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
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related to the wavel engths present in a particular colour. 20
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



Prior Art The issue of calibrating an image capture device by rel ati ng RGB
val ues captured thereby to standard val ues such as XYZ tristimnmulus val ues,
or Cl ELABvoabues9dhas been addressed previously, in US BPCHEPI@1/0505d4

W)01125737. 25 More particularly, US 5150199 (I\/bgatroni cs, Inc.) describes
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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



mat hemati cal anal ysis described in WO01/25737 is substantially the sanme as
that described in US 5150199, although WO01/25737 introduces the concept of
a cal i br avpaniipmpadsér n of known col ours, the col ori netri eCuaraofososdhi ch it
is known. The unknown col our to be nmeasured is then inaged at the sane tine
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30 contains nore than one col our, the individual colours are determ ned
using clustering techniques, to identify the domnant colours in the
sanpl e. Iwowonewvesefst he above, a first aspect of the inveoTiErropOSNsBHdes a
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situations, such as car repair or paint shops. As such, W0O01/25737 does not
address at all problems relating to issues such as where lighting varies across
the captured image, where the image is not in the correct orientation, or where

30 the colour sample in fact contains different colours spatially mixed up across the
sample. In contrast, in a domestic situation, all of these anomalous situations

can occur.



nore preferably substantially 20 to substantially 85, or nore preferably 15
substantially 30 to substantially 70, or nore preferably substantially 40
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enbodi nents then different nunbers or ranges of N may be used. In addition
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In performing the above, in one embodiment differences in spatial brightness
25 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
second pass. In a yet further embodiment, where the colour sample in fact
30 contains more than one colour, the individual colours are determined using

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

In view of the above, a first aspect of the invention provides a method,

comprising: receiving first image data relating to an unknown colour sample,



30 are identified a perspective transformati on can be applied to the second
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of the unknown col our sapple. In addition, nore preferably the brightness
ConpensatORE FIRITRANESHIS SR Proyiie,mars doRuraieresylisnat i on of the first set

of functions, determning a pre-cursor 25 set of functions having a
pre-cursor set of calibration coefficients that relate neasured col ours of
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colour sample is more accurately characterised.
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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
set of calibration characteristics. A “second pass” of processing is then

25 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 colour sample to be characterised in further
detail, to provide more accurate results.

30
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
are known to be within a confined part of the colour space, for example, may all



val ues of pixels representing the unknown col our sanple in the first inage
to determ ne the nunber of colours in the sanple i mage, and a col our

i denti fi eslof20r/e89a98 i dentified cluster. Wth such an arpamgPaentos0s34 t he
unknown col our sarrpl e contains nore than one colour, then either the

dom nant coI denti f.i ed, nd/o t he individuyal col ours separat el
i dentifi &8 ?F?WH hh%at 'ﬁ‘IDH::IlirYfBﬂ Otrﬂé{dﬁl ?éﬁa\ﬁﬁl&s eﬁﬁ \"g? 4389 br at edy

usi ng thq’(nBWnOéHI|b?ét|drpéé16bp§ar%?%rsat%fa?bfébfefo%mlﬁﬁhﬁy heass, toff"?:I&feft%‘“fbd@f

ensuring that the clustering algorithmis operating on'the real colours in
t he col omtfwa’pyeesmomhe pamﬁtéelomgwlsg)acetdﬁme napwéngﬂﬁvwedhablp@e@e by:

i) calcul %tlncq %?3 nmean value of pixels in a cluster; ii) then determning
the nunb&f'@ %r' 1% wi thin a pr edet er mi ned t hreshol d distance of the nean
values and then iii) increasing the nunber of clusters if the determ ned

nunber of pixels is less than a predeterm ned fraction of the nunber of
pi xel s i dnthdunthersaltermatjee dae N risann gglibration galeur,arRMeIGS §Eﬁrﬂ§h@§e M this

way it b%%?#}fﬁé %'a%er"néé)ﬁdrgﬁ’%ldwvglJesechﬁﬂtthg E%H&‘u déglég %F‘e "‘“h

each iden uster to a corres on our.

or der tom@ttgmulamwth@maamtedcuolwmmm@mtr@M@ImcﬁNm samipee fran‘pﬂh@ fase 20
detected, the enbodinent may also filter clusters to repnpove those clusters

from conémaeemt%fqrr@fa%entﬂe N dmoncalioralirseRlPHr pamptas thet B?‘%%F’se Wit hin
a seggnd d&%%?h‘@{éiopéﬁ%fﬁu% i e mb)}ﬁ cbIBEr §5M trn'axt et ec? colour

clusters wth on as nunber o S are no as dom nant
or |rrportant colours in the sanple. 25 From a second aspect of t he

or ocessonMadhe cbols AN IETor  ISOBRIHY Do RUiEs: Sp AR dota e at
| east ong BBERLYIAPSO! e rﬁ@f@\éfté’érdﬂ@%ﬁ@ﬂa‘h%@/ %”tfd gubfeniidly Wb hot he at
| east one processor, cause the apparatus to perform at Ieast t’he

f ol | owi ngnore) prefesally substantlaib/géajatoasubsfantlal@/ t&p, a@rummevxprefena@m

dar ser SepRgr T S6f § BBl ot Brote, BEIHRND Rl Beafir a0 0 °

col ori fTEtsUbs%‘tléll)f 80, ¥hireRt Bfeﬂelfﬁbﬂy?éﬂ&r &foewwa; 50.11h bttﬁ@{&hﬁbd\ﬁle&]tﬂk\é@ ity of
col our calibration characteristics relating col our neasurenents of the

known califfeseat nenbers euiangamer & Mmawhe Usedsecond i mage data to the
correspondi ng known col orinetry data of the calibration col our sanples; and
iii) calculate colorinmetry data of the unknown col our sanple in dependence

on col ounn rEl@itionetoehe sabovel #odné embddiraei trhetdétengmedatoﬁaorandtry klatalef er m ned
colour 5 calibration characteristics; characterised in that the col our

cal i BPat it UKBPWE: GQPW} PREPIE MayNBR R EPALERTHE R R9IBURPEPLRTRFIBh col our
sanpl es, cypzfjrélta Wentify, 8 PdtBifg! pint LoD HHRCIBImaRAIRelBRihg HoA RN

col our sanples across ‘'t he I'e co our space. urt er aspec s an

f eat ur es naditching gairtseidur progidiedda the usebe appar ent fromthe appended
clainms. Brief Description of the Drawi ngs 15Further features and advant ages
of exanples of the invention will becone

In one embodiment, the first image data and second image data is received
25 from a remote user via a telecommunications network. In addition, the
information relating to the matching paint colour is 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.

30 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
SMS message and/or iv) data in a web page. Such communications protocols



apparent fromthe follow ng description of specific enbodi nents of the

i nvention, presented by way of exanple only, and by reference to the
acconpanywogodresmongs, wherein |i ke reference nuneral s pefr@p2e10/05i5ke parts,
and wherein: - 20 Figure 1 is a block diagramof a system according to an

enbodi ment of the inventio Fi qure i.s a draw n f a _colour caljbration
caml o cdraitais i% avSenddn met Sretetino euns remotely bogtanalia 2 3t ow
di agram Qiefs RINGEEY tB]Iskor med i n an enbodi ment of the 25invention; Figure
4 is a flow di agram and associ ated drawings illustrating an i mage

orientation process used in an enbodi nent of the invention; Figure 5is a
fl ow di agram descri.bi ng,a eolour calibration process used i.n an, enbpdi nent
of “the. | 1 GRERO0AIEND ifks B a8 Bl B0 3K sfoctd TladEffas Oeitatl o pass
process WyafeiuderOspEhariniaRiY cabtutd@elibyanhérein tHe iR daptEreddélieavigli agr am
illustrating part of a spatial brightness calibration process used in an
enbodi mefreigrakly@nyrefent a sligital cagiare; B @ SamarpRaupPRef aabilel telephaheng a
clusteri 0GeSS 4 ' ' of . t: ' i on; . Fi is a

G agr am dRraiF A8, cdPoBR TRBRIT R RadifiReh I Beadlh: 10 h o it e
of the i nysioaliuwer, atd ther gsekls fanitinowitethelbpgrationi dflsugh regiuiprgentse of t he
clustering process used in an enbodi nent of the invention; Figure 11 is a
phot ograph of an experinental colour calibration sanple tenplate used for

test §0f |anoREDRHIRIheh!" theegb@&%ﬁﬁé&%qogmet&i UhE 2haoP ﬁqggf@%rﬁhowi ng
a greyscale power fit obtained froma calibration process during a test
of an envotirmeetty afata herei XYEntri-stimulkisgualaes.1 XYW trissémgiusp alues défepower

function regression. fits for.X Y and Z based upon the power functions
shown i n KEG@E SPeCifie; JApAardiSeoLAOYEaph of a greyscale fit using a second
order pol ynom al ; Figure 17 is a graph of a greyscale fit using a
forth order polynom al 15constrained to intercept at zero; and Figures
18- 20 ar én gpreplesnteddimest cosylementsyy atalewr st icoithearmalebngi releur whay éea second

procqss| ré%té)r?nslﬁec'l,sarﬁ)oerigfgrrmngtgdn relating to the determined complementary colours
provided to the user. By providing complementary colours then colour schemes
can be more readily determined.

In one embodiment at least the second image data is oriented into a known

20 orientation to allow for recognition of the known calibration colour samples
therein. Automatic orientation of the image data allows for ease of use for the
end user, as the captured second image data need not be captured in any
specific required orientation.

25 In this embodiment the orienting preferably comprises performing edge
detection to identify the location of the set of known calibration colour samples
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

30 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

of the set of known calibration colour samples.



Description of Specific Enbodi ments 20 Vari ous exanpl es of the invention
w Il now be described with respect to the acconpanying figures. 1. First
Enbodi nerw0O-20Ragp®@sSsi on Anal ysi s Usi ng Reduced Col our Spat&EP2Hi1bs@ese 1 is
a bl ock diagramof a systemaccording to a first enbodi nent of the present

i nvention, The system has user-side el enents and Back-end. server.- si de
el eront s NIGREVES oP- G BGSHERNG oy ©T78009 182¥ dHITOPG AN 178 BB A% col our
sanpl e t ¢rOQy ARGl %@btidnggearré%atwnt h&ﬁin@@ﬁ&@amgrﬁal fner 8k of IgRvatr 30

sanples, the colorinetric data of which i s known. e server side or

back- end calileiation scaledrasamplespndbessgsoogdeimagendstaniinehsecansi ineagehdatarage
data, process the i e data, determne.the col our of .the_.unknown sanple
col our - ik marmBe dgTagn 16 sRpelrRcd oa e Bedler R i RE R e
col ous f iop@htiRNPAIaekS Sutl® thAEthes Rhown! dalibbatior” eglRUE sahtifed igrs tplggdepdi ment
of the present invention is ainmed at providing a systemwhich allows a

domest i ¢ itQs Wrawn pepition e theusegond iNaageddtpf y accurately the col our of an
unknown col our sanple. In order to performthis, the 5 user obtains a
calibration col our sanple card, for exanple by post, or by visiting a paint

retail storomenbebedinheyt Brightasss titferencebhacross ithe alet @f kpolvautalibaagdre car d
has a cut out portion into which an object_the colour of which is to be

det er ni n&'%rﬁ%@p@ﬁdﬁéﬂ.a|%@eu%@ﬁp?mfé{e@-a5m§r Allows ”?Q‘rﬂ@ég%qut%é(? be _
cal i hpaticg tdgehohﬁr @?gﬁﬂr&lé@m pti?{ﬁ)\%t&ﬁdﬁ%r%bl ®hbrd R er“e0|n§}éit{éfaﬁ?%'qﬁgl s to

be determhed In 1 cut o rtion, using readily I mage
capt ur e dighiingacrassdhe anage dhgainathis aiews fareasecHmsedoetng @uedsembi | e
phone. The image is then transmtted by the user, for exanple by enail,
mul ti medi a nessaging service (MVS) , or using a web interface, to the

back- end \ggikahisRbSdinterit Sh@BRRSEFRELING ReayE bBBFis® betdniniRk PRt st our

sanple is determ ned, and infornation passed 15 back to the user regarding
a mat chi 19§ op&ientmorg Gunctions hawdior & dirst sehfod catibriabon rcegticiinty, themiecaent ary

pai nt .col ours.so to ke i nt,.col ayr, scheme may,.al be passed
back 7o (e aafeBRp, (At ifod Bl Bhofifh A uRCARSRyr BEidatd JGubay s
nor e det &lampl&$ dfdnh BeadedoMd #Rads *1at&Nnd, theNRndWET coldimbity @athi 6 &id on

col our sar‘rPI e card 24, for exanple froma local paint retailer, or sends

of f for icelipptippsolourraneries iengdttherknewinoResitiepf eaemkaown saaple iefheon a

nurber ofbBd! VIAUeihALS BAERLRS o Therh BRENRLINOCHE bl B Bt P the

card, the ours he col our sa 0 bei ng ed across

the col odunctjorsenhavig acaddcdndasetoof callboatiors aoplfieietds.dTiae! firstsaritbsacand out
portion 244, shown in Fi(gure, 1l located in the mddle, but which in other
enbodf neFEE RAYUNEIONScARE FalRRRiAB  codicients igr Hen Heed wmicituatauie  an

obj ect t%onﬁiﬁ@twjb% 6f~°tp8|uﬁ?ﬁ ”%t'é‘{?%aﬁ@'g- is placed over the object to be

sanpl ed, so that” part of the objec sanpl ed shows through the cut out
portion 244. Further details of the calibration colour sanple card 24 w ||

ol aces. 1 NG 4P TG SrpPetiares PemRsaliiG HENEE CORSE ool our
i's to be gk eh thd dtermhSatititbf HHEArst 388 o UACTBES, 88RiMifing a pre-cursor
25 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. The pre-
cursor set of calibration coefficients are then used as part of the first set of
30 calibration coefficients in the determination of the first set of one or more

functions.

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



device such as a digital canmera, or a nobile phone provided with a canera,
so as to take an inmage of the calibration colour sanple card 24 with the
unknown cwbaorvsavpl e to be determ ned al so | ocated i n PhE/EPA®GA50586 shown
in Figure 1, a user image capture device 12 such as a digital canera may be

sed, or ser nobil e device 14, equippe ith an | nma capt yr.e device
coeh ae deiiTiive MFE BuBRe phSSlefsintfle SaBETe Haede thd,f edauk Hentiiea 1ot he” user

must t hergchapemtitied NQusBRIGVIHD dUeh Qacgrrgﬁger%@m{eﬁ the LAKndWRISolour
processing. Various different transm ssion Technol ogies my be used to

transni t samplé gagainimore dhamoneaetownthereeiteer the, daminant celobivdianmdre s of he

i i or . l,j mted d i bed. .For... le, th
| oad t he apTEetnRRYE Pbiaaledfpt SEbacitie/dIBENG 1 s o ner computer

16, the conmputer 16 being connected to the internet 22 via a | ocal network,
such as a WFi router 18. Then, the user may use the conputer 16 to send an

emai | of Wiiein thiggembodiment the iIphehtvaliesare tisst calbsai@deysingnihencolevat es to
t he back- : Al i '
notwor kNG Eh  SaratherBlce AL R the, el 8F oS I gRAEE nd upeddt aded

by the ceiguritemn i$@paratind emptrayeshl byloardintweaolguragnaste. and i nto which the
i mge data may be placed, 20 so as to be sent back to the back end server

10. An alternative route to the back end server is provided where the user

e j - : he . bjy | i known
g: grlrgr {Tgﬂ‘?ng'g,etﬁi@@eé'?@@@? Lﬁ? Ejr?%t r?]g a%?ﬁyoﬁg%cgg' Qe&thgg%ﬂlﬁﬁeeﬁdéagﬂai s or
25 accesyvawsbopagets imatdiestegnid tmenndeteasinend dpg opmiver dd gkixelp withipwt er. I n
t hi th bi | Vi [ [ d t.abl t d
the | mg@tdBetEecRELBY sy Tse SRE BSrbRare; an U1 HERSTAE B 1 nto. a
webpage, Jagdert @7t BaskRAskireHb sRi@hinedl hahbEr ¥el yixelhes U8E A I£ device

may use its cellular radio interface to send the inmage data to the back-end
30 ser verpradeterminen fsactioneqf thaalinegyeofdaxels imihetirst énage tata estating 0 as a

mul ti pedi,a nessagin ervice (NVB S e via cellular.network.?2 0 a
robi 118 g 0e B0 SaTEHE: AT By, Coreds st & (N drsdBnbng
server 1@olduts tifitRe ISAPMAEL with dh idewtiAéd CRIBEC Fel NP &S anBorrésHapidmy ded and
made known to the user (for exanple printed on the calibration colour

sanpl e cdr@vidupl ¢doMhi ch MVS nessages nay be sent.

In order to ensure that dominant or important colours in the sample are

20 detected, the embodiment may also filter clusters to remove those clusters from
consideration that do not contain a threshold number of pixels within a second
threshold distance of the mean of the cluster. Hence, colour clusters with only a
small number of pixels are not identified as dominant or important colours in the
sample.

25
From a second aspect of the invention there is also provided 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

30 perform at least the following: i) receive first image data relating to an unknown
colour sample, colorimetry data for which is to be determined, and second
image data relating to a plurality of known calibration colour samples,
colorimetry data for which are already known;: ii) determine a plurality of colour

calibration characteristics relating colour measurements of the known

10



The back-end server 10 conprises a network interface 102 connected to 5
network 22 for receiving inmage data fromusers, and transmtting col our

mat chi ng wataivdseret o, as will be descri bed. The back- emdTgPeMma05@64 f urt her
conprises a processor 104 running prograns to performthe col our

determ natj.on _and generally contrgl the operation of the back-end. server
10.  Vr KICRIDTRIRB: 596 SEPRso PP e SPCQIE TBSe HEPIRr 8BS R eSS Wi ch
dat 2 can O BhRF ATt UREY . AR LIsIRlshpidie dRkneedloagter 10

is a conputer readable nedium 108 which fornms |ong term storage 1 n which
dat a and cotasijretnys dsia Ok the qurdaowro couinpamepleoip udependeadabbe e@ldiiim 108
may be a hard disc, drive r or .15 ex |l e sol.id state storage.
Stored oM RS BRIERT dorbate i Shamaed TR Mt dRerubioneR o8l amm. i n
this §irshlisrdbtied @dragefislicyir dmarsdietsst r i mUltBe1Qbldyr Peabralesh whi ch
controls the overall operation of the system and calls other nodules to
per f orm @béraﬁtewwa@r%rﬁﬁtmweﬂeqaingeé\?/ kngwint icahrratipnp celpul eteMpleshe fi r st
enbodi ne [.S: -2 i j ' ' 2 mrands
From t he srE R, 36 Bhaf Ak ey Ll Kb o S Sa RIS D e
pr ocessoractdst the vasolé @ofsrfspagea calibration function, and in particular to
performthe necessary regression analyses so as to be able to characterise
the col our capture characteristics of the inage capture device used by the
user qoFUrE g } AL ; i i id | be
259i&gn |ateffqﬁhég%ﬁﬁgjE%@%ﬁ?ﬁﬁ%ﬁ%fﬁgﬁﬁﬁﬁﬁ@%ﬁ?ﬁﬁﬁmﬁﬂégﬁﬁﬁ?ﬁﬁé%ﬁFg&%ded,
such as tdppendegelaimsenti ng nodul e 116, or the clustering nodule 120. The
operation of these additional nodules will be described |ater, in respect
of the pertinent 30 enbodinment. Additionally provided in the back-end
server 1@rie$ DaskHplibYebr HRIMDEEARgE €adabl e storage nmedi um 110, which may al so
take the Tormof a hard disk, solid state storage or the like.In this
respect, the second conputer readable storage nmedium 110 may in fact be

ame Tnar Gl EALrSs il rbtienedes, & GdRpincep’ TEdRkF ik S giechBh tm 105,
The secorgpasMutdm sther dokoviRgi dekddtiomrepecifist erftfodimentsOwT i abase
conprising colorinmetry data relating to the 5 colour sanples on the

cal i br at iiferéignouprresanigde byamiay2 of exeaplg ady.s agfd Hycrelgaencend9 B st or ed,
| at i | ) i | | :
010 R A 8 RO A S e

i s storedvhexomh:then for each known col our sanple on the card, the known XYZ
tristimuluys values are stored, together with the |ocation co-ordjnates X,

y, of010 Riglgechiis @ bogfiadiny i f shsise @ceaiding, to an, mbesirpant flethear d.
There wi 'irllvérﬁ@)rw?fore be as many sets of co-ordinate val ues and associ ated
tristinmulus values as there are col our sanple patches on the calibration
col our sdnigure Qarisl 24drawing of a colour calibration sample card used in an

embodiment of the invention;
Figure 3 is a flow diagram of a process performed in an embodiment of the
25 invention;
Figure 4 is a flow diagram and associated drawings illustrating an image
orientation process used in an embodiment of the invention;
Figure 5 is a flow diagram describing a colour calibration process used in an
embodiment of the invention;
30 Figure 6 is a flow diagram illustrating a multiple pass process used in an
embodiment of the invention;
Figure 7 is a flow diagram illustrating part of a spatial brightness calibration

process used in an embodiment of the invention;

11



15Figure 2 illustrates the calibration colour card sanple 24 in nore

detail. In particular, the calibration colour sanple card 24 has a border
248 at arwoubarosewdge t hereof, and then has printed ther @om/EPod1I00F053aNDI €
pat ches of known col our The col our sanpl e patches are arranged such t hat

t he patches 25 aroun out er edge.of the col our sa atch region are
greygcal PHEcireds 2B @ﬁ@“rﬁh‘&g '?%n?b?'&ét{e”ﬂqﬁr&@‘rrg) r“igﬁgs %escale

col ours te‘PnthﬁHri‘n%nt Ef‘%%%r‘&\ﬂrﬁ be captured by an inage capture deV| ce such
as a digital camera with substantially equal RGB val ues. They are useful in
per f or m fggwpa? isla diaggm kesronstratingt usenof He aiusterlng prosess bisadiin an | at er
enbodi nent 0? hg gﬁ aur gﬁl e patches 242 located further in fromthe
edges of et”H%O B PLY oY RGO r sanple card 24 are col our patches, each of
whi chsi s mdure kO ®Vanbihes didataHs illestratiig sk Us therblltlé‘teﬁn%%)?@@@és usdteircol our
pat ches nmust be printed as accurately as possible to the tristinulus val ues
desi red. M eabadiMmendioj the iweaddMbr ation col our cards can be printed, and

t hen eac i f or

exanpl e, lfc spectropéHétggeqs&rgpﬁaxé%ﬁ'rﬂgFr@ 0 Bﬁﬁgglioorétoér] \éga#p?sterﬁﬁ?[%es 242
are pref Qrs@blf(yrté!sﬁidﬁﬁélﬂéﬁﬁ)oﬂﬁﬁ@rﬁntth@m/\ﬁmhencol our space. However, in other
enbodi nents to be described |ater, the col ours ma¥ be concentr at ed within a

par ti cul dig¥€et? & aigiark Shewing aegfgyscafﬁ@ow dit ohtaiged o g eRJita_IP W t h
some (§or barcode, or sone ot her
fi dué?ar tpr&é r%?d&mri%é{géyﬁﬁ%rﬁe@ H%Bht%a' &6‘?‘ the like. This is used to
identify F\r@mrela thi8 dare gIephg alidledl rjmwerrfenolxm regrassion Has forhX, Yoan@ col our
card dat | ect ed  for. use. the calibration card 24 has a

e s I
cut out @,se &Poﬁiﬁe m&%f%msl%w &1 5‘?32 However, the position of the
cut out PGElkOrt s gréph'csrrwgre@e&aream@srﬂg £38cHR bRRALRArAMMAEr e on the
card and even at the edges. i's noreover not essential that a cut out
portion Hegureclddési; algfaphl 9fresgr@cyspalehét dadingrat fosih coteumolynaseiapl e card

e ¢ §be REPRoeHinMEfER AERE R8s TLES prerorabl e, In use, as noted.

the user m@lirdsMB-20@ré atadhAdi 0Bt YUY obIARBH Sraraiaf dfbodipfertX@igree from a
paint retailer, and then places the calibration card 24 such that 15 the

cut out [FEEONGRIYGESSGrPasscisinsiiormedbe sanpl ed, for exanple, the col our of
a cushion, curtain, itemof furniture, or the like. In this respect, the
card 24 mnuld be placed on top of or against the object, the col our of

whi ch i s DaschietismopBedcifis Erhbddiatentdre col our thereof shows through the cut
out Bortion 244. Using a nobil e phone, digital camera, or the like, the
user 2Phen takes a still i mge of the 20 object to be sanpled with the
col our capigi ERdfioiel dffthel FRERORM SRAAD HedtiddRenRATesERE: RPEAET 10
usi ng the various comuni cation routes descri previously, suc

emai | , oracaempgnviel fageecess. Figure 3 shows the process perforned at the
back-end server 10 in nore detail. 25 Firstly, the inage data 32 sent by
the user is received at the network interface 102 of the back-end server
10. The baggsephRINBht iﬁegﬁes%mmﬁé/y&@ (Bing ma@eb@@o/émisﬁmfémtrol modul e
114 running on the processor 104. \Wen inage data is received, the col our
mat cBScontrol nodule 114 first, optionally, perforns 30 i nage processing to

52 1hi & Hatgef Fop P CabPfiera s et edMRererE et R "Tha:

dependi ngréserthaveérmtisn. UThieos\stgvieds Lget-SidleusiementdiaBdShaik-érsd Bekverequi r ed.
For exanple, the calibration colour sanple card 24 may cone with

i nst r uct IS elenenis. ubke user-sisle: elemenis |&ﬁﬁg@e§u@h0<’m¢éfe BReNRes of 81 of the
card witd t e y

i nstruct egk{]é %?Eﬂ" ebré ida&%ﬁg'ﬁgﬁmﬁ%atﬁ%h\mgr@ gﬂ? sol':}%?'BFat(gFH %&SW

cal i Boat isampies;, dhééborlamraeﬂmncduw tod tvettico isknawnm eﬁmtse:mer erelém'rebaw érgd sent to
i s provided with such | nstructl ons and

LEPCI EAEMVINYT TR WO

the image data, determine the colour of the unknown sample colour, match the

colour to a paint palette and then return the matched colour from the palette to
the user.
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5 to performany |location or card orientation routines. In this case,
therefore, the image received 32 will be an imge solely of the calibration
card wi t woORlelwnskesdswn sanple in a known orientation, i.@CTiEP2evilososbe a card
i mage 34 of the card and sanple. 10 Once a card i mage 34 has been obt ai ned,
the col our match control nodule 114 controls the processor 104 to |aunch
calibration nodule 118 in order to performregression analysis to

charact enp sgig h@gﬁ&i Othle ﬁﬁb@t ém%oefhﬁ’érﬁcbﬁrthétbfe%eﬁf |ﬁ\|7@1tld>‘f’le"s SiBBYSt capture
device. The regression analysis used in the present enbodi nent is

subst ant ipEoViginghe syetes whiafeslowshedigmesticonsitgmen artbes50399 td Blemtidy
W01/ 25737, and i n nore detail in Fi gure 5..lnre F gtb &Fl gure
SBFF O iRe

3, the r@&FB?&?'&&E%HS@%°§aFdJ”é<H8Y"Qc‘i°é9‘fr§@“EFH dEOTRL P o 9 n bl ock

3.4, withseebptAnss cbﬂbrtafm@nce@"d@fs@fm;ﬂé c&fd dot é)(émble:"@y péSQOWﬁbi/vartd]
colour card data 112, stored in col our dat ‘abase 110. 20The iterative

regr essi Grpainh@tailt piore where dey are avaliebledubine paldyatian fglosr spRke cal | ows:

Step 1 RRkChTHIe ot S Abh R AcHeA B EAHE dadlieofSascg f 3 2nd B

conponent s and conp nent's” using t e col our

sanpl es aetéhenedicahrss pkanedolm u§@rnthbﬁ capturedhn image 8bthé edlibaatiomct i on
of R (naned function function of G (naned function GO, Z as a

funct i on c8fous W@&W@n%thdﬁe@ged tha Wro‘cc‘ﬂh\?@ igito baygeiggminediinon t he
greysgal gndat @ dup JPicH, ”uélﬁg rE8di 'a9§|§ﬂilé’ mtgé c%ﬂ:yt%r%ldé c§ &8 d;flﬁ ggoc.ye 't

is also possible to usé nom curve el t
hi gher ormdigtad. caBhera 2r ﬁ)eczmm'meeqmmned- \nawblmﬂphbneearTheeIlmegens;hrthcfm bet ween
each of the known nen s and the thr e functions determ ned

X, .Y and
in Step iagﬁavﬁed iPYgthe 9@%{3 P'i oRY GiMadh Melimesia MesRagnd SeE™MSh i ) .
Y as a fuypm dP%PUSIRé’a Wb n%rf(a@é”@dtheLHEékLéHU Jdver whefs itas brordssen, of Ri,

Gl, Bl (nane function Z1). Step 2 in the algorithmperforns nulti-vari ant
regr essi dime 6oloyr of(tremuln@cygacolgur sh@piisedetenmineds ang irfermatiornpass

%?; agsed back%t etFr)we user Feg c>l<|ng a(mat’ch%g palgt col'our( Rin’ ag%’l’tlon )nfgrrﬁatflé R

regarding complementary paint colours so as to make up a paint colour scheme
may also be passed back to the user.

Figure 1 illustrates the elements of such a system in more detail. Starting at the
20 user end, the user obtains calibration colour sample card 24, for example from a
local paint retailer, or sends off for it by post. The calibration colour sample
card 24 has thereon a number of individual colour samples 242, spatially
distributed across the card, the colours of the colour samples 242 also being
distributed across the colour space. The calibration colour sample card 24 has
25 acutout portion 244, shown in Figure 1 located in the middle, but which in other
embodiments may be located anywhere on the card, into which, in use, an
object to be sampled is placed, or the card is placed over the object to be
sampled, so that part of the object to be sampled shows through the cut out
portion 244. Further details of the calibration colour sample card 24 will be
30 described later with respect to Figure 2.

In use, as noted the user places the calibration colour sample card 24 over the
object whose colour is to be determined. The user then uses an image capture
device such as a digital camera, or a mobile phone provided with a camera, so

13



X=a+bR +c¢c.G +dB 10Y=a+bR +c.G +dB Z=a+bR +caG
+ d.Bi where a, b, ¢ and d are constant coefficients. The three

mul ti-varwenoiwvmgession fits of X, Y and Z are denot ed PKT/EPYl114MEH3Z 1
respectively. 15Figure 5 shows the above in nore detail. In particular, the
process of Fi

| d f d bl Fi tly,
D e ook 3 1o ke By s e, CAlloeston soiphbapapi a2 avtr B wiksgyr 1Y

orientat 'c‘éfbdrssanﬁéﬂ@'ta - détbrrhﬁebmﬁb NRRSS M e wnégl@nhbfahowmméew card
used at 20block 5.4, and this is perfornmed using identifying markK 246

| ocated dn atlu@rdmaglereaptuwe devide 22. sutihaas aﬂlgm@cnagmr‘au oAy b wses,iatent i fyi ng
mark 246 is _perfor dthis i s then s.an _index to elect t he
robr opr i 4egr BRI IdRS e, T el WA Al i e 6 s UBeR et PosRex
the fkrstcapicgn. of the above noted algorithmis started, extending from

bl ocks 5.6 to 5.14. That is, at block 5.6 a process loop is started to read
data fromthe image, at known positions in the inmage. That is, at bl ock

A RLNRCAL. RATRL B Al AOHR B0SHE Y (ostiheRT G Rl Bl on card

24 has i ues neasured trom{He I'nma bl'6ck and theh the

tristi miltosheX¥dcilendaenesr T@fortuh@geqmpewag Magiotig niiffgrest trapsm(ssiory) are
| ooked up fromthe database, at step 10. This process is repeated for all

the greydeenolegigpmay bR usag (¢ Hﬁ@%m't\ﬁhﬁérﬁagwdﬁltﬁ hieckagksng ?@ereEapd 24 are
| ocaygd opt Qﬁ]ob%gi frREnRUEe Hgf wﬁ)éﬁtu&?'%é nSETRIige: t f%héﬁéﬂe@én@é@ 8y
alternatlvee I e to

ments, this ste oes not nee mied to the
gr eyscal exsamgie gbe used ma‘)eloed (]:7] caplumed iragelffesn teudidital camer 13 edta n

ddi ti | t d of th titut
bl acks 5 P er GampplE B b Sonbiteralt BB e RN ebtth bt 1ss MBS CEAME sampl e
I n the i rAgsal (AWK, S§UdHadS 2 XNEF Y Rbues 14| 'Tﬁ@ﬁ/eth*ée%eﬁ’%%} nRe fHem the

appropriate colour card data in the col our database 110, and the RGB val ues
of that @ohm!mersaﬁpwe send tare enmaigef uhe | inegecadpedn attesbmnest to Tare email

corr po Z val yes are or associated wth each other in

t he di%R%SE g?ﬁ%ﬁ) f% uq ke%g ﬁVSFioto 10 plot the neasured RGB

val ues for each known sarrpl e agai nst the known XYZ val ues of that sanple on
a graph, as shown in Figures 12, 16, and 17. Once the RGB val ues have been

(rjreasgr ed Aligrativedy, dbﬁ@%oﬂ@lfﬂ ﬁ@r\bﬁ’ﬂ Yayiaes npa/wédmtqﬁaqeorm@sh@r%de@
oty asegeaica%d%%éo 1p ege% he Qt?v r}gg %ﬁlggdéd OJ r? &?Pon of E% he

per f or me termn Les a8 a neasur &
val ues, tdmplé&ec&bweﬂorewsar bwgrarinoandfmtbhehmbabelnredgé%dwaé ey englackd, Z
val ues as a function of the neasured B values. This step is perforned using

eithéP aSpAwto g ?e@rba&kﬁeIt%@ﬁF%lIenfle@rVQrcﬂCbbt ain a function relating to X

to RR Yto Gand Zto B. Typically, a power fit wll give an equation of
the form - 20
An alternative route to the back end server is provided where the user uses a

mobile phone to capture the image. Some mobile devices, often known as
smartphones, have a WiFi functionality and can be used to send emails or
25 access web pages in the same manner as a laptop or desktop computer. In this
case the user mobile device is being used as a portable computer and the
image captured thereby may be sent by email, or as data entered into a
webpage, back to the back end server. Alternatively, the user mobile device
may use its cellular radio interface to send the image data to the back-end
30 server 10. In this case, the image data may be sent, for example as a
multimedia messaging service (MMS) message via cellular network 26 to a
mobile gateway 20, which then transmits the image data to the back end server
10. In this respect, a particular contact number may be provided and made
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= 7Bf.z. 25wherein the co-efficients ax, y z and 13x, y, z characterise the
respective relationships. Figures 12, 16, and 17 illustrate exanple curve
fits thatwbava/ise®s obtai ned for experinental test dataPp@mPosim®sdsen i nages
captured of a test calibration 30 sanple array 1102 shown in Figure 11.

Fi 11 sh f . | ches 1102 toget her with
o oy cal ETBARCRAES LEB(TOT GEATBIS M SH BMHDELalIPBR oD RS G ST g &F bur

sanpl e pas GiMich ARG nsdBRGe8 tnApBe s@Adom y  arranged standard col ours,
i ncluding six greyscale Standards. The greyscal e patches 1104 conprise 16

greyscal e colours ranging fromblack to white. In order to test the
experi,ment al of figure. 11l was usin

process, -the st _arra I | D65

Pl Ght - and "o CPRRGEC, a8 ES of G rearmBlis, 2 ek eiea s L7 cHRPtepafannon
Power shotheRierkO@S¥or X¥eeilingsirhaye ugatdatrant ruwers hangok@nsmmahghesioun t he
test array was known in advance, indexed by position of the patch in the

array. Wnaaichingsdatatthereto, aawvipdssneseibes. pl bre baskesgsseraer R0 farthahd B

val ues faqr pat c Last e u f h,tes ch, as
shown in%faﬁglfélgéargats Q@%%&a%%blwwws@){{ﬁ%ﬂ%eeﬁotFgécﬁcﬁﬁgtt ehe&foI @%s of

t he dat a deterednéitionf ahbegdnegaesohol e operhtibn obtHedbatk-eal.seMat 10i ffers
is the curve fit that has been applied. In particular, in Figure 12 a power

fit has B¥erkingEeMeny & s RAMIEEANPE HSE thy e RIPFRTRONI Itk 8ol@ Glbve.

Howeygr, tﬁgogg Idrafiy. @l so possible to use a polynom al fit other than a
powersfi tb,%ssaﬁ |6ntpr&éaig'shows a 15 second order polynomal fit, whereas

Figure 17 shows a fourth order polynomal fit, where the function is
constrained to i.ntercept at zero. As will be described ter, . .whefher a
Comer " T S oriJed i The Kl fhus 2 eaMiv e @adab Bisciu

I dent i calyhi@hfbrifeloPgaBRAMS R iRSyhith data AN BbGPns bhn BdYstoldl. USHAY a
polynom al fit over a power fit. 20 Once a curve fit has been perforned to

gi ve t he expo\pde wompditéruieadnblesmedisin 108tmay deka hand diseudriviev ar ingaye for

regression_is rfor f X Y a Z ajin t he ined,functd ons, to
obtain ceeribdi SORERRY arede Slerbat et dhyRfe R EGUNDRYY &% %
to R G z22Rg@mBer 85 cHRtr6idorofrarhep |17 tRiBaHst efnbBdingerdt3a cblous hidkl coatrdp pl ot
of known X agai nst the regresm on fits RL and X1, whereas Figure 17 shows

known Y #geduietOdHe pregdedswaighiqongrotsithereverall opatationgrfitae sysSieRbvanch pl ot

of known I r ﬁ'iﬁ) L1 This.find t
coeffici gé{l%%?@éf@f)ﬁ@%gn@%ﬁn 598%%%5‘%3\?2?99 ﬁ?‘?ﬂe g%cgm{eg. cﬁg&g@ﬁ@rl se each
of X, Y amovideddnahéuirst embodimént S anchliBratas oesitie Hdd, albiste recaives t hese
coefficients 30 have been found i.e. the coefficients fromboth step 1 and

step28 oCOnHel &PRRrANdSHTTaBLNE CelRby rasteh <Gastol Maegile rHidr aafarAroRIRIPact er i se
the col 0ihgGRIHNS HUGIdeaBs 104180 1dR@LOETRECCARYARR HPRflohYaridify user

Usi ng these coefficients 1t Is then possible to the co t he
unknown sanmudan o pedormebe, nécassary sedREBsival aralyseReo ahitodet able ture 3,
therefore, at block 3. t he above-noted.caljbration process iLs perfornmed
and thi s ChaFLREEeoIgy Q?aﬂtﬁ"ﬁr%ﬁqrﬁﬁt_e@%*é?sr?‘Jctft")'&{’t’”é% Aoliie i Tt be
used for pyUREEMERNt FGahdUdetdrs OF Bhd dbkRitionSof calibration module 118 will be

25 given later.

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

orienting module 116, or the clustering module 120. The operation of these

additional modules will be described later, in respect of the pertinent
30 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
storage or the like. In this respect, the second computer readable storage

15



Firstly, however, it is necessary to determ ne whether there is any

dom nant colour in the known col our sanple, and this is perforned at bl ock
3. 6. For weanmmlms909IRGEB pi xel val ues representing the unkRomEPs@TpPs@3€oul d be
exani ned to determ ne whether there is a dom nant RGB val ue Al ternatively,

if 10 there,is dom n ere i s being used
then at | Ghestinsl i A, GaRCHES T Sate A0TSR b8 41 BEYBR 8 at od.
At bl ock cXahié g Bhﬁiﬂ%ﬁ 6PltRe I sdrfie tRAA Bk H{ai‘té‘t%stlltuﬂeé‘ ﬁr%E Rlonfithedi ment
we wi |l describe a clustering process which is able to rdentify nultiple
col ours |raadartéemtmragmrrwmme1&81d The seoord campiter stbrage soedifior 1é8ch of
them 15 At block 3.12, he ed colour.is calibrat n h

cal | br at TOEVEET P S AIOE S4RESe BniillsneabPrnid e HaMle e e
equat 50n%of&#%n%le@bﬂCthe3ca4|1be5tldhgch6@r sahpler @drdory ceeléitiserd 6f Sfch This
process gives the XYZ tristinulus value of the picked colour. 20 Having
f ound th@aie/mayabené@rgﬂ %@lﬂm%éﬁﬁr%ﬁlﬁubrﬁ@ﬁm@l{r&amﬂé Qﬁréﬂié’& tBahi nant

I I

maton coRtiPEniHER Tk o jedlch bABRudr oHRNF sehla Rty 2 ol B4R °

avai | abl @a&ﬂ)hs)strorw,laid ﬂwerﬁfor@a@hmﬁmﬂrﬁcolbm shimplg ea[ketcardothewnawal ett e
data 45 i.s available 25 to the colour natch control nodule 114 and is

stored i R\thEISERIWYS Valieasae 8107, togeiaryyth e Iaealiaseo-ealiBatesixs Ypet f or ned
by ugpng¢ f RASUE GRITREY Iopd Z u hat has
beensﬂo)let eﬁemcérelicla to egfh%gﬁg’ur In rﬁsé'”gd; Sette u5|oﬁ tﬁﬁ%aﬁ(ff\zﬁ%@cg’ Ereasure
t he col odihensifarke beeassmmn}esetsjloffcmrmdmtbaraiqes:tm@easscﬁmtedalrlsunmﬂlm ent

di fference neasures can be use nts the invention it
s, br et onabies fiese Siheo BrESBaPIS R En 00 (B8 CaltyBEan dofr SRR ESEL o nal
ClE Del t@4E (1976) colour difference measure may be used, or in another
enbodi nent the CIE Delta E (2000) neasure. In a further enbodi ment, Delta E
(2000) nay be used but with different weighting factors. The col our

pai ntScor e p st i ot Capyl saf Sprie AL M ridiecal? BE) oor of

the test pyetidlig-, tH&icaliDRitioh oMb @Usarhpleocdrat 29 nad % b&rdé?mépét)kéhd:ﬁﬂelbaCk S
to the user via the network interface 102 over the network 22. For exanple,

where t heedl§e‘iheﬁ%@f endn®ent hagl printed majeon colow $rBRIccpaiches irknoyvy MVB

using a Y rt
nmessage serV| cedﬁg\é@wF E%N@?%E%gég %B’é’ égﬁﬁg%ﬁgéug&tﬂépgﬁégﬁcﬁeﬁlf%&ﬁm| on
back to taheunts dre wwrleelgde)ﬂtlcecol@ulreen&ﬂé patoh regieT erd greyssale gasheent an
emai L 10 to the back-end server the network interface 102 %for nmul at e

an erfli | i€ntheprangg fram ﬁl@%aihmugfb%mus AreysRale 6pOURsh i whieweh S'rﬁ erface
IS used, RoWRPPE F[ﬁ%d §ﬁnrtnafg r‘éS@é\uéf%ugl‘m S a?‘)dléj%llz Hﬁ?
Bt ina

browser, giving t chi ng paFn our I nformation I'n sone
enbodi rrersubstaamtlaﬂw eaqua nRGH vaiuasldl tTth taJer esatuhi nmg ptelnbrmmgwtspaﬂbbur

information 42, at bl ack 3.1 rver 0 acts to find a
col our s ONGRENESE HOMESHON A2 %becﬁﬁ & ' rpeo{pm rEur 42. For exanpl e,

there are several nethodol ogies for determ ni ng col our schenes that
conpl enent each other. For exanple, a colour that is 120 away froma first
20 c@bourThen coleer GENPR Palahes wAZelochtedoffyrderc tndiatertbe edgee of the

ol bur onefthiatBRyCibor SRR chl4, B PoBYE dtfes. cero oD ARGt Bt o .
Ther ef or &no@h Bls@iftulds EBlous Ugdiug.onpl ﬁf@mé%ectCMG)dblo@etpﬁtmés RELst shni ques
are used, to determ ne colour schene information 44, which is also returned

to the ufsihtedss aRevrately @s nossiieta thestisimbbis valwes d%'[@%rAW‘J]‘aﬂ&ﬂé,
di i tal RROAGARAN UG B TR A oRRRRE A Blef SH baHn BB Gred®o N

obj ect, the coplsour
30 as to determine its XYZ values, using, for example, a spectrophotometer. The

colours of the colour sample patches 242 are preferably distributed across the
whole colour space. However, in other embodiments to be described later, the
colours may be concentrated within a particular area of the colour space.
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determ ned. The photograph is taken by placing the calibration col our
sanple card 24 over, next to, or near the object, such that both the

cal i br at iwo 200/29530 sanple card 24, and the object ar@eCtapeunasosdh the

i mge. The user then sends the image via a tel ecommunications network from

his hone_to th ck-end ser In this r ect.,. cont etails such as
o ool T a0 20 RS Braed it shshe S a8 daeTying A AA G UER TR hack
of the cag ?béFdd@)‘é %?Ls@er SRBPLBUSAF m%‘f’k sli® 4295 loripneh ﬁ§ﬁ1\§e%¥‘ﬁa90f8ﬁe' ves
the i mage, processes the image as 2011/ 089095 CT/ EP2011/ 050534

descri bedhe tkeleilbimisrusedre iaentifglwhich card isfoaing used dytthe aiske siehghat ned,
and t hen mat ches tt?f’gat colo r to lette to determ ne a matching

pai nt colt%%Fo'erC O%rb(fae(gt atz? ﬁ?%?’ﬁﬁ%l%he$gﬂaqstﬂ ng the matching paint col our

is then returned in a reply to the user, over t he tel econmuni cati ons

network. The reply may be, 5 for exarrple y email, SM5, MVS, or by
t ransmi ttﬁll’ﬁ@Yar’ih%p?@ﬂlb@*Dat@arﬂe%é‘@é iﬁcFrUt(ﬂLngﬂ}On P44, esasHowehin e user' s

ComPuer! B RHbGeRER e pHlidnitdfe 20 BLLARSRIRE o Iifori, Bh i¥arf 13°]

to eaS|Iy ITB aln UI‘S I'S grea ance | 'S Nno

| onger néeeksated énywhét@ usethetcar@birm evemlat ithvd: @dgetss mfus endrevvesaopl e
cards fromhis local paint store, and then attenpt to 10 match col ours

usi ng hi @Séﬁﬂt'%éfﬁ%te%ﬁpb‘wt RsEPR B8, 'ngu%@HnﬁB'ﬁéeﬁE%r Hieccalibrating ¢RIAYE i cal | y
rigongus oof Al a@?&'&oﬁ%%%ﬁﬁ@é%’ld&ﬁi nexX? G aH éan’or%%nﬁ)q’@%@kbl%r gfiui pment

is required'to capture the | e user use I'mage capturing

equi pnentwHittats ﬂod)e/\deﬂedntnqni a&holygh)vms islBbs pozfdeablé.o assess the results
fromthe above noted process, neasured RGB data for two tenpl ate standards
(a second tenplate standard is shown in Figure 11, described previously; a

first templ et & ABRAN thé UsePBLARS, th@%al“ﬁ?étf&hu&olb[]? sgﬁﬁifé%%lr@ Ratgnes 1104

at the bottom was al so used as sanple input data. This RGB I nput data was
used to @slamﬂl%m‘r@rrcalpammtarteé@llexvawd/me;reslaaesrh@etcabbrmomam)aé slebcdthabed

abov a dXYZ our det er m ne c red nunerically
POt RE eifenalobl BaRRnds y 8RS Gt Relified of kOEPIC AR BIT | e
regr essi @Usﬁiohscunahhﬁemkﬁ%trﬁt@?@ draheliRes Ilﬁtthm%%peéﬂ/\ﬂwéé%dm dolRASUr es
of percept ual di fference ClE dE, and ClIE DE2000 were used. 25 The table

bel ow di 98 Rigsed w8 @Pﬁfﬁ@gﬁ‘sﬁﬁhe Sbirst Dheowiowr0fuekICH S 4 Redsarapledach of

the met hads, dRSEHPEHIRP M eof WRoRRIHARIPIEPET BRRBIHASS524 (PIHEa

function
mobile phone, digital camera, or the like, the user then takes a still image of the

20 object to be sampled with the colour capture card in the image, and sends it to
the back end server 10, using the various communication routes described
previously, such as MMS, email, or using web access.

Figure 3 shows the process performed at the back-end server 10 in more detail.
25
Firstly, the image data 32 sent by the user is received at the network interface
102 of the back-end server 10. The back-end server 10 is controlled by the
colour match control module 114 running on the processor 104. When image
data is received, the colour match control module 114 first, optionally, performs
30 image processing to locate and orient the calibration colour sample card 24
within the image 32. This is performed at block 3.2, and is optional because it
maybe that, depending on the instructions given to the user, this step is not
required. For example, the calibration colour sample card 24 may come with
instructions to the user to capture an image such that the position of the card
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X1, Y1, Z1 4.64 2.83 2ndorder polynomal Xi, Yi, Zi 4.31 2.68 4thorder
polynomal Xi, Yi, Zi 4.80 2.83 The data in the above table indicates that
repl acenewo 20fv/ash@®spower curve fit to the greyscal e dat @CwiEPho1pososaon al
fits has little effect on the resulting X1, Y1, Z1 values with little or no

effect on average DE2000. Therefore replacenment of the.5 power curve fit to
the gr ey QUEIE RRITAGE [STGHEEA- oln FIQIEOR DR ST TR BS IYRIAPLImEoD
| Mprovenghg ir‘hﬁgé h&ichathiaP it ird8ge 16 SN bge RERISYEEEN ABFd SUAl kol he

greyscale curve fit is taken ihto account in the nulti-variant regression
process iratagoapl orientation tkefate bfis shet icethel back-end satvedi 0 eHdhe eiseeds ur es
are designed such that the mnimumnoticeable difference to a human

obser ver HpUFaY e g ualiscyne atnsRa oty IndfL A e ulppd nd Wit 1
woul dsr esylderfoPmrehyniothtGabl eafli bfientanse romirfed. oM thifossd) ahéretdreathd f t he
colours are not placed side by side. In the present case, the described
col our démMageiiegeived Browdsbevdirrimagedsealyt pe thergsaligration card with the

unknown sample in a known orientation, i.e. it will be a card image 34 of the

card and sample.

10  Once a card image 34 has been obtained, the colour match control module 114
controls the processor 104 to launch calibration module 118 in order to perform
regression analysis to characterise the colour capture characteristics of the
user's image capture device. The regression analysis used in the present
embodiment is substantially the same as described previously in US 5150199

15 and WO01/25737, 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.

20  The iterative regression algorithm involves two individual processing steps as
follows:
Step 1 :Determine 3 relationships between each of the measured R, G and B
components and the known X, Y and Z components using the greyscale colour
samples on the calibration colour sample card 24, i.e.
25 e X as a function of R (named function Ry).
e Y as a function of G (named function Gy).
e Z as a function of B (named function By).
A power curve fit may be used on the greyscale data to obtain the relationships
R1, G1, By in Step 1 above. It is also possible to use polynomial curve fits, of
30 either 2™, 4™ or higher orders.
Step 2: Determine multi-variant linear relationships between each of the known
X, Y and Z components and the three functions determined in Step 1 above, i.e.

e X as a function of Ry, G4, B1 (named function X1).
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15 with the additional greyscale values used in the iterative regression
(test 2, using the tenplate shown in Figure 11) results in cal cul ated XYZ
val ues hawpnglizospwan dE2000 of | ess than 3 fromthe act rall/ERYA10&58€s | n
every test case. As described so far, the regression analysis to find the
calibration cqefficients 20 _has nade use of as pmany of the sanples on the

card as posSi bl 8 3dHBston AeRutier £1dBARGH WS Yhowever, in the present
enbodi nent, _i f | Od 0 f tvential col our of the
unknown sanpl eZ?%ggléﬁ%}g{de&rﬁhe@d“‘gégﬂg@eggyggﬁ)er&ﬁot hen the regression

anal ysi s Step @einethi aigotithen patfolmsiuiti-vadehf regresgion af Xper padfdageidstsi ng

t hose known col our s | es that, are close to tge.25 col our of the unknown
sanpl e. ThY §OWET GKIVE R”z@érﬁnﬁ’ggi Abtained iR ReBp - of the col our space of
interest y» -gRftlatgpart of the col our capture response of the user inage
capture device that 'is actually of nost interest in that it is that part

t hat has YoedRu&adBt)o capture RE val ues of the unknown sanple. This

smal | er Zﬁt oh}t%ej col our capture response can then be characterised as
closely &as™ po¥sri®”to try and i nprove accuracy. In nore detail, the nornal
cal i bratigpn process involves 2 main steps: 51. Regression anal ysis of
nmeasured sanples and their known colours ('standards') to produce

cal i br at YR acbéfRRi ticdat $ &Bat characterise the device used to nake the

i mag 2. e of 5t alipration coefficients to take a known RGB col our
(and?Bosm %nJr?)e%a?i%v% Eréﬁ?he calibration frane) and produce an XYZ col our.
10 In theg preselR, eledreBt we extend this process to include a second

pass: once the first-pass XYZ colour_is known, a subset of the known
sanpl es (Wf’sqrﬁr?d&r,ésa @are ganstant seefficispts dhe theee M"M@@@“trégf’%sé&”t step

1. In thqi&@&eﬁeﬂanﬁg@gﬁ HEr%teWH%? a@??&g&é‘g&%q standards to the

cal i brated col ou romstep sepayr'at e sets of closest
colours for the gamm correction part of the calibration (e.g. B.5.14 in

Figure 5)_.and ti-variate anal ysi art (e.g. st B.5.16 in Fi e 5).
Furt NSy e & Shpws b aors RSB 20nbRe i Faubitess ofFigirick 6.2 a
first pasgd g?%otrﬁ%dpé gerR 3 inFFigHFee?.?’ is performed” from blocks B.3.4

to B.3.12. T iIs, the calibration coefficients are found in the manner
described in the previous enbodi nent, using all known col our sanples on

card 24. Then, the XYZ colour of the unkn ol our sanple is_determ ned,
bl ock Y. kB 5 i HiscPoned o ifon OAGe 4O & GRRNT 197 Ml 0B bs ost
sanpl e cQrieHtdtionOistrageivegntit fd B@nYeeesehBito Rlentifiethenkdlouncadniée&y apt bl ock
6.6. In this enbodi nent, NG cl osest greyscal e sanples are found, and Nc

cl os@ft dRekup.Sanpd dBis isheedommd Jsiypiidentifyingeark 746 lecatRad #n heof tests

per f ormed,_t. er.m val f.or . i . g] | at,er .. The

cl osest g?@§?g§be°§?#3%c40| oﬂﬁgge{gplrgggghr'@&g é/ the 'hgn%'r%l hidic 248" is
performed, and this mark is then used as an index to select the appropriate set

of colour card data from colour card database 110.

25 Next, the first step of the above-noted algorithm is started, extending from
blocks 5.6 to 5.14. That is, at block 5.6 a process loop is started to read data
from the image, at known positions in the image. That is, at block 5.6, each
greyscale sample at known position (x, y) on the calibration card 24 has its RGB
values measured from the image at block 5.8, and then the tristimulus XYZ

30 values for that sample at the same position (x, y) are looked up from the
database, at step 5.10. This process is repeated for all the greyscale samples
on the image, which, with the calibration card 24 are located on the outer edge

of the colour samples, as samples 250. In alternative embodiments, this step
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found using a delta_E difference neasure, such as delta_E(2000). Having
found the cl osest colours (greyscale and colour), at block 6.8 the

cal i br at iwo 2081/g820950r ned again, to re-determ ne the cal PoT&P2@N/ 050534
coefficients but WD 2011/ 089095PCT/ EP2011/ 050534 this tinme usi ng f ound

cl osest colours o As note this is akjn t oom or focus n in on

S ool o eeR e i Be DGR e gtesile shaBISs, It e QU STt s ¢ hat

are pres%‘é?ndlé's E&ﬂdca?éd BE &f5k8"h Bﬁeﬁl%ﬁsoﬁjé@ﬁh%ltbﬂ%hv%e t aken |nto account S
Havi ng re-determned the calibration coefficients, at block 6.10 the XYZ

val ues of the unknown sanple are then recal cul at ed usi ng the new
lents and the om.the.im 10 A

lib t f | f .
b o B b8 418 iR8ng ePn R0 HidRsh B0 1 2 hRMRIT TR | 2

cal i bpat 'kﬂBwnacEtﬂo@lH“@ﬁ?reﬁyfs@aldeéaﬁthﬂ)lédnHﬁé(PrWagéﬂ frie frisfiRIUARCRY O dhi &8 WaIp 18 to
21. Test 1 an inifial assessnent of this zonal calibration nmethod, the

measur ed "REB bsenaofat@quoﬁrqrmmethtew@ppmrlaﬁ%n@plgwre@m edatau#l yheli selggsed (t he

second t | .
i dent i cal%%ttaogfsré\?\j ﬁga&mtdstp %e r ow o ég%bgga%gurc%%ﬁréséﬁh% E‘@@i%%vﬁl()@emr e

used as $repl endFreadl UeThe Acdreeeonalings URGE! iz @6YZ i velueyakresstbrsd NG and
NO were tested in the second (zonal) pass as follows. The reported dE and

DE2000 vasgesiaiacewigreaaheotier & theaiernary 44e. Jo7 eXpRIRIes T is @pssible to
2011/, §890RRRGL/ FEZ2Q L4 RER3IMIgE iR asthHthovrPsdMple against the known XYZ

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

15  algorithm is performed, to determine the X values as a measured function of the
R values, 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
i
¥. = {Z'{U’E :
- &
Zo=n RS

25 wherein the co-efficients a, 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
30 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
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2.24 2nd pass 25 6 2.80 1.97 2nd pass 25 3 2.85 1.96 It is clear fromthe
tabl e above, that in all cases the second zonal pass inproves the average

dE and DBROCQO1vmbases (there is less scatter). Figure 18Psumparii®ses3t he data
with a decrease in the nunber of tenplate colours (Nc) 5 used in the second

| t i i f t t DE th b
PR e oo daianteenr R PSR Ry ey S P SO HSs o 58 SRV Salyae
DE2000 aljafies ’Fdl&c%&g% 16%;r@%ca?§c§lb9f§ Fa‘n@ﬁffgt fréf B15ak t&%ﬁ‘é ned by

reducti on of col ours. Test Simlar analysi's was perforned on the data
fromthe second tenpl ate (shomn in Figure 11). As with the first tenplate,
the 2nd RaSSy L

(see 1 abiaor anesine et e pbliopma) BT Frdnar daliS 1 T ufle. 15
sk’ ?.5 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

10  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

15 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.

20
Once a curve fit has been performed to give the above-noted functions, next, at
block 5.16, multivariate regression is performed of X, Y and Z against the
obtained functions, to obtain coefficients relating to X to R, G, and B, Y to R, G,
and B, and Z to R, G, and B, as noted in step 2 above. Figure 13 illustrates a

25 plot of known X against the regression fits R1 and X1, whereas Figure 17
shows known Y against the regression fits G1 and Y1, and Figure 15 shows a
plot of known Z against the regression fits B1 and Z1. This finds constant
coefficients (a, b, c and d in step 2 above) that help to characterise each of X, Y
and Z as a function of R, G and B, as described above. Once these coefficients

30 have been found i.e. the coefficients from both step 1 and step 2 of 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.
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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.

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

10  there is no dominant RGB value, where a web interface is being used then at
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.

15
At block 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.

20

Having found the XYZ values of the unknown colour sample (or the picked
dominant value in the colour sample, if there is more than one colour) the colour
match control module 114 then acts to find the nearest colour in an available
colour palette, at block 3.14. In this respect, colour palette data 45 is available

25 to the colour match control module 114 and is stored in the colour database
110. Finding the nearest colour is performed by using a colour difference
measure, and comparing the XYZ colour that has been determined to each
colour in the palette using the difference measure, the colour with the smallest
difference being chosen. Several different difference measures can be used,

30 but in embodiments of the invention it is preferable to use the CIE Delta E
measures. In particular, the original CIE Delta E (1976) colour difference
measure may be used, or in another embodiment the CIE Delta E (2000)
measure. In a further embodiment, Delta E (2000) may be used but with
different weighting factors.
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25 23 1.95 1.23 2nd pass 25 10 1.92 1.20 2nd pass 25 5 1.93 1.20 Figure 19
denonstrates that reducing the nunber of colours (Nc) used in the

cal i br at iwo 2datmo®abset for the second pass significant PETiEPRO10WEES3E he
fidelity of the determ ned XYZ (i.e. |owers DE2000). However, reducing the
nunber of 5greyscale sanples (NG to use in the power curve fitting step in
the 2nd pass has little effect on colour fidelity.

The colour matching process at block 3.14 returns a matching paint colour
being the paint colour in the palette that is closest to the determined XYZ
colour of the test sample. This paint colour information 42 is then provided back
5 to the user via the network interface 102 over the network 22. For example,
where the user has transmitted 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
10  to the back-end server 10, the network interface 102 may formulate an email in
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.

15  Finally, in some embodiments of the invention in addition to returning the paint
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

20  colour on the CIELAB colour wheel is often considered to be a complementary
colour. In addition, a colour that is 180° away from a first colour on the CIELAB
colour wheel is also considered to be complementary. Therefore, at block 3.16,
such complementary colour determining techniques are used, to determine
colour scheme information 44, which is also returned to the user.

25
Therefore, in the first embodiment, a user may take a digital photograph using
his mobile phone or his digital camera, of an object, the colour of which is to be
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

30 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
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tHe® midches 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
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
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
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
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
compared numerically to the known XYZ values to provide a measure of the
effectiveness of the regression fits in the algorithm. For this purpose, two
standard measures of perceptual difference, CIE dE, and CIE DE2000 were

5
enhanced.
10
15
20
used.
25

The table below displays the average dE and also DE2000 values obtained for
each of the methods described above.

Test 1 Template 1 PowerShot 830 camera under natural dayllght

Power function X1, Y1, Z4 6.04 3.78

Test 2, Template 2 (extra NCS greys); DigiEye camera under D65/10° light
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6.12 3.45 2nd pass 150 10 5.73 3.22 WO 2011/ 089095PCT/ EP2011/ 050534 2nd
pass 150 5 5.30 2.93 2nd pass 100 23 5.36 3.14 2nd pass
WO 2011/089095 PCT/EP2011/050534

Power function X1, Y1, Z4 4.64 2.83
2" order | X4, Y1, Z
polynomial 4.31 2.68
4" order | X1, Y1, Z
polynomial 4.80 2.83

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

5 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.

10 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

15  with the additional greyscale values used in the iterative regression (test 2,
using the template shown in Figure 11) results in calculated XYZ values having
a mean dE2000 of less than 3 from the actual XYZ values in every test case.

As described so far, the regression analysis to find the calibration coefficients
20 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 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
25  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 that it is that part that
has been used to capture RGB values of the unknown sample. This smaller part
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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:

5 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.

10

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
15 (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.

20  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
is determined, at block 6.4.

25
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
Ng is typically less than Nc. Details of tests performed to determine values for

30 Ng 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
calibration is performed again, to re-determine the calibration coefficients but

26



50 5 3.84 2.28 2nd pass 25 23 3.59 2.33 2nd pass 25 10 3.64 2.30 2nd pass
25 5 3.31 2.06 2nd pass
WO 2011/089095 PCT/EP2011/050534

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
ccount.
5
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.

10 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
15  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

as follows. The reported dE and DE2000 values are for the determined Xj, Y,

20 Z,4 values.

1st pass 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
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over the single pass arran
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2nd p 150 5 5.30 2.93

2nd p 100 23 5.36 3.14

2nd p 100 10 5.08 2.96

2nd p 100 5 4.59 2.62

2nd p 50 23 4.41 2.67

2nd p 50 10 4.36 2.59

2nd p 50 5 3.84 2.28

2nd p 25 23 3.59 2.33

2nd p 25 10 3.64 2.30

2nd p 25 5 3.31 2.06

2nd p 10 23 3.30 2.07

2nd p 10 10 3.45 2.09

2nd p 10 5 3.39 2.03
Once again, the 2" zonal pass reduces the average dE and DE2000 values

gement. The effect in

DE2000 is shown in Figure 20. Here, reducing both Ng and N¢ has had an

Test 4
Test 4

5 effect on lowering average delta_E values obtained.

is a “realistic case” scenario using an “off-the-shelf’ digital camera

(Canon PowerShot S30) under good natural daylight. The results from the 10

test samples are presented in the following table.




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

WO 2011/089095 PCT/EP2011/050534
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
2nd pass 10 5 7.03 3.55

The effect in DE2000 is shown in Figure 21. In this test, however, there are

minima to the DE2000 values at approximately 50 standards. Reducing the

number of greyscale standards to use in the second pass has little effect on
5 DE2000.

These tests show that reducing the number of colours N¢ used in the multi-
variate regression has an appreciable effect on accuracy of colour obtained for
the unknown sample. In particular, provided some a priori knowledge of the
10  colour of the unknown sample can be obtained then restricting to the nearest
Nc colours, where N¢ is in a range of 5 to 250, or more preferably 10 to 100, or
even more preferably 20 to 100, or more preferably 30 to 70, or most preferably
40 - 60 for the multi-variate regression can improve accuracy of colour
determination. Figure 21 shows that the most accurate colour determination
15 was obtained when about 50 nearest colours were used for the multi-variate
analysis, although good results with a DE 2000 less than 3.0 are obtained
where a number of colours within the range of about 20 colours to about 100
colours is used. In percentage terms this equates from around 8% to around
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40% of the numbers of colours that may be available on colour card 24,
assuming, for example, there are around 250 colours on the card.

In terms of how the a priori knowledge of the colour of the sample can be
5 obtained, as noted above, in the present embodiment this is obtained by
performing a first pass processing to determine the colour, and then performing
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
10  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
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
15 a reduced range. For example, different versions of the colour card may be
produced each having a subset of the colour space thereon i.e. a card having
“reds”, or another card having “blues”. The user then selects the card having
colours that are closest to the colour she wishes to match - for example, the
user knows that she wishes to match a red cushion, and hence uses the card
20 24 having predominantly reds on it. In all of these cases a reduced set of colour
samples that are known to be near the colour to be determined are used to
perform the calibration, and hence local changes in the colour capture response

of the device in that part of the colour space can be taken into account.

25 2. Second Embodiment - Image Orientation

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.
30

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
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3.55 The effect in DE2000 is shown in Figure 21. In this test, however,
there are mnina to the DE2000 val ues at approxi mately 50 standards.
Reduci ng wbeonunsp@s of greyscal e standards to use in theCsaEpond/opEss has
little effect on 5 DE2000. These tests show that reduci ng the nunber of

colours N se nt mul t ari at si on S appr eci abl e effect
on a6cur FOPUBTONBECHH RERIGN FRGUT SETIENE Gk S AT B SETBRIE PEST i

provi ded s2aaR It R P! bgéﬁ%édélﬁv&f Ihhtﬁlslpes(iﬂe'cﬁ?ufheoﬁsérhﬁ/h%ﬂkﬂé‘km W' € can
be obtained then restricting to the nearest Nc colours, where NC is in a

range of irhage cRBE ensuredinat the efrientdilon afdhe candm, therimagerplane is @oreéair abl y 20
to 100, or, nore referaﬁv% 30.to 70, or nost preferably 40 - 60 for the

mul ti -vaP’Y'g}oé’t PRYPEEREGH VN %‘?‘?ﬁ"r ove accuracy of col our determ 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 anal ysis,
al t hough Hpeeyvere® |Ia>suw§nt ig nopreweterpblestheha@ Pee-pregassyist iairaadirath

nurber Ot BbMI At 1h8 148 §3A85BheRBR ol SBLOUI SobMraRO A 0R, col ours

is used. T'n"percent a ermns hIS eq &t €5 "1Fom areund 0 ar oun 0% of

t he nunbenét infthe ihage @r“ehmtuolmayh@reta«rag thabineage) Instead| theasydteth, shasirlim ng,
for example, there are around 250 colours on the card. In terms of how the

a priori Q@n@ﬁ/\ﬁé%@rdﬁyt%@%m 6o aéqusﬁ@%;d’ﬁﬁpb?'”@aﬁf”béh@ BBy Aras@le i not ed
abovgg iy ﬁé‘%rfgétt’égéey tf%@éﬁﬁirgmcélla ?sb%p@é’%ﬁr‘ﬂ?ﬂ vih %rlﬁlﬂ{n'a/\ﬁ\gc&oﬂr‘ rst

pass processi eterm ne co our en per orm ng a second pass
wi t h t he saethlieedithutiieecaliiration! colosrrisganple caatli 24 ant iamy otiepatibiowByesq this

obt af ned S0uTH BFiSUEIAY BeEAEAPAY UTdTS e ERbuRMiaRe (o ey B0

possi bl e i F@h@teajls@éﬁmgmyb%about the nature of the characteristics of
t he i magi ng deV| ce (e.g. assune that the RG colours are in the sR@ col our
space). In another enbodinent the reduced nunber of col ours can be obtained

b i I th Vi red. val u cl.os o the RGB £plour to
e migsuntd e TReER s hadMERL JRRRAE o BT, Ret b BT o0 4y be
Of 15 a recwived ot @ Backehd e rﬂa%/(bohféih%ﬂtlm’éyesbpm Gdlibratore 8bleUr card
may be produced each having a subset of the col our space thereon i.e.

card havﬁﬁg‘pkr? SaEd 244p aay Arieatatiiy. d"Q\WQﬁg'” Bdge o PFWSJB@rdatt%é,fht@el ect S
the car d AL e cRleDir! Aot X i FRREBLIOLPSAMPIL B 54 ShE MeRudp Bl of
, tch a red

- for exa user kno ion, and

hence uses théecol@nrdsét&p%pbttWeegonDrtleelcwrdlantthg irede needd tolbe ahbwm‘ t hese
cases a reduced set of colour sanples that are known to be near the col our

to béldetléeneioER @ Blogkedt2t Argeld QA3EOR AND PHENHIONAIF AP PERNEET: ddal

changes iih Aligyt yhg response of the device in that part of the
col our s;ljagggg)g% Legltma nél ntgo account. 25 2. Second Enbodi nent - | nage

Oientati on A second enbodi ment of the invention will now be described. The
SN R hah ikl ok G P LG kbR SRR A o S
descri begiaggi Bt bfek 4.2 the image data 32 is received from the network interface
25 102 (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
30 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
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The second enbodi nent relates to the image orientation performed in block
3.2 of the process of Figure 3. Mre particularly, as described previously
in the fiwetoamsewsment such inage orientation may not [RETEPR@a0S0s8cessary,
as the user may have produced the card i mage by manual ly croppi ng and
rotating the inmage of the calibratjon co|lour s | e card 24 and unkpown
Campl e pEOGeT BPBEAIG! AT £O8 SHECHAIL SoHD SRR [oUm SR e Sh e ¢ he
user whemehgkiidhtlid8tibMBESUGPH INsRFsHDd Rahe lBgEIdEHIRE RS cafd dhe card to
the image plane is correct, wthout any perspective, or skew. 5 However,
for lay users it is nore preferable that no pre-processing is required to

be perfornmed b he. us to the i e r,t.h no_speci al, condi ti gns nust
be et 1 faes Halss s T dos i GHER Garfioagh The MBS Ui eVl A syst om
shoul ¢ b@mé?e%éy HeObe§BnHRE (S |daveUsfrdaimndtfes 8k 86, BSBHOWM At khert hat
they are able to 10 take a picture of the calibration colour sanple card 24

wi th t he NgRRATAM teddentily kaawndeaiures onHaecard i grdesrods abie opgifantard 24
. . . bichien | : f t
under ot afuPaReEEl vEtsRfiu L 88apRonRY BIAIR ireRfc cACHORTa 8 RANELS 1 ©

second erbadraeot thetdzed ef@identified osubtr ad theatdroers offtheasyd Usetel thagie is32
recei ved at the back end server may contain an i nrage of the calibration

. : : ! . g ! .
col our s®PSPPI& i ¢seaMnhfidnsiary, Mankelt iooldenfiiixed Points ondide ¢3JibrAiREss t he
data hn (] BRIl tF 198 PG @Glintahe i hieBEAb! ABnk & HoiRis B fhear d 24
and the position of the colour sanple patches on the card’'in the inmage
needs t o daed knonder t@0d hiee pEapectiee trhhsiokmati@n.card i nage | ocati on and
orientation is perforned, by imge orienting nodule 116. Figure 4 shows the
operation of the image orienting nodule 116 in nore detail. Firstly, at

bl ock 4. 14y iid@ified Ariowd? potnts @S dafd ATBEELaNBINRT K 10NWET fRE the?S 102

(or fromcolour match control nodule 114). In"order to locate the
cal i br at iksawgiopeiots éagplthe carnergofvihehinner-most legesr) 40 d9 @crespacidaye

detection | rfor 0 he i mage, 1o detect. high=contrast edges,.Iln this
respast . RSB IERReR nb I Sabtelfa et b 58 B AR BT B der
248 that ggamphe inFeglireot | IRbeer fisis CRs-Skéwed ldard IR8ge 30, cdlIg Haedgty bei ng
readily susceptible to 30 being identified by edge detection al gorithnmns.

Once sucfﬁ?@@ﬁf‘@m@eﬂtﬁticﬂméoiWﬁ@éef%ﬁ@rﬁ@@wlﬁggﬁ@f e axpectad dryout o6 thee | ook
for a serdesioboPeshegidniidetia RS GR WidyI BRl RS 1195 SRELE

sequence Of orien and “wher e is a significan racti on of

t he si ze cofourtdatgimasent 10, lthe kbickir casdbdata, 11hstoringdkfobmatien relptiegits traf t er
edge detection as tw nested four sided shaé)es,_ and hence identification of
such28 négalignsphpeiqueianydeaiigdnptiennifg e2cqanesedspad usedHiR, PRENH &I r ni ned
t he posi td r i | i @ﬁy i e may
be segnetrﬁag@d I?%r ‘%@U@%’Ci@dé‘f‘%@g%qﬁﬁa ?&Zﬂagﬂy&%_ ?gtﬁe{:@%ﬁﬁe@%ﬁsary to
i dent i f y winiewarcfasatextde ibnlttinehesaforel posgildlertotlookeat dbé dightesper camersa

tive t f to, de- skew the || ._Ther ef 4.8 k
Poat ir os 290 TS Ja¢ ageq ks skt thBfiog Herceo Al BIotk 411 £ Bekridtfy ot
that it irsatpRs sblatifg it tHE foiivnhl BHEAREYN BItKE car® is F86bdied,i arRAtROI Nt's on

the calibration 10card, but that in the present enbodi ment we need to
i denfbf y de-gleiwads canid inmagecal ds itheroratated: at klock Helpeuepbmtithe feature is

4 10 we Goacetord SHa Kot iBtobSo b hlb o fflobell SEIRE A aory o

do a per gefidhy @ard image data 34 of known orientation is obtained.

In other embodiments it is possible to use any known feature of the card to
30 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.
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15 transformto de-skew the i mage. De-skewed card imge 50 is shown by way
of exanple in Figure 4. However, this de-skewed card image 50 coul d have
any rot atworal1/mspisent ati on, so we use a priori know edgeCofEPedig/osospect ed
| ayout of the card to correctly orient the card. In this respect, colour

card data 112 in stored ol our dat aba 110 he caol our, card data 112
Soori e eyl NG ahB bove SieRs baneb SQH G RN E G o ¢ hat
can be re§e@qi heka89n Qﬁ@%hgeoéh@%lthéﬁaﬁé‘éﬁ¥ sE@&aﬁ‘@dﬂ#e‘?neﬁtQ%l?@écPOde or

trademar k al ong one ed frame has e areas next to it.

t her ef or @nptmsuwreasdolm the imagel shpul@dre keoy wsrgredirdcessest erlorht:.o i mage
to have ese at. th m  Hence, ,at bl ock 4.12 a kno tur reI ating
Lo the.r GRS saah loRPaiAckeesh SEver a8 suph f dnidc frofle SBEMPigriY Riist

de- skeveds 6Bfzthddras i50kély 16 BerugeatmbRioptayblisiss. 4. 14 such that the feature
is placed into the known rotational ori entat| on, thus rotationally
orienting the card. As such, card imge data 34 of known orientation is

obt ai ned. t HEZ[};& o0 use any known feature of
the card tﬁ’gg P@%&ﬂot %Agf/ghﬁpggﬁ&r@gﬁohml s could al so be achieved

by maki ng one of the fiduciary features different to the others. Anot her
possibility would be to make the |ayout of the sanples on the ca

rot ati ond} | Yirdy @mhiqdimest @fhdbet Hlé’eF‘B‘?%\t Wihd1ovhr benfgssrdiedos Thﬁe”@ﬂ'éjrd was

| mraggr i @mbcﬁ?ﬁmeﬂi’%@fé a(fjseﬁﬁ' badb Liigerd P‘{ﬁesﬁr%PSor geééh%t driSodifhtgloes not
need to intervene to find the card in the 1 nmage, nei t her are any

speci al peguiougyedescripedc @ddonendes comoraéeaatmlrdss)\hherlebetwm&;e wglh ot cbebe

t aken, rocessed prior to being sent to the back-end server. As
such, a ﬂ?@ﬁ”pgqégﬁ@er friendly system5is obtained, that is likely to be
used nore by lay users. 3. Third Enbodi nent - Spatlal Bri ghtness Correction
A third enbodi nent of the invention will now be described. The third 10
enmbodi merfthet thisdserabodimeriaditee énvardiondocusres Dhrimpr@\ringéh@rd@t@nﬁmﬁiorent S

Geccr Pood! i Er N s SRE B ot ek’ £ i AHSR bl e ovi ng

the det ergmdnit baRriclfarofo tah@ b | dYcalihpdifPehdes ire MrighBRIsE0ARE@ tontrabt ock 3. 4
of the process of Figure 3, and in particular to take into account

di f f er en@€80gnther G@ﬁ't iAage dhd 0witisathe @%&degytwec@kanuthﬁg@aga 32rimt i s,

t he user r.f ec such
t hat acr Oﬁﬁ?é{fﬁ Ht@&éﬁoﬁ@ﬁ%&?&@otﬁ@ ttadﬁrggg tbgeéraergc%{s]tt@él}%hgﬁﬂ%%ﬁ]ght ness
and cont rda‘ﬁéreace@sach hleatctmghtaeﬁ and amrntrber acrod8 thbecdrdiard rethwdorrant  of
the invention rgresents addi ti onal processi n t hat can be gerfor nmed in the

cal i BPat iT&@ dirdgempedisiani i thedniltiosr BiESER Sn%‘éfé' iong) Rragessing dhalce®unt such
spati al f assumes
a linear eﬁ;%lrgdgg}ér? brtﬁ%%tgﬁlg%goﬁg%c ntr g&?ﬁggv«gggﬁ? Eelérégr}ddﬂaetl lftf)gqhoug

woul d be qmoesmﬂoswach epammdlghtlggehﬁenedees .c ble¢ fenahaehitnent pagsants el rrielt@dsr 25

order changes. ure |IIu trates roce |n nor e det ai | process
comr | sod g SRS of cfRqmthorse il Brendeps o cofirgs! Be'indie £asan! es
R, G, @nﬁoﬁgh«tw&ﬂdb@pb@slb@etolfrmmgﬂéneof&élwe%erﬁ@q!héthr%oeerm@ﬁ@pndl ng

XYZ vaI ues X,, Y,, and Z, are 30 obtained fromthe colour card data in the
col o@p d@m@a@@ngﬁﬁen respective relationships are found that map known X
to nmeasured R, taking into account the (x,y) position of each neasured Rin
the card inage 34. The sane is also done to map known Y to neasured G and

known Z tRigureds Musttatds theprotéss mﬁérei@éﬂang‘r%e Brcbcres@czfoenmée%lth\/oamam
relationship is formul ated that rel ates using a power fit, but where

e coef FaN(f.7 61 aR i/ Opericait abRIOgESH 258MTIgS FcScand B eags. Jd
ddi : I
10N n@ S5 95 hesdlires, Bha tyd Ko AdHGRInG Pz NARGRIEY, d ebed o @l s0

dependent” on ron ere |on I'p 7o ween X and
R i s3pos|db|ta)nedemnndbetcol@lﬁpwdemtaan tlhleecqﬂoan tiatabasé. §hafp] eespectivee car d.
5Sim | ar g05| tion dependent rel ati onshl are al so &o between Y and G
and z  relationships are found that map known X to measured |ng into account

the (x,y) position of each measured R in the card image 34. The same is also
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
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and B. In the present enbodinment the foll ow ng equations are used: *"\
?"0"'e e*. =+ ce X" + P+ 4V, + 6- E-7-) g = (reyy; )S161,A - = (if-tz;
KI Yz +, 3;wOox01118wver e, where, ax, y, z 13x, Y, Z, X, Y, PETHPR011¥50534 YX, Y,
Z, 6X, vy, z, and Ex, y,z are fixed coefficients, and (xi, yd is the

osition of the ith I h d i, d Bi bei the. d
Do i seingt 8 pouah i e thbvearticent b gt it FOBRRG LS R e

equat i ONgafRYMBGe UBESdditiGhYar BF8ét RASNE RIS MitrdoRked ihdt Pedsqriivh thie
position of sanples on the card may be used. 15 The above equations are

sol ved usd$ mtpoadéperndent quapesition.t Thaitinptheatel@jonshin to Betfound ietwaemues f or
ax, Y, z 1 Y, Z.. XY Fix, Y  YX Y, .Z. 6 Y., Z and EXx, Y, Z
ovever - a0 s ppstioR debentaaihrydatan B R Gerr RS ol tns w1
not sel v&sigast bdsiﬁb@@ébeﬁ@éﬂtrfélaﬂbngﬁip?s HPe BRY BEnd Vendeen YeietomAd Z
optionally (at 20block 7.4) the coefficients ax, y, z 13x, y, z can be

found i n 2ag\Bedhepregentieakpdivieshine folawingsequations arenigedini t hout position
dependence, and perform [ngcxaél east-squares) fit of a power curve for )'.f
agai nst R:antfsthent:si WiXrl 'y fior+ 9% hs4>:& and Z; against B, giving the 6
coefficients ax,y,z, 13X,ys. . 717 25°Y, =, = Note that these equations

do not take ¥ntdrdctdubittany Spdtiak *’*t'f’rﬁ"@ht ness distribution, but are
performed, to provide initial values of ax, Y, Z 13X, Y, Z that can 30then
be used i SEevi M tREYpSsT i B9 depeddedt equations.  Next, at block 7.8

t hesgp21 fliclLen (7 r. channel - ax, .. 13X, o, ; Fi x, Y,
TR0y e LV SBE  JaboE ATy 2 8y and el T arbfid cheffibierfis, T X0 1
al | the lanaw; sripites positibhefithegds s @e)on theotaridy®:, Ghangrieiag thesanpl es.

Thee Bt ead e Ped el ST b Kl BB b8 RSl
val ues (¥kteféni elsatitths Ray be used - any relationship that takes into account the
position of samples on the card may be used.
15
The above equations are solved using a least squares fit method at B.7.6 to
determine values for ax v z Bx. v, z. {x. v,z Nx v, z Yx v,z Ox v, z and €x v, z.
However, it may be that without any a prior knowledge these equations will not
solve easily (local maxima or minima may be found). Therefore, optionally (at
20 block 7.4) the coefficients ax v, z Bx v, z can be found in advance using the
greyscale samples in the image without position dependence, and performing a
(least-squares) fit of a power curve for £; against &: and then similarly for ¥
against &; and &; against Z; giving the 6 coefficients ®x.r.z:fx.r.z:

o2
N e
}5 = 'r‘.‘@y 'L'F;- "

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

30 then be used in solving the position dependent equations.
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equation ;az. 7z dz/ The nultivariate fit then provides a further 12
coefficients (ax, y, z bx, Y, Z CX Y, z, dx, y, z). The set of 21
coeffici eNO20BmX089085 z 13x, Y, z, X, Y, z, Fix, Y, z, YxPCYEP20110%053¥, z,
and 10Ex, y, z. and 12 coefficients ax, Y, z bx, Y, Z CX Y, z, dx, Y, Z

h | i .. Th ffici
Then bo 0k See faneSe i e anRi] oer s0PR R v e ot dre t ervz
val ue (- Xpanm; ofs7s! a fram) oL e BRGGLRUAALS (7 21.95% for ol e

(Rs.p. G bove “equat i ons in the

enbodi mekhotwhesaraplebriath@ magecess:.isa adapmedtr@gr@st@let@lmplegtDh@se:ount
variations in brightness and contrast over the card 24 in the imge, This

makes  h@re RYRHEEYdRr aaBulbyarase (it biark il Geessealisly peraTiiag i o6
l'i gh I g I
R e L R e T R S

Sanmpl e Adigoatioh enbodi ment of the invention will now be descrl bed. The
fourth errbodl rrent takes as |ts )asis any of the first, second, or third
enbodi ner, ‘tf‘s G’@scqz an hence comon el ements t her ebet ween wi | |
not be 2 dk (,=u se *a(é‘al 159 Tﬁe fbu th embodi nent of the invention presents a
t echni quewrshat \ay bezuged iéﬂgx aa bl ock 3.6 of the process of Figure 3,
where t heIrhee r'nlSJItlr\T/gFlgte Ptatﬂen prowdes a further 12 coefficients (ax v,z bx v,z Cx v, z,
dx, Y, z). The set of 21 coefficients ax v,z BX, Y, Z, CX, v,z Nx, v,z YX Y, z 6x| Y, Z, and
10 ex v z and 12 coefficients ax v, z bx v, z Cx v, z dx v, z are then stored as the

calibration data 36. These 21 + 12 coefficients can then be used subsequently
(at B.3.12 in Figure 3) to calculate the X¥Z value ! Xearp: Vemmp Zsarp 1-0f the REE

colour of interest {7 samp» Feamp - Pesu ¥ using the above equations.

15  Thus, in the third embodiment the calibration process is adapted so as to take
into account variations in brightness and contrast over the card 24 in the image.
This makes the system even easier to use, and places fewer constraints on

lighting of the imaged scene whilst still allowing good results to be obtained.
20 4. Fourth Embodiment - Clustering to Find Multiple Colours in Sample

A fourth embodiment of the invention will now be described. The fourth

embodiment takes as its basis any of the first, second, or third embodiments

already described, and hence common elements therebetween will not be
25 discussed again.

The fourth embodiment of the invention presents a technique that may be used
e.g. at block 3.6 of the process of Figure 3, where there is more than colour in
the unknown colour sample. For example, the user may have placed the card
30 24 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
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t he unknown col our sanple. For exanple, the user may have pl aced the card
30 24 over an itemwhich is patterned, and which, although there is a

dom nant woOl20uro8pe¥5t he pattern, there are a nunber of s®ROTIERR@NYSESE4 ours as
well. In such a case a determ nation has to be made of which col our shoul d
be match he fi rst nbodl ment t 0 was pr.esented o

i denti fyi *h%tf'éSt B?‘i'mt%%”h%ﬁp 20 IR Presen ﬁgdenatmﬂ; t%@glesfiﬂmlafaek a

col our, QoIdU, BRAEN BY MahGAtrROISABIck P cBr st BY o%t@ﬁnh.ﬁmgcalddmmm es on

t he pi xel's representing the sanple. In the fourth enbodi ment. however, a
clusteri rmlcmrgummg lstatlsﬁcalsrédasw’esrqn Hredpuannltapr@sm@ghthefsampier & theol our s

intheu W | e, so that |nd|V| XYZ rmnatijon.and

it et ng g Brident e8¢ (8krnd Ao RLE U DR TR " our 1
enbodsmerdach df- sE@aRRS @dl@@ﬁseuhl the m@@wa BB sHERME LSO ﬂﬁtahmmat ey Zaj or
colours that are present in a sanple image. K-neans 10 clustering is based

on Eucl i detgrminglieihaed nriehiag maeen ke perarmies oneachamiyighabcolore
di fferences are not observed as being equal. This nmeans that the two pixels
that are very close together in RGB space may appear to be very different

col our s, Withivethe sourth agmbodimens . a Tok-oveinsooRistdrirg aldugitivnx e siseteto
converted intg Va*b* space, which is nore perceptual ]y uniform so that the
15 per ceid@&Ry ”HP?ftB?e’ﬁéprb@ﬂWérénﬂﬁt >?é¢sprie§err‘telrhta| SNplec BRR9Rt itMe#idughout

the gl Ogiu&é’@&g E Bh%@&%e? cﬁéfahb@é’ b%eréH‘tﬁé‘?u%e”% €SN Igbé“as been

de- skewe Iy once ting variation across the card has been
el i m nat spate, ‘ehe diffecgreeat &re oot @lﬁﬂrmmmcbemg aqusl.f Mom tteansnthgelhe 20 An

iterativ& roc used to deter e.h ny clusters are present in the
| mmge poRUBANSIRPaLa VY CRESURRRIR, 13 dBReHare o, aRase" dodvedentol our
isin ea"d’ﬁé?rbHﬁfc@rouT@eof 'v"e?} sirh@aratbRQrd. s Té‘%v@réﬂ}hésﬂwlsbetﬁéuéﬂe!st abes

assuned that there 1s only one cluster of pixels in the sanple. This means
that the cpnmerém intiogbta*bh rﬁmoaJ WhlfQISt i$r maogie qoeuse@tuattsowmfomngo ahat dfe t he

P hn 13he FTrENE AifiedhoR” o&iyarh il s fadyely Sorbistt®, HRoghaR B TT o

cal cul at %Iodrfsﬂd&@ MR8 ESro8ésPisk eaFicdosurdon $hé1mﬂﬁ§ed)rio@rle$ﬂé§|t§beri Bén l tis
assunmed that there is only one colour in the i mage, however if the nunber

of pi XeI §kBWe§eIQﬂﬂ treferablgsantrel lightiee ‘t’@féatI@nrr@éEFQSSalt@%rG&rﬁnha% beaN on t he
_ _ ?
| mage, aldaRLind; o B68uRed BF cBliralct LALGr HEmhUShegs) 30, The average

Va* b* vaI ue Ster I's ca € nu of pixels present
within a certain distance of this pixel value is counted. Two cal cul ati ons
are carrled out. to check if this is S|%n|f|cant - the first checks that the

maj ofPt y /8t 'tﬂ@@V%lQE‘éfF%Sﬁ 5 4Sesk lOJRISTBNCAIQW WA FUBICER AR PERSEEd e e. t hat
th
e I'ean ihdgd tp%enoug 5 ARESSRMANLIMIPbW mBlelifPihat fRGbGe EUIGRE RS 1 S

i gnored i re wthin a se e“second
cal cul at iinreaich ¢lhster t h'lawmn‘,lrdbeteraﬂorplymessmplestnbeacemse itlis basemedfthehe nmean

f [ 1 d h. th hol d h k t hat
Snoagh PRSI, She lighe O oRaR G ha B radar S aansuhal g Refcsise,
col ours w&ltHWouI@QEEUrﬁ'ae&hsteP Eoﬁfé%ﬁ?'%h‘%ff e 9fxe@Wﬁ@ﬂv@#d§%' S a5 | ower

than this Threshold, then k- neans orithmis run again™but tries to
gr oupst he/ablex@ﬂ@eumerStlrmths@lmagst%wennam@mmthamwnbahd piKelsamithips s i s

repeated. e fo orit usg fl | ust.er.s, and this
i s shown Fltaf'popgp %)]J f%v%?ﬂer%iggdise aééﬂl%l%g i %% %PHW%? 03 pé)éé)g @Imcg?ﬂL ust abl e
par amet ergpovlyxihdedHoid Eheadi i ascdmddthasther&asionlyeshef ¢aidti iarthefimagege (F
inmg) Mnimumfraction in cluster (F cluster) 15 X clusters to attenpt (N
max) 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.
30 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
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
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and these are set for a particular inplementation at block 8. 2.

Experinentation will indicate suitable values for the adjustable paraneters
The al gorwonmiumso®s foll ows: 201. Start with 1 cluster @CT&P2@iiosishe pi xel s
in the sanple) (block 8.4). 2. If the nunber of clusters is greater than N

max, go to st 5 (bl ock.8.6) 3. cul ate the follow Statistics for
canh O uehehtfpsek alavifinh St GRlante™ fnt ibsennl SAPOgPL S (RoL e

(bl ock 8.\lflber of pixels within a sdl-diddABEf dhe Riet®l & M LRI clibtdrraedt f nean
pi xel value (P_thresh) 25(block 8.12) 4. If Sum(P_thresh)/(Nunber of pixels

i n i mageigheritbas attheeshlld (ite. (dicberk ratLnoughqixals bavadesarmhseredd t9 ust er s

by 1 d t t 2 I 8.16 . Filter.t t {

Chci ue. s PRERERe TS Bopitattsaloyminsebesn hfltads I EhGEBety -
F_cl ust elof cbLipd Hx@Q)is [dWéd thbnwhishhreshbr], aREY ehe\R-rh@Are algBrifPh @IFurval ues
in Lab space, the algorithmmay al so be run using XYZ val ues, as the two

sets of @geBuPUbAIes K 8rorn HeRiNetRINt) thegeackugtersiipstead of v aw the ustrate

t he operati.qn.:.o: ligorithm graphically. In figure 9(a) a cluster 92 is

i denti fi Zaﬁ?,a bb%)FstrﬁggacH%SSter fails the density threshold test as too high a

percent age of pixels are outside the dE thresh distance fromthe 5 nean of

the cluster. In figure 9(b) an attergoél is made tq cluster the distrjbution
3

into two INesliewing Hapritin st esedlo find piusiars R hinsshown dhingse detal ar e

| ocatgd %Hiqu?etsherﬁé‘ﬁ@k&ﬁﬂ%h Q%&Q%%%@Lustéﬁle%%ﬁé%bfé??: the sanple as a
whole fails ™o pass t t hr eshol or the entire sanple image, as too many
pi xels are not in valid clusters. Therefore, the cluster nunber is

i ncreased,to 3 d the tering run 10again. Figure 10 illustrates the
same di sﬂﬂ?’bq?ﬁt%%nré'éjiqsr{%reé%(b), but with three clusters. In part (a)
of Figur qqé&,ir,edtﬁ&ﬁ%r@qha?g (Piped)s wWithin a distance of the nean is not

hi gh enough to pass using two Tlusters in the k-nmeans algorithm 15 so the
anal ysi s Migimgnrfiactiogiinglusterdé_cluséargrs. Then the nunber of pixels within

the fixe i ce.is,high en so the three colours found in the inmage,
are tllﬁe i@%ﬁé}ugébr‘gg%%ﬁ@ﬁg{ﬁ'%ggypi xels. In this case, clusters 1010, 1020,
and 1030 gp@nthese isftg et foredl paktitdlaraapiieriBatatioheattdlo & B, Exprsinferadidd ed. 20

Various nodifications may be nade to the above descri bed enbodi nents to
provi de Ml insicate shdablearlues fosthereivsiable parasagiersf the second to fourth
enbodi ments they are each descri bed as being based on the first enbodi nent.
In the first enbodinent the inage is transmtted via a tel ecomuni cations
net wor k tThesalbadthresdassllges: f or processing. In variants of the first to

Four t28 1. Start with 1 cluster (i.e. all the pixels in the sample) (block 8.4).
2. If the number of clusters is greater than N_max, go to step 5 (block 8.6)
3. Calculate the following statistics for each cluster (block 8.8)
a. Mean pixel value (L*a*b*) (block 8.10)
b. Number of pixels within dE_thresh of mean pixel value (P_thresh)
25 (block 8.12)
4. If Sum(P_thresh)/(Number of pixels in image) is less than F_img (block
8.14), increase the number of clusters by 1 and go to step 2 (block
8.16).
5. Filter the clusters to include only those that have P_thresh/(number of

30 pixels in cluster) > F_cluster (block 8.20).

Whilst within the above we refer to colour values in Lab space, the algorithm
may also be run using XYZ values, as the two sets of colour data are
mathematically related.
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25 enbodi nents, however, this need not be the case. |Instead, a program nmay
be made available for downl oad onto a user's conputer or nobile tel ephone
that i s awbeotiwsp@sf ormthe processing operations descr iPO®E®EP201N/050538 way,

t he user conputer or tel ephone can cal culate the col our of the unknown
sanple fromthe taken i nage, and optionally suggest paint col our matches,
w t hout any imge 30 data having to be sent over a network. Additionally,

in the a@dmﬁege@%hubﬁﬂn@@ﬁﬁf@ WBﬁer‘é‘%oHQﬁ%bbﬁ?éhﬁh bFﬁ)HuéﬁI&elﬁ "I@Dré S t aken
contains both the card 24 and t he unknown sa However, this I's

essent i al9(a) a ahusier 92rid ddkntidieds but/\meselpateatfalls H’ﬁgéensfejytmeswmesteas spaced
intine. Afirst inmage,nn eofthec. 4 a |susedto ind the
cal 1 br ot 0 NigEie PERERAY of Rifils o€ Sils s “Movhiish BRI 1 Hidige may
t hen §0ntrﬁééh bhm&&b@@ﬁﬂlnsﬁgmbﬂa(b Be SRndrigtrhade ch@Ifufstleltﬁ@toSstﬁ@MtrtSh from
the first image then applied to the RG val ues of the unknown sanple in the

second 5 integye. C|lHI§iﬂ/éﬁ/éIUt clustey Ut Bdﬁg@liﬂa% insyfiicien pixels @ralpcatetaiinime above
descri bed, ré&ﬂgeéﬁ%dc @&eﬁofn 86 6ﬁc bfegg %h%&ﬁ%_lo't%néaé)sr é1e first

and second i mages nee ept “su sta Ica

hur dl e i shregholdetbri fheaeatumbemar@gmagenta@ fumgnebwt bixele aealndir iat valn:l car d 24
and the sanple is taken. 10Various further nodifications, whether by way of
addi tion C“Ifé¢r§t iThRrefgre, dod stuster: 1AL BliNgr&agpe 49 Sneng dhe glustering ey

reade Q@ &ﬁ a person skilled in the art, to provide further exanples, any
and a I ich are intended to fall mIthin t he appended clains. dains
1A net hod, conpri sing: receiving first image data relating to an

k I I I t f h to be det i ned,
racei vi ng ROl TEaiGes s e IXGHELGa 31 i drotse SOk VLRI Dbt i or
col our syR&s: Ir%laﬂr(la%I‘IFY Bt f afe MiinBBr of Bixeld GaAM &RfBnce of the

determning a plurality of coI our calibration characteristics relating
col our n¥e&AN arem Bigbf endughkicopass esingriwoi dusiess duthe krméears dlgoenithre second

imag 10dat orres ing. known col ofi [ t f.1he l i bration
co o7 samgehalyiis %S ARPENAG Mret 00T, TheTRE duiled e oo S nihihe

col our SQIﬁ@'ﬂQed Histaned te ARM @rhb@‘l 8y th&e@eer €dTBMMsSfoURErie ahe fimage! B fi rst

i mge data and the determ ned our calibration characteristics; 1b5wherein

the col odife eagansrefieash Wusteref Biels: ile hiacasactiusiernadds10Rp.and 1030
can be identified, that each meet the threshold tests applied.

20  Various modifications may be made to the above described embodiments to
provide further embodiments. For example, in each of the second to fourth
embodiments they are each described as being based on the first embodiment.
In the first embodiment the image is transmitted via a telecommunications
network to a back-end server for processing. In variants of the first to fourth

25 embodiments, however, this need not be the case. Instead, a program may be
made available for download onto a user’s computer or mobile telephone that is
able to perform the processing operations described. In this way, the user
computer or telephone can calculate the colour of the unknown sample from the
taken image, and optionally suggest paint colour matches, without any image

30 data having to be sent over a network.

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

is not essential. In other embodiments two separate images may be provided
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known cal i bration col our sanples, wherein Nis less than the total nunber

of known calibration col our sanpl es across the whol e col our space. 2. A
met hod acwordimgeis claim 1, wherein the N known cal i br aCirae2eiolosesss 20
sanpl es are those N sanples that are the closest in colour space to an
estimated col qur of th nknown co| our. sanpl 3., A.nethod according to

cl ai m 2. SRAGPRIM tiiee ACiSt 0S8 T BRI (GE GBI PACT L ISIE oo i fieh 119 1 r ot
setof CalifiatibhtoehAmS 6T il der islofith dblict N s@pgrdté%ggaﬁhﬁwbn
calibration col our sanples, and cal culatlng the estimated Col our using the
first setcootaidheburknown shmpiet ibei salibrgtion £oefliciastthddund dandithg first cl ai m
3, wherei.n the estinat col I s_obtai.ned using the apove,steps during a
i rot prddaus Ren ARUeadndne HOE, Teites g aBe indin, SEPR T4 RECarkbye
stepssi s ir‘nb?é. PeWevertis apamgerhbet N [BSQhesterdbleWhare 8id Bbalé easemearr
sanples to the estimated col our as the set of known calibration col our

sanpl es. arManNILOENt.089 (o5 FRCEURERYOthE igitiwy conditings Hfdthgc et @nsgseernd ai m 1,
wherein t i bratL oF - I h - sed

W thi nagars RERE Rabt S A dueiod IIBERer s HUATE IS aRRedl 43

r epr esentsindd® irfagetbntidng doth thg daibeatiomedrd 2dhamictie sdraphs ik naken.

cal i bration col our sanples are those N sanples that have neasured col our
values fromthe second i mage data that are nost simlar to the neasured
col oyp Vv f et ﬁﬁﬂﬁl f t IS iéqﬁﬁb a 109 7 met hod
accolrﬁo)li ng}dt’lg’“% a{?ﬂ%ﬁ%ﬁmﬁgg%‘?n t ewrpgg%ﬂ edyec\xclﬁ%uéf va uesrqaidgie&ég’ o(r)rAsRGB
val ues. sB8bs#tutren mold ba@ppadinido tite amignadd Hamiensbding @ fersomskided ilNthes i n a
range of substantially 5 to substantially 250,. or nmore preferabl

bt ant 5k 1 PiVe radhe erapEs ety angel GrvnisheerBraeolesits 8l e i a1y
20 to subsé appeRdéy cBmsor nore preferably substantially 30 to
substantially 70, or nore preferably substantially 40 to substantially 60,
or nost preferably at or around 50. 9. A conputer programor suite of
conput er prograns so arranged such 20 that when run on a conputer system
it/they cause the conputer systemto performthe nethod of any of clains 1
to 8. 10. An apparatus, conprising: at |east one processor; and
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25at | east one nenory including conputer program code the at |east one
menory and the conputer program code configured to, with the at |east one
pr ocessorwocaugs9ihe apparatus to performat | east the POIEPAIINGS0534 i)
receive first image data relating to an unknown col our sanple, colorinetry
data for which is to be determ ned, and second i mage data relating 30to a
plurality of known calibration coloéﬂ—gghples, colorinetry data for which
are al ready known; ii) determine a plurality of colour calibration
characteristics relating col our neasurenents of the known calibration

col our sdnpl e Mmegmd, loonysisingl i mage data to the correspondi ng known
colorinetry data .of tQF cal i bration C%LOUF saqueS' a

;
Col ol mee Lot b leiding et Thadt Mhall BRURH" 18T, S solowe atikie on

col ous neRfIHHESBNEStal B WeRdh EteMetdi@efrhihetl; | mege data and the Sdeterni ned
colour calibratiion characteristics; characterised in that the col our

cal i bration clgeei¥ingrsenondsimage deteeratating ta g plgraltk ebnowal ¢ibaatiah col our

sanpl es, i is. h p@{([ own calibration

col our Sa%ﬂergagn r o%?ogcﬁgﬁ%ﬁ%?gt%{éf%?é@%%{% ﬂ{%ﬁﬂappar atus according
to claim10, weesrgininghe pNirglitowi coidurpatibrationcelzpactessticy ksatiigecdlbase N
sanples that are the c|l osest 1n col qur S@@Ee to an estimated col our of the

unknown CBPIRUCRERE BT tNEXKNONN SBRIAHPT SOIME SPAIRIGS frameing seeond rgdesi n t he
esti gt eq4¢9!t8Uihe Boras &h@%d’%’q Q%fcﬁfrﬁé%’&té dil it cafbra®bnCadiblr ation
g the aval | abl e kno

characteristics using a cal i bration colour sanpl es,
and cal cshatpleg ande esti mated col our using the first set of calibration

characteristics . _An ar at us, accordi to,claim12, wherein the
st mat od ool Salovialings eABAMAGY K4ty dneNeb kAo sORIaKT g PG ¢ 8t
processi %p@ﬁéémc@Bﬁ RDIRBGABES RIS tHET e BRRSMUBE Vst irr‘@ag%beéﬂ% si@hse is then

performed, using the N nearest known calibration colour "sanples to the
est i mat edletenuoed aslouneakeration chameterisiicsbr at i on col our sanpl es. 2514. An

appar,atus accordin oclaiml erein the. N known | ibration cqlour
oroies ar o MEEeR) bk SoRuM Gl e e iRt e & R B Bh B MG *The
second i kag&ndedidratork BeMUr tsaniRes ewRstein 1 if\esapPRhathestods CRirb&Jof 0 cl ai m
10, wherein the N known calibration 30 col our sanples are those N sanples

t hat hav&NRBASEAIBERtON CrlpuRgaNIRIeS fACHKRS the whalefelquiggaceat a t hat are nost
simlar to the neasured col our value of the unknown sanple fromthe first
i mge data, wherein the neasured col our values are preferably RG or sRGB
val ues. 2. A method according to claim 1, wherein the N known calibration colour

20 samples are those N samples that are the closest in colour space to an

estimated colour of the unknown colour sample.

3. A method according to claim 2, wherein the estimated colour is obtained
by determining a first set of calibration characteristics using all the available

25  known calibration colour samples, and calculating the estimated colour using
the first set of calibration characteristics.

4. A method according to claim 3, wherein the estimated colour is obtained
using the above steps during a first processing pass, and a second processing
30 pass using the above steps is then performed, using the N nearest known
calibration colour samples to the estimated colour as the set of known

calibration colour samples.
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5. A method according to claim 1, wherein 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.

6. A method according to claim 1, wherein the N known calibration colour
samples are those N samples that have measured colour values from the
second image data that are most similar to the measured colour value of the

unknown sample from the first image data.

7. A method according to claim 6, wherein the measured colour values are
RGB or sRGB values.
8. A method according to any of claims 1 to 5, wherein N is in a range of

substantially 5 to substantially 250, or more preferably substantially 10 to
substantially 100, or more preferably substantially 20 to substantially 85, or
more preferably substantially 30 to substantially 70, or more preferably
substantially 40 to substantially 60, or most preferably at or around 50.

9. 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 8.

10.  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:

i) receive first image data relating to an unknown colour sample,
colorimetry data for which is to be determined, and second image data relating
to a plurality of known calibration colour samples, colorimetry data for which are
already known;

i) determine a plurality of colour calibration characteristics relating colour

measurements of the known calibration colour samples from the second image
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data to the corresponding known colorimetry data of the calibration colour
samples; and

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

characterised in that the colour calibration characteristics are determined
using N known calibration colour samples, wherein N is less than the total

number of known calibration colour samples across the whole colour space.

11.  An apparatus according to claim 10, wherein the N known calibration
colour samples are those N samples that are the closest in colour space to an

estimated colour of the unknown colour sample.

12.  An apparatus according to claim 11, wherein the estimated colour is
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 set of calibration characteristics.

13.  An apparatus according to claim 12, wherein the estimated colour is
obtained using the above steps during a first processing pass, and a second
processing pass using the above steps is then performed, using the N nearest
known calibration colour samples to the estimated colour as the set of known

calibration colour samples.

14.  An apparatus according to claim 10, wherein 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.

15.  An apparatus according to claim 10, wherein the N known calibration
colour samples are those N samples that have measured colour values from the
second image data that are most similar to the measured colour value of the
unknown sample from the first image data, wherein the measured colour values

are preferably RGB or sRGB values.
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