COLOR SELECTION SYSTEM [0001]This application claims the benefit of and priority to
United States Provisional Patent Application Serial No. 60/929,744 filed July 11, 2007, the
contents of which are herein incorporated by reference. BACKGROUND INFORMATION
[0002]The present description relates to a color selection system for assisting the selection
and combination of colors. [0003]Color selection tools are used in various sectors, including
for example the paint industry, to assist consumers and professional designers in choosing
appealing color combinations. The abundance of color choices that are available can make it
challenging at times for both normal consumers and experienced designers to select

appealing color combinations, I I isting color selection tools.
g4panD e pld At exisy

[0004]Accordingly, there is a need Tor a color Selection system that can assist consumers or

other us&€%h reachiisgudirriinerHainyteahensiigf cororroshstaibnteh Sielss. SUMMARY
[0005]Efryésdtinabrnte o Aamlise el SetioNan A0H2pIE fistdoldd hiaB0debicem mngsdéscribed herein.
Accordingjdion: Beestiampl@esraagyirerrdndiere is provided a computer implemented method for
selecting colors comprising: associating, in dependence on a mathematical equation that

models&%wa&e&rgqngﬁélggﬁms.e to color, a color emotion score with each of a plurality of

colors that are numerica ned in a color library; receiving a user input indicating a desired
color efff88%h level g SILLERTGPIPBIT RS IAGIRS RS OB IBYL B S rRssitingtiBR to the user in
dependiéirsdanpidsasetivetanetieticscores associated therewith and the desired color emotion
level. IM@obiast sanleremdtioiments diesmiatenatealoeq atiandIodexamsldtosn measuring
the psyghilaaisal @S RARE 889k AR Wl NOREIRPHAMRIERR 1R SdiuRltyehirst colors.
(0oosAcerding. aaneer-rample smhodiment i, p.eolonaglection device comprising: a
controller for controlling operation of the device; a user input device coupled to the controller;

a displ&) LGSR EMRE RIS CoMRsT AR Serrianeie desins e dntdner and comprising
numeriérRPaeAd SR ABIRfelRy ot terenrimbesisting edrivekeliadass configured for: (a)
generafftg4 visuadusetirighie tfaceionritrel displajotisalection system that can assist

consumers or other users in reaching confident and satisfying color selection choices.

SUMMARY

[0005] Embaodiments of color selection and display methods and devices are
described herein. According to one example embodiment there is provided a computer
implemented method for selecting colors comprising: associating, in dependence on a
mathematical equation that models a human emotional response to color, a color
emotion score with each of a plurality of colors that are numerically defined in a color
library; receiving a user input indicating a desired color emotion level; and selecting,
from the color library, colors for presentation to the user in dependence on the color
emotion scores associated therewith and the desired color emotion level. in at least
some embodiments, the mathematical equation is derived from measuring the
psychological responses of a plurality of test subjects to a plurality of test colors.
[0006] According to another example embodiment is a color selection device
comprising: a controller for controlling operation of the device; a user input device
coupled to the controller; a display coupled to the controller; a color library accessible to
the controller and comprising numeric data defining a plurality of different colors; the

controller being configured for: (a) generating a visual user interface on the display that



includes a color group display region in which a first group of color elements that represent
some of the colors defined in the color library are displayed; (b) receiving through the user
input device a desired color emotion level for the color elements displayed in the color group
display region; and (c) changing the color group display region to display a second group of
color elements that represent different colors defined in the color library in dependence on the
desired color emotion level and color emotion scores associated with each of the colors,
wherein the color emotion score associated with each color is determined in dependence on a
mathematical equation that models a specific human emotional response to color and which
has been derived from measuring the psycholagical responses of a plurality of test subjects to
a pIuraIi't?f%%?gstc&I) B??“fo%%é}i‘)&c@é?’aiﬁ %gma#(ﬁﬁg% amCB & (eeﬁ%eont wﬁé%t is a computer
implem&MEGEHEMBTOF SPERHIRY e duba RN BI resliserys s (NdRTEMEg: providing on a
display Bgisiiheisesriinmtiardceraddapitdd delsraphtieal ey afon der asddeeltatsiateolor elements each
represeditipigydifie teataolgrsuiheitgisg aginne siaalby catigiag the actolgolipeayayeceiving user input
selectingabAaaaispug 2548s¢glon Ll RRPLAR A0 RAGENHIdAtaRIRMEDISs calculating, using a
first maﬂ%ﬁﬂ%@%&?ﬁe@%{%ﬁ) E%Q&eﬁ‘ﬂ?%”é%s%ctﬂgQ%?'&%LB%%%%Q%V%?L% {hat represents a first
human ?sycho sical perception o the color combination represented by the color candidate

elementd" AR FIESERARAGG HT I RAGA GG hiREHABE A YRS £ AR 87%e first human
psychoppsRseEdEieeptivirvak eetaminde st apsndensr ampleadiemeigitriohe first
mathenigicaddwio d sbhef hemandeniiedafnespaneasuringaiienpryiclas physidalvegsponses of a

pluralityrohteshsuie s 1oyapligiadite oiast epkosm iR Hrle PEGERIB LGN~ THE
DRAWINGS [QRABIEmbodiments will now be described, by way of example only, with
referer;ﬁg?oég the atkached Ftigure%, wherein: [0009 Fiqrure 1 is a block diagram of a color
selection dlice to Wi &R BoaIH AR GE<EPhsinREY iR AP He" ARpABET TS0 10]Figure 2
shows A BRI YTiacHrsHBRehPRCalq selertinBp seBHsP ¢ P aingsetpithiaée mobile
electronisudbvdeentérRicairatind0@ds1d Blgraliey 8f shensslentabiraniplelafiartsisadye showing a three
color whealdeaa intastng fes devaloning a9 lasihadmanysierasialy; [Redidlgigure 4 is a table

ilustrating, sqlor sanles secvin Leainaie dsvslen.calay armanyanr galor emotion models;

[0013]Fc|9lg6%t§1§,’ fagl\%s aaﬁ}s?)r%%mg%%t%;ﬁﬂ&ggﬁg%rgt %Vrgla[’]ngpgygmg@s?c%ﬁ%reR:%E)%ignused

value that represents a first human psychophysical perception of the color combination
represented by the color candidate elements; and presenting in the visual user interface
a representation of the first human psychophysical perception value. In at least some
example embodiments, the first mathematical model has been derived from measuring

the psychophysical responses of a plurality of test subjects to a plurality of test colors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments will now be described, by way of example only, with
reference to the attached Figures, wherein:

[0009]) Figure 1 is a block diagram of a color selection device to which
embodiments described herein can be applied,

[0010] Figure 2 shows an example of a first graphical user interface that can be
used with the mobile electronic device of Figure 1;

[0011)] Figure 3 shows an example of an image showing a three color wheel used

in testing for developing a color harmony model;
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in testing for developing a human response model; [0014]Figure 6 shows an example of an
image showing a three color wheel used in testing for developing a human response model;
[0015]Figure 7 shows an example of an image illustrating adjacent and non adjacent colors;
[0016]Figures 8A-8D illustrate data used to represent color groups in a color library;
[0017]Figures 9, 10 and 11 each show the user interface of Figure 2 displaying different color
groups; [0018]Figure 12 shows the user interface of Figure 2 displaying a harmony subgroup
of a color group; [0019]Figure 13 shows another example of the user interface of Figure 2;
[0020]Figure 14 illustrates a new color library sorting function; and [0021]Figure 15 illustrates

a dynanfé / H‘i] I|br7_1¥1n lne é OZ\FLJstrla(tlené%L gregla%—:‘p ume daLstgsrt% éjg,e(% Vgroughout the Figures

to den ilar nts an eatu
color harmony and color emotion models
[0013] Figure § shows an example of an image showing a single color patch used
in testing for developing a human response model;
[0014] Figure 6 shows an example of an image showing a three color wheel used
in testing for developing a human response model;
[0015] Figure 7 shows an example of an image illustrating adjacent and non
adjacent colors;
[0016] Figures 8A-8D illustrate data used to represent color groups in a color
library;
[0017] Figures 9, 10 and 11 each show the user interface of Figure 2 displaying
different color groups;
[0018] Figure 12 shows the user interface of Figure 2 displaying a harmony
subgroup of a color group;
[0019] Figure 13 shows another example of the user interface of Figure 2;
[0020] Figure 14 illustrates a new color library sorting function; and
[0021] Figure 15 illustrates a dynamic link library routine.
[0022] Like reference numerals are used throughout the Figures to denote similar

elements and features.

DETAILED DESCRIPTION

(0023} Example embodiments of the present invention relate to a color selection
system for assisting consumers and designers to search desired colors and develop
color schemes that can evoke specific emotions and create harmony. Figure 1 shows a
block diagram of an example of a color selection device 10 to which example
embodiments of the described invention may be applied. In at least some example
embodiments, the device 10 can be implemented by a suitably configured digital
computing device, including for example a personal computer such as a desktop
computer or lap top computer, or a mobile computing device such as a personal digital
assistant, smart phone, or other small size or hand held computing device.

[0024] In at least one example embodiment, the device 10 includes a controlier

38 that can include one or more microprocessors that control the overall operation of the
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DETAILED DESCRIPTION [0023]Example embodiments of the present invention relate to a
color selection system for assisting consumers and designers to search desired colors and
develop color schemes that can evoke specific emotions and create harmony. Figure 1 shows
a block diagram of an example of a color selection device 10 to which example embodiments
of the described invention may be applied. In at least some example embodiments, the device
10 can be implemented by a suitably configured digital computing device, including for
example a personal computer such as a desktop computer or lap top computer, or a mobile
computing device such as a personal digital assistant, smart phone or other small size or
hand held compulting devise[09241A eLicast one SXamAls, embadimens, the device 10
includes a controller 38 that can melude one of More microp FOcessor at control the overall
operatidif SFIHY SRRAE 4 TR EBRTEIRS B RN %rthe&&ﬁ@eogwgﬁgt%?ms such as a display
22, persigtektr stbraimninpahdryire 28dExs S e pory (REMYES skepbordidielkeypad 32, speaker
34, auxsiaoy-wipel deice<2oéo nexganpl &<y, noocigediauahpachecmasaratidbaliescroll-wheel,
multi-difgGtieRatag wapsiag: hgﬁcgguggw@%smicrophone and/or other user input devices) and
other d‘ib/b‘i% subsyg ﬁ) r?ng[g%’r%o f%vart”&SXEtv%n d?s 30 a£‘?e5a4 ‘f‘ca‘?.é’nas%us Spftware

appllcatlons 8 use mt he contro er 38 are stored In the per stent storage 24 (which for
exampl &S HERIGE 3§/ HERICHTVA 18P AEER RIENTSRI A Y SR GBI 8iYe). In example
embodiffEHe 2438 I VecIdart s BRIVAr P PIRENGA 6O'R)- dtsPehethe persistent storage 24
for confegnirdgnting oo lteeaddandidaviepplidion@orkosrdt én tal pedisplay and selection
functiongoriRpcriber:beigwnd\ KOt HbIANE BAMBIR GO RIBHERIRE Bsitadsigo stored in the

persistel Sgiaas 2A-RALa.Lal LIRS SolaLerleRY e ARAICHIANABB Gglor lirary 62, the

operatln S tste th and St%BCI ic de |ce aépp |caI ons | 3/ be temé)oran oaded into a
volatile$ oreosr%c S PEAIE SR8 e Rl ByPHied R ARl st 1 6BP BRI R & mple
embodiffefRsr @rer&% bsiersritg iy sRsred: m@naerfwlfrr@rﬁpemrqrﬁr%ﬁwez%r use in
psychopmysiceilypeadep titrenmdatddstas dedcabhBdNb icwd kxatulediby Sementesizmple
embodiggents such CEILAB data represents values that correspond to colors viewed under a
DS illgagnt at th sangrchpRsARiAL A1el29644 e nseai@%léj@nam some example
embodlmen %éj S 22 of th deV|ce 1 includes a c gy screen that has
color i Ef c{mp gme tlon mpdels %etsci R{
been preconfigured and tested’ts PN I TEahRe o represent actual
colors &EVHENRERORE Srseinrats ﬁ@?ﬁlﬁ&'%Hﬁﬁibf%’rqﬁﬁf“éxa'ﬁ?ﬁl@akﬂﬁf?sa"%|brated display
22 coulid bedopr gigidetiuogienac DG ettt At testedaddl obseter atgleretall drgletssuch as a paint

store. lppsgrne embadigenisniolasspleshinbddarcetdddnayye eaniceavénred and operated by
an Intermrugsewmsereaémrs%&mmmepsvr@p%@oﬁ&ﬁml%&?A@é@t%eas?en [0028]Having

prowded an overview pfl example enviro ments olor sele ection system can be
hrn slrict tolerance l’eB E’ISel’l ual colors as viewe % ?
|mplemented~the operation o olor selection system in co fext of a color selection

appI|ca'iﬁ5‘rt|'€(?%ﬂqﬁ'%rcﬁoﬁBf‘ﬁi"f@zsgfar‘eaawnaae%’fﬁ?'@e?@(ﬁ‘?ﬂlﬁ' BeBIedYe8 Ashown in Figure 1
will nowdiss gfilseligseeyipe dPdetatediataitetri thidetegrirds FipintsRrshowsen example of a color
selectiemisinad rgsaploicaldiser detedacen2(Badaiake Bvamedeandispiayedbpara display 22 of the

device QR4S a1Griaae A00ndnslusiee ssia sasenshcoladisplay regions 202 and

204. T @o%ft coloridls Iapéwrﬁeg‘géon1 8\92 ( @pl@é/sna poecr)jrll Oaregn Or JrouR,9 of urer selectable
colors as an array of color elements 211 which €ach represent a unlque color. In one example

embodifEHP RS EBISF R REHTRRE 919 Al SPatainfed he %?r‘f"e?ét‘fﬁtéﬂﬁ‘iéy\??fglﬁnhﬁf a fan deck in

which tieeteyiets elontelediarenslicatieeed vartiediohlibprg o eteiedtn Grictersstestipom top to bottom

- as colevidepthaincreasies;ghsond abangesanrslighthess: degpisihanid lgaiapntally by hue

angle, piihRudihatben schepnest g@aalgermyrrelyueegnﬁﬁeam@rmea@@@olor elements 211,

and th%l:‘%’ﬂ P RS d{&Stf'R% 8“?;1%2&3%#% qe"r‘i@ a¥of°%avt.s fATAs the color elements
uld

211 in the color group display region 202 co ernatlvely e arranged in a color wheel or

using some other color presentation method.
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[0029]The visual interface 200 includes a navigation and selection marker 230 that is moved
on display 22 in response to user inputs through user input devices 28 and/or keyboard 62 to
facilitate user selection of color elements 211 and allow the user to select and use the various
features of the visual interface 200. [0030]In one example embodiment, different color groups
can selectively be displayed in the color group display region 202 and interface 200 includes
a "color group" tool bar 205 that allows a user to select which color group is displayed. In the
illustrated embodiment, the color group tool bar permits a user to select a color group for
display region 202 in dependence on (i) an emotional response that the colors evoke ("color
emotronr) ag (]Ir)sta veI of r hlgr rg_for col%ﬁ ¥v res ect to color emotion, the

ions and
color group to bar |n 7des a roup selection op (SR Th 4R %rm of an

Excrtrnée@%r%Qﬁdsg@a?@fﬁ@rm%ﬁ H"e@%h?fd‘i%rﬁéclﬁsbéer KRERABRARNECRch of which is
associaftengith 2 tirkice aedolenrepontp esandl Fbler dria meehinlgeadtaintdetaihdelow. With
respect tol@aliembatsnonytetheeated g auRitondhar«miariugesakseGardaty group selection

option iR @é%%‘éﬁ@é%&éﬂ@@@ca@Ib?&IBPE%ptW(uI‘I@E%@@%m%QIB%tm which

Py koSN A A S A T e
"EXxciting- Calmrng color group or to onR/ view e(I Ubset atthe cortor ele IIts 911 that fall

within aab‘Peedr?II?ﬂ‘IﬁH@d‘?éwedf‘?ﬁ&ﬁ‘nﬁwnﬁg’wI?%es%%ﬂﬁff?éﬁ‘?rtp@r“é?al'e?kﬂﬁaﬁ? below,

[0031] TRE! stisthiel eiesistaty negslont2eginniavsd il interfaderPa0-fionetmmyedeacolarking area for

color evellwatnteof uges sete gtedheidpiny algdicl ate Tolini aneexiaample £miaediment, a user can

select dgsibrarheqlerasfrg b tRILRISNEBtG ok iiapiayed in the first display region 202

using tqumrker Zﬁpe(”fsra ﬁ%@%@ge?w gchI)IseaCrI'e%:vag'% on nt(Ii]ge |red cglo&seqlement 211, or
nt). On

draggi and the desired color eleme ce auser se lects a color element 211
from thﬁ' %?‘%‘I%du%" IR IGIERPIES B HeERIYE AL ARG Bt Paindidate element
228 repfBYEhiRYGHE Gelefaeiltidtoseis desirayéciar tlemsatsoid aispitgyrdgitie204. In the
illustratédseireimmplesthitecases seleciedf dalofscaindidate 2dements 228(1), 228(2) and 228(3)

are showesb) the smewmragmmzpé.ﬁwd@&wamm@ga.wmer information about

th I I 234 f I
[08355%%%%‘3;?%5@%IE%II%EQQ‘"‘QI%Q e SEITE AT es a mamber o

s a thir ay region
different BaF SEAI a‘i}’I’ﬁﬁ I ERIRTH ¥ III g’%dﬁ?‘ﬁ?@@&dP K%rmony of the
selected%&ﬂﬁ?%%{ﬁ?ﬁaﬁt@‘é@ﬁfé%‘ﬂém eRtbaretivise ssededdisrtasdeesef@olor candidate
elemendisplay pegito 2% jrtidepghsSineded (hird dispitayl regiomns2 0fGtitvelades avokdor harmony scale

212, anekthe splawing reqinh &M BeERE AR RHYVBING: WBBYItNGg e @XSHiNg-calming 216;
warm-capbiehSnleBlFgt 2 2l &I?%’s%%@@gJ?.%B%ﬂﬁ&@%%%m Al fun-serious 226. In

the |Ilusrtrao?d veésron of i terface first'word in each of the color emotion scales

the
is displayed, Fews?, addm mmgl SF .FrdaréII?II SR SHY LSS Ve SPIanmbifdR € ales can be
includetPil Pée’dﬁﬁdﬂ(aﬁé@ﬂﬁ‘??@mﬁ giffrseB e merisb e sdieddrBerithents, the color
harmorsigtait Beom &Yith ecernitttoctoln Hamsamibesroibogtime fots bhe206liorietaotion scales may be
omittecsef033]Asontlkbiecappspatachly wmtbe,abh v dassritickethedisual interface 200

relies omgAlGN EXERAY A VhCAIRL BRI ASPIRS AR CISHIRY GalorAigps or provide feedback

on SeIe(I‘te TﬁgEJIrISfOI'th aéIIeIae %n%%% l’rIIWII’SI tI;IO O(EO o g_r{g;lg aI.enW HCSOLIOSr emOtlon SCOres
used to render the visual interface afe determire de endence on quantltatlve

mathe SRS BB aeIrII’@Hf”IIIdI‘IIhﬁb‘S‘/EF?Gﬁ@ﬁ'@%?d?é%ﬁtﬁﬂﬁ'@ﬂ”ﬁ@mv%ﬂﬁal test subjects
based efpltirsd psyenoptsisidalieeactions to colors. In order to facilitate a further understanding
of the ¢adot]selectivr systiemnigragesyied areinisan isplrvatioreéisie eolor library 62 and the
quantitativdanedets eaerietrgrQararmlrerbae%d@warmﬂnara@gdrr;deraamen scores will now

be progIggogifI\ Q 4]%g|0|’ Hé%IIQg:PdIé/sr ed Cg(IsofIrom%%tIg)IIIoMa %IﬁtsL?qs(ﬂIn orgler to provide some
backgroun or the color armony and color emotion modee S!'feference 1s made to following
four documents which describe
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examples of color harmony and color emotion models and how such models are derived. The
following references are incorporated herein by reference: [0036](1) Ou, L., Luo, M. R.,
Woodcock, A., and Wright, A., "A study of colour emotion and colour preference, Part I: colour
emotions for single colours”, Color Research and Application, Volume 29, number 3, pages
232-240, June 2004. [0037](2) Ou, L., Luo, M. R., Woodcock, A., and Wright, A., "A study of
colour emotion and colour preference, Part Il: colour emotions for two-colour combinations”,
Color Research and Application, Volume 29, Number 4, pages 292-298, August 2004.
[0038](3) Ou, L., Luo, M. R., Woodcock, A., and Wright A., "A study of colour emotion and

colour preference Partlll our efere elling’ Color Research and Application,
Volume[fs? tdc ¥Faﬂgi9 gg’a c{o 0?%’66 66?@5 liﬁ’u ?klfﬁ nl\}feR "A colour

harmon;??ﬂ(ftﬁ@%’r%ee O'EfHﬁ‘-i’BI%ﬁ%@o%%P%éﬁéﬁ'%ﬁ&%ﬁﬁh%ﬁ Volume 31,
Numberugeipsigsts §992Q@¢mhwhé1 2006. [eC40jAfwtspkyfemgrceothat roimgedporated herein
by refereneesisn{byNoidbdesadieste Memaitcaddefreskiting the ddizendobr Naldpnaad "The

i Co gyt Mote b BB Toni el eaa confrence Noverer
12 2002158 QERRARY AL IS ADS Sxampie pbadinent e madels used I the
I

color sefectlon system 2660 o’exam men Sent ivention model
human ﬁgyc‘ﬁ'aﬁh%%%fffné%‘éiﬁt B%b@@%%ﬂ?ﬁm%&ﬁm%'ﬁﬁﬂ%ere developed
using darglusianas Taeres 163 andojeletdDidadewedée forexamted with single colors and
combingoies?s of upTe ihkeaealorsan thaaceestrit WspEgessoneocolnics biymaking categorical
judgemepishusingdi-e s SelRs m&%%%mgml% hatm@By: fkAlss: By way of
examplg i Qifeie developamaneierslonharmany Jor doloncampipations, a

psychophysical glerce tion exp erlmen Was condicted 1o have test subjects assess 6545

three-coiBr IHERIL i3 fj'l‘?ﬁﬁ?u‘ﬂ@aeﬁif BEaIHFLRh 8 LG b ihirtHisBM Le§ A& ted from 35
differentebise SaPipIdareay Talsd 2. eiige fellayitsaclveraadigeisstadwiifgom the CIELAB
color spadeifingtR1dLxditiagt d6ibgadid; stamdesd i dgted{kQziegreas)irty 2235 different color
samplesayjRspiesiarbio; GavaiAskde S80h mu&ﬁéb%%t%ﬁa@@&e sp@ce. Figure 3
Ilustrate A SEfRERURY LI R 25ReMSEh I R ERGN.ASSIYCL RS R sented with color

wheels #?epa ind IV onacal T monit rlna ar ene oom Each
iferent harm éorr

observel SeanoauiNe ?ﬂ%ﬁ‘?ﬁ&ﬁ?%?@a@n"&?&ﬁ%@gﬁfﬁ%be%lofcg%afbgory scale
rang|ngdfﬁﬁfﬁméﬂtP@PHéWtﬁdFﬁRﬁFﬁW@%ﬁé'ﬁﬁéWMﬁ'ﬁﬂﬁmﬁi@lg‘aaﬁepmﬁ% advised that
harmoniod s swansifodimings shpledsingaivcsasisteny tehatdteand disharmonious means "lack
of harmpoys) Torgaesein Selppifteat@gRtiead biyd a8 sBRNbET PORESAMNNaR 207 heory and

Methods, Rt 3¢ 84aBharlHy INASHIS ARISH 'é'c%Y)ésYtQQ‘sph% %]o‘f"&&ilﬂ%%?’ i Jinsform the

experlnge %alcg ata ont? n nterval scale e resu t|n scale values are called colour harmony

scores, Tdiesting e et Sot ar[ﬁ'Bﬁ)? %r PN R BRI the score, the
more hﬁWﬂ‘dﬂﬁ‘lé?}g%és%FBu?Wé@ Hpie dtetPes A8 yBSeivEtseBinsisaesrense results of such
testing thacoldativamatisynatiod eldige dssea retovsywbsasisiopetidoed2¢Bimilar testing was
performeadndeveipptsmacialsiarnashabbhgssaMesctions to colors. In order to

facilitate a further understanding of the color selection system presented herein, an

explanation of the color library 62 and the quantitative models used to determine the
color harmony and color emotion scores will now be provided.

[0034] Color Harmony and Color Emotion Models

[0035] In order to provide some background for the color harmony and color

emotion models, reference is made to following four documents which describe



color emotions scales 212-226 discussed above. For example, for developing color emotion
models, a psychophysical experiment was carried out using 35 single color patches (using the
colors shown in table 1 of Figure 4) and 90 three-color wheels as stimuli. Figures 5 and 6
respectively show examples of a single color patch and a three color wheel presented to a
test subject on a calibrated CRT monitor in a darkened room. Each observer assessed the
degree of color emotion for each color patch and each color wheel using a 10-category scale
for each of the seven color emotion scales after being advised of the following dictionary
meanings associated with each of the scales: [0043](1) Exciting-calming: exciting: causing
great enihysiasm, and sagemess calming; making (somene).frangyil and quiet [00441(2)
Inviting-uninviting: Inviting: oﬁ‘erlng %e promise of an a ractive or enjoyable experience
uninvitin%?r\‘ﬁﬁ%ﬂgég?ﬂ‘?&mﬁﬁfﬁf%{mé"ﬁ)@%f@)‘twmlﬁ%F?W%?l’i?ﬁ:of or at a fairly or
comforta®flyahigh teihdetrdiutecdbiRoMisodeaskaivpndW tishtpersutediod4eid) Light-dark: light:
having aweonsidesdlewdpistitaienPamotunwbmationaliicivigiackiowith disile or no light [0047](5)
Clean-dighkernand Keeisam, disiumass s, pseiains didyssox6rathobsparked with an unclean
substang {0P48](@LNAPRY BRI 36 Mo ARV S5 UG, RO DG 'S7ARus; o contentment

emotion and colour preference, Part II: colour emotions for two-colour combinations”,

Color Research and Application, Volume 29, Number 4, pages 292-298, August 2004.

[0038] (3) Ou, L., Luo, M. R., Woodcock, A., and Wright, A., “A study of colour

emotion and colour preference, Part Ill: colour preference modelling”, Color Research

and Application, Volume 29, Number 5, Pages 381-389, October 2004.

[0039] (4) Ou, L., Luo, M. R., “A colour harmony model for two-colour
combinations”, Color Research and Application, Volume 31, Number 3, pages 191-204,
June 2006.

[0040] A further reference that in incorporated herein by reference is: (5) N.

Moroney, M. Fairchild, R. Hunt, R. Luo and T. Neuman, "The CIECAMO02 Color
Appearance Model”, IS&T/SID Tenth Color Imaging Conference, November 12, 2002,
ISBN:0-89208-241-0.

[0041)] In one example embaodiment, the models used in the color selection
system according to example embodiments of the present invention model human
psychophysical perceptions of colors and color combinations and were developed using
data obtained from test subjects who were presented with single colors and
combinations of up to three colors and requested to assess the colors by making
categorical judgements using bi-polar color emotion scales and color harmony scales.
By way of example, in order to develop a model for color harmony for 3-color
combinations, a psychophysical perception experiment was conducted to have test
subjects assess 6545 three-color wheels that included all possible three color
combinations generated from 35 different color samples (see Table 1 of Figure 4) that
were each selected from the CIELAB color space (with illuminant D65 and standard
observer (10 degrees). The 35 different color samples were selected to cover a large
color gamut of the CIELAB color space. Figure 3 illustrates a screen layout for the

experiment in which each observer was presented with color wheels displayed
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depressing: causing or resulting in a feeling of miserable dejection [0049](7) Fun-serious: fun:
amusing, entertaining, or enjoyable serious: acting or speaking sincerely and in earnest,
rather than in a joking or halfhearted manner [0050]Based on assessments provided by the
test participants, the following human psychophysical perception models have been
developed and are used in example embodiments of the present invention to determine color
emotion scores: [0051](1) Exciting-calming: [0052]For a single color, the model used for
determining a color emotion human psychophysical perception score on the "Exciting-
Calming" scale is: _1 Exciting =-1.13 + 0.02 (t. * -40)2 + y +( *-2- 0.370.60) -Equation (1)

where Lo h* represen three CIEL rdlna S for the color con5|dered As
known in t Velzdagrﬁ/ The fh E%ergqe(z{\gﬁe %?'EOLP 2 Sﬁ% mor{heaélé’lt_)i\eg%%?fefrepresent the three

dimensidifc 8955 ?fIB?rgﬁaﬁg’a%afBIFGW%WE@‘e' Tﬁ@glr@ﬁ‘frfé‘?@%’éﬁ%mﬁ%glf‘ﬂjf%lng the lightness

level of tig¥eBIRly; haratieuse iy (rdam ety ofeliarmeniovithaiterbieicicatiisgcdrthdt and -a* indicating

green; amdniphiotisangetioviobhirg/ e perdingte cmﬂmt&hwﬁm&aﬁmgiwmmmamhe&ﬁindicating blue.

The C'E%mﬂﬁérﬂ?’fﬁ%@(sg@%ﬂ@%FithéB&lgéiﬁu%%mé'ﬂ{ isgRrpadonals de l'eclairage)

publicatiag g,omf R LBl o Saplppion ST AP IGBH 3001000 920 oosaa
¢

InV|t|ng unlnvmn For a SI e color, the maode USG "for V¥erm|n|ng a color emotion

human p&JER BB 8??5‘%‘?685&?6?1 %[5%?8 i AL SRSl G SHITRRSRYe ¥Riurs 7

called colour harmony scores, indicating the degree of harmony for each colour wheel;
the higher the score, the more harmonious the colour wheel appeared to the observers.
Based on the results of such testing the color harmony model discussed below was
developed.
[0042] Similar testing was performed to develop models for each of the seven
color emotions scales 212-226 discussed above. For example, for developing color
emotion models, a psychophysical experiment was carried out using 35 single color
patches (using the colors shown in table 1 of Figure 4) and 90 three-color wheels as
stimuli. Figures 5 and 6 respectively show examples of a single color patch and a three
color wheel presented to a test subject on a calibrated CRT monitor in a darkened room.
Each observer assessed the degree of color emotion for each color patch and each
color wheel using a 10-category scale for each of the seven color emotion scales after
being advised of the following dictionary meanings associated with each of the scales:
[0043] (1) Exciting-calming;

exciting: causing great enthusiasm and eagerness

calming: making (someone) tranquil and quiet
[0044] (2) Inviting-uninviting:
inviting: offering the promise of an attractive or enjoyable experience

uninviting: unappealing; unattractive
[0045] (3) Warm-cool:
warm: of or at a fairly or comfortably high temperature
cool: of or at a fairly low temperature
[0046] (4) Light-dark:
light: having a considerable or sufficient amount of natural light

dark: with little or no light



Inviting =-1.6 + 0.009 (L*-13)2+11*-3)2 1 b*-112 01190.29+0.015L* 2 where L", a*
andrepresent the three CIELAB coordinates for the color considered. [0055](3) Warm-cool:
[0056]For a single color, the model used for determining a color emotion human
psychophysical perception score on the "Warm-Cool" scale is: Warm = 0.02 + 0.12(C s",)
coso" _451-1 .5 x10 XL 1" Equation (3) where C*ab, hab and L" represent CIELAB chroma,
hue angle and lightness for the color considered. (0057](4) Light-dark: [0058]For a single
color, the mod@P4gkd for deldéhednidiits: color emotion human psychophysical perception

score on the "Light-Dark" sag. ife PR MafOU100irs L ) Equation (4) where L.’

EILAB lightness value for the color conS|dered
represents the C glc? . covered or marked with an unclean substance

[0048] (6) Happy-depressing:
happy: feeling or showing pleasure or contentment

depressing: causing or resulting in a feeling of miserable dejection
[0049] (7) Fun-serious:
fun: amusing, entertaining, or enjoyable

serious: acting or speaking sincerely and in earnest, rather than in a joking
or halfhearted manner
[0050] Based on assessments provided by the test participants, the following
human psychophysiéal perception models have been developed and are used in
example embodiments of the present invention to determine color emotion scores:
[00561] (1) Exciting-calming:
[0052] For a single color, the model used for determining a color emotion human

psychophysical perception score on the “Exciting- Calming” scale is:

* '2 b* 2 ;
Exciting=-1.13+0.0 (1*‘“40) +(0 37) +(O 60)

where L* a* and b* represent the three CIELAB coordinates for the color
considered. As known in the art, The three parameters L*, a* and b* in the CIELAB
model represent the three dimensions of a color space as follows: L* - the lightness
coordinate indicating the lightness level of the color; a* - the red/green coordinate, with
+a* indicating red, and -a* indicating green; and b* - the yellow blue/coordinate, with +b*
indicating yellow , and —b* indicating blue. The CIELAB model is further described in the
CIE (commission internationale de I'éclairage) publication “Colormetry”, 3 Edition,
Publication CIE 15:2004, ISBN 3 901 906 339.
[0053] (2) Inviting-uninviting:
[0054] For a single color, the model used for determining a color emotion human

Equation (1)

psychophysical perception score on the “Inviting- uninviting” scale is:

1
—’ 2 * 2D
Inviting =—1.6+0. 009[(L* 13) ( 5 ]93) +(b_02;9) IJrO.OlSL*
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[0059](5) Clean-dirty: [0060]For a single color, the model used for determining a color
emotion human psychophysical perception score on the "clean-dirty” scale is: Clean =-1.8 +
0,04? -(L *-28)2 +161 +ibs-271 1.18? 1.27 | Equation (5) where L*, a* and b* represent
the three CIELAB coordinates for the color considered. [0061j(6) Happy-depressing:
[0062]For a single color, the model used for determining a color emotion human
psychophysical perception score on the "happy-depressing” scale is: where L*, a* and
b* represent the three CIELAB coordinates for the color considered [0063](7) Fun-serious:

where L*, a* and b* represent the three CIELAB coordinates for the color considered.

[0055] (3) Warm-cool:

[0056] For a single color, the model used for determining a color emotion human

psychophysical perception score on the “Warm-Cool” scale is:

Warm=0.02 +0.12(C*,, ) cos(h,, —45°)~ (] 5x107° Xl, *)*
Equation (3)

where C*ab, havand L* represent CIELAB chroma, hue angle and lightness for the color

considered.
[0057] (4) Light-dark:
[0058) For a single color, the model used for determining a color emotion human

psychophysical perception score on the “Light-Dark” scale is:
Dark =-2.1+ 0.05(100 — L*) Equation (4)

where L* represents the CEILAB lightness value for the color considered.

[0059] (5) Clean-dirty:

[0060] For a single color, the model used for determining a color emotion human

psychophysical perception score on the “clean-dirty” scale is:

1
#_a\2 . 2
Clean = ~1.8+0.043 (L *—28)’ +(" 3) +(” 27)
118 127

where L*, a* and b* represent the three CIELAB coordinates for the color

Equation (5)

considered.
[0061] (6) Happy-depressing:
[0062] For a single color, the model used for determining a color emotion human

psychophysical perception score on the “happy-depressing” scale is:

1

. [ a* V % 19\ 2

Hﬂppy:—1.3+0.025{(L*_14)~+(Oa )Jr(b 12”
7 083 7. Equation (6)

where L*, a* and b* represent the three CIELAB coordinates for the color

considered.

[0063] (7) Fun-serious:

-10 -



[0064]For a single color, the model used for determining a color emotion human
psychophysical perception score on the "Fun-Serious” scale is: _1 (L *-10)2 4 a* + 0.02
0.450.61 Equation (7) where L*, a* and b* represent the three CIELAB coordinates for the
color considered. [0065]Color Emotion Scores for Color Combinations [0066]For modeling
color emotion scores for two and three color combinations on six of the seven color emotion
scales noted above (excluding the "inviting-uninviting" scale), an additivity property is
employed in tA&AE colorfemetiimgicooks, dhe oaldelatesiflivedeabiningiag:tie abovengels
for each of thesplaE s cRmBIMANLADE e -YAragRs io delgemine a color emotion

score for the combination. In particular, for a two color combination the color emotion score for

the two color combination can be detezr in S Ilpyxfﬁ. = (El +E2)/2Equation (8) where
E stands for afewleréofdiR 5€bie-16) ﬂr;gaw co Ola‘ef%ﬁﬂ}?l ation; and El and E2 represent

color emotion scores of the two constituent colors in‘that éombination. [OOQ?]SimiIarly, for a
three color combination the color emotion score for the two color compigiieh gan be

determined as’fo”oWe?ei(,Ea!n#aEn +bE?Fyr§rEs ur%t{RQ 't%ngae CIELAB coordinates for the color

considered.
[0065] Color Emotion Scores for Color Combinations
[0066] For modeling color emotion scores for two and three color combinations

on six of the seven color emotion scales noted above (excluding the "inviting-uninviting”
scale), an additivity property is employed in that the color emotion scores are calculated
individually using the above models for each of the colors in the combination, and then
averaged to determine a color emotion score for the combination. In particular, for a two
color combination the color emotion score for the two color combination can be
determined as follows:
E = (E1+E2)/2 Equation (8)

where E stands for a color emotion score for the two-color combination; and E1
and E2 represent color emotion scores of the two constituent colors in that combination.
[0067] Similarly, for a three color combination the color emotion score for the two
color combination can be determined as follows:

E = (E1+E2+E3)/3 . Equation (9)

where E stands for a color emotion score for the two-color combination; and E1
to E3 represent color emotion scores of the constitueht colors in that combination.
[0068] Thus, the color emotion score in the exciting scale for a combination of two
or three colors can be determined by averaging the “exciting~calrﬁing” color emotion
scores determined individually for each of the constituent colors in that combination. The
color emotion scores for color combinations on each of the other color emotion scales
(excluding the "inviting-uninviting” scale) can similarly be determined. It is projected that
in at least some embodiments, color emotion scores for combinations of greater than
three colors can be assigned by using similar averaging methods such that the color
emotion score for a color combination can be determined by averaging all the emotion

scores of all the colors in the combination.
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where E stands for a color emotion score for the two-color combination; and El to E3
represent color emotion scores of the constituent colors in that combination. [0068]Thus, the
color emotion score in the exciting scale for a combination of two or three colors can be
determined by averaging the "exciting-calming" color emotion scores determined individually
for each of the constituent colors in that combination. The color emotion scores for color
combinations on each of the other color emotion scales (excluding the "inviting-uninviting"
scale) can similarly be determined. It is projected that in at least some embodiments, color
emotion scores for combinations of greater than three colors can be assigned by using similar

averagingypgthodscych iatine calop empion SeRLe 101 gpler sembination can be
determined By averaging a em 0 rs in the combination.
[0069]CHRMEREBIES cores for Color Combinations us nq the “inviting- uninviting” scale
[0070]AIRYEh in sHfRUERPRITE exArpliATRetintE htiaNiavesalorithe individual color
"inviting-odivivaaginglos taligrgeloinetingtianlscore sroaivhecuse daobdetenintamap proximate
"inviting AsippisingatscalRisgRrminhinecsediaatian. tealieskishiavaingdicated that the
conrelatipn BRRENBRARIEHuPBMis AR AL LIRASK RS dBnlis Lof eqlpy combinations

using averagding Is not as accurate for the "inviting-uninviting” scale as it |s for the other six
color en{%rtlconorscor?g'éléf&)é‘ééjfmﬂﬁfﬂ?f?ﬁ"ﬁ 'Fe%{)étagc?rcrg?g%sefé?ﬁ 'é'ﬁlltlﬁ‘gaf?r'%ﬁ@, a different model
is used fSP@ERHRIRITBECHISF BrEI6 AR IEE COMSPEBRbINASIS! sPMpe

"Inviting eammyeteTgBodimerés chstifgtioinmisiph sde dodtivdeeraidisc eritrantbivors@dgacent colors, and
in this regajsloreianeinagols Brafe tvitiglienviokgicind Wsikaiapidhies eetaegombination
including £010F £ Gl ReR Bl Uné G RIGE R P BIBRRNE 1001 KgirA and Color C. As

Color C ﬁﬂ&?ﬁosl%;és%r separated {)r.o ] eacpugi'r[]he& ?%y e (’)gag%a]gre{it. [0071]The

{
"inviting-unlnvfflng 2Smbined color modal Consids OP wo parts, one ﬁnw IngA) dealing with

adjacenteBIdtS ZARER BPREP GrIoHAIN)IREhSdficeriP RIS CaL<hefRAsrPREations (10) and
(11), redpoecerei pteo0TReYRoe aeljad@sedolours: Inviting=-0.15 + 0.14 1 + 0.89 /+ 0.74 ira" + 0.51
4, whergog78]6 tanh(de 8ri¥ifALinyith{R Adhifkd dAE A 49 Adists-df. Bro Rkt Zone

(Invitinga) dealing with adjacent colors and the other (Invitingy) nonadjacent colors, as

shown in Equations (10) and (11), respectively.

[0072] For adjacent colours:

Inviting, =-0.15+0.14 1, +0.89 I, +0.74 I, +0.51 I, Equation (10)

where

I =0.6tanh(1.8~0.05AC,)

!
AC, = [arr=,, ) +@ac, 10.84) T

lioun = =124 0012 Loy i1y hiich Ly =L % +L %,
I, =0.15+0.16tanh(~2+0.19AL) i which AL =L L%

Ly =Ly + Ly,
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in which=*1 +1*2 =0.15 + 0.16 tanh(-2 + 0.19AL) in which AL = *, = isryi + ISY 2 Equation
(10) Ec =0.5 + 0.5 tanli(-2 + 0.56"*") = -0.08 - 0.14 sin(h", + 50) - 0.07 sin(2h, + 90) E,. = KO
221L* -12.8)110 lexp{(00- h")110 -expl(90 - ?*,)11011 [0073]where U,C"ab and hal, stand for
values of lightness, chrome and hue angle in CIELAB system, respectively (with subscripts 1
and 2 each used in the above variables to denote scores associated with the first and second
colors respectively in the two color combination), [0074]For nonadjacent colours: Inviting =
-0.16 + 0.41 krEquation (11) [0075]The model for determining the "inviting-uninviting" color
emotion score for colour combinations considering both adjacent and nonadjacent colors is:

Inviting =(Inviting, )+Inviting, )| Equation (12) [0076]Color Harmony Models:
AR )
N Y

Ly =E¢

Ee=0.5+0.5tanh(-2+0.5C*,,)
I =—0.08 - 0.14sin(h,, + 50°)~0.07sin(2h,, +90°)

ab
E, = [(0.22L.%~-12.8)/10 Jexp{(90° - &, )/10 — exp[(90° - 4, )/10]}

[0073] where L*, C*s»and hgp stand for values of lightness, chroma and hue angle
in CIELAB system, respectively (with subscripts 1 and 2 each used in the above
variables to denote scores associated with the first and second colors respectively in the

two color combination).

[0074] For nonadjacent colours:
Inviting,, =-0.16+0.41 I, Equation (11)
[0075] The model for determining the “inviting-uninviting” color emotion score for

colour combinations considering both adjacent and nonadjacent colors is:

Inviting = — IZ(Invmng )+ Z(InvmngN )] Equation (12)

[0076] Color Harmony Models:
[0077] With respect to color harmony, based on the assessments provided by the

test subjects, the following models have been developed and are used in example
embodiments of the present invention to determine color harmony scores for color
combinations. Again, in at least some example embodiments a differentiation is made
between adjacent colors and non adjacent colors in color combinations, and thus the
color harmony includes two parts, namely CHa for assigning a color harmony score for a
pair of adjacent colors in a color combination (see Equation 13 below), and CHy for
assighing a color harmony score for a pair on non-adjacent colors in a color combination
(see Equation 14 below). Once color harmony scores for all color pairs within a color
combination are determined, the scores are averaged as indicated below to determine a
color harmony score for the entire combination (see Equation 15 below).
[0078] In example embodiments, color harmony (CHa) for two adjacent colors is
determined using the following equation:

CHy =Ho+H, +H, Equation (13)
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[0077]With respect to color harmony, based on the assessments provided by the test
subjects, the following models have been developed and are used in example embodiments
of the present invention to determine color harmony scores for color combinations. Again, in
at least some example embodiments a differentiation is made between adjacent colors and
non adjacent colors in color combinations, and thus the color harmony includes two parts,
namely CHA for assigning a color harmony score for a pair of adjacent colors in a color
combination (see Equation 13 below), and CHN for assigning a color harmony score for a pair
on non-adjacent colors in a color combination (see Equation 14 below). Once color harmony
scores for all lcno‘!v(?lqclzl)airs within a color combination are determined, the scores are averaged
as indicated below to determine a color harmony score for the entire combination (see
Equation 15 bglov)e{QQ48Um@xamplesembodiments, color harmony (CHA) for two adjacent
colors is determilg@g[k#smg )thg(gty}lpwip&%guation: Cl/4 =11c 1-11,+11"Equation (13) in which
He -4 0.04 + 0.53 tanh(0.8 - 0.045&C) AC [(ALT *)2 +(AC*"11.46)2]' 11,="1,",",+11" 0.3 + 0.5
tanh(-4 + 0.029L™") in which L™ =L*+L* "= 0.14 + 0.15 tanh(-2 + 0.2AL) in which AL = IL *, -L
*21 H"=Hy,+H"; lllyy2Ec(ffy+ Ey) 4=0.5 + 0.5 tanh(-2 + 0.5C *ab) firs = -0.08 -0.14 si n(h, + 50)
- 0.07 sin(2 h"+ 90).Ey= R 221(* 210080 1.01mi9d i) 1 10 ékpk90- h*)/101) where All*, and
AC*" represent GIELAR colouhdifference) in g and ghroma, respectively; L*, C** and h”
represent CIELAB lightness, chrome and hue

Hy=Hgy + Hgy,

Hg, = E(Hy + E,)
E;=0.5+0.5tanh(~2+0.5C*,,)
Hy =~0.08 - 0.14sin(h,, +50°) —0.07sin(24,, +90°)
Ey = [(022L*-12.8)/10]exp{(00° - h,, )10~ exp[(90° k) /10]}
where AH*, and AC* , represent CIELAB colour difference in hue and chroma,

respectively; L*, C* and £, represent CIELAB lightness, chroma and hue

angle, respectively (with subscripts 1 and 2 each used in the above variables to
denote scores associated with the first and second colors respectively in the two
color combination).

[0079] In example embodiments, for two non-adjacent colors, a color harmony

value CHy is determined using the following equation:

CHy = He, o Equation (14)

in which:
He 5 =0.2+0.65tanh(1.7 ~0.045AC,,)

AC, =[(AIT* ) +(AC*,, /1.30)*]

ab

where AH *spand AC*a are CIELAB colour difference values between the non-adjacent

colors in hue and in chroma, respectively.
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angle, respectively (with subscripts 1 and 2 each used in the above variables to denote scores
associated with the first and second colors respectively in the two color combination). [0079]In
example embodiments, for two non-adjacent colors, a color harmony value CHN is
determined using the following equation: GIN-" Equation (14) in which: =0.2 + 0.65 twill(l .7
- 0.045AC,) AC, = RAII*)2 +(AC*, /130)21 where AH *anand ACkat) are CIELAB colour
difference values between the non-adjacent colors in hue and in chrome, respectively.
[0080]The color harmony values for the entire color combination can then be determined by
averaging the CH scores for all color pairs (both adjacent and nonadjacent) as follows: cii

71Equatf &LS) Whﬁ're n |§§Qg}g%a\} qlulé%nge{hgf C %'E%A%.%FS’A%%E &omblnatlon and CHA

and CH,,, are harmon scores oradjacent an nona acent colors respec?lvely

[0081]E4GSIBRAY ?35‘?%%?&% rﬁH@Q?é?Bf"r‘iﬁPrﬁ?ﬂ?ﬁPf‘HF fﬁ?g‘ﬁ]%’éﬁ?%fﬁ& incorporates the
followingéazimmnptitiews{a) Equal-hue and equal-chrome. Any two adjacent colors varying

only in lightnegs, teh&:t&ﬁggefl(&aﬁnonious when combined together.

Equation (15)
where n is the total number of color pairs in a colour combination; and CHa and CHy are
harmony scores for adjacent and nonadjacent colors, respectively.
[0081] Equation (13) for determining color harmony for two adjacent colors
incorporates the following assumptions:
(a) Equal-hue and equal-chroma. Any two adjacent colors varying only in lightness tend
to appear harmonious when combined together.
(b) High lightness. The higher the lightness value of each constituent colour in an
adjacent color pair, the more likely it is that this pair will appear harmonious.
(c) Unegual lightness values. Small lightness variations (i.e. less than around 15 units of
CIELAB colour difference) between the constituent colors in an adjacent colour pair may
reduce the harmony of that pair.
(d) Hue effect. Among various hues, blue is the one most likely to create harmony in a
two colour combination; red is the least likely to do so. In addition, bright yellows more
often create harmony in an adjacent two-color combination than dark yellows. (e.g.
khaki colors).
[0082] On the other hand, of the four color harmony principles described in the
previous paragraph, only “(a) the equal-hue and equai-chroma principle” was found to
play a significant role in the harmony of non-adjacent colors, which is incorporated into
equation (14).
[0083] In alternative embodiments, color emotion scores and color harmony
scores can be modeled using equations other than those discussed above, which are
provided as one example of how human responses to colors can be modeled. For
example, it will be noted that each of the above equations includes constants - in some
embadiments the values used for the constants can vary from those stated above. For
example, in at least some configurations for each of the models other than the “warm-
cool” model, the constants in the above equations can vary from 50% to 150% of the

values stated above. In at least some configurations for the “warm-cool” model, the
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(b) High rightness. The higher the lightness value of each constituent colour in an adjacent
color pair, the more likely it is that this pair will appear harmonious. (c) Unequal lightness
values. Small lightness variations (i.e. less than around 15 units of CIELAB colour difference)
between the constituent colors in an adjacent colour pair may reduce the harmony of that pair.
(d) Hue effect. Among various hues, blue is the one most likely to create harmony in a two
colour combination; red is the least likely to do so. In addition, bright yellows more often
create harmony in an adjacent two-color combination than dark yellows. (e.g. khaki colors).
[0082]On the other hand, of the four color harmony principles described in the previous
paragraph %m% "gagethe equal-hue and equal chrgzmoaﬂ%;,nclfot e" was foungi to play a significant

role in the'%armon of tﬁ%’r‘? %qd'%gé]ﬁtc%% 5ré rP]I%?’] IS mcoPpora e(i”"uetgosgéeuatlon (14). [0083]In

alternatl%oé?ni%ﬁﬁﬁﬁ@m’éo%%ﬁtseﬁ’f@wﬁ %‘ié’é?@%haﬁﬁﬁtﬁﬂﬁﬁﬁgfh’f&qﬁ'%@ﬁr‘& can be modeled
using ecpiatienss othee thdraer theddtidisoubsedsetlsotehavbhich are provided as one example of
how huruas4esponsestedaiors, Gamdeds skl esinbrirxaimdepisalbim noted that each of

the abomeeagyagwaemyga%meﬂa@ﬁmaeaﬂm@wmgmr&ﬁ iBRfmbkesused for the

constants gan va rom those stated agove o&a mple, in a Ieast some configurations for
ﬂé or combi 0lo Cﬁ]a &Oﬁ¥:on)S

colo and nation
each of %ﬁe 'models other th ‘warm-cool” mo {&ntsin the above equations

can varf?%?ﬁ’f%‘@%"tﬁoﬁ?)%h% ers@‘a‘fﬂég'%rtﬁ'fé’&%ﬁﬂ%”ﬁ?%ﬁ'P@é%?%’bﬂﬁ@%@nflguratlons for the

"warm-deslt ingéyvitliel eniore endtantyriatithe clisolees do thigisusrdaas veay feeain BOBerto 110% of the

values siafetibstyoical. dercathion emebadinesisy«difeseninpsycbapbysicaloperception models can

be employRg-atbes, ﬂl&fb&fsﬂﬂi %&FLWF&S}@ $93¥99§%§f%@:‘&%&l39‘é§ct[@@%‘9&% REisd above, the

models gerg%])}%%rgg tthe oor select aco1iho s and,devices es rlbed herein model
psyc

exam erceivin rig warm”’ orac
human IC& ercep IO S O?CO%I’ emotion ?or colors andoco or comBmatlons Color

harmony 'f?8§'%s OB GBS RIR BRI eB GRSt e scribed above
can appXpeeerorRrastividhal Tetsrdsaagormbivascadiafiachves anaemedard, as used herein
human psyehagitysisalyperogitionBeisliy) toaheespios seodiaditanan to a color or color

combingatigiiepR%iBRRERFHMANICIR BAYIE SERSAENBREELEIRBSURNAS fuRagisrcolor
pefcept@& swe‘éééytr%f %‘@ABM&QE&Q&IM&@%Q% é}r&h o ﬁp.c"avn%”ﬁm%%&‘al] gombination is

"harmonious™ IS a'reaction or feeling and hence a human psyc yS|ca perception, whereas

perceivifiy ﬁ3?%83\%?%"'&%%%’”8Pﬁ%\gsﬁ ﬁBa‘rt'?é%fla?f"ﬁU%ﬂ%SP‘dﬁ%w 8 more basic
sensoryplesiebtlbHs, Byeysiie riaiemente dieeldetslestinn methogs perdptisesical perceptions that
are basdeboivee speimsaitptavigatherned saomdadpluikalitytiof test sseinjgetingberentodiments
describeghdigreinsiER HajenlyiRicahBWERR JAGWIRREJOBRIRER AN rmRiRations of colors and

use that iaaliant 25sist Laess WSO ARIERIN. LA S erAmpls pmbodments the

color selectlon methods and evices described herein can §row e a virtual second opinion to

the useF ¥ BAT S hgE BP'e SIBPAPSH LS SARERSIFAY MBS 32 IR color selection
confldeﬁ%@r%é‘@i&lﬁ/cﬁﬂ@ﬂ\Vﬁ%ﬁﬂ?}@'Fﬂ@%H‘@@ﬁfﬁr@éﬁH%@'ﬁﬁﬁﬁ'ﬁﬁt@@ WeBeHfltiple colors in a
short tineeiperod tHetath ertnorepnfusixam preng mbsolileronts dheydalarf sgtectionemethods and
deviceggigseribed dwseimean be used to filter the number of possible color selections
presenigf user e s by dic MF@@%%&Q & ﬁgwaﬂowm.ww'ad of color
chmcesbe[g JSC8Ior Ir_lgrear(}gks 86 The color Iltl)ra(m usiet I %mbodlments of the
inventioh Wil how be diacusesd i grea APRIREANIPTATSAY 41 COO ' rr}'b diment, the color library
62 is difideRs! Up RS THTentar erlecBRIPY Bk (EP: ES 4y E’&)f%%i%ofﬁécf’é%lts of
excitingatainginguetipretid 44! cBlacireplohighdsipswhigled svilissoe idtbd faithanblef the four
possiblpopinsik@narRNEkeingXeiingy Calon igl-compesaie 2h8reresaiodl iénacolor group
toolbar 283 afyisuabinier Ree AR rléz;;tusfgﬁeargflg @s?wé FILE BAJRRIERENtS @ portion of
a color m?onalryrglrlye ﬂ?ZB} 1f ?orraa 8}’&%%9 co%?‘lsogéo‘oc%lroup atl ys]s?i;[cllgtgé q t%ted with the
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left most button on "Exciting-Calming" color scale 208. As shown in Figure 8A, the color
library file 62-1 includes for each listed color: (a) a unique color code (in the column labelled
"code"); (b) a color name; (c) the CEILAB values for the color, including the three CIELAB
coordinates for the color (L* (lightness), a* and b*), as well as CIELAB values C"ab (chroma)
and hab (hue angle). As well, an exciting-calming color emotion value E calculated using
equation (1) is shown for each color in Figure 8A, although that information could be omitted
from the library file as it can be determined from the CIELAB values. Turning briefly again to
Figure 2, in the illustrated embodiment the color elements 211 displayed in the color group

display re ong? are e in rows and col at Ie ton ample embodiment,
the colorel rar ‘1% 63 mé}% esaﬁrrq fStnsation %:geawéc SSﬂorl ent ylng ‘tﬁ‘e ﬁglcatlon of that

t
color in tRE Y T5PET dBTbF etdoneril isted trigsrERSritaiB MRy GRISBIN BiF B4 R¥tt-most column
labelled 4RARA Gonamit®). 4 nolpeniiustteltthd htlotRialess fahtbecstsh, dwluging igresents a color
page or jpaia Ctipghadinciudas: mekope(colansasgngeddy gaonaepiineurdthe colors

included i 686, eGTHA AU LERR R AL35ISR S LS FaESIY kiR Torary into color

aroups. 1 REaBIS:CRITIRG | GOLRAON B7EN AL BRSE.Sr SRl culated. and
the CO|OI’ columns are then-as %(? oa resgpectlve CO or gro ase t € mean

"excitind CHIPRIRG Xy catisHiEgURsRY @%?Hbcgbb‘ég‘éﬁ Wfﬁiﬂ?ﬁ%"ns of respective color
library fife5lgR yalgeadrainih Gl lvease &5t MigierPrapredintsisdpidrsiiegiidimceictolors falling
within a eleigue eanges oy tdenexetiohg galmingiep legieniotan:scalegyedocardingty, color group El
(library figuiRsl) FeRTEsaRE YRR bERAIO: taens i nl st RKasaple, group El
includes 229 GRICKS Qgéﬂrrlgkﬁ H&%ﬁl@m&ﬁ%?&@t: ﬂl«’}‘m& MG R er?a%f‘ég’llc?}r group E2 (library

file 62- 2 re resents ‘sl | exciting” colors (in one |l ustratlve example, group E2 includes
273 coldt %"ﬁ “ﬁ?é%r?“&%"tm%“ CAMMGS IR St ELEY ’&‘8?3?%:% y E3 (library file 62-3)
represe%"@ﬂ@Hﬂ&"@deﬁ#ﬂjﬂdﬁW@'m%ﬁéﬁI‘P@@'i‘rﬁ{iwefefﬁams §resia 284 REludes 249 colors
having @ainéstnip taetiticigleaimiti sadueaohnfe by @i degitr grothe Eobidibranyeflle 62-4)
represemMsadrENeaIEg besH isnlipBactesralivg 8xampe tarminEddrslades 189 colors
having @HJ&%@%%@@W%%Q%M Iugonf -2 él&bBH&%m%H'M%@@B‘Fﬂe‘émbOd'me”t the

four colorég{ou(p?o C umh r § are etach speci fied in se(parate gles of color library 62, in
other efibodiments t ?:&?I %"eag’fo' 4 e%a}rﬁeapselcn'é?ec?%gé nd ca?egorlzéadn?ﬁo the respective
color grcﬁfﬁ@'@fﬁ'ﬁ@%ﬁﬁo%elector application 60 based on their respective calming-exciting

scores (0037dsed oFigwea i @Prmng éexertihgssaretdor Sudsgroupsaurdhras iesor columns).
[0088]Véualsinteifaee-J 0088 whiehat serauns RigmianRegiebr (00803 ingvngragain to the
visual '%&@%%@%@&E'&E&\%ggm & dsURLRE, ?@Qoﬁé%ﬁﬂff{)’*&@ﬂrt&%d&ﬁﬁ“%t button on

the "excjtin ng" scale IS S ted col reIe ents 2 1corres onding to the "very
exutmgﬁlrt():a? %?e;%u rary ﬁé’ gﬁc%gar 6'8 |“nS téaot for eXraom gplfgy‘;ﬂreglon 202.

When tPg'e B‘Elﬂrﬁﬁ‘%ml?em%fblf?ﬁﬁ”&fﬁﬁﬁ@@ é’é‘&‘l%oééé% %‘é%@f@@ Bélor elements 211
correspdbmidiled T redigriysexigtitigxctiy’ grotliEenditivainptiiesd@vR)eagrodisplayed in color
group dexnlaysegEns 28kas asvatynhcln FagitieyTaMingn/dhe thivd Hustan dicpsecond from the
”ght) onithgy’ ﬁé@z‘?r&;ﬂﬁ;ﬂﬂ@ SRS BRI Sc%'lgr%tﬁﬁ’oﬁé’lﬁlfsﬁéﬂ%eé%% tlgrqaesponding to the

sllghtly almlggS éj E3 (I|brary f|| ?1 e\(/jalagl color group display region

202, as s own in Figure 1 Hén'the rlex Utton o Xcmng calmlng scale 206 is

selecte8’°&'8l5? @'@ﬁﬁ’éﬂﬁs@ﬂ rBBW?éfﬁ)Hﬁm@aﬂﬁ"ﬂQeG‘U‘e'ﬁ)('Bngﬁ|ﬂ©9"€6‘f8fe§?6‘8|8 E4 (library file
62-4) agsodispldyderiy dd¥omolgre by ispayae giksiiROmvEShen dh Fgurmithdaugfo091]As noted
previouslyhethiesealed grougisksapiayashirdbegealps groBp Hisplay4eaianc02 can be further
limited Bpy.sRbaGH 8IS Flay 31BN m%}%@%%&&@m%&%% ¢sui@pe "Harmony” choices
210. In HQE%%”X mod% Qeagéﬂc%rtg dis @%?dtr';g ;[gseec lloerc b S|%Ia>{1 regfon 202 are limited
to the colors from the grou that are etermlned t meet certai Fnony thresholds. As
apparent from harmony equation (13) above, when determlnlng the harmony between a pair
of colors, the "lightness sum" factor (i.e. #$0m) plays an important role in the determination of

color harmony scores: the lighter the colors, the more likely it is for them to create harmony. In



use harmony equation (13) to calculate a harmony score for every possible color pair
combination within the group, and then determine the percentage of color pair combinations in
the group that have a positive harmony score. By way of illustrative example, using such a
group harmony calculation method provides a color harmony score of approximately 88% for
color group El, 80% for color group E2, 77% for color group E3, and 61% for color group E4.
When each of the four color groups are limited to their top four rows, the group harmony
calculation provides a color harmony score of approximately 94% for color group El, 97% for
color group E2, 99% for color group E3, and 99% for color group E4. Accordingly, in the
|IIustrated bodlme lecting the harmo de option from optio S, 2 O results in a
display ede (I)'ﬁa ha%iﬁng sg@% gﬁ \a or? x%@é)'{nem gc'ltg]gsstcgf / ortr)1 ig ar [0093]Although
only two"&‘?gﬁf@f%‘ Eﬁ@i@é@wresﬁﬂré‘&&@”ﬁsw&ﬁﬁm So4t8"Shown in interface 200 of Figure
2, the twW8Wcrete ¥isghtddaiiaggol bar 205 could be replaced with either a discrete scale with
more thgensap optignsaon thedpavispiypRregrle, or a continuous sliding harmony scale (similar to

scale 21ighogy a numﬁiﬁdosgéﬂ@y\mema hetRloned: rigleeih 3Rlarkadrsired color harmony
level for the cola g %Rtr%rl‘el 1h go[lors from thtcurr ntI selaqclﬁ% coslglga grqup meeting the
SRR G Bl e

user selected color harmony level woul then yed as colo ements 211 in color
group digpPag'arEaisEd} 89(5‘?‘7'ﬁ%d"fﬂé°ﬁ'§eerv%§/‘§ﬁ%‘bl AR JNAN A 8 Bee colors from
color grétIEPREANY cR'YAISUASHBN (peien ROD VYTt $sigfmebulipict Weuld result in fewer
group Eleolins dadimg thspkesesdd nalegeoncad0 dbaangr @ 19howss parkdiguiretizs but more than are

shown oBifrigperclidgARMAIEEN g 516 8D DR dsfhitdetaisring A @spgny score for a
color gr%b%.Féa&ea@énm'.m;@ré*@ev@Pe% ﬁe4ﬁ§o°5k9%ﬂ {?%'%EQIPWORQR@R&){%%Ha“t'f'ca“on

method We (}(ta es Intg ac ount the numb ero osluve armong(/?scores or every pOSSIble

color pair SRR NGitATR B LS B G OR TGRS S M SHISSREBEY Belifsed to take into
account tHe gt 6T gEuipiFS ﬁaﬁﬁcfﬂﬁ/fé’c@r% fiselaRti sherlPtgecRINEY of occurrence of
positive regipm@i®y aceres ifitlgdd TIAudhintik behappseiouttadhibg teseitingterfaiog’ 200 allows a
user to flige dheicaircele R iaoilchis SPlAYRek P ABBWOIE NG BreikRifgaien 202 based on
desired J,?acrslgiqrbmw.@@é%et@asga@sa%%ﬁl%@&@y%@}&%mé@ﬁo&w (e.9. an

exciting clamlng level and/or a harmony level). b. Working and Color Information regions
[0095]Tu mg agaln to Figure 2, as noted above users can select color elements 211 from the
color gré®8¥egion '%D@Ot Ny enlSr SR ERREYRE IR HeirrPtvEpHayEa'as color candidate
elementsdk2e2{12 the kedukire lnoipdiv28kdingtesfaterR0Q. uindeptorivo tiethd color selection
applicatmnpaOaibeentioteradsdsalouatessolo dasmenyorndirplayanatoreores for the
color capdigaiegle %%@@Qéﬂr&"l?d‘%oﬁlﬂ%%@#&ﬂ %Q@H&MQ&Q‘?&%@F}QHM&QC’ emotion
modelllpr%qc({uqtlons (&152 g %: sed ab oye. The results r%p are \ﬁresented on the
ain har sholds. fpf)aren rom hﬁm}?ﬂé %?

scales NArMonioUsS-UNNAMORIoUS viting-uni calmm 216,

warm-cOUPFIANG g1 EEne Y RF wrEaA- Eﬁﬁﬁfﬁ?r%ﬁ}?pgﬂ@éﬁ?%é%é@?&('ﬁn@mﬁ -serious 226 of
color infiayAatidnpastgiv no06 thiltetsauy matien of edéss shiowry rsdrgute fhie bach represented as
continuetisd)aizanialibnr s et menfilecittoaraprgsamtd Rdnagnindeipidiretiespective color

harmony,er gek-emetian §ﬁQﬁSeU‘@érﬁl?§b9 @Q@&%btﬁh%ﬂmrza%w%m@d color emotion
mformaRon 81%8' be %;gerqmilmnltﬂ alt rnatlve for ?B n glffer nt & q glmder}ts By way of

¥n|n e color group to colors ave a 8
non- I|m|t|ng example, actual numerlc values can be present d crete scales can be used

rather tﬁ%{'i’lg&?ﬁﬂﬂ'ﬂ%‘ﬂ?s '8 CRRTFBY 8?5\1??&‘5“95‘8?%?@{59%&8'@ %Bﬁlarﬂ%ﬁdﬁ@%@ﬁle 208), and/or
verticalosislgrsupahspleyuseidn d8tdndashhoyivodtal wcatespl [0 008jeewbetimenthe combination of
colors cakdidatecsiemeni® 28 intheiwoskingresaa RQdechianges(imbexample through addition

or remeyalify aouﬁ&r&fﬁr@qyarf&ﬂngiﬁa;ﬁ&lga&%%%@ gﬂa@pi@feﬂaa&m isRjayed on the
scales f [RaiQ @Q@alﬁpﬁéoqfaﬁs‘?mté’rfr%é'%é a‘r*n%eni golor £ %@\i'%ﬂ%ap'P an example

embodiment, when just a smgle color candidate elément is | ing area 204 the harmony
scale 212 displays a null value, but the color emotion scales display the respective color
emotion scores for the single color. [0097]®s noted above, for most of the color emotion
models, when multi-color combinations are considered it is not relevant if the candidate colors



thresholds for determining an alert are user configurable with default values set by a designer
involved in configuration of the color selection application 60. [0099]As indicated in Figure 13,
in one example embodiment, the interface 200 includes a "print" option button 231 that a user
can select to print out the color candidate elements 228, color names 32 and color IDs 32
contained in working area 204. (00100]In some embodiments the color selection application
60 allows users to import a new color library 62, and sorts the colors into respective color
groups (eg. into color groups El, E2, E3 and E4) based, for example, on where the colors fall
within the Exciting-Calming scale and the hue and lightness of the colors, as represented in

Figure 14, [0Q101]In af leas a bodi ents t lor data sp ecified in color
library 620\?nLaq taﬁ1 gro!fgr%? oé['ﬁ'er tﬁaritg %‘Eeoﬁjg%aetgo mdl ualnr&?ogrge%gr'ﬁsé \@ data (under
either Dégp'ﬂyeﬁf H P SR B Ba RS ém%?fﬁm&"}gﬁecé‘fﬁ?ﬁf@ﬁata (R%). In such

cases, tHsrferent@olor data format can either be converted to CEILAB formant and then
used in theszpove enegivesisiconsditerfvathwabuiing tegtatiang shadiietdanihe idiferent format.

By way Qi ESxamne «a06 @SNRAGIRIRRS 1AyRaRpichRkdH¥REY bdkblisdtsedito calculate
specific 8%%%%“9%%&(%13%580'% NRNRAEN S el er?‘[f%% 3 3PQygn g Figure 15, [00102]in
or

some example em ments, discrete scales are used t resent color harmony and color

emotion ORISR 2 LS ASR JéqHQf‘Yﬁg Rﬁiﬁ‘ﬂb"e?§rT‘EByfﬁ"FEp%&éHPH‘fE*é I8t %egrees for each
scale; 10RRANSHIGITES? e ronene Tet aipmmateasopraxierd peglon harmpght, "warm®,
"excitingtottuni'gpthappytsly S&aird, covigiogh BmdOkatmaitiogrelp Eneetasohighest degree for the
sgc?]nd 509, amfan%b‘s "r,gj}@ayﬁmg\ihéswau&'tr{ai@wfe&si@%‘u;S'svl%/iim'.'téalﬁvntgg arlld
ishar ipus” e or values

that co rrqt%sr} %E\ﬁ o BQL;? e%%%}@éﬁ:}é%{@&ﬁ&%l}th ﬁrggﬁ%%guér?ﬁtﬁ%%%%%%mauon of
discrete g@a eq te'y%gs > Rhee Otk r"gyf racﬁr? r<§’6°”p 99% for color group

and 99% for color group E4. Accordingly, in the illustrated embodiment, selecting the

harmony mode option from options 210 results in a displayed color group having a color

harmony score of at least 94% or higher.

[0093] Although only two discrete choices 210 (“All Colors” or “Harmony”) are

shown in interface 200 of Figure 2, the two discrete choices in tool bar 205 could be

replaced with either a discrete scale with more than two options on the harmony scale,

or a continuous sliding harmony scale (similar to scale 212), or a numeric pull down

scale that allowed a user to select a desired color harmony level for the color group.

Only the colors from the currently selected color group meeting the user selected color

harmony level would then be displayed as color elements 211 in color group display

area. For example, the user may specify that they only want to see colors from color

group E1 having a color harmony score of 90% or higher, which would result in fewer

group E1 colors being displayed in region 202 than are shown in Figure 2, but more

than are shown on Figure 12. Alternative methods can be used to determine a harmony

score for a color group. For example, while the above-described color group harmony

quantification method merely takes into account the number of positive harmony scores

for every possible color pair combination within the color group, a weighted method

could be used to take into account the magnitude of positive harmony scores in addition

to the number of occurrence of positive harmony scores.
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[0094] Thus, it will be appreciated that user interface 200 allows a user to filter
the color elements 211 displayed in the working group region 202 based on desired
levels for color perception characteristics that are inputted by the user (e.g. an exciting —
claming level and/or a harmony level).

b. Working and Color Information regions

[0095] Turhing again to Figure 2, as noted above users can select color
elements 211 from the color group region 202, with selected color elements them being
displayed as color candidate elements 228 in the working region 204 of interface 200.
Under control of the color selection application 60, the controller 38 caiculates color
harmony and color emotion scores for the color candidate elements 228 in the working
region 204 using the harmony and emotion modelling equations (1) - (15) discussed
above. The results graphically are presented on the scales harmonious-unharmonious
212, inviting-uninviting 214, exciting-calming 216, warm-cool 218, light-dark 220, clean-
dirty 222, happy-depressing 224, and fun-serious 226 of color information region 2086.
Although the scales shown in Figure 2 are each represented as continuous horizontal
bars that are filled in to represent the magnitude of the respective color harmony or color
emoation score that they represent, the color harmony and color emotion information can
be presented in alternative formats in different embodiments. By way of non-limiting
example, actual numerical values can be presented, discrete scales can be used rather
than continuous scales (for example, a discrete scale could look like scale 208), and/or
vertical scales can be used instead of horizontal scales.

[0096] Each time the combination of colors candidate elements 228 in the
working area 204 changes (for example through addition or removal by a user of a color
candidate element 228), the information displayed on the scales of region 206 is
updated to reflect the current color combination. In an example embodiment, when just
a single color candidate element is in working area 204, the harmony scale 212 displays
a null value, but the color emotion scales display the respective color emotion scores for
the single color.

[0097] As noted above, for most of the color emotion models, when multi-color
combinations are considered it is not relevant if the candidate colors are adjacent to
each other or not. However, at least in the case of the color harmony and the color

emotion scale “inviting-uninviting”, the scores determined for the color candidate
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combination are dependent on the relative orientation of the colors candidate elements.
Accordingly, in example embodiments the relative positioning of the color candidate
elements 228 in the working area 204 is taken into account when calculating the scores
for the harmony scale 212 and the color emotion scale “inviting-uninviting” 214. By way
of example, in the interface 200 as illustrated in Figure 2, the color candidate element
228(2) is adjacent both of the color candidates 228(1) and 228(3) which are non-
adjacent each other, and this relative positioning is reflected in the harmony scale 212
and the color emotion scale “inviting-uninviting” 214. Figure 13 shows interface 200 with
the exact same color candidate elements from Figure 2 in working space 204, however
in this case the positions of color candidate elements 228(2) and 228(3) have been
reversed, resulting in different scores on the harmony scale 212 and the color emotion
scale “inviting-uninviting” 214, while the remaining color emotion scales 216-226 that are
not dependant on the relative positioning of the colors stay the same. In example
embodiments, a user can reposition the color candidate elements 228 within the working
area 228.

[0098] In one example embodiment, the color selection device 10 is configured to
generate an alert or indicator when selected color combinations in the working area 204
fall below predetermined color harmony threshold, which may be preset, or may be a
user configurable value. By way of example, the bar used to represent the harmony
scale 212 may change color depending on whether the calculated harmony score is
above or below the threshold, with a green bar being used for above threshold color
combinations and a red bar being used for below threshold color combinations. Figure
13 illustrates a combination for which a color harmony alert has been generated in the
from of a darker colored bar appearing on the harmony scale 212 than on the other
scales (or on the harmony scale 212 shown in Figure 2 for the same colors in a different
order). The harmany alert could take different forms, including for example other or
different visual and/or aural stimulation being issued by the color selection device 10.
Furthermore, the color selection device 10 can also be configured to provide threshold
alerts for all or selected ones of the color emotion scales shown in region 206 in the
event that the corresponding color emotion scores fall below threshold levels. In at least

some example embodiments, the scales for which alerts are provided and the
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thresholds for determining an alert are user configurable with default values set by a
designer involved in configuration of the color selection application 60.

[0099] As indicated in Figure 13, in one example embodiment, the
interface 200 includes a “print” option button 231 that a user can select to print out the
color candidate elements 228, color names 32 and color IDs 32 contained in working
area 204.

[00100] In some embodiments the color selection application 60 allows users to
import a new color library 62, and sorts the colors into respective color groups (eg. into
color groups E1, E2, E3 and E4) based, for example, on where the colors fall within the
Exciting-Calming scale and the hue and lightness of the colors, as represented in Figure
14.

[00101] In at least some example embodiments, the color data specified in color
library 62 may take a form other than CEILAB data, including for example XYZ data
(under either D65, A, F2, TL 84 or other predefined light source) or reflectance data
(R%). In such cases, the different color data format can either be converted to CEILAB
formant and then used in the above equations, or alternatively the equations modified
for the different format. By way of example, in one embodiment a dynamic link library
(DLL) is used to calculate specific color emotion (CE) or color harmony (CH) values as
shown in Figure 15.

[00102] In some example embodiments, discrete scales are used to represent
color harmony and color emotion values, for example using the numbers 1 to 10
represent discrete degrees for each scale; 10 means highest degree for the first term in
each word pair, i.e. ‘light”, “warm”, “exciting”, “fun”, “happy”, “clean”, “inviting” and
“harmonious”; 1 means highest degree for the second term, i.e. “dark”, “cool”, “calming”,
“serious”, “depressing”, “dirty”, “uninviting” and “disharmonious”. Table 6 below shows

cell values that define the range of CE or CH values that correspond to a discrete

degree shown in the left column.

Table 6 Determination of discrete scales for CEs and CH
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[00103] In example embodiments the color selection system embodiments

described herein may be used to assist people with paint selection, however it can also
be applied to other areas where color coordination is of value, such as in selecting
fabrics for furniture, wall covering colors, broadloom colors, and appliance colors, to
name but a few possible applications.

[00104] In some example embodiments some or all of the color emotion and color
harmony scores for colors and color combinations may be predetermined and stored in
look-up-tables that are part of or associated with color library 62.

[00105] A number of different features have been described above in respect of
various example embodiments. It will be appreciated that a number of the features can
be applied across all of the example embodiments even if not expressly stated above.
The above-described embeodiments of the present application are intended to be
examples only. Alterations, modifications and variations may be effected to the
particular embodiments by those skilled in the art without departing from the scope of

the application, which is defined by the claims appended hereto.
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What is Claimed is:
1. A computer implemented method for selecting colors comprising:

associating, in dependence on a mathematical equation that models a human
emotional response to color, a color emotion score with each of a plurality of colors that

are numerically defined in a color library;
receiving a user input indicating a desired color emotion level; and

selecting, from the color library, colors for presentation to the user in dependence

on the color emotion scores associated therewith and the desired color emotion level.

2. The method of claim 1 wherein the mathematical equation is derived from

measuring the psychological responses of a plurality of test subjects to a plurality of test

colors.

3. The method of claim 2 comprising:

displaying the selected colors as user selectable color elements in a first display

region of a visual user interface.

4, The method of claim 3 comprising displaying in the visual interface an indication

of the desired color emotion level as inputted by the user.

5, The method of claim 3 wherein the user input comprises user selection of the
desired emotion level from a displayed color emotion scale having a plurality of discrete

selectable levels.

6. The method of claim 3 wherein the color elements are arranged in an array

organized by color depth along one axis and by hue along another axis.
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7. The method of claim 3 comprising:

receiving user input selecting at least one of the color elements from the first
display region; and

displaying in the visual user interface a color candidate emotion score for the
color represented by the selected at least one color element, wherein the color
candidate emotion score is determined in dependence on a mathematical equation that

models a human emotional response to color.

8. The method of claim 7 including displaying on a second display region of the
visual user interface a candidate color element that represents the same color as the

selected at least one color element.

9. The method of claim 8 including displaying in the second display region a plurality
of candidate color elements representing different colors, wherein displaying in the
visual user interface the color candidate emotion score includes calculating a combined
color emotion score for the plurality of candidate color elements in dependence on color
emotion scores calculated individually for each of the candidate color elements and

displaying the combined color emotion score as the color candidate score.

10.  The method of claim 9 wherein when three or more candidate color elements are
displayed in the second display regions, and wherein the combined color emotion score
for the plurality of color candidate elements is calculated in dependence on the relative

locations of the color candidate elements to each other.

11.  The method of claim 9 wherein when three or more candidate color elements are
displayed in the second display regions, the combined color emotion score for the
plurality of color candidate elements is calculated in by averaging color emotion scores

for each of the color candidate elements.
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>524 825,54 11a [00103]In example embodiments the color selection system
embodiments described herein may be used to assist people with paint selection, however it
can also be applied to other areas where color coordination is of value, such as in selecting
fabrics for furniture, wall covering colors, broadloom colors, and appliance colors, to name but
a few possible applications. [00104]In some example embodiments some or all of the color
emotion and color harmony scores for colors and color combinations may be predetermined
and stored in look-up-tables that are part of or associated with color library 62. [00105]A
number of different features have been described above in respect of various example
embodiments, |t will be appreciated that a number of the features can. be applied across all of
the exan%%’le eTnJ]ﬁ)gatlrﬁgﬁ S %'\%% PR Cr%%”sf‘;}"’s"iﬁt@'ﬂ%@’o‘?fte‘fmfﬁ‘éag ld(?"\(/%-described
embodirfBRISbIMEs RESEMUHINiEERIOHIRE RS s el piedon mpdidaerations,
modificatiopioasedeariticrstingy dfeefitiotedtortetopantspdasembodiments by those skilled in
the art witholstadapastiagiéieactng iseapaveithaapnisainaicnimahnsddaithed by the claims

appendegiheirton  Whahisitrhainagshiss 1. A computer implemented method for selecting
colors comprising: associating, in dependence on a mathematical equation that models a

human emotional response to color, a color emotion score with each of a plurality of colors

that are merically ARTEIEEIR 7 SHSEHREAN!SREL NG BLREHIHE Bibgfing a desired color
emo Ionsc%\x{ees’rgpr;esents one of the following human emotion pairings: inviting-uninviting;

exciting-calming; warm-cool; light-dark; clean-dirty; happy-sad; or fun-serious.

14.  The method of claim 3 comprising:

receiving user inputs selecting at least two of the color elements from the first

display region; and

displaying in the visual user interface a color harmony score for the combination
of colors represented by the selected color elements, wherein the color harmony score
is determined in dependence on a mathematical color harmony equation that models a

human perception of color harmony.

15.  The method of claim 14 wherein the mathematical color harmony equation is
derived from measuring the psychological responses of a plurality of test subjects to a

plurality of test colors.

16.  The method of claim 3 including receiving user inputs selecting at least three of

the color elements from the first display region; and

displaying in the visual user interface a color harmony score for the combination
of colors represented by the selected color elements, wherein the color harmony score
is determined in dependence on (a) a mathematical color harmony equation that models
a human perception of color harmony and (b) a relative position of the color elements to

each other.
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selecting, from the color library, colors for presentation to the user in dependence on the color
emotion scores associated therewith and the desired color emotion level. 2. The method of
claim 1 wherein the mathematical equation is derived from measuring the psychological
responses of a plurality of test subjects to a plurality of test colors. 3. The method of claim 2
comprising: displaying the selected colors as user selectable color elements in a first
display region1df BreisethbdiserdinieréacerisihgThe method of claim 3 comprising displaying in
the visual interface an |ndlcat| né) tthe desire color erlnot n lev I -as |pp tted d th5
The method of GTAINT 3 WRersin the user |ne|3{5 coarﬁ"ﬁ)or? e%vﬁs%rrase ection of the ¢ esi? em'Btloen
level from a deﬁﬂan‘yﬁldyGé)de’n%m{Héwatﬁ@&ﬂe &wmeau@iumbb}eyﬁddisﬁéemetmlﬁeia@adeweIs 6.
The method of claim 3 wherein the color elements are arranged in an array organized by color

depth along of P HRREHY B} HEE ZISRE"AMOEE! hrsen HarmelY Rethote SHEHIRTS EstriprRiitg. "
receiving usegippitchedantingMdrati-Pof flthB:Lalei-plaments Sk disidismaynegion;
and displaying in the visual user interface a color candidate emotion score for the color
represented by the selected at least one color element, wherein the color candidate emotion
score is determined in dependence on a mathematical equation that models a human
emotional response to color. 8. The method of claim 7 including displaying on a second

display region @ftthendgdabraamBiRrtaes RerididRiessalpuarmens thalsiepwrratsdthe same
color as the selected at least one color element. 9. The method of claim 8 including

displaying in Sfe<i885AA"epRSPFRiGNoR 1A BRI SPRaivenaass bs6P M enmints Feisrasariier
different coloige eI iR fisRlavingdr binvisualdiser INeHARS dhasalrn capdidale L RAioR

score includes calculating a combined color emotion score for the plurality of candidate color
elements in degrssttateots e dialispimotgierseior sisushisaldntedderibarirsiiyr fraiste obtingting
candidate colgr elements and displaying the combined color emotion score as the color
candidate score. 10. The method of claim 9 wherein when three or more candidate color
elements are displayed in the second display regions, and wherein the combined color
emotion score for the plurality of color candidate elements is calculated in dependence on the
relative locations of the color candidate elements to each other.

19. The method of claim 1 wherein the colors are numerically defined in the color library using

CIELAB values and the color emotion score for each of the colors is pre-stored in the library.

20. The method of claim 1 wherein the color emotion score associated with each color represents a
value on an exciting-claming emotion pairing, and the mathematical equation for modeling the

emotional response uses the CEILAB color coordinates L* a* and b* as inputs.

21. The method of claim 20 wherein the color emotion score associated with each color is determined

by the equation:

i
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11. The method of claim 9 wherein when three or more candidate color elements are
displayed in the second display regions, the combined color emotion score for the plurality of
color candidate elements is calculated in by averaging color emotion scores for each of the
color candidate elements. 12. The method of claim 9 comprising calculating a plurality of
color candidate emotion scores for the plurality of candidate color elements, each of the color
candidate emotion scores representing a different human emotional response and being
calculated in dependence on a respective mathematical equation that models the respective
human emotional response. 13. The method of claim 12 wherein at least one of the color
candidate emotion scores represents one of the following human emotion pairings:

inviting-Umavifing: SxeringREarldr W ioEd et aid Rt Ba RClean-dirty; happy-sad: or

fun-serious. 14. The method of claim 3 comprising: receiving user inputs selecting at least

two of trecolwc%rﬁmﬁrusémec%ﬂrﬁgqlsglagersramt 3l conflippBYIDGIne visual user

mterfacen% %o 0l ﬁ1 score ort’e com bination ot color resente % he selected
color eleMents. %ﬁé)rrgln S COTGIOR TR Le ST e LRl 88 A HABENES e on a
mathemSIBRHELRS HeliPRDFRPERIKIAgi BT PRAPHYBE dryicerRiRsERrp e sistiend 8 ¥Wlor harmony. 15.
The metbrscbbslaiasm 2 wherein the mathematical color harmony equation is derived from
measuring the psychological responses of a plurality of test subjects to a plurality of test
colors. 16. The method of claim 3 including receiving user inputs selecting at least three of
the colog&lenfertiisrfselettibederdtedisplalginggion; and displaying in the visual user interface
a color harmonX score Ior the qomblnattron (%fé:olors represented by the selected color
elements, whéréin'the colér ha h?o??e%‘d%’ré’rs 48%i%ined in dependence on (a) a
mathematicalzoglarifiataeny esuiiions #Hwadomenets a human perception of color harmony and
(b) a relative posrtlon of the color elements to each other. 17. The method of claim 3
comprising: réSET0IRG R RES IR EIALR Sting a desired harmony level for all of the color
elements displayedisidiyadbsitispiayregieniandsalpetinathecalods slemats displayed in
the first displg¥%fagigmningdgeendence on the desired harmony level, wherein harmony for the
selected colors is determined in dependence on a mathematical equation that models a
human percefsrnsotebeihaeandey edier: Ehearmttiogiaofislaingg nhdredprdoreiving the user
input indisaitiyn hat idesdecheolor @soptinplde velicsatadting Lok tsdgy prssrliationdo the user in
dependﬁracerr@smes%m%ﬁmms%%%sa eﬂ%@@@@éﬁm&w& Rehthg Aesiiag color emotion

level, an %rsp!gy Iected olor ser se ect[afble relements in a first display
O \% ?vrce a ired co or emotian level for OOI’ elements
region o Isual user nte rface each occur al & si ngle comp i evice, 19. The method of

claim 1 W@rﬁ% Ip{BeBIBraTarR FiRRAG FRIAR; Brstitseernding esrerkrrtﬂfaw dieriRy CIELAB values
and theregirsyte figtrpseoradiviosachrobtisementy this srsestotdiféretheckibrary .

defined in the color library in dependence on the desired color emotion level and color
emotion scores associated with each of the colors, wherein the color emotion score
associated with each color is determined in dependence on a mathematical equation
that models a specific human emotional response to color and which has been derived
from measuring the psychological responses of a plurality of test subjects to a plurality
of test colors.

24.  The color selection device of claim 23 wherein the controller is configured for
receiving a through the user input device a desired color group harmony level for all of
the colors displayed in the color group display region and modifying the displayed group
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20. The method of claim 1 wherein the color emotion score associated with each color
represents a value on an exciting-claming emotion pairing, and the mathematical equation for
modeling the emotional response uses the CEILAB color coordinates L* a* and b* as inputs.
21. The method of claim 20 wherein the color emotion score associated with each color is
determined by the equation: Examg | . where L*, a* and b* represent CIELAB coordinates
for the color. 22. A computing device comprising a storage element and a controller for
executing instructions stored on the storage element, the storage element having stored
thereon computer instructions configuring the computing device to perform the method of any
one of cla}imr@ Ito 21. t2t3._Aa,cotlotrhsel«?ction device comprising: a controller for controlling
operatioR OF the device  a Sar ims P ey s imberls e B rsidr 4%81Slay coupled to the
controlle?®or 3R RIFRBYdRYeAccessible to the controller and comprising numeric data defining
a plurality of different colors; the controller being configured for: (a) generating a visual
user interface on the display that includes a color group display region in which a first group of
color elethents TREPHSIEDEMani it &ehed éocpiorsinkfadepih ehedwlsrtigiens are displayed; (b)

receivingdinpgsigdn the user input device a desired color emotion level for the color elements
displayed in the color gro Tispla region; and (c) changing the color group display region to
display a seccﬁ)ﬁ(y'glpguoq‘ 8% %8 %’F%Ye}érlﬁ%%fgrtwé '%é%ggastéﬁq%%ﬁge?é)rﬁfrég oorfgjaeerfined in the color

library ifHefiRtIBENVLEATAE BRGiFRISIPe At fels hAtPEOIYMeHsBticieétdres associated

with each afgtleeliesions, wherein the color emotion score associated with each color is

determined in,gleprndencs onamainsmalivaedation,iat medels g specific human
emotional response to color an Which has been denved from measuring the psychological
responsBE YA of test subjects to a plurality of test colors. 24. The color selection
device of claigai2gdanietRiRy R - aonIRAtiS ARSI W eR fRIFER BRI MyIEUgh the user input
cevice Balesli GAIRTHOUR ABIRARNIRHRLIPEAL-BLS SRR SRR EMRELINe color group

display region and modifying the displayed grou
play co%t())maﬁlon represented by the color c)a/mdid%te eEzments; and

presenting in the visual user interface a representation of the first human

psychophysical perception value.

26.  The method of claim 25 wherein the first human psychophysical perception value
is presented on a scale.

27. The method of claim 25 wherein the first human psychophysical perception

corresponds to a human emotional response to the color combination.

28.  The method of claim 25 wherein the first human psychophysical perception
corresponds to a human perception of color harmony achieved by the color
combination.

29 The method of claim 25 the user selectable color elements are arranged in an

array organized by color depth along one axis and by hue along another axis.

-29 -



of color elements to indicate the color elements that collectively achieve the desired color
group harmony level. 25. A computer implemented method for providing feedback on color
selections, comprising: providing on a display a visual user interface that includes a
plurality of user selectable color elements each representing different colors that are
numerically defined in a color library; receiving user input selecting at least two of the color
elements as color candidate elements; calculating, using a first mathematical model, a first
human psychophysical perception value that represents a first human psychophysical
perception of the color combination represented by the color candidate elements; and
presenting in the visual user interface a representation of the first human psychophysical
perception value. 26. The method of claim 25 wherein the first human psychophysical
perception valie isdraseniaith@s ahsealahedifst Fageneithachohislaimnienuberain the first human
pSyChOMI%LmWBQEK%ﬁ%W%%J&&B H@%%ﬁ{}?&ﬁé@%ﬁ%@%ﬂé‘% ki, color

|
combinatjon,, 28. The metnhod of claim 25 wherein the first human psychophysical perception

COIOrs, . . . .
corresponcfs {0 a human perception of color harmony achieved by the color combination.
29The method of claim 25 the user selectable color elements are arranged in an array

organiz q by ﬁ?éorqu dtrgf%,oingz ne axis and by hue along another axis. 30. The method of
claim 25 whereln The first fathenateal iodel has been derived from measuring the

psychophysicealicespansssgd pupuaditiuahdest subiacts iod B urplitdief desirelors. 31. The
method Qfn¢laipyRRoERMBAISHIgs ption values that each represent a further human
psychophysical perception of the color combination represented by the color candidate

elements; and

presenting in the visual user interface representations of the further human

psychophysical perception values.

32.  The method of claim 31 wherein the human psychophysical perception values
include values that corresponds to one of the following human emotional response
pairings: inviting-uninviting; exciting-calming; warm-cool; light-dark; clean-dirty; happy-
sad; or fun-serious, and a value that corresponds to a human perception of color

harmony achieved by the color combination.

33.  The method of claim 31 including providing in the visual user interface a first
display region in which the user selectable color elements are displayed, a second
display region in which the user selected color candidate elements are displayed, and a
third display region in which the representations of the human psychophysical

perception values are displayed.

34.  The method of claim 33 wherein the mathematical model used to calculate the
human psychophysical perception value for at least one of the human psychophysical
perceptions distinguishes between adjacent and non adjacent candidate elements in the

second display region.
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calculating, using a plurality of further mathematical models, a plurality of further human
psychophysical perception values that each represent a further human psychophysical
perception of the color combination represented by the color candidate elements; and
presenting in the visual user interface representations of the further human psychophysical
perception values. 32. The method of claim 31 wherein the human psychophysical perception
values include values that corresponds to one of the following human emotional response
pairings: inviting-uninviting; exciting-calming; warm-cool; light-dark; clean-dirty; happy-sad; or
fun-serious, and a value that corresponds to a human perception of color harmony achieved
by the color combination. 33. The method of claim 31 including providing in the visual user
interface a first display region in which the user selectable color elements are displayed, a
second displayheegigmbibrdiehIneHaass salegias saloneandidateclemans are displayed, and

a third display,jegien isyHichdha L eReSaRAIAN R LIRS LT RASY phRBkNGIcal perception
values oy displaved;,, 34, 1hemetod of glaim Sp wherein (e mathiematical model used to
calculaté the human psyc'ﬂop ysica percepﬁon vafte 1or Rt feas one o ?he human
psychogAFSiCAMEE: CRIBLEHY ER&iRIGIIRIE LB ERIRE BARY PaYRNIRY Hemh PeEfaRtit candidate
elementyainethie ddeionitbdispialpwegion. 35.The method of claim 33 wherein one of the
mathematical(@edelsisuaiel phinaranpoynmodetasra tocealetaietteGal@hdarmony human

psychophysicgkpgycention ¥aliadmdie saloecomniaation A Hadar e calre harmony
model when there are thiee.or more, color candidats elements, the golar harmgny
psychophysicaﬁ‘perceptlon vgfues IS aetnermlned 45 Tollows: é\ for each u%lque pair of
adjacent coloP USRIy steriiRSFM second display region, a color harmony value CHA
for the pair is Gtiereaihatiodtigicofinenadigatitraeidandifiefserielesrte v iasgrdc attributes
assigned to ecisplayfréhgepaicadradiacent sotocieardicataisie mats,sdtyntor each unique pair of
non-adjacent &lbRANGIHAPSIGMEIYR NHRASRFBNEUSAYS R & FRlIphihgrmony value

CHN 5 deter%%ggjfa%mgo%ececn%%tg }é%té%g egddln dependence on numeric attributes
assigned to each of the pair of non-adjacent color candidate elements , and (c) the color

harmony perd@RB RPN PEPYRE"ERIIPE S EdRSHREA SH YeISRRBHINY in the second display
region is detefRirtenies/miiereasny tirelavlegipaisyeieyietady fueragingripesledlor pairs as
follows: 1 Ciisaiodevaiugsniondiengqne sdloeptotabsfotoler of unique color pairs in the colour
combination, and and N are harmony scores for adjacent and nonadjacent color
pairs, respectively: (CH, )+ (CH”)j

where n is the total number of unique color pairs in the colour combination, and CH, and

CHy are harmony scores for adjacent and nonadjacent color pairs, respectively.

36.  The method of claim 33 wherein one of the mathematical models is a color
emotion model used to calculate a color emotion value that corresponds to a human
emotional response, wherein when three or more color candidate elements are present

in the second display region the color emotion value is determined as follows:

(a) for each unique pair of adjacent color candidate elements displayed in the
second display region, a color emotion value (Emotion,) is calculated using a first
equation and in dependence on numeric attributes assigned to each of the pair of

adjacent color candidate elements,

-31-



36.The method of claim 33 wherein one of the mathematical models is a color emotion model
used to calculate a color emotion value that corresponds to a human emotional response,
wherein when three or more color candidate elements are present in the second display
region the color emotion value is determined as follows: (a) for each unique pair of
adjacent color candidate elements displayed in the second display region, a color emotion
value (EmotionA) is calculated using a first equation and in dependence on numeric attributes
assigned to each of the pair of adjacent color candidate elements, (b) for each pair of
non-adjacent color candidate elements, a color emotion value (Emotione) is calculated using
a second equat on and in dependence on numeric attributes assigned to each of the pair of
non-adjacent I(‘):’rr R AL EL AEATAGRL" Sl candifjes e'(‘?B]S?t%r%S?%he%?ﬁ?é‘ ¥8Mfhe color
combina‘t’ﬁﬁ‘??%ﬁéIﬂé?|ﬁ&aﬁ€thsﬁﬁj%1€%?ﬂ”éﬁ8”ﬁWia%]ﬁtfhﬂiﬂpéﬁ‘l’@f‘%‘?fd”@@@'%Iements is
determirdidtateécltsigs:dCoeckoh ikgaiMd e -addefi defratoriddte-detianistionin) 1 where n is the
total number gé)indapesaRimnRaILS it the cRlossntmmkinationsihd hanagtest afclaim 33

wherein mnsa}a&ﬁ{@o@orﬁcsnaﬁs@"em&sqg'9&&%@99&%%@@%6 displayed in the second
display reglon tlcla:ast ondg/ fthe chggw S|cal erception values for the color
§ nﬁ a c“&lo

tion
combination is’ determine y calc 81%5core for each color in the color

combinatisneanid thabtavenstging ﬁhamabﬁmﬁilmmseﬁr@ﬁ.c3n8bTr’demethOd of claim 33 wherein
one of the human psychophysical perception values represents a value on a warm-cool
emotional response pairing for the color combination, and when there are two or more color

candidaty elemenistaisRipyanh i3 theseransh displalk eees: Ableasbanamiibe psychophysical

perceptl@@n@g%gwygaenq%ogegammg}ﬁégp.%dm%t%gat%ﬁg $?¥he hum(afw calculating a color
emotion scare for.each col or in Ol r}bacch |t1(e)dt e e%ﬂ%lon Warn= 0.02 +
r the colo IB Iﬂa tll_

0. 12(Clp3yccos[(¥1$’°§ a1} (?_Tffﬁes ere C S an re res n AB chroma, hue
angle affdPHGhEALELTSFYS %86?@69&9&6?“%1%” CO”MWW%%Y@WE%B?N emotion scores.

color emotion scores.

38.  The method of claim 33 wherein one of the human psychophysical perception
values represents a value on a warm-cool emotional response pairing for the color
combination, and when there are two or more color candidate elements displayed in the
second display region, at least one of the psychophysical perception values for the color
combination is determined by:

(a) calculating a color emotion score for each color in the color combination
according to the equation:
Warm=0.02+0.12(C*,,)™ cos(h,, ~45°)- (1.5 x10° YL #)*

where C*ab, haband L* represent CIELAB chroma, hue angle and lightness for the
subject color, and

{(b) then averaging the color emotion scores,

39.  The method of claim 25 wherein the first human psychophysical perception
corresponds to a perception of color harmony achieved by the color combination, the
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39.The method of claim 25 wherein the first human psychophysical perception corresponds to
a perception of color harmony achieved by the color combination, the method including
determining if the first human psychophysical perception value falls beneath a threshold and if
SO generating an alert to the user. 40.A computing device comprising a storage element and a
controller for executing instructions stored on the storage element, the storage element having
stored thereon computer instructions configuring the computing device to perform the method
of any one of claims 25 to 39.

method including determining if the first human psychophysical perception value falls
beneath a threshold and if so generating an alert to the user.

40. A computing device comptising a storage element and a controller for executing
instructions stored on the storage element, the storage element having stored thereon

computer instructions configuring the computing device to perform the method of any
one of claims 25 to 39.
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