors. Those planes are parallel to the four slanted,
triangular, corner faces at the top (or bottom) of the cubo-octohedra. In each
of those slanted cleavage planes, three sets of parallel, equidistant color scales
intersect at angles of 60 . In any one of those planes, each color is surrounded
by six nearest neighbors.



All color scales in the slant planes are exhibited also in the horizontal
planes of constant L or in the vertical planes of constant j + g or constant
j - g. The scales are merely arranged differently in the slant planes. Each of
the slant planes has a set of equally spaced, parallel, horizontal color scales
that appear in different constant L planes. Intersecting them at 60° is a set of
equally spaced, parallel color scales that appear in different vertical planes and
have different values of j + g. Intersecting those scales and alsc the horizontal
scales, both at 60°, is a third set of equally spaced, parallel color scales from
vertical planes that have different values of j - g.

One of the sets of slanted cleavage planes is characterized by L + j = con-
stant. Another set, which corresponds to another triangular face of the cubo-
octahedron, has L - j = constant. The third set has L + g = constant, and the
fourth set has L - g = constant.

All equal distances in the L, j, g space correspond to perceptually equal
differences, most of which include lightness differences as well as chromatic dif-
ferences.

Examples of arrangements of the OSA/UCS colors in the seven kinds of cleav-
age planes will be exhibited and discussed at the Forsius Symposium. Some of
them have been reproduced in color in references 10, 11, 12, and 13.
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THE ESTABLISHMENT AND MAINTENANCE OF
ABSTRACT AND CONCRETE COLOR ORDER SYSTEMS

C. 5. McCamy

Abstract

Color order systems must be distinguished from colorant
order systems and other systematic ways of relating colored objects.
Abstract systems require definition of dimensions and scales.
Ostensive definition may be required. A concrete system is a
collection of spmecimens exhibiting properties specified by the
dimensions and scales of an abstract system, under specified viewing
conditions. Since' there is no unigue embodiment, we seek to optimize
propérties and liberalize viewing conditions. Optimum objectives may
change. The precise relationship between a colorimetric specification
and a color order notation depends on the method of colorimetry or
spectrophotometry and the method of computation.

Abstract Svstems

A set of colorants may be mixed in various proportions to
produce a wide gamut of colors. The results of such mixtures mav be
arranged 1n accordance with the proportions in the mixture. Such an
arrangement is know as a "colorant mixture system” or "colorant order
system".(l) Each such system is peculiar to the set of colorants
chosen and the results may even depend on the method of preparation,
mixing, and application of the colorants. This peculiarity of a set
of colorants 1is clearly evident within one medium, such as paint, and
is all the more apparent as we go from paints to dyes, inks, or other
colorants. Thus, no one colorant mixture system 1is universally ap-
plicable.

We may select primary colored lights to be mixed in various
proportions or primary colored surfaces to be presented as visual
mixtures by means of a rotating sector-disk or unresolved fine pattern.
These are "color mixture systems". The results, of course, depend on
the primary colors chosen and the mixture scheme.

In the image sciences such as photography, television, color
printing, and other multicolor display technology, arrays of colors may
be produced by systematic variations of the parameters of the process,
the results depending on the process. Full variations produce the
possible gamut.

A "color order system" or "color appearance system'" 1s guite
different from all of these. It is a systematic arrangement of colors
according to appearance. Unlike colorant order systems, color order
systems are universally applicable to all normal observers. One can
identify an array in which each color differs from each of its nearest
neighbors by an equal amount, as was done by a committee of the Optical
Society of America. One can organize color space according to uniform
scales of the psychological attributes of color, as was done by A. H.
Munsell. (2) There are other well-known systems that are in use and
are well documented.(l) I will take the Munsell System, the one I know
best and the one most widely used, to illustrate the issues that must



be considered and resolved in any case. Munsell identified the three
psychological attributes of surface color as hue, value, and chroma.
The attribute he called "value" is more generally called "lightness”
and his "chroma" is often called "purity" or "saturation". When a
child is first taught the meaning of such words as "red" and "green”,
the only way the terms can be defined is by ostensive definition, i.e.
by showing examples. The defintions of the psychological attributes
ultimately depend on such definitions. Differences in hue and light-
ness are readily recognized by people with normal color vision and
are commonly mentioned in everyday conversation by people untrained
in color. Chroma is a slightly more abstruse concept, but is readily
recognized once it is understood. It takes very little training to
be able to compare two different colors and describe the qualitative
difference in terms of differences in hue, wvalue, and chroma. This
is not the case with the OSA equispaced array. The transition from

a color to a nearest neighbor often involves components of changs in
all three psychological attributes. Most observers resolve the dif-
ference into components of hue, value, and chroma. This illustrates
the importance of the ease of comprehending a system intended for
general use.

The three attributes are the three dimensions of the

psychological color space. They are orthogonal; that is, indepen-
dently wvariable. The hue scale is circular, in that a continuous
hue progression returns to the starting point. Munsell represented

colors in a cylindrical space with black at the bottom, white at the
top, all neutral colors along a vertical central axis, hues arravyed
at various angles about the axis, and chroma extending laterally
outward from the neutral axis. He described a left-handed system.

If the left thumb points in the direction of the positive V axis,

the fingers point in the direction of increasing hue. People rep-
resent the system either left or right handed. The Color Tree availl-
able from The Munsell Color Company is left-handed. If the Munsell
Book of Color is stood on edge, with pages spread, it embodies a
right-handed system. When the Munsell System is mapped on the CIBE-
1831 chromaticity disgram, 1f the positive Y and V axes are consi
to be upward from the page, the mapping is right-handed. In the
interest of consistency, I recommend that all representations be
made right-handed. For all systems, the geometry should be well
designed to be compatible with usage in associated arts and scilences.

Having selected the dimensions of the system, one must
state the principles of scaling. In the Munsell system, for example,
the value scale extends from 0, for the blackest conceivable black,
to 10, for the whitest conceivable white, the nine intermediate steps
being uniformly spaced visually. The hue circuit is divided into
100 visually uniform steps, with pure red at 0. Vermilion was assigned
a chroma of 10 on a visually uniform scale. Munsell proposed the
symbols H, V, and C for Munsell Hue, Munsell Value, and Munsell Chroma
and proposed that the group of symbols in the form H V/C be used as a
standard form of notation, now known as "Munsell Noctation'. In
establishing a system, the scaling must be explicit and notation
should be convenient.



Once Munsell had formulated his ideas, as outlined here,
the Munsell System existed. It was only in abstract form. The plan
for constructing a colorant-mixture system, color-mixture system, or
color appearance system constitutes an abstract system. It is hardly
possible to contemplate or discuss some of the important issues in-
volved with color order systems without maintaining a clear distinction
between an abstract system and a concrete system, which is a physical
embodiment of the plan. An abstract system may propose a scheme that
1s useful or not so useful; that may be realized easily, with great
difficulty or not at all; or that is precisely and completely defined
or only loosely defined. Thus, an abstract system may in these regards
be good or bad, but since it i1s only a prescriptive definition it can-
not be true or false.

Concrete 3Systems
At first, there were no readily available examples 1llus-—
trating the scales of hue, wvalue, and chroma. There were no pnysical

standards for visually assigning Munsell Notations. In 1915, Munsell
published "The Atlas of the Munsell Color System'", a series of charts
showing visual scales of hue, value, and chroma. In February of

1918, he incorporated The Munsell Color Company to produce color
standards identified with his notation. His color atlas became the
"Munsell Book of Color". This was a concrete system embodying his
abstract system. The Munsell Book of Color was and is made up of
painted paper chips. A similar embodiment, using other paints is
produced by the Japan Color Research Institute. Recently, an
embodiment in dyed textiles has been produced by Kensaikan in Japan,
to be available from the Munsell Color Company under the name "SCOT"
(Standard Colors of Textiles). The three different embodiments
involved three different formulations. Howaver universal a color
orLer system may be, any conventional embodiment has its own peculiar
nature. Since a color can be produced in a variety of ways, there

1s no unigue embodiment.

Optimum Properties

If there is no unique embodiment, are there any desirable
features that might guide us to the optimum embodiment? Yes, certainly
durability and cost come to mind. Ideally, if standards are to be
used for judging one kind of material, the standards should pbe made

of the same kind of materiazl. Comparisons are more reliable if the
only aspect that may differ is the color. This suggests the need for
both glossy and mat paint standards. To minimize the effects of
metamerism, it is desirable to use the colorants most likely to be
used in industry. This principle led to the use of lead pigments in
early Munsell formulations, but to other pigments when the use of lead
was later banned in commercial paints. This illustrates the fact that

optimum conditions can change for unforeseen reasons.

The peculiar nature of various embodiments "comes to light”
when we compare them under various light sources. 1In retrospect, it
seems strange that in the early writings of Munsell little attention
was given to viewing conditions. Photographers of that time certainly
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sunlight would blend together in the darker tones, when viewed in
dim light. Indeed, this fact had to be taken into account every
time a print was made in the dimly 1lit darkroom! The apparent
uniformity of a value scale depends on the level of illumination.
Likewise, the spectral quality of the illumination is important

when hue and chroma are judged. Illumination is now standardized. (3)
The geometric and spectral conditions of illumination must be spec—
ified as an integral part of any concrete system involving reflecting
or transmitting materials.

knew that a grav scale that appeared to have uniform steps in full
gray S

The colors of chips may remain reasonably constant as we
observe them in different kinds of illumination, or we may find that
they change so much that the system would not be valid. Since dif=-
ferent formulations are reguired as we progress from one part of
color space to another, we may find shifts in spacing as we go from
one illumination to another. Current studies of the general prin-
ciples of formulation to achieve color constancy, at the Rensselear
Polytechnic Institute, should shed light on this problem.

When we have a physical embodiment, we can ask about accu-
racy. How well does the array of chips fulfill the defined objectives
of the abstract system? The concrete system can be true or false.

How repsatable is the manufacturing process? How reproducible are
such embodiments from one process or manufacturer to another? How
repeatable 1is the process of a single producer over a period of many
vears? For answers to these questions we turn to colorimetry.

Colorimetry

For purposes of communication and for the preservation of
color order systems it is desirable to measure specimens and publish
in an archr-ival journal the relationship between the colorimetric
specifications and the system notations. This was done for the
Book of Color by the Optical Society of America. (4) They defin¢
modified and enlarged Munsell solid. They smoothed scme irregula
observed in the book and defined the Munsell Hue and Chroma in
of CIE chromaticity relative to Illuminant C at nine values, an
Values in terms of CIE Tristimulus Value Y. The smoothing for the
renotation was based on visual observations by expert colorists.

Measurements were made with General Electric spectrophoto-
meters, which had spheres smoked with magnesium oxide, and magnesium
oxide was used as the reference white. The bandwidth was 4nm. The
specular component was neilther wholly included nor.excluded. The
final report of the 0.S.A. stated that the absolute luminous reflectance
factor of Mg0 was 97.5% based on measurements made about 1939. On
this basis, the committee set the top of the Munsell Value scale at
a Y value of 102.57%, relative to MgO. By 1955, the absolute
reflectance factor of Mgl was reported to be 99.0%. The CIE 1
agreed to revort on an absolute basis as of January 1, 1969, but
is merely a matter of the reporting of data. Colorimetric practic
differed materially from modern practice. This is a caution to th
who attempt to maintain color order systems and those responsible
the evolution of the science of colorimetry.

Lminous



The Munsell System 1s essentially abstract and based on
human vision. The ties to the past are through colorimetry and the
0.S5.A. Report. The Munsell Color Company laboratory uses a General
Electric spectrovphotometer to maintain close ties. The instrument
is kept under strict statistical control with a number of stable
physical standards. Spectrophotometers and colorimeters that differ
from the G.E. in geometric or spectral conditions may provide data
that do not agree with the G.E. The use of the O0OSA-ASTM conversion
may lead to Munsell Notations outside the tolerances established for
Munsell chips. This may necessitate some adjustment of the OSA
conversion relationships.. The current Munsell Book of Color is being
studied with other instruments. Fortunately, if all standards and
instruments were lost, the system could again be constructed on the
basis of visual Jjudgments.

b

o
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CIELAB : THE IDEAL COLOUR ORDE
SYSTEM FOR INDUSTRIAL APPLICATIONS

I

K.Mclaren
Instrumentzl Colour Systems Ltd.,

Newbury, England.

Summary

CIELAB is the ideal colour order system for industrial zpplica
it is uniform and its colour co-gordinates can be readily c
values, This means that colour cdifferences can not only be guantified but

s and also into the colourist's

G

partitioned into the three Muns=ll variabl

variables which are guite different. If the ISCC - NBS methcd were

to be based on CIELAB co-ordinmates instead of Munsell renctations its

o

success as a colour crder system could be very much grea

The oguantification of small colour differences

The guantification of the perceived size of small colcur differences has

been one of the two most important targets of applied colorimetry and the sime-
lest method of doing this i1s to create a three-cimensional colour space in which

Fal

the position of any colour can be precissly defined by thres numbers and the

tance between the positions of two specimens is proportional to the

£

]
~
colour difference between them. This distance is given the symhol AE (deliz E




Unfortunately, however, CIELAB space is

which ngns of the many alternatives pos
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this 1s shown in the diagram on page 5. UWhi
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}_1

by Munsel 1

is ideal for understznding the variebles of perceived colour and is suit-
zble for colour identification by artists and desicnesrs it has one weaxness
that has prevented its use in industry. The calculation of Munss=ll co-

ordinates from xyY values or vices versa reguires a computer powerful enough

to contain all th= Munsell rernotations and although =pectircphotometers

1. CIELAB space is more unifeorm becauss selthough the spacing wishin
each variable in Munse2ll space 1s uniform, that betwesn variables is not:
1 Munsell value step 1s egual to 2 steps of Munsell chroma and 3 steps of
lunsezll hue at chroma 5;

2. Munsell hue designaticons are a2 combinaticon of letter and numhers
and thus not suitable for computation; whilst Munsell did propose an alisr-
native 0-1C0 hue scale, this has rarely, if svar, be2n us=d.




page ...

angther yesllgw, for

she used the phrase.

with the sscond axis to be crossed is zlways guoted in brackets. For exsmple,
in the cazse of all colours called yellow, rotaticn in @n anticlockuwise direciion
will generate the terms -

yzllower (greener) or greener (bluer)
Only the term greener is meznincful ta a colourist if he consi
to be a yellow. If the stzndzard 1s a reddish yellow, however,
would describe it a2s an crange 2nd to such individusls the Term

for over five
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The Munsell Colour order system cannot be regarded as bzing entirely sat
isfactory for designating colours for two reasons. The first is that

Munsell had a rooted objection to using names of objects zs colour nemss

which prevent words such as orange and vieolest, which ars in zveryonz's
colour vocsbulary, being used. The second is that he uveed words only fov
designating hues which =zliminatsd ather common colour words h as brouwn,
plive and pink.

Y
'a lour dictignariss ha e blishe hich illustrate hundreds, i1
Many colour dictionariss have been published which illustrate ndreds,
not thousands of colours but the fact that there ars so many has preveni

any single one from becoming widely used.

T
ined by Munsell renotations. Each of ths
1

e, easily understood neme consisting

hese colours were accompanied by a dictionary o

7,500 colour names which identified the nearest centrecid colour and gevs
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This would greatly facilitate the use of one of its unique Teatures, itz
ability to describe or define colours with di-
Up to level 3, colour space is divided into 13, 29 or 267 blocks identified
by colour names; in Tevel 4, conventional Munsell notations are used which

are increasingly sub-divided to give 100 000 blocks in level 5 defined e.¢



as 9% YR 6.4/4% and 5 million blocks in level 6 defined e.g. as 9.6 YR 6.45/4.3
or, of course, by XYZ or xy Y values. Level 6 was considered in 19

"the greatest presently meaningful accuracy of colour identification” but today
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routine pass/fail determinations in industry correspond to Tevel

B

the Munsell notation is clearly unsuitable, but for which CIELAB has proved

'

ideal especialiy when the overall size of colour difference is medified by the

—

use of an optimised equaticn.

h = arctan b* / a*
blue purple red
-
black
The rzlsztiocnshin betusen Cartesizn znd cylindricz]l co-ordinates




A Formulation of Nonlinear Model on Chromatic Adaptation for

a Light-Cray Background
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The authors proposed and formulated a nonlinear model on chromatic
adaptation considering a nenlinear process supposed to exist in human
visual system[1,2]. Further, they studied exponents of power functions

in the nonlinear process, and specified the functions of exponents [3]

which were most probable at the present stage of knowledge. Given
tristimulus values of a test sample in a test field under a test illuminant,
the proposed method[1,2] could derive tristimulus values of a corresponding
sample in a reference field under a reference illuminant. The corresponding
sample in the reference field elicits the same color perception as the test
sample in spite of different states of adaptaion between the reference and
the test field to the same normal observer. The reference illuminant could
be different from the test illuminant in chromaticity or illuminance level.

In the previous studies[1-3], the test and the reference background

were nonselective and had the same reflectance of 0.20. In usual
chromatic-adaptation experiments, however, the background used is sometimes
different from a medium gray and has reflectance higher than 0.20.

The authors extended their nonlinear model to predict chromatic-adaptation
effects for a light-gray background. The detailed and strict formulation

of the extended model will be reported elsewhere[4]. In this paper, only

the computational procedure is given for light-gray backgrounds in a special
case that the test illuminance E is kept equal to the reference illuminance E'.

Equations for predicting chromatic-adaptation effect

The following steps can be applied to any background condition satisfying
og = pg' > 0.20 in the situation of Fig.l for the condition E = E', where
po and pg' are the background reflectance of the test and the reference
field, respectively. In addition, the steps also can be used for the
condition E # E', only when og = og' = 0.20 holds.

Given tristimulus values X, Y, Z of a test sample in the test field,

the proposed method can derive tristimulus values X', Y', Z' of a corresponding
sample in the reference field which elicits the same color perception as

the test sample in spite of different states of adaptation between the
reference and the test field,

In the procedure, the quantities related to the test field are shown by
the notations without prime, and those of the reference field with prime.
The subscript zero refers to the background.

The procedure consists of the following three steps.



Step 1: Transformation from X, Y, Z to R, G, B:

R = 0.07114 X + 0.94940 Y - 0.01562 Z,
= -0.44617 X + 1.31733 Y + 0.09794 Z, (1)
B = 0.91876 Z.

Step 2: Transformation from R, G, B to R', G', B'":

R+ 1)Pr
R' = (lOOpO'g‘ + 1)'{W - 1,
. \p . ~
G + 1
G' = (100pg'n' + 13'[T66633“1—I' oo, (2)
B + 1)Pp
B' = (].OOOO'C' + 1)'[W - 1.

Step 3: Transformation from R', G', B' to X', Y', Z':

X' = 2.54653 R' - 1.83529 G' + 0.23892 B',
Y! 0.86248 R' + 0.13752 G', (3)
Z' = 1.08842 B'.

Note 1: Quantities in eq. (2)

Quantities £, n, ¢ are computed by eq.(4) from the chromaticity coordinates
(x,y) of the illuminating source in the test field.

£=(0.0876 x + 0.96502 y - 0.01562)/y,
n = (-0.54410 x + 1.21939 y + 0.097%4)/y, (4)
z = 0.91876 (1 - x - ¥)/v.

Similarly, the quantities &', n', z' are derived by

g' = ( 0.08676 x' + 0.96502 y' - 0.01562)/y"',
n' = (-0.54410 x' + 1.21939 y' + 0.09794)/y", (5)
g' = 0.91876 (1 - x' - y")/y',

where x' and y' are the chromaticity coordinates of the illuminating
source in the reference field. Quantities P pg, py, are derived by

1.757 + 1.728 ROO'4495 1.757 + 1.728 RO.O-4495
P, = |
r 6.469 + Ry 449 6 160 + 10495
1.757 + 1.728 6" 4% /(1,757 + 1,728 000 H49
Fe T ' , (6)
& le.469 + 6,2 *4%%)/ [6.469 604495



1.851 + 1.780 8,°°1%8) /11 851 + 1.780 B 0-31%8
Pp ~ 0.5128 0.5128
8.414 + BO ‘ |8.414 + BO' )
where
1 ( '
RO &€ ‘(RO £
_ pg E J N TRt ' i
% 3.1416 | and G, 71416 | " (7
|g \
L) s .

Note 2: Background Condition

In case of the background with Munsell Values 5 to 6, the proposed
procedure is effective for any different illuminant color and for different
illuminance level at the test and the reference field. In case of the
background with Munsell Values 7 to 9, the procedure can be used for

any different illuminant color at the test and the reference field.
However, the illuminance of the test field should be kept equal to that of
the reference in this background condition.

Prediction of Helson-Judd Effect

Helson-Judd effect[5] was predicted for the background reflectance of 0.5.
The test illuminant used has a highly saturated yellow color. Its chro-
maticity is shown by open circle Y in Fig.2. Standard illuminant C is used
as the reference adaptation, and is shown by large dot C in the same
figure. Test samples are nonselectivz2 and have various Munsell Values.

The chromaticities of the corresponding colors are shown in Fig.2 by dots
with numeral. The numeral at each dc: corresponds to the Munsell Value

of the test sample. As clearly found in Fig.2, the chromaticity of
standard illuminant C coincides with <hat of corresponding color to the
nonselective test sample with the same reflectance as that of the background.
The figure shows that the samples with reflectance higher than that of

the background are perceived as having the test-illuminant hue, and those
with lower reflectance have the complementary hue of the test illuminant.
These results confirm that the achromaticness constancy always holds for
the nonselective test sample with the same reflectance as that of the
background. Similar results are obtained for test illuminants with

highly saturated red, green, and blue color.
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The situation studied by the model. The quantities without
prime correspond to the test field, and the quantities with
prime correspond to the reference field. S(A) represents
relative spectral power distribution of illuminant; E the
iluuminance(lux) at the background and its central sample
surface; X, Y, Z the tristimulus values of the central

sample; and pg the reflectance of the nonselective background.
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Prediction of the Helson-Judd effect corresponding to the
background reflectance of 0.5. Dot Y is the chromaticity
coordinates of the yellow test illuminant. Open circle C is
the chromaticity coordinates of standard illuminant C used

as the reference illuminant. Dots with numerals show the
chromaticity coordinates of corresponding colors under standard
illuminant C to different nonselective samples illuminated by
the yellow test illuminant. The numerals show Munsell Values
of the nonselective samples used.
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VARIOUS CCHCIZLIS OF THED SLISIBIY ZVan CCIOUR SrACE

Colour systems LTUIISELL, DIN, NCS, COIOROID are intended
to simulate sensibly even colour spaces. One possivility to
dgfine ifZercnces betwesn thece colour systems is to deiine
termine their correlaticn to a '"sensgibly even, ideal colour

o -

space", To this aim, Tiret of all, the concept "sensidly

. =

1NeU.

(23}

even, ideal colour space" has to be unanviguously de
Throughout the special literature, and in particular, in
conzection with the LUISZIL system, two interypretations cof

—

adopted by the LTISELL Renota-

1 -

the concept arc encountersd
tion, and by the COIORCID co

Solour space based on tosts by threshold msasurcments
fal

ilour systems, respectively.

-

The digtinction threshold 4L mcans the just perceivable
impulsion increase, in other words, the just anotavle difr-
erence /J.H.2./. In tests by threshold measursments, it is
attenpted to empirically divicde an impulse series to 4L
unitse.

A colour impulse 1is described in terms of threz naran-
ers. vVariatvion oI the colcur impulse may entrsin modiiica-

~

e
tion of the brightness, satur.iticn and hus o the thersdy

i
¢r, it is more or less subject Lo EBIR?

c

quartitative charact S
statement. Cn the othsr hand, variations oFf cgaturation and
hue arc definitely gualitative, honce they are ruled by
cthcr relaticrnshils.

To findG thege relaticnships, tssts may be made in se7-
eral points of tac colour gpace in rzigect of all toree
rarzmeters where size of the dL units is dcgfined by the ofi-

get of the indetcrminagcy of tns limit betwein ad]
0f the cecmgidered scals upon the veriation of zcme colour

-~ -

parameter in some of the Ticlds.



By performing these tests for 21l pogssible scaleg of

-

the space of cclour impulses, an iueal colour cpace of sien-

cnts 4L is breught about /Fig. / liow, the scales will be
evenly Jigtributed in all tnrec Jircctions of the ideal

colour space. In the resulting sensibly even colour cspace,
an equal number of &L units arce betvecn each w0 scale divi-
sions /Fiz. 2/.

Ceolour space of the FUISZILL Renotation cclowr system
approaches the concept of the sensibly even colour cpace
outlired abvove., In this colour space, scale element differ-
ences are products of the least sensible colour difrerence
by the same Iactor. This bullit-up makes indices of the colour
system arising from this colour space rather gsuitabvle for
defining small colour Giffercnces. ./ithin the theory of cn-
vironmental dezign, however, colour composition rules are
baged on other than these propertics, expected to define re-
lations vetween any cclours of the colouvur space. To estzblish
these releticns, the cnitity of the colour space hags to be

kept in mind, reqguiring to determine great colour difzerences.

A colour space composed Ifrom such relations is called aes-
thetlically even, asg Gistinguished Irom the gensibly even one.

The aestheticalliy even colour siace

A complex of colours created rom aesthetic purcoses,
raising pleagant feclings in the oboerver is called a zrarmoni
composition., The question arises whether there is any relation
rermitving to decice what colours to unite in such a composi-
ticn, or at least, what colours to never wunite in such a com=-
position.

To decice this qu Su¢0ﬁ, et us mgke a teszst. Ict us make
colour scales by painting tens of thousandis of colour sample

(J)

N

0T a Tew sq.cm surface., Cne part of the colour samples should

2.0

have the same saturaticn and brighitness but a difzerent hue,



the gzcond and tne itnisd gavts would difzer by brightness
and by saturction, resp., beth other parameters being
equal. The solely varying colowr seunsation paranm
neighdbouring ceclour samples. in the scales should

rs of
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Ter by
AL units alone, that is, distinguishable only if closely
adjacent,.

Now, let us make compositicns ol thcse colour samples,
50 to 80 pieces of 15 to 20 hues in sach composition. Some
sanpleg ghould be sharply coatrasting, while others should
not differ by morc than a few dL. Colours just distinguish-
able under circumstances above will be found to be uefinitely
distinet within the composition, permitiing to be considerzd
as indepenaent colours of the composition.

Having defined colours well distinguishable itain the
compogition, aesgsthetically apprcciable, Jifrering by aue,
saturation and brightness, on the proper, sensidbly even 4l
gscale referred to the ctarting colour, sensible difzZcrences
of cach two colours Zrom eacn of ths thres Jdirections are
Genoted by ¢h and toermed harmony intsrvals /Fig. 3/. Nou,

)

et us consider The new colours as starting colours in ever

new conmpositions, defining neigabouring colours spaced at

>

aAzrmony int:rvals rererred to them. This will be continued

\l

until all dh units arce marksed out in each thr cirections
of the colour sensation gpace, betieca origin and snd point

of as many scales as possible. Juxtaposing scales oi colours
spaced at dn units will show 3that considering a2 scale all

along, with its origin and end point, colours
unizormly varying row, that is, Trom tae as

, bl
()
(&)
- O
O
]

N

3
colour differences, they are sensibly equally spaced Ifronm
each other, in spite of difZerent numbsrs of dI unit
tween them /Piz. 4/.
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Compax=igon of celour gspaces vased on ds and on Gn units

8ibly even colour gsprace of gmall colour differences,
a colour paramcter Jdiffercnce betuecn adjacent colours,
elementary spacing betvween adjacent points of tae colour
space, ~ill be uencted by ds.

This colour space of ds wunits is approximated by the
colour space of the LUNSELL colour sysiem, and also by transe
formations of the CIE LXZ system made to tals purpose, in-
cluding CIEIAB and CIZIUV. In ths scensibly even colour space
considered as aestanstically even, relerring teo grsat colour
difZerences, a coclour paraumetsr Jdifrercence betucen each two
colour sensations, as elementary «istunce betweesn adjacent

points of the colour space, is dJdenoted by dh. Such a colour
space built up of such dh units iz ajy roximated by the
colour space of the COIOROID colour system.
Brightnesses and saturations of the two colour sysiems
ars relased as:

where VSZ - COICRCID brightness;
Vm - LUIISSLL brigatncssg

T - COIOROID satur.tiocn;
a - MUNSLIL chvema,

a2 2ana b in the sccond Jovmula inlicate th: Jspendence 01 Ths

exp:ession 0oL the scasation oI c¢olour saturzvion in terms of,

gither WULSZILL or COIOROID iniices bhoth on the bright

and tae e oI the colour. Zeormulae rsilect the Jdifzer:znt

rzlationshins ruling tae gerics of indices assizned by each

gystem to sensaticons clicited by tase saae varying impulsese.

Thus, the two zyctems involve Jirffercnt suggestions $o meas-

ure colour scnsasionse.

itsels to lescribe colour
0% colour composition,
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Divisione Oculistica S.M. Nuowva - Firenze

(Direttore:Prof. G.P. Dragoni)

G. PASSIGLT

PSYCHOLOGICAL DIFFERENTIAL COLOUR ORDER SYSTEM ACCORDING TO
CHILDREN PREFERENCES.

The interior decorator is often faced with the need of learning more
about the "coloured world" of children. The classical branches of research
include: ‘
A, Assessment of the preferred colour, in an abstract sense, by the use of
tools like the Luescher Test, the Pfister Pyramid, etc. _

B. Estimate of colour discrimination by the use of tests conceived for
adults adequately adapted at the site of instruction (Verriest, 1982)
or by the use of specialized tests (Fletcher, 1980).

The general idea that the hue preferred (item A) is red in infanté and
turns to cooler hues as age increases has not been confirmed by the data
recorded dufing the past two decades (Verity, 1980; Passigli, 1981), proba-
bly because of the accelerzated maturation mediated by the spread of mass
media. The well-known improvement of colour discrimination (item B) s asge
. increases (below 14 years) can be easily checked in relation with the occur-
rence of a tritan~like defect in the earliest years of life (Ohtani, 1978:
Passigli, 1980). One should expect, of course, that both infants tritan-like
deficiency (even if mild) 2nd the lack od adequate education in matter of
colours interact to some extent with the "preferences" which should be basi-
cally dictated by psychological factors.

In order to find some possible practical solutions, we attempted 2 direct

approach to the problem. We instructed a number of specialized teacherswho,



Z/’ A
following a prefixed routine, gave their pupils some sheets of paper where
a classroom was drawn with China ink (Fig. 1). The pupils task consisted
in pginting it, having at disposal a set of 24 felt-pens of different colour%
whose distribution of spectral reflectance was well-known.

We noticed (Passigli, 1981; Ronchi, Villani, Passigli, 1982) that the ma=

jority of the children assigned to the teachers- desk a colour different
from the one assigned to the pupils—-desk (Fig. 2). It was as if the children

were making use of colours to denote the ( symbolic ?) difference they felt

when comparing themselves to the teacher.

Fig. 1 - Sample of classroom to be painted (reduced to 62% of the

original size),.

Fig. 2 = CIE chromaticity diagram. The dotted areas include the repre-
sentative points of the colours used by the magjority of chil-

dren to paint their own desk (P) or the desk of the teacher (T).

This kind of work has been meanwhile further developed. We tested as a

whole 8% children from 4 to 6 years, and 9% children from 7 to 10 years.
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Faced with the painting task shown in Fig. 3, the majority of them assi-

ecned to the parents bedroom a colour different from that of their own bed-

room (Fig. 4). This finding is confirmed when children are faced with the

task of the selection of actual samples of coloured tissues, to be used

Fig. 3

-

Fig. 4

Fig. 3 - Sample of set of family bedrooms to be painted (reduct to 62%

of the original size).

Fig. 4 - CIE chromaticity diagram. The dotted =2ress include the repre-

sentative points of
dren to paint their
This diagram is for
points, in the case

spread that no ares

the colours used by the majority of chil-
own bed (C) or that of the parents (G).
children of 4-6 years. The representative
of children from 7 to 10 years, are so

including them can be delimitated. However,

all these children ascribe to the parents a2 colour different

from their one.



Fig. 5a Fig. 50

.Fig. 5 = CIE chromaticity diagram. The ddtted areas include the represen-
tative points of the colours of the tissues chosen by the majo-
rity of children to cover (ideally) their own bed (C) or that
of the parents (G).

Fig. 52 - Children of 4-6 years.
Fig, 5b - Children of 7-10 years.

In conclusion, our data seem to indicate that in or=ectice children seem

to use their vreferences zccordin~ to differenti=2l criteria: the colour

aszicned to teachers and parents differs from the one they =2dovt for their
awn desk or bed; this is most likely accounted but their consciousness of

the different roles they plzy in their socizl life,
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POLYCHROMY IN THE SOUTHEASTERN BRAZILIAN ARCHITECTURE
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To show various modes of applications of colour om architectural fagades
of different periods we chose two examples in the Southeast of Brazil.In
the first, colour is normally integrated in the architecture, In the se-=
cond, architecture was used as a support, almost as a pretext for colour
in environmental design., We are talking about two towns : Parati and
SSo Paulo.

Parmti, a 1little sea-side town, founded in 1660, is part of the state of
Rio de Janeiro and is considered as a historical site, protected by the
"Patrimdnio Histdrico e Artistico Nacional®. Therefore we can observe a
typical XVIIth and XVIIIth century colonial architecture with its origi-
nal coloured facadese.

As for S&o Paulo, created before Parati,it has developped hugely and 1lost
its primitive pattern. In the beginning of 1970, very curious environmen
tal colour manifestations started to appear in Sdo Paulo,

We hope that the transmission of two cases will arouse relevant discus =
sions in the group, and confrontations with other related researches: in
order to consider and develop eventual new ways of studying future appli
cations of Colour Order Systems in architecture and in urban space in ge
neral.,

It is well-known from reports and studies by historians, botanists and
travellers that in traditional Brazilian architecture the house-fronts
were whitewashed. The wooden parts, though, were painted in various co =
lours, as it can be observed in the old town of Parati (picture n°l)
White was frequently used in hot countries because of its reflection ca=
pacity. The materials used to make lime im that time were stone, shells
and the "tabatinga", a white clay extracted from river banks,

For the painting on doors, windows and all wooden details, they used a
preparation with glue, tempera or oil (from whales, linseed or "mamona')
and several natural colouring matters. For instance,ochres were obtained
from different kinds of clay; the "cochonilha=do-carmim", parasite of
the "nopal", a tropical plant, gave a very bright carmin; the saffron rg
ots, squashed and boiled with water containing alum, gave a yellow co -
lour; the Brazilian indians already used the fruit called "urucum" to ob
taln.a red colourlng. Black, pink and others colours came from different
woods, like "ipe", "tatagiba®", etc,

We could quote many others exotic names to prove that the dyeing materie
als used in that period were prepared mainly with vegetals, as well as

minerals. We have many interesting clues owing to Karl Friedrich Philipp
von Martius's researches, which above all can be found in "Reise nach Brka

silien" (1817-1820) and in "Flora Brasiliensis", published in 1829,
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We can notice that the colours which were largely used on the wooden sur
faces were saturated hues like yellow, bright red, pure green and a spe-
cial blue that became so popular that it is even today known as the 'azul
colonial" (pictures n°® 2 and 3). On the houses of Parati, they contrast
with the radiant white of the walls, which sometimes are ornated with
friezes (n° 4).




It is important to remind that this architecture stands out in the mid-
dle of a colourful landscape and against a very intense blue sky, in
perfect harmony with its natural environmente. It seemed to us interes =
ting to note,eventually, that the hues available at that time were less
varied than nowadays buty, with their precarious means, the colours in
Parati belonged to a natural order, The present industry floods us with
innumerable synthetic colours; however the contemporary architecture
doesn't always reach such an ideal accord with its environment,

In the first half of the decade of the 1970, a very signifiant change
in the look of fronts became noticeable among houses in S3o Paulo: spots
of vivid colours dotted a predominantly grey architecture, This tenden-
cy came simutaneously with the polychromic architectural movement parti
cularly in the U,S.A. and Canada, In the Southeast of Brazil we found
two basic factors explaining it. . ;
First, a psychological reason, related to an attempt to balance off with
colour the absence of Nature in this "concrete jungle'", as Sao Paulo is
usually called. If you fly over S3do Paulo, you have the impression of
seeing a big American town like New. York (picture n° 5). S3o Paulo is'to
lourful™ in its essence because it is a melting-pot. Many differents
cultures — Portuguese, Italian, Spanish, Japanese and others — parti-
cipated in its demographic development. We shouln't forget the internal
migration from the North to the South of Brazil, And today it reaches
around twelve million inhabitants. This cosmopolitan city grew inordi-
nately asserting a dynamic will towards the future. As we already sugges
ted above, colour was the spontaneous expression for an inconscious de=
sire of Sdo Paulo people to look for immediate solutions, It was as thaugh
this complex megalopolis had then needeed to breathe, recover colours
from landscapes that still remained in the memories of its inhabitantss
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In the second place, we have another easily detectable and confirmed rea
son, With the population growth of the town of Sdo Paulo, the trad;tianﬂ.
commercial center exploded and its shops started to invade the residenti-



L

al neighbourhoods. Consequently, some of these streets became more noisy
and polluted, because of the traffic increase, Many residents decided to
move out to qiieter and more distant flats or houses., The owners sold or
rented their former houses to shopkeepers or other professions, interes=-
ted in settling in these areas. They were built to serve as homes and ne=
eded some renovation in their structure; for instance front gardens were
changed into parking-lots. But obviously, the most necessary transformati
on concerned the front of houses, =

They had to deliver an informative message in order to stand out from the
others. What better solution could be found by architects, designers or
even private individuals to attract attention on the commercial functions
of these buildings ? Painting them in an unusual way.

Figurative and geometric images, graphic devices and above all colours in’
troduced a new plastic connotation to these streets. The Augusta street;
for exemple, an important commercial artery since the forties, linked the
center to the residential districtsand lassgpread out in the bordering neigh
bourhoods; fifty out of the three hundred shops in that area were given a
new colourful skin between 1973 and 1974. This explosiom of colours and
creativity which could be considered as an urban decoration, has offered
original examples related to Op-Art, Pop-Art, with graphism sometimes si
milar to advertisements and directly influenced by outdoor posters.

We included (with the text)some black and white pictures, as was expected,
but colour slides could also be shown in the working groups.

We can see in picture 6 that the message on the fereground fagade is very
clear: the gigantic painting of the white sole of a foot on an orange back
ground is the sign for a shoe-shop. The picture n° ? refers to the chain™
stores "Jean Store'', specialized in blue=-jeans, Naturally the predominant
colour is blue but the details are in red or yellow,




On picture n° 8 the information is more subtle: the shop sells material
for artists. The creators of this fagade, Antonio Celso Sparapan e Au=-
resnede Pires Stephan, were inspired by the real tree on the pavement
which served as a model. The white strips of the blinds drawn on the fa=
gade seen on picture n° § contrast with the bright intense blue.

.--'-'-—-';-'.-.

In pictures]0 and 11, We have variations where the painting took hold of
the fromt, hiding and disguising the architecture details.,

This polychromic phenomenon, in SZo Paulo, extended to residential houses
too: the picture n° 12 offers us a good demonstration of the desire to se
parate two symetrical attached fagades with colour. A sense of community
can be felt in picture 13, where the colours are harmonically integrated
on a line of semi-attached houses. A more eccentric instance is a painted
lamp_post, which must have passed unnoticed from the public authorities.

It was made by the inhabitants of a street in the district of Sumaré,who



were willing to express their artistic skills and to break the visual mo-
notony of their urban space (picture n°® 14). Another similar event ocur =
red on a larger scale, It provoked a reaction from the Town Council, and
the authors were fined. Under the guidance of Mauricio Fridman, inhabi =-
tants became artists, painting fronts, pavements and walls of their street.




These happenings prove that colour was very gladly accepted from the

inhabitants of Sdao Paulo. From then on, buildings started to have a me
re colourful apparence, as wWe can see in picture 15: intercalated oran
ge and beige hues give a certain rythm to the heavy edifice structure,
The 1970 trend is now giving way to less spectacular polychromic crea=

tions, which were the results of studies by architects, reflecting on
the subjet. But would it be possible to have direct applications of al

ready known Colour Order Systems ?



Recently, much has been written on colour in architecture and scholars
are concerngd with the matter — architects and colorists of course,but
also plastic artists, psychologists, anthropologists, physicists amd so
ciologists. All of them are interested in improvirng the urban environ =
ment. We are conscious of the energizing power of colours, that mankind
needs colours to live, as Léger once said. In the rush to build new ci=
ties we'll have to choose colours that willte a least "comfortable" for
the eyese.

It is necessary that the humanist as well as the scientist unite their
efforts in finding a system which would actually help in the applicati-
on of colours in architecture. The problem remainsto know if the ideal
solution would be one system or different specific systems applying to
various architectonic situations... Anyway, we should keep our common
sense and mantain. a creative freedom — inside a team-work, which would
gather specialists in different subjects minded to create around the
architect.

As a conclusiom, this thought written by Le Corbusier in 1931 in an
unpublished text about "polychromie architecturale'" can contribute to
our reflection: "To create objects of satisfaction: isn't it really
what the architect's task is all about? There are many degrees in that
satisfaction; everyone to the degree that suits him and that is his own".
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‘Colour atlases

Many colour-order-systems are presented by a number of colour samples
generally arranged into a so called "colour-atlas".

As long as colours exactly present in such an atlas are concerned, these
systems are a good auxiliary mean for communication about colour. Problems
arise 1f other colours are concerned, because interpolation between the
samples in the atlas in order to estimate the codification of any given
colour, is far from exact.

This inexactness is raised by the fact, that even if the number of colour
samples in an atlas is over thousand, there is a rather big colour differ-
ence between two adjacent samples. Moreover it is difficult to interpo-
late visually between 6 or 8 samples (along three different axes), which
is generally necessary.

In order to obtain an impression of the (in)exactness of the interpolation
procedure, we asked 8 experienced people to estimate the codification of

4 different colours in 3 different atlases (DIN, Munsell and N.C.S.).

In those parts of the respective colour atlases wherethe-4 colours were
located, the mean colour difference between two adjacent colour samples
varies from 8 to 12 CIE an*bx-units (dependent on the colour-order-system
concerned) in each of the three dimensions.

The codifications, obtained by different people for one colour in one
atlas showed a mean standard deviation of 2 to 4 CIEL*a*p* units,

again dependent on the colour-order—-system and again in each of the three

dimensions of the system concerned.

These deviations are much greater than most visual colour acceptability
tolerances and therefore the potentiality of colour atlases as reference

specimen and in judgment procedures is very limited.



If at least a moderate degree of exactness is required, either an exact
colour sample or a reliable colour measurement result is essential. There-
fore, for many technical purposes colour-order-systems based on colour
characteristics, which are obtained by colour measurements (reflectance

measurements) are strongly preferred.

Colour measurements

To obtain reliable and adequate colour characteristics by colour measure=
ment a number of requirements have to be fulfilled, such as colour samples
showing a proper surface condition. An instrumental result is much more
sensitive to defects in or on the surface the human perception is.

Colour measurement results are also strongly influenced by the geometry

in use (particularly the processing of the specular component), the
calibration procedure and some instrumental characteristics of each indi-
vidual (make of) instrument. For this reason results, obtained with
different instruments, are only comparable, if the above mentioned aspects
are very well controlled, or in other words: colour-order-systems based

on colour measurement have to be attended with stringent instructions

for the colour measurements.

A stringent calibration procedure has to guarantee the long term constancy,
necessary for the comparability of codifications obtained at greater time-

intervals.

Correlation visual perception - colour measurement result

There should be a close relationship between the colour characteristics
derived from colour measurement results and the visual perception of
colour, with respect to the nature of these characteristics as well as
to their magnitudes.

As for the nature of colour characteristics the frequently used X,Y,Z,-
(or x, y, ¥~) co-ordinates are not easily interpreted in terms of wvisual
perception. To a lesser extent the same applies for the Lf.af bx- co~or-
dinates. Much better is to translate the results in terms of hue,
saturation and lightness or similar ones.

With respect to the magnitude of colour co-ordinates in the past very
little attention has been paid to the question which measurement procedure

gives results that are optimally related to visual perception. Up to



now this aspect is neglected in the colour measurement procedures of
many colour-order-systems. Nevertheless these colour-order—systems are
applied to a wide variety of materials.

Furthermore it has to be realised, that not only colour measurement
results - but also visual perception of colour can be affected strongly
by illumination and viewing conditions. Above all this applies for
the lightness and the saturatiom, which generally are influenced in a
mutually opposite direction, in case of colour measurement as well as
in case of visual observation.

Therefore the colour measurement procedure has to be related to the

conditions for visual observationm.

A very frequent problem is the comparison of coloured paint or plastic
samples of different degrees of gloss, i.e. the problem to eliminate the
gloss influence in order to obtain a real colour characterisation.

One of the scarce publications is from D.B. Judd (1), which refers to
the work of an I.S.C.C. committee in the 1940's. The conclusion was,
that a combination of measurement results, one obtained by sphere -
geometry (specular component included), and the other by 457 - geometry
- the latter weighted twice - gives the best results in this respect.
Our own investigations led to a somewhat different conclusion: to
obtain adequate colour characteristics of mat, semigloss and high gloss
paint panels, the reflectance values obtained with sphere-geometry
including specular component have to be corrected with 0%, - 2,87 and

- 3,2% (abs.) respectively. Notable is the small difference in "gloss-
correction" for semi- and high gloss panels.

For plastics of different degrees of gloss a similar solution was found.

More difficult is the comparison of colours of quite different materials,
like paints and plastics on the one hand and textiles on the other.

The spaces between textile fibres have the capacity to work more or less
(strongly dependant on its structure) as lighttraps. In this case an
extra amount of light is withdrawn from reflectance, whereas in case of
smooth glossy surfaces there is an addition of an extra amount of light

(specular component).



In order to achieve a close relation between the visual comparion of
colours of paint versus textile samples and their codifications, it
turned out to be insufficient only to vary the correction of the
reflectance values.

In the A.C.C. (Acoat Colour Codification) system (2) we succeeded

to obtain the close relation referred to above by an additional change
in the calculation procedure, viz. a change in the lightness-correction-

1)

factor of this system

In this way one of the main objectives of the A.C.C.-system has been
achieved: an objective basis (colour measurement) for a colour-order-
system which correlates very well with visual perception of colour, in-

dependent of the material concerned.

(1) D.B. Judd, Color Engineering, May 1964, 14-23
(2) G. Doring, Die Farbe 29, 53-75 (1981)

1) This work was carried out by the Enka division and the Corporate

Research Department of Akzo.
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KUNGELV SWEDEN 1983
"ON THE APPEARANCE OF COLOR ORDER SPACES"

(Abbreviation of: Distances between colors - a comparison of different structures)

The sensible meaning of the concept of color is the subjective color sensation in a
living organism - but here we shall limit ourselves to human beings. Color and color
sensations seem always to have interested most people, including physicists, pigment
chemists, neurophysiologists, psychologists and artists - and any prolonged study of
their work on what color is and what it means, leads to a state of confusion. The
uninitiated reader of this paper may complain that he has thus been led into it
himself. To draw attention to existing confusion is, however, not actually to add to
it, but the first step toward reducing it to order.

There are many colors, and those who have studied the question claim a good eye can
distinguish millions. Color names abound not least in the terminologies of haute
coiture and art criticism. But everyday speech uses few, there are the assumed
colors of the rainbow and a couple of other words. Each of these consequently has
to include quite a number of different color perceptions; the word brown, for
example, covers a large part of the "color world".

To describe colors precisely demands a "color language" with a well defined struc-
ture. Many exist, few are stringent enough. The most common words denoting color
comprise a simple, very imprecise category system, varying only slightly between
different cultures and language areas according to the need. In well developed lan-
guages, however, the most common words denoting color always denote approximately
the same colors.

Each of the diverse contemporary color order systems stems from the specific, some-
times scientific, point of view of its originator. An expert of pigments sees the
whole world as pigments, e.g. O0Ostwald, a physicist sees it as rays of different
wavelengths and energy-quanta and his nomenclature has been taken over by the neuro-
physiologist in studying the retina.

A psychologist of perception wanting to reduce color perceptions to order will
naturally start with perceptions, and theories of their interrelations. The Hering
theory of opponent colors is one, and the Natural Color System (NCS) is a logical
attempt to convert it into a systematic and useful language of color.

Disputes are frequent and futile over what colors are primary, an argument valid in
one context being meaningless in another. Artists must know what mix produces what
they want, a lighting engineer should know the special composition of 1light-rays,
and so on, from one specialist point of view to the next.

The 1language of one area of expertise is esoteric, particularly to the denizen of
another, and it is notorious that experts in different subjects cannot make sense to
one another. It is desirable (which perhaps means merely over-optimistic) to suppose
that specialists in color might know the different languages of color or at least
the one most "natural" for a layman, a language that requires no knowledge of
electrophysics but simply arranges colors according to a phenomenological analysis
of how they are perceived. Hering’s theory and the NCS seem best fitted for this.

The problem become clearer when the different color structures are related to one
another. The properties of color stimuli are better known than the means whereby
physical energy is translated by neural activity into perception, while the associ-
ated psychological interpretations put on different colors and other subtle influen-
ces they convey are even less explicable.
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We now compare four color structures of different conceptual origin:

I. The formal arrangement of colors according to the NCS metric;

II. A structure of semantic distances;

III. A structure of unspecified similarity distances;

IV. A structure in which distances between colors are defined as contrast;

Semantic color structure. Semantic differences associated with color meaning have
been identified in many investigations, (summarized by Sivik 1974 a,b,c,d), also
showing how factors of the meanings of colors could be related to the perceptual
NCS-space employing. a method of direct mapping with "iso-sematic 1lines". TIan the
present study we examine data of the same sort to see what structure the different
colors might form, as regards their semiotic content. Suppose a strong red and a
strong green, that are perceptually very different, have the same values on differ-
ent factors of meaning (e.g. from semantic differentials); this would indicate that
they are semantically the same, and would thus occupy the same position in the
"semantic color space". Such a space would be entirely different fram a perceptual
one, which, however, does not seem to be the case. The extreme opposite of this
example would be that the perceptual distances between colors were the same as the
semantic distances - but that is as unlikely.

Similarity between colors. Experiments with color similarity were reported by Ekman
as early as 1954; he used a number of color stimuli around a hue-circle. Since then
his data have been frequently used as a routine all over the world to examine new
species of what is called multi-dimensional scaling (MDS). This method has also been
applied in pure color-metric research (Indow & Ohsumi 1972), for example, who stu=-
died the similarity structure of Munsell color samples.

In the present study we have kept constant the dimension of hue, so as to hypothe=-
size only two dimensions. The same set of constant-hue color samples was used in two
similarity studies with different groups of subjects and different methods of MDS
analysis.

Distinctness of border. We have examined elsewhere problems of color-combinations
and contrast. (Hard & Sivik 1974). Contrasts between different areas are of course
important when perceiving forms and patterns. Tn the experiments we defined one kind
of contrast that is hypothetically crucial in the formation of patterns as "dis-
tinctness of the borderline that is perceived between two fields". This concept has
earlier been used by, for example, Boynton (1973).

METHODS

The NCS space. In NCS a color perception is defined by reference to how closely it
1s perceived to resemble each of the elementary colors. These grades of resemblance
represent the perceptual attributes of color called blackness, whiteness, yellow=
ness, redness, blueness and greenness. As they are not mutually independent, they
can form a structure of only three dimensions. Each color is specified separately
and within certain definitions. The distance between the placings of any two colors
is consequently a secondary measurement in terms of the graphical model used; by way
of an example see figure 1.

The color similarity space was constructed from distances defined as "the perceived
similarity (or dissimilarity) between two colors". These subjective estimates were
treated as distances and we used MDS methods to bring the distances into a configur-
ation, here of two dimensions. Two different studies were performed using the ten
colors with NCS-positions as in figure 1.




LI. (Similarity study no 1) used 30 heterogenously sampled subjects. The lighting
was a 60W incandescent lamp 1m from the color sample. The used MDS was Shepard and
Kruscal ‘s non-metric method in Torgersons version (TORSCA)(Young 1968).

LII. used 21 Ss who were all students of psychology. The lighting was a Luma Color-
ette (fluourescent tubes well simulating daylight). Data were here transformed by
INDSCAL (Carroll and Chang’s metric method, 1970), which also traces differences
between the styles of judgement of the individual subjects.

In both studies the two colored surfaces (with a white frame) were presented as in
figure 2. Each S judged the similarity between the colors on a 10-step scale in
which 1 meant minimal and 10 maximm similarity; 10 thus correspqonded to colors
perceived as identical. ’

Semantic space. A difference in meaning between two colors can be defined as a
distance in a semantic space (Osgood et. al.1957). 1In our study the space was
defined by three "principal components" derived fram semantic differential judge-
ments of the ten colors (15 SD-variables). 1In the experiment, which was carried
through individually, the color samples measured 13 x 18 cm; the Ss and the experi-
mental conditions were the same as in LI described above.

The principal components were: 1) Evaluation (beautiful-ugly); 2) Excitement
(exciting-soothing); 3) Forcefulness (energetic-lazy). The distances in this space
were adapted to a two-dimensional configuration by the TORSCA-program.

Distinctness of border. Subjective measurements of this variable, as we defined it
previously, were taken to be distances between the judged colors and were transfor-
med by the INDSCAL program to a two-dimensional constellation. The estimations were
made by 21 psychology students, but not those who had taken part in the similarity
experiment LII. The color fields bordered each other; angles of lighting and obser-
vation were adapted to eliminate undesirable optical artifacts.

RESULTS AND DISCUSSION

As shown in figure 1, three of the studied colors chosen lay along the black-white
variable (the gray-axis) and the others were of approximately constant hue.

Figures 1-3 depict the MDS configuration of the two-dimensional solutions described.

The first thing one notes when comparing the different outcomes is that the colors
appear in almost the same constellations, in the same order and the same dimensions.
As to the dimensions one may say, however, that the those derived from the TORSCA
method are arbitrary and so must be rotated into a meaningful direction. The INDSCAL
procedure, on the other hand, fixes the dimensions and they emerged as the figures
show, 1i.e., as one dimension of lightness and one of chromaticness. That the con-
stellations of colors recur honors the methods. It may also be noted that the two
similarity experiments give almost identical results - despite the differing experi-
mental conditions of outer conditions as well as methods of treating data.

Noteworthy too is the clear reflection of the NCS structure in the semantic color
space in two dimensions. We will comment on this later.

Most interesting is the systematic change that has occured in some places to the
relative distances between the colors, for this may be of value in research on color
attributes.



NCS vs. similarity. In the NCS configuration in figure 1, it will be recalled that
the colors are defined and thus placed by the resemblance of each to each of the
elementary colors, but not, be it noted, by comparison one to another. The similari-
ty study, on the other hand, compares each to all the others.

When one compares the two configurations of similarity (figure 3 and 4) with the NCS
positions (figure 1) the colors 1, 2 and 3 - i.e. the achromatic ones - have conspi-
cuously been pushed away fram the others in the similarity judgements. This is easy
to interpret; these three are all gray while the other seven are chramatic, although

in varying degrees.

This chramatic/nonchromatic division is the most obvious categorization in the
relatively small mdterial of ten colors, but it would seem that the method of
comparing similarity data with NCS data (derived from a kind of magnitude ratings)
could trace in more extensive experiments other attributes of colors as well.

NCS - similarity - borderline. In the perceptual border-structure (as previously
described) we did not find that chramatic and achromatic colors, as it were, repel-
Ied each other. This also supports our suggested explanation of categorization in
the (cognitive) similarity-structure. Tn judging "the distinctness of border" there
is no reason to classify the color content, the variables in question in this
direction seeming to be a monotonous function of the chromaticness (the abscissa).

It seems that the dimensions of the borderline-configuration, as scaled by INDSCAL
with its fixed axes, are the variables of lightness (ordinate) and chromaticness
(abscissa) and it shows a considerable concordance with NCS. The lateral compression
of' the border-structure may be explained by the fact that the differences in chroma-
ticness has a weaker influence on the distinctness of the border than a difference
im lightness.

We: studied separately the relationship beween the NCS and measurements of contrast
and this work is to be presented in a forthcoming report.

Semantic space. To recapitulate, the ten colors were separately judged on 15 seman-
tic differentials (SD), the averages of which were intercorrelated and factoranaly-
sed to an orthogonal, three-dimensional structure. We would not deny that this is
somewhat dubious because the colors are too few in relation to the number of SD-
scales. Tn this three-dimensional space, however, our colors may be found as points
with coordinates defined by the factor-scores. 1In the NCS-, similarity- and the
borderline-spaces the colors were spread out in an approximately two-dimensional
plane, and we were prepared to advance the hypothesis that this would be the case in
the semantic space also. The color positions in the semantic factor space were
transformed by the TORSCA program to the two-dimensional solution shown in figure 5.
This program provides for each solution what is called a stress value that tells by
hHow much the procedure of approximation has violated the given data; the stress
liere, being .11, is unaccepatable. '

Having considered the deficiencies of both factor analysis and the MDS solution that
we have described, we think it remarcable that the constellation of the colors in
figure 5 still closely resembles the other outcomes and yet more so that the dis-
placements to be observed may be interpreted in psychological terms. The small
distance between colors 2 and 5 shows that they have both been categorized semanti-
cally as dull-ugly-distasteful, being dominated by their grayness. Compare this with
the similarity structure in figure 4, in which differences are to be emphasized,
where these colors seem to be separated from each other. Colors 4 and 7 too have
been placed close together in the semantic space for each may be considered as
yellow with a white component and lacking in blackness and thus of the same charac-
ter. Number 10 is away off from the others being an extremely strong yellow with
prabably specific associations.
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A space of color meaning, as defined here, takes its form from the variables of
meaning it illustrates, and the position in it of each of a number of colors is
influenced by the total range and number of colors thus presented; in addition the
sample of subjects also affects the outcome. These facts should not be regarded as
experimental handicaps but should be used systematically, not only, as is repeatedly
done, to prove that they are influential; one should try to elucidate when, where
and by how much they influence the results of this kind.

We would say, in conclusion, that although the color relations of the present
studies are tentative they have demonstrated at least how structures of color per-
ceptions vary from one point of view or method to another; a color space is a result
of the concept on which it is based, of the principles chosen for its parameters
and of the scaling methods. These remarks may sound trivial if they had not hitherto
been only inadequately recognized. The comparisons have further shown that systema-
tic differences between different structures can be analysed so as to provide infor-
mation relevant to research and color perception in the broadest sense.
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SUMMARY

Sivik, L & Hird, A. Distances between colors - a comparison of different structures.
G8teborg Psychological Reports, 1976, 6, No.7. - The concept of color can be vari-
ously defined. This study compares four different structures, each defining a speci-
fic structure of the numerous color perceptions. A eucledian two-dimensional confi-
guration of ten colors of constant hue were defined by: a) NCS-coordinates, b)
multidimensional scaling of perceived differences between the colors, c¢) factor-
coordinates derived from variables of meaning (SD-data), and d) perceived distinct-
ness of borderline between two color surfaces. The face-validity of the results
suggest these methods of comparison as fruitful in investigating the nature of color
and color differences.
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of Art, Craft and Design, Bergen, Norway
Grete Smedal

Do we need a colour system in order to learn about colours?

And do we need a colour system in order to teach this subject?

If the answer is yes, then which of the available systems is

the "correct" or "best" foundation or aid in colour training?

Questions such as this must be answered before we attempt to
build up tuition for colour training, irrespective of the type
of school or the level at which our efforts are directed.

For almost ten years I have been responsible for the basic
tuition ih colour theory at BKHS (National College of Art, Craft
and Design in Bergen, Norway), and during this period I have
carried out experiments and gained experience which might perhaps
be useful as a point of departure for a discussion on the use

of colour systems in tuition.

BKHS is one of Norway's two colleges in the field of art, craft
and design, and each year trains about 35 students in the sectors
ceramics, graphics, furniture design, interior architecture and
textile design. The basic tuition in colour theory is given

to all disciplines, in courses of 120 periods during the first
year of college.

The various departments work quite differently with colour with
regard to technique, pigment mixture etc. The type of colour

training which deals with textile dyeing, glaze chemistry, silk
printing, colour mixing for graphic techniques, etc. is related

to the tuition given in the individual department.

In courses in freehand drawing/painting, a comprehensive subject
taken in all departments, the students work with colour as a
pictorial element, and are given instruction in the qualities

of colour as a means of pictorial expression.

In the subject Art History instruction is given in the signifi-
cance of colour in pictorial art throughout the ages, and as an

expression of different cultures and environments.



The object of the elementary, inter-disciplinary colour training
is first and foremost that of discovering colour as a visual

phenomenon.

The actual visible result of pigment mixtures and combinations

is thus common to all students, and the elementary course attempts
to create a conscious relationship to "what one sees". Often
"what one does" becomes a barrier to the actual visual experience.
One expects a certain result because one knows the technique,

and "sees" something different from that seen by someone who
views the product with no preconceptions.

It is just this difference between technique and visible result
that convinced me that it would be particularly useful to make
use of a perceptive colour system such as NCS, to permit the
translation of experience "as it looks".

The actual learning of the system is extremely simple. This
takes only a few days, during which we to some degree employ
collage technique, combined with study material from the
Scandinavian Colour Institute. The use of existing colour
(magazines, textiles, etc.) means that it is the eye itself,
and not the colour mixture which determines the place of a
colour in the symbols. NCS's graphic symbols, the hue circle
and the nuance triangle, thus become our "language" when we talk

about what we see.

As the colour mixing exercises start, each experience is recorded
in a circle or triangle. The visible result of the mixture is
thus registered both with regard to hue and nuance. It is not
long before the students discover the "three main colours of

the pigments" and their location in the circle. The reproduction
exercises are concerned with just the problem of describing a
colour visually (NCS) before producing it by mixing. This trains

both colour memory and sensitivity to minute variations.

With regard to phenomena such as after-image, simultaneous
contrast, etc. we work again with no other aids than the eye



itself. We experiment, we use our eyes, and we record in the
NCS circle and triangle the experience we have gained, so that

it becomes a useful piece of knowledge.

In this way we sum up many colour systems, all based on various
basic concepts, and we make them into a body of knowledge based
on the phenomenon of sight itself. As the "complementary colour
pairs" differ somewhat according to the definition given to the
concept (additive or subtractive colour mixing, after-imager, etc.
it is of particular interest to record these differences in one
and the same symbolic idiom. If two colours are "complementary"”
it is, after all, because they interact in a special way, not
"because they are located in opposite parts of the circle".

On this basis we can, for instance, discuss what "visually

complementary colours" are.

It is essential for a design student to acquire a knowledge of
the components which control a colour composition. What consti-
tutes form, what likenesses and contrasts must be dealt with in
the environment or in a product design? If things don't function
as desired where can we start to put them right, what ways can

we take tO alter an expression, to influence the interpretation,

etc.?

In other parts of the elementary course NCS is used as an idiom
for the formulating of work processes and for discussion of the
result of these. Without uniform terms it is difficult to

give exercises structure, and even more difficult to discuss
the result.

The object of this part of the course is to give a picture of
the components of the colour gestalt, and I have found Anders
Hard's colour combination model extremely useful in structuring

work in this sector.

The three main dimensions: chord, interval, harmony (balance)

and their sub-dimensions are treated in exercises in which an



attempt is made to keep certain factors constant while varying
others, to permit unambiguous discussion of the changes which

take place. The influence of a change in hue on an expression,
and the significance of the change in nuance can only be discussed
if these factors are treated individually. The formative
qualities of colour are treated in exercises. In some of these
the chroma is constant, in others the hue and in others the

lightness. . .

I shall bring with me to Kungdlv some samples of student work
from the school, which should show how useful we have found NCS
as a basic language in our work with colours.

These exercises should show that exciting processes are often
triggered off by a relatively simple point of departure, as
there is a structure for the thought.

It is also my experience that if one outlines a work process
and then systematically works through the possibilities it
contains, one can exceed the limits of one's own taste, and

can make new and exciting discoveries.

As a colour system NCS is value-neutral in that it does not
give rules for what is ugly and what is attractive, or for what
"one ought to do". The system is quite simply built up on the
visual gqualities of the colours, and is arranged so that visual
similarities and differences can be described. Colours with
the same relationship between two coloured elementary qualities
(with the same hue) have the same location on the circle.
Colours which have equal chroma are situated on the same scale
of the triangle (parallel with the grey scale). Colours with
the same degree of likeness to white are located on scales
parallel to the "non-white" scale of the triangle, etc.

At the present it is difficult to form an opinion of the extent
to which these visual likenesses form the point of departure

for a "harmonic theory". This is however a fascinating and



exciting field of study and the purpose of several exercises
is just that of "balancing" the colours up to certain likenesses
in order to study the importance of these. The symbols give
good assistance in the planning of such exercises and discussions

of the results.

I am convinced of the value of the individual attempting to
work up his or her own "rules of harmony", or rather of becoming
conscious of his.or her own experience of, for instance, "ugly
and attractive". If the experience that has been acquired is
recorded in symbol form, spontaneous findings can become firmer
knowledge. It is perhaps just here that we find the most impor-
tant objective of colour theory: that of increasing conscious-
ness. Knowledge must not inhibit creativity, but must open

eyes and expand horizons, so that the tool which colour forms
can be of service in evoking an image, or in product or environ=-

mental design.

Acting without thinking can often be fruitful, not least in the
field of art and design. Such action allows spontaneity,
sensitivity and personal commitment to find expression. But

if we are to develop in relation to ourselves I think we must
stress the value of analysis, of thinking about what we have
done. This will provide valuable experience. I think that a
language is necessary in such an analysis, and that NCS functions

as such a language for our purposes.

During the spring of 1983 I have carried out an exﬁeriment with
an inter-disciplinary group of students from the 3rd and 4th
years in an attempt to apply their basic training to problems
they have met at school or to phenomena they have been interested

in.

I am also showing at Kungalv some of the work done in this

connection, to demonstrate how the group used NCS to structure
their processes, and recorded the results. The problems facing
the world weren't solved, but we were able to share the experi-
ence acquired by the group on the basis of their findings, and

perhaps we can also pass it on for the use of others.



Art, craft and design cannot be viewed in isolation in the
community. As designers of the environment in which people
live, or of part of it, the students will, in their future
professions, constantly come into contact with trade and
industry, manufacturers, architects, economists, consumer
groups etc. As members of a team it will be important for them
to be able to talk about their trade, discuss projects and put
forward arguments in favour of their solutions. A common
.colour language will be an important pfecondition if they are
to understand one another. I believe that such a common lan-
guage should be a major par£ of colour training, forming a
useful interdisciplinary platform, not only for communication,
but also for further development towards new solutions and

increased knowledge.
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A Colour-Order System for Environmental Design

Werner Spillmann

Department of Architecture, Winterthur Polytechnic,
8401 Winterthur, Switzerland

The paper reports briefly on the search of an environmental
designer for a suitable colour-order system. It describes

a series of experiences with various systems, when used

to solve practical colour planning problems. It also includes

an important suggestion for further development, considering the
matter from a pragmatic point of view. The author teaches

colour design to architects and works as a colour consultant.

Having in mind the definition for colour-or??r systems

which was worked out by the AIC Study Group'’', it he= to be
stressed here that an environmental designer for his practical
work is, of course, primarily interested in the percievable
colour samples, that means, in systematic colour collections
based on real colour-order systems. Furtheron, such colour
collections have the following conditions to be fulfilled:

. sufficient number of colour samples (around 2000),

. visual interpolation easily possible,

. reasonable price,

. covering also the periphery of surface colour space
realizable by usual technologies,

removable samples of at least A9-size for handing out
to painters or industry,

6. available colour papers of at least A4-size for
demonstrating colour design concepts or projects.

BWN -
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.

1 AIC Study Group on Colour-Order Systems,

Circular Letter No. 2, 5 April 1982.



Miller's Swiss Colour AtlaSZ)

Miiller's system is based on Ostwald's regular colour

solid. The hue circle is better egalised than Ostwald's.

The double cone is defined by 60 hue triangles, the legs

of which are devided into 10 steps as in the later NCS.

The parameters of "Farbwert" are whiteness and blackness,
expressed by numbers from 0 to 10. The colour atlas contains
2541 mobile colour samples made of dyed paper circles with a
diameter of 20 mm. When still available it was sold at a price
of 300 sFr.

Miiller's Swiss Colour Atlas was an excellent and inexpensive
instrument for developing colour juxtapositions and for their
visual control. Its use for demonstrating design ideas was
very restricted, and for handing out patterns to the painter
the samples were too tiny and delicate. Lost samples, unfor-
tunately, couldn't be replaced.

Miller's Swiss Colour Atlas fulfilled in an optimal way
condition 1,2,3.

3)

Hesselgrens Firgatlas

This well-known colour atlas offered supplementary colour blocks
in a suitable size (condition 5). But Hesselgren's colour atlas
contains only about 600 standards, which are not sufficient for
practical work, since the steps between two neighbouring samples
are often too big and interpolation of Hesselgren's parameter
saturation is rather difficult. .

So, the author turned again to Miller's Swiss Colour Atlas.

And still, he had to mix his colour patterns himself. There

was another difficulty too, with the Swiss Colour Atlas: As

the samples are dyed papers, the so-called "dunkelklare Farben”
between "Vollfarbe" and black are not very deep colours, they are
rather whitish. So, this colour atlas could not be used for samp-
ling deep-coloured synthetic resin coatings which are often used
in environmental design. While Miiller's Swiss Colour Atlas

covers well the periphery of clear and brilliant colours, it

does not fulfil condition 4 in the region of very deep colours.
So, the search for a suitable systematic colour collection had

to go on.

2) Swiss Colour Atlas, 1965,

Dr. Aemilius Miller, Winterthur, Switzerland.
3) Hesselgrens Fdrgatlas, 1953.
Prof. Sven Hesselgren,
by T. Palmer AB, Stockholm, Sweden.



Munsell Book of Color (Glossy Finish Collection)4)

Its glossy version contains excellent deep colours. The number
of 1566 standards is somehow sufficient and visual interpolation
is possible without considerable difficulties (condition 1,2,4).

The problem with the Munsell Book of Color was at least in
Switzerland that single bigger samples and colour papers
were not available within a reasonable period of time.

And the price of it was several times as. much the price of
Miller's Swiss Colour Atlas. So, if{ could not be recommended
to students of architecture in spite of the existence of the
inexpensive Munsell Student Set, which is very qualified for
explaining the Munsell colour-order system, but which is not
differenciated enough for being used as a work instrument for
environmental design.

So, the author continued to work mainly with Miller's Swiss
Colour Atlas and sampling deep colours with the Munsell Book
of Color.

For didactic purposes in the formation of architects he pre-
ferred the regular colour solid of Miller's to Munsell's irre-
gular color tree, although he knew, of course, to appreciate the
advantage of Munsell's unlimited colour space which can be ex-
tended according to the development of the technology of colo-
rants.

Natural Colour System NCSS)

At the AIC Colour Congress in Stockholm, in 1969, the author
saw for the first time a prototype of NCS. He was, at once,

very much interested in its issue especially because of the

colour papers which should be available (condition 6).

As far as the system itself, the conflict between regular but
limited systems (Ostwald, Miiller) and unlimited systems with
irregular form (Munsell, Hesselgren)} 1is solved in an elegant
way, as it combines the advantages of both (regular colour solid
and nevertheless the possibility of extending the periphery of
realizable colours).

The colour code using six pregnant colour perceptions combined
with the concept of percentage for localizing nuances within a
tripolar field, can easily be learned by students.

4
) Munsell Book of Color (Glossy Finish Collection), 1976,

by Munsell Color Macbeth Division of Kollmorgen Corporation,
Baltimore, Maryland, USA.

5
) Natural Colour System NCS, 1978,

Anders ngd,
by Scandinavian Colour Institute, Stockholm, Sweden.



While Munsell's parameters "value" and "chroma" are very

useful for visual analysis of single colours by interpolation,

the NCS parameters "blackness" and "chromaticness" supplied by
whiteness seem to the author more suitable for solving prob-

lems of colour juxtaposition in environmental design. It is not

the place here to prove this statement. The following hint may be
enough: The same NCS nuance gives to colours of different hues

an optimum of inner relationship keeping on the other hand the natural
contrast in value analogous to the spectrum. Equal Munsell value
and chroma makes colours of different hues just superficially
similar, while the inner relations of whiteness and blackness remain
different. But that's a matter of design theory.

The different NCS-Editions:

NCS Colour Atlas

The 1412 colour samples include rather deep colours and their
number is Jjust somehow sufficient. Of course, the author would
prefer having the nuances of 30 % and 20 % chromaticness complete.
The scales of low chromaticness (2 % and & %) are very welcome.
The NCS Atlas fulfils conditions 1,2,3,4.

NCS Colour Index
1412 systematically ordered colour samples at such a low price
can be recommended even to students.

NCS Colour Blocks
They are very handy for rough analysis of existing colours and
they can easily be carried along.

NCS Colour Album (A9-samples)

It is very practical for atelier work and for handing out patterns
to painters or industry (condition 5). As there are three samples
of each colour, the collection stays complete when a few samples
are removed. Single colour booklets are available and can be re-
placed.

NCS Colour Register (A6-cards)
It is useful for showing colour ideas to a plural number of
people, as for instance, met in building authorities.

NCS Colour Papers A4 and Colour Sheets A2.

They are enormously welcome to environmental designers for
demonstration of whole colour design concepts or projects
(condition 6).

The author was very much interested in testing the question if
the number of NCS colour standards is sufficient for solving a
practical problem like his latest task, the complete colour and
material planning of the gynaecological department of the State
Hospital of St. Gallen: He experienced that he could find accep-
table approximations among the NCS colour standards for every
color to be represented in a rather complex colour conception.
By using exclusively NCS colour papers, he saved a lot of time.



This is true for the planning stage of conception or
project only, but it is not valid without ¥ceptions
for the following stage of detail planning ' . When the
real colour coatings have to be harmonized with other
chosen materials and exactly prescribed for the painter
or for industry, it will happen that the designer ur-
gently needs colours lying between the standards.

By means of a colour code which allows visual inter-
polation the designer can describe exactly what he needs.
But will paint industry be able to deliver interpolated
colours determined only by the code?

Suggestion for further development

The aim:

The environmental designer wants to get the opportunity to
order every possible colour between existing colour stan-
dards as far as realizable by the colorants of paint in-
dustry by describing it with the help of interpolated values
of the NCS or Munsell colour code and by defining the light
source under which the ordered colour must match the original
NCS or Munsell colour.

Chance of realization:
As paint industry has already started to offer NCS colours, it
will not be too difficult to offer also interpolated colours.

Problems:

But anyway, it is quite clear that problems of metamerism can arise,
when any paint factory for producing "NCS colours" uses its own
colorants. As long as such colours are used under light source
conditions similar to CIE light source C the problems might not be .
very serious. But solutions have to be found for those cases

when the existing light source differs considerably from

CIE light source C, which often occurs in interior design.

Conclusion:

If colour-order systems are not for restricting design work,

but - as we hope - for promoting a sensitive and differenciated use
of colour in environmental design, great efforts have to be made

for reaching the above formulated aim in the near futureand.for‘flndlr
economic ways for solving arising problems with metamerism.

This will be a considerable instrumental progress for practical
design work, made possible by the precisely distinguishing colour
code of acolour-order system really useful for environmental design.

6) Farbgestaltung in der Baupraxis,

Werner Spillmann

in Bauhandbuch '83 BSA/SIA/SBV,

by Swiss Research Centre of Building Rationalization,
Zirich, Switzerland.
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CIELUV., CIELAB, MunseLL AND NCS Axes TRANSFERRED TO THE CIE STANDARD

COLORIMETRIC SYSTEM

For comparing various colour order systems a transfer of their axes to one and
the same system has been performed. The CIE Standard Colorimetric System has

been chosen the common denominator of this comparison.

The transposition of the CIELUV and CIELAB chromatic axes

The CIELUV uniform colour system is defined by three rectangular coordinates!:

L* = 116(¥/Y )% - 16 (1)
u* = 1304[4X/ (X + 15Y + 32) - bx /(x + 15¢ + 32 )] (2)
v* = 130*[9X/ (X + 15Y + 32) - SXn/(Xn + 157 + 3Zn)._[ (3)
The CIELAB uniform colur system is also defined by three rectangular coordinates®:
L* = 116(.Y/.Yn)31— 16 . (4)
a* = 500((x/x,)} - (7/7,)}1 (5)
b*  200[(v/7)° - (2/2,)°] (6)

In the eqns. (1) to (6) X, ¥ and Z are the tristimulus values of the sample
and Xn’ Yﬁ and Zn are the tristimulus values of the ClE Standard [lluminant
chosen.
In a rectangular coordinate system the loci of one axis is defined by the points,
where the other variable is equal to zero. Hence, equating the variables a*, b*,
u* and v* in turn to zero will give rise to the equation of the line representing
the other chromatic variable in the space. Taking into account that the expressions
forming the equations for the four axes all contain factors consisting of a diffe-
rence between two terms, equating these terms and converting their tristimulus values
to chromaticity coordinates will give the equations representing the axes when

transposed to the CIE chromaticity diagram. For details of these calculations, cf

Stenius?.

So we obtain for u#*: y,x + (1.5 - xn)y = 1.5y, (7)

and for v*: (hyn + 1z - hxny =z (8)

and for a*: YT * (1 - xn)y =y, (9)

and for b*: y, £ - %y =0 (10)

The equations (7) to (10) have in common that they pass the achromatic point

*) present address: H&guddsvigen 29, S-181 62 LIDINGG, Sweden
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(xn,yn), but differ in their intercepts of the x- or y-axis, respectively. Hence,
an equation of a line hawing these properties will be common for the four axes
a*, b* wu* and v¥*:

Wy - vp)e = (2 -2y =gz, - 2y, (1)
where T,y represent the intercepts with the axes x or y.

The two types of constants x.,y. and x_,y,  in eqn. (11) determine either what
axis it represents or what slope the standard illuminant chosen will give to the

axis.

The values of the four pairs XY, may be found from the egns. (7) to (10) and are
collected in Table 1:

Table 1. Corresponding intercepts z.,y. of lines given by the eqn. (11) with the
(x,y)-axes of the CIE Standard Colorimetric System when representing the CIELUV
and the CIELAB axes.

axis z . Yy;
u* 1.5 0
v* 0 -0.25
a* 1 0
b* 0 0

Because each of the transposed axes are straight lines between the achromatic point
and the contour of the colour triangle, they represent loci of points of equal do-
minant wavelengths. However, their inclinations, and thereby the dominant wavelengths,
will vary with the standard illuminant chosen. The dominant wavelengths characteristic
for the negative and positive parts of the axes are collected in Table 2. In each
column of this table the smallest and the largest figure are printed in italics.

This facilitates the judgment of the range within which the colour varies for each
axis. Since the hue ranges thus are comparatively large, the question arises how wel!

they correspond to the intended elementary colours. Cf. Fig 1.

For obtaining an answer to that question the chromatic axes of the Munsell and the
NCS systems were transposed to the CIE chromaticity diagram. The functions used for
the elementary colours were third degree parabolas obtained by regression analysis
of the chromaticity coordinates of elementary colour samples. For the Munsell sys-
tem some 10 coordinate pairs of the hues &Y, SR, 6P, 5B and oG were used®. For the
NCS 21 coordinate pairs of the elementary colours Y, R, B and G were used*. The

result is shown in Fig. 2.

Comparison of the chromatic axes of the four colour order systems reveals

1. the yellow axes b*, Y and 5Y are very close to one another. Compared with them
v*¥ has a greenish tint.

2. of the red axes a¥*, u; and 5R are grouped in the blueish red (magenta) region
contrary to R at abt. 630 nm.

3. of the blue axes —b* and B agree, whilst 5B compared with them shows a greenish



Table 2. Comparative compilation of the CIELUV and CIELAB chromatic axes expressed as their domlnant wavelengths in nm

when transposed to the CIE standard (1931) and auxiliary (1964) colorimetric systems for various CIE standard illuminants.

CIE std. CIE std. CILELUV CIELAB
col.syst. illuminant - u* + u* - v + p* - a* + a* - b# + b*
1931 A 502.0 616.6 395.6 579.0 508.8 -608.8 469.2 581.6
b B 496.6 -496.6 4s1.0 572.0 499.9  -499.9 477.1 577.7
" c Lok, 1 -L9L.1 455.8 569.7 4g6.5 -496.5 477.2 577.3
" D¢ s hok.9 -494.9 456.8 569.1 497.3  -497.3 L77.4 576.2
" E hos. 4 -495 4 452.3 571.4 498.2 -498.2 477.0 578.1
1964 A 495.6 621.0 -575.0 575.0 503.3 -503.3 L69.5 577.8
" B 490.6 -490.6 439.1 566.9 4ok.5  -L49h4.5 L70.6 573.1
" C 488.0 —488.0 L46.9 564.1 490.6 -490.6 470.8 571.2
" Dé s 488.7 -488.7 L47.9 563.7 k91,5 -491.5 471.0 571.2
" E 489.2 -489.2 Ly, 2 566.2 492.2 -492.2 L70.5 573.4



Table 3. Comparative compilation of the CLELUV, CLELAB, Munsell and NCS
psychometric lightness functions in steps of A¥= 1. The last column gives
the range, i.e. the difference between the highest-and the lowest values

of lightness.

; CIELUY Munsell NCS-lwni Range ¥ CIELMY flunszell NLS-Whi Ranee

CIELRE Wzlue taness i LIELRE  Malus  tensss

L i9.1%  i@@-z Le o tEab le-s

Lop B8 108 B8 180 8¢ o oe e TE.BT TS.31 7358 2.48

2g-99 19B.2@ 1gb.ae BB 43 7S5.45 Pa 57 TF2.58  2.55

Sai2z 33.21 33.E7  B.GE 48 T4.82 74.83 7268 2.8

2387 3%.82 33.99 @ a3 0 nFlg Teo30 Dol 2.8l

o2 43 A5 42 a3 =3 g 11 45 78S V. ¥R Tl .25 .12
55 93 BT SE.E1 35.15 B 14 §5 T2 g3 Tr.@: 83 oG8 F.a
33 37.63 37 68 37.75 B 1g #4 rez3oTioZdoeg.ed 2.9
33 97.23 37 1% ST IT @ 1& 43 715D vR.6T SV 7B D BW
3 S5 52 B6.72 35 57 B =8 42 T 37 8333 sn.36 441
3% 96.88 25.94 95 15 @& 23 40 B2 .47 £3.51 =3.@8 4 47
33 35.52 95.51 33.75 9. 24 3% 58.75 e7.77 63 84 4.7l
33 G&S.1€ 25.@3 33.33 .25 35 S5.82 &7 @z &3 85 4.3e
37 24.74 24 55 24 31 @28 37 £7.28 &8.28 52.895 3.2l
86 34 31 34 21 34,45  §.26 36 86.32 €5.43 £l.84 548
35 23.8% 93I.77 94.84 @27 55 £3.75 e4.7@ s@.ER 3
34 93.45 23.33 23.88 @ =7 34 £4.36 £3.98 33 35 5
£2 53.81 92.8% 23.15 @ 27 3z 54,16 283 27.84 6.
2 32.5F7 32.43 32.79 B 2 32 53,34 8226 3873 o
g. 32.17 21.37 32.23  B.2€ 3L 52 §1 81 41 55.5% 8
gp 51 62 31.51 S1.76 @25 38 68.55 3% 4z 7.24
T3 31,23 31.85 31.35 9. 24 o= .57 2322 D38
Th S@.TE 25.S5& 24 .81 @23 28 ag.7r do.BB o C8
775832 2B.11 38.3%  @.22 20 E - R A
Te 33 .86 B3 62 23 .82 @33 26 I6 31 43 .45 8OOV
7S g3 3% £9 15 £59.31 @29 23 +5.15  2.33
T4 T2.32 32.66 53.34 9. 26 24 4o 29 2232
T3 S 45 a1y &% & 9. 2% o232 43.42 384
Fz 8r.3T =7.57 B7.75 B id - PR A
71 &7 43 &r .17 27 21 BTl 213 42.55 16 4o
TH 57 @@ S5 66 85 €7 @33 e g1, 4#1.8%  18.78
S5 56.59 86,15 &8 11 B33 12 S 3z.98 il.l0
S5 SE. @i 25.84 25 S5 B 48 13 4%, 57.33 11.95
37 25.58 3511 34.35 a.s2 N is 23 129
S5 35.@8 24,53 5436 @, o8 i 45, A
§5 34.45 24.85 B3I 88 0.8 19 2T 4d.8R 2-EF 1SnE
54 53.37 23.52 33.286 B.77 14 44 3 32 3l.28 13 W3
63 23.44 92 57 52.5% & 85 1: i iLEs S3-33 19
52 22 %1 52.42 31.57 A 35 le 41 49 45 27 931X &S
&1 sz 3R S =7 21 .33 1. .65 i1 o Zmo21 25 .61 13 @7
ge 21 21 36 39, 5S 1,15 1a TP P4 IVl 2364 14 Z1
=3 a1 29 74 5d .53 1.25 ¥ 33.3% 33 34 2i.24 LR.20
Sz Sa ¢ 18 7a. 3T 1,37 g IF 32 23.41 13.34 14.4E
ST 99 TH.53 FI.E3  1.43 Foo3losl 31oFn L1l 3E 0 1447
S5 TY.Ba TS 4B TT.IA 174 52873 2e e laoie 12.53
53 T3'as 77 39 75 53 to2s - - G S S b s G - -
S3 Tr.87 TT7 i F5.85 2 &z 30 Zeoes 153 7 Fs 12 1
5: tr.28 Te.57 75.11 217 @oizdEoazizo 329 17 Al
5. TE.E2 TS.AS 73 36z 3z poo8.R% 0 832 274 £.20
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axes for CIE Standard Illuminant A
and C transposed to the CIE Standard
Colorimetric System.

o b
6. oF o032 03 04 05 06 07 x
Fig. 2. CIELUV, CIELAB, Munsell and NCS

chromatic axes transposed to the CIE 1931
Standard Colorimetric System. Std.ill. C.

. G and 5G agree within a few nm, whilst —a* and -u* compared with them are clearly

blueish greens.

Comparison of the CIELUV, CIELAB, Munsell ans NCS lightness scales

Table 3 shows a computer print of the CIE, CIELUV, CIELAB, Munsell and NCS lightness

functions in steps of AY = 1 together with the range of the four latter ones. The

Munsell implicit renotation Value function?, Vy, has been multiplied by 13.1 for

normalizing its range to 100. It has been evaluated by an accelerated iterative

calculation

>. In the NCS column the lightness has been replaced by its whiteness®:

w =100 - s = 156Y/(56 + ) (12)

in the upper third of Table 3, 100>Y>67, the range is small, less than one unit.
For the next third, 67>Y>33 CIELUV/CIELAB differs from Munsell by roughly less

than one unit, whilst NCS is responsible for the main increase in the total range

for Y<66. This comparison, however, does not reveal what values deviate most from

the correct perceived lightness.

W N =

oy
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THE UNIVERSAL COLOR LANGUAGE - A WORLD-WIDE COMMUNICATIONS CONCEPT

Alexander F. Styne

Colors can be described adequately and accurately by the

Universal Color Language to meet the needs of the public,

the designer, manufacturer and scientist in words that can

be translated from one language to another and in terms

that can be understood internationally.

The Universal Color Language is a concept by which color can
be described on different levels of accuracy for different needs:
Consumer and manufacturer, artist and designer, technician and
scientist. It is based on human factors, common to human populations
all over the world: The sense of vision, the ability to perceive
and distinguish colors and the need to communicate this sensory
experience to others. Communication is possible on the level of
accuracy needed for specific purposes: Common words, that can be
translated from one language to another, are used on three levels
of accuracy. Although difficulties in translation must be expected,
they can be overcome because of the clarity of the boundaries
assigned to each Color Name Block. Designation by letters and
numbers, used in various systems, apply to the fourth level, such
as the Color Harmony Manual, the Swedish Natural Color System or
the Munsell System. On the fifth level visually interpolated Munsell
notations allow further accuracy and the sixth level is represented
by designations rgsulting from instrumental measurement for the
best accuracy available today (Fig. 5).

On Level 1 thirteen colors are identified by dividing the
color solid into thirteen large, precisely defined parts. Three
are neutrals White, Gray and Black. The other ten have generic
Hue names, used in everyday language, such as Red or Blue. Some of
these generic "color name blocks" are located one above the other
in lightness, such as Orange and Brown or Pink and Red (Fig. 1).

On Level 2 (Fig. 2) sixteen additional colors are identified by
placing intermediate hues between the generic ten of Level 1. For
example, the Blue hue name block and the Purple hue name block make
room for insertion of a Purplish Blue and a Violet block. In Fig. 5
these additional hue names are shown in their abbreviations between
the circled Hues of Level 1. These two levels can be easily taught

to children from four or five years of age on.
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On Level 3 modifiers (Fig. 3) are added to describe lightness
and saturation, resulting in a division of the solid into 267
smaller color name blocks (Fig. 4). These names are used in the
Color Names Dictionary (Ref. 5) to describe and identify color names
in different collections of color standards. The color located in.
the center of gravity of each block has been identified and 251
have been sampled in the ISCC-NBS Centroid Color Charts (Ref. 6).
The accuracy of these samples has made them useful in many
industries and in a number of different fields, from dermatology
to photogrammetry (Ref. 3). The charts are also well suited to
statistical studies of color trends for consumer goods. The simple
and logical names used on this level can be translated into many
languages: The example given in Fig. 5, light yellowish Brown on
Level 3 becomes in

French - Brun clair jaunitre

German - Helles gelblich braun

Spanish - Carmelito claro amarillento
Japanese - Uguisuiro or Usui kiiropi shairo

On Level 4 the solid is diéided into yet smaller parts, that are
described by notations, using numerals and/or letters. Fig. 5
mentions "from 943 to 7056 colors", based on the systems listed.
These are best exemplified by the Munsell Book of Color, which has
approx. 1600 colors (Ref. 7). In this system colors are visually
equally spaced when observed under CIE source C and specified
viewing conditions (Ref. 2) along the three dimensions or attributes
of Hue, Value (Lightness) and Chroma (Saturation). The Munsell
system is used in many countries and ties in well with the CIE system.
The method of notation together with the visually equal spacing
permits visual interpolation and description, if a higher degree of
definition is needed. While the OSA system of uniform color scales
(Ref. 8) and the Swedish Natural Color system have been studied
since the 1940's, they were not yet completed when the Universal
Color Language was first published in 1965 (Ref. 4) and so were

not mentioned.
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On Level 5 approx. 100,000 colors can be identified through
visual interpolation in the Munsell system by a well-trained
observer and described by adding fractional values to the original
Munsell notations used on Level 4. This level is the one most used
in many industrial applications where visual judgment and matchlng
of colors are still predominant (Ref. 10).

The greatest accuracy that can presently be achieved and is
meaningful in color identification can be described on Level 6.
To quote Kenneth L. Kellf (Ref. 5):

"The first or basic method of color designation is the CIE

method in which the color is specified in terms of

chromaticity coordinates x, y and daylight reflectance Y

(or in tristimulus values X, Y and Z). It is common in

careful colorimetric work to specify these coordinates to

three figures."
Spectrophotometric measurement permits us to divide the solid into
approx. 5,000,000 very small blocks. The second method based on
instrumental measurement is exemplified by non-visual interpolation
of the Munsell notation to one tenth of a Hue step, one twentieth
of a Value step or one tenth of a Chroma step.

The Universal Color Language is a method by which colors can be
described for the specific need of the user in clearly defined and
correlated levels of accuracy. Additional levels could be arranged,
for example a Level 2.5 or 3.7: or with increased capability on
instrumentation a Level 7 may become practical through this method.
Different systems and color designations can be comparéd. This was
accomplished in the Dictionary of Color Names (Ref. 5) with systems
available at the time of its preparation. New systems could be
assigned to their respective levels of accuracy and their designations

could be compared.

The concept can be taught from the lowest school level on,
similar to mathematics, and can be used to convey ideas or
specifications amongst users in different fields and from different

cultures. It can become a world-wide communication tool (Ref. 9).



white
(Wh)

-ish white
( -ish Wh)

(. Gy)

light gray
(. -ish Gy)

light -ish gray

Fi g« 1« Color solid divided into 13 color name blocks on Level
I tCopyright 1969 by A. F. Strne)

-ish gray
( -ish Gy)

medium gray
(med. Gy)

Munsell Value (Lightness)

dark gray
(d. Gy)
(d -ish Gy)

-ish black | dark -ish gray

black (Bk)
( -ish Bk)

very pale very light
(v.p.) (v.l.) brilliant
(brill.)
pale
(p) light
light grayish (1)
(. gy.)
grayish moderate strong
(gy.) (m.) (s.)
dark grayish dark deep
(d. gy.) (d.)
blackish very dark very deep
(bk.) (v.d.) (v. deep)

Munsell Chroma (Saturation)

: . Scheme of the hue modifiers, the “~ish”" grays and the neutrals with
their modifiers. Abbreviations are given in parentheses.

Fig.2. The color solid on Level 2. The hlue name block is

divided into purplish blue. hlue. and greenish bive.
Bluish green and yellowish green have becoms scp-
arared from green.



VERY LIGHT

PURPLE

Lavel of
Fineness
of Color
Designation

Level 1
(least precise)

Number of
Divisions of
Color Solid

Generic hue
names and
neutrals (See
circled designa-
nations in
diagram below)

Type of Color
Designation

Example of
Color
Designation

Alternate
Color-Order
Systems
Usabile at
Given Levels

VERY PALE
PURPLE

VERY
PALE
PURPLE

All hue names
and neutrals
(See diagram
below)

yellowish
brown

PURPLISH
WHITE

IGHT GRAY

Visually inter-
polated Munsell
notation (From
Munsell Book of
Color)

Color-order
Systems
{Collections of
color standards
sampling the
color solid
systematically)

and neutrals
with modifiers
(NBS-C553)

Munsell 1548° W9v2YR6.4/4% "

10YR6/4°"

1ght yellow-

M&P
(1st Ed)
12H6

7056*

Plochere 1248°
180 0 5-d

Ridgway 1115°*
XXIX 13 b

CHM
(3rd Ed.)
3gc

943°

VERY LT. PURPLISH GRAY
BRILLIANT LIGHT
PURPLE PURPLE A+
/ oPALE. MEDIUM GRAY
LIGHT PURPLISH GRAY
PURPLE »
B;!ILLIANT %
URPLE RAYISH AR
/ %UFIPLE R b
VIVID PURPLE ’///,z’ PURPLE L TR PYe-PURRLISH GRAY
. L-DARK GRAYISH PURPLE
STRONG
vivip | PURPLE <=BLACK
PURPLE
=PURPLISH BLACK
DEEP C
PURPLE ~BLACKISH PURPLE
'Fig.4. A three<dimensional illustration of the ISCC-NBS
color-name chari for purple shoving the color-name block sirurture.

Level 6.
(most precise)

CIE (x.y.Y) or
Instrumentally
Interpolated
Munsell Nota-
tion

x = 0.395

y = 0.382

Y = 35.6% or
9.6YR 6.4,/4.3""

General Increased Fineness of Color Designation ——
Applicability 4—+¢—<¢— Statistical Expression of Color Trends (roll-up method) €—<¢—4¢——

* Figures indicale the number of color samples in each collection
** The smallest unit used in the Hue, Value and Chroma pans of the Munsell notation in Levels 4 (1 Hue step. 1 Value
step and 2 Chroma steps), 5 (Y2 Hue step, 0.1 Value step and % Chroma step) and 6 (0.1 Hue step, 0.05 Value step andg
01 Chroma step) indicales the accuracy to which the parts of the Munsell notation are specified in that Leve!

Fig.5. The six levels of the Universal Color Language
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SHOULD WE HAVE AN 150 COLOUR NOTATION SYSTEM?

GUNNAR TONNQUIST, Laborator {(Senior Physics Engineer)
Department of Photography
Royal Institute of Technology
S-100 44 STOCKHOLM Sweden

When in 1979 a Lolour notation systiem (1) and a CLolouc _atlas (2), both
based on the Natural Colour System (NCS), had bedn issued as Swedish stan-
darde, the Swedish Standards Institution (SIS) also set up a new technical
committee (515 HK32/TK?) with the task to

1. suppliement the NCS system and atlas with tables of CIE coordinates,

2., encourage the use of the NCS system in other Swedish standards,

3. initiate an international standardization of coiour notations, with

NCS as an integral part.

The author accepted the chair in the committee, which since then has been
rather successful within the +irst +two parts of its terms of reference
{3,4,5). With regard to the third part, the British Standards Institution
already in 1980 proposed an IS0 committee for standardization of “harmonic"”
colour selections for building purposes. SIS then recommended in the <first
place an agreement on a colour order and notation system, cut of which
selections could be made. The British proposal initiated SIS to propose a
new committee dealing with systematic colour notations, for which there
obviously is a need. However, up to now no agreement has been reached on
such a committee, due to the diverging comments from the member bodies of
180.

Colour stimulus systems

The CIE colorimetric system was the first attempt to define a procedure for
obtaining colour specifications from physical stimulus measurements, Its
main advantage is the <fact that it has become universally accepted as a
means of communication in instrumental colorimetry,

The original system was based on three real stimuli RGB, but it was already
in 1931 recommended to use three artificial stimuli X¥2, mathematically
derived from RGB so as to give a chromaticity chart ot suitable geometrical
properties.

The fundamental principle of the CIE colorimetric zystem is to give
"the amounts of three defined radiations which, when mixed, will pro-
duce a complete colour match of the sample under test",

Al though an experienced colorimetrist can draw rough conclusions from a set

of CIE values as to the colour perception evoked by that stimulus,
"it has to be recognized that the specification defines the three-sti-
mulus mixture that will produce the same colour sensation as the test
stimulus, without actually defining the sensation itsel4, It is per-
haps surprising that a system of colour measurement which does not
claim to measure the appearance of colour can have the wide applica-
tions which have been found for it ... 0Of course, there is, under
normal viewing conditions, a +airly close correlation between the
trichromatic specification of a stimulus and its appearance, but we
should be making false claims for colorimetry if we did not acknowled-
ge that a colour cspecification merely expresses an equivalence between
physical stimuli in their capacity to arouse a colour sensation, and
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that the specification itsel+ is a physical specification of stimuli,
not of a sensation."

The quotations are from Prof. W D Wright (&2, Similar wordings were also
used by Dr R W G Hunt in a discussion in 1943, which finally led to the
founding of AIC as a seocarate body to deal with colour problems on 2 broa-
der basis than is possibie for CIE whose original interests are those of
the illumination engineer,

Many efforts have been made to transform CIE coordinates sc as fo contorm
better with wvisual observations. In most of these the main object is to
make egqual small colour differences plot at equal distances. In other
transformations one has tried to create coordinate axes according to the
elementary hues, The problems in defining a "colour difference” are discus-
sed in another paper by Hard and Sivik, and Stenius shows the wunacceptable
deviations from visual facts in such coordinate systems.

Even if a set of CIE data or its transformations may specify the colour
stimulus physically - within the limits set by the fact that spectrophoto-
meters or colorimeters often give significantly ditferent results - this
specification can by no means be said to describe the appearance of
colours,

Visual appearance systems

IWhen S1S proposed a committee for an 150 Colour notation system, it was a
system ot descroipiiue colour notations that we had in mind.

In such a perceptive colour order system each colour notation in itsgeld
should give a description of the visual percepts of that colour. & set of
such spontanecusly perceivable and independant wvariabies of the colour,
expressed as numerical values, would then jointly define and describe the
appearance ot the colour. Such wvalues should be possible to determine
visually, irrespective of the physical stimulus that has evoked the colour
perception.

An examination of colour notations in existing colour order systems reveals

varying features, Many concepts are used in two or more systems, aithough
sometimes with different meanings <table 17,

Table 1. WYARIABLES AMD CONCEPTS IN SOME COLOUR ORDER SYSTEMS

Munsell (73 Hue Chroma Yalue

NCS (1) Kulérton = ku]érthet #* svarthet {vithet)
Chue) tchromaticness) (blackness) fwhiteness)

DIM <8) Farbton Sattigung Dunkelstufte

Ostwald (%) Farbton Schwarzanteil Weissanteil

Coloroid (107 {hue) ({saturation’ {luminosity)

0SA-USC (11 J/g9 <jaune/green) lightness

# derived from the relation between the two chromatic elementary attribu-
tes of the colour <if the hue is not that of a chromatic elementary
coloun.
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#% derived from the sum of the two chromatic elementary attiributes of the
colour. <iWhen the hue of the colour is that of a chromatic elementary
colour, its chromaticness is identical with that elementary attribute.)

Even if the concept of huesEacbton seems to be common to most colour
order systems, the definitions are quite different, In some systems (DIN,
Ostwald, Coloroid) equality of hue is defined by additive stimulus mixtures
(equal dominant wavelength)., This gives considerable variations in percei-
ved hue, which are taken into account by both Munsell and NCS.

In most systems one has aimed at an “Qqua117 spaced” hue <circle., However,
in making the experiments to estabiish that hue spacing, one usually choo-
ses colour samples that are already equal imore or less) in one or two
other parameters {(e.g. Munsell Value and Chroma). This choice of parameters
then influences the Kind of hue spacing that is obtained.

MCS is the only system that, following the principles of Hering, relates
the hue <scales to the four chromatic elementary colours as perceptually
well defined reference points., The difference between Munsell and NCE in
the curvature of the loci of constant hue may largeiy be ascribed to ditfe-
rent extrapolation techniques,.

Also in their other variables, Munsell and NCS have the perceptual approach
in common, but with different scaling principles. Munsell CLheooma is sca-
led as equal steps of perceived distance +rom the neutral axis. NCS chra=
maticness is the perceived sum of the chromatic attributes present in
the «colour. This i3 <hown to correspond to the perceived resemblance of
the colour to the pure chromatic colour, or the perceived sum of the chro-
matic attributes.

Munsell Walue is scaled in equal steps between black and white, related
to CIE Tuminance factor by a fifth-degree polynomial, which also may be
closely approximated by a cube root expression. NCS blackness <(like its
symmetric counterpart whitepess) again is the resemblance of the colour
to black {or white). Afterwards the experimental data were found to corre-
late quite well with an Adams-Cobb equation, already used by Judd.

In spite of the wverbal analogies with NCS, 0Ostwald UWeiszanteil and
Schuwarczanteil are defined as additive mixtures, and so is Coloroid sa=
furcation. In the DIN system, the locus for Siittigung=é was determined by
experiment, whereatter all other saturations were calculated by linear
interpolation and extrapolation in a certain MacAdam transformation of the
CIE chromaticity diagram. It is alsc assumed that colours of the same chro-
maticity <theoretical shadow series’ do not oniy have the same Farbton but
also the same Sattigung. "

05A~UCS defines a lattice of colour points, where the total colour diffe-
rence between neighbours 1is said to be the same throughout colour space.
This makes it impossible to uce polar coordinates like hue and saturation.
Instead the tlattice is plotted in a cartesian diagram, where the axes are
called j {jaune/vellow - with blue at negative wvalues? and g <goeen -
with red at negative values), These notationes may indicate an cpponent
colours system, but the deviations from the true unique hues are far toc
large.

For UCS lightness the Munsell renotation Yalue scale is wused. Coloraid
luminp=ity{?) has the same square-root function as the original Munseli
system. DIN Dunkelstufe i3 a logarithmic function of the “Relativhellig-
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keit’, i e the luminance factor of the colour in relation to the Jluminance
factor of the “optimal’ stimuius ot the same chromaticity. The experimental
scaling of the Dunkelstufe was primarily made with neutral samples. A check
on eight chromatic shadow series showed noticeable deviations, nevertheless
the same equation was adopted for all chromaticities.

It will be the task of the proposed 1S5S0 committee to define wunequivocalily
all thece concepts and to select a choice of variables to form a standardi-
zed descriptive 150 colour notation system. Thereafter methods may be deve-
foped and recommended for the transition of colour notations between diffe-
rent systems.

Colour notation system and/or colour atlas

It has been said in some ot the replies to our proposal that a perceptltive
colour system must be based on a colour atlas, and that such a colour atlas
is valid only for a defined illuminant.

This is not correct., The perhaps most important feature of a descriptive
colourn. _notation _=syxstem is the fact that it has been found possible for an
observer to determine - with a surprisingly good accuracy - the position of
a colour in the perceptual space without any instrumental measurements and
without reference to any colour sample, only using his "built-in" referen-
ces. Irrespective of the physical or physiological cause of tahe percep-
tion, the <colour notation system describes the colour_appeapancse of an
colour object in any illumination or surround. If variations in illumina-
tion and surround make the perceived colour of the object change, the
colour notation of that object changes as well.

It is true that 3 colour _atias has to be produced for one specified illu-
minant, However, practical experience has proved it to be fairly invariant
to moderate changes in illumination <such as from C to 0437, The coloup
atlas illustrates the colouc npotation system with a limited choice of
colour samples. Its purpose is to facilitate communication about coiour and
to enhance the precision in the colour notation.

In Sweden, the colour notation system is published as a separate standard,
where the concepts and the structure of colour space are defined. The
colour atlas and the CIE specifications are other standards <csupplementing
the +irst one.

Colour radiation

The desirability of translations between various colour notation systems
has already been =tressed. As vet stimulus measurements according to CiE
recommendations form a rather complicated structure with a number of alter-
natives in many of its phases. 1+ colour systems are to be really comparab-
le by their CIE specifications, a standardized selection must be made out
of existing "standard" observers, illuminants, illuminating and viewing
geometries etc, This problem is also discussed in another paper at this
meeting.

Conclusions

For & new colour notation system to be accepted as an international stan-
dard, it must meet the following requirements.

A set of perceptive colour attributes must be defined. Each attribute
cshould correcspond to a spontaneously perceived characteristic of the colour
perception, which often makes it difficult to detine verbally <e.g. hue).
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Each atiribute shouid also be given a standardized psychometric <scale,
related to some sort of stimulus cspecification.

There will most probably be more than three such attributes in the defined
gset, as already indicated in the present Swedish standard "Colour notation
system”. Some attributes may be mutually interrelated and it will be 1left
to the user to choose those atiributes best suited for his particular task.

By means of their stimulus specifications, formulae, or at least tables,
for translation ¥rom present major systems to the new system, and vice ver-
sa, should be given.

When non-perceptive attributes and scales are used as approximations +or
true perceptive attributes, their definitions and the expected degree of
deviation must be given. Such attributes may for instance be based on addi-
tive stimulus mixtures like the "dominant wavelength®.
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Constant Saturation Loci of Equally Bright Colors
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Introduction

Chromaticness of colored lights can be physically described by purity and
dominant wavelength. Purities increase from O to 1 when colored lights
graduallyychange from white to monochromatic lights for all dominant
wavelengths. On the other hand, saturations, which are perceptual
correlates to purities, do not necessarily increase in the same way

from white to monochromatic lights among the different dominant wavelengths.
Although the saturation functions for spectral lights have been measured

by various methods (Wright and Pitt, 1937; Jacobs, 1967; Kaiser et al.,
1976; Uchikawa et al., 1982), the saturations for non-spectral lights

have been less investigated. It is important to know how saturation
changes in a chromaticity diagram in order to establish a uniform chromaticity
space (UCS). 1In this report we measured satﬁration of equally bright
colors by a saturation scaling method and plotted the constant saturation

loci in chromaticity diagrams.

Method and Procedure




We used a conventional Maxwellian-view system with a 1 kW xenon arc source.
Two circular stimulus fields were presented to the observers. These
fields subtended 45' visual angle and were separeted horizontally by

30'. The left field was a mixture of monochromatic and white (x=0.332,
y=0.333) lights, and the right Was a reference white (x=0.341, y=0.335)

of 150 td.

First, the observers performed heterochromitic brightness matching
between two fields. 1In the left field, 19 dominant wavelengths from
410 to 670 nm and in the purple region, each at 10 excitation purities
from 0.1 to 1.0 in 0.1 steps were presented as test stimuli.

The excitation purities are expressed here in terms of the 1931 CIE

(x,y) chromaticity diagram. The observers adjusted intensity of the
mixture so that the test stimulus appeared equally bright to the reference
white.

Second, the observers estimated the perceived percentage chromatic
content of the stimuli, adjusted to be equally bright, by the method of
constant sum (Jameson and Hurvich, 1959: Jacobs, 1967). The reference
white was occluded and a white adaptation field, subtending 5° visual
angle, was presented between trials in order to reduce the chromatic
adaptation effect by a preceeding stimulus, The chromaticity of the

white adaptation field was the same as the reference white.

Results and Discussion

In Fig. 1, saturation estimates (percent chromatic content) of equally
bright colors are shown as functions of excitation purity for two obsevers.

The dominant wavelengths are indicated at the upper-right of each sectiom.



A solid curve in each section represents mean saturation estimates of
two observers. It is clearly shown how the saturation estimates, being
well consistent between two observers, increase as the excitation purity
increases for all dominant wavelengths. In the yellow region of 550,
570, and 590 nm, satyration estimates increase more slowly than in the

other regiomns.
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Fig. 1. Saturation estimates of equally bright colors

for two observers: KU (o), HU (m).



Figures 2 and 3 show constant saturation loci in the 1931 CIE (x,y)
chromaticity diagram, and in the 1976 CIE (u', v') chromaticity diagram.,
Mean saturation estimates are plotted in 5% steps for all dominant
wavelengths, using the mean estimate curves in Fig. 1. The constant
saturathnxﬁoci tend to have larger intervals in the green region in
the Fig. 2 and in the purple region in Fig. 3. They show dips at the

lower purity values for the dominant wavelengths of 410 and 430 nm in

both diagrams.

08
510| {

Fig. 2. Constant saturation loci
in the 1931 CIE (x,y) chromaticity
diagram in 57 saturation estimate
steps. The numbers at each locus
indicate saturation estimates of

the loci.

The 1976 CIE (u', v') chromaticity diagrams has been recently developed
by the CIE as one of the UCS diagrams. Constant saturation loci in a UCS
diagram should plot as circles about the white point. The present results in

Fig. 3, however, do not support the uniformity of this diagram,
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SYSTEMATIC COLOUR ASSORTMENTS

Urban Willumsen
Jotungruppen, Sandefjord, Norway

Very often you can hardly find traces of a plan
behind the range on a colour card made for interior
decorating or oiterior paints, You get the impression
that somebody has just picked up his own favourites,
If those colours really.sell it seems to be a bare
miracle of coincidences,

Most people are able to discriminate about ten
million colour shades, This could easily make us
think that, from the customers point of wview, the
best offer of a colour assortment would be just ten
million shades, From the producers point of view =
and so the retailers - , which both are based on
economics, the best offer would be just one single
colour, probably white. ,

And so was the situation 30 years ago. The offer
from the producers of paint was white, connected to
a range of concentrated colorants or pigments, to
shade the white paint, To find the wanted colour was
mostly up to the customer, who in lack of experiences:
knew very little about colour planning., And the lack
of any colour education made people even quite out of
order to line up and to explain which colour they
really wanted, ,

25 years ago the ready-mixed alkyd and latex paints
were introduced, and in a modest range of some few pale
pastel shades, With a growing sales success the assort-
ments by and by increased to quite an offer., But was
the offer reasonable ?

Looking back on the colosur cards from the early
sixties you get a feeling that the colour samples were
brought together by some sort of gemmation, and without
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any trial to choose shades which in some way or an-
other were connected to eachother. The shades seemed
to be picked up one by one, and without a thought on
"does this new shade make a good supplement to the
already existing omnes ?",

How do we use colours in our interior decorating,
or exterior aswell ? First of all we make our choice
between different hues, We want - for instance - yellow,
or we want red, blue or green,and so on, But we alseo
have vague ideas about bright colours, or darker shades,
or perhaps high saturated nmances, And time to time we
we might even look for some modest nuances, - in the

middle of between.

NODEST
REDXESS NUANCES CHROMAT! CNESS
Chromatic colours belong to one of Every colour will belong somewhers
these four groups, or between two between maximum WHITE, maximum BLACK
neighbouring of thea, and maxinun CHROMATIC,

Mostly we are looking for good colour combinations,
Interior decorating - very simplified - means putting
colours together, which in some way or another have to
interact, - planned or not. Exterior colorizing of a house
frontage is of course very much the same,
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The colours put together in such a constellation
never appear independant of eachother, In some way,
good or bad, they interact. If the colours in such a
combination show some sort of relationship, like for
instance perceptual similarities, the result very
often will give an impression of rest, peace and
toleration. The most important ﬁays to figur'e colour
similarities are:

a, equal hue

b, equal whiteness

¢, equal blackness

d, equal chromaticness

e, equal lightness

If the b, ¢. and d similarities are present at
the same time the colours show different hues
in the same nuance,.which perceptual knit them
very close together into unity and totality.

But to distinguish form, function and structure in
an interior (or exterior) you have to underline and
emphasize architectural details by the aid of colour
contrasts, like:

i, different lightness (1light/dark)
2, different chromaticness (chromatic/nonchromatic)
3, different hues (ex. green/blue)

To gather all these important attributes of colour
into the assortment of a colour card, we have to take
care of an interesting game of colour logic, which

lines out cross references to specific perceptual colour
attributes,

The Natural Colour System (NCS) is a colour order
system well fitted for describing and notating colours
as they are perceived by man. Our models from last page
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we easily can translate to the NCS diagrams below,

which give the references for the hue and the nuance
of a colour,
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THE NCS COLOUR CIRCLE THE NCS COLOUR TRIANGLE
On the colour circle the huss are notated, For sach hue there is a coloar triangle
percentual to the two related elementary where the nuance is notated, W = whiteness,
colours, Y = YELLOW, R = RED, B = BLUE, B = blackness, C = chromaticness. The
6 = GREEN, The marked case is between Y actual example has the notation 10,80,
and R, and the actual hue notation is which indicates 10 % blackish and 8 7%
Y 70 R, The yellow=red colour is 70 % red, chrowatic ( = 10 £ whiteness),

Total notation: 1080 Y70R

Designing a colour assortment is much like trawl-
fishing. You choose the mesh size to catch the big
fishes, and let the small ones pass through. To choose
the right meshes in your colour card will be much safer
by the aid of a perceptual colour order system, like the
NCS, combined with sales statistics and some knowledge
about colour combinations.

The offer must be spread over the most important
hue. areas,and all those areas have to be represented
in a series of different nuances,

The following scheme (next page) shows a sort of
minimum assortment, containing the four main hue areas:
yellow, red, blue and green, and each of them in the

four main nuance areas, white-dominated nuances,
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modest nuances, high chromatic nuances and finally
And there is even a further
supplement of white, two greys and black, By the aid
of 20 shades it will be possible to make colour com-—

blackdominated nuances,

binations with sufficient regards to similarity-balance,

and to structure-distinguishing contrasts,

v
@ @" ”@ “(x
B
7e110w Blue= Green Non-chromatic
whitish whitish whitish whitish
yellow red blue green White
modest modest modest modest
yellow red blue green grey I
high high high high
chromatic chromatic | chromatic | chromatic grey 11
yellow red blye green
blackish blackish blackish blackish
yellow red blue green Black

A broad offer for the advanced and demanding customer,
like architects, designers and colour planners, can be
based on exactly the same reasonings, A supplementary
number of shades just have to be added in each colour

area,

Examples on a mini-assortment,and a maxi-assortment
aswell (702 shades)ycan be studied at the poster-
exhibition, as a supplement to this paper.

Every colour sample on these colour cards have got
their notations refering to the NCS specifications. It

means that even the notations tell about what the colours

look like.
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Klaus Witt, Berlin

Call for common colorimetric parameters in defining
colour-charts.

Summary

The existence of different colour-systems, each with its own
specific colour-coding and colour-chart, is puzzling for users.
It would be very advantageous, if the coding of any colour-
sample of a colour-chart could be transscribed into that of an-
other colour-chart. Such a transscription is only possible, when
a common basis of the description of all colour-charts is used.
The only objective method for this approach is a colorimetric
definition of codes, but it is necessary to agree on the choice
of the colorimetric parameters illuminant, colorimetric obser-
ver and measuring geometry also. The colorimetric shifts for
changing the measuring geometry depend strongly on lightness,
saturation and gloss of the colour-samples and should not be
neglected. The best way to find a transferable colorimetric
description of colour-codes would be an international recommen-—
dation for the preferred or additional use of colorimetric
parameters. These could be: 45/0 measuring geometry, standard

illuminant D65, standard colorimetric observer.
Problem

Colour-systems are usually elaborated by visually scaling sets
of coloured samples, finding a grid system of the wanted scales
and producing colour-samples for grid points. Performing this
' procedure in an objective manner colorimetry should be used as
it has been done in many cases. But there are different possible

Address:

Dr. Klaus Witt

c/o Bundesanstalt flir Materialpriifung

Fachgruppe Farbmetrik und optische Materialeigenschaften
Unter den Eichen 87

D-1000 Berlin 45



parameters of colorimetry, that introduce an element of noncom-
parability. If the shifts of tristimulus values due to the change
of parameters would be smaller than normal tolerances for colour=
charts, the parametric effect could be neglected. If on the other
hand mathematical transformations of tristimulus values from

one set of parameters to another one would be possible, compa=
rability could be produced. The colorimetric shifts due to '
change of the colorimetric observer and to the change of the
standard illuminant (C to D65) exceed normal tolerance limits

of colour-charts, but the change from standard illuminant C to

D65 may be calculable within certain limits1.

While illuminant and colorimetric observer are elements of

the colorimetric evaluation procedure, the measuring geometry
influences the measured quantity, e.g. the spectral reflectance
factor directly. Its effect on colorimetric shifts is rarely

demonstrated (e.g.z) and will be shown in this paper.
Colorimetric shifts for change of measuring geometry

In order to find an estimate of the colorimetric shifts within
critical regions of the colour-space and for different surfaces
of colour-samples, some sets of colour-samples have been selec-
ted from different colour-charts and spectrometrically mea-
sured with 45/0 and 8/d (gloss excluded) measuring geometry.
The colour-charts were: DIN colour-system matte and high=glossy
finish, NCS semi-glossy finish, OSA-UCS glossy finish. The

mean 20°-reflectometer (gloss) values are given in tab. 7.
Colour-samples have been taken from neutral, desaturated light.
saturated light and dark colours with closest possible similarity
between colours of different colour-charts. The measurements
have been done with a spectrometer (Zeiss DMC 25), the colori-
metric evaluations calculated for standard illuminant D65 and
the standard colorimetric observer CIE 1931.



Tab. 1

Reflectometer values and average colorimetric shifts

for change of measuring geometry (45/0 - 8/4d)

colour-chart DIN
matte
20°-reflecto-
meter value < 1
Number of
colour-samples 30
+
X
AEJp™ © 1.4%1.3
(45/0-8/4) *
Tab. 1 contains the average

colorimetric shifts for chan-
ging the measuring geometry
(45/0-8/d , gloss excluded)
calculated with the colour-
difference formula AE;b.
While for matte colour
samples the average shift
can be taken as tolerable,
this is not the case for
semi-glossy colour-samples
and critical for glossy

and high-glossy ones.

Looking at a schematical
hue plane of the DIN colour-
1) the cri-
tical colour regions are

solid1 (see fig.
those of high saturation

and of low lightness as
expected. It can be concluded,
that measuring geometry is

an important factor for de-

fining colour-charts and

NCsS

semi~glossy

2.5

37

5.433.9

1

OSA-UCS DIN
glossy high~gloss
20 79
37 32
3.8%2.6 3.2%2.2
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Fig.

1

x matte samples
& sem glossy samples
o glossy samples
L5/0 colorimetric shift

8/d

Vertical cut through cone
model of DIN colour-solid
with colorimetric shifts
for change of measuring
geometry of colour-samples
of different glossy appea-
rance



must not be neglected. So all three parameters are critical when
chosing them for colorimetric definitions.

Need for a common colorimetric basis

Some of the existing colour-charts show a variety of different
choices: Munsell3, DIN4, NCSS, OSA-UCSG. Intercomparisons are
difficu1t1’7. One way to solve the problem of colour-coding of
colour-samples within different colour charts is a remeasurement
and colorimetric evaluation according to the parameters used in

each colour-chart1’7

. This helps ordering of actual colour-samples
within the system of different coléﬁr-charts, but for every new

set of parameters the procedure has to be executed again. More-
over the exact positions of grid points of a colour-system within
another one is difficult to evaluate because of deviations bet-

ween grid points and their attached colour-samples.

The better way is to have a common colorimetric basis on which
the individual codings of colour-systems rest. Every author of

a colour-system should use such a basis for his own colour-coding
either directly or additionally. The decision may be deduced from
the mode of the visual task of elaborating a colour-system. Such
a common colorimetric basis would greatly improve the clarity

of intercomparisons of colour-charts for practical and scientific

applications.
Proposal of a selection of parameters

1) Measuring geometry: The viewing conditions within a colour-
matching booth are in favor of a 45/0 (0/45) measuring geome=
Ery. Colour-samples that show strong geometric metamerism

for change of 45/0 to sphere geometry look much more alike,
when colorimetric identity is given for 45/0, than when it is

given for sphere-geometry.

2) Illuminant: The general trend favors standard illuminant D65

for use in daylight conditions.



3) Colorimetric observer: Both possible observers are used in
different industries but the larger number of colour-charts is
composed of small-sized colour-samples, which favor the standard

colorimetric observer CIE 1931.

An international committee like the AIC-committee on colour-systems
could be the right institution of elaborating a recommendation
of the preferred use of colorimetric parameters for defining

colour-systems. ]

Acknowledgements: Thanks are given to Mr. A. Knopf and Miss M. Koye
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IS QOLOR NAMING THE MOST NATURAL COLOR SYSTEM?

An abbreviated version of a forthcoming report:
Ord f£for farger - en kartliggning i NCS av vadra vanligaste fadrgord.

It 1is often said that there is a considerable confusion as regards color
names. This may be true, but not always and generally. Misunderstandings and
controversies are often found between different groups of people who work
with color, but who deal with different aspects of the problems. 1t is well
known, for example, that printmakers, physicists, color-TV-technicians, pain-
ters, artists, and laymen have different opinions of which the "primaries”
are, Hopefully the members within each professional group have the same inner
image of their special words for colors (magenta, cyan, cobolt, and so on) =
but "ordinary people" do not know what these color stimuli look like. If we
go further to literature about art and art history and to the colorful world
of fasion we find and abundance of color terms - but here perhaps the purpose
is wider than to evoke an image of a particular color sensation.

"Ordinary people" = all over the world - are in their everyday speech
satisfied with very few color names. First there are the six elementary
colors (according to NCS): white, black, yellow, red, blue and green. (They
are called "elementary™ because they ar phenamenologically-—erceptually un-
dividable). Then we have brown, gray, orange, pink and purple/lilac/violet,
which are comparatively unambiguous semantically but whose perceptual corre-—
lates also may be described in terms of the first six.

In a well known linguistic study of "Basic Color Names" (Berlin and Kay,
1969) was shown how this small number of color names is basic for almost all
humans and that their equivalents between different languages correspond to
about the same color sensations. Berlin & Kay compared a large number of
different languages, primitive as well as highly developed, and they let
representatives for each of the languages identify from a color chart (Mun-
sell) the "focal points’ of each color word and also the borders for their
validity. Their conclusions are that the basic color terms may be considered
semantic universals and that people are comparatively concordant among each
other about the meaning of the cammon color words; that is, which percep-
tion, or color sensation, the word in question signifies.

As regards the focal points there seemed to be a very convincing concord-
ance between different languages and there appeared a hierarchical pattern,
which is in agreement with Herings theories - as his elementary colors come
first., Many researchers have confirmed and commented upon Berlin & Kay’'s
results (Heider 1973; Wattenwyl & Zolliger 1979). The latter have treated the
relationships between the neurobiology of vision and the psycholinguistic
colornames. Already Ewald Hering, who formulated his theory 1978 from what he
could see with his eyes, predicted that the color structure he proposed
necessarily must be found also in other languages than those he was agquainted
with, Woodworth and Lukiech had noticed the mentioned hierarchy of color
names already 1918, but at this time "the scientific world"™ was not yet
mature to accept Hering’s elementary colors, because the physicists and the
physiologists, who were able to measure radiation and receptivity of recep~
tors, had another opinion at that time.

BsK found a considerable "universality" as concerns the "focal points®,
the colors that are the best representatives for each color name. But when
the Ss on a color sample chart were supposed to point out the borders for the
"area" covered by the color name, there was more of disagreement. But the
differences between the languages were not bigger than those between indivi-



dual subjects within each language (Lehrer, 1974). The larger dispersions
among respondents when determining color name borders may, however, have
various concurrent causes and this we will discuss further as it 1is of
relevance for the present study.

If people have the same physiological structure for color vision it seems
quite consequent that this is reflected in their languages. FEven if all
details of the visual process are far fram completely understood it appears
undisputable that what we see of various colors can be structured according
to Herings modell of three pairs of elementary color qualities: black/white,
yellow/blue and red/green.

And words for these colors do actually come first in the development of
languages., But on the other hand, if these "elementary colors" had not come
first, this would not a priori have contradicted the opponent color theory.
Of great importance for color naming is namely the various needs for having
specific color names for specific color areas.

One interesting observation is that variation within such color areas are
described by the elementary color terms - yellowish brown, reddish brown..
Seldam one says orangeish brown.

Most languages have names for brown, purple (lilac), orange, etc. But some
cultures have in addition (according to several but unspecified sources) a
need to have several words for different shades within a color area, that may
have no special word at all in other languages. There is the rumour, for
example, of all the words for different shades of sand colors among some
arabic tribes and we have heard of all the names for snow- and ice-colors
among the eskimoes., Tt is also well known that it is possible to train
oneself to detect very minute differences and deviations in color; in many
industries this is an important profession. Examples of this kind may be
relevant to explain that the borders of the various color names can vary
between cultures, between groups and between individuals.

Another factor which may effect the borders is the way the question is
formilated. Suppose we present a subject a typically pink color. 1~ we ask
"What do you call this color?®, the answer probably will be "pink" or some
synononym), and if we ask "would you call this color red?", the S would
probably say no. Tf, on the other hand, we ask the S if there is any redness
in the color he/she would say "yes, of course".

So it seems as the question mark after the title of this paper has to
remain there, Some of the color names may be used for systematic arrangement
of colors, others just for grouping colors in more or less well-defined
categories.

NCS-MAPPING OF COLOR WORDS

The investigation to be presented here has only partly the same goals as
Berlin & Kay’'s. The method is different, and it does not (yet) compare
different languages. Instead it aims at mapping out the extension of "denota-
tive meaning” of same common Swedish color words in the various parts of the
"color world® - in this case defined by the NCS parameters.

Model for the method is our own earlier studies of color meaning (Hard,
1964; sSivik, 1970, 1974) where opposite-pairs like warm—-cold, beautiful=-ugly
etc. literally were mapped in the color space as regards their color corre—
lates. In the graphic symbol of NCS color triangle was drawn "iso-semantic
lines" i.e. 1lines of equal meaning. These provide a very clear illustration
of the relationships between the words and their associated meaning regarding
colors. The lines can be interpreted in the same way as one reads a weather
map with isoterms and isobars,

In the study of color meaning we studied words whose basic meaning are not
primarily related to color, they only carry connotations to colors in varying
degree. But in the present study we want to map out the denotative color
words, 1i.e., whose basic meaning (at least nowadays) refer to images of
color-sensations,



Method

Variables of meaning

The "scales" along which the Ss were asked to mark their opinion had the
following design:

BROWN
notatall O O O O O O O very well

The instruction was:

Your task is to mark how well the color of the sample corresponds with what
you mean by the color word shown above each scale.

The choice of variables was a question of priority. First we wanted to see
how the six names for the NCS elementaries BLACK WHITE YELIOW RED BLUE GREEN
distribute their color correlates in the color space when the instruction
given to the subject was as above -~ instead of the question behind the con-
struction of the NCS model, where the coordinates of each point signify "the
degree of resemblance with each of the (imaginary) elementary colors - which
is something else.

Common color words (in Sweden) beside the six mentioned are (the assumed
equivalents of) GRAY BROWN BEIGE LILAC ORANGE VIOLET PINK ROSE OLIVEGREEN ard
PURPLE. Some of the last ones are not too common for most Swedes, olivegreen
was included to have one word more in the green area; ~urple was of interest
because it has (by american expertise) received dignity of primary color.

Subjects were 168 and they were heterogenously sampled as to sex, age and
occupation. FEach color sample was judged by 24 Ss. (For further information
of experimental conditions see original report). .

Color ia%ﬁe_é. At the time this study was carried out the NCS atlas was
not yet avai e and the 128 samples were chosen from Hesselgrens Fargatlas.
This made that the colors were less evenly distributed in the NCS space than
desired. The positions of the test samples are depicted in poster figure 1.

RESULTS

Each Jjudgement (according to the scale and the instruction) was coded so
that a mark in the scale position to the left "not at all" received the value
0; the next 1; and so on to 7 "for very well”.

For each color for each of the 17 scales was calculated the mean -
together 2434 mean values (N=24) making up the result matrix to be analysed
and illustrated.

As each color sample has a certain position in the NCS it seems natural to
illustrate the variations of the color word relevance for the different
colors by a mapping (literally) in the NCS symbols of color triangle and
color circle. At each color position we note the actual mean value and then
it is possible to connect (after interpolation) points in the color triangle
which have received the same mean values for the scale in question. 1In our
earlier investigation of color meaning we named these lines "isosemantic™"
(with equal meaning) and this term is suitable also here.

The result of the study, transformed like this, is illustrated on the
poster, There we also have demonstrated the isosemantic lines "seen through
the NCS color solid fram above". We would have preferred to present the
results as "bubbles" in a three-dimensional color space. This is, however,
hardly possible in a 2D medium and we have to appeal to the readers to
imagine these bubbles of color-name representation in the color space.



In order to make the "maps" easier to read we omitted the means in the
last version. Instead the increasing "loadings" are symbolized by increasing
density of "graining". The first line always signifies the value 1, the nest
2, etc.

Reliability. One color sample (NCS 10 44 R10B) participated twice in the
investigation and was judged by two groups of 24 Ss. The correlation between
the two sets of values over the eight color-name scales, for which it had
received mean values, was 0.984 - a satisfactory estimation of reliability.

DISCUSSION _

(In the original report each color-name is treated more extensively but here

the space allows only a few camments).
. )

BLACK and WHITE. Contrary to the other four names of the elementary colors
these two have high mean values only for a very little area. This does not
mean that they are of different character than the others as regards the NCS~
definition. But it is obviously so that the words yellow, red, blue and green
are accepted as a description of far more colors with these elementary colors
as main attribute than what is the case with black and white.

WHITE has the smallest area of all the color names investigated - perhaps
because the stimulus was a piece of paper against a white background, making
somewhat darker samples look even darker. Moreover, people of today have
- references for white paper - peasants 100 years ago had maybe been more
generous with the denotation white.

YELIOW, Note how colors called yellow include nuances far up towards
white. But a yellow must not be blackish, then it is called beige or brown.
Also note how the yellow area is more narrow on the red side where we have
the name orange for the yellow-red colors; yellow-greens have no correspon—
ding name.

RED. Colors which without hesitation are called red cover - like the
yellows = a relatively small "bubble®™. Blackish reds are called brown (or
lilac if bluish) and white ones are rose or pink.

BLUE, on the other hand, covers a much larger part of the color space.
Note that the word blue is an acceptable name for colors of very moderate
blueness. They may be classified as blue and if needed they are specified as
dark, light or grayish blues - but they are all blues. (One hardly speaks
about a gray-red color in a corresponding nuance, it will be gray-brown) .

GREEN has the largest extension in the NCS model among the elementary
color words. Note how both blue-greens and yellow-greens can go in under the
category green. An inconsequence we have often met and which is reflected
here is how colors which people have NCS-determined to be mainly yellow with
a little greeness by the same persons are categorized as greens.

BROWN is the name for colors in the yellow-red area with moderate or much
blackness (30-80%). This color word comes as no 7 in Berlin and Kay’'s study
on the development of color words; after the words for the elementaries. This
means that most languages have a special word for this color area,

ORANGE cames thereafter in BsK’'s order. Without doubt orange is a cammonly
used word for yellow--ed colors not too blackish. frange covers about the
same hue-area as brown. One has discussed where, between yellow and red, the
"best orange" is situated; i 1i° a color which has the same redness as
yellowness? Maximum orange for our group of subjects was significantly away
fram the midpoint towards yellow.



BEIGE is another of the colorwords with color correlates in the yellow-red
sector; maximum around Y35R. Mainly whitish and grayish colors. Noteworthy is
that many subjects have marked beige-values for colors far away in the green
areas, It is obvious that the concept of beige for Swedish people is much
less stringent than are the other words discussed above. Such an interpreta-
tion is probably relevant when large areas of the color space have received
low mean values.

- PINK and ROSE (sk3r & rosa) seem to be synonyms. Maybe not for the indivi-
duals but obviously for the group. The relatively low values indicate that
many of the Ss had rather vague ideas about the "correct appearance" of these
colors, :

VIOLET and LILAC (violett & lila) is the next pair of synonyms. These
words have their cerrelates somewheére in the middle between red ahd blue.
"violet® did not have any "'nhesitant” areas at all. "Lila" was better known,
but covered a considerable area of both dark, gray, light and strong colors.

PURPLE should be a third synonym to the previous ones. T is a common word
in anglo-saxon color literature. We wonder if this is due to the large
spreading of the Munsell Book of Color. Munsell happened to consider purple
as a cornerstone of the color world and we are curious to see if ather
English speaking people are of the same opinion. For our Swedish group was
"purpur” the least known color word of the 17 presented. Many of the subjects
had no marking at all and same had guessed that purple was up among the
yellowreds.

GRAY and GRAYISH are good examples in a discussion of the importance of
how the question is phrased, and this in turn is an example of how subtle and
full of nuances man’s relations are to colors.

Tn the main investigation we had the word gray with the question "How well
does the color correspond with the word...". In another and camparable study
we had formulated the question differently: ™™ark on the scale how much of
grayness you see in the color”.

The difference between the diagrams for gray and grayness is considerable.
In the first case it is a question of whether the word gray is a suitable
name for the color and here we see how this word is reserved for - just gray
colors, that is, with no or very little chromaticness. In the hlue and green
hues the word gray may pass also for colors with up to 10-15 NCS units of
chromaticness, and this probably because there is no special word for these
colors; on the red and yellow side the corresponding nuances are called beige
and brown.

" GRAYNESS on the other hand, it is possible to see and describe in a color
- independently of hue and also if the colors have other names as well.

Gray is a color notation or color classification term.
Grayness 1is a variable , which people quite easily can make concious and
quantify with a value on a scale.

This study was carried out with Swedish subjects. Corresponding data with
English speaking subjects are collected and will be published in a near
future,

ek
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Diskussionsbeitrag

Thema: Asthetische Parbsysteme, ihre gegenseitige Begriindungz unmd
metrische Definitiomn (auch mit dsthetischem FarbmaB).

1. Elnheltllches internationales Bezugssystem
: und Bedingungen hierfir.

Die Vielfalt der Farbsysteme, Farbkarten umd Farbxennzeichnungenr
erschwert zumehmend die gegenseitige Verstimdigung. Es ertsteht der
Wunsch eines einheitlichen Bezugssystemes, das zugleich eine Briicke
zu den angewandten Farbkarten bedeutet.

So ist auch das AIC-Komitee Ungarms der Meinung, daB jetzt eine

internationale Vereinbarumg iUber ein "dsthetisch Zqudistamtes PFarben-

system fir Parbgestaltungszwecke" getroffea werdem sollte.
Dazu werdean drei Bedingungen zu erfiillen sein:

1. Zur Kennzeichmung dienen Empfindungskoordinaten Farbtonm,
Sdttigung, Helligkeit, also primire Farbattribute.

2. Der Farberraum soll Asthetisch dZquidistant sein.

3. Das PFarbeasystem soll in einem Transformatiomsverhzltais
zum CIE-X,Y,Z-System stehen.

Die Entwicklung in der DOR hat seit dea Vorschlag T3L 21 579 im
Jahre 1966 die Richtigkeit und ZweckmiBigkeit dieser Bedingungen
erwiesen.

Nach ungserea Erfahrumgen von etwa 17 Jahren mdchten wir diese Be-
dingungen durch folgeade Punxite erginzen bzw. erweitern:

4. Es sollen in dem einheitlichen Bezugssystem beide Arten von
Parbattributen (die primdren und sekundiren), die Folgerungen
aus dem Farbsehem und die Hsthetischen Punktionem Raum und PFarbe
sowie Licht und Farbe bei der Bildung von Komplexqualitidten
(z+.B. Wertgleichheit, Grauverhiillung) erfaSt werden.

5. Bin isthetisches Farbensystem ist nicht nur durch Gleichabstindig-
keit, sonderr auch durch Strukturen (aus den Elementen des Farb-
sehens), Komplexqualititen (z.B. .ertgleichheit) uad isthetische
Furktionen sowie chemisch-materielle Korrelationen (z.B. fir Er-
scheinungsweisen) gekennzeichnet und bestimmt.

Flir die Praxis ist die Oberflichenerscheinungz zrundlegend. Die
.Gleichabstindigkeit bedeutet z.B. Anwendun; des isthetischen Prin-
2ips der Symmetrie.

Es kommt nicht nur auf einfache ("primiire") Empfindung an, sonders
wesentlich auf dem ¥ahrmehmungscharakter der Farbe. D.h. Farbe

izt nicht "optische" Erscheinungsweise.

6. Es soll eine 3Systematik der isthetischen Fartsysteme und dzren
einheitliche Definitiow in einem dsthetischer Grundsystem er-




reicht werden. Dadurch wird es mdglich, sich auf eine begrenzte
Anzahl von Asthetischen Typen fir praktische PFarbkarten zu be-
schrinken und die Parbsysteme einheitlich auf einander abzustimmen

(eindeutige Korrelationen). Die bastehenden und eingefiihrten Farb-
kartean erhalten endgliltige Verbesserungen (vgl. die Bestrebungen
der Munsell-renotatioms). Fir die Sonderfarbkartea und Auswahl-
farbkarten geltem besomdere zweckdienliche Regelungen (z.B.: Fein-
heit der Stufung, Kombinatiomstendernzen, "ietamorphosen" u.d.).

Die Transformatiomen des CIE-x,y,Y-farbenraumes in dsthetische
FParbsysteme beziehen sich

Tel auf ein valenzmetrisches Hilfssystem mit
Farbtoa (als -Korrelation),
Sittigung (als farbmetrische Reinmheit),
Helligkeit (als Hellbezugswert,
das Asthetisches Helmholtz-System genannt werdex kann, da
bereits eime empfimdungsgemiBe Gleichabstimdigkeit in den
Eoordimatiomsrichtumgen zur Defimition dient.

Dieses System soll die Briicke bilden zwischen dem CIE-Farb-
mafea x,y,Y und den mdglichem Typer der Asthetischem Farbsy-
steme, Es begsteht eime einfache farbmetrische Hamdhabumg umd
die MOglichkeit zu mathematisch einfachen Abbildumgen.

Der Vorschlag des Umngarischen AIC=Komitees bezieht sich im
wegentlichen auf diese neue Form der Helmholtz-Koordinatsm.

Te2 auf eim "techaisch-dsthetisches Grundsystem! aus dem sich
alle isthetischen Farbsysteme als Typem entwickeln und eim-
heitlich ableiten lassen.
Es ist ein komsequentes Farbwahrnehmungssystem vorgesehen, das
die funktionellen Beziehungen zw1schen denrn m6glichen Systemer
schritteise verwirklicht.

Aus dem techmisch-dsthetischem Grumrdsystem wird eine Folge
voa Systemtxgen entwickelt umd

ein einheltliches dsthetisches Bezugssxstem als Synthese der
Farbattribute abgeleitet.

Te3 Die Tramsformatiomen sind in einem
*Punktionellen Farbkorper®

durchzufilhren; es ergibt sich eine systematische Folge

VOM CIE-Farbsystem x,y,Y bis zu den dsthetischen Parbsystemen.
D.h. aus dem Asthetischemn Helmholtz-System bzw. dem techmisch-
dsthetischen Grundsystem erfolgen mach uad mach Abbildungexs
auf spezielle Farbkdrper, die dem Typem "amgemessea" sind.

Oder: Es gibt im valenzmetrischem Grumdsystem bzw. dem tech~
nigchmdsthetischen Grundsystem verschiedene Farbmannigfalfig-
Leiten dsthetischer Art, die wir mach Tramsformatiomsregelw
erhaltean. Diese Regeln folgem aus Seh- und Wahrmehmungsfurktio-
men und kdmnen nlcht "formal-mathematisch™ sein.

Gebilde
Es entstehen verschledenartlge geomatrischer e graphiseh
definiert werdeay z.B. der Doppelkegel QOstwalds fiir das WeilBl-
Schwarz-Vollfarbe~-System. Das Asthetische Helmholtz-System
wird durch einen zeradenm Kreis-Zylinder dargestellt, dessew
Oberfldche von den spektralen Optimalfarben gebildet wird.

Zur Ubersicht wird die Diagrammfolge desr farbtomgleichex
Plichen sowie dis CIE-Farbtafel R/L (mach TGL 21579) beigefiigt:




2.5 Attribut-System L/S/T mit Farbton,'S§ttigung, FParbtiefe
"als Symthese der primirea umd sekundiren Farbattribute.

Diagramm farbtomgleiche Fliche L/P/K mit Sittigungsgleichen S
uad WeiBgleichen Ty (gleiche Farbtiefe T).
(Ausfiihrung bis zur Pigument-Vollfarbe umd bis zum

VieiBpunkt H 10.2 fir Titanwei3).

Beide Systemartem (Typ Mumsell-System urd Typ Ostwald-System)

habem durch die gemeinsame Systemfolge (Farbkdrper-Modell) die-

selbe Farbtomstruktur L, (d.h. denselben definiereaden Parbtom=-

Kreis), dieselbe metrische Grundlage x,y,Y und dieselbe Gleich-

abstindigkeit (mit Verbesserungen der TGL 21579).

Vom System der primiremn Farbattribute wird die Sattigumgskoordi-#®
nate S, vom WeiB-Schwarz-Vollfarbe~-System die Parbtiefekoordi-
nate T (als VieiBlichkeit) gewdhlt. Dies kamm auch als eim selb-
stimndiges, rechtwinkliges Diagramm SN/TN fiir den praktischern Ge-
praucnh komastruiert werden.

N

Griinde flir die Kombination der Farbattribute:

Die visuell richtige Sdttigung ist flir dis Farbgestaltung
srurdleagzend und dsthetisch interessanter als die Dimghaftigkeit
mit ihrer Schattierung (die seit Liomardo da Vimci bekamnt ist).
wnit helligxeitsgleichem Parbem wird in der Gestaltung selten ope-
riert, da die Kontraste dean dymamischen Charakter und die Gestalt-
bilduny garaatieren missea.

Der Parbkenanzeichnuang wird HL fiir den Helligkeitskontrast beige-
figt.

Die wesrtgleichheit als Grauverhiillumg wurde durch das Weif-Schwarsz-
System eingsfilhrt uad bedeutet cie Anwerdung vom Koamplexqualititer.

Es ist aber wichtig, die Pigmentkonzertration umd ihr Korrelat zu
der T, -Stufen fiir die Mischarbeit (3sthetisch zielsichere Pigment-
mischﬁng) zu kennen und zu gebrauciien. Wern 3sthstische Koordina-
te;. (Parbattribute, Graaverhillurger urd Licht-Raum-Beziehurngen)
verlanst werden, uwiisser sie technisch eiafach realisierbar seir.
Das ist mit "reinen Rwohstoffem" micht wdzlich. Notig sind minde-
stens wertzleiche Grundoizmente (z.B. T 6/K 10 bzw. T x/K 10).

Das definierende Diagramm L/S/T ist das gleichseitize Dreieck

T/£ , in dem die Sdittigumgsgleichem 5 0.1; S 0.5; S 1 bis S5 7
eingezeichnet sind. Fur alle Farbtdne hat mam das gleiche Drei-
ecksformular. udar oraucht fir Eantwurfsarbeiter nur eir Formular
und kaan darin verdnderliche, verschiedene RParbtine der geplanten
Parbgestalt eintragep, also die Gesamtplanung fixieren und liber-
sehen (besonders in der 3ezishungen Sittigungskortrast und Grau-
verhillung). Wegen des Helli keltskontrastes sind die Helligkeits-
stufer 4, auf den Farbmustern angegeben. ITs kanrn also auch fir

die Farbéestalt das Hellizkeitsbild amgelegt werden.

Aus diesem Griirden (dsthetischen Vorteilen, Planungsmdglich-
Kziten, isthetischer kischtechrik, Entwurfstechrik) ist das
L/S/T-System deam L/S/H-System als allgewmsimes Bezugssystea vor-
zuziehen.



In der DDR ist eime L/S/T-Farbkarte aus dem "meuen Baumann-
Prase-System L/GK/T = Parbtom, Grundpigment, WeiBlichkeit" emrt-
wicikelt worden. Diese Realisierung kann als Eatwurf "Farbmappenm
2. Aufl." und als Auswahl-Kartei L/S/T in der Ausstellumg ge~-
prift werdea. Es wurden also fiir dies Herstellums urd Amwendung
einer einheitlichen internationalen Bezugs-Farbkarte schom Er-
fahruagern gesammelt. Plir die Faromappen 2.Aufl. gibt es eine 3ro-
.gchiire, die in die Systematik umd metrische Grundlage einfiihrt.

Die Synthese der beiden Artea vom Parbattributen befreit also
von einer gleichzeitigen Verweandung von zwel dsthetischen RFarb-
karten #unsell umd Ostwald. £s wird also eine techmische und
dasthetische Vereinfachung bei zleicher "Mannigfaltigkeit" geboten.

Die Anwendung der L/5/T-Tarbkarte ist bssomders neu umd inter-
essant, wenn man zur"isthetischen Pigmentmischung" die Parborgels
I und II mit einem Pigmentsortimert (aus Organischen Verschaitt-

pigmenten) zugrumde legt.

In der DDR ist mit der derstellung von "funktionellen FParborgelan!
besorders der weilen Stammfarben als Farborgel I, begomnen worden.
Schom ein "isthetisches Pigmeatsortiment" mit wertgleichenm Pig-
menten T 6/K 10 bietet bassondere Vorteile, die bisher fiir Parb-
omischunger urgewohmt sird.

Der Gedanke von Wilhelm Ostwald: die vollstimdige "System-Orgel"®
ist teils vereinfacht worden (jetzt 90 Pigmentnuamcen statt friher
680 "hormfarben"), teils aber auf mehrere Farbsysteme erweitert
worden, da man funrktional urd praktisch alle wichtigem Hstheti-
schen Parbgysteme: Mumsell, Ostwald, Prase, DIN 6764, Herimg (als
Grauverhillung), Rumge (als Fernenverhilluug) beherrscht, d.h.
rasch selbst ermischt. Die Ostwaldsche Parcvorgel blieb auf das
Weib=-Schwarz-Vollfarbe-System beschrimkt.

Die Diagrammfolxe vow Helmholtz-System bis zum L/S/T-System
ict wmittels gleichseitigem Dreieck einheitlich dargestellt wordes.
Daunit siamd alle Farbmanuigfaltigkeiten (Systemtypen) im einem
Parbkdrper dargestellt und auf einamder bezoges.

Das Diacramm Vektorsystem L/R/H
mit Darstellung des S/T-Systems (vgl. Ausstellung)

zeigt die amalytisch und Zathetisch richtige Darstellumg der
Reirnheitsgleichen (Schattemreihem) als Strahlenbiischel des
Schwarzpumktes. Hier werden die Farbreihem anschaulich addquater,
deh. sinngemdBer gezeigt. Die Sdttigungsgleichen sind nicht v3llig
parallel zur Grauachse; uie WeiBgleichen haben eime¢ sich wardelnde
Krummung.

Es 148t sich ohme weiteres auch eim L/S/H-System ablesem, wobei
die Helli.keitsgleichen in allen farbtomgleichem Fldchem dieselbe
Struktur aufweisen. Es kommt also fiir die Praxis darauf am, diese
farbtomgleichen Fldchen der Vektorem R und H als farbige Diagram-
me zur Verfiligung zu stellen. 3

Plir dem Parbgestalter ist es wichtig, zur Beherrschung der dsthe-
tischen Farbkombimationerm die giimstigste "Auswahlordnunz" zu fin-
den. Demn erst darn kann der Emtwurf der Parbgestalt isthetisch-
gomstruktiv werden.
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Small Color Difference Samples and Color Order Systems

Richard D. Ingalls’
Color Consultant

Armstrong World Industries, Inc. PO.Box 3511 Lancaster Pennsyivania17604 717-397-0611

Color Order Systems provide various methods of specifying color. A

system's object color samples form a color map that allows the user to locate
non-reference color samples which will be related to, but not identical to,
the standards of that system.

The production of small color difference ‘'samples that show the relationship
of a non-reference color to the related standards of a particular system
will become increasingly important as color science progresses. Precision
and adherence to a selected systems object standards is required. Careful
selection of a system that facilitates the production of small color
difference samples will prove to be a more practical path to new color
applications. '

When a series of color samples are produced that record the pathway of color
changes in the evolution of a color phenomenon, as may occur in agricultural
product maturation, small color difference samples are particularly useful.
Object colors that are identified steps in the development of an agricultural
produce are not the object colors of a standard color order system. Their
specificity derives from the characterized changes in the evolution of the
product in question. When produced, they are specified object colors and
are part of a visual measurement system applied to the control of that
agricultural product. Their instrumental measurement assigns the identity
of those object colors and permits lccation within another color order
system.

Small color difference samples representing the steps in the ripening process
of an agricultural produce provide a finer series of measurement steps to
allow a more carefully selected tolerance and an improved color control
system. g

Because of the equal visual spacing advantages offered by the system, CIE LAB
particularly lends itself to close color tolerance work. Presently there

is an absence of a comprehensive collection of standard object colors for

CIE LAB coclor space. Nevertheless, CIE LAB is a logical color space to
employ to organize small color differemce samples.



Small color difference samples produced for the L*-50 level of CIE LAB
color space illustrates the concept. When producing samples between
a*~-30 to a*+30, samples show the spacing in 6 steps, 12 steps, 60 steps,
240 steps, and 600 steps. - Selection of color tolerance steps are
difficult at 6 steps and 12 steps, but selection is greatly improved at
60 and 240 ‘steps.

When we increase the number of steps until there appears to be a
continuation of color without any visual change from one step to another,
and determination of change can still be made by instrument, the instrument
becomes the observer and the data to determine tolerance becomes more
finite. Smaller and smaller differences indicate greater promise in
product control.



POster paper at Anders Hard
the Forsius Symposium IArs Sivik
on Color Order Systems
Kungdlv SWEDEN 1983

BASIC COONCEPT OF ' THE NCS
AND ITS USE FOR STUDIES OF COLOR RENTERING

(Abbreviation of a forthcoming report on color and lighting).

The NCS color order and notation system is based on the experi-
mentally confirmed fact that a "naive" observer is able to deter-
mine an arbitrary color in terms of degree of resemblance to the
six imaginary color sensations called elementary colors; the two
achromatic: white (W) and black (S), and the four chromatic:
yellow (Y), red (R), blue (B) ard green (G).

The psychometric definition "degree of resemblance to each of the
elementary colors" represents the basic perceptual variables
called elementary color attributes: whiteness (w) and blackness
(s); yellowness (y), redness (r), blueness (b) and greenness (g).

But y-b and r-g, respectively, are mutually exclusive and the
corollary is that a given color can have maximally four attri-
butes,

By giving the elementary attributes metric scale values from 0 to
100 we have also established the psychometry of the NCS COLOR
SPACE, viz.

the color F=s +w+ (yor b) + (r or g) = 100 (1)

In studies with magnitude scaling using the definitions above we
have found a very good accuracy of the judgements. For a group of
20-30 "naive" observers the confidence~interval at the 0.05-level
is usually less than 5 NCS units.

From the space-defining equation (1) we have developed a three
dimensional NCS <color model by deriving two additional
parameters: the sum of two chramatic attributes gives the
chromaticness ¢

c= (yorb)+ (r or g) (2)

and the ratio between the two chromatic attributes, expressed as -

one of them in percentage of the sum(é the chromaticness), gives
the hue 4

®.= (r/c)100; ®= (b/c)100; = (g/c)100; R= (y/c)100 (3)
From (1) and (2) we find that

F=s+w+c=100 (4)
which geometrically is an equilateral triangle. Rotated over all
hues it forms a three dimensional solid shaped as a double-cone.

This is usually illustrated by its two projections, the NCS color
triangle and the NCS color circle (see figure 1).

35:1 (4)
bedeg



& & & a-.%
WL
NEL G LA AR

BB,

)
e

Figure 1. NCS color space and its two projections, the triangle
and the circle.

We can now define a given color simply by marking it in the
geometric symbols. In addition these also provide the possibility
to derive a DESCRIPTIVE COLOR NOTATION. The NCS notation from (4)
s+c=100 -w, and (3)

8; c; —#; (5)

tells us what the color looks like by giving the perceptual
blackness, chromaticness and hue. In this notation we use the
term hue (Sw. kuldrton) for @, and nuance (nyans) for s; c;, the
latter in accordance with the terminology used by Hering. ( ).

Example: The colour marked in figure 1 will have the NCS notation
1040-Y80R, which means s=10, r=32+ y=8 makes c=40, w=50.

It has also been shown by experiments that the accuracy of color
judgements have increased when the observers have been asked to

make them in two steps; first the hue then the nuance (or rever-
se). g

Another advantage of the geometric symbols is that it is easy to
show how a given color may be dominated by one attribute or
another, as in figure 2 where ’

w>ce (y >r) >s - (6)

This determination of what was called main and secondary attri-
butes is one of the basic concepts in the first outline of our
theory of color combinations. (Hard & Sivik, 1975).

Figure 2. Characteristic areas
in the NCS color space.




Color Rendering Experiments

During the development of the NCS it was convincingly proved how
the color of an arbitrary color object can be judged and deter-
mined without any comparison with physical reference color samp—
les. As the NCS is a method for direct psychometric color scaling
of this kind it constitutes a unique tool for for studies of
color changes which cannot be measured by physical instruments -
for example due to various outer conditions like illumination,
size of objects, viewing distance, etc.

We have just finished a first series of studies on the change of
object color appearance in different illuminations.

®
20 observers were instructed to give their NCS judgements of 68
color samples (evenly spread over the color space) under three
different light conditions:

a) daylight (simulated according to CIE and the same as in the
basic NCS experiments) ;

b) incandescent light;

c) warm=-white fluorescent tubes;

The observers had to adapt to the actual 1light before they
started the judgements.

The "daylight"™ was taken as the reference light and for each
observer and for each color sample was calculated the NCS differ-
ence in s, ¢, and between the reference light and the test
light. Thereafter was camputed the mean of changes over the
zl_:servers and the confidence interval as a measure of the signi-
icance.

Although the color differences were small and significant in not
more than about 25% of the cases they could, however, be plotted
in the NCS diagrams. And here it was possible to interpret more
general results and demonstrate significant trends.

In the poster is shown how such data of color changes can be
illustrated in NCS diagrams; they give a relatively good idea of
what happens when cbject colors are seen under different light
conditions.

On the poster is also illustrated by a number of samples the
color changes between two illuminations (when the observer is
ac_lapted to each of the conditions). The examples are taken from
figure 3 which summarizes the differences in color appearance
between warm-white tubes (c) and incandescent light (b).
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ABSOLUTE COLOUR ESTIMATION BY THE NCS-METHOD

AKE SVEDMYR
Scandinavian Colour Institute, Stockholm, Sweden

The Natural Colour System NCS

NCS is a colour notation system, by which one can describe every imaginable
surface-colour. It is strictly based on how colours appear to human beings
with normal colour-vision, and is therefore independent of chemical and
physical characteristics of the estimated object, and independent of view=
ing conditions.

This means, that a person trained in NCS can, without comparing with any
colour samples, notate which colour he observes on an object in an.arbitrary
situation. The estimation is made by judging the degree of recemblance to
the six elementary colours, pure white (W), pure black (S), pure yellow (Y),
pure red (R), pure blue (B) and pure green (G), which are built into the
human mind.

Graphic NCS colour notations

The NCS colour space can be illustrated in a three-dimensional solid, a re-
gular double cone with white at the top, black at the bottom and the chrom=
atic elementary colours yellow, red, blue and green round the equator.

W

Fig 1 The NCS colour solid

When notating a colour perception one uses two two-dimensional projections
of the NCS colour solid; 1. the colour circle where the chromatic element-
ary attributes and the ratio of them are notated (the hue of the colour).
2. the colour triangle where the resemblance to black, white and the pure
chroma;ic colour of the hue in question is notated (the nuance of the
colour). '

Fig 2 The NCS colour circle and the NCS colour triangle with an example
of a graphically notated colour



This method of absolute colour estimations has been taught in colour educa-
tion in Sweden since NCS was introduced in its present form in the late 60th.
It has shown to be a surprisingly accurate method, also compared to e.g. ab-
solute estimation of a distance without any measuringtool.

After only a few hours education in NCS, a group of persons with normal col-
our vision are capable to notate their colour perceptions with quite small
deviations.

This possibility to make absolute colour estimations has been our foundation
in many studies on how colours of objects changes in varying conditions, as
surrounding, distance and illumination.

Numericale NCS colour notations
¥
The colour attributes graphically notated in the colour circle and the col-
our triangle can also be expressed by numbers, where the sum of the element-
ary colour attributes whiteness (w), blackness (s), yellowness (y), redness
(r), blueness (b), greenness (g) is 100.
wW+s+y+r+b+g=100

From this the numeric NCS notation is derived.

The colour graphically notated in fig 2 becomes the numeric NCS notation
1040-Y30R. 10 is the blackness (s), and 40 the chromaticness (c) (the sum
of the chromatic attributes).

Blackness, chromaticness together with whiteness is the nuance of the coil-
our and the sum of these attributes is always 100.

Y30R expresses the hue, i.e. the two chromatic attributes involved and the
ratio of them, in this case a reddish yellow hue. (There are 100 steps bet-=
ween Y and R.)

These numeric colour notations are also used in statistical work up of col-

our estimation tests.

A colour notation test

Here | will present the result of a colour estimation exercise made on a
5-days colour course in 1979.

Observers. The observers in the test were of two categories. 10 were teach=-
ers or assistant teachers well accustomed to the NCS-method. 24 were parti=
cipants of the course. They were adults who had chosen this course because
they, in one way or another, came in touch with colour questions in their
profession. The test was made on the second day of the course after only a
few hours training in the NCS-method of colour designation.

Colour samples. The 9 colour samples presented to the observers were of
size Ah (210 x 297 mm) with a glossy surface. The samples had been given
their '"objective' NCS-coordinates through transformation of measured CIE-
coordinates.

Viewing conditions. The observers were sitting in a lecture room spread out
between 3 and 8 metres from the wall where the colour samples were present-
ed. The room was illuminated by daylight from both sidewalls. The samples
were presented on a white screen with extra illumination from a projector
lamp.




The test. The observers were asked to notate the colour of the presented
colour sample by a mark on the arc of the colour circle (notation of the hue)
and by a dot in the colour triangle (notation of the nuance), see fig 2!

Each sample was presented for about one minute, so that all observers should
have plenty of time to make their notations.

The result. The result is presented both in NCS diagrams (colour circle and
colour triangle) and in calculated average values. Course attenders and teach-
ers are presented separately.

the NCS coordinates transformed
from -measured ClE-data

Key to the signs: NCS notation

results from the test

]

Colour estimation

= blackness -

chromaticness

whiteness

hue

average value

standard deviation

confidence interval at a level of 95%

<
i

OQoUWesITnun
0

® = the '"NCS notation'' in the NCS diagram
% = the average of the colour estimations in the
NCS diagram
Course attenders Teachers
SAMPLE No. 1
NCS notation
5 4 ¢
M w 5 45 R91B @ Y
N / N |/
G R c G AN R
7 |\ /| N\
\ s
xo ot
Colour estimation Colour estimation
s ¢ (w) [ s ¢ (w) ]
av_ 10 53 (42) RIZB % av_ 10 L9 (41) R90B *
g 7 11 (14) 9 g L 9 (9) 5
ci 13 t5 6 +4 ci 3 x7  (27) y
SAMPLE No. 2
NCS notation
s [ [
M w T0 75 YGiR @ y «

\\<::_ AN “iiﬁgpp" /

8 S B S
Colour estimation Colour estimation
s ¢ (w) s ¢ (w) ]
av 14 771 (15) Y53R » av 9 77 (1h) VY55R *
g 10 11 (9) n . o 5 9 (8) 5

ci 4 25 (4) £5 ci x4 7 (%6) kL



Course attenders

\
AN 7/

6 R
7 |\
‘e

1
Colour estimation

s ¢ (w) ]
av 56+ 35 (9) R90B =
g 17 14 () 12
ci  x7 6 (23) %5
w

Colour estimation
s ¢ (w) ]

av 40 L6 (14) G30Y %
g 15 18 (9) 18
ci 7 3 (z4) 8

Y w
N\ /

& [——K—
\<\
A
s &

Colour estimation
s ¢ (w) ®

av 29 51 (20) RS58 *
a 1th 16 (13) 10
ci 6 7 (26) =24

3|

Colour estimation

s ¢ (w) 9
av 85 03 (12)
g s 7 (7)
ci *2 £3 (%3)

B72G *

s [ [
w 5 26 R34WB @
[
S

Teachers
SAMPLE No. 3
NCS notation
Y w
“‘!EiII..h. N -::j>\\
G R
VAR RN
i\ H
»@
Colour estimation
. s ¢ (w $
av 63 25 (7) R90B »
g 10 9 (2) S
ci +7  £7  (=1) 4
SAMPLE No. 4
NCS notation
S [ 1]
57 32 G4V @ Y w
QA
N |7
G R
Z 0N\
B L)
Colour estimation
S C (w) [
av 47 39 (14) Ghoy =
o 13 1t (5) 12
ci 10 *8 (24) 29
SAMPLE No. 5
NCS notation
s c ¢
45 33 R60B @
C G
Colour estimation
s ¢ (w) ]
av 24 56 (20) RS55B &
g 16 13 (9) 8
ci %7 x10 (6) 26
SAMPLE No. 6
NCS notation
S c [}
BZ 03 R93B @ Y
N |/
c G >F: R
7 |\
8|
[
Colour estimation
s ¢ (w) ¢
av 86 03 (11) Gilay %
g 5 3 (4) b3
ci b 2 (x3) 32



Course attenders Teachers

SAMPLE No. 7

NCS notation
1* s ¢ $ [
w 0879 Y0/R e ] w

B S B S
Colour estimation Colour estimation
s ¢ (w) ] s ¢ (w) ]
av 07 76 (17) YOBR . av 07 80 (13) YIOR »
g 5 12 (1) 7 c 3 5 (4) b
ci 22 5 (#5) £3 ci x2 th (x3) 3
SAMPLE No. 8
NCS notation
s [ L4
§5 &5 Y5/R @ Y w
/.
x
N |/ ®
c G D, R
’gigi 7 |\
B S

Colour estimation
s ¢ (w) 3

av 39 b6 (i15) R/8B & av 36 50 (14) Y74R x
a 16 15 (9) 17 ¢ 12 11 (6) 14
ci 27 27 (4) 8 ci 9 8 (5) %11
SAMPLE No. 9
NCS notation
S [ ¢
. w 5103 BO3C ® Y w
AN k ~ L7 k
G :’( R c G R c
8 s B s
*e &k
Colour estimation Colour estimation
s ¢ (w) [ s ¢ (w) ¢
av_ 43 01 (50) BO06GG ¥ av_ 52 02 (46) R92B8 *
G 12 3 (10) o] 1t 3 (12) 5
ci %5 1 (25) ci 9 2 (x9) b
Comments

One must keep in mind that the viewing conditions were not in accordance with
the standardized conditions for estimating NCS colour samples, and therefore
the result of the estimations is not directly comparable with the NCS nota-
tions transformed from measured ClE-values. In spite of this and of the vari-
ous viewing conditions for the observers, the results are astonishingly ac-
curate. This is probable an example of colour constancy.

In the well controlled conditions under which the NCS R&D work was carried
out, the confidence intervall (on 95% level) had a size of up to *5 NCS units.
The size of the confidence intervalls in this estimation test is not much
bigger, which shows that a novice observer-group of about 25 persons or a
well-trained observer-group of about 15 persons is sufficient for an accurate
NCS designation.



Colour reproduction from a NCS notation

Another test showing the accuracy of the NCS notations as colour communica-~
tion is presented as a poster on the symposium.

After a few days, on a colour course, the course attenders were given the
task to paint a colour in opac gouache paint from a graphic NCS notation.

In spite of problems of paint-mixing and predicting colour changes, when

the paint dried, the deviations from the given NCS notation is surprising-
ly small. The average deviation was only about *10 NCS units, which can be
illustrated as the difference between two adjacent colours in the NCS colour
atlas.

10 nuance-

S

Fig 3 Deviation of 10 NCS units in the NCS colour space
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NCS COLOUR SAMPLES AND COLLECTIONS - WORKING TOOLS FOR
ENVIRONMENTAL COLOUR DESIGN

Poster to be presented at the Forsius symposium on Colour order systems

TOMAS HARD
Scandinavian Colour Institute, Stockholm, Sweden

The NCS system is independent of the existence of physical colour samples
in the same sence as the meter system is independent of rulers. But for
many reasons one needs this kind of aids partly to illustrate and make
clear the structure of the NCS arrangement of colours, but mainly in order
to give all who work within environmental design working tools in their
daily. work. The kind of people we think of are architects, designers, de-
corators, colour consultants, interior architects and also all teachers
involved in educatiomn of these cathegories. But also in all communication
between the prescribers and the industry or workmen like paint contractors
and naturally within colour-research it is a good help with colour samples.

To present the general NCS idea structure and the NCS colour notation
system we have the Swedish standard SS 01 91 00 Colour notation system
completed with a NCS Colour atlas SS 01 91 02 published by the Swedish
standards institution. There are also the standards giving the colour
samples’ CIE-specifications.

But for the more practical daily need a range of colour samples and
sample collections have been developed in order to cover different needs.

These kinds of products will be presented at the symposium,but as a brief
idea a four-colour print illustrating the NCS working tools is enclosed
here.

Our general idea is, that when working with colour you need survey collec-
tions with smaller samples to make your primary colour choise. The final
choise and the illustration of your choise,however, must be done with larger
separate samples.

To cover different needs we have produced and stock different sizes of
complete sets of the NCS samples, but also stock for direct delivery all
the 1,412 colours in four different sizes (A9, A6, AL and A2).

As the basic idea is that these colour samples should be practical toels,
we have also tried to keep costs as low as possible. (For instance the
price fora single Al (210x297 mm) colour sample is approx one US$.) That
is to say that the NCS samples should firstly be seen as industrial mass~
products, where every separate colour sample is not controlled. If there
is @ need for NCS-calibrated samples for scientific purposes or precision
handling the Scandinavian Colour Institute is prepared to supply them in-
cluding accurate CIE and NCS specifications at an extra cost.

Today, three years after the introduction of NCS, we can evaluate our basic
ideas. In Sweden the ''NCS colour language' is used in almost all education on
all levels. The NCS colour samples are spread out and used by almost every
architect and designer working with colour. The largest paint companies
have parts of the 1,412 NCS colours as their tinting system, and all other
paint companies will follow. Many companies within the building industry



NCS-notate their products, which also goes for many other big companies.
The NCS tends to be used within all sectors of society,and during some
years we have seen Swedish fashion and textile industry using NCS for
their colour communication.

The Scandinavian Colour Institute controls and supplies the NCS colour
samples. Last year, the second after introduction of NCS, we delivered
to the Swedish market about 17,000 AS booklets, which means over 80,000
colour samples of just this size, and this year the figures probably
will reach about 150,000 A9 samples. '

We have confidence in our basic ideas that the colour system that will
be used must be based on logical and natural principles = a ''langugae
for colour', and that illustrating material must be practical and pos<- .
sible to use to reasonable’ low costs.

1983 05 31 TH/EL



INTERNATIONAL BUILDING COLOUR STANDARDS:

SYSTEMS AND STRATEGIES.

M. 0°Connor, T.G. Wiltshire and T.W.A. Whitfield.

Schoo? of Industrial Design,

Leicester Polytechnic,

P.0. Box 143, - .
LEICESTER, '

ENGLAND.

Preliminary moves have been made through the
International Standards Organisation to develop
international standards for the colouring of building
materials. These will function to provide greater
compatability between the colour ranges of different
building materials in different countries. In addition,
these should provide an agreed system for specifying
colour appearance. This will provide much needed
international uniformity in the area of industrial

and architectural colour specification.

A research programme has been sponsored by the Science
and Engineering Research Council, Great Britain to
investigate (1) the strategies that can be employed in
compiling colour standards (2) the nature of the
colour specification system that will underlie them.
Part of this work consists of a major survey of
architects' attitudes to the use of colour in
buildings. It is intended that the paper offered

at the A.I.C. Symposium will outline the results of
this survey.
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by Frederick T. Simon
Clemson University
Color and Appearance Laboratory
Clemson, SC 29631
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Two means have been used in seolving problems in object color
measurement: one 1is through spectrophotometry and the other
through colorimetry. When spectrophotometry is used, some anal-—
ytical +function is appliead to relate the measured quantity——
reflectance, transmittance, or radiance factor—to the amount of
colorant(s) present in a colored material. With the colorimetric
approach, a measurement is made in terms that parallel the three—
stimulus Ffunction of the human evye. The latter data can be
obtained directly from a tristimulus colorimeter with suitable
light source, filters, and detectors or indirectly through spec-
trophotometric measurement followed by computation with a suit-—-
able set of weighting factors.

Recently we have gquestioned the fundamental assumptions
behind the recommended use of the CIE x,y chromaticity diagram to
display the relationships among colorants. These same principles
underlie the practice of colorant formulation which is based o’
colorimetry (). There is no a priori reason why these should be
regarded as strictly colorimetric techniques when in fact they
are analytical problems requiring colorimetry only for - the
evaluation of results but not necessarily for the solution of the
problem. Wwith these questions in mind, we have taken a third
approach to solving problems in dealing with colorants in object
color measurement which is a hybrid of colorimetry and spectro-—
photometry. We term the method YCM, and it is described below.

Principles of YCM

The idea of YCM stems from the concept of using three ideal
colorants, Yellow, Cyan, and Magenta, as stimuli for a system
which can define any object color unequivocally in terms of the
relative amount of each ideal colorant. This is analogous to
the CIE system of colorimetry where the product of reflectance
and the visual response to mixtures of three colored 1lights
(color matching functions——{(2)) has been replaced by an analyt-
ical colorant concentration function.

Consequently; the idea of a color space was evolved for
object color .mixing based on first principles that do not depend
on conventional colorimetry (3). To preserve the three—
dimensionality of color, the visible spectrum is arbitrarily div-
ided into three equal sections and named according to commonplace
terms: vyellow is that section between 400 and S00nm3; between S00
and 600 is called magenta; and cyan is between 600 and 700 nm.
These are the three stimuli of the system. The other fundamental
used to complete the YCM concept is the Kubelka—Munk relationship
between reflectance and concentration.



Mathematically the stimuli are:

A=500
Y = 1/n Z £(8) P AM
A=400

A=600
M= 1/n E f(8) P ax
A=300

A=700
C= 1/n Z Ff(8)Y P AN
. A=600

where, .
8, is the reflectance of the object, range 1 to i00%
Ns; is the wavelength, 400 to 700 nm
n, number of integrating intervals
£{(8) = L(1-8-b)=/2(8-Db) 1>
Py, is the spectral power distribution of an illuminant
b,x are determinable constants

A set of chromaticity coordinates, vy and c , are calculated from

the relationships y = Y/(Y + C + M);5 c =C/(Y + C + M), A
derived quantity, S, strength, is also calculated as the simple
sum of Y + C + M. This is the third variable used with y and g«

to describe the position of any color in this color space.

Several useful concepts are obtained from the y,c chroma-=
ticity diagram, as follows:

i. All mixtures of colorants lie on straight lines join-—
ing the y,c coordinate points for the individual colorants.

2. The concentration of the individual colorants in a
mixture line can be calculated by center—-of—gravity methods.

3. When the chromaticities of three colorants are plotted
on the same diagram, the triangle formed by the line joining
the points describes the gamut of all colors that can be
produced by combinations of the three colorants. This gamut
can be altered with inclusion of other colorants having
different chromaticities and outside the triangle formed by
the points for the original colorants.

4, Colorants of different strengths will plot on parallel
y.C chromaticity planes.

S. The coordinates of the ideal yellow, cyan, and magenta
plot at the points 1,035 0,15 and 0,03 respectively, which
describes the 1limit of all real colors.

Applications of YCM

Research was done at Clemson (4) to test the practise of
using YCM colorimetry. Instrumental color formulation was deemed
as a suitable demonstration of the validity of the method.
However, a substantial amount of background investigation had to
be done as a preliminary to achieving the final result. It was
shown that a y,c diagram gave a useful display showing the gamut

2



of colors produced by any group of colorants. Furthermore,
linearity of binary mixtures in a y,c chart provided an unambig—
uous method to select colorants to match colors when a field of
many colaorants was present.

The actual formulation trials that were part of this work
were based on center—of—gravity calculations and then compared to
the conventional tristimulus match prediction. The tristimulus
method gave slightly better results than the YCM method until a
special adjustment was made to the concentration function itsel+f
and then quite good results were obtained. The adjustment was
developed after the thesis was completed and involved optimizing
b and x in the concentration function, f{(8), given above.

It was concluded from this research that the YCM concept is
useful in efficient selection of viable combinations from a field
of colorants. It was also shown that center-of—-gravity method is
appropriate at least as a first approximation in computer match
prediction if not an alternate to the present tristimulus method.

One advantage of this type of color system has been in
teaching. Demonstration in the classroom using YCM has been
found ideal to convey to the uninitiated how colorants relate to
each other and how they can be mixed to achieve other than self-—-
colors. No mathematics is needed in the simplest approach other
than an initial set of y,c chromaticity coordinate values for theg™”
demonstration colorants. Any mixture of the component colorants
is located by center—of-gravity giving a precise position on the
YCM diagram. This position can be closely approached intuitively
even by novices in color mixing.

Conclusion

YCM is a color order system quite different from
conventional systems. It is not ordered in terms of any specific
colorant but embraces all colorants and retains a concentration
functionality in a special chromaticity diagram. This system has
worked with pigments in paint and with several types of dyes. It
is, therefore, presumed that it could be the basis of a general
approach to another and unique form of colorimetry.

References

1. Park, R.H. and Stearns, E.I. (1944) J. Opt. Soc. A». 34, 112

2. CIE (1971) "Colorimetry", Publ. 15, Bureau Central CIE, Paris

3. Ganz, E. (1963) Text. Rundsch. 20(9), 2535
Note the Ciba-& method described in this reference uses
tristimulus calculations by summation of the product of the
CIE color matching function, illuminant, and reflectance
function. This preculudes the unique stimuli of ideal yellow,
ideal cyan, and ideal magenta.

4. Lucas, J.M. (1983) "The YCM Color System for Color Formulation”
a Master of Science thesis, School of Textiles, Clemson
University, Clemson, SC 29631




YELLOW, CYAN, AND MAGENTA PIGHMENTS

Primaries and 25:79, S0:50, 75:25 binary mixtures

shown in several colorimetric systems
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Illumination Dependence of Object-color Ordering.
Experimental Considerations.

William A. Thornton
Westinghouse Lamp Divisions
Bloanfield, New Jersey 07003

The Natural Color System is related to Hering's opponent-color theory.
Hurvich and Jameson characterized Hering's'opponent-colors by spectral maxima.
Three of these maxima, near 450 nm, 540 nm, 610nm, have appeared in visual
experiments for many years. It has recently been shown that the three
corresponding spectral colors, when present in white-light illumination,
stabilize the colors of perceived adbjects. If a practical color order system,
composed of object-colors, is to remain usefully stable under change of
illuminant, either the composition of any new illuminant must not deemphasize the
three essential spectral constituents (this will be demonstrated), or the
spectral reflectance curves of the cbjects themselves must peak strongly at the
three wavelengths.
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