Met hod and System for Determ ning Col our From An | mage Technical Field
Enbodi nents of the invention relate to a nethod and system for determ ning
5 the colwonroofosasgol our sanple from an i nage of the colpowEPS@NPEE33
Background to Exanples of the Invention Wen selecting a paint colour for
decorating a room it is often the case that the custorrer will wishto

mat ch t he pai nt Methad Defermining }IM8d8e 10 cont ai ned
in the roomsuch as an |tem of furnlture or soft furnlshl ngs such as
cushions, sofas, curtains, or the |like. Paint producers typically provide
| ar ge coIT@n:hn'@I Etetldes and detailed col our di spl ays are provided in paint
retailer to ena e .custonmers to, select a colour S e cards are
a1 abl EMRRTRDs, 86 SNTEBNHBIRE dhck s BRI AESlpRLfariGPBHTEHG ho

col ous i $hé @oldBr BRE BRI shingTo WeKehn .rﬁagé%rﬁth@aabhysémb% requires the
custonmer to visit a paint retailer storée, collect colour cards, take the
col our cards hone, and then attenpt to conpare the col our sarrpl es on the

col our c r%ﬁq% nlzitonfxajﬁg)lgg OI%Q nv%nh&ﬁmto be mat ched. T_he cust oner nmnust

then retu e prearry—oty tester pots of paint, return hone,

use the twaé@ts,emt.ﬁg Qtfpélﬁl ctslouuam delderatinigtd radre] iy isdiken e2Eadeinahas Ng
decision. In addition, such conventi onal technlques rely upon the
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significan Fom person per son, a nmat our to a
sanpl e se:Uehtoad byfarsne:upterrsororVWalluheot Papﬂqaodt;oer’rsetymomﬂyqhowgecletgmr to
anot her person. 25 OneCEotentl al solution to this problemis to tré) and

match colCSlpU Raleites. & detajied lowy (étSB'lay?taéﬁ F?rﬁﬁ'eéd INPAIRG Ecteisay
nowadays e‘FH%EPe%u?oHt%% %c;}%é!l%'c?é'd OLEaV@dHFP mgﬂal &%s'é’f’é%aﬂéﬂb%?tﬁ@v' ces
at their disposal, Int ormo caneras, or canera equl pped

nobi | e t elsephmtee hGhe Howematch tdt’Eh&:lmmLIO w:heipln tine coloarr 4% tebe shatcheof

typi tlcaII vai | a elmae aptu evi ces, such as digital
caerSs, TR SanesRbRely BiS i Ee R Sl ieT iy o shel: ce o
devi ce a%@ll@&%‘cﬁo@ct‘:‘é’r%t %k@oth@%olé‘tﬂfpéd%% Ho?n@oénd WRInCAtté MpPRS EbRbSre

Speci al i st spectrophot oneter devices are avail abl e that can accurately

measur e dlg qgnlouhaampless @nathe Isolasmdcarde wishni®eotoleos tofdheeeic te desuner s.

Typi cal r resent
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Wiere 16 opigaitatetam admelised, th@&@bte@fpdtsh@f pafhtaad ihere uringates! maky R cal ly
has 5 five bits associated therew th, whereas the green channel has six
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to green;c t eat er
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thi s equaimsever, igivell kinban that 8I6ucpeeption paries significatitigrfroerh petsbrtowever ,
because of the abovedaot ed differences in i mge C'%Fiﬁﬂje devices in

capt uri nd &AM SHER (Pak 2 MAIChiRg iy oA ?‘ﬁ@@ Pe kY P8R REEIPTW such as
nonitors n%@ggtjggrﬂdtﬁg 'nﬁ'atbﬁiﬁb%lk?urrtg R &8 val ues of col our are not

regarded as andard val ues. "I nstead, ther are flxed standards defi ni ng
col odsp

One potential solution to this problem is to try and match colours electronically,
using a digital image. In this regard, nowadays domestic users typically have
many digital image capture devices at their disposal, in the form of digital
cameras, or camera equipped mobile telephones.
30

However, the colour capture characteristics of typical domestically available
image capture devices, such as digital cameras, mobile telephones or the like,
vary significantly from device to device and hence accurate colour capture is not

typically possible. Specialist spectrophotometer devices are available that can



15 laid down by the Conm ssion International De L' Eclairage (ClE) such as

the CIE tristinmulus values X, Y, Z, or the so-called ClELAB val ues (L*, a*,
b*). Cl ELwB 2vdlose®4are related to the tristinulus val ueCX¥P2u3i0pEF3R known
mat hemati cal formula. The tristi mul us XYZ val ues are thenselves related to
t he wavel engt hs present |n a l'tl cul ar col 04151 20 Prior Art. The issue of

cal i br at AYGUEHEYY TRERSWEHARY . b ReSenyre RPN %avélqjégoéta‘ﬂﬁm?%tbcthereby

to st a“d%ﬁsMﬁab%eSTw&Bl ASmédic Fnﬁégé CAPHURS dé@'c%%wll %ég@r@bﬁ%@'e% has
been addressed previously, in US 199, and WO 37. 25 re

parti cul aieplgesemsccmaouseg e qtixed valiss. |Tw9allde@cbli beg4 pitrkRGBod Used.
converting,or rrelati ng nuneri cal veIo ed by dif ferent

oot ¢ ume i 8te, T8 HiUAR L Bre LB, &in 6T Bk 80 RS PERTRSASIVIET | Lo
regressi @lﬂea'bﬂlSYE's%dléteUSQlﬁ’er"emtﬂet\Qhéﬂé@% 'trﬁlé t b P e h WhEIA rd1sh adiseh be@nver t
RGB val ues 30 gfnerated a video canera frominitial colours to standard

xvz_t_nstasmacla d/ierruith Rbyinis setechriipyuinan eye iemone 68NSiEVEIde SFeRhe
addi 11 ongly f gl ofSe WO &NaGARYGL boBER, VAlSs dengralefin e idsp canera

viewi ng a |ona an the ours t ndar d

XYZ val ugslouFeré Wetddtale. \Weses addsdt Eslout iseusddieivers arereguates toheightised to

convert RCGB val ues generated by the video canera in inmaging a col oured

Obj ect t &St and2H golryrs, \Pﬁrﬁg@urﬁﬁﬁﬁn@artl cularly, within US 5150199 both
E%Bues and XYZ values are 5 determined froma set of colour sanples.

The val ues are determ ned using a conventional video canera and

di gi ti zi ipvesuerpbrecduseaphitiiecalodvel aotsch diﬁgrm@@sriedmagbrrgap’nwmdevjcwimes for

t he RGB conponents of each col our,. XYZ val ues of élflé colour sa

et er o nCaPBMenESio0t aGpiraief 28: 213aan R0 repceRiciion tSuEes SURR ot or
10 Havi ngn&afdrsrHé iy $Ikg3harep?§dl§’(:lrﬁg? rc'“bqod"réeP{GEi‘ JdiGef Rl iy Afeehat ed

regression analysis is performed to Tind is afunction of R Y as a
f unct i on reardedaasdstandardavealuest Insteard, tBerefraaﬂesfmeelgetee@ardﬁ dﬁmir;gsqt@ours es

e appr oeHsiT §9 R OTSeioh bEnRRoRY! PR e BRect & Byt the one.

Ther eaf t @IE {ristiffudis Zalugsl Xi warz abe tﬁ@addléalﬁadObIEbRBp@éﬂ/@és funcht oy, i s
performed, detern ni ng functions that relate each of Y and Z

i ndi vi duQ'EyABo valuesoere retatad dto thev ristimulys W@BMQQ(YZa l—f%ﬂgfféknpé/(fhnl que
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al t hough i |nent erein escri es a basic

t echni quehéwavefwgﬂ@st ﬁwesenh@abartmlavlﬂololﬁpture transfer function of an
|mage capture device, in order to allow RGB val ues captured by the device
to bé80translated to XYZ tristinulus val ues. However, as noted, in order to
use the g sangenment of US 5150199, in order to

The issue of calibrating an image capture device by relating RGB values
captured thereby to standard values such as XYZ tristimulus values, or CIELAB
values, has been addressed previously, in US 5150199, and WO01/25737.
25
More particularly, US 5150199 (Megatronics, Inc.) describes a method for
converting or correlating numerical RGB values developed by different
instruments into standard tristimulus values. In this regard, iterative regression
analysis is used to determine initial functions which convert RGB values
30 generated by a video camera from initial colours to standard XYZ tristimulus
values. Regression analysis is then used to determine additional functions
which convert RGB values generated by the video camera viewing additional
colours different than the initial colours to standard XYZ values. The functions



25 characterise an image captured the user nust have access to a
colorineter or spectrophotoneter in order to nmeasure the colour of the

col our sawpl2esl/o8hi9gh are al so bei ng i maged by the i nmagePcajpraria/o8ess ce

bei ng characterised. Typically, in the use scenario outlined in the
background portiqn abov a user wi ]l not have acc t o, ,such speciali st
cqui prenBesBed 0 d4q RaTers aie lesiSset Propn e ReB P SFEARRE 3. et hod
of US S15)1A8 vided dr6t/inaRen %b%u-re&let\?%v;efo stPQ&fPRYZVapged ially
addr esses "t hese drawbacks of "US 5150199. 01/ 25737 al so descri bes matching
captured RCB values to standard colorinetric data, and in particul ar

mat ching {0 Cl ELAB val ues..T ica alysis d rdi bed in

V01, 257307 ratya iy VS TarSRRbo P e Jelt ool Py 4 Btsh e,

al t hoggh JABAHIRSd Irorh i s8UUEESIoURS PPBIeSPt TN RIGBaldIRegaire i di@trhrigy of
known col ours, the colorinetric data for which it is known. The unknown

col our t &ISHY riagAVEAtioRAlt ideO rmegerraaendhdigibieg t PaeiPeead eaRalial Pbrati on
pattern. d&'{ctfﬁ@l bhaaléec:fapq;;gﬁtﬁ%@rig rﬁl@éé‘%atl thnﬁeﬁ(w\;)én%ﬁ%%?v\?acﬁp lours

and i n another “exanp known col ours di stfibute e colour space.
By capt urcoftguir RGRYWZakaeesodf tHee coiur yamtpleos arel deteamined by thesids @f tap

cal cul ate the mat henatji cal npdel needed in order to convert the neasured

si gnal s &PNVRRNNRhRAICKImEIaT Qr SRECIPHPIGMeerc data (e.g. Cl ELab val ues).
Once 40 this nodel is obtained, then the colours (in ClELab col our space)
of any unknown colours in the imge can then be determ ned fromthe RGB

val ues t raving .capoéd 26is3dathe sas abkrst tshey in hiee iaratysiofitetdied cegoessiganpl e to

be determned.is 15, captured at .the same t] as that ,of the cal Lbration
pat tern oPns Boaticipesodnd % i aduadit et Ky B SePn s 10 7
capt ur ed 4 {fR@foh ftBIETHY §§§6ntéha¢>¢§i§ru§b§%ot$§le‘dm§'ﬂ A \pHhSs i the

i mage. The arrangenent is described as being particularly useful in the car
repair i hdesolour samplesswhesp&tG andkBovhloes ase appraximaielyeequsgaihed i s

nea ed i n . roni c i i ng. device, Pr.jor. 20t hi s,.0r . t he
e 157 PR nghERb R TSRS Thecadlat’ uf Bidy 2n M Ruifpusla | o
col ours %‘éﬁ/sﬁ@@ﬂt@pbmmuﬂ'dmng% Qférlmﬁnéhpdétﬁrmirﬂﬁg FuR&ions tfhfat @elété s then
cal cul ated and then a colour formula which will give a colour identical to

t he col o@aCBfOft}ﬁeYcémd o inskvieealh Kéé”i?i Rotmand he Wishio W StokaAI9L. ias
pr epar ed i fné f@cﬁﬂﬁ@%e&vpicfﬁng'%éeﬁg ”:hgpP'fbﬁ&i 3s Véo‘ﬂi'r{c%éﬁ?’gf LCERTREE |
escri bes an arrangemnen (0] use I N pProressi ona Situati ons, sucC as car

repai r oralsmdedcriveapalthdsgrsit ihnotHin@siefethoes not address at all probl ens
relating to i ssues such as where lighting varies across the captured inmage,
wher80the inage is not in the correct orientation, or where 30 the col our

Ll e, THABTYS Sovios ASREen pegointpn! i iy RRd kPuacegos (e
si tuati osptae toarcsier fur@tibarofpan omaget captuteheleviveem icoder tolaldesRGB

voo2/ 131%%Iuevsw%g8%/relgagy6?fhe acTedvic\:/g) 8Oééot%38nls?§t'ed to XYZ ftristimulus values.

However, as noted, in order to use the arrangement of US 5150199, in order to

25 characterise an image captured the user must have access to a colorimeter or

spectrophotometer in order to measure the colour of the colour samples which

are also being imaged by the image capture device being characterised.

Typically, in the use scenario outlined in the background portion above, a user

will not have access to such specialist equipment such as a colorimeter or a

30 spectrophotometer. Hence, the method of US 5150199 is largely experimental.

However, WO01/25737 partially addresses these drawbacks of US 5150199.
WOQOO01/25737 also describes matching captured RGB values to standard
colorimetric data, and in particular matching to CIELAB values. The



Summary of Exanples of the Invention 5Enbodinments of the invention address
sone of the above noted issues, and relate to the determ nation of the

col our ofweaedlsm94sanpl e froman i mage of the col our saepiEP201080583AgE
havi ng been typically (although not exclusively) captured by an unskilled
user usin on- speci al i st ui, nt. odi pent .a cgl our sanpl e
capture daBeMEtBRCorelua S HRRcHEE R o TRE7 S0 subRansal Bensrme ST known
col our (fiR4t FIRABLE in W51 50199 idMblgh VRDBeR57 3 nirBBGEeLhel dshdeBB bt col our
sanpl e is then captured using donesticall'y avail abl e equi pment, such as a
consuner adicglibration apastein oof sagwnacalquisppbe ealbiimetricidatthdore whitte it itage al so
containing the colour sanple capture card. |n,one enbodi.nment the inage is
then t r akORY ol ¢ SEnPERelowr PR Meablrer e mpe e PESaE il our
sanpl & ceisoe eftoratibrnphitem. TRROEALFRAON ?é&b)ﬁ'céntaﬁn@ﬁ’f brems@nysierep t he RGB

col our sanmples in the i mage and known XYZ col ours thereof to characterise
t he col olhowaApPEQlPErsy @R dhaBotter tax@niniegd’ dapmir eolaers distribuied ayer the

characteri i ; i - |.0 A col our
canpi o cS8L hafe: BT SEREARG ORI o8 PIERERL oS R RSN 7
one enbodiaritte kihewmathdrheticef Znogéloneedéden arberito camvelteinebmeasatadht el y
mat ched to a palette of paint colours, to determne a paint colour to match

the unkn&igNadpbihe knaWARRRIPYEHO eQlrpmeiinhaata (@8] bifkah yatues) psPnge pal et t e
may BE 1| &8t hdaRf-is 2taink! ftREM G Egl%u?sbg?ﬁgCIEEaB”@olsgp%g'aE@rtochrf erences
in spatial brightness across the 1mage can be accounted for. 1n another
enbodi meninkoawd golagrsmentheeimages can thee berdgterairedirom toe REBBediypes or to
processin usi ng i nage de-skewing and rotational transformations. In a
further éﬁ@'@&?ﬂent the XYZ colour is calculated in two passes, using
information fromthe first pass to informthe 30 second pass. In a yet

further enbodi nent, where the colour sanple in fact contains nore than one
col our, tMEO1RAAF/ddedcribet dhatdharimagetadithe sebunsample taibe stergnined i ques,
to identify.th 1 nant .col our.s_in. the le. In view of the ve, a
(v st s seRira 412 FA. e Pal Pl A R ot Qenlhad oy BB g
first i migedtpbaaimdraior gt cimérak MmN captuesd ivagelis. ther!motésdadytglat a for
which is to be determ ned; and receiving second image data relating to a

pl ural i t @etRrmMiRe e ¢akNeWaGovre o Mg invaee| ERe agengemest isyderar®edors 5 whi ch
are alre .}t f [, brnAat agt eriist i
rel ati ng%%zrf%%%@%ggﬁje%@t@ tﬁ? %ta Eggé%g\r/r\}r]&ggpi dﬁgbllggre]giégﬁgtbure é%l%" ég from

t he secordcammgbe dapairddid heasaredcapingmeldctront ibtdging elvice. dRtiar &5 t he
calibration col our sanples are then determ ned; and col ori net r%f data of the

unkngfin doBoRr b AnpIsanies g cureadingisdessicdehe #ase! o1 WlIchdidisieRient s
Lher eof HibraBh'dafols rlve KERAEIGR. AL LOBrifRLAL BLACG £BLPY boRREIOr ati on
characteristics. In addition, brightness differences across the set of
known calthém @bloniated|anar theang lcetourdprralisowbiehcwilipgine & edlout identighl tws t he

i mage data to, be tured in uncontroll ed lighting conditions ere there
my b uiag 310U PRI t7y 2 GeSBaTRE 1 fgE W SO TR S ABRr et N e f or
the end- us&iensdp, ¥hé eéh hppifecenbodi ment the conpensating may conprise
determning a first set of one or nore functions having a first set of

cal i Bbfation coefficients, the one or nore functions relating neasured

Co the kaboR s o0 el Bl s et B igrmEini bR LTS TS lBEn The
known posithatithfsuehcds kaorspasadPpaint Bhops AZBEIRsh, THO0dE25T3IT tesk hunct i ons

are then analysed to find a second set of functions having a second set of
cal i br at iagdressedt alt periems Triatingrtotisayrp se@bAd Whare lghtingneries racrastl
calibrati S e ed in . i - col or| y data
of the utnsaptrey SheOk AR HiEARE Aot NG Rl BbABHaR, oF WiBte ¥

conpBise tieakolduasample int factreshtaing diffierent colurespdtelysninet apt acrbsy treach
known cali bration col our sa and. t hen Uﬁli the cal cul ated i nternedi ate

| e, and. n
col our v&PO¥Eet dN FONEART R & HeMeake siHualan. g1l PlLNeEr ATOMRIOHS §HAECRS cond
set of c%laintg&h}_on coefficients.



30 More specifically, the calculated internedi ate col our val ues are subject
to anulti-variate fit to determ ne the second set of functions having a
second sewoabiiombidhr ati on coefficients. Preferably the martEP2Mans@Ese fit is
of the form In addition, nore preferably the brightness conpensating

further conprises rior to the d ter { of
Funct  onOBEEBRHAH # 1 dPERtanaar isis WOUANE! fon SaRlehi0arEh i sor
set of C%O@b@ﬁ!(}?@ﬂ@?”' cients that relate neasured colours of the known

calibration colour sanples fromthe second i mrage data to the known
colorinetry data of the calibration colour sanples without taking into

account gsiti on E% the! knof\/\ﬂ! mol oigr sanpl es. The pre- 10 cursor set of
calibrati d as part of the first set of

cal i bsat iKb6@iRAdhtSiENhE ihvertith et RIgE sk T tRé dbdrefidtel isQlefarene or
nore functions. In one enbodi nent preferabl @ the pre-cursor set of
3

cal i br at irelate leihe determiaatipe of Himeolayr ata golys sample Kap! @ iags of e n one

erhod! et ReSIFBRL RS HS6L S ANTRL  dedlRtiehny ha sl Al AR o =y

t hen be a col our“pale ours entl t chi ng

pai nt colcapturedndyi rdroruragkiliea redeat iusghgt ndriepemali @gutmnént cml He
provided to the user. 20In one embodiment, the first |mage data and second

i mage dateinhadimgpbigveRlopt sanple saBiLEe (Fe6d 'Q/lpéO\éd?‘élr@(YH}gr’r%m@gtlihSFﬁorhet wor K.
In agdgi tigyyl %Hg%@t bP'RnBﬁ/haEd)IP Fbrae{?rh@'é' r)@w(,?athrgtlrﬁl?lu%‘valg@é’) lAEh

provided to the user viat rmunlcalbns net wo
mat chi ng magatofdbedestscdlouasamplmmhfneo(napjuremwhg dmnestimaﬂymmadeblajm ng a

renote serVLCe 25 I n enbodi nent . the first i mage data and second i mage
Gt o s PR such 38 4 TONSUTET b cala, ol A B S aiante ' g or

iii) as 'té‘i&ﬁﬁoﬁé‘tﬁhe' i’r‘na”gé"%bsooé‘&@talrhrﬁg Keidol A sdrhsie! éﬁpﬂﬁf@bbﬂﬁ Ih%ﬁé' ng to

the matching paint colour nay al so be provided as any of 1) an enail
nessage enmbocament/Enerdgeggeis ihien) transratteSM® retsagie a@aubtdelter)mﬂam@ in a

ot chong 26 (e B g £ R RERE e R gtk e BA G TG0l ° 17 ™

one enbogier@ithetiiBirfd e REBESIcRIsANIES trhmeslﬂfa(yédamdmmﬂm b@|ogrspduced
by the user using an inmage capture device; wherein the inmage capture devi ce

i s pref eth@nepf 4ay clharacterisg HIQJIQQ{EQU"CQ@@WEIG epporse el dHagHpePtHEDi | e

tel ephon%’ewce. Having characterised the image capture device the XYZ colour of the
unknown colour sample can be determined from the RGB colour thereof in the

20 image. In one embodiment knowing the XYZ colour, the colour can then be
accurately matched to a palette of paint colours, to determine a paint colour to

match the unknown colour. In addition, complementary colours in the paint

palette may be identified.

25 In performing the above, in one embodiment differences in spatial brightness
across the image can be accounted for. In another embodiment card placement
errors in the image are also corrected prior to processing, using image de-
skewing and rotational transformations. In a further embodiment the XYZ colour
is calculated in two passes, using information from the first pass to inform the

30 second pass. In a yet further embodiment, where the colour sample in fact
contains more than one colour, the individual colours are determined using

clustering techniques, to identify the dominant colours in the sample.



5and/or iii) a digital canctorder. Again, such equipnment is readily to hand
to a typical user, and the user is famliar with the operation of such

equi pnentwo 2011/089@ne enbodi nent the determ ned col ori metPCy/EPatia/oa05ds or t he
known colorinetry data are XYZ tri-stimulus values. XYZ tri-stinulus val ues

define 10fi xed a speci fic standardi se ol ours.. I n one enbodi nt
conpl emer afigWe gnﬁga%veih@ ﬁﬁ@ﬁ%'g?éﬁ i RetigR RBES rodneRe.
i nf or mat 'c%%dr%'ir?ﬁ:!ﬁce}_@e%gt hﬁsltgﬁnieagwé@dr&&m@ RITRAL G @BIotir iepihiged to

the user. By providing conpl tary colours then colour schemes 15can be
nmor e r eadoloyineityedatarfod which isrte bendeidimined; and recaivingiseceed image aatfe dat a

is oriented.into a kno rientation to al|ow for recogni.tion of the known
cal 1 br ot o10818 F PLERY a8 KRR E P Al ol somiFE cETO el diel e dat a
al | ows f gyhigare Bfred@EkhOWNn! ARIZAIIENSE b6l calibratith GraphterdtiGermthd mage
data need not be captured in any specific required orientation. In this

enbodi nesolQUiENeASUsAENERES pF BTeekray calivipiips &oiqusrFasmien dosu e geeand i on to
'de““fyi@%ge' Q&L eO%%ttrgg(?ﬁ&in fkrf@ﬁ%o?@#ihﬁért@}gg& §Pl$§&aﬁ6‘ﬁmlo€?§ 25 1n
0 y ftur

t he secon mage dat a. I OR, e orrentin er conpri se
i denti fyicotbur gdpielsi bse dhemroeteletiaed) aed polbrtetiyetiata of the ddimoset of
known cal i bration col our sanples in the second | nage data. Once these known

poi nts arcé"qlﬂe?ﬁmff)|@eet§ galpelatgsk &1 idppendance &n_rrﬁ@PHh rﬁ%ﬁ‘ﬁ%@m&ﬁfﬁ i”é%l’e%_ t he
Soconl TRER R DeeraAd ey oLl RAPL D, el Soalacdilner i 1o
Mor eover \Iniaddittors keighidoksse differérecesr aenviss ngensat dfukndven catibyatiopecodldent i fyi ng
Pre- det er iies MO B cSmbEnsabl it wedRe imade dsta'td Be Saptired KNOWn
in uncontrolled lighting conditions, where there may be unequal lighting across
the image. This allows for ease of use for the end-user.
15
Within this embodiment the compensating may comprise determining a first set
of one or more functions having a first set of calibration coefficients, the one or
more functions relating measured colours of the known calibration colour
samples from the second image data to the known colorimetry data of the
20  calibration colour samples and the known position of each known sample in the
image. The determined functions are then analysed to find a second set of
functions having a second set of calibration coefficients. The first and second
sets of functions and calibration coefficients are then used in calculating the

colorimetry data of the unknown colour sample.

25
In this embodiment the analysing may comprise calculating intermediate colour
values for substantially each known calibration colour sample, and then using
the calculated intermediate colour values to determine the second set of
functions having the second set of calibration coefficients.

30

More specifically, the calculated intermediate colour values are subject to a
multi-variate fit to determine the second set of functions having a second set of
calibration coefficients. Preferably the multi-variate fit is of the form:



calibration colour sanples in the second i mage data. The second i nage data
may then be rotated in dependence on the location of the identified

rot ati onavoanilgsp@ii on mar ks such that the known cal i br @CiraP2@olosess3 sanpl es
are placed into a known position in the second i nrage data. 5In one

enbodi ment the col our caILbratlon characterlstlcs are determ ned using N
known cal i bration col our E ; 'pfg?ﬁlﬁxNu fl‘'ess than the total nunber

of known cali bration col our bross thd|vhdl-e col our space. In sone
circunstances this can pra%ide HbBre aBrufat&zrasiilits. 10More preferably, in
t he above enbodi nent the N known calibration col our sanples are those N
sanples that are the closest in colour space to an estinmated col our of the
unknown col our sanple. This effectively allows the col our space to be
"zoonmed in" when determning the colour calibration characteristics, so

t hat t he Ipeadditian,t mere greferaldgabe brightnesstcanmpensatingikriben coswsisear sanpl e

ism) terl t e % od ng_the ti mat ed
col our g ohad ye SeflEEIALORRIA At el 1 BES: B @PR g obrecrlsS®

char act ers'eﬁtdfcfﬁnét%nwha{nhgt@?r@l@lré&bé@t sheadlibredon oificknts ahatirelaaml es,
and cal culating the estimted colour using the first 20 set of calibration
char act emeasused cglowscehthesewnotalipraliess spleyri saroplen frems Wﬁnﬁ@coﬂﬁl ng the
N near esﬁmEQQ‘%‘atﬁaﬂo ﬁ{é“tkhB C8<£|8H e%”@ét%saf %V%Q%LSQEPHHE&{JHF% g !N this
way, a two-pasS process proach s use raI

col our smdtheut dakiagcinés acbeum&pdsutuanobft trenkbhdnen pmlburofsatripewpﬁm@ prent ai ni ng
t he unknown t he col our to be characterised in further 2bdetajil, to

provillle FHFEORRLL a@aéltrrégent%oeffAfw@@F%am UE@WUS?H@%\P%H&M“%IF%?%E Pbn’

col our saaphetioA EndMEiBhisNiP B! EsieHifdish & e FANEENeH il Bprmapace that
the second 1nmage data is known to represent IS respect, 1t may

t hat t he fumdiomscadhi bnat eowodahenir psetﬁemtéy; th@ are-chremnnseto otﬁecahbtramlon a

confi nedCB 1t_ft oft t he,col our. ace (9 Xa I(Ie, may all be reds, or bl ues.
That is, PEMAKIHE F%@%lﬁn% FeyFCa %ﬁwpﬁﬁéﬁ‘ ¥he user uses known
calibration coI our sanples that are predom nantly reds, or close to reds,
to thereby restrict the part of the col our space of the capturing device

t hat 1heed’ @teacathastiment ity deternainedredierimatiedata 0/ he nekmown

cal I brat is%Pnp(f@ lrﬁéﬂ; tﬁmleerﬁa%%dttgog EéoMur palette of paint colours to identify a

matching paint colour, and information relating to the matching paint colour

provided to the user.

20 In one embodiment, the first image data and second image data is received
from a remote user via a telecommunications network. In addition, information
relating to a matching paint colour may be provided to the user via the
telecommunications network. In this way matching paint colours to an unknown
colour sample can be provided using a remote service.

25
In an embodiment the first image data and second image data is received as
any of: i) an email message; ii) an MMS message; and/or iii) as image data in a
web page. In addition, the information relating to the matching paint colour may
also be provided as any of i) an email message; ii) an MMS message; iii) an

30 SMS message and/or iv) data in a web page. Such communications protocols
facilitate the provision of a paint matching service remotely, being familiar to

users, and easy to use.



sanpl es that have neasured col our values fromthe second i nage data that
are nost simlar to the neasured col our val ue of the unknown sanple from
the firstwbizoagsowdat a. For exanple, the N known cal i br aPComEPeailons3zanpl es
that have the cl osest RGB val ues to the unknown col our sanple may be used.
Wthin the above enbodinments, Nis preferably in a range of substantially 5
to substantially 250, or nore preferably substantially 10 to substantially

100, or 30 orerémbbdhintite fitiRbge datd bid Ak E8cSHPFhagY bald ¥ Fedudd mor e
preferably substantially 30 to substantially 70, or re preferably

subst ant ibylthe user usingudstnaage edptyresdevioe; woerteipthef isrags gapiureodevie@id 50.
In other enbodi,nents then di.fferent nunbers or ranges, of I e used.
1510 an SOBHOAYAT (e U ReRGeal R dersr s lrast MaRe T e el | e
to pixel analareisi) af digitdlebameeRie? s AgkimdsUdhee guilk R i§ & adily &ERRBNE tb t he
first image to determ ne the nunber of colours in the sanple inmage, and a
col our i depiealfused, angt theaeseriig&viliar wih dne eperatiopyafisush @gupmentr angerment, i f
t he unknown col our sanple contains nore than one col our, then either the

dom nant col our can be 20identified, and/or the individual col ours

separ at elly bdenenfdoelimeNY tthen detdreniesd odolormietrlyhelaa xehd/oal thes lavosvrf | 1 st
cal i brated using the colour_calibration characteristics. This has the

ef f ect ofCOMKERNN Gaid Aret KEZcruginapiuggvallger r¥min-stigybisavalvgsoneling real
col oyps ifiQeB%‘ﬁdcﬁe%H{c s?ﬁrﬁr@ét‘tﬁhse%%o-r&?rs?l ustering algorithmin use may then
y: i) calc

operate by: ulatrng e nmean value of pixels in a cluster; ii) then
determ ning the nunber of pixels within a predeterm ned threshold di stance

of the an values nd E(heniii) j ncreasi ng, the nunber of clusters if the
det er i ndd anemsabosimank SoEembalely GRS "sh e HAEENG FeGur THEY 1 of ¢ he
nunber ofgeRbrk@héd | nd Mofrhatidn HeTBGRy @t Beleptind EQmP@anW%Io%W' e. In

this way it becones possible to identify different colours in the sanple,
wi th eaclprodded itd itel user Syeprovising camptamentasy celogtmthiengcdlowi sehémes col our .

In orger to.en re{]éh t N né or inportant colours in the sanple are
det eé ed,CaﬁrPee %Léﬁ% 'q@xtodeﬁé?mﬁ? o filter clusters to renove those clusters
fromconsideration that do not contain a threshold nunber of pixels within

a second threshol d distance of the nmean of the cluster. Hence, col our
cl ust er s IRiane embpdimeinal least i sesongiimens data incerieiedtinto adkn@Wiomni nant

or i mpor tant GKOW bl fdFerecognition of the known calibration colour samples

therein. Automatic orientation of the image data allows for ease of use for the

20 end user, as the captured second image data need not be captured in any
specific required orientation.

In this embodiment the orienting preferably comprises performing edge

detection to identify the location of the set of known calibration colour samples
25 in the second image data. In addition, the orienting may further comprise

identifying a plurality of pre-determined points relating to the set of known

calibration colour samples in the second image data. Once these known points

are identified a perspective transformation can be applied to the second image

data in dependence on the location of the identified points to de-skew the image
30 of the set of known calibration colour samples.

Moreover, in this embodiment the orienting may further comprise identifying
pre-determined rotational orientation markings relating to the set of known
calibration colour samples in the second image data. The second image data



sanple. From a second aspect the present invention further provides an
apparatus, conprising: at |east one processor; and at |east one nenory
i ncl udi ngw@Qoticnspaster program code the at | east one nmempCy/ERa@ 10BES3EonMput er
program code configured to, with the at | east one processor, cause the

apparatus to, perfor t lL.east the follow ng: receiye first inmage. data
oot ng 0 HFTLRRBWICEAR GiPebdRppe oncBeaBralaT 9t Wik Kardmedipaong! to be
det er m neglientfRA Markeeel tharar ﬂﬁé@n@éli%?ég% Ef@loﬁr %'aiﬂﬂp%é laYe (Hlai‘étgvm

calibration colour sanples, 15 colorinetry data for which are already
known; dénterarkmewa ppbitioalin the s¢carsl imagecdatabr ati on characteristics relating
col our neasurenents of the known calibration col our sanples fromthe second
i mage data to the correspondi ng known colorinetry data of the calibration

col ous saBhesMISGdimendtRe 661baF tamIrAtiorflaharaeferishies HRkKASMWMARIOUESING APl e i n
dependence on col our nmeasurenments 20 thereof fromthe first inmage data and

the det ekRPHBACAIBIraAN CAIOUBSAMMIAS.cWBEERN dY islgsssthaphibealoialraumkenef ng
char act enb 30 BYIAROR! oI55 baltifed BERSL B Mo B ShaB O Ahgode

bei ng configuré east one procesSsor, ca appar at us

t o conpemwriratimstarcesrthighdangsdvidief herecacesateciesalist he set of known
calibration colour sanples in the determ nation of the 25plurality of
colour calibration characteristics. Further aspects and features of the

presgpt !W@”PF&Eréﬂ&,' i ehé v%”én{bpem]érﬁ}etr?eoﬁ\? ﬁkéii@’r%tioﬁoc%lbﬁﬂf
Description of the aw ngs Further teatures and advantages of exanpl es of
t he i nversamplesvidre thesend appwitentthdtr are tthe ¢losésiwimngobbes cspaitei tm anf

i fi ' f_the i ti , t b _of I ly,
spect! © IbodLTEnS ol Lie L ivent o0, present ed,by ey, of, Sigp g onl
nurer al s doh§F spactitbPaEbSmerNth"WRERI determh 3\ thel cbfo @ HAIRSHatéragr am of

a systemaccording to an enbodi nent of the invention. SFigure 2 is a
drawi ng charactelisiios, salthat e part ohthe eoloar spase dhatcentamsyoaiunkmowast t he

| vt o EL QU3 i S LR HFhARR P 0cess performed in an

Within the above embodiment the estimated colour may be obtained by
determining a first set of calibration characteristics using all the available known
calibration colour samples, and calculating the estimated colour using the first
20 set of calibration characteristics. A “second pass” of processing is then
performed, using the N nearest known calibration colour samples to the
estimated colour. In this way, a two-pass processing approach is used, which
allows the general colour space to be characterised, and then the part of the
space containing the unknown the colour sample to be characterised in further
25  detail, to provide more accurate results.

Alternatively, the N known calibration colour samples are those N samples used
within a confined colour space that the second image data is known to
represent. In this respect, it may be that the known calibration colour samples

30 are known to be within a confined part of the colour space, for example, may all
be reds, or blues. That is, if trying to match a red colour then the user uses
known calibration colour samples that are predominantly reds, or close to reds,
to thereby restrict the part of the colour space of the capturing device that needs
characterisation.



Figure 4 is a flow diagram and associated drawings illustrating an inmage
10orientation process used in an enbodi nent of the invention; Figure 5is a
fl ow di agvereodésemitbi ng a col our calibration process usedTiRP2@n/080Bddi ment
of the invention; Figure 6 is a flow diagramillustrating a nultiple pass
process used in an enbodi nent of the invention; 15Figure 7 is a flow
diagramillustrating part of a spatial brightness calibration process used

in an emodi 1B erohitdatil URE A AhowH ¢ an@raﬁopsccﬂoojﬂ @Mi@&b%ﬂtﬁéé,éjg@raﬂ ng

a clustering process used in an enbodi nent of the invention; lgure 9
i s a di agaamletiatdavatmerpuise cofour valugsuzare the gepongd isageidet@ that are
20enbodi nent, of . the invention; Fiqure 10 is another diagramillustrating
use of -t feogal e o8 FEead st el o dg ok s ket SeRBIE Mol bt ish

Fi gure 1lmhge daeh Herobephplef trRVaspNH daiblatiorr 8bIBUF s&mbidd bt Rave el e
tenpl ate used for tests of an enbodinent in the invention; 25Figure 12 is a

graph shélasest RGR vglvesite thpueknawn celouaisaew!e Mamke ¢$8d-br ati on process
during a test of an enbodi ment of the invention; Figures 13-15 are graphs
of the power function regression fits for X, Y and Z based upon the power

f unct i ongVihiavtheiaboviegimisodiients, gW 8 dreferably igraapngef ofasigrstarstizlyes to t  usi ng
a second order polynom al; 30Figure 17 is a graph of a greyscale fit using
a fourt h SYPgENtighy Z9OnicaIMetsh B ﬁfa%d_syésﬁaﬁf'é'hﬁé& togBu : ABHallin 4O0& gur es
18- 2Qqar ‘?n&reagﬁéfe?éblge%&bétﬁgﬁ%lfys PRI BEBsthagRes MR dhgRat pHlisrBIP Second
processi ng pass i s perforned.
substantially 30 to substantially 70, or more preferably substantially 40 to
substantially 60, or most preferably at or around 50. In other embodiments then

different numbers or ranges of N may be used.

15 In an embodiment of the invention a clustering algorithm may be applied to pixel
values of pixels representing the unknown colour sample in the first image to
determine the number of colours in the sample image, and a colour identified for
each identified cluster. With such an arrangement, if the unknown colour
sample contains more than one colour, then either the dominant colour can be

20 identified, and/or the individual colours separately identified.

Within this embodiment the pixel values are first calibrated using the colour
calibration characteristics. This has the effect of ensuring that the clustering
algorithm is operating on the real colours in the colour sample.
25
The clustering algorithm in use may then operate by: i) calculating the mean
value of pixels in a cluster; ii) then determining the number of pixels within a
predetermined threshold distance of the mean value; and then iii) increasing the
number of clusters if the determined number of pixels is less than a
30 predetermined fraction of the number of pixels in the first image data relating to
the unknown sample. In this way it becomes possible to identify different
colours in the sample, with each identified cluster relating to a corresponding

individual colour.

10



Description of Specific Enbodi ments Various exanples of the invention wll
now be described wth respect to the acconpanying figures. 5 1. First

Enbodi merwo-208p®pa9al Bri ght ness Correction Figure 1 is &ChEpek185@3s am of a
system according to a first enbodi nent of the present invention. The system
has user-side el ements and back-end server- 10 side e] enents. The user-side
el enent s 13 ¥9g5 9 ?BS%@thLﬁteggm'ri‘?fgg@r dMPERBNE JORIS sBimPie s¥NE are

det er m nefbie 09 thBImMMbJimeAt mdPaISo Fitef Bluskird b PamE 0t MbsSaTBIRS frohh1e
colorinmetric data of which is Known. The server side or back-end el enents
rel at e t copsideeatimigatidentott contidinch threslkedldenurnleer ofajgiselsavithingr seexyd t he

i mage data eter.nine t cal our t he .unknown sanpl e, col our. tch the 15
col our 1 SesBBIISRe d & Reiarthe i i R EE S SLBr N BYihe

pal et se tsendiheurdBer of piRelshire not edrdifieti R ddrhmanesppaboredtt cofourben peesent
invention is aimed at providing a systemwhich allows a donestic custoner,
or other s@as®le. to identify 20 accurately the colour of an unknown col our
sanple. In order to performthis, the user obtains a calibration col our
sanpl e card, for exanple by post, or by visiting a paint retail store where
they are Fagm bhadéedndThspeet! iher ptasemt dovantions furttee EravideBasn aapparatas]

portion into which an object the colour of which is to be determ ned can be

pl aced. FREMISEID t AbrieBRpANCe PrarEISREg@NGF A hieaghI s dDEBIRMLSNEBIdHE sanpl e

card, ow %n%d“tﬁerpﬁgc%%n{ ?ﬁ?dé?%é’. t I%%st%ﬁ&%érﬁo%{)a#@tﬁgcs d?@rgatc{?rkﬁﬁ cut

out portion, usi eadi [y avail abl'e 1 mage capture devices, as a
di gi tal cadereordigueed doewihetei aipkdshwiniel progkeser, CHusei thegapparatuseto

e kot ANELEE SRR okl el ATED BB
processedolotl} dehfple ObOIBFintelryt dftaUBk iHEh FOIPBE FAERhiReHS rélRiw! Bbakiy and

i nf or mati on passed back to the user regarding a matching paint colour. In
addi ti on,mageodata relatingjde @ phuraditpladnemwncaliinatiocotolow sam@deso nake

71 G4BT et Pra, B RIE B, i BB L RIRRA, Y e P19t BT (e

user endcalib@tivherchPd@bnstickal idpitalg oBolear Otieasargmentearst Ahe figrovaxanpl e
froma local paint retailer, or sends off for it by post. The calibration

col our s&ﬁﬁbr@ti@ar@@«ﬂr Eé@p{%efréﬁhtr@ REAORY IHAgE At taulie eTesnongdiigl es
242, spatialuyedofluBli i B, 8RB AR GRS sAHBLEOLAN B O Loldiaf our

sanpl es al So " bel'n ut'ed acros e col our “space. e cal’i bration

col our sald ®f the durddholnas caloartsamyiie pordeépend2dde arhowmlour Mméaginemehtd ocat ed
in the mddle, but which in other enbodi nents maIy be | ocated apnywhere on
the efrdthereoh fFpmcihe i frstisigagsn daip edbdt Biepdedaimpined £oIoyr £2dlratian t he
card is . j e : obj ect
o be sanbropieiaRs: HF aBnefis bRPattaE by 07 SBbshahe fRmblf O The
cal i br at iaow @ compsiéerppeogramd c@de viddihg eordeporedded witt Hre at tdastesygect to
Fi gure 2. : .
processor, cause the apparatus to compensate for brightness differences
across the set of known calibration colour samples in the determination of the

25  plurality of colour calibration characteristics.

Further aspects and features of the present invention will be apparent from the

appended claims.

30 Brief Description of the Drawings

Further features and advantages of examples of the invention will become
apparent from the following description of specific embodiments of the

invention, presented by way of example only, and by reference to the

11



In use, as noted the user places the calibration colour sanple card 24 over
the 15 object whose colour is to be determ ned. The user then uses an inage
capture dx0i20et/8eh as a digital canmera, or a nobil e phece/Ereaviosesds with a
canera, so as to take an inmage of the calibration colour sanple card 24

wi th the unknown col pur . sanple to lla(e dft erm ned al so#ogcﬁaf.ed ir% t he i mage.
As shown §CHOTPGNYBIdrayingss whergig dike ptaiipacaBYMERIS 5616l & kR Partd 3id al
caner a Ngyhdginused, or a 20 user nobile device 14, equipped with an inmage
capture device such as a built in canera. Once the user has captured the

i mage, tHegureet isnssblacketiagranntia sysien @egerding tharbaglboditdenieolthre 10 f or

i mage processing. Various different transm ssion 25 technol ogi es may be
used to t7 Mt the i mge data to the back end server 10, and enbodi nents
of hesi n\FE?EU'r@rB 7 @ apdwlndndresl clodoli heeeittasion BafhpleotarkasRicein kie user
may | oad the captured image fromthe digital canmera 12 onto his or her
conput er em@odimentehihigtiByent®ei ng connected to the internet 22 via a | ocal
net wor k, Vi r.18. I fgput er
16 to ser|1:§ an %ﬁ%laq Yl\é\Nl ?'ﬁgﬁrﬁa%cegé)srggﬁ&a%g@%ﬁr%ﬁtm {%Vgﬁ%@%rﬂ?ntggar ess which
rel ates timvgritienback-end server 10. Alternatively, the back end server 10,
via a network interface, may provide a dedicated weh page which can be

downl oadé;dlgLHV fhis oftpyt Birdi@naAnd apsgniaipd qdiayving ib@tingr 88r MA9@nd i nt o
Whi chgt h%r?eﬁ?él%nd@rbeeé@éfs&?irpé@%ﬁ%odﬁﬁeﬁtsofttﬁe%éﬁi%' back to the back end

server 10. An alternative route to t back end server is provided where
t he user Higee a i$ ariddnv| ddagtaomeesorilciagtaicelauhecalinegion [Bocessmiset éndevi ces,
of ten known as s ré hanes, . have a WFi functionality and can be used to
send erraiq\A’Tngﬂ?mggEQ @evl@lée'?)t%’es in the same manner as a |aptop or desktop

conput er Fidiret Bi § §aﬁ&Ntcﬂ1§?#b$ﬁrilllﬁ‘QF’étln© deMiufiplé Sofe Eﬂ)dé%@%@é‘d gy table
conputer and the inmage captured thereby may be sent by enmmil, or as data
entered iemkodmeot oklnedgeentisick to the back end server. Alternatively, the

user bid.e deyi.ce se its.cellular radiQ interf 0..send t.he i mge
dat 150, FHEEat i Bl bBraroon Ctiethe bahCRLE (RS RGBSR sont,
for examprécéss wedintdmesbadifksragitng irentbse (MVB) nmessage via cel lul ar

network 26 to a nobile gateway 20, which then transmts the inmage data to

t he back Fégieres & vera 1%owodiagramhilkistratip@c@, clasiedingi OuPeasscsigeectn Mmber may
be provi .the user (for exanple printed on the
cal i brat %ﬁﬁoﬁﬁgﬁﬁgﬁg‘ﬁgﬁ‘\g@%@?‘d 24) to which MVB nessages may be sent. The

back- end Fgureed id@ diagrm siesnensteitingrlise of tief altistelng pacess tueddtin &t
network 22 for recejyi n,g i mage data fromusers, and transmtting col our
mat cRPng eaRedimget et e iB¥enian; be described. The back-end server 10 further

CorEr v i T3 SRS I sPepag 8 dopssismAtiesaiOion n,
10. Wor kiamgempoadiment @6 thesinyeotidored f or use by the processor, into which
data can Figure 11 is a photograph of an experimental colour calibration sample template
used for tests of an embodiment in the invention;
25 Figure 12 is a graph showing a greyscale power fit obtained from a calibration
process during a test of an embodiment of the invention;
Figures 13-15 are graphs of the power function regression fits for X, Y and Z
based upon the power functions shown in figure 12;
Figure 16 is a graph of a greyscale fit using a second order polynomial;
30 Figure 17 is a graph of a greyscale fit using a fourth order polynomial
constrained to intercept at zero; and
Figures 18-20 are graphs of test results obtained from an embodiment where a

second processing pass is performed.

12



25be stored tenporarily. Also provided in the back-end server 10 is a
conput er readabl e nedi um 108 which forns long termstorage in which data
and progreigpotiasoide stored. For exanpl e conmput er readablPeTmPdéans@Ee8 nay be
a hard disc drive, or may, for 30 exanple, be solid state storage. Stored
on conputer ) are a nunber of control prograns. In this
first ensRHS 26 : ot rol nodul e 104 is provided, which
controls the overaII operatlon of the system and calls other nodules to
perform operations as and when required. Additionally provided in the first
enbodi rreMariOSJSaemWBSa@fi e myeotien Wi, novhibehdeswisiedewitb oiespett toihtands
fromthe cal our %h control nodule 114 as appropriate, and is run by the
processo@cfﬁwpéaygg S%"%%rforma calibration function, and in particular to
perf05n1the necessary regression analyses so as to be able to characterise
t he colour ture characteristics of the image capture device used 5 by

t he user. ?E@?boa@vanﬂ s SprtiehBrightecss Conestioral i brati on nodul e 118 wil |
be given Iater I n ot her enbodi nents, additional nodul es nay be provided,
such as the inmage orienting nodul e 116, or the clustering nodule 120. The
oper at i ofFigdret hesse bldeddiagramalf amogstemsasddrdingetodte sicstidpaisbdimieat of the r espect
of the pertlnent enbodlnent Addi tionally provided in the back-end server

10 is a eSS riNKMHAN: el hecaimiemeas Hpar %'dﬁﬁ%l?mnisﬂ.@ndv@ﬁ%‘he%)seW%D t ake
the figr mepfe RidrEMsdi Pie u3BHsRicSERents are used to capture an image of the

colour sample to be determined, together with an image of calibration colour

samples, the colorimetric data of which is known. The server side or back-end
elements relate to processing elements which receive the image data, process
the image data, determine the colour of the unknown sample colour, match the
15 colour to a paint palette and then return the matched colour from the palette to

the user.

In this regard, the first embodiment of the present invention is aimed at
providing a system which allows a domestic customer, or other user, to identify

20  accurately the colour of an unknown colour sample. In order to perform this, the
user obtains a calibration colour sample card, for example by post, or by visiting
a paint retail store where they are available. The calibration colour sample card
has a cut out portion into which an object the colour of which is to be
determined can be placed. The user then captures an image of the calibration

25  colour sample card, with the object the colour of which is to be determined in
the cut out portion, using readily available image capture devices, such as a
digital camera or a camera equipped mobile phone. The image is then
transmitted by the user, for example by email, multimedia messaging service
(MMS) , or using a web interface, to the back-end server where it is processed,

30 the colour of the unknown colour sample is determined, and information passed
back to the user regarding a matching paint colour. In addition, information
regarding complementary paint colours so as to make up a paint colour scheme
may also be passed back to the user.

13



15 storage or the like. In this respect, the second conputer readable

storage nedium 110 may in fact be the same nmedi um as nedi um 108, and may
be, for ewarplsd@4partition of the sane hard di sk t hat PCOMEPROOSES3 fir st
conput er readabl e storage nmedi um 108. The second conputer storage nedi um

110, however, ores a col our database conprising colori ry da relating
to the 20 GuectlisEase 458 sfeeriSRIER A Poteban dpredeipt- Staad 8k hesever a
sets of suehecHal Reer BtHA9 T hrafiSh 8blot8 shmptt EARY Btiof 8kdMpRLfr&R £ ol our
sanpl e cards 24 that nmay be avail able. For each calibration col our sanple
card 24, le¢sd pantofetailes, oarsenids aft tareitl byapestt hehe faatibesdion ¢olown samioteur
sanple on_th rd, .the known XYZ tri.stinul us values are red, ..t oget her
wth the i SScUalfen iaueiodr o 'BenBlia ol §3rBls e’ Rearnd’ hose
tri st knuldigtribaledescross the caad dtheTEI6ErsWbt thet B6IBEF BEMPRSs 232 NEASY befige of
co-ordinate val ues and associated tristimlus values as there are col our

sanpl e patefedtegraarass the celpHE FpRCa ol Barcabbialioe colow SBMPIgOTarg Pdchas
i |1 ustrates t ' i . ' j |
par 1 cut Ut pBRd A8 v abu ] KRB GBI BE Wi hiomes o,

out er edgendditiments naryd behiegateals apywhé®dohhipieecards dhtouwhishnph eugeatarhes of
known col our. The col our sanpl e patches are arranged such that the patches

250 ar ouP®I%d0okR SamRige irPlaeRd.cofl Hig catthyst PlaredcaverelieRbigct t9rRS/scal e
. h ¢ .
pat C%sﬂ?‘gg@lgﬁ,oﬁ éﬁ%nﬁﬁt ngHé ?tﬁg& tbBO LGhp(&d 'sﬂHngfh?é(Ligg‘?lﬂ?e Eﬁf 8ufs to

whi t e. e capture an 1 mage capture devi such as a
di gi tal eentora 244t hFacibst detdilal dfythegoalibrii) \calaurssanipleycande24i seifl de i n

perform ng spatial brjghtness, caorrection, as will be described in a later
erbodi meEsCabad Becriresat e ERes 242 I ocated further in from the

edges of the calibration colour sanple card 24 are col our patches, each of
which is of a known tristinmulus colour value. In this respect, the colour
pat ches rmisisebes moted e useragenesiths galiratiers soloue sampleard 240veuthss val ues

desired. Alternatively, .1 he |ibrati-Qn colaour cards can be printed, and
then ' Sac ol et g ugt o DR oqBhiteR) . Ot Mo SRt B e AR o

exanpl e, deviResUdhosd atngrd famerBeof 8l radbife Photd eréRded ithadBhepatshes 242
are preferably distributed across the whol e col our space. However, in other

enmbodi ne@ssiottgke @ndiergsg okinel ealiratiameoledr sampleregrdrés viictBet Y@ t hin a

particul ar C - i OVl W th
Sore sor oS antie 1 BecOgHhnREASo deanedh AL i, AsTLRMPHORERE, My
fiduciary, mander image ceptarepdeviced 2nsuvh, as yrdigitalaantdéra makde Jdeds drs used to
identify which card is being used by the user, such that the correct col our
car d 2Bat ASeaMabdedavica QWPR%WW%@”FF}@@IGI GAPtYNedRASE BYGt PR RUEH 24 has
a cut out.gpfyrLi on 244, here shown in the mddle. However, the position of
the cut out portion is not inportant, and it can be | ocated anywhere on the
card and even at the edges. It is noreover not essential that a cut out

Dor 9n B sehramchPlied BB as, R BB RIS b e e 1B e o1
whi ch i s 6 end BaglRkALNHREh 16KdrAE Hbbesdifg | RioRsalifereht Bentiistisn as

noted, the user obtains the calibration colour sanple card 24, for exanple
f rom2a pagcehnalegias Ikay, beinded ke trapsaddbe imege alata tatheovackeentl sarvenda, t hat

and embodiments of he invention are not limited to those described. For
example, the user may load the captured image from the digital camera 12 onto
his or her computer 16, the computer 16 being connected to the internet 22 via
a local network, such as a WiFi router 18. Then, the user may use the
30 computer 16 to send an email of the image as an attachment to an email

address which relates to the back-end server 10.

Alternatively, the back end server 10, via a network interface, may provide a

dedicated web page which can be downloaded by the computer 16 and
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30 the cut out portion is over a colour to be sanpled, for exanple, the
col our of a cushion, curtain, itemof furniture, or the like. In this
respect, wbeotizoseh924 woul d be placed on top of or agai n®CTiHPR010I0F@E3, t he
col our of which is to be sanpled, such that the col our thereof shows

t hrough the cut out portion 244. Using a nopile. phone, digital canera, or
he 1 Tike AR EY arthBNSEE RO A AP onulien one iFR0e datoE w5 BEEHni e
Wt h the g0 b 8Pkt RKkAB tHe bAck RAdIgERes 1and sends it to the back end
server 10, using the various comuni cation routes described previously,
such as MM5, email, or using web access. 5Figure 3 shows the process
performed, at,the back-end server, 10 in nore detail. Firstly, the inmage data
32 sent BY PHENGUEE TPUE o TR RRFLENY ﬁ&r‘f?ét'wﬁ‘f%"'aﬁ‘f‘élY*}eaE‘éZ‘F‘%d%erusFﬁea
back- end rasiephdRe tdheaptarktRNinags vesof@ hdblleddviddsehifdh khewhaur

mat ch control nodule 114 running on the processor 104. Wen inmage 10 data
i s recei vewRrtphenesolhave aVit fudationalithead ean e tpedtito sgid emallsyor

performs j i i | i i 0, r

Canpl ¢ cAcEeSs WRPIRERS, e Salr b indl Aiash o EsEB I ER B 1
optional caseaheeusdr maphe ddvde isiepandused ars bhportatsier corhpotes aridvéte to the
user, this step is not required. For exanple, the calibration col our sanple

card 24 h@?géo?l%otW% tﬁ@’ePMsW?MpW Q?%’tt*éy fteﬁﬁaihs_@'i aﬁodé@plem%feﬂninmm?g_e such
that jphe w%‘}?a%;'ef).’ﬂ)a%f( tb e AR Md Qér'?/e"r.hﬁklfeﬁrﬁgﬁvélﬁ, {P%tuwgileldévﬁ@' tion,

t he user e instructed to crop the inmge suc at the image is solely
of the cahayuaei iter celnldr 24dioninderkacemo sehdttheniabager data &b itoa,bdokfend: it is
sent to the barggﬁ-end erver t he user is, provi defd Wi t uch

10. Lf h
i nstruct i*§A€"a cdt rtﬁ@fs Cepfem tlr,nagﬁ_eqi'at@hg}aé( I Pee 1R er@g&pﬁgoast & perform
any | Ocatrﬁlﬂﬂm‘éﬂié:%éksiébir@‘%@w_ié@ (W{‘;)l ﬁﬁe%sa?@ Vil SeleRFenetuWiRk k& g t he

i mage received 32 wll "be an inmage solely of the calibration card wth the

unknown seokilecgatewayikibwhich thamt ansmits theeimage datal tolibe dackrand seryer 34 of

t he rd.and sanple. 2 rd i e has bgen_ qbt ai ne he. col our
mt cliS corlth of ! TURUESPERs Tbne L ke auatel Fayoe heBPeBHCR L 2 b on
nmodul e 1kBolvh tBrtHE sk (BEEXSNPIE BEte8 Dnthe ARbIETILA ddbtfr%ht?gﬂé%ﬁk@%}rhe
col our capture characteristics of the user's image capture device. The

regressi & vwaMeh YIS mess@gen maebesesknt enmbodi nent is substantially the
sanme as described previously in US 5150199 30 and W01/ 25737, and is shown
in nore detail in Figure 5. In respect of Figure 3, the regression analysis

t o char adther ibaekidne demietel0 scarepiisesmad netwdrkorkedade W2 ltonméeteente to the
calibration card |ayout 35, known fromthe colour card data 112, stored in
col ogf dACAWRSE 21T FRGEIYiINGr M a9R dady fERE weTd, FId RSN Y €919

i ndi vi du esSi p  f : St ~et-ar & r i onshi ps
et ween SR DE e ReRIEP 8 Wl oS be, R bk e OV ane 2
conponentcomysiseg tehepmpoegsaral €04 orunuings angrasnsontot heerfarim btreet | cologol our
sanple c

a 24, i.e. X as a functi of R (naned fupction Rl). as a
Fanct | on dtedloatorand e gy @antobthed opSriRRr Poie: Poek-BRg e AL on
B1). Working memory 106 is provided for use by the processor, into which data can
25  be stored temporarily.

Also provided in the back-end server 10 is a computer readable medium 108
which forms long term storage in which data and programs can be stored. For
example computer readable medium 108 may be a hard disc drive, or may, for
30 example, be solid state storage. Stored on computer readable medium 108 are
a number of control programs. In this first embodiment a colour match control
module 104 is provided, which controls the overall operation of the system, and
calls other modules to perform operations as and when required. Additionally
provided in the first embodiment is a calibration module 118, which receives

15



A power curve fit may be used on the greyscale data to obtain the

rel ati onships 10R1l, GlL, Bl in Step 1 above. It is also possible to use

pol ynom avocorvseditt s, of either 2nd, 4th, or hi gher or@#erTEP28l080533
Determine nmulti-variant |inear relationships between each of the known X, Y

and Z conpo ts and t hree functlon derktgl_erm ndecf i1n Ste above, i.e
s T ORaRED Fomiaads o e pgREantan o) Katule 5 5S aprr A Bon of
Rl Gl BholgaAthy YREioRBssdh) 104 o3k @ et Qrba‘Plbré?ﬂon GhciBh, ARaTRd

function Z1). Step in the algorithmperforms nulti-variant regression of
X, Y and pzriagdxamm peh‘errpdhernmassery‘ |re@"eszslpncanaime88$00aﬁmdmjabie Etep 1
i.e. 1) ,20Y = f

L oG+ aqs (8t captiyeraSiepRlids gt Bedinioh RIS ARUeE UG “unare
a, b, s5c @ythd gger. cPNBhaMdetalsbf ited Q?bﬁatlo'ﬁh@f ¢dliegtidh hdduva@r i 8nyillegr essi on
fits of X, Y and Z are denoted X1, Y1 and Z1 respectively. Figure 5

shows t h@ol@éerin nore detail. In particular, the process of Figure 5 30
woul d be perforned as block 3.4 in Figure 3. Firstly, at block 5.2, as
di scussed, inmage data froma col our card of known

In other embodiments, additional modules may be provided, such as the image

orienting module 116, or the clustering module 120. The operation of these
10  additional modules will be described later, in respect of the pertinent

embodiment.

Additionally provided in the back-end server 10 is a further computer readable
storage medium 110, which may also take the form of a hard disk, solid state

15 storage or the like. In this respect, the second computer readable storage
medium 110 may in fact be the same medium as medium 108, and may be, for
example, a partition of the same hard disk that constitutes first computer
readable storage medium 108. The second computer storage medium 110,
however, stores a colour database comprising colorimetry data relating to the

20  colour samples on the calibration colour sample card 24. Several sets of such
data may be stored, relating to different calibration colour sample cards 24 that
may be available. For each calibration colour sample card 24, the ID of the
card is stored, and then for each known colour sample on the card, the known
XYZ tristimulus values are stored, together with the location co-ordinates x, y, of

25 the colour sample having those tristimulus values on the card. There will
therefore be as many sets of co-ordinate values and associated tristimulus
values as there are colour sample patches on the calibration colour sample card
24,

30 Figure 2 illustrates the calibration colour card sample 24 in more detail. In
particular, the calibration colour sample card 24 has a border 248 at an outer
edge thereof, and then has printed thereon colour sample patches of known
colour. The colour sample patches are arranged such that the patches 250
around the outer edge of the colour sample patch region are greyscale patches

16



orientation is received. It is then necessary to identify the col our card
used at block 5.4, and this is perforned using identifying mark 246 | ocated
on the cawvDboatisey4card 24. That is, recognition of thePCuH@EPRIIP5533 mar k
246 is performed, and this mark is then used as an index to select the

appropriate set of colo card data from col our, card dat abase 0. 5 Next,
EhRr OPT L ReS 5 pinad Bomh BIrER B S ML KIS HHRYScols: BPIOUE K RrBRa HIESS om

bl ocks 5<foliR Be baptcFeatoy &n iRbgb! RS GoRc@s0BRES & el Tahichs ah Lo read

data fromthe i mage, at Known positions in the inage. I's, at block
5.6, eaclsugsiansiely eequatpRE&ERt vidnesn pbwyt iave (gefl)) inomerfosming idpadial on card

24 has its 10 val f he | block 5.8, and then th
Cri ot muTghps vl Beto o Ptk dencfPins HIOEB e on (v, %)) are

| ookeg up fromthe database, at step 5.10. This process is repeated for all
t he greyscal e sanples on the image, which, with the calibration card 24 are
| ocat ed diet [gelasiit s3Mplgg@athesh@42 ologateds dwpnassin deona atfel edgesmwf the

al t et nat iy SRR BN Sarbil 3250 90 AR cHRE DBLndICEthdOCP AT 8f 4 0 the

greyscal € sanples; and er "col'our sanples cou e used in

addi ti onknownatisimuild eoltairi wgue.Byint this easpbett, tHee colone gstchas easstid uti ng
bl ocks 5.6 to 5.12, therefore, for each known col our or greyscale sanple in

t he i mag®rintethas aceynaigly @s pegsibla fa e Wslimuls yalyes 8eairebpPEEHEHVEYom t he
appr Qpri : [ W - r al ue
PR S SERRA G 4l D 88 A B ESR Al g JRITP values
cor r esporadi togddReBniard XXX /v lues, wwirg,sfooesdmates e speatbphidtdmeterh Tdteher in
the nenory 106. For exanple, it i ossible to plot the negsured val ues
For each SPIabl o8 ki cBl g erinle prchdRoade 2 PoeTtl ielfoRRa AT IE on a
graph, asydi@WBldur sphad! $oweverlh offBH ebodiMests! focodEBsritldiatdlaus been

nmeasured, and the correspondi ng XYZ val ues | ooked up fromthe col our
dat abase colaurs gy Ie cancernieatad swibimatpadtiiaareast thégolaugepacedm i s
performed, to determne the X values as a neasured function of the 30 R
val ues, the Y values as a function of the neasured G values and the Z

val ues asThe ¢aracid Rnalsd prd\edE® asthr IS svl afegentiffihg rhiaki246 Weth enaed usi ng
either a power fit or a polynomal fit, to obtain a function relating to X

to R Y t® @béFﬁPdE,lo_é sgm e&ﬁduyaryamaﬂweaucms aiprintesl pamen sygkat Pon of
the 1 of Mg i SYRR §1 ek 1683 WiREBAR Rbeitlg BsBl by uskr SuchAnaet e T se

the respec
the correct colour card data can be selected for use.

20
Finally, the calibration card 24 has a cut out portion 244, here shown in the
middle. However, the position of the cut out portion is not important, and it can
be located anywhere on the card and even at the edges. It is moreover not
essential that a cut out portion be included; in this respect, the calibration colour
25 sample card 24 could simply be placed next to an object or sample the colour of
which is to be determined, although this is less preferable.

In use, as noted, the user obtains the calibration colour sample card 24, for
example from a paint retailer, and then places the calibration card 24 such that
30 the cut out portion is over a colour to be sampled, for example, the colour of a
cushion, curtain, item of furniture, or the like. In this respect, the card 24 would
be placed on top of or against the object, the colour of which is to be sampled,
such that the colour thereof shows through the cut out portion 244. Using a
mobile phone, digital camera, or the like, the user then takes a still image of the
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rel ati onships. Figures 12, 16, and 17 illustrate exanple curve fits that
have been obtai ned for experinental test data perfornmed on inages captured
of a testwoabilmsaduon 10 sanple array 1102 shown in Fi gRC&EP2011B5@as e 11
shows an array of col our sanple patches 1102, together with greyscal e
patches 1104, |ocated at, the bottom of the array, The col our samp pat ches
0% comphiec to e Sahelar YA IS RUBHT Craliaca B @@r@,agenanﬁoﬁeﬁysgifb

gr eyscal enStARUAEAS - seHsr J0EYSHR TP arbas cbHIuARIRbh SBULS desysed ©
colours ranging fromblack to white. 15 Tn order to test the process, the
exper i nefraviouslyt suahy 2 MMSf ¢gai coriusingweli acogssng a D65 | i ght and an i nmage
was captured using a high-end digital canmera (a Cannon Powershot Pro 901S).
XYZ tristinulus data fromthe colour patches in the test array was known in
advanse, Figgexeshéls Bspidcends peribifiedat it back-88d 48nar Ma@yin Mrehddtlil s dat a,
it was possible to plot the neasured R, G and B values for each patch

agai nst the known XYZ val ues for each test patch, as shown in Figures 12,
16, and %/ tsh 0 t 4 '|: t he
Fi gures E",Stlkﬁth%a'ﬁ@%g%gn%ggﬁ Q;Z}thé &E%’Flsd'ite?fa g{esd %@thg ﬁﬁe cu?k vgﬁé&?% hat has
been appliogdof the pack-endlserver mOFi T ®atR-eadpseweer fiDtishesntiotied bisete i n 25
accordance with the relationship descri bed above. However, as noted, it is

al so pos$PIUE m@tc{]s@rﬁro‘lﬁmﬁ%ﬁﬂéﬁ fynning pathe f?&ﬂc%ﬁsﬁ’év@@rdf- f YMhenainepgs gure 16
showg,a g:l%?ﬂ\étjréﬁre erdéPrﬁ]éBI%m fath contBemBasIeH Wfir%t,lc?pt%ﬁ%‘ﬂz, Geriiid h order

pol ynom unction Is constrained to Intercept at zero. As
wi |l be dmageifredessingrip labatehend sorfemivhe fédliboatiopoktgloanmsaimie tcard 2dsed, t he

| t e substanti ally.30identj cal th to be litt
dvant ag@iiin e 326 TS &S PRTOHOR & adk SaePidimonaens Recassedt o curve
fit has %&Vb@ﬁ{ét%@ﬁenamg%whé%tﬁ?&kﬁr igféﬁ tbupetistsihif¥dp ithob! ock

5.16, nmultivariate regression is perforne X, Y and Z against the
obt ai ned requiced.oror exanie athe califration ealosir samlé vgrd @4xXmay ®MEwitnd B, Y

11 040 r i B8P on B s ehan, Sonflf 7 foe 8L PE p A BeCloi LB R ©

wher eas it mdﬁnéﬂfwﬁ@nmeﬁ.amﬁédt?jtiorﬁ,ﬁﬁerlﬁﬁrr@ﬁéj B8 ihdthsctéd t@ebprl, and
Figure 15 shows a plot of known Z against the regression fits Bl and Z1.
Thi s fi ndRe dBageAvchcibet theireage ig golaty of the galibialonteasd 24afoedinoaiat hel p

to char a%%'bﬁg 8@@8&%@1 &efgreanq? %gﬁgtnotatshfe‘itg&#-gﬂd QbnRr 19 ﬁgqugsﬁf is,

descri bed OoVe. ese coef ave been fou

coef fi ci gpndddéd avithosidh isstpctioranahd tamied thémt i, tlepothietdimilabeve, nddtey ar e
stored, and thereafter characterise the col our capture function of the

i magél cap® REEOHB\ANYEOGIRRN BY CRIFLOTRUALIONEP WG ENSHeATE, NI NG s t hen

possi bl e; fo - | f i } o its
Ree val udd 207y e 170 32 Ol of et 1RaURISHls oA Eqlifhaeh b4RGiy T
above- notuatnowhi damapliecin @kooemsorientptorn oirerat walh et dicard énaga34aok e of
calibration cogfficients 36, which can then be used for subsequent col our
det er mi nSEOANIS8EIHEt 1y, however, it is necessary to deternine whet her
there is any dom nant colour in the known colour sanple, and this is
performed at block 3.6. For exanple, RGB pixel values representing the
unkndtn $ams @ cetlindage: 34 tasi besi okiaiedethe aelounatdaien conlsplenddulg dighi nant

nter £ ae Sl hEERer g GaLSen, BaflRalioN s Al I8 PG QRETD ook a
col our t gefessidni Bhalyed. toAichitartdrisd e tdofopi Etdre ehattctérsticiess the

calibrated. In a later enbodi nent we will describe a clustering process
whi ch i s UgBl's im@gdiedearturg dayiee pild@eckigsapsionnanalysifnkseivin sAenfresand ret urn

a cal i bratad, Ghledlis EQ0st5AGRIPIhd 86T as described previously in US 5150199
30 and WOO01/25737, and is shown in more detail in Figure 5. In respect of Figure
3, the regression analysis to characterise the device is performed in block 3.4,
with reference to the calibration card layout 35, known from the colour card data
112, stored in colour database 110.
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30At block 3.12, the picked colour is calibrated, using the calibration
coefficients 36. That is, the RG values are applied to the equations found
at bl ock 8040ugispy4t he cal i brati on coefficients 36. Thi Cpmre@IdIGBYes t he
XYZ tristinmulus value of the picked colour. Having found the XYZ val ues of
t he unkn col our sanple (or the picked dom.nant, val ue in. the col our

Sanpl o 118 feEve s3aRs o, dlaohHiEn Boraltey R dNaBIcEl PGS REPSI SSodul e
114 thengfdws:to find the nearest colour in an available colour palette, at

block 3.14. In this respect, colour palette data 45 is available 5 to the
col our nditep cdrteoninendue@tionghipscodtwesnmaah ohthehweasliag Rd& andde 110.

Fi ndi h I [ f db ' I di f
reasur o, ATEEBRReTd e Raokd Xk B EalboliBbEhdns af Breseels bG00E,
col ous i BahiifePBhehé eakisraiion cbRUAhipIebaR PRasure, the colour with the

smal | est difference bei ng chosen. Several different difference neasures can
be used, 10 bu¢as$ a fenetinl oeRt(samedifectianBnti on it is preferable to use the

ClE Delta E sures. In ticular, the ariginal CIE Delta E (1976) col our
di f f erence 'neasﬁ?@eszﬁ?/“ 8ﬁ§éa?m8 fPﬂCtéq{bgFljer embodi nent the CIE Delta E
(2000) neasyr & ad B Anétdrt &8 (Raraed rifkdion B! ta E (2000) may be used but

with different weighting factors. 15 The col our matching process at bl ock
3. 14 r et vy pewar patvelitmgayp aentsedadrotie greiyagalertatp & obtaiotheirelationghippal et t e

t hat ||,s osest, t.o the determ ned XYZ colour, of the test. sanple., This paint
cor odb”i Frottadiial 3198 TRRUR A8 ANEAoBSRE 1 len BhuEMal BB e bhwor &

i nterfaceijthgg2oval dhaghet avaeks.22. For exanple, 20 where the user has
transmtted the image to the back-end server 10 by MVB usi nfg a nobile

devi ce, tSiep ﬂétD/&ieﬂ(nlﬁﬁtréumla\taélaﬂbﬁnﬁjaﬁ/reﬂ@imﬁﬂhms_eb%lw&aqmstélgé(r\%\fﬂ/i ce
(SVB) or M\, RB9sagfiod feie Ala'E 1ABkMHin SRl R e b REAH <98, Bagio boj Lhe user

nobi | e dévi ce. natively, e user sent he

back-end sesveqad @, fuhtifornét RIa,, iBYt(RameeguAbormAy). formul ate an email in 25
reply with the paint colour information. Wiere a web interface is used, a
webpadge maye be’ a@atfunetiamef Rsdrp1, Bor(namegifapctign ¥iJuser web browser, giving

the matchin int .col.our Jjnf tion. FEinall i\n sone enbodi nents of the
i nvention i% %@ﬁ & Tgicton ?fleltgh(r&%i’ g('{‘ﬂ@eﬂiwﬂ?t'%bzt?m our information 42, at

bl ock 3. Hiep lPeinbthekal§othse pegbrid nilisVafahsrdgpeddionl of XS Of aHE Zagainet t hat
conpl ements the determ ned paint col our 42. For exanple, there are several

met hodol &@ @9Webeute: fés i 1nCn @nedB oebtaieddredepHai-econpl ement each ot her.
For exanp} R, %9"? r that is 120 away froma first colour on the Cl ELAB
col our wheel Vi's “dft¥n considered to be a conpl enentary colour. In

addi epon,Y a R, @jrBf)hat is 180 away froma first colour on the Cl ELAB

col our wheel is alsq considered to be conplenentary. Therefore, at bl ock
3. 16, sucﬂﬁzé%pﬁ!n%ﬁt ary colour determ ning techniques are used, to

det erm ng,.col our schene information 44, which is also returned to the user.
5 Therefore, in the first enbodi nent, a user may take a digital photograph
usi ng hi X aabt beRphat@, ord.Bi s digital canera, of an object, the col our of
which is o be 3§ter i.ned. _The phot ograph is taken by placing the

cal i brat i'on & bPdtr * SnlF&-Bard 24 over, next to, or near the object, such
t hat shot Iy Lhe: gpatj beatj oy gpl our 10 sanple card 24, and the object are
captured in the inmage. The user then sends the imge via a

t el ecommuiierata, dns anst dvark constanhceefficients. d hentbremokH emarigrirnegression t hi s

respect, .contact details such ena) | _addres MVES nunber, or web
addr ess, f'ﬁ%Q%gEQﬁn EE%IdS'ﬂOtFH?%SEI?ng?Z%rﬁgpgg{[f\’l ‘ation col our sanple card
24. The back-end server 10 receives the i mge, processes the imge as

Figure 5 shows the above in more detail. In particular, the process of Figure 5
30 would be performed as block 3.4 in Figure 3.

Firstly, at block 5.2, as discussed, image data from a colour card of known
orientation is received. It is then necessary to identify the colour card used at
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15 described to determ ne the actual col our of the object to be determ ned,
and then matches that colour to a paint palette to determ ne a matching
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mat hegatical |y rlgorous col our natch can be obtained. In addition, no
speci al i st equi pnent is reg ired to capture the inmage, and the user can use

i Eage calﬁ‘{@ﬁhl e digeh %ﬁ@gn@f tabeweraied algeiitea liy siaied.| extendeg froMassess
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descri bedrqm ¢hve omabl, at khowatpdsitigrisainethit mestay. dThetﬁsheatstaerk 58It eadt hout
the greyscal e Patches 1104 at the bottom was al so used as sanPI e i nput

data. Thidey&a'e apmPlejal panasPegiten (6 Yo Andhe setbdionikasd ¢4 hegZts BGRs usi ng

th th

then WO S 0ET] DER00 TN PLRS 1 B85 Mg e LA e e, FR A 2 xvz
val ues t wvahresviatethat mspjeeabthe lsane fposttioneesy) afe ﬂd)rd@degpeﬁenmthe‘ its in
th I F .t t andar d f

G or oncEIARIeE. dEstcihg 18 EBE 20t P chEad B AlnE SErEBEt Sy i ays
the aver agetneh Wrﬁ& DRA0R ¥AlokasorPbARS 28 %rd Mcabdts Bnahe difer®d

descri bed above. “Test 1, Tenplate 1; Power Shot S30 camera under na ural
dayl i ght obdhe cofaumcanepiesi as sampes 250. In alternative embodiments, this step

15 does not need to be limited to the greyscale samples, and the other colour

samples could also be used in addition, or as an alternative.

By the end of the processing constituting blocks 5.6 to 5.12, therefore, for each
known colour or greyscale sample in the image, the tristimulus XYZ values will
20 have been obtained from the appropriate colour card data in the colour
database 110, and the RGB values of that colour sample on the image will have
been measured. The corresponding RGB and XYZ values are stored
associated with each other in the memory 106. For example, it is possible to
plot the measured RGB values for each known sample against the known XYZ

25  values of that sample on a graph, as shown in Figures 12, 16, and 17.

Once the RGB values have been measured, and the corresponding XYZ values
looked up from the colour database, at step 5.14, the above-noted step 1 of the
algorithm is performed, to determine the X values as a measured function of the
30 Rvalues, the Y values as a function of the measured G values and the Z values
as a function of the measured B values. This step is performed using either a
power fit or a polynomial fit, to obtain a function relating to Xto R, Y to G and Z

to B. Typically, a power fit will give an equation of the form: -

20
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D65/ 10 |ight Power function X1, Y1, Z1 4.64 2.83 2ndorder
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Test 2, Tenplate 2 (extra NCS greys);
pol ynom al
PCT/EP2011/050533

wherein the co-efficients ay, y . and Bx, y, -. characterise the respective

relationships.

Figures 12, 16, and 17 illustrate example curve fits that have been obtained for
experimental test data performed on images captured of a test calibration
sample array 1102 shown in Figure 11. Figure 11 shows an array of colour
sample patches 1102, together with greyscale patches 1104, located at the
bottom of the array. The colour sample patches 1102 comprise 256 randomly
arranged standard colours, including six greyscale standards. The greyscale

patches 1104 comprise 16 greyscale colours ranging from black to white.

In order to test the process, the experimental test array of figure 11 was lit using
a D65 light and an image was captured using a high-end digital camera (a
Cannon Powershot Pro 90IS). XYZ tristimulus data from the colour patches in
the test array was known in advance, indexed by position of the patch in the
array. With this data, it was possible to plot the measured R, G, and B values
for each patch against the known XYZ values for each test patch, as shown in
Figures 12, 16, and 17. It should be noted that the plots of the data in each of
the Figures 12, 16, and 17 is identical. What differs is the curve fit that has
been applied. In particular, in Figure 12 a power fit has been used, in
accordance with the relationship described above. However, as noted, it is also
possible to use a polynomial fit other than a power fit, and Figure 16 shows a
second order polynomial fit, whereas Figure 17 shows a fourth order polynomial
fit, where the function is constrained to intercept at zero. As will be described
later, whether a power fit or polynomial fit is used, the results are substantially
identical, and there appears to be little advantage, if any, in using a polynomial
fit over a power fit.
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pol ynom al Xi, Yi, Zi 4.80 2.83 10The data in the above tabl e indicates
that replacenment of the power curve fit to the greyscale data with

pol ynom awof2otimshes |ittle effect on the resulting X1, YCI/EPnABWEs with
little or no effect on average DE2000. Therefore repl acenent of the power

curve fit . to the greyscal e dat i th pol mal fits results in no
i gni 11 c4AICE ASHBHRHAS beet ReNeANFIG8NGNe HeyerRgeR Sitiodaseedingt scat t er
in the 15064y 8CH, em@HivgRald ?egr}%séi?fﬁei@ p@ﬁ&nﬁé&%nk N ghBez M dihsty Bid ant

regression process in Step 2.7 In terns of the results, the difference
measur es obtainge funpionssigcobtalmacoeffieienisvemiingriotX teBoiG alid BeYdads Go a

human obseryver d haye a val u f 20 wever far, man eopl e a dE
of 1 wourdrBead 4 7 Rothaliats B nefBrce abicof e i IBRtPBRED) o i
the ceol oyt of Rnowh R a§AAstS tHEe réyressidn. fittNRY hgndPDes ahe RREFidiuie 1descri bed
col our determ nation process when used on the tenplate with the additional

gr eyscal ShewsuewWis ¥dagainsthibe; negreasive fitseGh eang ¥, pnddtigure 1s5haystae

Lempl at & IS Kbl 8 Uit keRir sl BaleibAes XYY AidSScdihge @ mean

dE2000 o ess t val ues Tn every test case.

addi ti on coeffichentep@us,c andddn e 8 abbve hthat hentol civaracterisé sach@fogrihed with
5conpensating for different spatial brightness across the invention. This

i s perf oML PR & WBCcliprReER: Goand By resteseribethabpyi.e csrthase £oeffisigats Mor e
par tijgul d\¥. bbb BURTETYE. FIEPRELARENS irdHCodtRY SR INahQCHEES2 98K the
algorithm above, they are stored, and thereafter characterise the colour capture
function of the image capture device used by the user. Using these coefficients
it is then possible to find the colour of the unknown sample in the image, from
its RGB values.
15
Returning to Figure 3, therefore, at block 3.4, the above-noted calibration
process is performed and this returns a set of calibration coefficients 36, which

can then be used for subsequent colour determination.

20  Firstly, however, it is necessary to determine whether there is any dominant
colour in the known colour sample, and this is performed at block 3.6. For
example, RGB pixel values representing the unknown sample could be
examined to determine whether there is a dominant RGB value. Alternatively, if
there is no dominant RGB value, where a web interface is being used then at

25  block 3.10 a user may be asked to pick a colour to be calibrated. At block 3.12
the picked colour is then calibrated. In a later embodiment we will describe a
clustering process which is able to identify multiple colours in the unknown

sample and return a calibrated colour for each of them.

30 Atblock 3.12, the picked colour is calibrated, using the calibration coefficients
36. That is, the RGB values are applied to the equations found at block 3.4
using the calibration coefficients 36. This process gives the XYZ tristimulus
value of the picked colour.
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inproving the determ nation of the calibration coefficients perforned at
bl ock 10 3.4 of the process of Figure 3, and in particular to take into
account dwbferiense®s i n bri ght ness and contrast across tReTERe@li0sEgE 34.
That is, the user may have taken the image 32 in irrperfect l'i ghting
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rel at es to ower f I clent
dependentmeasures. tlmrp)armnulahre tBe omgidal dfeDelta BddiX76pcolaur diffesetcd ermi s
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"> he. TRRSR G ERY ¢ 050 iy Bl s ceRBU R TE i PRgA e gbhiEn:
dependentmoirbe RO HirdfbrobrBREPhER, WelE $20aD) @lagm beruResbt ith
dependent relationships are also found between Y ‘and and Z and B. In the
present dliffeyenhwaighting faeibrsswi ng equati ons are used: -7xk(K7f 4- Ex : X
1% = (ay +Yy+ 39 Z = (az +4.-Z 4- (y, 4- .6, xi. 4- .zn).. where, ax,
3XYZx,YZYzYxYZ6Xy,ZandEx y, z are fixed

coef fici emies coleaRtn&tchingy Broceskhgt BREKt 8a8 Rftutnideal inBtdhaidp | RitncélBer car d,
Rh G, and Bi being the neasured RGB values of the ith sanple. However, in

ot her enb§iigretiss PaINtrealeut nefimpalatle tha) iBeclosest to ﬁ\WdE@IF@MQ%QWZp t hat
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above equations are so squares fit
det er m neo \tlaé uuser fiar tkfexnetWork nit&xfacé( 102 ower thie metwoirk 22Y, Fbr ekémple, Z, OX,

Y, Z, an z Howev be that w thout any a prjor know edge
t hes&0 equmqrgﬁgemqqr h@@ttransmltted the image to the back-end ‘server 10 by MMS
using a mobile device, the network interface 102 may formulate a short
message service (SMS) or MMS message to send the paint colour information
back to the user mobile device. Alternatively, where the user has sent an email
to the back-end server 10, the network interface 102 may formulate an email in
25 reply with the paint colour information. Where a web interface is used, a
webpage may be sent to the user for display by a user web browser, giving the

matching paint colour information.

Finally, in some embodiments of the invention in addition to returning the paint
30 colour information 42, at block 3.16 the back end server 10 also acts to find a
colour scheme that complements the determined paint colour 42. For example,
there are several methodologies for determining colour schemes that
complement each other. For example, a colour that is 120° away from a first
colour on the CIELAB colour wheel is often considered to be a complementary
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solve easily (local maxima or m nima may be found). Therefore, optionally
(at block 7.4) the coefficients ax, y, z 13x, y, z can be found in advance
usi ng t hew020grmsy®aal e sanples in the i mage w t hout posipCrar2adepsisdence,
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y, z) ar go@g&cﬁgmgquﬂngfgn 41 W@é&kﬁ alic%@tmnéaﬂtp)%pﬁ &RFown sanples in the
I mages(M - not just the greyscal e sanples. These are then used for a

mul tivariate fit at block 7.10- essentially perfor | east 30 squares
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determined. The photograph is taken by placing the calibration colour sample
card 24 over, next to, or near the object, such that both the calibration colour
10 sample card 24, and the object are captured in the image. The user then sends
the image via a telecommunications network from his home to the back-end
server. In this respect, contact details such as an email address, MMS number,
or web address, may be provided on the back of the calibration colour sample
card 24. The back-end server 10 receives the image, processes the image as
15 described to determine the actual colour of the object to be determined, and
then matches that colour to a paint palette to determine a matching paint colour
to the object. Information regarding the matching paint colour is then returned
in a reply to the user, over the telecommunications network. The reply may be,
for example, by email, SMS, MMS, or by transmitting an appropriate webpage
20 for display in a browser on the user’s computer or mobile phone. With such an
arrangement, the ability of a user to easily match paint colours is greatly
enhanced. In particular, it is no longer necessary for the user to obtain multiple
sets of colour sample cards from his local paint store, and then attempt to
match colours using his own perception. Instead, a much more accurate and
25 mathematically rigorous colour match can be obtained. In addition, no specialist
equipment is required to capture the image, and the user can use image

capturing equipment that he would typically own.

In order to assess the results from the above noted process, measured RGB
30 data for two template standards (a second template standard is shown in Figure
11, described previously; a first template standard is the same, but without the
greyscale patches 1104 at the bottom) was also used as sample input data.
This RGB input data was used to calculate calibrated XYZ values using the
methods described above. The calibrated XYZ colours determined were then
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The data in the above table indicates that replacement of the power curve fit to

the greyscale data with polynomial fits has little effect on the resulting X1, Y1, Z1

values with little or no effect on average DE2000. Therefore replacement of the

power curve fit to the greyscale data with polynomial fits results in no significant

improvement to the calibration. This may be because any scatter in the

greyscale curve fit is taken into account in the multi-variant regression process

in Step 2.

In terms of the results, the dE difference measures are designed such that the

minimum noticeable difference to a human observer would have a dE value of

1. However, for many people a dE of 1 would result in no noticeable difference

in colour, and particular if the colours are not placed side by side. In the present

case, the described colour determination process when used on the template

with the additional greyscale values used in the iterative regression (test 2,
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done to map known Y to measured G, and known Z to measured B. That is,
considering X-R in more detail a relationship is formulated that relates X to R
using a power fit, but where the coefficient of R is dependent on position in the
30 card image. In addition, an offset term is also introduced into the equation that
is also dependent on position. That is, the relationship to be found between X
and R is position dependent, dependent on the position of samples on the card.
Similar position dependent relationships are also found between Y and G, and Z

and B. In the present embodiment the following equations are used:
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The overall result of the above steps is that the user does not need to
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the samplUEBrot i Bavd GsY.sdbst 5% éér%%é'_zt%§ Phsire e e e R ovever
in the pragend ynoask pBsitionidf tee@M sarppleddn tHeneade RyeGoantI® RMEiHd al

col our of the unknown sanple to be 10 determ ned can be obtained, then the
regr essi oneaswiey sSRSEB yatuesephithe theageplebhiawenercdrefather ambedimepts
per f or med,. 4si r ifﬂﬁp t our of
t he unkngj\}\]/dl‘;gr %Qgﬁhgﬁﬁhsr@%ys}og%gggto ,Zoécl)gn'ﬁor]rgs}ﬂ?é],t}‘?é;tg[af %%i’rﬁ Baérjctctogﬁ t ﬁﬂée col our
space of posttieneasftsamptes bhahe pard maly dehgsexh! our capture response of the user
i mge capture device that is actually of nost interest in 15 that it is
that part that has been used to capture RGB values of the unknown sanple.
Thi's jgmalh Ry 5pavd eaBIaEBF?s &Pe %BTveg)aﬁéinea re%%‘?%g%ré‘@ﬂf H?e"t‘ﬂo@%é@?.rqaﬁ} erised
as closely as possible to try and I nprove accuracy. | n nore detail, the

nor Imal _ caie:ctémainé omhgswfmsc;xx, iynx/cﬁxyeﬁz, _mel;(lizmﬁty,equx, 20, 6&,.y,Begm@§s,i Yal53

anal ysi s measuyr e a es. and their known co|lours ('standards' 0]

o oduce ML R BErRFOVERRS Mg PepRRIBMEsBaERe Sibproas jabhol o make
the i mgeo\2 ebSify @bcdiBakitld OF Alinidih ARET beé f@TH)S TherdBke cg)tfﬁh%‘ﬂ’? (BB
colour (and position relative to the calibration frame) and produce an XYZ
col our. Dioakn 7t ethpresafficiertsbadivirerfix wez eandeifauna inpadresee wsinghdiaeide a

seco pass.:_ onc he first-pa XYZ col qur is known, a_ s f the known
sanpies SSisrlE Sabfesoh TraRBGE vl Eul Brtan Fare Bk Ere ot BEGovEhaid st op
1. I'n thelcpsesqudresiTAOBF BEfdWEECUSe foRe: Nigdiestest aﬁﬁan@arsﬂmi|éﬂY&6~e§'z
calibrated col our 30 (fromstep 2) and take separate sets of closest

col ours fagainshé: gatna againeict:i @wingdhe 6ugoefiicientsl Fvratkon: (e. g. B.5.14 in
Figure 5) and nulti-variate analysis part (e.g. step B.5.16 in Figure 5).
Further details are shown in Figure 6.

o
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g = “-«‘-ZD@

Note that these equations do not take into account any spatial brightness
distribution, but are performed to provide initial values of ax v,z Bx v, z that can
then be used in solving the position dependent equations.

25
Next, at block 7.8 these 21 coefficients (7 per channel - ax v,z Bx, v,z {x v,z Nx. v,

z Vx v.z Ox v z and €x v z) are used to calculate values X:¥:.Z:} for all the
known samples in the image :. 5.5} - not just the greyscale samples. These
are then used for a multivariate fit at block 7.10— essentially performing a least
30 squares fit of these samples against the measured values ¥::3%.£:} using the

equation
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More particularly, at block 6.2 a first pass through the process of Figure
3 is perforned” fromblocks B.3.4 to B.3.12. That is, the calibration
coef fi ci ewnO=20awrm9ddund i n the manner described in the pPeviEresi106303i nent ,
using all known col our sanples on card 24. Then, the XYZ col our of the
unknown col our sanple 5is det erglned at block 6.4. This information is

t hen use ’Kt‘_ énlfy}*tlf% N\c t sanple colours to the identified XYZ
col our og q $hk; ‘s&rrplfb E‘Lock 6.6. In this enbodi ment, NG cl osest
greyscal ewsarrpl\éé aré:f oundiz . a cl osest col our sanpl es, where 10 NG is

t [ 1 | t ha f t f det | f
N N TRitEng: ey@ﬁﬁgatpépv'd?}ﬁ@ Etbee 1’ LoelEal e G 2 b Gk o6 ar e
found usig)g, ) et Setfefdif éc%fﬁaeﬁtsr@@w Bx, YS}IJEQ vas nQ%J %w ZQQOQ dﬂ%v' ng

found the closest colours (greyscale and co |'ock '6.8
cal i br at i€any, zsarméﬂfzcﬁoeéﬂnlaga a, vt bk er deberm dx: vt h@reatherbrsé@ﬁedras the

s akin €81B0An ﬁ%ﬁ%?%’é’&gﬁg ARG S i °§éﬁas%§}h¥w8’?ﬁaé‘ﬁix our
o

SECH N T

calibratlgn%LﬁQﬁfﬁtbpé eNL S, &L pJEQ&Q@t@hé%n{h%ea&l@é/ HeRgof the unknown

sanpl e ar en reca culated usi ng ew cal I bration coefficients and the
nmeasur ed RGB val ues fromthe image. 25 A nunber of tests have been
perforne uate the effects qf this re- calibration, apd these are

et oyl oa TebRoi M6 Rrosat crahegntant e RBral B, §osss FoerPpteal Saras T 1 | o
asseggnenbkdintd rHc%oéf‘?tnfi‘zlar|é“tf%in'shﬁ3:Srigﬂ"ﬁné‘é,‘?‘§ BHS’ cohf@siBeerRAcAIED 8th rl ues for

the two test tenplates previously discussed (the second test tenplate is
shown |nlrlnagerEhlsjmakem@efsyséemtemepl@%ento lse and gldcesbigwenicohstiaintshe r ow

e S e T
(zonal) pass WD 2011/ 089094PCT/ EP2011/ 050533
2. Second Embodiment - Image Orientation
15
A second embodiment of the invention will now be described. The second
embodiment of the invention takes as its basis the first embodiment described
above, and hence common features therebetween will not be described again.

20  The second embodiment relates to the image orientation performed in block 3.2
of the process of Figure 3. More particularly, as described previously in the first
embodiment such image orientation may not have been necessary, as the user
may have produced the card image by manually cropping and rotating the
image of the calibration colour sample card 24 and unknown sample prior to

25 sending it to the back-end server. In this respect, the user when taking the
image could ensure that the orientation of the card to the image plane is correct,

without any perspective, or skew.

However, for lay users it is more preferable that no pre-processing is required to
30 be performed by the user to the image, or that no special conditions must be
met in the image orientation when taking the image. Instead, the system should
be as easy for lay users to use as possible, requiring only that they are able to
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as follows. The reported dE and DE2000 val ues are for the determ ned X1,

Y1, Z1 v

al ues.

It is clear fromthe table above, that in all cases the

second zoweal20passodnproves 5 the average dE and DE2000 walr®EP01iiobesse i s
| ess scatter)

of tenpl
i nprove

te coI

Gl

Fi gure 18 summri ses the data with a decrease in the nunber

SBESbBYE RABLRIGT,CORE" RATBI CBR g 8y LM HEMINedOKD! our s

(NG to lé‘é?ndlé' WitR t%@dcélﬁb?&lcﬁ{ %Bldu'mfa?f'(;ﬂé drd 000 |@|atn@/06ﬂ£htbf?8n epfegd is not

as significant as that obtained 10by reduction of colours. Test Simlar
anal ysi s deig, ;ibefsasteml wilh bereasyaoa |4y userste unslesstdnd emnol uses gnshbecd n

Figure 1
signific

Hip ofSy

th taﬁ fII’S tenpl ate, the 2nd pass results in a
ﬁ%rlﬂﬁ/ee tﬂ?ﬁ ﬁeamerage dE and DE2000 (see table below). The

resul §s are displayed graphically in Figure 19. WO
2011/ 089094PCT/ EP2011/ 050533 Fi gure 19 denonstrates that reducing the
nunber ofln do¢ GeFand gybagi@ent, iheraiorgalin lﬂr@@r @naMM é0rsednetise dmagaedXecond

D53 oot ONbLLIGERH Yod RBERUAS dehfer hAG!optailan! Ml bPHT BRHLAG, Lo | overs

DE2000) .

weve

t he powersapnply eafd Qvfnngans/tcmentatudrheicazv@bamamoﬂd@s td lptcbd@sethé@dta imtteol our

fidelity.
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image the orientation of the calibration colour sample card 24 and the position

of the colour sample patches on the card in the image needs to be known.
Therefore, at block 3.2 card image location and orientation is performed, by

image orienting module 116.

Figure 4 shows the operation of the image orienting module 116 in more detail.
Firstly, at block 4.2 the image data 32 is received from the network interface
102 (or from colour match control module 114). In order to locate the calibration
colour sample card 24 within the image, at block 4.4 edge detection is
performed on the image, to detect high-contrast edges. In this respect, the
calibration colour sample card 24 has a thick double border 248 that can be
used to locate the card in the image 32, the border being readily susceptible to
being identified by edge detection algorithms. Once such contours in the image
have been found then at block 4.6 we look for a series of nested 4-sided,
convex contours that has the correct sequence of orientations and where each
child is a significant fraction of the size of its parent. In this respect, the thick
border appears after edge detection as two nested four sided shapes, and
hence identification of such a nested shape in the image identifies the card 24.

Having determined the position of the card 24 in the image using the above, the
image may be segmented to leave card image data 46, as shown. It is then
necessary to identify known features on the card in order to be able to perform
a perspective transform to de-skew the image. Therefore, at block 4.8 known
features of the card are identified, such as the corners of the card. Note that it is

possible to use any fiduciary marker to identify fixed points on the calibration
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Test 3 & Test 4 Test 3 and Test 4 use the standards on Tenplate 2 but
additionally have "real" sanple data in the image with which to assess the
zonal calwbnati/msmoret hod. 5 Test 3 Test 3 is a "best ca®eT/EPe@nAsiS3 USi Ng a
hi gh-end digital canera (Digi Eye) under controlled lighting conditions

(005) - The £ oS bt 358 e SbomRng 258 B S3S05H o 5 (4o 9

card in order to do the perspective transformation.

Having identified known points on the card image, at block 4.10 we use the

5 known points (e.g. the corners of the inner-most border) to do a perspective
transform to de-skew the image. De-skewed card image 50 is shown by way of
example in Figure 4. However, this de-skewed card image 50 could have any
rotational orientation, so we use a priori knowledge of the expected layout of the
card to correctly orient the card. In this respect, colour card data 112 in stored in

10  colour database 110, the colour card data 112 storing information relating to the
location of a fiduciary feature that can be recognised and used to orient the
card. For example, the barcode or trademark along one edge of the frame has
white areas next to it. It is therefore possible to look at the lightest 2 corners
and rotate the image to have these at the bottom. Hence, at block 4.12 a known

15 feature relating to the rotational orientation of the card is recognised, and the
de-skewed card image 50 is then rotated at block 4.14 such that the feature is
placed into the known rotational orientation, thus rotationally orienting the card.
As such, card image data 34 of known orientation is obtained.

20 In other embodiments it is possible to use any known feature of the card to
achieve rotational orientation. This could also be achieved by making one of
the fiduciary features different to the others. Another possibility would be to
make the layout of the samples on the card rotationally symmetric so that the
rotational orientation of the card was immaterial.

25
The overall result of the above steps is that the user does not need to intervene
to find the card in the image, and neither are any special requirements placed
on the user as to how the image should be taken, or pre-processed prior to
being sent to the back-end server. As such, a much more user-friendly system

30 is obtained, that is likely to be used more by lay users.

3. Third Embodiment - Regression Analysis Using Reduced Colour Space
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A third embodiment of the invention will now be described. The third
embodiment takes as its basis either of the first or second embodiments
previously described, and hence common features therebetween will not be

described again.

In the embodiments described so far, the regression analysis to find the
calibration coefficients has made use of as many of the samples on the card as
possible across the whole colour space. However, in the present embodiment, if
some a priori knowledge of the potential colour of the unknown sample to be

10 determined can be obtained, then the regression analysis to determine the
calibration coefficient can be performed using those known colour samples that
are close to the colour of the unknown sample. This is akin to “zooming in” to
that part of the colour space of interest i.e. that part of the colour capture
response of the user image capture device that is actually of most interest in

15 that it is that part that has been used to capture RGB values of the unknown
sample. This smaller part of the colour capture response can then be
characterised as closely as possible to try and improve accuracy.

In more detail, the normal calibration process involves 2 main steps:

20 1. Regression analysis of measured samples and their known colours
(‘standards’) to produce calibration coefficients that characterise the
device used to make the image.

2. Use of the calibration coefficients to take a known RGB colour (and
position relative to the calibration frame) and produce an XYZ colour.

25

In the present embodiment we extend this process to include a second pass:
once the first-pass XYZ colour is known, a subset of the known samples
(‘standards’) on the calibration card is then used to repeat step 1. In the
present embodiment we use the N closest standards to the calibrated colour
30 (from step 2) and take separate sets of closest colours for the gamma
correction part of the calibration (e.g. B.5.14 in Figure 5) and multi-variate
analysis part (e.g. step B.5.16 in Figure 5). Further details are shown in Figure
6.
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More particularly, at block 6.2 a first pass through the process of Figure 3 is

performed, , from blocks B.3.4 to B.3.12. That is, the calibration coefficients are

found in the manner described in the previous embodiment, using all known

colour samples on card 24. Then, the XYZ colour of the unknown colour sample
5 is determined, at block 6.4.

This information is then used to identify the N closest sample colours to the
identified XYZ colour of the unknown sample, at block 6.6. In this embodiment,
N¢ closest greyscale samples are found, and N¢ closest colour samples, where
10  Ng is typically less than Nc. Details of tests performed to determine values for
Ne and Nc¢ will be given later. The closest greyscale and colour samples are

found using a delta_E difference measure, such as delta_E(2000).

Having found the closest colours (greyscale and colour), at block 6.8 the
15 calibration is performed again, to re-determine the calibration coefficients but
this time using found closest colours only. As noted, this is akin to zooming or
focussing in on a particular zone with the colour space. In theory, any local
effects that are present in the calibration process should then be taken into
account.
20
Having re-determined the calibration coefficients, at block 6.10 the XYZ values
of the unknown sample are then recalculated using the new calibration

coefficients and the measured RGB values from the image.

25 A number of tests have been performed to evaluate the effects of this re-
calibration, and these are detailed below, with reference to Figures 18 to 21.

Test1

As an initial assessment of this zonal calibration method, the measured RGB
30 values for the two test templates previously discussed (the second test template

is shown in Figure 11 - the first template is identical, but without the row of

greyscale colours at the bottom) were used as sample RGB values. A range of

subset sizes (i.e. values for Ng and N¢) were tested in the second (zonal) pass
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Once again, the 2nd zonal pass reduces the average dE and DE2000 val ues
provi di ngvarroimmspeeeenent over the single pass arrangenerCI/EP2@ 1056588t i n
DE2000 is shown in Figure 20. Here, reducing both NG and Nc has had an

deffect o rfiows! TheTepordl dEbhd BEIRd VoLl Eh 16ithe detrmined X4, V1,

O,

\

1stp 256 (all) 6 6.04 3.78
2nd pass 150 6 4.63 3.01
2nd pass 150 3 4.48 2.85
2nd pass 100 6 4.01 2.69
2nd pass 100 3 3.87 2.56
2nd pass 50 6 3.30 2.29
2nd pass 50 3 3.30 2.24
2nd pass 25 6 2.80 1.97
2nd pass 25 3 2.85 1.96

It is clear from the table above, that in all cases the second zonal pass improves
5 the average dE and DE2000 values (there is less scatter). Figure 18
summarises the data with a decrease in the number of template colours (Nc¢)
used in the second pass resulting in significant improvements in DE2000.
Reducing the number of greyscale template colours (Ng) to use in the 2" pass
also improves DE2000 although the effect is not as significant as that obtained

10 by reduction of colours.

Test 2

Similar analysis was performed on the data from the second template (shown in

Figure 11). As with the first template, the 2" pass results in a significant
15 improvement in average dE and DE2000 (see table below). The results are

displayed graphically in Figure 19.
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2nd pass 10 WD 2011/089094PCT/ EP2011/ 050533 2nd pass1057. 033.55 The effect
i n DE2000 is shown in Figure 21. In this test, however, there are mnim to
t he DE200WOwalwmsgo9at approxi mately 50 standards. Reduci RgTiEPROINONZEES Of
greyscal e standards to use in the second pass has little effect on 5
DE2000. These tests show that reducing the nunber of colours Nc used in the
multi- variate regression has an appreci able effect on accuracy of col our
obt al ned diie BSIrMKEU 28ABPEss FEUIRRs! iHelbragl! diY IRIDEOTBO AL |

know edge of the 10 col our of the unknown sarrplg can be obtained then
restrictipigvidingt ke inRIo¥emMeRt ayer dhessinglee pasiarrangementr dinge effectsin o 250,

or nore bl 10 t.o 100 r en nore.preferabl 0, 100 r _nore

o of or aolEABIER $pdin, R Sgbre, 2, TR JEGES B Mo Bnd NG badial e
regressi @ffeetdn iIdWémg?a@é‘r@gé@%MaOE Vel bbteRier m nation. Figure 21 shows
that the npbst accurate col our determ nation 15 was obtai ned when about 50
nearest colours were used for the nmulti-variate analysis, although good
results \Afietslp4a DE 2000 |l ess than 3.0 are obtai ned where a nunber of col ours
wi thin the=Tange of about 20 colours to about 100 colours is used. In

percent agest & 113 4 lfrealigtic adse” f sopmadibousidg 84nh t ‘offathewrk A Qfigitdl ddreersunber s
of | ou ' assum n

co rs that_may be avail able on col our card 24, 20 gl f or
exanpl e, (FRBPB RRwehal mPAsmdesianadsnainralidayighl. Therasiliss™n thewd he a
prionrh k ; can be obtai ned, as noted
abové? i Eé)éche 3r8§f35‘% Bge%?tl rr@ntﬁgtfﬁ@@gr{%%lt%ai ned by

ST alel el § YANLANY RARGIN

&

1st pass 272 23 7.23 3.69
2nd pass 150 23 6.16 3.32
2nd pass 150 10 6.08 3.25
2nd pass 150 5 7.08 3.43
2nd pass 100 23 5.27 2.95
2nd pass 100 10 5.11 2.85
2nd pass 100 5 5.47 2.84
2nd pass 50 23 4.97 2.74
2nd pass 50 10 4.80 2.64
2nd pass 50 5 5.31 2.67
2nd pass 25 23 5.06 2.80
2nd pass 25 10 4.91 2.73
2nd pass 25 5 5.36 2.74
2nd pass 10 23 6.51 3.56
2nd pass 10 10 6.38 3.49
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performng a first pass processing to determ ne the colour, and then
performng 25 a second pass with the reduced nunber of colours in the

cal i br at iwo 28t18)8909owever, this is not essential, and i RCOiEPRI110K36RI NeNt S
the a priori know edge coul d be obtai ned sone other way. For exanple, in
one enbodirent it maybe possibleto make anassunptionaboyt—the nature of
the char a2NE/RasS cs 4f1d he i magi ngBdevi ce (e. 70 sune t hdto-PRe RGB cof ours
are in the sSRGB cofour 30 space). I n anot her emnbodi ment the reduced nunber
of col ours can be obtai ned by picking sanpl es that have neasured RGB val ues

cl ose to TiheeefR&R i0oDEZO0O ds hommasuFeglre 121. dnf thig best, bowedemeheret bee col our s
on the col.our car of a reduced range. r ex | e, different

Ver st one MNTTmd0 Do RE2BIPCVaIS® B FHAHEEHkaE HAUIHESa RS BF ¢ he
col our spaGhdrher §@Ystale- stBndaidd BAYE M 'the Secon@paREBHAENtEAEREABH NY
"blues". The user then selects the card having colours that are closest to
the cbdl olEZMH.wi shes to match - for exanple, the user knows that she

wi shes to match a red cushion, and hence uses the card 5 24 having

predonm nantly reds on it. In all of these cases a reduced set of col our
sanpl es tTRisetestK SRR that Psdueag théauetdervr dlobes ALt 8s6d Nethahtulised to
performthe calibration, and hence | ocal changes in the col our capture

r esponse Vafiateheegiessier hiag amappriggable effealeor aceuiacy pi colaurptieinedifen i nt o
account . r i P i o,Fing. il rsin
Sampl e At %u@kﬁggﬁb% i E@Eﬁ Ho@?hlélaf’n @{heeynggmm Iar%ﬁvy}bgH Ja\;é'!se?rg?b@dﬂ.t@he
fourtlh enblirnafnthet ake@dwissainpldasn Heaohtairfed thenfiessrictingetoahe, nexretshi rd
enbodi ments al ready descrihed, and hence_conmon el enments therebetween will

not be 13¥1 SlauSedNEaIlYe ISTRE TEpWeH 2ibdel ROt Pialerabh dRt? dR0pPesent s a
L echni queeRahorBrdieiabRes €190, 8F b8 referBoi9fad RE7OT CARS! ﬁfﬁfgﬂa%gé e 3

@raBﬁﬁ
where there is nore than one colour 1 n'the unknown col our sa
exanpl e, 4Ohe -uS@rfonehehavatipheasted regressiandca0 iPdproveracuracye ol wolalr i s

S N T e A
det en gl NgidOBplMted WHeR ABSR SO nedréd: @cﬂb@r‘érwéF@%Q? bgr fed %\ﬂﬁi-\,lta@iaté n the

first enbodi nent the option was presented of identifying a single dom nant

col our, @nahsis, githaaghngoothaeadlés wiihcle BEc308Qriesprthay 6t @ienphiaied

the sampiiere DHOE] PRt oati The TRAGE 6L080 2B edbl S ARl Tl fe
used to tgolowreds iudeat id pefstiiagd tGRVEES Ry FohhatdithdiBiNeMaredPUr
sanpl e, so that individual XYZ determ nation and matching may then be

per f or red08h @alfle NEINATaLe CRloHE A0V KEnaYALaLI® N 1F0QHs 0BT RE. a
K- oS SoUalTRiG, - Sl B 4 SRSl APoBOL BTN He R, o7 colours that

are presen neans ¢ ering i s paséd on Eucli dean
di stances between the pixel values. In RG space, the differences are not

observed as bei ng equal . Thi neans that the two pixels that are very cl ose
t oget her N SRS A% theya ﬁ%é@iknq\gleggevggr {he colouf of the sample can be Y

obtained, as noted above, in the present embodiment this is obtained by
performing a first pass processing to determine the colour, and then performing
25 a second pass with the reduced number of colours in the calibration step.
However, this is not essential, and in other embodiments the a priori knowledge
could be obtained some other way. For example, in one embodiment it may be
possible to make an assumption about the nature of the characteristics of the
imaging device (e.g. assume that the RGB colours are in the sRGB colour
30 space). In another embodiment the reduced number of colours can be obtained
by picking samples that have measured RGB values close to the RGB colour to
be measured. In a further embodiment the colours on the colour card may be of
a reduced range. For example, different versions of the colour card may be
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different colours, or very simlar colours. To overcone this, the pixels

are converted into Va*b* space, which is nore perceptually uniform so that
t he per cewoeadiidispdoer ence between pixels is relatively censiEPR@nosds83 oughout
the col our space. This process is carried out on the inage once it has been

de- 5skewed, an referably once |jghtin ariatjon across the card has
boen ol | Mot eROE hel i sP e o s our Sash (e ol 5o Boa'S fev ey, An

i terativerdCEssnbtherTBRd MRV} &1ITEEe TR SBHeh! SE36 @58 Rr@HasRIY i n the
i mage portion representing theunknown sanple and what the average “col our

is 10 i ncetmnsdhataes clpsest ta the colonashewisbes e satepl efar eremaplecttia i s
assuned that there is only one cluster of pixels in the sanple. This neans
that ¢ he WersaRESIngERTE miplRTIGmAleuped IsHIAE At tes HRES Hie o8t he

pi xel 5. DaenANey peRioviainbhtly pédo®it. thall Bf ke dalet RerddiiBeg sesof édienrs and
then the nunmber of pixels Wthin a certain distance of this average is

cal cul at 88MAles thrt AignkREWB o & Blear tarivelqus tosbestelermined raseHeted ta hen i t

nunber o e 0o g e By P AP P Hhobdks, Aink M R Bsbinta T 1 un

on the i nges davicempthatpattiofgheeploungppca ehs bertbkeh Wito @cgstiet. s. The aver age
Va*b* val ue of each cluster is calculated, and the nunber of pixels present
within a certain distance of this pixel value is counted. Two 20

cal cypati &5 r!.n?é%tq | F085kEid Moge t g G - the first
checkg thﬁg?%t e majagzryl ty o;é%’ﬁ%”p?xg é‘fWWZﬁ b?((ﬁu}srtgérggr %vithi n a set
distance (i.e. that the nean is a good representation of that cluster), and

this cluster i,s ignored if not enou ixels are within a s di_st gnce. The
second cd davef: efbparte of HhendHsaNoB Wi pers B dsshacden ne: ufite o
the mean gpfblineNakdibsChei s Wasid Wy dPanaTirdt 8B86nd N3 tAird inGishih@ntd - €. to
check that enough pixels have been” observed to have confidence that the
doni nant atreldvrgescilbedbeand ine¢onei ¢oraaion eferneryds ninebevetoeeoowill oot diekel s i s

| ower .t hap this.threshold, then the k-neans algorithmis run again but

tri e%5to%3$°&&88?ﬁ8351-xe| s into three clusters instead of twd, and the

analysis is repeated. 30 The followng algorithmis used to find clusters,
and this is shown in nore detail in Figure 8. The al gorithm has several

adj ust ablT&@epiughearabedimen ofiéhe KvenHad PresqiEat ireainye Ragiumag der WSt i on of

attomt OB OB R BolAB 4GS Siner B RTer it eab: b e

8. 2. Expé thmeohkxiovem calioul sampies dior exanpd) theVslen @sayf lodve placadjthsicald e

par ar2r8t er254 over an item which is patterned, and which, although there is a dominant
colour in the pattern, there are a number of subsidiary colours as well. In such a
case a determination has to be made of which colour should be matched to. In
the first embodiment the option was presented of identifying a single dominant
colour, either by having the user pick a colour, or by determining a dominant

25  colour using statistical measures on the pixels representing the sample. In the
fourth embodiment. however, a clustering algorithm is used to try and identify
each of several colours in the unknown colour sample, so that individual XYZ

determination and matching may then be performed on each individual colour.

30  Within the fourth embodiment a k-means clustering algorithm is used to
determine the major colours that are present in a sample image. K-means
clustering is based on Euclidean distances between the pixel values. In RGB
space, the differences are not observed as being equal. This means that the
two pixels that are very close together in RGB space may appear to be very
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5The algorithmis as follows: 1. Start with 1 cluster (i.e. all the pixels
in the sanple) (block 8.4). 2. If the nunber of clusters is greater than N
max, go twoxems%bl ock 8.6) 3. Cal cul ate the foll ow n@CIERRIIS0ESS3 f Or
each cl uster (bI ock 8.8) a. Mean pixel value (L*a*b*) (bI ock 8.10) 10b.

Nunber I Xxe th| n dE thre% of mean |er val ue } %hre.sh% %bl ock
8.12) 4. dl' ergl 9%?*@%)@%% r 6PIOHScel 5O iQYEreRIge) this HhEsRXEISafre i ng

(bl ock 8. c@ﬂ)/ertédi‘%t%aﬁ’%*bh%{)%@b%|dP1f isChidpé eﬁe?c@p(tuéu@rm.feﬁnt o $h&PtHe (bl ock
8 16) 155. Filter the clusters to include only those that have

P_t hr esh/pencatiedt defe@n;cel beiwear! pixads )is>refatplelis taans(seric kireugiogut the Wi | st
wi thin the, above we refer to col our. \éal es i,n Lab space, h@e al rlthm may
al so be FQIPHSTARGEXYZ T HGEESS B CHEY B 3 Qe JPaagianice ihhes B

20mat bemkemblxerfdelpaé@aau Igrqus@s. titfvafatibhusdrogbehehearepragtoeam of the
al gorithm graphically. gure 9(a) a cluster 92 is identified, but the

cluster fedimiratedi.gd @P@r@tQ&]@l@éiﬁbh)r@tQ%@Q'Ong from the dmageper cent age of pi xel s
are outside the dE thresh distance fromthe 25 nean of the cluster. In
figure 9(b) an attenpt is made to cluster the distribution into two

cl ust er s Arbitérative preces¥isi sednvad étdrriniel s hiarsi ensteps xed pregent i aas ed
within the radius of the cluster. In addition, the sanple as a whole fails

to pass 1HBYE MOEIIMbIePreseNtingetng i ewdsanele; dshwhabliereragd Foluk e s are
not puv% el YSdier S- ThTé“ﬁFs‘? r&tiort ﬁ?th‘q' Fﬁsﬁést%’é&‘%ﬁe £ id %%gm%eq Lp 3, and

t he clustering run 30agal n. gure 10 trates the sanme distri utlon as
i n Fi gur éhéebip, orﬂwnnwdlhstemo‘éplxels in the sample. This means that the k-means

algorithm would return a cluster containing all of the pixels. The average L*a*b*
value of the pixels in the image is taken, and then the number of pixels within a
certain distance of this average is calculated. If the number of pixels found is

15 above a threshold, then it is assumed that there is only one colour in the image,
however if the number of pixels is below the threshold, then the k-means
algorithm is run on the image, attempting to group the pixels into two clusters.
The average L*a*b* value of each cluster is calculated, and the number of
pixels present within a certain distance of this pixel value is counted. Two

20 calculations are carried out to check if this is significant - the first checks that
the majority of the pixels in that cluster are within a set distance (i.e. that the
mean is a good representation of that cluster), and this cluster is ignored if not
enough pixels are within a set distance. The second calculation is that the
number of pixels within a set distance of the mean of all valid clusters must be

25 higher than a threshold (i.e. to check that enough pixels have been observed to
have confidence that the dominant colours have been identified). If the number
of counted pixels is lower than this threshold, then the k-means algorithm is run
again but tries to group the pixels into three clusters instead of two, and the
analysis is repeated.

30
The following algorithm is used to find clusters, and this is shown in more detail
in Figure 8. The algorithm has several adjustable parameters:
Max delta-E radius (dE_thresh)
Required fraction of image (F_img)
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clusters. In part (a) of Figure 10 , the nunber of pixels within a distance
of the nmean is not high enough to pass using two clusters in the k-neans
al gori t hmvo 281/a8b@®@4anal ysis is re-run using three cl ust@Cc3/EPIN@n55BE nunber
of pixels within the fixed distance is high enough so the three colours

found in the i e,.are th n f each cluster of pixels. In this case,
cl ustersM’GW%’P”éﬂéf}%&%ﬁ’S@i dentified, that each neet the

t hr eshol dy4esf8tc2p b bBEmpe (Nafiaeys nodi fications may be made to the above
descri bed enbodi nents to provide further enbodi nents. For exanple, in each

of the sendnitiese arewet forearpadiavartisperegntationeaidhocte8 &. itheérimentationy based
on the first odinment. In the first odinent, the image is transmtted
via a teM@H}‘Eﬁ‘Eﬁﬁ?é&ﬁgB'ﬁsvai‘t?%@%‘? Qajtugag’?%%@r@%t&r%erver for processing. In
vari apt s Tofe 4l§erithini Btad ®IIb@Er t h embodi nents, however, this need not be the
case. Instead, a program nmay be nade avail able for downl ocad onto a user's

comput er or TnsHartavitel sppstridi-ehalt thespixglsdn the pample) kblork Sgtlocessi ng
ti i t hi , |
oBrcul at e the Toppainog el el arbalr WA nCAIRILE q Bled SIBBERRDI SN

optional |y 3ugyssilafathetfob@lingrstatdtichdsr, eadH tlaster édnlyck 8eg)e data having to
be sent over a network. Additionall in the above descri bed enbodi mrents we

descri be that theé iMmpEXﬁhyalvg Q—?@K’%ﬁ (b&ﬁkaﬁ-ﬁg)_ both the card 24 and the
unkngyn sanpl e. 'b"o‘fﬁﬁﬁﬁer 6@?%%%%5/&?% .tﬁr%%ﬁrgf'rﬁéaq F&e?‘i/?l%% @ThadsApnt s two

separate i mages namy be pro pacedin time. Afirst 1nmage nmay be of the
card 24 and this igbloskd.12) find the calibration coefficients for the user

i magi ng devi c A separate | e then contain the unknown s | e, the
cal Tbrat ontodePHTar aRres U ot eI N SECRR AN A MoB ISk £ he Rae
val ues of the guuyNOWLras® tife IMinibkd SEERRBEErd 1y AREFd JdPYE\%ep 2t (BISck
arrangenent is |less preferable than the above "descri bed arrangenent, as for

accuracy the I8.H0ing conditions of the first and second i nages need to

kept .substaptially,identical, . ver his hurdle i empved i f a single
i magégcont a?'ni'ﬁk}e rbt&ehay%{f??%é? i'lﬁg\gﬁ? OCWI%ih%sﬁ%aﬁﬂbavtehg—@g%m@q@b?raﬁin.
30Vari ous furtiedls PElLSiegpt IFOBRIstaMBIJERIS.2Y). way of addition, deletion, or
substitution will be apparent to the intended reader, being a person

skilled in the art, to provide further exanples, any and all of which are

I nt ended R, diahiknit th8! dbdvREwBRBRRIAGIGbE MBueS iR sdhtdth8%go AP | S ng:

may also be run using XYZ values, as the two sets of colour data are

20  mathematically related.

Figures 9 and 10 illustrate the operation of the algorithm graphically. In figure
9(a) a cluster 92 is identified, but the cluster fails the density threshold test as
too high a percentage of pixels are outside the dE_thresh distance from the
25 mean of the cluster. In figure 9(b) an attempt is made to cluster the distribution
into two clusters, but cluster 94 is invalid as insufficient pixels are located within
the radius of the cluster. In addition, the sample as a whole fails to pass the
threshold for the entire sample image, as too many pixels are not in valid
clusters. Therefore, the cluster number is increased to 3, and the clustering run
30 again.

Figure 10 illustrates the same distribution as in Figure 9(b), but with three
clusters. In part (a) of Figure 10 , the number of pixels within a distance of the
mean is not high enough to pass using two clusters in the k-means algorithm,
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receiving first image data relating to an unknown col our sanpl e,

5colorinmetry data for which is to be determ ned; recei ving second
i mage datwiorelzispoyg to a plurality of known cal i brati onPCoOEPRI119805B3 €5,
colorinmetry data for which are already known; determining a plurality

of colour calibration characteristics rel ati ol our neasurenents.of the
known calSPHP&IATAN Lo Soier UHPNG e SRES s SRERANT PGS GRAVETS Wi

cor respomg rﬁQeHWﬁ@né@'i@Qig‘ﬁ%rﬁ?@ﬁ%@ tRE thidR wbb@r@hhennwéwgg%@m& es; and

calculating colorinetry data of The unknown col our sanple in endence on
col our ndke meansfeadietiaster Of pixetshdn this case nelgstetinf 16ntH0dhendet @30 ned

col our calibrationp.c cteristics: .15t he t hod bei pg characterised in
further &8 Q'QFHB"'%CE%%&%‘M Wsef&e tbrq%cﬂgessgs apPlfeé£ences across the set
of knewn calibration colour sanples in the determnation of the plurality
of colour calibration characteristics. 2. A method according to claim1,

wher ei n tMesiosSnperigalions cwmpPrsmedadiodieenhoys lgserived smhasimentsoife or
Tor e FuneLians ARKENGAddishie oo bxiAbld AL Lo, 699hE! LS Kifypne o
g col"our e

nore functions re nmeasure of t nown calibration col our

sanpl es fgntsodimengetheycrersagt dichibbd dshseikg ®ased @notherfest ymbdedimentt. t he
calibration colour sanples and the known position of each known sanple in

the i magd? BRdEh ARG NECtIgn fedransrtitednya® ElacemmypesionDs set
of fyfet iaRRofal B%&KSEPUrRFtoPlor thOPareffd orahg s 1RSI Nt he

first and second sets o uncti ons angéécsgfq?bratlon coef?l cilents are used in
cal cul at iempdachmeatd, thoweser ythisabheeadhot be thaeloasenInstéan ra peograem. may be et hod

di t | ajm 2 in th | ysi ' .3 | cul atir
ot or meai e Eulste fer e o8 SR S SPTpLLELH RRBIS ARSI col our
sanpl e, ajifle {GYPRrisTNthd ProCRdsing BpRiatiohs diReBEE. HOHFYwWIR! RSuser

determ ne the second set of funcJIJi ons having the second set” of calibration
coef fi ci epmputengy 2EPHoneIEeICIUER2EI0aIB05H 3hae unknewhcanye &iot K t o

it 1P TPl BN P LR LB el R WP Cecona™

set of cafatdhatingno eeeddnt evens hetwork.

Additionally, in the above described embodiments we describe that the image
that is taken contains both the card 24 and the unknown sample. However, this
20 is not essential. In other embodiments two separate images may be provided
spaced in time. A first image may be of the card 24 and this is used to find the
calibration coefficients for the user imaging device. A separate image may then
contain the unknown sample, the calibration coefficients found from the first
image then applied to the RGB values of the unknown sample in the second
25 image. However, this arrangement is less preferable than the above described
arrangement, as for accuracy the lighting conditions of the first and second
images need to kept substantially identical. However, this hurdle is removed if a

single image containing both the calibration card 24 and the sample is taken.

30 Various further modifications, whether by way of addition, deletion, or
substitution will be apparent to the intended reader, being a person skilled in the
art, to provide further examples, any and all of which are intended to fall within

the appended claims.

41



55. A net hod according to claim4, wherein the nulti-variate fit

form -

a- ) ... ( .N./. 0o , -, (ily CydysPZ C7d: 7

is of the

6. A

nmet hod acwordimgoive any of clains 2 to 5 wherein the cecpars@iongFss urt her

conprises, prior to the determ nation of the first set of functions,

determ ning a pre-cursor set of functions having a pre-cursor set of
g p 2'% o g p

calibration coefficients that rel at

ured col ours of the known

calibration colour sanples fromthe second i mage data to the known
colorinmetry data of the calibration colour sanples without taking into
account gosi t ifomediod, lponkiwg:col our sanpl es, wherein the pre-cursor set of

cal 1brat on COELLLELRS, Tl TR ol IS g Bl o o0

f unct kongolorifmetfy &8t !
functions are determ ned using greyscal e sanples only

program or suiréeeivingcerfondeimasicoga

conput er

10

15

20

25

30

10

geiahfoe wateroisdb @ ddtefhidel 6, wherein the pre-cursor set of
20 8. A conputer

lalincia angletrlityof knpwn ealdratiam on a

C%Y&né%%}d%é%%gﬁ%ﬁfdteﬁefo?%fméﬁ S;E)e n%'?iéés%ﬁ&”rper formthe method of

any of clal apparatus; C

determining a plurality of colour calibration characteristics relating colour
measurements of the known calibration colour samples from the second image
data to the corresponding known colorimetry data of the calibration colour
samples; and

calculating colorimetry data of the unknown colour sample in
dependence on colour measurements thereof from the first image data and the
determined colour calibration characteristics;

the method being characterised in further comprising compensating for
brightness differences across the set of known calibration colour samples in the
determination of the plurality of colour calibration characteristics.

2. A method according to claim 1, wherein the compensating comprises
determining a first set of one or more functions having a first set of calibration
coefficients, the one or more functions relating measured colours of the known
calibration colour samples from the second image data to the known colorimetry
data of the calibration colour samples and the known position of each known
sample in the image; and analysing the determined functions to find a second
set of functions having a second set of calibration coefficients, wherein the first
and second sets of functions and calibration coefficients are used in calculating

the colorimetry data of the unknown colour sample.

3. A method according to claim 2, wherein the analysing comprises
calculating intermediate colour values for substantially each known calibration
colour sample, and then using the calculated intermediate colour values to
determine the second set of functions having the second set of calibration

coefficients.

42



at | east one processor; and at |east one nenory including conputer program
code the at |east one nenory and the conputer program code configured to,
wi t h t he WD 2bB8P099ne processor, cause the apparatus toPpemPeIIioNis33 east
the follow ng: 30receive first inmage data relating to an unknown col our
sanple, coloripmetr ata f r whi ch is.to be determ ned; , receive
second i fage. durietenapreasong P HAIFa CyRGETk iBRnCR G Pl T e

sanpl es, c%RidPr\}dT@éé )éré’%hBJeEP"to ‘ﬁhhﬁj’m -36%atd! fiteRAYeleRAME the secorfE8f B Ne a
plurality of colour calibration characteristics relating col our

measur emdunclions havinga sanonrdbebofadlibraton eneafficiantsl es from t he second i mage
5data to the correspondi ng known colorinetry data of the calibration col our
sanpl es; and calculate colorinetry data of the unknown col our sanple

i n dependgnce OmettdPHECTERMYUDRIERT 5, WhEieaPthd mam-tareaté ifit & of thegermeiat a and
the determined col our calibration characteristi cs; 10t he apparatus being

characterised by the at | ast o WDf ycands t iet onput er program code
bei ng configured to, withi t:hi aém}a by ong pi{; g5sjpr, cause the apparatus

to conpensate for brightn Es &gsLacr@s e set of known
calibration colour sanples in the determ nati on of the plurality of col our
calibration characteristics. 15 10. An apparatus according to claim9,

wher ei n e Cpen Ifcmqg) i : nor e
functi ontséqhaw ng aﬁ¢‘|5 F@?Oset ?)é %ﬂ% I'b @HEO% tgg_)é?‘?”ﬁécrireﬁl ﬁe?&?@éeﬁ%%“ nor e
funct i onsurtie¢raiconprisess wried o ltveirdetefminadok nofvthe afirsbrset | o furdtions, sanpl es
fromthe second i ma e data to the known col ori metr%/HrZO data of the

cal i BPat i[dSHTEHNHAra PEFSHESOT 568 of AeNGUPRN PG @i Te-GHrsensdl KAk alighl e in
the i mMgeyeARshREA h%%'fé@a&%hﬁléﬁ%wécd;}&%&rfsuwtﬂw@” 5@nf bﬁﬁbrﬁmgﬁcé’é]gurset of

functions having a second set 0 rati on coe |C|ents erein the
first andasgidendraettheofedamdcimags datal toaﬂhebkanmoimﬁétrylcmnasofath;a used in
cal cul ati nﬁbratlonCc(:)clJlglGri gg}nwesd%t%oaI tékr?r?g ulHt%n(a)\c/:Vcr:]ouCn l[())égltlo ar’r? tﬁe known
colour samples, wherein the pre-cursor set of calibration coefficients are used
15 as part of the first set of calibration coefficients in the determination of the first

set of one or more functions.

7. A method according to claim 6, wherein the pre-cursor set of functions
are determined using greyscale samples only.

20
8. A computer program or suite of computer programs so arranged such
that when run on a computer system it/they cause the computer system to
perform the method of any of claims 1 to 7.

25 9. An apparatus, comprising:
at least one processor; and
at least one memory including computer program code
the at least one memory and the computer program code configured to, with the
at least one processor, cause the apparatus to perform at least the following:
30 receive first image data relating to an unknown colour sample,

colorimetry data for which is to be determined;
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11. An apparatus according to claim 10, wherein the anal ysing conprises
cal cul ating internedi ate col our values for substantially each known

cal i br at iwo 20a/mm94sanpl e, and then using the cal cul at e#tCirpeoimpsisas e
col our values to determ ne the second set of functions having the second

set of calibratiagn 30coefficients %]2. An _app ra}.us ]a cordi ng. to.claim1l,
wher oi n the cAPEAVaIEONH: BrassaFat raafindro A Hiely, f Kivaceisaen
mul ti - vardopdip shiviplé® c‘éﬁérﬁﬁ&‘ryn@afd‘%r%ﬁﬁ%’rﬂgréﬁ?eéﬁ ions having a second

K
set of calibration coefficients. WO 2011/ Q89094¥PCT/ EP2011/ 050533 13. An
appar at us accdsletémyne @ eluiality 10f, calber edlibratien ehhrdcterigticat relating ¢agloaf t he

form 5 14, An a rat us accordi.ng tp any of clai 10 to 13, wherein
the compdlRaIaEeNty PhFE Wi Fady SR o Fariked Pl Therseid Godthe i rs:
set of fuyaed itonNthe d6frEEPOAUING IehdWre-colbrirfétry ekt lof ftHe Wdl iBRatiba\dongu @
pre-cursor set of calibration coefficients that relate measured col ours of

t he knowsagdlesrand on 10 col our sanples fromthe second i mage data to the

known col or i met iy, dat, ?n{m%@? oot BP@@% LN &R %ﬁ@g%\%ﬁ@ﬁ% iin{eﬁQH&eﬁ@éd nd

i nto account position O Known our sanp € pre-cursor

set of can &vletit measasdrhéntisehbredifomsied fiast ipride dhtat el the dbtesmineaf
calibration coefficients in the determnation of the first set of one or
nore funCOiWhEaligmtioncharacigristics: according to clai m 14, wherein the

pre-gyrsor  setnOf; huRGhs Y thaRAGHIBAE thS 10 e Mt REH G RPN V-
computer program code being configured to, with the at least one processor,
cause the apparatus to compensate for brightness differences across the set of
known calibration colour samples in the determination of the plurality of colour
calibration characteristics.

15
10.  An apparatus according to claim 9, wherein the compensating comprises
determining a first set of one or more functions having a first set of calibration
coefficients, the one or more functions relating measured colours of the known
calibration colour samples from the second image data to the known colorimetry

20 data of the calibration colour samples and the known position of each known
sample in the image; and analysing the determined functions to find a second
set of functions having a second set of calibration coefficients, wherein the first
and second sets of functions and calibration coefficients are used in calculating
the colorimetry data of the unknown colour sample.

25
11.  An apparatus according to claim 10, wherein the analysing comprises
calculating intermediate colour values for substantially each known calibration
colour sample, and then using the calculated intermediate colour values to
determine the second set of functions having the second set of calibration

30 coefficients.

12.  An apparatus according to claim 11, wherein the calculated intermediate
colour values are subject to a multi-variate fit to determine the second set of
functions having a second set of calibration coefficients.
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13.  An apparatus according to claim 12, wherein the multi-variate fit is of the

form:
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14. An apparatus according to any of claims 10 to 13, wherein the
compensating further comprises, prior to the determination of the first set of
functions, determining a pre-cursor set of functions having a pre-cursor set of
calibration coefficients that relate measured colours of the known calibration
colour samples from the second image data to the known colorimetry data of
the calibration colour samples without taking into account position of the known
colour samples, wherein the pre-cursor set of calibration coefficients are used
as part of the first set of calibration coefficients in the determination of the first

set of one or more functions.

15. A method according to claim 14, wherein the pre-cursor set of functions

are determined using greyscale samples only.
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