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The Coloroid Color System

Depeloped over two decades af the Techrical Unicersiiy,
Budapest, the Colorold color system (s an aesthetically
wriform syshem, in whick scales of Aue, sarfuraiion, ond
lightness appear to change uniformily over their entiee
lengih, when piewed ar a whole. Thix ix nor the same as
pereepinally uniform in the sense of even farereals of sonall
cwlor differences. This article discusses the concepis and
aertpaiion of the Coloredd system, relates It to the Muirsel]
and heiwald Syalems, and derives rhe relations q,l" s
coordinates to thode of the C1E XY 2 spatem,

Introduction

The cobor-appearance aspects of surlzces become maore and
meoee importand in the work of the architects. Color and
calar harmonies produced by the man-made environment
are imporianl aipects in producing the expericnce of the
environmend. For the architect designing a colored enmvi-
ronment, color may be both & technical and an artistic
mcans. [n the fir case the possabality of defining technical
paramebers assigned to different colors, and in ihe latier
case of eapressing the compositional relalions belwesn
colors by mumibers, requimes thal each member of the group
of cobors be identified by indices. Bath requirements relate
the problem of color notation to that of color systematizs-
1o,

Druring our praclical work of preparing coloned designs
we were unabde to find a color sysiem adeqeate for de-
scribing all the relations of the colored esvironmeent,
Therclore, a new color system called Colorabd was devel-
oped.,

Research work in connection with the Coloroid color
system has boen conducted simce 1962 at the Technical
Uriversity, Budapest. The system is built on psychamelric
scales. Scoring by over 70,000 persons was used in creating
these scales. Most of our fesulls have been published pre-
wicasly. !:2#- 14 This article sums up our resulis,

The Requirements of Color Deslgn for Color
Systematization

A colar system can be used in architectural designing if the
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parameters of the svstem correspond well with color per-
cepison, if colors can be visualized using them, and il these
parameters can be transformed into CIE coordinates, The
color space erealed by these parameters shoukd be aesthe-
tically evenly spaced.

Among the above requiremenis, acsihetical evenness
requires sosme clarification: The colors of cur environment
belang to variows parts of cobor space. Therelone the plan-
ning of & colored environment has to bring about harmoay
af hue, saluratsoa, and Iigilrlr.l.: between highly differend
colors. This is why far greater imporiance is placed on the
acsthetic evenness of the whole color space than oa the re-
hiable equality of small color differences.

The concepl of acsthetic evenneis has been introduced
in connection with the Coloraid. A color space is reganded
as aestbetically even if it consists of aesthedically spen
p:.:.-ﬂlamﬂr!-r seales. A scale 1 ;chli:-[lr even if the
whole scale from its staning point 10 §is end point, viewed
simulianemesly, seems (o be changing evenly. By increasing
the number of color samples evenly between each twa
members of siech a scale, one reaches a stage when, although
the colors of neighboring samples are still distinetly dil-
ferent, they can no langer be used in & harmonic scrics, This
colar difference is called harmony inrercal, Our experi-
menis showed —and this will be discussed later in detail —
that in different paris of the color solid the pamber of
just-noticsable codor intervals i dilferent.

The Mumsell, Dstwald, and Colorodd Systems

Since there are several similarities among the Muansell,
Ostwald, and Coloroid systems it scems necessary 1o deal
first with a comparisor of them 8

All three systems try to systematiee oar color sensatsons.
Mot so the CIE system, which describes the physical at-
iributes of colar. Objective measures arc available only for
the Colorosd system, therefore for bath the Munsell and the
Crtwald systems—in 1he latier casc lfor the Color Harmosy
ManualP—the CIE notations for a namber of color samples
were determined, Mot so for the Coloroéd system, where the
iransformatlion equations permitl a direct computation of
the Coloroid coordinates from CIE XYZ values 212

Both the Munsell and the Coloraid coordinates describe
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color-peiceplion parsmeters, [ was 8 desire of the founders
of both systems 1o ercate perecplually even scales, There
i, however, a major differenoe in what s called peroeptizal
evennews. In both systems n color perception is deseribod by
theee parameters, changing between prescribed limits. A
color-percepteon ssale, consisting of even steps of oae of
these color parameters, is described in the two systems by
dilTesent conedinate serigs | 205 1%

The two calor-sensation indwes can oaly be compared
by relating indices assigned 1o color sersations produced
by defined stimuli, Lighinesses and saturations in Lhe two
calor syssen ane related by

Fom 00 (122190 = 02301 0FE 4 023951 L
= O OEE 4 O.000RMFE Y (1)

winid
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respectively, where ¥, and Vo express Coloroid and
Mussell lighimesses, T issatzration in the Coloroid sysicm,
and C s the Munsell chroma. In the second formula @ and
b mean that the assignment of bath Coloraid amd Munsell
indices 10 the sniwradion o o codor depends nlso on it
lightness and hue.

The formalae show that to sensations elicited by ienti-
cally changisg stemuli, a 81 af indwees changing according
e o dalTerenil law is assigned i cach system. Thus, the two
syslems suppest different ways for measuring the color
sensxlion. This is because the two color spaces are differem.
The [neratiene uses the capressson “porecpisally even”™ for
the senall cobsr difTerences of the Mundell scales therefare,
we introedudced the expresion “aesthetically even™ to des
scribe the scabes boilt wp on harmony imervals ol the
Coloraid sysicmn, 1719

Differences berween the two systems show up, for ex-
amiple, im the faet that lightness gradations between dark
odors ane smalbor in the Munsell system than in the Colo-
roid. I the Colorosd system, saturstion steps are smaller
far light colors, while the opposiie i irue in the Minsell
aystem. In & sanwratéon scale there ane more desatorated
samples im the Munscll iystem, while the namber of satu-
rabed samples becomes hagher in the Coboroid scale. A
Tarther difference is that in the Mensell system for constant
hue. changing sateration and value abio changes the dom-
mnanl wavelength, but no such change oocirs m Uhe Coboroid
system,'*

This fact gives rise to 2 similarity with the Ostwald sys-
tem: Colors with equal dominant wavelengih are reganded
as heving equal hise. A Turther similarity is that bath sys-
1ems describe 5 color a5 an additive mixture ol 2 satorated
godor, white, and black, The most important difference iz
that in Lhe Ostwald sysvem oaly the bagic hues and the
propartions for mixing have boeen fixed. Thus in differem
Chawald color atlases {Unesma, Color Harmony Manual)
the same conrdinates deline different colors, Proportions
al the mixture, together with a hue number, are regarded

as color coordinabes in the Ostwald system. n ik Coloroid
system the color-perceplion parameters are Lhe codor

mi

coofiiates: the colos mixing means only that tbe X1
tristimulus values of ihe Coloroid coloss car be deseribed
by samming wp—in the appropriale propartions-—the
tristimudus valees of the chromatic color, white, and black,
ke mixture of which i equal to the invesiigated coloe.

Alza, the color spaces of the two syitems are JilTerent.
In e Dstwald sysiem, along siraight bincs paralicl 1o the
anis, if 1be lightness docteases, Lhe saturalion decreases. boo;
in directions perpendiscullar ta the axis the Fghiness might
change parallel or antiparallel with satueation, depeading
on hue, The Ostwald sysiem is neither perecptually mor
acsthelically even.

Faperiments Defining the Coloroid System

The experiments wers performed in aroom, near to the
wirdow booking nocth. Iluminzslion on the lest samples was
TH00- 1 200 | x,

Tesr szbjects were 19 (o 23 year ald male and female
university studenis. Some experiments were repeated wilh
pupils of elementary schools and with sdulis.

Test samples 15-18 cm? in ares Iving on a horizontal
aierface were lil by the lighs incident tbrough the window
at an angle of about 45%, The abwervation angle was 907,
the abservaisom distonce 100 cm.

The surrounding of the test Neld was peutral gray, and
nia gadosed light was reflected 1o ihe samples, Belore bests,
the wubjects spent at beast 5 min inthe experiment noom o
their eyes coukd adapt 10 the nevtrsl emvircmment. The time
far selecting from among the coloe samples and areanging
them inio harmonisas scales was not retrcied, !

Relationship berween Hive and Dominani Wacelemgih

The staiement found in the literature aed involved in
celablishing the Munsell system that the damiram wave-
length chamges with saturation and [ghtness has been
checked in two lest series,

In ihe firs1 serigs the ohservers bad to estimate the hise
af samples representing Munsell hues af 256G, 2.5Y, L3R,
25P, and 258, As nooriginal Munsell sumples were a ous
dispesal, some 000 samples were prepared for ench all ihe
five hases @ bowve, Lheir ristimuslus vaboes were measuned, and
they were carefully sclected for the Munsell scales.

The samples correspording to the hee of 2.5 had the
widest scatter of dominam wavelengih {326-340 nm],
therefare the problem is best iHuztrated by this cxperi-
mcni.

The abservers were presended the appropriabe green aior
series consisting of 15 samples. The seventh sample of the
serics bl Munsell coordinaies 2,56 4,4, and iis dominant
wavelength was 513 nm. Two pclphboring samples were of
the same chroma and valee, but their hues were yellowish
and bluish, respectively. The hee difference between two
adjacent sumples corresponded 1o o dominant wavelengLh
dilference of 2 Am.

Test subjects had po match thse hwes of 70 samples with
dilTerent chroma and lighlness, one by one, to the hue of one
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Fi3E. 1. Assthatically svon hus Sdlerences ae s hanction of dominan wavelsngth.

chip al the sample series. The lallowing conclusions sere
drawn lrom Che experimends:

{1} Mot s single person gave answers in perfect agree-
ment with the Miansell arrangement for all colors,

(2) Omly 5% of the observers answered correctly lor
mare than S0% of ihe samples.

{3} Seventy-five pereent al the ohservers arranged 80%
of the samiples in the wavelengih band AN (see Figs. | amd
21 in an onder exkibating very low carrelation between Lhe
Munsell sample order and the answers.

In the second experiment two compositions were shosam
1 the observers for choosng the mans harmonious one, Lo,
that mare pleasan o the eye, or for indicating if both
compasitions were found equally harmonious,

Each compasition comsisted ol ten colors. Composition
A consisted of Mumscll samples 2.5 8/4, 8/2, 6/8, 6/6,
dft, 404, 41F 2/} with dominani w.ud-:n.;lhr. rlpa_ins
fram 526 1o 5440 nm.

The colors of compasition & had only dominant wave-
lengths of about 533 mm. Lightnesses and chromas eqesled
these in compasition A, 2rd 30 did the arranpements and
frequencies of accumence.

The same experiment was repeated with Munsell bues
13Y, L3R, 2.5F, and 2.5B.

Thee resulis of thete exporiments can be summarized as
Tiolloras:

(1} Sixty-eight percent of the observera [ound no
aesthetic difference between the two camposilions.

{2} Sevenicen percend of the observers preferred com-
position &, § 5% composition A.

Theese caperiments lod us to postuolate, in estnblishing the
hue sale, the aesthetic irrelevance of Munszll's suggestion
that the hue sensation varies fior the same dominant wave-
bength but varying sataration and lightness. Observers were
even foand 1o have dilTiculies wiih rqmirjr‘_ this change
in dominant wavelength,

Yolura 5, Humber 2, Sevimes 1980

Aesthetic Everness of the Mue Scale

From our color sample collection. |30 camples with
Munsell value amd chroma of 612, bul with varying hues,
were soloclod.

The test subjects had 1o build up & color circle with 30
umph:& chasen and itt‘nr‘ﬁd 0 as to show even sleps in
hise, iff the entire cobor circle was viewed simuliapesushy,

The hue differences betwoen two adjcent samples of ths
cincle were regarded as aesthetically equal hioe intervals and
denated by A, Test results were summarized by deter-
mining the number of hise intervals &4 In every [l-am
dorminant wavelength interval betwoen 200 and 700 am and
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Fil. 3, Pelabicnship betwesn an aesthafically sves ighiness
scale and CIE ¥,

betweon complementary wavelengihs =490 and =570 nm,
The equaticn of the envelope curve would relate the dami-
nant wavelengih to the assthetically even hue scale (Fig,
Ih,

Aesthevic Evenmess af the Sararation Scale

Asoa firsd siep, experiments were carried out using
Mlumsell color samples.

Eight groups of approximately 60 color chips cach were
Tormed with conitant hue and vabue bui varying saturation
{chroma) in cach group. From esch of ibese an arbitrary
nueber of samples had 1o be selected, 1o build up scales of
even salaration steps, when viewed simullaneously.

The eesthetically equal saturation difference found be-
tween the adjaceni samples was dencted by AT, The
namber of sieps AT found betwees cach two Munsell
chroms stops was nolod for every observer, The oviluation
tll'lir: caperiments (see Fig, 2) resulted in the following
equation:

TATY = g b). E)]

In this equatéon & and b show that both the Coloroid satu-
ration and the Munscll chroma depend on lightness and
hue.

After the Munsell chroma seale tarned oat to be
acsthetically gneven, & new eaperiment was launched: Mew
grougs of color chips were produced as additive mixtures
of chromatic samples of saturated blise, green, salurated
warm yelbow, and satarated red, with daminam wanvclengths
of 484, 530, 575, and 610 nm, respectively, amd achromatic
white and black surfacss. The samples were atiacked to
Maxwell disks 10 exhibil sarious percentages of ome chro-
malic and 1wo acrhomatic surfaces, The perceived color
apparent on the ratatisg disk was reproduced by tempera
paints. Several thossand samples were prepared and those
with ¥ = & and ¥ = 30 selecied,
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_ The sampie groups oqual in hue and lightness but varying
in sataralion were presented to st subjects naked 1o select
ten chips exch gmd to order them into sajuration sesles
seeming to vary uniformby if viewed simuliancously. It was
fourd that in most cases the amoust of eolor neoded For one
saliration slep to reach the next one was consiant on the
average:

Powr =y = 4. 141

Therclore, the Coloroid saturation concep was formau-
lated as follows: Colors are regarded as equally saturated
il they can be produced by additively mixing the same
percentage of satierated color af the same dominant wave-
length with white and black.

Acethelic Evenmers of the Lighinees Scale

Additive color mives were prepared from » saturabed
wcobor, white, and Black a1 two saturation levels asd differend
lighinesses by using Manwell disks apd were reprodsced
again by lempera paintling.

The saturatod volors were used in the experkmesils in Two
proportions: They covered cither 15 or 50% of the Maxwell
disk, resubting in eight groaps of about 250 calars, exch of
equal hus ard saturation but difforemt lighipess. Tristimulus
valees were measurod and values of ¥ recorded, The values
of ¥ ranged between 2 and B0, Esch group comtained ap-
proximately 250 samples,

Thee observers had to choose H0 samiples from each group
ard 1o order them For decreasing lighlness o that the scale
alsould secm cvenly darkeneng if viewed sisnalizneousty, The
lighiness differcnoe between twa adjrcent samples of a
lightness scale was called the aesthetic lightness interval and
denoted By AF. The experiments were cvaluated by
counting the steps of AF is exch interval of SAY in the
endire range froam ¥ = 5 1o ¥ = 80, Figure 3 shows the re.
sults, described by the aguation

(TAF/0) = F, 0%

The Coborsid System

The Coboroid system accommaedates the three-dimensional
set of color perceptions—as da most collor perceplion sys.
termns—in a eylindrical coordinate system: hee varies aloag
ihe surface, satmration along the radius, and Eghtness slong
the axas of the cylinder. Thas, achromatic colors from ab-
solule black to absalute white are located abong this axis.
Planes perpendicular to this axis contain cobors of equal
lightmess, Furtber away Miom the stis, sataration inoheises.
Colors of equal ssturateon are located on cylindrical sur-
laces. Colors of equal hue are found on hall-planes con-
taining the axi, The appraximately elliptical ouwlline of o
skew section of the cylinder is the bocus of the spectrum
colors and the purphes (limiy colors), To 48 sech limin colors,
felt to be scsthetically even spaced, integer nambers were
assignod 8 indices, nnd these have been designatod Coloroid
basic colars.

COLOA research and appication

FRG. 4. The Coloroad color apacs and color sclid.

Ewery limit color is comnected 1o ths absolute white and
the absolute black by a limit ling, which is in the plane de-
finied by the achromatic axis and the limit color. The mul-
titwde of 1bese [imit Enes form the Colorokd color space (Fig.
4): i, that part of the three-dimensional space that con-
tmins all perceplible colors and orders tbem sccording 1o the
designation system of 1he Colarod calar space.

The achromatic axiz af the Coloroid color space has been
divided into 100 equal paris, and similarly the radii of the
cylimder between the achromatic axis and the eylindrical
surfnce af the limit colors,

The Colorosd color space containg the Coloraid calor
solid, the locws of the surface colors, The most saiuraied
colers of the Coloroid color solid are located abong a curve
lying on a noscircular eylinder,

The sections of hall-planes within the Coloraid color
space are the Coloroid hise planes (C hue plape), Within
1hie limit lines lie the sections of the  bue planes within the
Calaroid color solid, defining the limit line of surface colors
{see Fig, 5). The Colaroid bue and the domirant wavelengih
of each codor in a Coloreid bue plane are identical. Curves
ol intersection between the Calorowd calar solid and the
Eall-plane boundary cerves of the surface colors are similar
to, and lie inside, the boundary curves.

Paimts in any Coloroid sectian along lines parallel 1o the
achromatic axis represent colors of equal Colorold satu-
raticn, and those perpendicular 10 them, colors of equal
Coloreid lightmess.

While the configurstion of & Colorold space section de-
pends only om the lightness ol the spoctrum color or purple
at ies tip, that of a Caloroid solid section depends oa both
e Coboroid lightness and saturation of the most saturated
surface colar in the phr.::

In the Coloroid system, every color is regarded as an
additive mixture of the specific limit cobor, absolute white,
and absolute back, In the mixiure the perceniage of the
limit color is denoted by p, that of sbsclute white by w, and

Wolome 8§, Mumber 2, Sursmer 1980
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FIG. 5. The Colonold color plars.

ihat of absclute Black by & thess are ihe color components
in the Coloroid system, where p is the hue content, w the
whitencss content, and 5 the blackness content.
The surmn of the Calarsed colar campanents of any color
poinl is wnity:
ptw+isl, 6

Accordingly, the XFE tristimules values of a Caloroid
color point can be written as sum of the tristimulus valees
of the limit color, the absalate white, and the absaldite
black;

X = pXy + wk, + 12X,
¥=p¥, + wk. + 5F,, {7h
L mpdy+wl, s,

where X, ¥, Z are the CIE tristimulas values of the given
color, Xy, ¥y, &y those of the limit color, X, Fe. £ and
Au ¥ 2, those of absolute white and absalate black, re-
apectively.

Denating 1% of the sum of the iristimulus valucs for a
calar poing by ¢, the 10Mh part value of the sum af eq, (7)
can b wrilbem as

€= pey b owe, 4 00, (R}

& convenient form of expressing the Calorodd color points
as 2 sum of the Coloreid color components: hue content,
whiteness conterl, and blackness content. In eddition 1o
representing Coboraid color points as additive mixunes of
the limit color, absolule white, and absolute black, they can
alse b deseribed as additive mixteres of a color of equal
huse, bust Eigher saturation, and two achromatic colord, one
lighter, the other dagker than the actmal calor, if their CIE
erigtimulus values are known. Thus,

Ptwetrs=1; (%)
hence, in conformity with the Colorold principle,
A ﬂ'r\-xﬂ. + WX F;\.-fb..
¥ .,F'r}ri:l- + h"rl"-r-p + 5 ¥ :Iﬂ,
17
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The limit colars, the absolute white, and 1he absalute
black have been defined by their CIE trastimulus values.

Colaroid limil colors are the spectrum colars ranging
from 430 10 623 am in the x,» diagram, as well as colors
aloag the straight line connecting them (Fig. 6), By defi-
nitisn thess equal the CIE spectral cristimulus funetions,
provided F555) = 10, where B30 = F{A) (ibe spectral
lumirous effsciency ). This defines the Hghtness of the limit
oolors, YWalues of ¥ for the Colorosd limal cobors range Froam
O ke 100 ard egual 100 timees the speciral iristimalus
fusetion P}

The spectral tristimulus valees of ke Coloroid linait
cabors have been tnbulsted with 1-am steps, basod on Table
5.Yofref. 19. For purple colars the sums of CTE tristinulus
Tunctions of the Codoroid limit cobors have been determined
bry adifitvely mixing blue of A = 430 nem and rod of & = 625
nm, The limit poirts were defined as the intersoction of the
lines siarting from the chromaticity poist of C1E Iluminam
O with differem valees of tan & (where ¢ is the angle be-
tween ithe lines conmecting © and the color podat, and © and
ke karizomial) and the line joining the two specirum colors
with wavelengths 430 and 625 am {Fig. 6). The intersec-
tioes were determined mathematically using the equatioes
of the lines.

Since the Colorgid saturation of a color alse deponds on
the sum of the tristimules valecs of the Hmit color isvolved,
the low CIE imstimislus values on the purple line caused us
1o bocate the Coboroid limit colors inside, rather than along,
the CIE purple line, Ciberwize, mixtures with colors at or
near the CIE purple line would be rather unsaturated, even
’hm-i 1:1' medium saturation [see egs, (103, (013, €19, amd
{20)).02
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The light of CIE Hluminant C reflected from a surface
of & perfect diffuse reflector is regarded s abaolute white.
Iis luminance factor ¥ = 100 & in scoordance with the
vitlues of ¥ of the Colaroid limit colors, One hundredth of
the: sum of the tristimulus values of absolute white referred
10 CIE standard Wuminant C is ¢ = 3162955 and ¥, =
LRETE

The absodure back can be visuslized by iluminating a
perfcetly absorbing cavity with zero refleciance by CIE
standard Mominant C. The value af ¢, i thes rero, and
¥r=0,

Thus, the absolute Coloroid black & at the intersection
of the Coborotd mewtral axis and the plane ¥ = 0of the CIE
1931 chromaticity diagram; hence, in case of n radiation
distribution C, its coordinaves are x, = xg = 030006, and
¥y= g™ 031616

The pesitéon of 3 color poiat ia the Caleraid colar space
is given by il Colborodd eoordimates, dencied by the symbols
A = Coloraid hue, T = Coloroid sateration, and I =
Codoraid lightness.

The cobor of Ciodoroid hue |3, Colonaid sitaration 22, and
Caloroid lightness 56 m coded as 13-22.56, gnd another
ebor codod 12-32-56 is more green; 14-22-55 is mode or-
ange; 1321540 is less saturated: §3-23-56 is more saturated;
13-22-55 is darker; and 13-22-37 is lighter.

Colors nre of equal Colocoid hue iF they can be repro-
deced by additively mizing a given Coloroid limit color,
absolute white, and absolute black. The Coloreid hue de-
ponds on the hoe of the Emit color, defined by it dominant
wavelength. Colors with egual Caoloroid hee ane on a line
Jaining im the x, v diagram the chramaticity af CIE sandard
Ilhemsimnt O with the chromaticity of the given limit color.
The hee can also be given as the direction tangent to this
linig. IF & is the angle between this line and ihe borizonial,
then the shope of the Hie is m = tan &, thus

A= Ay, A= gl A= fMang). (1)

The Colorosd system imvolves 48 basic hoes corres
spanding fo the 4% basic colors, with integer numbers as
indices. These correspond 1o (he wavelengths and direction
izngends in Tablde §, which also indicates the tristimulus
valees, chromaticity coordinates, and valwes of ¢, for the
Calorond bassc onlars. Huzes lyimg between the basic ones ane
denated by fractiors, where the integer par of the hue index
denates the nearest lower bashe bue, amnd the frachional par
entering in the bue A = A, + & resulis by additively mixing
dtimes the limit bue A5 with (1 — &) times the limit hue
Ay Idemical Coloroid satwraiion is aitributed 1o colors
resulting from equal percenfages of a limit color with any
percenizge of absolute whide and absaluie Mack, numers-
cally expresscd as the product of the saturatkon of the Bmin
color and Lhe percentage:

TwpT;. ]

By definitibon the Colorobd saturation of ibe limit cobor
is 100, whibe those of absolwte white and absoluie black are
mera, thus Ty = (), T =0, and T, = 0.

COLOR resaasch and sppllcation

TABLE I Thr 48 Basiic colors and basic huos of the Coloroid sysism in tha CEE X2 sysinm,

Tha baaic rasss e defiead by e L The bamic: colors arn by
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~ The Colarodd saturation of a color can also be cxpressed
im e of the satwration of a mare satwrated surface color
of eqeal hue:

=pmTn. (14}

Celoroid lightnesses are equal for numerically equal
iristimulus values ¥, converted to Coloroid lighiness

Vo= 10 pE {15)

The Coloroid lightness of abeodute white iz 100, that af
absodute black 0, ie,, F, = 100, ¥, = .

The Colesoid lightness of a colar & ten times the square
ool of percestage sums of tristimialus values ¥ of is limit
calor, af absoluie white, and shsolaie Back:

Vo= 10(p¥, + 100 w)! /2, {16}
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oF, using iristimulas valoes ¥ of a surfoce color of the same
Coloroid hue but higher Coboroid sateration, of a real white
and a real black:

Vo 100 ¥ w, Yoo 0, ¥ )W (7

Conversion between Coloreid Designations and CIE
Triztionwiug Falues

The CIE and Caloroid sysiems have an unambiguous
relationship so that Coloreid color space designations and
CIE coprdinates are sxsy (o ceavert in cither direciion.'®

Conpersion from the CIE sysiem to the Colorold sysien
staris from given values of x . F to caloulate the values of
A T, and V.
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FIG. 2. Relationship between aesthetically even saturation
differences and Munsell chroma.
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