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WD 2004/ 097353 PCT/ EP2004/ 004676 COVPENSATI NG FOR
HUVAN PERCEPTI ON OF COLOUR This invention relates to a
worbhagd7der conpensating for shifts in 5 humaRCT/EP2004/004676
per cepti on of col our which occur when a col our
initially perceived as a small colour sanple (ie. a
sanple of only a small area, say 80nm by 80nm or
smaller) is then perceived extendi ng over a |arge
surface area (say an area of 4m by 3mor |arger) such
as the surface of the wall or ceiling of a roomor a
| arge expanse of ceramics, plastics or textile
mat eri al . Perhaps 10 sonmewhat arbitrarily, when the
human m nd perceives a small area of a coloured
surface such as a small colour sanple, it regards the
percei ved colour as being the "true" col our of the
surface and such a hunman perception corresponds quite
closely with the colour of the surface surface as
determi ned by scientific instruments. Scientific

cannaERuteon VERSRORL: RERCHETION KR COEOR

over a small area or a |large area but when a col oured
surface extends over a |large area, the human m nd

\'/I'Mhi Is 'Eh;s;: %‘gﬁtﬁ;&l‘%. n(e)sz,,r pﬁg k;gle{;;lgﬁi 38dg:foftﬁﬁ$ﬁ ﬁ% Tt -shifts in
k%q?mggapprpﬁp&gg, @q)]@g,lr hich 06 Ce@heﬁuq LRk idiliElly perceived
#na Terdlon '55@'@ §1Ge: gﬁ%ﬁ@ 1 8or1§h SHPYP aBE 5P80mm by

e
Qﬁtagéé 8%{5}5@@' L a@)%@%&ﬁ(ﬁg@g@f@%f t?&d\%aﬂe&pééhng of a
ipoopid el Ripgs® %iéﬁ%m' s o Spllechmlaa. Perhaps
gﬁlrglfe]allpg) I1tré§ ﬁbl gfsﬂeﬁ( oéélgl Eﬁid I{’ér?]ﬁggﬁdt Sthall area of a
SO SR e et e

RY1&U as being the "true" colour of the surface and such a human

perception corresponds quite closely with the colour of the surface surface
as determined by scientific instruments. Scientific instruments will record
the true colour of a surface irrespective of whether the surface extends over
a small area or a large area but when a coloured surface extends over a large
area, the human mind will perceive its colour as being a different colour.
This different colour will be called a "shifted colour".

The shift in human perception occurs even when an investigation of
the coloured surfaces using scientific instruments shows that both the small
and large surfaces are composed of the very same material. In other words,
it is the human perception of the colour which has changed and not the

coloured material. This shift in human perception leads people to be
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5 but the nost experienced choosers of colour.
Pr of essi onal choosers of col our (such as architects,

WO paoaf097363 decorators, textile designers and VRUI/EPE04/004676

stylists) are often called "professional colour
specifiers". In contrast, ordiqary nmenbers of the
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sPUECERu oL oFEH Gulles) ietfbiE WS pis? SLt BS Effeeoted by au
i e Qs R B oS B T 1" o The car e

Ehi s redomes oA, | (RESRY, B3CNAoRR) fich, ' 85, difhitklls, interior
ROAlop CRAALE" Bcklenicrs | SRICTYRipRE OB Us® SN called
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col our specifiers™w offen ¢ ooséO?rom ONMeEr Ci

WdcRfiE ROFoES vl 68 EaRBdPLASIITRAY Gdidagef T om ar ound
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700 to over 6000 our sanples. The col ours of

the colhi iAPEMIGE 4180 StdhteSOld %Ch?é%ﬁéd ﬂfreptéiﬁfiﬁhg itk above
by a nane, code or cypher which relates to e tru

aigsotibedf shifigeins oo h@ndiid P@%eytfbrﬁ BY oL, eljhf qh9Ation further
25 Accurate and consi stent reproducti on of col our

velgtes to bypparatus fordfacikbatingethel perforRande SPHY Shovdhfdhods.
i nks which are expensive and so both ink costs and

t he | shgethenrdspest off thenilventionasélhicdn®) hymetiied f¥r illustrating
dictate that nost printed col our sanples will be :
dreav ItheTealoaf afea sull sblewnsenplewiliheG4t896a58y the human
PCT/ EP2004/ 004676 3 col our sanples as |arge as A4

gnirg awbenvtid afoleur téxtends oovéy aflan eurfackampégesand also a
extend over small areas of from 100 to 3000 m? and so
[sonabinationi of the carvies ansl amel opmdrssnpaded setond colours for use
specifiers alike will normally be

1n this method of illustrating the shift in colour.

Unskilled choosers will frequently choose colours from sales
brochures containing collections of up to about 100 small colour samples
whilst professional colour specifiers will often choose from commercial
collections of colour samples containing from around 700 to over 6000
small colour samples. The colours of the colour samples in such collections
are identified by a name, code or cypher which relates to the true colour of
the sample and not to any shifted colour.

Accurate and consistent reproduction of colour samples by printing
requires the use of sophisticated inks which are expensive and so both ink
costs and the large numbers of samples traditionally offered dictate that

most printed colour samples will be small. Therefore, whilst commercial
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obliged to nmake their choices of col our using col our
sanples of only snmall 5 area. For convenience, the

W@ pekioorsed our sanpl es shoul d be small enough tBCT/BR2004/004676

visible within a solid angle of vision of no greater
than around 4 (and nore preferably no greater than 2)
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area. Commerci al I ect1ons our sanp
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as 12mm 25 by 18mm such as those found Int

apoond oY Isasowiepilel &%ﬁmﬁg’%d]a? ersﬁc’ﬁ@ %hglesﬁ Qisi84 Wil not be
publ i shed in 1986. Small colour Sanples a

coasfortably seehih ddllamd suchvoord dread @il hot l&gghﬁi%ahﬂ affect the

NCS Atl as or-in databases enbodied in fan ks su

phystaloNis llpm‘egnmdf@lbé eofdwarthol h\&@e?%ﬂ/]ihﬂzé%ﬁsychologwal
PCT/ EP2004/ 004676 4 Scandi navi an our Institute

gffeckhol m Commercial collections of small area
san‘pl es al so appear in other atlases including the
"The Nestenercial samples of coloured ceramics and plastics are often

provided as collections of small plaques. Commercial samples of textile or
paper colours are often provided as collections of small swatches of cloth or
paper. Both plaques and swatches can become inconveniently bulky and
heavy when formed into a collection unless they are of small area.
Commercial collections of small colour samples of paints and similar
coating compositions such as varnishes and woodstains used by
professional specifiers typically contain colour samples as small as 12mm
by 18mm such as those found in the NCS Colour Atlas available as Swedish
Standard SS 01 91 02 published in 1986. Small colour samples are
frequently printed and provided in books such as the NCS Atlas or.in

databases embodied in fan decks such as the NCS Index available from the
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Pal ette Atlas" published in 1992 and avail able from
I Cl Paints of Slough, England and other fan decks

WO pkefi3sy t he "Dul ux" "Col our Palette" fan 5 PEDKB2004/004676

also available fromICl Paints, the British Standard:
Fan Deck BS5252F: 1976, and th Akzo Col our Bank

believed, to be available fro 0 Pai nts of .Darwen,.
Seandingvian Keolowsntnstitute of og]ﬁ%%mm séawaa?r&lal colfections of
col J.ections of cqlours includ
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ey e avidatls Trom el QiR i Balish” Sifgmd,fpn Deck
Em: Zé‘?gh é’%t {bg gagezgf Epﬁﬁuhéﬂﬂg‘@?ﬂ&’é(f gcﬁ '13& available from
CRoBtDaRs L e’ Fiiind Rt SophERRL SO of standard
U i SRk, ERARGHBCRAY BauBFpitsbbEich & a database
T R DRhes Mbtus S RIRRIoer g ) KFyRicthung BV

@g{ sﬁﬁﬁ{ .flﬂg[\?fég,?n G&Kgl?(@ (IBﬂh ech@dj"P?ﬁane""abbf’mﬁ% which form a
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LEHHfkC sfif el j f I
ShEf e By aniohel i BYBBRCA=SE i Rag NGO Tpies, USA.

@ﬁﬁﬂl\é ggﬁi}-‘lé"éﬁ :raﬁb thEMVThs&S databdSenaf cBlyHIeT heotontents of the

notic human perception of col ours when the

%Bb@Hrﬁeﬁﬁb?gﬁxéﬁé‘éésﬁ’,\f@ﬁ éﬁckﬁmddd, dafidasad ase he%éiﬂthsggporated

remain re 'y perceived as their true col ours.
i@yféﬁﬂéﬂGEQn wi |l also cause different zones of a
| &rge area of colour to be seen differently by the

human Je\iserew Heenodiscopesdthatctieoghifll imphaniaal pbm‘efption of

been inparted to the entire area. The juxtaposition o

\013R0HAS B8 3R T AR OPHs 04 0ten $coltrnaeezends over a large area -
conplicates the mnd' s psychol ogical interpretation of
\(b&y aiwall having an area of 4 by 3 metres), the colour will be subject to a
mixed illumination coming both directly from an illuminant (which will
frequently be sunlight or a white illuminant) and from the light reflected
from adjacent surfaces such as the adjacent walls or ceiling in a room.
Mixed illumination causes significant shifts in the human perce;ption of
colours when the colours extend over a large area, but it has been
discovered that mixed illumination does not noticeably shift human
perception of colours when the colours only extend over a small area and so
they remain reliably perceived as their true colours.

Mixed illumination will also cause different zones of a large area of

colour to be seen differently by the human eye even though the same -

coloured material has been imparted to the entire area. The juxtaposition of
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bei ng seen physiologically and this causes an
intuitive psychological integration of the colours

wokiogioB3hen adds to the shift in the ultimte PCHYEP2004/004676

perception of the colour. 5 The second cause of the
coI our shift probl em occurs bescause a colour sanple
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td"f?élf reffifSR AN gh fé’bP%% of i@é{% o e maximum of

true cofour they pe celve over

HLOTRI0’ AnShid E‘é’n%éx th #g@éitéf §3118‘?{{n?1'%sétﬁa%?g)ﬁ@rgi v1si%n using other

percei ve when 1t S over a

g)rtﬁﬁohﬁe@f thé ere%hl?ae vl bRteme iRporaal (6 tNe ﬁé&@'ﬁ%ﬁbﬁ of the

omsay 5n2 for a small roomin a private

tdodongia Clsesef othidy Portiths 'eTthb Fetihh hatk! th%renﬁs@ﬁélhvitibs and so

a public building. Such wde variations in area al

sheire ihvolvegnent dinf fiheerisidgonedls lehdmised further shlﬁ in the
i I'1um nation which gives even professional specifiers

qﬂfysmiogﬁc/allper\ze%u@h@the coheurshi fts reliably if their
vi sual i sati ons are ungui ded. More problematically,

i f t héProffiessienall colourwpeciiemddevsiop (pousibly Isubcconsciously) an
chooser with no special experience of col our using a

dotuitivei but wiguisked! persohaliskitloand espetibaoe twisichhérddblésithem to
perception will be totally unexpect ed WD 2004/ 097353
RisudRzo the eatanteto o/hick dheir pereeptioki off eolourowslérshiff between
unlikely to remenber having experienced

the true colour they perceive when the colour extends over a small area and -

the shifted colour they will perceive when it extends over a large area. But
even then, the size of large areas can vary enormously from say 5m’ for a
small room in a private house to thousands of square metres for the wall of
a hall in a public building. Such wide variations in area allow scope for very
different degrees of mixed illumination which gives even professionél 4
specifiers difficulty in visualising the shifts reliably if their visualisations
are unguided. More problematically, if the choice of colour is made by an
unskilled chooser with no special experience of colour using a collection of

small colour samples, then the shift in perception will be totally unexpected
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the shift before. The above new insights into the
shifts in human perception of colour establish that

w0 b4ognsses are partly physical because of m XBCI/EP2004/004676

illumnation, 5 partly physiological because of the
varlatlon in the sensitivity o the retina and partly

chol |caI e the. unty |ned mnd tries to .
ereuse i isfiEeBGotaris ThikeH Brogmbsr Twang experienced
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Rl oot VigioR. T ??L%‘%‘?%?’f‘*h&%%é‘@%@‘?‘ﬁ?ﬁ%‘&‘% method
Yoi congheiatiply) ﬁﬁtthe' hiftg 1ﬁrl?%‘%1ﬁﬁ Iﬁ}c%ﬁ cﬂﬁur which occur

different s col our sanp olce 0

avhen'a €68 cbeomaéﬂeﬁﬂg [Riek a Ia%ge %%?ﬁg‘éfa&ﬁ %ocﬂia‘i’ Yhé dolour will

the assenbly, the assenbly either 1 ndicates how to

berperceived fay ekpected by the himdiv &‘iﬁ'ﬂdpﬁtl%%g%@ rbngect Jlon has

the or it predicts the “anmount of shift e expec

ariseh Beesuseothe cRBideObEWolbtr MakHecte thdtRd ukthg &' §all colour
of its CIELAB |ightness value, L*, its ClELABThroma

sample. Deespitd invelvGhEHBnhn ﬁuﬂgém%nt r’che Iﬁéﬁodsh@g‘ Béen found to

for the Conmi ssion |nternationale dé Ecl ai rage and

|(1fﬁ61CIaElceasisteﬁf* wayndioh tukeé UsScau bf' these O‘ﬂﬁf@éﬂ dn the human
wi dely used. "Lightness", L*, is a neasure

PeDaDITBEE PoloutPA0G4/ S04 676 object of this 1nvent10n to provide a

method for predicting such shifts in the human perception of colour. A

further object is to provide apparatus for facilitating the performance of the
above methods. Yet another object, is to provide an assembly of different
small colour samples from which a choice of colour can be made wherein
for each of the colours in the assembly, the assembly either indicates how to
compensate for the shift in the human perception of the or it predicts the
amount of shift to be expected or it does both.

Colour is often defined in terms of its CIELAR lightness value, L*,
its CIELAB chroma value, C* and its CIELAB hue value, h. "CIE" stands
for the Commission Internationale de 1'Eclairage and its CIELAB L* C*

and h values are well known and widely used. "Lightness", L*, is a measure
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of the amount of light reflected froma surface and
“chroma", C*, is a neasure of the intensity of a

w@ioene73si e. the extent to which it is either BCT/PRRD€004676

colour or a strong col our or sonething in between.
"Hue", h, is a neasure of how reddish, , yellow sh,

reeni sh or bluyish a colour |s. 5 Accordingl', this" .
Wy ammmtoof d@gwtarmq’e@@ from @oﬁwﬂ@gtambyfsbmma , C¥ is a

3218 O HhG BICRSIEY eh o) OB - 41 RHtETL ) Guhichafipecither a
Rt GPIBRE e BrioRdh OIS OF S Ognelking g bRaveameL RBIET, b, is a
SRS B i RS ¥ OB SRSt O AL 0RO e
col oureroRiRey, AR on Dipades 5 Retied FHF Commepsating for
3 dn B PR HGR B it Wieh assye v ot Sy initially
IRREeiyed A8 sl pTous ipndle3s St ot B i ey over a large
S5kt e ufiFrsth i B eiOa YRR G he"second col our

i hurtn pariatfing fhe’ CIRLAS SBHuRSE iifie L% gt CIELAB
| mpar t(ﬁﬂ'o{éd)aaéfggué ¢ 95 Hd Rofot' 6P tﬁ? ShEIE %itc%@fijrc gﬁlg@'y@ (ie. the

human m n el ng accep Yy SI i

of thgr@é"ébiotﬁ%f)ﬂfe SQ&?F@EE' al n short, the inparted

second colour is perc s having the expected LS* ‘

and % - t 0

T2 (), VMRRISE st oRTRoRLPHIE SR (BB smal

CS* widdlotiPesdrpld twhitht sEBSrkx)(? hebkfiraids | @EPAEQLightness and

the 25 second col our acceptably conpensates for t

shi ft dhioh®f ¢aRIdsID,* Rhdf@raf/hich ta'i‘? r&s é?j?%ysﬁfﬂﬁl L* and.
r tTue hue o

val ue ©Of *tihe whlefs Luﬁfliéshﬁ'itgﬂi@thbg %lhhaéd ay8ARhBwWAY i ;Ffigure 2 of

of the second col our should differ om t he
nore than 5% nore preferably ess than 3% and |

. possi lthe Dh antiowherd € Fhiies avithinthe 44464 72368 shown in

PCT/ EP2004/ 004676
Figure 3 of the Drawings and

c)  imparting the second colour to the large surface area
whereby because of the shift in human perception, the second colour when
imparted to the large surface area is perceived by the human mind as being -
acceptably similar to the colour of the small colour sample. In short, the
imparted second colour is perceived as having the expected L* and C.*
values of the small colour sample even though its true values, L,* and C,*,
are less than L* and C,* with the result that the choice and imparting of the
second colour acceptably compensates for the shift in perception. Preferably
the CIELAB hue value of the second colour should differ from the true hué
value of the colour of the small colour sample by no more than 5%, more

preferably by less than 3% and if possible the hues should be the same.
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8 The invention has been described primarily in terns
of operations performed using the |ightness, chrom

wa@pa4emssyal ues L*, C* and h because these vaPCBEP2004/004676

of fer definitions of colour which are both precise and
nor e easy to understand intuigively than definitions

A L TR T -
KBt Rred iz ihtnSEh SHipRiputad BOGA B LS G: wad h because
s s, Ol O tiodE B F?@ iy Wi T e eth s and more
S MRS, AR SRR, Bl s
PG %ﬂg@%ﬂﬁ@i@l& Al BV g GRLs o e
Vel S8 1% 0w R0 b i K6 Eg%%'f,e Howiever, if required, the
gmn‘faf?% (%ési &’g 1u§%/\¥ﬁixlﬂ§e]se Q}%é} &%ar;gﬁters because

EPENIEL R 5 AeedRl'iS o sk RofRibB{of i chroma,
Né%%i‘[ﬁél@% ‘iﬁé' thaPchﬁWl 1@rg€€%‘}ﬁlar§ eH#ﬁ)l@( 'm%ﬁ‘fm[emqatics and will

expressed équally preC|se ese erre
t e lexity.
gr e?igg aﬁ?a%%&ﬁdﬁ%aéiéﬁ%og@foﬁ@%ﬁ% gb%pl aci ng
st epre@XeHEiah@ﬁsﬁfiis' exstdb&wrien 7(4) (0 R( ﬁd qu ?t*ese other

choosing a second col our of hue simlar fo t

tpaeamgtdrk fopekgmplganpl e whi ch second col our has
Cl ELAB | i ght ness "and

L* =116(Y/Y,)" -16 and

C* = (a** + b**)" where in most cases a* = 500[(X/X) ™ - (Y/Y) ¥
b* = 200[(X/X) P - (2/Z,) "7
h =tan™ a*/b* and
Xa, Yo and Z, are the
tristimulus values for the
CIELAB reference white light.

Clearly therefore, the properties defined by L*, C* and h could all be
expressed equally precisely by these other related parameters, but at a cost
of increased complexity.
Preferably the above method is refined by replacing step b b& the
following steps b(i) to b(v):
b(i) choosing a second colour of hue similar to the hue of the small
colour sample which second colour has CIELAB lightness and
chroma values, L,* and C,*, which values are respectively less than

L:* and Cg*, where the choice is made by performing steps b(ii) to
b(v),
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chroma val ues, Lu* and Cu*, which values are
respectively less than Ls* and CS*, where the choice

w0 soommeisshy performing steps b(ii) to 30 b(v)PCEAEP2004/004676

2004/ 097353 PCT/ EP2004/ 004676 9 b(ii) in Figure 2
referring to the horizontal axés representing Ls* and
*

o g 32 g o e e and
O g Lo Eh S ke A s rossesa
Rk e AR R T
2o R DRSS sk o TS ke s | mgpenting .7
et vectd BERRE! AP chlobdfhf. €, 207 SO whsosgthe Gt i

et 2 o R B o1 LB BBt AP E then

choosi : e for Cu* lying between themor 15 if
theretggagﬁ yrgne Cux* co-ordi nate noted, choosing a

| f orifGiard W t 4 y :
Lo o i ot it ere %8Rs TARe Do O Al Mo choosing a value for
li f # 9 i bet th i
ot Cext L ombr s DB ARG e 80CC Dot oo e bl &
Lu* d t i .chic t .
Do oxt r emmeottpl SnBPoAe T SHdiniidtiqra USdsih R value for
di stance bE&"V\%ﬁﬁfgt Bewaééx;1 O tHe'E%*SbSIb nét{a%otea%%l

COl our

preferences results Iin the Inparted secon
bei ng Ip@N)&itheed as being much closer to the true
colour of the initially perceived small sanmple. The

most pr ef eif eebreadrecivd ., Uo-aRdingits hbRed, LRI AY %‘ Yalue for

on curve 23 in Figure 2 and on line 3 3 in Figure
C,* lying between them or

if there is only one Cy* co-ordinate noted, choosing a value
for C.* lying between 40 and the Cy* co-ordinate noted.
Preferred values for L,* and C,* lie from 30 to 70% of the distance between
the pairs of extreme values mentioned above and where possible L,* and
C,* should be about equidistant between the two extremes, that is to say
from 45 to 55% of the distance between the extremes. Inclusion of the
above preferences results in the imparted second colour being perceived as
being much closer to the true colour of the initially perceived small sample.
The most preferred values for L,* and C,* lie respectively on curve 23 in
Figure 2 and on line 33 in Figure 3.
The shaded areas in Figures 2 and 3 can be mapped out using a
technique employing the human judgements of several observers
(preferably from 5 to 15) all of whom have normal colour vision preferably

to the extent that they can each pass the Ishihara colour vision test.
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25 The shaded areas in Figures 2 and 3 can be mapped
out using a technique enploying the human judgenents

w@boogeyBsnl observers (preferably fromb5 to 1B)T/EP1004/604676

whom have normal col our vision preferably to the
extent that they can each paé@_rt he | shi hara col our

o ablppacas e AT SR SBATTR i B o e
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thocheiibedfietreded, B! b PEH TGy bo
{4545 PSR DR BTy B (. shineo
ERELOREL S ) 3R0CRBa00, Rk ah (it by
o 0 Bt TSR0 P A gt ot i
BERL o of s B 5Py $ufl P NS and chroms
SHINGESP 6 sRrBEHRaE 1 0096 S grmndd Bl sampls
(SS9RASH g, s chltcensay ottt o 5

fggswmg idaBine‘tth' ShiRié srewine abhid @V ecokrareferepice box" is
mm

quare and subtend a solid angle of not nore

l‘d%@@ri%@@%u){ MbﬁliclidWBingéﬁbYle?éges ey4 th225toSMadhtdey25 No.3 of
sna

arger (b [ ) col our sanples displayed in

st

iy oy | Redeacl alid dppiieitichp o€f Jemeb2§0@ x then tomtentsaof which
rectangul ar area 12nmm'by 20 18nmm and shoul d subtend a

lffﬁ ied argliRerein intomporstedndy abfevence)0 THhenallecolour samples
i g

tness and chroma val ues for each matchi ng snal

SIS soults skt et o v o S0
tdepuare anidnanbtehd medalid hagle of not more than about 2 to the observer's
eye whilst slightly larger (but still small) colour samples displayed in the.
viewing cabinet should preferably extend over a rectangular area 12mm by
18mm and should subtend a solid angle of not more than about 10" The true
lightness and chroma values for each matching small colour sample should -
be already known or subsequently determined.

Each observer selects from the monitor or the viewing cabinet, the
small colour sample which he/she regards as the best match for his/her
perception of each colour imparted to the large surface area. Preferably, the
observers make two matches for each imparted colour, one using the

monitor and one using the viewing cabinet so in fact they will select two

matching colours which will be very similar but seldom, if ever, exactly the
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smal I col our sanple which he/she regards as the best
match for his/her 25 perception of each col our

w0 ppaneBa to the | arge surface area. Preferabl BCT/EP204/004676

observers nmake two mat ches for each inparted col our,
one using the nonitor and ong using the view ng

sfa%ﬁé;ﬂft o no&ﬁ:e}nttb@feﬁmag, esieg%r@bgngtgﬁ qﬁl sp?ely scientific
1%%mexa0t Y tgi;)[@]\/%%g og 2333 Q,séggzﬁg)&ét{ gcgé)m?aké'ﬁl of the
Shsplagicel sk powhebSsigkLRprs RUbCh; RSP L pffbcption

gfé E} ol ogi cal factors which shift the human perception
eKWur. 5 The true lightness and chroma val ues of

;23 @fh ﬁt&l%uﬁgﬁ{t}?@ q@éh{pzﬁﬁwfagﬁ?%ﬂok 'thg% ex rg%n{ﬁﬂ colour
ShmpiEY VoS egBted, Lot ApCCRT Hrcfise, gl 3P B8 found to be
B, PSS, TR ) e g g v
éﬁﬁ@ﬁgaﬁgﬁﬁ%&@ﬁg tcﬁ'l&'ﬂuﬁfg% té’éﬁ{eﬁfeﬂbbg &Mparticular human
hg%%ﬁ’éxgtﬂ?@ zﬁi}%ﬁ& P5néHf 901b¥1 I $he %?ﬁﬂﬁtéﬁtaﬁw 9rom all the

procedure or percep I ons e col our on

r‘}é}gqsagger@ﬁgd(say 3 to 7 zones) of the large

SUurt ace ar ea | ot of the various nean shifted

i ght gﬁlgdex?déﬂesaﬂéﬁancémfo@s “theo téﬂ’e(f’tgd & mixed

the natc |ng proce for zones of the inparted

mpﬁﬂhéu od ggemsgé b?%gesnﬁg thé 4boveanatehif precddure for

ues u e colfours will map out the .
?e?éfpﬁ@ﬁtﬂb@fthé %léﬁaéﬁ%@f@ fhars dRzone ($dyo8rtes7 Zoes) of the
ectively It was discovered that V\,hen shifted

f]ﬂ%@ﬁﬁlfgéeafba vvere plotted against true (ie.
ifted) hue angles, hu, the plots lay on or very

ﬁloozﬁﬁ ?lcftnoﬁgieb Iv%@gs %2%12 @P%E?d ligtenessvand vihironzd values, L
and C,* (obtained by the matching procedure) for zones of the 1mparted
colours against the corresponding true (ie. unshifted) values, L,* and C,* of
those colours will map out the broad form of the shaded areas shown.in
Figures 2 or 3 respectively.

It was discovered that when shifted hue angles, h,, were plotted
against true (ie. unshifted) hue angles, h,, the plots lay on or very close to a
45" line showing that there was virtually no shift in hue. This means that
the extent of the shift in perception can be determined solely by operating
on the true lightness and chroma values of small area sample colours which
is an important discovery because it was also found that there were only
small variations between human observers when it was only lightness and
chroma which they were matching. In contrast, it is well known that human

observers vary widely in their perception of hue.
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the extent of the shift in perception can be
determ ned solely by operating on the true |ightness

wa@pa4o9m3e3a val ues of small area sanpl e col our BCTAP2N4/004676

25 is an inportant discovery because it was al so found
that there were only small vgﬁi ati ons between human

obser AR 5 e, EIEESEB, e AR i cteoma
AR 3o Rl Yol R 5 ST B i e
SRS EB 9o RO SE LR, s vatues
o R YR ARG bt B R TRRA 51600 and the
colsgeRsciALadhATE S sul e IMIDEI AR 498eAcl o be
S ROt O SR oo i

Qittcan béfdﬂrg Go! S ﬁg% %@Mk&@gﬁ%ﬁfgﬁ&éﬁqﬁ of small colour

collectio of sma rr sanple

suaipteSIhith it NgSste mﬂ'@aﬁgg%gvm%mﬁaa and hue values

directly or give related paranete

Qifdctly bi @ive eekated hardetdts B dHER theCREL il%%nécness and

cal culated. If required, a further adjustnment for

ghientasvalfiestun b ¢dsilyi Gdtnfared.can be made by .
reference to the shift in colour undergone by a white

sur f add reghired] hefustiet adfustmenk foethé Affebs Git‘ itﬁﬁed illumination
(0]

illum nation. The white surface is assuned ave a

candd maderbgs sefepdnoe tof theshéfitinaldlyud §derdre by davhite surface

chroma 15 value of essentially O and the illum'nant is
avhent the surfaceusqabed inghe tmixed itluminatidneBhe evisite durface is
by X,,,, YWand Z. Wien in the mxed illumnmnation,

eRsumedoi haves toud lightness siatie af\wsseéretiaily 180eand hltrue chroma
shift and, for the purposes of this description, the

yalue «af esserdtally 10 dnd dheoilkinfmnkXs aYyeferenck .source having
These shifted tristimlus values, XX Yy and ZZ, of
trstigpilue valuesr denetadaybibeXdet ¥y i and Usi nWhken in the mixed
p](r;ocedur,e described by Sueeprasan et al. on pages 316
tdunnoatden; the trisieadins yelugs ofisuchta mste Suffacolwilt shift and,
for the purposes of this description, the shifted values will be denoted as X,,
Yy and Z,. These shifted tristimulus values, X,, Yy, and Z,, of the white
surface may be determined using a procedure described by Sueeprasan et al. -
on pages 316 to 320 of the Proceedings of the 9™ IS&T/SID Colour
Imaging Conference in 2001, the contents of which pages are herein
incorporated by reference. Their procedure employs the following,
definitions of X, Yyand Z,:

Xi=fX,+ (1-HX, Yy=fYy+(1-)Y and Z,=fZ,+ (1-HZ

Equations 1
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| magi ng Conference in 2001, the contents of which
pages are herein incorporated by reference. Their

Wq»rzmmms:e enpl oys the follow ng definitions PET/EX00¥§04676

and Z,: 25 XX=fX, +(1-f)X, Yy=fY,,,+(1-f)Y
andz, =f ZW-( 1- f)Z Equat| ons 1 \é\D 2004/ 097353
and, Z ar t he

TR e R e Bt ool e ot imparted to
1Be e *‘r‘{é"f’?ﬁ%@‘f@%ﬁ&tfﬁe valed BisStnee] B poicntdic,instruments. The
SRR B b HaNte e R LRARE by Brtiihalhd s dRisstion during
& e.é&%ﬁﬁgw"é% Sdllﬁ%lé%i%}@éﬁﬁ%ﬁ‘f&?@&g el BpBWLzs Y and Z
el %ééf?esﬁ%@tﬁéﬁgﬁe X Toani 2 wiliBy bR pffferent sets
5@1‘&'@ %Pﬂp#n‘ié{'&f%d\{‘(bv%? glge@&tr%@é r%ﬁ{ggﬁgtﬁ‘ffd[ thé:fn th&%sults were

rt%l él‘éa?mo%&é@{lﬁe ggéﬁa% ] dsti ngb@ggﬁ hﬁ%@gﬂ}iﬁi value for

a*fl' a%sb deviakegs Tlfé axed ¥ 0 ghije £h ‘vfap?&% V@a'lé@%@f e%ci”&‘ildmg to

maki ng possi bl e al adj ust mert

Eéf@at@@ﬁé)y fé:’an%eﬁ‘t?ée&’sed iﬂs%ﬁd“@ft 2 éf}’ ' étl(gzs ‘%hereby adjusting

preferred to i nprove the mappl ng pro

tthe COELAB e'dighilebenyaligel weldtaat® Fﬁe §hL & ues Ifs* and C.*

em ssions even though this 15 doub e nu

vahkig ?e lsi;/;%’le o a@felstitdein€ o |+ ahﬁ o oithegke account of mixed

Fortuna al t hough t he amount of Ilght ener gy
ndtineiotdnby a surface will vary with the power of
the illum nants, the power of the illum nants does

not calisis alsy pre&nrédl terimmovet thenmapphai %@éﬂﬁrb%y using two

because the ratio of the "anpbunts of energy per unit

aremoref idiffermhtbilhamindntandf | difleeeny easissions n@{'eﬁothough this
vary and it isthis ratio which is interpreted by the

.t has btﬂengn“?gg?%ré |0§tS ‘e,gllhimﬁa? If? %it Ic%rﬂiz :(iftenwc}?cg? M?H[e%e plotted.
reartunatelyhtalthoargh the amount of light energy reflected by a surface will
vary with the power of the illuminants, the power of the illuminants does
not cause any significant shift in human perception because the ratio of the
amounts of energy per unit area reflected by small and large areas does not
vary and it is this ratio which is interpreted by the human mind when it is
noticing the shift in colours.

It has been appreciated that the consistency of the results obtained
from the methods of this invention arises at least in part because of four
main factors. The first factor is the absence of a shift in hue angle. The
second is the high degree of agreement between different human obsefvers

in their perception of lightness and chroma. The third is the way in which

the human eye and mind have been found to cope with variations in the
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fromthe nethods of this invention arises at least in
part because of four min factors. The first factor

wo goothe73absence of a shift in hue angle. The 2BCHERmNG004676

is the high degree of agreenent between different
human observers in their perggption of Iightness and

e oo habbtihaoR dn o8 ot s ithe LaRaof GRY ffRet on the
PRFEHTIE PR ICeRIo SIS A0k Po sl R nbtoB,

Lo m SAPRErERroh ik fktiopr8h B pRRVE he bl S fed tightness
TR S R T e R
sHopEin, FIgwa™ sbPedlh 4 hlndlidsh e, B B8 spifirof e Weations.
Fieseq fend Sleschicd il Riod B ORI k6 Riembt o find 2
PhesEAMEaR ORI Qﬁb@ﬁﬁﬁ%ﬁ W?lﬁgﬁ Phich WeHPhL t‘ilegresentable

equati on. An equ 'ow ng quadra

VAL RS 8L 3 clflifh b S ladratic o
Wﬁﬁ;@sﬁgh&(pe determ ned as expl ai ned bel ow.

Clearly, if ccL and PL are known and if Lu* is known
for a particular small col our sanple, then Equation 2

can be]ysedoj g, % edd o, * hqaﬁgtt%g%}AB l'i ght n?@leation )

val ue for that col our when i mpar a large sufa

h redicte akue,will.be denot.ed LSp*. so
e dpfind i, RG0S V6 be dethtmingd 5500 BMmed Below.
Correspondi ngl(i/ if a colour, when inparted to a |arge
$deatlye iboeaand 8 ass kaoven and Halig® s kngwméssapartieular small
of LS* then, in order_ to _conpensate for the shift, it .
wolowr sample; sbearkquasiomBacan heawleduto prediettiee shified CIELAB
i ghtness 20 value of Lut* where Lut* -(3L+ {1 L2 +
Am%{tnw( yalugofor that caleur whekqumarted (@) largalsuface area. The

predicted value will be denoted L,* so that
Lo*= oLy**+ BrL,* + 100(1-10000-fr)

Correspondingly if a colour, when imparted to a large surface area, is
expected to have a lightness value of L* then, in order to compensate for
the shift, it would be necessary to impart a colour having a true lightness

value of L* where

Lu*= B+ {B> + 40:[100(1-10004 -Br) -L*]}% Equation (2a)
ZOCL

So if the expected lightness, Lg*, is known for a particular expected colour,
then Equation 2a can be used to predict and identify the small colour

sample whose the lightness L,* will be perceived as L.* when the colour of

the sample is imparted to the large surface area.
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So if the expected lightness, LS*, is known for a
particul ar expected colour, then Equation 2a can be

w@e@d/09s5predi ct and identify the small col ourPCHEPPD€004676

whose the |ightness Lut* will be perceived as LS* when

the colour of the sanple is haparted to the |arge

urface area. WD 2004/097353 [ EP2004/ 004676 15

QRdET s BT g @t bt B SETe @ cighe the bess valies fer o and

est values for gL and (3L, .the following preferred
Bpé%\@-fghqug-prﬁ?@@@@ Sb@stvéﬁmgai PrAGEGUIe W@t@oyv@sﬁ
the preferred best-fitting procedure, a first pair of
tentati val ues for al_.and, (3L re selected and .
Subs it Sied o e, PERATEG; Qesf-Tithingn PIoReRe: (4 Jarst pair of
| i ght.ness val ue, Lu*, an i nparted cal our was al so )
&@@ilwu\@w 06 Oqand ﬁimwm Seleste @néqslﬁastksﬂtaﬁ}amto Equation
ed to predict a shifted value, Lsp*. Next, the
ﬁb ﬂ'ﬂa@w lvwwa,mesﬂgﬁmess AT ki, f amimpagsdsglour was also
S subtracted fro he predicted val ye for .the

l. .
shburted iath qugtion () andhthegequation seasories tepregdist a shifted
o[ 0 { * - LS*)2. St f
SAFE Lt Y et dhecieifiess valubehe obiths maldingrmall colour
SHERTERPR kil S0 At s NS 25 B KB cotour, Ly,
t 1 .2 th [ .Ant f

ARy EREace B0l R3S SEared SiNE val ues Tor aL

and 13L. Steps 15 1 to 3 together produced a |ist of

squared di fferences (Lsp*-gLsgliﬁ%gr each of

a

alternative pairs of tentati¥e es for aL and RL
used in Steps 1 or 2. The squared differences making

fhef 2, D JB5" HESF ERAARPrOfiate) 08 46F reR PP 1 for the
ERRhy e, S0, UGS TS ORISR B e oter
SHRSHAEETLS! SUBVROD (Bl W] Dfthr wsing i trn
B A s ek RS ABRTEr LD . St
143 AR, Blodddh RIS ff A PIERASHUS (53 L5 or cach
of alternative pairs of tentative values for oy, and By used in Steps 1 or 2.

The squared differences making up a list were added together giving the
sum of all the squared differences (Lg* - Lg¥) in that list. The list having
the lowest sum was deemed to have the best-fitting values for oy and By and
these were substituted into Equation (2) which was then constrained to pass
through the point of total lightness, Lo,* = 100 = L,*. This constrained
curve was deemed to be a best-fitting curve. Early repeated performances of
the best-fitting procedure resulted in a range of acceptable alternative
values for oy of from -0.007 to -0.0001, preferably less than -0.0013 and in

a range of acceptable alternative values for By, of from 0.8 to 1.5, preferably
0.75 to 0.95.
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values for CCL of from-0.007 to -0.0001, preferably
| ess than -0.0013 and in 25 a range of acceptable

w@bkdoano9sss ve val ues for PL of from 0.8 to 1.5, PCT/EP2004/004676

preferably 0.75 to 0.95. WD 2004/ 097353

PCT/ EP2004/ 004676 16 Substit lfgi on of preferred pairs

of upper and.,l ower values for "at. and 1L into

Equat E@bsuum@m Weprefpmed pats obwpperandrlover valagedor op and
respectively as shown in Figure 2 which bound areas .

$h inke figumtiony Rt preskices uppst aedf lowemquadratiseeunyesaaspectively
of this {nvention. 5 A sim]lar inspection of the i

las shovanintigurs pvhishdroundeareas iof shifped dighteess values useful in
sgi fted chroma val ues, C, * against the corresponding

fthe @eriosmanesrof this)nvertiames of Cu* as shown in Figure

3 revealed a linear trend in the scatter of the

oy asDECo e i doCHlen of thscalots aft e Neripbs predicted
ered hraBS VeS| CHe AEaiah Ahe DTeSPAIIAR: e (e Wgshifted)
BAEY bh Ch) o ham MoTidits L breeled & Goew endi thecatter of
e IRORE Sy & rond Sagedied thdldk sanld Becuaphavnile hattempt
T Bha°R, el aehinecfor Paf B6nbhes "6r e il eigh would be
SEPFERBRIIIY htitedh EQbin. /Rl hEFine) R, Bl Fing form

> {d - ifted value of Cs*) then, in 20 order to
ﬁ%é}ﬂ@%@aﬁ%ﬂr. the shift, it would be necessary to

impart a colour having a true chroma val ue of Cut*
where Cut* Csp* EquakikQn . (3a) aC WO 2004/ 097353 .
PCT/ EP2004/ 004676 E ol Equation (3)

where Olc is a constant to be determined as explained below.

Clearly, if o is known and if C,* is known for a particular small colour

sample, then Equation 3 can be used to predict the shifted CIELAB chroma

value C,* for that colour, ie
Csp* = Oc Cu*

Correspondingly if a colour, when imparted to a large surface area, is
expected to have a chroma value of C¢* (ie. a shifted value of C¢*) then, in
order to compensate for the shift, it would be necessary to impart a colour

having a true chroma value of Cy* where

Cu* = Cy* Equation (3a)
Oc ”
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17 The constant, ac, can be determ ned by a
best-fitting procedure anal ogous to the one descri bed

wo eoo4derser m ni ng (XL and (3L but with chrom REI/BRR04/004676

repl acing |lightness values and with the |ine being
constrained to pass through I?e poi nt of total
3ﬁyronatic{t&, ClL,* =0 = Cﬂgﬁgpea ed g perf ormapces

G RRN$IELE Yo ¢3th §edefsrmined hy\a beslstitting Dracedygnapalogous
of _acceptable alternative values for  ac of from]l to
30 Fhgnene, r@senbsdyfeor. dertemnining  cus@peh gn dutowildy chroma values
preggtre .upper upper and_ |l ower values for ac intq

Eebtacing lglynsss cedugp pand awih) tkeding heingscensivained to pass
Fjgure 3.which 10, bound ajeas qof. shifted |ightness
Jhiueh et poinh, ofhdofly rehHIRARCIEY, (kipd = fent Lok Repeated
The.above equations cap be used in directl .
S RTANGes gOf ghet Best-Htiang presediedayk résilied dnea range of
human %3%0 ptiopn of colour. Accordingly, this
iacGepta aﬁﬁﬁ%ﬂtﬂ&V&mﬁétﬁ% @ of frovaciesadi ad peeferatdy 1.05 to
shifts in human 15 perception of col our which occur

fn a colour initially perceived as a snall col our

sanple is then perceived extending over a |arge
surface area wherein the nmethod includes a) obtaining

the tgubstifubiofBolimetaeed wsdereupsdr and TowerCvERRB for o into

chroma val ue Cs* of the colour of the snall col our

$quttor Beprédeces2fipperandolswér thek e SBEREIn hftigug? 3 which
u

choosi ng a second col our of hue simlar to the

thomrsiratdas ofishifted dightacyd ivalueseasetil dal the¢ pBermance of this

Cl ELAB | i ght ness- an chroma val ues Lu* and Cs* where
linventiGh2 +4(3L[ 100(1- 100( XL- (3L) -Ls*J}y2 2alL and
25 WO 2004/ 097353 PCT/ EP2004/ 004676
The above equations can be used in directly compensating for the
above described shifts in the human perception of colour. Accordingly, this
invention provides a method for compensating for the shifts in human
perception of colour which occur when a colour initially perceived as a
small colour sample is then perceived extending over a large surface area
wherein the method includes |
a) obtaining the true CIELAB lightness value L* and the CIELAB
chroma value C;* of the colour of the small colour sample (ie. the
true colour of the sample), ‘
b) choosing a second colour of hue similar to the hue of the small

colour sample which second colour has CIELAB lightness and

chroma values L,* and C* where

Lo*= _-By+ {By” + 48 [100(1-10005-By) LA}
ZOCL
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18 Cut* = Csn* ac in which aL is from-0.007 to
-0.0001 RLis from0O.8to 1.5 and cc is from1l to 2.3

wW@eeh4H97353 | nparting the second col our to the |BCTEP2004/004676

surface area whereby because of the shift in hunman
perception, the second col our en inparted to the
| arge surfacg ar 4S perceived by the human nmind as
being ac t ably=s ilar to the colour of the snmal
col our sanple. Th&:nethod can al so be perfornmed in

reverse | Ls 055} t predi ct how a
true col Zﬁr"‘%—ig}sl d“rflsus?ﬁlat%fége?g? '@Pém e by a small
area col our sar{iﬂf@)ﬁmq)-gki@ bérand ved by the hunan

m nd when the tigyeisdphRUT teRtPNds over a large area
surface. Accordingly, this invention provides a nethod

for pregingting shifts in human perception of col our
whi ch occur when a colour initially perceived as a

smal | gpimpartianhesdcond @lonpts the e g8 Xsuefidetea 15

over a large surface area wherein the“nmethod includes

h { becamist e the ¢hi el ' v A
ay etgt%‘LABms the WRifeiELienan SBFRPERONY The §eéd&%]d 88lbur when

t he chroma val ue Cu* of "the col dur of the

smpdrtedtotiie kagplsarfabl ares {LpeiceivddBy Ghéhdfan mind as being

i ght ness and chroma val ues Lu* and Cu* to values L,
avtepiablwisimilat ite thespknir oftthe sshallhicolddies ed areas

shown 20 in Figure 2 and Figure 3, whereby because of

t he sHhetmethddioam apsy beperformeddnireversesss thal itds possible to
L,* _and CS* predict the |ightness and chroma which

tredidi aw antrue dedope(aeillusirated foaexantple byt asnialbdsea colour
over a large surface area. The invention provides an
Sarepled wikbeperesived bypthedhemiangmimd veist the tr26 éalour extends
the human perception of col our which occur when a
Qiea @ largetarea syrfaper Aecoutingly, shisrmivientionoprovidesph enethod for
i s then peﬁpeiye extendi ng over a | arge
predicting shifts in human perception of colour which occur when a colour
initially perceived as a small colour sample is then perceived extending
over a large surface area wherein the method includes

a) obtaining the true CIELAB lightness value L,* and the CIELAB

chroma value C.* of the colour of the small colour sample,

b) increasing the CIELAB lightness and chroma values L,* and C,* to

values L¢* and Cg* which lie respectively within the shaded areas shown

in Figure 2 and Figure 3, |
whereby because of the shift in human perception, the increased values L.*
and C,* predict the lightness and chroma which the colour will be perceived
to have when it extends over a large surface area.

The invention provides an alternative method for predicting the shifts

in the human perception of colour which occur when a colour initially
perceived as a small colour sample is then perceived extending over a large

surface area wherein the method includes
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surface area wherein the nethod includes WD
2004/ 097353 PCT/ EP2004/ 004676 19 a) obtaining the

W pawe/0CI3E AB | i ght ness val ue Lu* and the Cl ELARCT/EP20041€04676

val ue Cu* of the colour of the small col our sanple, b)
increasing the CELAB |ightnesg and chroma val ues Lu*

15, % ob B kS L ERVEAE s i Shinafps Crrtap
eyl WS ST RPNl cal S

has. bdrcRFAsE b CIEARE iEBESS ndl RS YaBlogL* and .
per coptt BR8P Lt e} CEERABRES The shi T o be

illustrated, preferably alongside the correspondi ng

ot of essi onal Lpseitiiars Hhes ottt D RRsBekAthow

they will pe i__v&cggg col our of the small col our
sanpl e when ha en inparted to the |arge surface

RO S A P WA R 52 008 17 o
BB ot e, 0SS F 5 RATER, PO R Bt
FRVEAChEH HACEe iniDaftRada Rk I Rt ER kA ol e |
chdal bRyt HrchRf, BB sHiRsCHL (e B Beeption pf colour
SRR SRy LR Y Y5 Jesponcin
sHRAT ColSu s%gs,%@ %010 SABw ?8 t 6ithg gk&’férssito‘ha‘f as?e'ggféers and

means wher eb conbi nation o e Frier nean

uRRRI&T chpeesrs ReWOHic | l%vfmp et e iddwﬁ "ogtéh%”srﬂau colour
CcO e w e

how t he colour of a s our sanp

Befipe witerDit Rfiheun Bpatad toBeS 14rB8 supfd arBX! RRESrdingly this

over a | arge surface
mnvention provides a method for illustrating how the colour of a small

colour sample will be perceived by the human mind when the colour
extends over a large surface area wherein the method includes

a) ﬁsing a method as described above to predict the shifted lightness and
chroma values, Ly* and C.*, for the small colour sample,

b) choosing a second colour of hue similar to the hue of the small sample
colour which second colour has the lightness and chroma values, L;* and
C,* and
¢) imparting a small area of the second colour to carrier means
whereby the combination of the carrier means and imparted second colour
provide an illustration of how the colour of a small colour sample will -be
perceived by the human mind when the colour extends over a large surface

area. Suitable carrier means include paper pages, cards or electronic means

such as cathode ray screens.
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area. Suitable carrier neans include paper pages,
cards or electronic neans such as cathode ray

W@ e0oee9rss3 WO 2004/ 097353 PCT/ EP2004/ 004676  20PCT/EP2004/004676

Preferably for greater convenience in use, the carrier
nmeans also carries a sanple 2 the smal | area col our
oIour ccordin t he

orieGHaPLY tEr SERART AOUVEniGIAG A iBh B GATFiEE means also
B, LR A, SR o
05 A5 B 3 3 i
AR o g o
s TR P st bl 5 8 oo
U TS F 1 0
LN T T S
O M AN
Wﬁhnﬂtﬂ@ﬁl@&i@@ hf@dé%ﬁF?%\lreﬂl 843 té’s@eﬁtc}'vﬁ}}; bs that on viewing

conmbi nation the |ightness val ue

théu 550! r
he gzrlr}gﬁ* O%%IOQE‘ id tlfé? é&ﬁBHlJra@igla_nﬁ U’gfé K%?ﬁ p%‘y‘éﬁﬂogi/cal and

ﬂ%h@k?i@é]) p@t@@ tlﬁﬁ*of:t}fé? ﬁr§t ddieukiis ﬁhodfﬁédlbg/ t'k!ﬁypxké%ence of

provi de di sp ays on cat hode ray screens

ikegoloutedematertalechingd wacepiibh oftha ﬁl%mbﬁﬁlpﬁs it would be

colour printed on card or paper. Cenerally, each

perptivediir it mraextxmdihg (b\wrtdﬂla@%e suffane iares.aAltefdtively in the
its true colour and preferably the identification is

woinnbisdtionn the lightndss wakiegalpt e anbothexehmimga value, C*, of
collections of small area sanples of colours are '

| mbterialvmay de givendbytheyedumtiorsn i denti fication
of their 25 true Ilghtness and chroma val ues printed
on them The identification could be in the form of

act ual Cl ELAB;% Fghttys 2 fdLehd00(¥a100w 83) and

det er m ned
C*= 0cC,*

»-g

-

The first colours may be provided as displays on cathode ray screens
but usually they are embodied as small area samples of colour printed on
card or paper. Generally, each sample will be associated with an
identification of its true colour and preferably the identification is printed
on or near to the sample. For example, collections of small area samples of
colours are commercially available and many have an identification of their
true lightness and chroma values printed on them. The identification could
be in the form of actual CIELAR lightness and chroma values as determined
under standard CIE conditions, but commercially available samples will

usually carry a precise translation of the colours into some more user-
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under standard CIE conditions, but comercially
avai |l abl e sanples wll usually carry a precise

w0 ean®dasi on of the colours into sone nore usePCTIEP2004/004676

2004/ 097353 PCT/ EP2004/ 004676 21 friendly
col our-defining notation such,as an NCS cypher or a

R A R R IR -
N N O AL .

) 050 g5 it FRRY b B, SOb MY by when e
SRS A I 0 B SRR een. e
S BT B AR SR RSB BELOP SRl on
SRR e Mol 50y S5 B B et
SBLGH BRI € i SEDIL LS ld Sy SyRRI IR Bolourca
SRR i W b SE G RTEL ol B R b, st
SO0 1O BB Ui T BeBRESon of e

GheREE cotOVes bgt ; ted'dnt fie %ﬁﬂs%a‘fg’%le‘:@él%raaéo%%side the

plurality of smm ur sanpl es eac conpani e

IdefirfilbhesP MRHr8 S516aP Gtocgfd&uce §3:|>i§1'é+tﬁ’f&d‘ %aﬁlgg@.gm !ht? this way,

commerci al range of col ours to be ayed ea

isbeniaty Bsffrinli 10 theChRfofited ?ggﬁgé ﬁ?'é&ﬁfsﬁéﬁbé ™ the choice of

exanpl e stripe cards, a fan a brochures,

aodenbiiisbehbletBee imhiedapsly £ defAhate %%qugﬁiﬁéfd colour

20 textile sanples or side by Side on a cathode ray

seilkbe negded tabiffves the shit i percetvedBoRiirual snal |

area display of the colour as it will appear ona

| ar §or evoacgreatbridonvendees; the Cirridiimeany ﬁla}ﬂczﬁ*r?f 4 ph@rality of
unskil |l ed col our choosers to the phenonenon of 1he

small cokeamrtsanyples dachalovongshded tiyngs corespohdians sedand colour
usual Iy supplied in 25 cans birg enough to contain

saalipwing alvhaleatommeroiglaange @f dodowrsafel be displayed each with

its corresponding second or shifted colour in for example stripe cards, a fan

decks, a brochures, assemblies of ceramics or plastics plaques or books of
textile samples or side by side on a cathode ray screen. This allows a user to
see an actual small area display of the colour as it will appear on a large
area and it is especially effective in alerting unskilled colour choosers to the
phenomenon of the shift.

Factory made coloured coating compositions are usually supplied in
cans big enough to contain enough of the coating composition to enable a
large surface area to be coated. Cans containing coating compositions of
different colours are often formed into collections and displayed togéther

(eg side by side) in shops or trade stores so as to offer a range of alternative
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| arge surface area to be coated. Cans contai ning
coating conpositions of different colours are often

wo eooneel73sht o col | ections and di spl ayed t oget hePCT/ERZP04/004676

side by side) in shops or trade stores.so as to offer
a range of alternative WO 2004/,097353
22 sel ecta colopurs. This

SERSTRD BnCQIoNER < Lhis ¥ cabion enablen cachganeit pash @ocollection to
A PR h e 4o 38 BT Fin o
BT M 0 S v oer e
39 5B R SN A SR neing o
Pl i L, S T B s ol
S 0 0 ek BRI e for
N T M —
R S RN
TafiBe HwdtePOf Eﬂtﬂﬁu@f%dlbuﬁf nl%%dga{ Bgﬁ?@sreﬁgénqcﬁ{s of the true and

transl ucent so that the colour o con S (al ber't
e . . e ¢ _
SHife kit epiyls St A, §1 06 Wbt may be

caktiedt bantid 8! br aalﬁeinaﬁvel SaOtarl ggmaih hfogtgé’%yof it may be

colours in 15 which the colourd are

neet b thdliliicdrtuso |thahithe olahs of%% g@%@%@ﬁbeﬁ in an

A nodification of the arrangenents descri

anrdriécs state) idi sidible eHronghe 'th@scefhlf. Al bbﬂéct?@i@'ﬂna?r B& used in

sanpl e colours or wholly or partially transparen

cambifiatiorcwitht £ collbetio® d f el hfdassathisies offthe SBEREE colours in
and 20 subsequent sanples in the series serve both as

seehe the fcootrsuere: ddentified by akfarense itb! tisfir ahic Mptthess and

the shifted colour for either the preceding or the

fcbiroma vajuasj acent nenber of a series. For exanple,

such a nodified aid nay conprise a | adder of colours

wher e Ahmadificatwomuwf ithe sarsangéraentsl described! dbvwe comprises a

cQlour belowit is its shifted colour. The col our

sispay05a sexiey of either small area sample colours or wholly or partially
transparent cans filled with coloured materials where the second and
subsequent samples in the series serve both as samples of a true colour and
also as illustrations of the shifted colour for either the preceding or the
following adjacent member of a series. For example, such a modified aid
may comprise a ladder of colours where the top colour is a sample colour
and the colour below it is its shifted colour. The colour below also serves
as a second sample colour with the next colour down being its shifted

colour and so on down the ladder. Alternatively, the bottom colour may be

the lead reference colour with shifted colours being met as the ladder is
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25 as a second sanple colour with the next col our down
being its shifted colour and so on down the | adder.

WQ\Ldoa9ss3 vel y, the bottom col our may be the PEHEP2004/004676

reference colour with shifted col ours being net as the
| adder is WD 2004/ 097353 PCT/ ER2004/ 004676 23

BRI SRS o 8 Dol R b sty
e P drinBRveRe e the Teddandiyjd herbisplivsd horizontaly.

20 ol R BT W oS of o putic
BaB IS B pdsiaBRF soRa ARiUS i he D, flovinére Slsatoved in o
PR AR TR, VS . it
St R B 21585 e 310 T by RRRmR R Ra aoomputer-
IRHDRIPGALR! ielfhE BB Ve AoIBR°E Muce Ys6 eologr can be
SR SRR oo TS L ESTRAER can v
SRARLAIED, (ERARA A hprbbriall MM GOUEY IHEREBY e screen
RROGR] ¥&6teddl & s§ff!dn gb?yfi%ﬁ @Pﬁ‘ﬂjfe?sf 50'{3¢%h opserver 300 mm

per cel ved extengl ng §3 arge surrace area wherein

kv apparatus conprises a) neans for storing the

shaded area shown in Figure 2 and neans for storing

t he shaded area shown in Figure 3, b) neans for

storirgher iapémionnduither ChFbvidesi ppapams'abre thilitatin

and 20 the Cl ELAB chrormcgal ues CS*"of a small area g the

rformaecof thecmetiaed foif GG mpeASH ny r :
?ﬁe shaded areas shown in %?gu?ﬂﬁgfgﬁgﬂgﬁalngﬁ%lggl&fbeptmn

ofl colounfwhich eteard whehoa cotoltmighllyhsereeRldd as@ g&ﬂhll colour

sanpl e whi ch second col our has CI ELAB 1i ghtness an

gasirqn}a is atheaspérceivet eRtending averr & 1h8Rs stifade l@Ea avlerein the

apparatus comprises

a) means for storing the shaded area shown in Figure 2 and means for
| storing the shaded area shown in Figure 3,

b) means for storing or obtaining the CIELAB lightness value L* and
the CIELAB chroma values C,* of a small area sample colour, |

c) means for choosing respectively from the shaded areas shown in
Figures 2 and 3 a second colour of hue similar to the hue of the small
colour sample which second colour has CIELAB lightness and
chroma values L,* and C,* which are less than L and C.*
respectively and

d) means for communicating the chosen values, L,* and C,* to a user

of the apparatus
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25 respectively and d) neans for communi cating the
chosen values, Lu* and C ,* to a user of the
wa@ppangtsss WO 2004/ 097353 PCT/ EP2004/ 004676  ZBCT/RP208H§04676
communi cating a prediction of the |ightness, Lu*, and
the chroma, Cu* of the coloyy that will need to be

R SR BB DAL, roms.
éh ﬁ,;a{le Egs%lgg? ﬁm | |1H‘Fec¢] g‘PI fi}gggllgfsg t}éng ﬂgﬁé‘ fﬁ@? area in
QIpgr Ffé,‘rf@e fOéﬁﬁ%ehpe' Ssgéi?/ggaw Fggai‘lg #nh‘datab Netceptably
s?ﬁn%?aqqp ¥ bgeggg %ﬁfeg{" @%&%@%ﬁ@g%cﬂr WhEciront, ﬁ@% of the

ur® sanple is

ﬁﬁ%ﬁfﬁfﬁ%ggﬁ}e 40 B b, G pigs g o

ﬁggegﬁgrﬁegr@ﬂgaﬂ% g[ﬁéeg?etﬁgg ffﬁaﬁ rreecglggm EFEIM“ 9n human
ﬁ%@ébﬁgncﬁ%%%&iﬂ Dfichl Gochtwiin h%@gg‘ﬁ Fallf pofceived as a
AN plgfk SARRNS iy st facklied ERRERAAY Qper d Mbgehdurface arca

a sec

E@#’% he hue of the smal |l col our
@ﬁp@ht@% seconéﬁﬁgflougr has Cl ELAB | i ght ness and
chroma val ues Ls* and Cs* which are greater than Lu*
and Gy} ﬁﬁeﬁbh thedilthdell drearnhotat i Rigury 2 amidgeans for
t he %gge%ﬂssa ues Yl%l and Cs* to a 20 user of the
appars@éx‘iﬁ%ttﬁé'sﬁﬁde@Qﬁwm@ﬂhllﬁgﬁ‘lgum 8diction of the
shifted ghtness, LS*, and the chroma, C * of the ,
col o) feahsWolr! stBfingeor obtdinitidehe BHELABd lightmesshealue L,*
colour is inparted to a large surface area. In a

parti gilaheCIEIEAB cledmawdlfdsa@st ofia sumadl colaursample,
comuni cat ed by the apparatus is comuni cat ed

¢) means for choosing respectively from the shaded areas shown in

Figures 2 and 3 a second colour of hue similar to the hue of the small

colour sample which second colour has CIELAB lightness and

chroma values L* and C* which are greater than L,* and C,*.

respectively and

d) means for communicating the chosen values, L;* and C* to a

user of the apparatus

thereby communicating a prediction of the shifted lightness, Ls*, and the
chroma, C.* of the colour that will perceived by the human mind when the
colour is imparted to a large surface area. In a particularly preferred
modification, the colour communicated by the apparatus is communicated
to a paint tinting machine, that is to say a machine which dispenses pre-
determined amounts of colorant into neutrally coloured base paints or other

coating compositions to create a pre-selected colour.
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25 to a paint tinting machine, that is to say a
machi ne whi ch di spenses pre- determ ned anounts of

W@ od0a02r3t3 i nt o neutral |y col oured base pai nts PCT/BP1964/004676

coating conpositions to create a pre-sel ected col our.
WD 2004/ 097353 PCT/ EP2004/ 004626 25 A preferred

bor tor et BRRLhe, dfe PORpRng Henshad %@L&e%%iased in_the
HesRunfseE BubcioRioh B0 18y : d5icibed I sttapene to the
\Qﬂa&ﬂnggi:[%%gg the ceiling, vval | s and floor of a

room shows pI ots of shifted |ightness

\r?glt gﬁir%gﬁré@o Lufgﬁﬁﬁ@c Elg ﬁ%{éﬁggtzvg e%r? rei?g@ﬁﬂ%ﬂsw g%lgﬂgr surfaces
Hgure 3 Shows pYAEL Einulites 186 clllfnd 3P 38 REiCof 4 foom.

R A OIS ' o
val ues Cu* ?@Eue a h i d FhgiLe ¢ giF W34%%hing colours

pl ot s of shlfte chose ours as

15 deternined ug 1&1&% 1 t'?Ee C&ﬁé?rfftédt (“iﬁﬁ?) ﬁ#ﬁtness values

agai nst the unshlft hue angl e

chosen col ours. Lu"“%irt%e'i:lﬁfk%%dl Q#SS on a ClE a*b*
0

di agram of the a* and b* val ues the twel ve col ours

used R 3t he shoeas gl@ts bf dsKiGed2 cARsing - V&Rleﬁ' G}J* eop chosen

shows plots of shifted |ightness val ues, LS*,

predicted shi ft%lbmmhtdsesdetéﬂhﬂﬁéﬂ ﬁs%é tﬁbglthﬁtcﬁmg colours
shows plots of shifted chroma val ues agai nst

predi cted shift ¢eclotiqoemgaihstahe Miﬂe&'(&uéy cﬁr&hﬁ%lues C.*

an earlier version of Figure 2 in which the
of the chosen colours.

Figure4  shows plots of shifted hue angles h, of chosen colours as
determined using the matching colours technique against
the unshifted (true) hue angles h, of the chosen colours.

Figure 5  shows plots on a CIE a*b* diagram of the a* and b*
values of the twelve colours used to map the areas in
Figures 2 and 3. |

Figure 6  shows plots of shifted lightness values, L.*, against
predicted shifted lightness values, Lg*.

Figure 7 shows plots of shifted chroma values, C,*, against
predicted shifted chroma values, Cop™.

Figure 8  shows an earlier version of Figure 2 in which the plots
were obtained using only ten colours and lightness

values above 40.



10

15

20

25

25 were obtained using only ten colours and |ightness
val ues above 40. WO 2004/ 097353 PCT/ EP2004/ 004676 26

wWO-2@ue7383 shows an earlier version of Figure 3PCTERIWOEIN4676

the plots were obtained using only ten colours and
chrona val ues above 40. Figuge 10 shows plots on a

0" i i i o S5 o i
Fi 11
L%, agai nit" WE Publatied PringcOnly A mS0im Ak Erma values

Figure 12 shows ﬂ$lot Oof shlfted chroma val ues, C,
agai nst 10 pre Q%G shifted chroma val ues,

Csp*. The
L 5 PRI i R b
Colour's ahose. o/eles F" ey tof "Gripls sl 'O PHRR, she arcas in
shown in Fi QUTGF’{)%%HE rgJ J2jed room 1 conprised an

assenbly of ver anar “large surface areas or

wal | an u n t a :
sur f abigge £l ?*.1%’3 @mgoéﬁdsﬁ 8, DRRERR, Fal RSP, against
6 covered by a Bﬁgﬂ Malls 2

and 3 were 4m I g} g&rcgéhlﬁ.?gﬂ%%m]@% Vé weFlss 4 were

3m | O¥ehie P DsHOws DISICOLAAMA ditodia VaRied, €. dgainst

provi surfaces of large area and I n particul’ar

wal | 2 subt endegreaiisll shifted|chrdina VAIGLOICGH. or eat er
than 500 to an observer 7. Simulated room T and

especially wall 2 was illum nated by a D65 white | anp

col our o EEREfEdf ieintafl for abbfif dhel Hifict, ARas20 and 30
gﬁé‘%’@ls' L BireS 258d & empfoyed JRithyties Bat 1% Hicwy 18 Figure
W@N{:p&ffférgﬂt BBldur 988%15(1) 9 AB 3¢ éﬁ‘f&‘ﬁf’?}%ﬁﬁumns are

pain e type Use U ercoatlng

"sﬁs{ﬁf # Figure 6.

Simulated room 1 comprised an assembly of vertical planar large
surface areas or “walls” 2, 3 and 4 surmounted by a horizontal planar
surface or “ceiling” 5 above a horizontal planar floor 6 covered by a mid-
grey carpet, not shown. Walls 2 and 3 were 4m long by 3m high whilst
walls 4 were 3m long by 3m high. Therefore walls 2, 3 and 4 all provided
surfaces of large area and in particular wall 2 subtended a solid angle of
vision of greater than 50" to an observer 7. Simulated room 1 and especially
wall 2 was illuminated by a D65 white lamp 9 positioned centrally on
ceiling 5. Lamp 9 had a colour temperature of 6427K. The tristimulus
values, X,, Yyand Z, , of lamp 9 were X, = 94.86, Y,= 100 and Z,= 107.25.

Walls 2, 3 and 4 and ceiling 5 were newly painted matt white using a
solvent-based alkyd paint of the type used as undercoating which therefore

had a high covering power. The paint was allowed to dry for at least 16
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had a high covering power. The paint was allowed to
dry for at |least 16 WD 2004/ 097353 PCT/ EP2004/ 004676

wWQ7Z00h091383 and t hen each of the twel ve alternat PBEP2004/004676

paints of different chosen chromatic or achromatic
colours was painted in turn o?g,o the white walls 2, 3

BR0R 1anihon GacheGt, thedwelKs aiferoaRueapaints of different chosen
S g R R oty S S i vts 2,
AP SRR S I ERe REie REASSLfgBties ana
SFRSHE sy B AL BROEAFEILE Ao e 2
5 48190 T8 L b5 0 Ao A B Vs o
e SFpAetcoty S e IR TR BBl i mo

Beegd8 ' gther 3 or 4 zones of essentially
unigorrﬁwggqeou?pg he first of the ten observers 7 (all

‘ ' i . s

?est for nor ma%I ﬁﬁﬁérlr@rtlgiéﬁour \r/llg’%tlhf)n c&é@f ?ﬂ@ig)ua\ibgsl ?g a chosen
. f . i .

e oy 0 i 9 Lo g U Mgh Sfend si

A mdoéi@_t 4@ngmw11se. ThEK Oy zikﬁgﬁ@@g? Yghits ﬁﬁ‘ttﬂedc%lour of

ray tube hode ray tube’1l was

each 1065 v&é’re\/\ﬁieﬁﬁurd@leﬁﬂhg tAE IMIiAGTA S FRO@UTE wis found that the

different lightness, chréma and/or hue to be

dreay #Qacbuldihbe gggb%lﬁe& Ghtt efthef 3t B@dlez?ﬁi&% tggbéésséﬂtiﬂﬂ? uniform

been set to mat e 20 white point o

Cobmurv herfiestrafathedeh obsepters7 @11 o whon ‘Wéi*:eltdﬁpra]ble of passing

alternative g:ql ours displayed on tube 11 unti _
tihs/Ishihgradyisient test foraiermalg hagdaa'colegr Fasioh) Wiiashasked to
was the best available match for the colour of "the
pbserveeeach wifdhe dhréher foszones of will 2ein ®frntdiRl then to match

mat ching col our were then neasured using the Mnolta

b5/hooerdeptien vaf des colowt of 25 zonehwitlosecdlurt ﬂ'ﬁplac?/ed on a
colours inparted onto the walls and so they were use

cathadd ray ke $hi Cathibde iyt tabwes] hwhas fittedewithl costrolsd 2 which

shifted hue angles for the )
permit alternative colours of different lightness, chroma and/or hue to be

displayed. The white point of cathode ray tube 11 had been set to match the

white point of lamp 9. Observer 7 compared the colour of the zone with
alternative colours displayed on tube 11 until in his/her judgement, a
matching colour was found which, was the best available match for the
colour of the zone being viewed. The tristimulus values of the matching
colour were then measured using the Minolta CS1000. These values equate
with those for the colours imparted onto the walls and so they were used to

calculate shifted lightness and chroma values and shifted hue angles for the

imparted colours.
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The above matchi ng procedure for obtaining Iightness

wanw4o9meda  val ues for matching col ours was rBOEEPIA4/004676

for all the three or four zones of essentially
uni form coI our and then repea%gd for each of the other
el eve Bernatlv .col ours a i

cool PVE RE Prcgdare §5€§n PR HEHREET 3113 chroma
%’3 e lﬁg E’ﬁ?ﬁgw%%r%’gga 5%@1;?158 N fro ur zones of
%géeo%%]époss bl e v I uegFlg r I | E%tréﬁef% chro Other eleven
el %%%%%m?ﬁ@ ér%z%%wﬁ Suséﬁ Bl nbéltel%uoresc@nt larmp of
%ﬁkﬁ}ﬁ%@%&?@%ﬁ%%s@a 9 ifl®0 3 i gd65 Thid gave from 66
BR3P L EP R OPE A ossve vl
?Bfﬁéﬁﬁfe § b8 ol e on dispiay in (ne 15 box
|1 thqq%géﬂnt‘g{ ﬁﬁéc&fﬁrte%g ff¥n &ﬂ%ﬁn&?ceﬂtpt'ﬁggqﬁé cr%hode ray

avallab he percelvég col our o

vvas i S’%&mﬁz ‘Zgg%lg?cﬁnﬁe {é}glrlny‘tﬁ?%ﬁﬁbef‘f)f readings

wﬁﬁb&ed coI our of the zone and so on until a
satisfactory avail able match had been found. If no

NCS s gt ﬁe@ﬁhg%‘abﬁﬁét gfagprp@g%qﬁms C%g%ﬂ ESId{Jr samples

mat ch, 20 the ours Ju

ofapgSsiz® Wheseets
t hen rresésur ed ts)y thgllfl?\t/lﬁ%g%ﬂ%éés 108812@5%?%&3%?%(%2& and which

shbtendedra soliduinite v 2186 obderRirdNt FhcAVSHRIOer 4' Hewed a zone

was cal cul ated for each pair of tristinulus values

afdvalhe aed gongparedeit avith ancA6 NESeelow mml@eon display in the

tristinmulus values for the perceived col our.

boed. gitthe colenageds het aheady by tohahceftﬁdﬂbeslt%\faﬁlabeﬁ match for

col our was judged to lie say nearer to the first

the perceined dadoli efsthy %M the A6 sdirglleness ieplactdby a sample
space fromthe first colour to

whose colour was judged by the observer to be closer to the perceived

colour of the zone and so on until a satisfactory available match had been
found. If no NCS sample colour was found which was a satisfactory match,
the two NCS sample colours judged to be nearest to the perceived colour
were selected and then measured by the Minolta CS1000 to determine their
tristimulus values. A weighted average value was calculated for each pair of
tristimulus values and the weighted averages were deemed to be the
tristimulus values for the perceived colour. By "weighted average" is meant
that if the perceived colour was judged to lie say nearer to the first colour
and to lie say 25% of the distance in colour space from the first colour to
the second, then the deemed values would comprise the sum of 75% of the

tristimulus values of the first colour plus 25 % of the tristimulus values of
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t he second, then the deened val ues woul d conprise the
sum of 75% of the tristinulus values of the first

w@oioane73pd us 25 % of the tristimulus val ues of PGNDEP2004/004676

2004/ 097353 PCT/ EP2004/ 004676 29 the second. Again
the tristimulus val ues of the2 tching colours were

e SeqfiRl e s T dmiBHS valNES (k) Be dBatcBe B oAU Were used
o Rl S B8 S Gl o A e s or
al ues found,by all 10 observers were averaged
g&??ﬂﬂ%ﬁ?@é?ﬂ?&m%he average values for the shifted
reopeliialy yi EHBE affetfliss ety %%ﬁ%i%ﬁéﬁy: the " Sthe other
CFABAISEY, 408 s60 TS 458 cobbina ek FonBl 01, observers
e RS S Bic) RE BT, st ightuess
P 0D Al S P RIS e e e
' 09.
AP e B AORPSE P oRECE b M colours
45She SADREIE! oty MIERS Gid Socgiedilyy 2 |over
[11 CHisRRLioR! of FReiRy2 ThBwE tal dh REaPplbi¥follows a trend

squares” of the diTferences between

- . b . . \% 1 .
Qﬁﬁkzﬁidlﬁ@h@%ﬂbﬁs? allbYhow Shiftd %’rorﬁ,u{}nh t6RATHS$ QQB%%ggﬂzhghtness

pass through the point of total I|ightness, LS*=

lvalddsg L Butfthe ifibresse rhgderabss Wl&gﬁm@§ Vaﬁiés‘%[gprbach 100.
(31,L + 100(1-100aL-RL) 20 where aL was 0.00125 a

(Rerefore OtHEIBlotd hrap @uit 3bated ased 20rwhids (bbifdbéd ’b}r an upper
82 is illustrated in Figure 2 by horizontal line 2

ehseritiallyoquadrativecinveRibané dyod |ehedeskentiails (%\QaCﬁFttiC curve 22.
u* lre

point 25. This neans that useful values for
Gunvies @ 32aretimistitroiroes obtdlhed biminimising 656 sani bﬁ;che squares

best fit curves 23 at point 26 giving an optinum val ue

25 ther differentes befweshi B aindl B, Hpas atxipbainedueskliee but with the.
performed in reverse using

curve constrained to pass through the point of total lightness, L*= 100 =

L.*. The best fit curves had the equation
Ly*= oy L,** + BLL,* . 100(1-10000-Br)
where oy, was 0.00125 and B was 0.913.

The horizontal axis representing Ly*= 82 is illustrated in Figure 2 by
horizontal line 24 which crosses the boundaries of shaded areas 20 at poinf
25. This means that useful values for L,* lie on line 24 between points 25.
The axis crosses the best fit curves 23 at point 26 giving an optimum value
for L,* of 72.5. This whole operation could be performed in reverse using
for example a vertical axis representing L,* = 72.5 to obtain predicted

shifted values Lg,* for a small sample colour of true lightness 72.5.
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for exanple a vertical axis representing Lu* = 72.5 to
obtain predicted shifted values Lp* for a snal

wW@a 200pl0273601 our of true lightness 72.5. WO 2004POPEBHB4/004676

PCT/ EP2004/ 004676 30 Inspection of Figure 3 shows
that the scatter of plots folg(pws a trend in which

L1 e ot B HOA o e S UREC 3 bSS GRE s  trend
N TN SO —p—
YRR B AR SheRO es e B L i 3
B PR P At RAPER PRt AR 30 128 153 Egied by wpper
B 31 PR 0P8 £33 3L 2 BB it Fhine by
FimbnEOfl o Y5t 308erc B 86 SRR B engpn v and
oL oPLPhidd DBy 968 g B8R L hoR] trough e
s O bl ABRIRILE, L 1 98 LTS HBPLE e tad e

arg glLvingran 15 opti num val ue for Cu* of 33.
%ﬁ?slaﬁg%e d%%gﬁtfon could be performed in reverse

using for exanple a vertical axis representing Cu* =

33hE &?g,?ésnlsg edi cted shifted value CSP* for a small

sanpl e our~of "true chroma 33. Inspection of Figure

4 s \é’sh&%én P?ﬁ‘%g‘%@‘ﬁg?‘%{g#gchﬁ < @%ﬁg 'iﬂukf‘rﬁté@%n Hifure 3 by

450 1 ne s 1 hat re rs ver

hbi"i_tzbﬁtfﬂhiiglb 34 \Qﬁiéhe l¥§8kes? é“%%ug(ﬂﬁﬂeé‘ &F‘%ﬁ&dc?(g'a%és 30 at
orae e

IS Inparted to a | arge area. n F'to assess

p@lmaw. Thid hfedfsethdft &Ftﬂb%f@ @aﬂle%hfd%ngaf lie on line 34

val ues, the equations of the best fit curves

betheae pdHieB % mﬂé’%rgssééstﬁg*ﬁéa%}] git 2%1&%? b ?oﬁﬁ‘i 3§ ¥ving an

I i ght ness and chrona val ues, evera

ohuasiuElay for 0 s WROPORORLEH G BERytormed i
ceverve using fopadangple 8 vattitaPak MpreSenting C,* = 33 to obtain
predicted shifted value Cy,* for a small sample colour of true chroma 33.

Inspection of Figure 4 shows that the plots of hue, h, largely lie on
the 45 line 40 which demonstrates that there is very little shift in perceived
hue when a chosen colour is imparted to a large area.

In order to assess the accuracy of the predicted lightness and chroma
values, the equations of the best fit curves for lightness .and chroma were
used to predict the shifted lightness and chroma values, Lg,* and Cg* of
several chosen colours created when the chosen colours were imparted to a
surface of large surface. The chosen colours were painted in turn onto white
undercoated wall 2 and their actual perceived lightness and chroma values,
Ly* and C* were determined using the preferred matching technique

described above. The predicted shifted values, L*, and C*g,, were .then
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15

undercoated wall 2 and their actual perceived
I i ght ness and chroma val ues, LS* and CS* were

wa@ledogiowizsed using the preferred matchi ng technPQUEP2004/004676

descri bed above. The predicted shifted val ues, L*SP
and C*Sp, were then WO 2004/ 097353 PCT/ EP2004/ 004676

§’$th§‘?<ﬂt@ta§1%§ 5% Aetual déh?q%tg AR el e(%f ffoﬁg Bhe matching
?ﬁ&%{qﬁhsﬁ?ée%s%@mf@%@ﬁﬁ_ﬁe'%ﬁ% I Tnes” &0 and 70

val oBOBCFIAES CaHR 7 S, flst heIBE ERRNn A0S the 45 Tines
BO°BAG T WHcOidiEaRS3h dddd SRUTIARNT hORRel o iR Witues as
ﬁ}?a%pg%d %@ﬁ thE Shi i vafetTs ﬁeﬁ?ﬁt@d %ls aRe et d&gﬁglons

ours -specl gure vvere use

all hg Fo ¢ I8 %ﬁt}\ﬁ@%ﬁ é‘ﬁjlié‘fsv Ylﬁ_of%%u S\ﬁﬁféﬁ%as Obtained in

obtain €SS preci se ows a

éQaﬂt@%%@eﬁ‘é Belagess Ri&d g"igﬁgeé @%X K:'ﬁzﬁdoﬁ tfl@ %en colours

€ss va ues. “Figure W se ows an

ypesifed /i Fr. %\g&r ¢03vekd fledand AMURIISE; %lﬁnﬁé‘@%h}t’est HSove 40.

sanme way as was Figure 3 except that onl

Theo WitvePeshiainsl i Wefd des§ PRECIRY Sbuts Fgard 1A 'sHéﬁG's a8 good

chroma val ues above 10. Curves obtalned i nst ead of

agresment bétvassreprodisted! dndheesuredsiidedigtanessealues.

bet ween predi cted and neasured shifted |ightness

val ue¥igliee9 Hkewese showishen eguler arrsioh* of K 32w'hlch was
p CCU* ere O is from0.01 to 0.03, preferably

Ob@ﬂlﬁﬁd&lﬂﬁ@)(ﬁ’rﬂ thd same2why & Was %'um Sf exedptithat Only the ten
WD 2004/ 097353 PCT/EP2004/004676 3 CLAIMS 1. A

coldurs specifiedpe Fignient0 weresisdd snd allthadea cheswaptdlaes above

of colour which occur when a colour initially
Ak cCivees abtzinedealdstead wfr linespbet Fgure 12 still shows a good

agreement between predicted and measured shifted lightness values. The

S

curves mat the equation:

Co¥ = acCy*? + By
where Olc is from 0.01 to 0.03, preferably 0.0175 and B¢ is from 2 to 2.3
and preferably 2.0.
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5 then perceived extending over a |arge surface area
wherein the nethod includes a) obtaining the Cl ELAB

WO p@hoemsss val ue L5* and the ClELAB chrona VvaPCEEESH4/004676

of the colour of the small col our sanple, b) choosing
a second col our of hue simlag,to the hue of the smal

| oHIreq 10 sanpl e which second col our has Cl ELAB
ﬁﬁdﬂﬁ#@gs and chroma val ues Lu* and Cu* which are

respectively less than L5* and C., * but where Lu*
lies within the shaded area shown in Figure 2 of the

41 2t DO R b R0 PRAJEH B8 o cotour
SR Vheh, b a0 Ryt i
DR HRARE S Bl 68, ARG e motod

to the colour of the small col our sanple.
refinement of the nethod as clained in Claim1 wherein

b 2. Sotatning HERIRE AR Wollhibss VahI08 AiPHR RIEY AR chroma
h e j d

ol CabE Crs o etplir of i Uinal bl dple SoP00S L

o o RO B L Pl ol

t hesagfislieChid® seEon@ Q1o RES (CINTILAB ﬁggﬁﬁzsg (ddd chfoma values

b(v), b(ii) in Figure 2 referring to t ori zonta

axils, ghd €58nivhich hid rék‘p@ctiﬂ@%i 1¥8s th&n 79* ¥ndl C2¥Sut where L, *

LuxX* of any point where'the L axi s crosses a

bouietewithih the shaded azs£showavin Figurk 6Lt dMings and where
2004/ 097353 PCT/ EP2004/ 004676 33 b(iii) in Figuré& 3,

r ef@y’f lieg withirhthesiradedrirel shyivi irePiggre ™ bfthediawiagd and

noting the co-ordinate, CuX* of any point where the

CS'c)dnipartingothesecend wobowar 1o tife lange shefded asseea shown

in Figure 3 then b(iv) either:

whereby because of the shift in human perception, the second colour when
imparted to the large surface area is perceived by the human mind as being

acceptably similar to the colour of the small colour sample.

2. A refinement of the method as claimed in Claim 1 wherein step b is
replaced by the following steps b(i) to b(v):
b(i) choosing a second colour of hue similar to the hue of the small
colour sample which second colour has CIELAB lightness- and
chroma values, L,* and C,* and choosing values for L,* and C*
which values are respectively less than L;* and Ci* where the choice
is made by performing steps b(ii) to b(v),
b(ii) in Figure 2 referring to the horizontal axis representing L¢* and
noting the co-ordinate, L* of any point where the L.* axis crosses a

boundary of a shaded area shown in Figure 2,
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5if there are two Lu,,* co-ordinates noted, choosing
a value for Lu* lying between themor if there is

W@nioy/ 091383 Lux* co-ordi nate noted, choosing a vECT/EP1004/004676

Lu* lying between 0 and the LuX* co-ordinate noted and
b(v) either: 10 if there are %:;‘CUX* co-ordi nat es
*
0

"7 ¢ i) 8 ity Shoredgt go e hieOnel S Credihging C.x
co- or it ASng tbe. Sadtenindunt a0y BRIRG Vhets fhe, G:* axis
ai ot antbssH ppdbcg ofhe oREHET ek 80Vt 3 dhen.
\?/I(wle\r/)epﬁ%ﬁl?%lé%d QAJf;* |AI ge: gggegff\?g?;ngnt ocSlr \a/ueng in
L R b e o
srr:all col ot sggl:b?e 'S éjIﬁﬁien percei ved extendi ng over

) obtai nibads iy WEEns o7 RTREEE Roi SR E R value for
smal | col ot Sa s B8 A absdaT et REYisBls BTk and

e o Re LR I Col our sampi e whi ¢h second col our

has Cl ELAB;jf { Svan € RoOHR1 ' ¢ ine a fi
where Ln* B{ﬂl\/tLl'ﬁgél{wiﬁZ + g:fﬁLréFloo(ﬂ%?éldgqg.{c-b %T_)Chaggll?% gch? lue for
Cut* = CsPC,* lying between them or

if there is only one C,* co-ordinate noted, choosing a value

for C.* lying between 40 and the C,* co-ordinate noted.

3. A method according to Claim 2 wherein L,* and C,* lie from 30 to 70%

of the distance between the pairs of extreme values quoted in b(iv) and b(v).

4. A method according to Claim 2 wherein L,* and C,* lie respectively on

curve 23 in Figure 2 and line 33 in Figure 3.

5. A method for compensating for shifts in human perception of colour
which occur when a colour initially perceived as a small colour sample is
then perceived extending over a large surface area wherein the method
includes

a)  obtaining the true CIELAB lightness value Lg* and the

CIELAB chroma value C.* of the colour of the small colour sample



ac 5 in which aL is from-0.007 to -0.0001 RL is from
0.8to l.5and ac is froml1l to 2.3 and c) inparting

wao b@4pesend col our to the [arge surface area WET/EP2004/004676
because of the shift in human perception, the second
col our when 10 inparted to t Iarge surface area i s

ercei,ved by the human nd as
Sim & tOCﬁﬂ%S@a %ﬁ‘PCQ}? cAIO, n%ﬁu%&reﬁ P Buc of the small
nmet hod_ gccor di n

- 0. 0011081 _ $7HRlR %RLSGFQH r 06“73‘?‘% fl)égg-gnﬁg]:@@ss and
f d f
B &ﬁé%gﬁwéﬁ{qsoﬁu *nd GEHRER (0 Deeor Cuhen &

col our |n|t|aIIy perceived as a small col our sanple IS
t hen ercelved erein the nethod includes

obt ai nlImg he-firtd E‘I:A@ﬂ[ll@ﬁ(hd@ﬁ)amﬁiwe{l@iﬂ} and t he
Cl ELAB chroma val ue Cu* of th% ogol our of the snal

col our sanple, b) increasing the Lo ELAB | i ght ness and
chroma v&8tes Lu* and Cu* to values LS* and C * which
lie reﬁgegtLv Y«W thin the shaded areas shown 25 in
Fi gure "2¢tand - e 3, WD 2004/097353

PCT/ EP2004/ 0046(¢6 35 whereby because of the shift in

human pe aIW 1G5 predict the
Ilghtnesgfgﬁ%bH%E§EQﬁ%é’ g§0%1 r wll be
perceived to ha isiem .8 thak S Hﬁ@h inmparted to the

| arge surface apgds fford. 1 fo 283 gd for predicting

shifts in human perception of colour which occur when

a col arimprtingl the seeoadi dstduito ﬁhesmgé safthedaréanpl e
is then perceived extending over a |large surface area

wizereby tdcause ofithle shift isléangin Eﬁbxfo@ptlbng thié'seddd-édlour when

| i ght ness val ue Lu* and the C
imparted to the large surface area is perceived by the human mind as being

acceptably similar to the colour of the small colour sample.

6. A method according to Claim 5 wherein

oy, is from -0.0013 to -0.0001
By is from 0.75 to 0.95 and
Ocis from 1.05to 1.9.

7. A method for predicting shifts in human perception of colour which
occur When a colour initially perceived as a small colour sample is then
perceived wherein the method includes

a) obtaining the true CIELAB lightness value L,* and the CIELAB

chroma value C,* of the colour of the small colour sample,

b) increasing the CIELAB lightness and chroma values L,* and C,* to

values Ls* and C.* which lie respectively within the shaded areas shown

in Figure 2 and Figure 3,
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chroma val ue Cu* of the colour of the small col our
sanple, 10 b) increasing the Cl ELAB |ightness and

w@bkooaier3gal ues Lu* and Cu* to val ues Ls* and FIX/ERIve4/€04676

LS* = alLlLu* 2 + (31 L"'~ + 100(1-100aL-PL) and Cs* =
acCu* and aL is from - 0007t 00001 15 PL is from

5
O 8 to and c is_f to 2.3 and wher eby. bec e
emby bicgnase o fbeshibon: Bma@npelicﬁetwab s vpBics,f” and C.*

redicbiclighutcss andichiara WICHGH coowRY @%“&xé%ve%‘ to have
»ﬁ@%es%agfbae%% iiiditied to IO aHEREe @ be per coi ved
by the human m nd when the col our extends over a | arge
G L S
BretTSvhen a ool atinlid per v o SAg SosHRowERls is then

bR %%iir? Slé?pevqmg%agﬁ%wa s iy e
GBS RS R o TSR, o e
RS L8 el B R i,

Eﬁéf’?”baoi%ﬁ%‘é@ﬁﬁ%ﬁs‘@ AR b JRNhiipRd s fu nd Cu*
m nd V\{he)gi%ﬁg'&g qu, over a Iarge surface

ar ea. |on a carrier neans and an
i nparted second colour mhereln t he conbi nati on has

been made bngeaget&,ag‘]@$‘B”ﬂju’9Q1‘()@(91@0&LQBL) and

C* = acC,* and
o is from -0.007 to -0.0001
By is from 0.8 to 1.5 and
ocis from 1 to 2.3 and

whereby because of the shift in human perception, the values L¢* and C,*
predict the lightness and chroma which the colour will be perceived to have

when it extends over large surface area.

9. A method for illustrating how the colour of a small colour sample will be
perceived by the human mind when the colour extends over a large surface
area wherein the method includes

a) using a method according to either Claim 7 or Claim 8 to predict the

shifted lightness and chroma values, L;* and C.*, for the small colour

sample,
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11. A conbination of a carrier neans and a col oured
material carried by the carrier neans and extendi ng

wO@@r/020383Tal | area wherein the conbi nati on al sPCWEP2004/004676

includes a small sanple of a first colour and the
coloured mat eri al |s of a segond col our of simlar

h ) ehasing & secend soloweot e Eflgtilé%l?%i 45 Qb small sample
Pﬁ)ﬂg{ "ol Soepnd dittent fad 3}'3? Hghtoes goéo@bromaexelu% Ly and

'gur 2 and 3 respectively so that on view ng the
colour in the 20 conbination, the hunan

%@%&%ﬁlﬁw@ﬁ%‘%ﬁﬂﬁﬁ 53Pe0R BROGERL LR et

SR B RLGE Bk By fifetns el kmbBfiel fhfnd colour
BYGyidt AR iRsTHION TT RO he' ol eSO Pl A1 . spple will be
Beltes o) Bl Bipbattind When BictOlquridiefi pyer ddrge surface

gRyp of Cainms 10 to 13 wherein the carrier neans
carries a plurality of small col our sanples each
acconpani ed by its corresponding second colour. 14. A
conmbination as clainmed in any of Clainms 10 to Claim12

woer &i Gohﬁﬁnaﬁoﬁabf 'frca‘i‘ﬁéf‘smﬁﬁﬁé”dlﬁ?%%?tlrﬂp%?%d %E@ond colour

can filled wth coating conmposition A“conbl nat |

@ﬂlﬁ%ﬁi tedcombihation hds Heen Qhﬁklé‘b lsemethdd H@éél‘d‘i’ﬂ% e Clann 9,

the can is transparent or translUcent so that
colour of its contents can be seen and serve as a
smal |l true col our sanple. 16. A conbination as clai ned

ild. A sbmbifiation @fad dadkierwheass And Recolanréd hmtéﬁah@é‘ﬁﬁed by the

conprises a collection of cans displayed together.

Apmaertneant emd extehdimg over 4 Renalbafew wheegintthe dm‘ﬂmﬁtlon also
for conmpensating for shifts in human perception of

totlndesvih smialbsamplevoéra firstotelonriand e tyloured amateeihl is of a
as a smal | colour sanple is then perceived extending

sveond d¢adoye of similar hue to the first colour but whose lightness and
chroma values, Ls¥ and C.*, are greater than the lightness and chroma
values, L,* and C.*, of the first colour and also lie within the shaded areas
of Figures 2 and 3 respectively so that on viewing the sample colour in the
combination, the human physiological and psychological perception of the
first colour is modified by the presence of the coloured material causing a
perception of the first colour as it would be perceived if it were extending

over a large surface area.

12. A combination as claimed in Claim 11 wherein

L= o L,**+ BrL,*+100(1-1000¢-B;) and
CS*: O(CCu* .
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surface area wherein the apparatus conprises 15 a)
nmeans for storing the shaded area shown in Figure 2

w@n4nesss for storing the shaded area shown POI/EPIPO4/&4676

3, b) nmeans for storing or obtaining the ClELAB
l'i ghtness value LS* and the @ ELAB chroma val ues CS*

13, A EPFning e R e TR inhy dcalaiaRolf 19 13 Percin the carrier
M5 A AR Bl e BETGE T S by i
shrrepaPdi SEURERSIOR i car T aspecti vel v and d)

1372 GhffoiiHOH M AabaRa 1P nGL0f R, 8o CliEl e aiigrein the
Sptemeas SommiTes b e v GLRA Bl Somppition.
1755 SPufbiFRLoR ALl oiRgHY pE (R oo of the
?ﬁn%%ﬁﬁ?ﬁé&épt ?ﬁ&@rﬁ%lu&@ﬂtt %? *tﬁgt é:%fl?l,:t]iln ??gﬁ ggntents can be

I ght ness chroma,

f@@éﬁ lﬁhﬂ%‘éﬁéﬁk la 58410 ?%ué@(%h? sgﬁﬁyle.Ap paratus for

acilitating the performance the“nethod for predicting

365 Cosnbihakienes El%'ilfil%ﬁtih"@léifn gg' QUCT AT QPl ﬁrglg oiarthe carrier

when a colour 1nitrally perceliv as a sm

saemisecaBpiiies aRdketivab RdmWisphyedab gt 9e

surface area wherein the apparatus conprises a) neans
for storing the shaded area shown in Figure 2 and

teadspparatussfor facfitatiagthaqratemeancd themethdd gor EoMpensati
10 gq)ljneans for stori ngg or obtaining the ClELAB. pensating

fogshifesm kamaa perteption dffvol GhEwkBck ico R wisdn g soldiir initially

of a small col our sanple, c¢) neans for choosing

pesaived asl g sirabhcoloar shagded iatlkes petesined &xtéﬂcﬁng esvet a large
and 3 a second col our of hue simlar to the hue of the

susfiace area wherein the apparatus comprises
a) means for storing the shaded area shown in Figure 2 and means for
storing the shaded area shown in Figure 3,
b) means for storing or obtaining the CIELAB lightness value L* and
the CIELAB chroma values C.* of a small colour sample,
c) means for choosing respectively from the shaded areas shown in
Figures 2 and 3 a second colour of hue similar to the hue of the small
colour sample which second colour has CIELAB lightness and
chroma values L,* and C,* which are less than L* and C.*
respectively and |
d) means for communicating the chosen values, L,* and C,* to a user
of the apparatus

thereby communicating a prediction of the lightness, L,*, and the chroma,

Cy* of the colour that will need to be imparted to a large surface area in
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col our sanpl e which second col our has Cl ELAB |i ght ness
and 15 chroma values LS* and C * which are greater

W@ b@a/ 091353 and Cu* respectively and d) neans fRCT/EP2004/004676
comuni cating the chosen values, L,* and Cs* to a user
of t he appar atus thereby conng@l catl ng a prediction of

d | ht 0 ch Cs*
biers Sp e, sl o Dpepemeiiel gy Eh%zlr-w‘éaﬁ‘)ﬂala% ahaRceptably
hﬁﬁ%ﬁé%?%' Solotart RsierliEhfifssad-Siind chfona, C* of the
| | eads to th di spl
TR et Sl enlb8s 0Bl on 2 cathode ray tube.
25 20. Apparatus as clained in Claim17 or 18 wherein

M ) DAL S b g g
SHERS 54 19 Rty LAY peSBE AL LPARE ity

REREAS s/ SR OO sBafle s WO ?1;059 i h?f%f% Bhg gy  larec
?ﬁﬁ%géé‘giéﬁ”%gﬁe%‘hﬂfé%f%?ﬁ‘ﬂ%w@ﬁﬁﬂ and h val ues.

a) means for storing the shaded area shown in Figure 2 and means for

storing the shaded area shown in Figure 3,
b) means for storing or obtaining the CIELAB lightness value L,*
and the CIELAB chroma values C,* of a small colour sample,
¢) means for choosing respectively from the shaded areas shown in
Figures 2 and 3 a second colour of hue similar to the hue of the small
colour sample which second colour has CIELAB lightness and
chroma values Ls* and C,* which are greater than Lu* and C,*
respectively and
d) means for communicating the chosen values, L.* and C.* to a uéer
of the apparatus
thereby communicating a prediction of the shifted lightness, L.*, and the
chroma, C* of the colour that will perceived by the human mind when the
colour is imparted to a large surface area.
19. Apparatus as claimed in Claim 17 or 18 when the communication of the
colours leads to their display in a schematic diagram created on a cathode
ray tube.
20. Apparatus as claimed in Claim 17 or 18 wherein the colour is

communicated to a paint tinting machine.
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21. An adaptation of any one of the methods, combinations or apparatus as

claimed in any one of the appropriate preceding Claims wherein the
method, combination or apparatus is adapted to employ precise definitions

of one or more of lightness, chroma and hue other than those based on the
CIELAB L*, C* and h values.



