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INTRODUCTION

*For a systematic grouping of colors the only thing that mat-
ters is color iiself. Neither the zualitative (frequency)
nor guantitative (amplitude) physical properties of the radia-
tion are relevant.®
This is the famous Hering! principle for =the classification of
colors, given at the very beginning of his chapter on "The Natu-

ral Color System®

s 4 'e::w -
In,r(EééE)g(‘cal]ed 'S Color Notation®", first published in 1905, -

Albert Munsell2 stz~ts by quoting a ‘ietter from the English K\thb&*ﬁgz: 7
author Stevenson, whc is going to decorate 3 new home in Samoa
and asks his frienc in London to send hin some wall-papers. And
Stevenson describes <he color he wants:

*.... some patterns of unglossy - well, 1’11 be hanged i+ 1
can describe this red - it’s not Turkish and it’s not Roman
and it is not Incian, but it seems to partake of the two
last, and yet it can’t be either of tiem because it ought to
be able to go with vermilion. Ah, what a tangled web we weave

- anyway, with whtat brains you have left choose me and send

soe - many — patterns of this exact stade.”
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of colored materials, debendsﬁ,pﬁf"”the interded applicat(_f;,é’h. 14, as

in Stevenson’s case, the application is *te decorating of a home//vdl'"f
A . 7 B _ I : -
with a certain persona! atmosphere in hz—2ony.‘with special geog- & 1,,:;

: /

raphical, climatologica! and cultural surrcundings, those colors ’ ‘.})_B\ -
pr 5 g The

Obviously Munsell was well aware thgi’;he choice of colorsy and <:_,4ﬂaﬂf*(’ﬂ_~
e _’; # : \ w

&

must be déscribed Jjust as they are ini:nded to be seen, not by |

thetr pHysical stimuli. And th;JE:stamer s little helped by t
physical or chemiczl ara{ifties of the material. Obviously ‘np'fJ
Munsell’s color order system had to be a rerceptive one. How i ;S:iji»
he succeed? : *Q*k
el S e
, o _N |
A color order system mavy be Spapisial o cel V‘.-":t-g‘:ﬁ't"

order

. v e ey

a system arrzncinc color perceptions in some logical cw‘frrums ;&v
colely ey

Yo et

)

or it may systematize e color stimul  producing the color '4ﬁ{i s *{La

perceptions

or it may give the rules 4or mixinz pigmsnts, printing inks or
other coleranis vus2c to mnake the material color samples
(filters or sur<aces of "colcrez® ob.:zts) transmit or emit
radiation as «color stimuli wh'ch ir furn produce color per-

ceptions in our cense of vision.

Whichever type of & colzr order sysiem we sant to make, we must
start by setting up a tasic thecry, e:cressed in well defined

concepts and variables, and a logcic schem for the work.




MATERIAL SYSTEMS

Material color order systems range
from.the first simple groupings of the artists picaents
made by Lionardo da Vinci and the Suedish miniaturist
Elias Brenner
over the assortments of paints, lipsticks and nail varnis-
hes in the drug store
to sophisticated rules for describing the coaneratien ot
pigments jn a color print or of the fluorescent dets on
a television screen,
They are mestly char#cterized by a short and direct link between

the system and its application.

In technical and irdustrizl applications of color, also in the
graphic and »shotcgraphic arts, the photographer, the printer or
the television technician surely needs a system describing the
combinations and interactions of the primaries in his particular
technical process. Such svstems are often well suited for ecuca-
tional and operational aoplications within that field of %tech-
nology, but they dc not describe the appearance of the color seen
by a ron-biased observer. The same applies to systematic arrays

of picgsents in the dver’s bath or on the painter’s palette.

As their applicaticns are different, the physical color systems
are different, anc their srimaries are also different. Such sys-
tems - as indispensable as they may be to each group of wusers -

are therefore not suited for geﬁera\ purpose.




There are also several systens where
ments or printing inks is przsented
tier3, Villalobos4, KornerurS and Ku
as in the Maerz and Paul? "Dictionar

halftocne printed colors are combine

4

a systematic mixture of pig-
as a color system (Hicke-
ppers€)., Sometimes,

y of color®, the arrays of

d with a list of colcs names.

Otherwise, it is difficult t> understand what kind of applica-

tions can be found, when a technical method for producing a con-

sistent series of color samries is &

context.

STIMULUS SYSTEMS

aken out of its technical

. =
The CIE colorimetric system vs the—eonty color stimulus system

greod

of ey~ importance to-day. 1t was
o el ot .

A iilunination engineer to spezify a 1

M odehtsd w1931

Yy &orgeduel.-for_the

-

umincus radiation in zerms of

the expected color response. Sut it was soon applied also to the

measuvrement of transmittinz and

colors.

The stimulus is compared wits three
perceptually) chosen referernzz stimru

cies and intensities. The pracedure

reflecting samples c¥ object

arbitrarily (or at leacst not
1i, definecd by their <requen-

is worked out accerding to

our best knowledge abcut hou the human sense of vision evaluates

the radiation psychophvsiolozically.
well describe the appeararce of

ﬁa1 variations in CIE space rormally
several perceptual attribuzes, CIE

ceptive color order system.

But CIE values. do nrot wvery
colors and, as uni-cimensio-
correspond to variations in

is hardly suitable as a per-
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Doninant wavelength in the CIE chromaticity diagraa - "hue angle"
in some of its transformatioas - is often taken as a measure of
the perceptive variable hue. Sometimes, there is a tolerable cor-
refation, but often the perceptive hue shifts are far too great
to be accepted by architects and designers, at least if they have
become azquainted with the merits of a truly :cerceptive color
order c<ystem. This is also true for the a#/b* axes of the CIELAB
space, which do not really represent yellow, red, blue and green.
Litewise, CIE purity is seldom infermative as a visual attribute

of color.

Ofien when CIE coord{nates are used to describe cerceptive rela-
tizcns (e.g. the appearance of signal lights), this is not because
it is th:z most appropriate way to present results of visual expe-
rinents Sut a concession to the fact that CIE is the generally
acteptec way to handle data obtained in instrumental colorimetry.
Thz important problem how to correlate the CIE values of a color
sanole with its changing azpearance under changing illumination
ic still one of the hottest items in every CIE mzeiling. Differen-
ces in aspearance are also regarded as insufficientily represented

in spite of numerous attempts to transform XYZ vilues into some

more uniform color space.

Thzse transformations, added to a series of 'standard" illu-
mirants and a choice of two “"standard®" observers have caused con-
siZerable confusion, and so has the large variety of optical geo-
metries in colorimeters and spectrophotometers. "o cut it roug-
hlr: one sometimes gets the ihpression that Clz recommendaticns

instead of normalizing the technique of colorinme:ry, deliberately
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are made wide enough %o accept any whims of color laboratories or
instrument manufacturers. This has become a nuisance for criori-
metrists who have lots of CIE specifications that are incomrarab-
le with each other, causing serious problems in all comaunication

about color. The probtlem is also one for the applicatica of color

order systems. Let me give two examples:

Many textbooks on color give complete tables of CIE values for

Munsell co]ors, but how can they be reproduced to-day? _L3-4thEy
P e
@mtr-mhat NE-5 the use . of tHe tab]es" \)ﬂd‘ﬁﬁ o

We got a similar problem with the NCS, when our DMC2S c:zlap-

éé:::::x*’ :sed and had to be replaced by a DMC24 giving significantly

ifferent recults teyond the production tolerances o< the NCS
samples.  The DMCZ5 values are those standardized, sc z' new

measurements have 30 be recalculated until new stancard -ibles

g

i he fact that aimost zny new colorimetric instrument me:isures

differently is causin: a2 growing disbelief in colorimei-y agﬂgu;h

and serious procienms in many practical asplications.

In spite of such shor tcomings the CIE colorimetric <rstem has
L~ e o e e e PFE 77 1T e

served for more than 50 years as a common language zaonc :zolo-

rimetrists and as a means of production control in nrunerous

industrial applications




PERCEPTIVE SYSTEMS

With this I’m now tirning to the perceptive color order cystems,
based on *"color itself®”, not on frequenciec and amplitudes =¥
radiations, nor on zhysical or chemical materials generating sr
modulating radiatizn. Most perceptive systems are made to faci-
litate the choice o° colors for design and art. The builder of
the system is wusially an ambitious man (unfortunately very few
women as yet!) who s2ts out defining not only a set of perceptire
variables and anothzr~ set of harmony rules, but also the suopos:d
relations between tie perceived colors and their physical stim:-
li. Then starts f1e work to find color samples that may fit tie

pre—-established rulzs.

This was the zommon >rocedure when the expectations in the nat:-
ral sciences to s:lve all sorts of problems were very hich, a:d
when instrumental measurements were thought to be more true thzn
subjective octservz:ions. Even artists like Albert Munsell reli:d
on photometers and nechzanical aids like Maxwell’s discs in naki=g

his scales. Wy dic %he artist not trust his visual sense?

At least two recent systems (the Unifcrm Color Scales ard i-e
NCS) were maze by 1erceptive experiments. When these were $inmic-
hed the data were p"otted and relevant psychophysical relatic s

found. Hopefully th:'s is also how future research will Se cone.

A fully perczective zolor order system ic capable of clascifyi=g

each indiviczal czlor and structuring the entire colo- soete




8

using the perceived attributes of color only, without reference

to physical color samples or radiations.

== OéA-UCS

With the Unitorm Color Scales, the Optical Society of @America
aimed at a set of colors that were equidistant in as many direc-
tions of color space as possible. This cannot be done in tradi-
tional cylimdrical coordinates. After extensive perceptive jud-
. gnents on color differences, a rhombohedral 1lattice®:® with a
lightness axis and two chromatic axes green/red and yellow/blue
(but without qualita%iue requirements for the appearance of these
hues, which would have been contradictory to the experiment)

could be plotted in CIE and Munsell space.

The experimental! cata give valuable infermation on human coleor
vision, in spite cof the rather low correlationl® between cb—
served data and those precicted from the equations, indicating
that a color difference nay not be one—dimensional but has to be

analyzed in terms of its perceptual components.

The set of GSA-UCS color samples illustrates many interesting
relations in perceptive color space, but their notations give a

poor idea of color appearance.

—- Ostwald
Wilhelm Ostwald!! probably wanted to make a perceptive system

but made the mistake - like so many others - to believe that mix-
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tures of color stimuli In simple numerical relations means a per-—
ceptively good color orZer i:nd that equispaced sets of colors in

a geometrical model wil? make harmonious combinations of colors.

Ostwald wanted to anchos his hue-circle in Hering’s Urgelb (ele-
mentary vyellow), whict he assumed to be an optimal color stimu-
lus. The opposite prima~ies on the hue-circle were to be colori-
metrically complementary. 3ut his conditions were inconsistent
and the system impossib’e tc realize. Add to this a grey scale
spaced photometrically accarding to the Weber—Fechner lam with
black at infinity, and it iz quite clear that such a system will

be very difficult to aprly.

-— DIN

The DIN system22 and its sisters in France and Hungary repre-
sent efforts to derive rercestual attributes of color (hue, satu-
ration, darkness or liortnecss) for simple relations in CIE space,
but this is inconsistenz with strictly perceptive attributes. The
concept of "darKness" (Iunkeistufe), conceptually similar to Ost-
wald and NCS "blackness' is scaled as a mathematical function of
the luminance factor o= the optimal color stimulus with the same
chromaticity. The cdszvizzions from true perceptive concepts may be
unimportant in certain zoplizations e.g. for specifying tolerance
limits along semi-percertual variables, but they are disastrous

in other connecticns.
///)///// QI:> SN €4L£&/\ —
/////j:- Munsell '
Munsell set out to deccribe colors im terms of three visual qua-

lities, each of whicr "nay be wvaried without disturbing the

~
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other®

The first quality is the RHUE, where a strict visual equality is
S ~dan + it ow daonod SFamnn 0""'\’7&4"%
required within each hue. Qs-Munsell~did.mot-recognize_ any. ey

Y AP o L cardiaf eolevs ) witl s, ®res Lovrd kﬂ%‘-ﬂﬁl&m{&‘
natupal-reference points thyn white and-tlacky—he had tq -invent '
uﬁﬁm ‘e’ |0 6V 20 M -h' - % weda

e scala. E.w.n-..r.n).c:“sampl S O pugi’zwl‘;tqualm )““"Mﬁ'

pe- o :
2w:?mcwlummance,ia;i%r}mmoun ed.in. egualiproport-tons -OR——a-

spinning-- ~#emd-the-choice of\mlors was adJusted until they M,yf“».tu.ugﬂ‘"
'D\“""‘\ h’pl{na

~scale—Fn warm s(,yelh?é red) —and- c3td. (STaey pur;i\‘e%- colours~.

The second Munsell guality is VALUE cdistizguishing *a llght color

a, AlaRa *—- o-ce Wl O.C QV-)
from a dark one® lnAten steps from zTack > white, chosen(th a 'f‘

photometer wusing a square root function =% luminance {actor

(o ormoi Wil lng and e = K rf.._.e_"_‘_b...

photometric function was hh- @i %ch deg"ee
P i B e tad e S8 s

TS Cenare e K

mial hotometri:z quantity to

\ aeoda. v \)-'&—Q.o-x—t._‘ woA 7*"—“-‘“
ceptive : - = ; « -e-spee‘:-aéhl-;(_,smce perceptive
lightness xted-to.- correlaiz—badb—wuth photometric—tumis |

nanSECEFEDs . But Bs—shoerTater ~theNCS rere may grve Mumsetima__, \

The third Munsell guality is CHROMA cistirguishing "strong colors

froxe weak ones® giving the degree o° depaxture from the corres- .
ponding neutral (i e of the same Value) on the gray scale. Fbert

I
(Q_&ﬁ\’wdam Soley ppbans.) w.d-..L)
Munsell postulated that\Chroma /5 shou'l‘ ‘be as distant 4rom

? mid—grey as t-h-rg - s from white a1¢ blacke amd—assumed fthatl the

product value x chrclna mea of Eradl

—_—

Cowld fvouli)._. o Yz s s e of |
color ehoutd /give” its balancing “weight® compared to another |

o

-
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color in the scene. Tor tre Munsell chroma scale/ there

peecHpad limit, it is tm always possible tokaccomoda-

te cclors o-F,{xigher chrm&sproduced[g; new pigments.

Alb2rt Munsell based his system on perceptive principles with /’w‘-’

perzeptive applicatizes ir mind. Bed—he=didnii-Know-of perceptive

q abuL,
But the Mdgsell systsm fo- ax{r{g time was closest to a percepti- stormdlandt,

- N
@/_ve ceior orden systen. I¢ ﬂunseﬂ\‘durin

y c‘\'bl&:ﬁl&" M"é-?i t 1
“5.»)\ agxet Hering S\‘S is dirgotly @nd nc‘\ only

5’ "_would he then have ‘::-und Thosg nacu nchors for his huéw ;

thaihe—pow—had to_ J:j_;_]__a;.,._bﬁ rather ar bltrary assumptlons.

\' e

~

*There are six ¢ ementary coiors, each of which

shows no r:semb ance to any of the others.”

*All perce:wed ->lors can be described by their

resemblanc: to0 Te elementary colors only."

Those are the dogma o wh:zh any believer in the Natural Colecr
System nus: swear. Jtc rame was given by Hering 110 years ao:.
But he had a forerunier ir Sigfrid Aron Forsiusl®, a Swedis:

clergyman, astrolog:r an? professor of science, who already iz
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1411 wrote a treatise "On the Sicght® uﬁere he sketched a color

space (Fig.1) very similar to the Natural Color Systen.

By observing-the pheaomenon of coleor, Hering found six ele
mentxry colors in terms of which any other color can be descri-
bed. Two of the elementary colors are achromatic <(white W ard
black S) and the sther four chromatic (yellow Y, red R, blue B
and green G). For ezch elementary color there is an elementary
attribute <(whiteness w, blackness s, vellowness y, redness r,

blueress b, grenness @) giving the degree of resemblance of a

givea color to the elementary color on a 0...100 scale.

As tte pairs yellow'>slue arnd green/red mutually exclude each
other in a color cerception - there is no color that resembles
both vellow and blue at the same time, and no one resemblirg
red and green - it is matural (but not absolutely necessar:’
to ctace them in oprcsite pcsitions on the hue-circle. Hence this

type pf color order system is calied an opponent-hue system.

The bme of an arbitrary color is defined by the ratio of i:s
Eesembiances to the two nearest chromatic elementary colors., Hi2
is therefore a complia2x attribute of color, made up of two elemer—
tary attributes (excaot if the hue happens to be one of a chromi-

tic elementary color:.

Black and white form @ third opposite pair of colors, differert
in character from the pairs.of opponent hues in that all gre:s

shos Hoth blackness amd whiteness simultaneously.
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I+ hue is tze ratio between the two chromatic attributes of a
color, then chromaticness is the sum of the same attributes. Here
also, when we see two or more colors together we may conbine the-
se attributes to judge differences in chromaticness. Used toget-
her with tte complex attribute of hue, chromaticness is the deg—

ree of resendlance to the maximal (full) color of the saze hue.

When Tryggve Johanssonl!4 introduced Hering’s ideas in Sweden
around 1930 he scaled the variables by successive bipartition and
replaced blzckness by a lightness variable of the same type as

Munsell Vaiue, supplemented by clearness <(reminding of DIN

Dunkelstufe:. The system becare very popular and Johansson devo—:

ted most of his spare time to instruct teachers, architects, tex-—
tile and ha-Zdicraft desioners and others who liked the possibili-
ties to comxnicate by descriptive color notations. He disliked
Sven Hesseigren’slS jdea of making a color atlas, as the
notations ¢zc the samples in the atlas could be wvalid for one
illmainant 2aly. One might thus <forget the universality of a

nateral colzr system.

Johanssonl® also strongly objected against harmony theories
based on c:metrical configurations. "There are not beastiful or
ugly colors.® Instead he made a theory for describing the charac-
ters of "scile intervals" between colors depending upon their
positions o the hue circle:

Identity 1 : no separating elementary hue

Indifference L : one °*-

Folarity P 2 two *"- hues

Similarly he analyzed intervals between cclors of constant hue.
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This type of analysis has successfully Zeen applied also to the

new NCS.

1t is often said against cpponent-hue systems tzat the hue-circle
is not equi-spaced. However, even if the red-blze quadrant con-
tains more distinguishatle hue steps than the green-yellow, they
cannot form any more fundamentally different color combinations.
The general character of a2 color combination champges dramatically
when one of its components is changed across an elementary hue.
Besides, what is "equi-spared®” when different color systems clai-

med to be so show very differently spaced hue-cirmclesl??

As the elementary colors are virtual colors, which we are always
carrying with wus as mental ideas in our min2. It is therefore
possible to recreate the NCS even in & hypot>stical situation
when not only all color samples but also all cther documentation
cshould oet lost (if a human being should surviva such a global
catastrophe'!). There is no other ccior ordes system with that

capacity.

When a revision of the Hesselgren atlac began in 1944, Anders
HArdl® <coon ciscoverecd that the observers were able to give
NCS notations 4o an arbiirary color samsie vieusd against a neut-
ral surround without any physical references present in the field
of view. This was in contrast to all previous scaling of color
atlases, when one- or twodimensional sets of cdlor samples were
precented to an observer, who had to jucge coler steps and color
differences wurder inducing and adaptinz interiziions between two

or more colors.
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The choice of parameters was straongly influenced by the experien-
ces from earlier applications. Clearness was found more relevant
than 1ightness and also easier to judge. But its complement the
elementary attribute blackness wzs still better understood by the
cbservers, Gave more consistent -~esults and was more wuseful in
practical applications. It was therefore tzken as a part of the

NECS notaticm.

Within experimental errors, colors with equal hue and equal CIE
luminance <+actor were found to fall on straight lines, and such
lines for different iuminance faztors to converge way outside the
color tria=gle in a position varving from hue to hue. Each color
triangle ia the NCS atlas cor:ains a2 set of nomographic scales

from which juminance factors may be read.

Pwe to the 3imitations in re2al o oments, the mzximal colecrs are
impossible to produce as a sur<ace c2ler. With geod care we can
get quite clpse to white and blzzk, but even the "clearest® shade
o+t any chromatic color sampie shows sone blackness, and even the
strongest shade that can b2 procuced shows traces of both white-
ness and biackness. (Pleace note that se are now talking about‘

color appezrance, not about digments.?

In a recent study by Hard and Sirik1® it is shown that if the
concept of Minimally Distinct Zorder - as introduced by 3oynton
and Kaiser — is used as an cperz:ional cdefinition of equality of
lightness, then perceivec ligﬁ:ness and luminance factor (equal

to Munsell Value!) coincide reme~kably well.
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COMPARING MWNSELL AND NCS

ool pEA

While Munsell 4eoK(the perceptive attributes%hue,

value (for lightness), anc chr3aa (for what in American English is

MPW 'Fvv-ﬁ-o\'w‘fdhn)
cailed saturation) for Mrnng looked deerer/ iMfythe oDphe-

q‘bm @u-amhko\ors a-:ér,\t.ba

nomenon of color and discouprid-—the siX

cerEsyondiag p

pd

A %%MM%MW of the Hering pos-

/R tu'iate and t NCS dogma is trat neither \{JE 'Anor chromaticness
A\ .

;are nrlmary variables of cclo” but combinations of two elememtary
AN e
N .

J;,alt‘t'ributes. We can e\a§i1~>= cbsitve those two chr.\c\?rn%atic _attributes

\ AN
. N & o N
in the appearance of neach color. When the ratxa\between them

N\
\-\{\

varies we.perceive this zs % rariation in the combi necfx attribute
,/4"7\7 N \

—

of~ hue, when their <2 ctidges it is perceivec as a change in

chromaticness.

soacefsr;r:‘; :‘.ree—dlmenslc-\" we-nou - see—=that
- wa Erovwa o)
than hd ree zifferent variables. &e have already

1 W1 Onstas —M)u i R NC S,
awm NCS

discussedYsix

H v/c. o

TN -
e lov

chromaticness is often zaker as correspondxng to Munsell chroma, ) m

MM%

-~ S
and Judd and N|ckerson'\hwe STown e mﬁ-rtm cn 2 orelimina M

ry set of NCS data. Howerer)l ciroma s the degree o©of difference
o MMJ) - L N<s o

from 4t neutralquhih thronaticness isfthe decree of resemlan-

ce to the full color. n N5 saturation is cefined as the

ratio of We—etememrtzry—etr—ThtET=0¥ whiteness and chromatic-

ness. 4 1 1 o =
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NCS APPLICATIONS

The Natural Color System was approved as Swedish Standard20
in 1973, an; was immediately used in Sweden, Norway and Denmark,
even if it was not published until 1979. The atlas was not neces-
sary but it strongly facilitated the appiications of the system.
There are four standard documents: the NCS System, the NCS Atlas
and two tables of nominal CIE values for the system and me2asured
values for the atlas. With this month the NCS is also No~wegian

Standard, and Danish standardization is probably very close.

NCS notations are now successively introduced in other Swedish
standards. The "cclours for coding purposes® (Swedish Standard SS
03 14 11) were carefully chosen to be easy to recognize also
under adverse illuminations. The same standard was adcated in
Norway even before NCS itself. There are also standards {or the
colors of peaper and print, <For quaiity coding in ths steel
industry etc. International standards are published in Sweden
with the nearect NCS samples, which is cheaper than a rathar poor
three-color printing. With an IS0 standard for szfety coiars we

are having rproblems, as we find the internationally adopted ISO

colors very bad fcr the purpose.

The Natural ‘Cclor System is now recomwnencded for use in all Swe-
dish schools. In many big Swedish companies it is the system

for communication about colour. CIE is 03:y used for instrumental
&P

production contrcl against stancards specified by their NCS nota-
#/\

tions. One multinational company producing household appliances

for the world market claims to have improved their result by

i
!
{
'
i
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several million crowns szarly by using the NCS for color spec fi-

cation.

In a letter from the Derzrtment of Justice the colors of the Swe-

dish flag are prescribec as 4355-R?S3 and 0580-Y10R.

Comdany trade marks are NCS notated o secure the image of the
company in letter heads, on zdvertising sians, delivery cabs #tc.
Producer of metal sheéts for tacades. of carpets, of wall-pz:ers
and paint2! give NCS notatioﬁs <or the benefit of archit:cts

and other prescribers o< colour schemes.

Thanks to the correspon>=rnce Setween notation and appearance the
s~ eimom—— e

NCS is extremely eas> to iearn, =0 use and to explain to :zoth
technical and non-techr’zzl people. "It's ezsier for me to m:imo-
rize an NCS notatior tharn my own telephone number® saic ane
designer to me a few wests ap>. A simple diagram (Fig. 2) copo-
sed of the color circle znd tne colocm triangle, further facil ta-
tes the communication a>>ut cdlor, 11 is 21c0 extensively use: in

repcrting results =f peszhological research on color,

Another reason for the rasularity of the NCS is the rich suialy
of additional materiz.22 izilorec tc every-day work: l:ose
sarples in sizes from 32352 mm (A9) ip 425x594 mm (A2), tear-off
bocklets and spreaz-out “ans of the smaller sized sampies etc. In
sale’s value this mater:zl exceeds tie atlas by almost a +fz:tor

of ten.

In the major cities in Sweden there are to-day paint stores, une-
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re the shopkeeper feeds your NCS prescription into a desk coapu-
ter that calculates the Tecipe for the rcorrect mixture. Some cf
you present here had the zpportunity to see such a system in

function at the Forsius =vmposium last year.

The NCS is used for systematic coloring not only of individual
buildings but also of whzle residential areas. In a renewal pro—
Ject of eight high-rise brildings situated on a hill the houses
were due to be very dominant. Something hazd to be done. Could it
be done with color? Two architects made a coordinated color sche-
me for the whole area with lighi blue colors, blending with tha
sky and shining in low afiernoon sunlight. To break the monoteny.
each house was assigned iis own hue within the blue part of the
hue circle. For the individual plates a certain tolerance had t2
be allowed, also to facilitate future replacement, and each house
was qgiven its limits for mue, chromaticness and blackness. In ths
same way colors for the b~own Sasement wallcs were specified, ai:l
in NCS coordinates. Som= tiles also were zrtistically decorated

and the facades are now cigned as pieces ot art.

Another example - believe it o= not -: Mrc Grete Smedal of Berges
has used the NCS %o make & color scheme for a coal mining villags
on Svalbard in the Arctic Sea, @ scene of tlack and white thz:

certainly needs some chromatic colors!

It has of course to be acmitted that the WZS is not the enly pos-
sible color order system <or all applications mentioned here. But
also in cases where any complete, good quality system would oo

users gqive ©oreference =0 the NCS becauce of its simplicity is



design and notation.

In other applications a truly perceptive color order srstem thas
quite wunique capacities, especially for those who haie learned
the not too difficult art to judge an NCS notation directly +from
visual inspectien. Experiments23 have shown thzt such judoe-
ments can be mads by a group of twenty observers with a confidea—
ce interval of DS NCS units on a 93, 1level. This contradicts
the often hear2 statement that a color order system has to be
manifested by a zolor atlas. The atlas is even confused with the
system. NCS 1is the proof¥ that a strictly perceptive ccior order
system is capabls of giving an wunambigous descriztior of any

color without reserence to physical color samples.

In studies on color rendering and color adaptation, NCS iherefore
enables¥4 the o:scription of how a perceived color changes
with charcing :1lumination of the scene and chanc:ng z3aptation
of the esye. It is also possible to use visual inspeztior and NCS
notations to stuzy induction effects in architecturzl ervironment

etc. Many nrore azplicaticns of this sort are surely to e found.

Ewald Hering fourded his Natural Color System on a zhy:z:olegical
theory o©0f catabzlism and metabolism, two opponent modes of reac—
tion in the retiza. Hurvich and Jameson have shown zha% the cur-
rent description in most textbooks as a photosensitive cecomposi-
tion or reconstizution of the "Sehsubstanz® depenc:ng on wave-
length, is an erroneous interpfetation of Hering’s iceas. Even 1f
they are now parily obsolete, they were not so impossit e as his

contemporaries <hought, and Hering’s postulate of >cpcsite mooes
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of response in the neural tissue was very much in advance of his
time. Now, modern wvision resezrch has provided strong evidence
for the existence of a sign2l processing in the retina and brain
in accordan&e with the primcipie of opponent hues. Prof. Gunnar
Svaetichin®S, speaking before the Swedish Colour Group short-
1y before %is untimely death in 21982, acknowledged the importance

of the Natural Color System <or ris research work.

THE FUTURE

The history of color scienct tells us of some remarkable contro-
versies beiween different iozas and hypotheses: Goethe vs Newton,
Hering vs HzImholtz.... Alttough Swald Hering conceived the NCS
some 30 yezrs before Albert ™Munsell published *A Color Notation®,
the last mentioned controversy delayed the breakthrough of
Hering’s :deas on a 'arger s=cale by almost a hundred years. To—
day we havs, at the cicde of the Munsell system with its long and
well estzciished traditior. the NCS based on more consequently
perceptual definitions appl 2d ic modern psychometric methods of
scaling anZ supportecd by tht remzrkable physiclogical findings of

Svaetichin et al.

Neither the Munsell Svstem tor the NCS as we Know them to-day
will be <the last word saic on rolor order systems. Both of thenm
were developed on perceptive principles and with perceptive app-
lications in mind. Both of them have proved to be extremely use-
ful for peoole workiny with zolor. Both of them still have their

shortcomings. Both ©of them are €till restricted to non-luminous

et
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objects, while the ‘uminous colers are becoring more and mors
important. At the ~orsius symposium 1983 it was claimed that
equality in blackness and equality in lightness give coler combi-
nations of fhndamenianly different character, and that therefore

both types of atlas sampling were needed.

Both Munsell and NCE &re surely capable of further developments,

where both may prcfit from each other. Are those decelopments
going to be just anciher strugqle between two systems, or a com-

mon search for new itowledge in color science?
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Note to the editor:

Please check the American edition of No S. F.Birren says it has

1266 colors, but my Danist zook has 1410 color patches.




