Met hod and System for Determ ning Col our From An | mage Technical Field
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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



The issue of calibrating an i mage capture device by relating RE val ues
captured thereby to standard val ues such as XYZ tristinmulus val ues, or

Cl ELAB vaWoesiv/dsaebeen addressed previously, in US 5150CIEP2@NMGS0535
W)01125737. 25 More particularly, US 5150199 (Megatronics, Inc.) describes
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captured the user nus ave access t0 a colorineter or spec oneter in
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use 2Benario outlined in the background portion above, a user will not have
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values, has been addressed previously, in US 5150199, and WO01/25737.
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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 avpenpgsp@er n of known col ours, the col ori netri @CaaPa011O8058Hi ch it
is known. The unknown col our to be nmeasured is then inaged at the sane tine
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In view of the above, a first aspect of the invention provides a nethod,
conprising: receiving first image data relating to an unknown col our
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cal cul atl ge mean val ue of pixels in a cluster; ii) then determ ning the
number % Q&ls within a predeternined threshol d distance of the nean

val ue; and then iii) increasing the nunmber of clusters if the determned
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det er mi n&leteymioe t'ﬂ%é‘”hﬂ%@rcodﬂurﬁl'&éh‘%'WQ%WQ ﬁ@abgéﬁ@ﬂbfﬁrﬂm'b@ﬁr% hol d

di st ance r Y f

pi xel o wieingh PErEBRRy R IR <oh PoRd IRy, R (S3PStaeh P UBgE of
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f r om condhelecatoutated resd thennatcotaumtfarmula whichswil givembelouoﬁdqntwel owthin

a second thre hol S e of th uster . Hence, col our

cl ust or s 105 PRODRPYE SHHIPIEEaRBLRS f Thme) L Salol bR fian HEBAr N dbr nant
or i npor t@dPerzl 0HAS theh hpSlickdsanpl e. 1 n one embodi ment the determ ned
colorimetry data of the unknown col our sanple may then be matched to a

col odp palette of paint colours to identify a matching paint colour, and

| nfor mat iWBOﬁ%ﬁéﬁﬁwe&@fe@%e@%ﬁB@é‘ g Bﬁ!a%er%ghp ¥ be used in professional

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.



15provided to the user. In one enbodinent, the first inmage data and second
Il mge data is received froma renote user via a tel econmuni cati ons networKk.
I n addi t iwe,20111089096f or mati on relating to the matchi ng pR&CHEPC@ILONS3SF S
provided to the user via the 20 tel ecommunications network. In this way

mat chi ng int colours to.a nkno col ded psing a
renot e scgﬁ)ts%é)r'or r‘?rgF‘Pé q?ﬁ'ﬁf‘ R dﬁﬁ@ﬁ@i@@% ﬁm@@% ’nge dat a
is recei yothoapaPg12k: i) an email nessage; ii) an MVB nessage; and/or iii)
as image data in a 25 web page. In addition, the information relating to

t he mat chi ng pai nt col our may al so be provi ded as any of i) an email
nessage; dJd.| : an SM5 nmessage and/or iv) data in a web
page. Sueéh Oacilitate the provi sion of a paint

mat chsng Esrﬁbddlﬁr%nl@@ttﬁéynv@ﬂidhga(ﬁ@’@bbls%fmé @f UrErabovantotedsi¥sliés, gkl 30 I n
one enbodi nent the first imge data and the second imge data i s produced
by the u§@||at%tﬂﬂi‘@%ﬁ{efrﬁﬂgéoﬁﬁiﬁihﬁ@'QEWQE@COMéﬁém|Q frem amdvagepf devi ce
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readi |y tcaphaed bg eant yumskilleduasser asihgt horuspecialistf @gulpnagntwi Inh driee
operation of such equi pnent . I n one enbodi nent the deterni ned colorinetry

dat a and/&? erﬁ@elah@vﬁ"g%ﬁémpﬂﬁaP?'QtUﬂ%tcér%r‘% Psepaded ihayingnriniedyiaeiRy  xvz
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0 chi'ng col our e

enbo I ment co ntary colours to the ma et er m ned,
and i nf onmrfageomc thel tasi nglouo sehplelés dren naﬂtwexﬂmllsmgedomeﬁtmjlyoawa;Ia]b(q:)r ovi ded
to the UgRliornt”'thdhd% COMBLATF Highdl ST Br ' Iehe s QUibpSs 1ROER:
telephone, the image also containing the colour sample capture card. In one
embodiment the image is then transmitted to a remote colour determination
15 service for colour sample colour determination. Regression analysis is
performed using the RGB colour samples in the image and known XYZ colours
thereof to characterise the colour capture response of the image capture
device. Having characterised the image capture device the XYZ colour of the
unknown colour sample can be determined from the RGB colour thereof in the
20 image. Knowing the XYZ colour, the colour can then be accurately matched to a
palette of paint colours, to determine a paint colour to match the unknown

colour. In addition, complementary colours in the paint palette may be identified.

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,



can be nore readily determ ned. In one enbodinent at |east the second inmage
data is oriented into a known orientation to allow for recognition of the
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set of calibration coefficients, the one or nore functions relating

measur ed identdiedsaod/or He mwﬁuai@piwatsegaraé@wﬂﬁnté@dpl es fromthe second
imag data to the known colorinetry data of the 10 calibration col our
sanpl gs and the known position of each known sanple in the imge. The

det er m neflithidniplid eRtbtimehheie piall Wemted ard ifinst ealirs@adusiay e Eslbat i ons
havi ng a second set of calibration coefficients. The first and second sets

of functicehraiipn eharpetesistien tsfhasthaetieat of ﬁﬁ‘@H”U@éaat ﬁh%&ll@mrﬂg ng the
col ori ”e%ryé’ rﬂﬁ‘tln Oéﬁérgﬁn ’yﬁnﬁ‘gnre%?|08}gur$meecol%%r s%nzrﬂg' Ibfé?gra

pref er abl ness conpensating further co prlor

det er m natixedwvahlestdre chiibsted & detiermineck iadbsor M&’TZe\raimeB foy cajsmemng:ur sor set
of functions having a pre-cursor set of calibration coefficients that
rel at® neasured colours of the known calibration col our sanples fromthe

second 26 BgeIiRbalbBriithF kRN EY! AENBIBY AN Uaid i O rRdd

col our sarrp es wmt t aki ng Into ccount pOSIt nown COl our
sanpl es. vahe pf pxa@ls or asdustef; igahebrdateominotwgetiie oupites cirpixelbemthised as

part of the fLrst a6t of selibratian coefliclents i o L) determogtd on of

number of clusters if the determined number of pixels is less than a

25 predetermined fraction of the number of pixels in the first image data relating to
the unknown sample. In this way it becomes possible to identify different
colours in the sample, with each identified cluster relating to a corresponding
individual colour, and also to have confidence that enough pixels have been
observed to identify the dominant colours.

30
Where there is more than one cluster, the determination of the number of pixels
within the predetermined threshold distance of the mean value comprises
summing the respective number of pixels within the predetermined threshold
distance of each cluster, the number of clusters being increased if this sum is



In ore enbodi nent the colour calibration characteristics are determ ned
using N known calibration col our sanples, wherein Nis |ess than the total
nunber ofwRreonwnse®bi br ati on col our sanpl es across the wreTEPC@1O0S3ISpace.
In sonme circunstances this can provide nore accurate results 30 More

pr ef er abl e abqve enbodjnment the. N known cali br col our sarrpl es
e thostdds LesS EHEPrRMEY lacun, Abin 1S contss supdBat Bfodeh Beisrar o
col our thaR/BeoéWBB%‘rv%'tQWaﬁaéWf@enE@'tﬁatefﬁeeééﬂnifr%rﬁ( c%'ldd?&"fhatv@eoé"éﬂ our
space to be "zooned in" when determining the colour calibration

char act erdentified, so that the part of the col our space that contains the
unknown col our sanple is nore accurately characterised. Wthin the above
enbodi ment the estimted col our may be obtained by 5 determining a first

set of Cahlél’fd@tflt@neﬁb@ﬂea@rﬁﬁf U@trhrﬁ?&wtuér Nehpadttant IGW8 inlthe demauB are
calibration col our sanples, and cal cul ati n% the estimated col our using the
r

first setde&ct@gm@reemqurr@manm@Irspéldte&glus s d@ Enave Hese gustervliiessing i s
then perf 5 gﬁ@rat}b?f ﬂ%th%éY éb?ﬁé.ﬁsé tH?@QHYE\d‘%ﬂIrhﬂS’éraéf BQe@%fPﬂﬂﬁ éé&@érf‘os to the
estimated colour. 1n thrs process ach' s

whi ch 10 tladdshokl dlbtangeraﬂrtraé nmdmoﬂthepﬁm&ett Mér&:ec;baroalcb&rgt@edmtramllytdwen t he
part of the space containing the unknown the colour sanple to be

char act erS/T§# H'rﬁb%?chPié?'Sc?égélqt Idendifigd Gigi QRIMIPSNECRERRATERTY Couip i the

Al terpatiguelye the N known calibration colour sanples are those N sanples
used 15 wthin a confined col our space that the second imge data is known
to represent. In this respect, it may be that the known calibration col our

I K th' , t of t I f
st =, Theg ke, e o BuGoB 5 8 0 o o i B S
col our t R@mgiéen ﬁﬁedlﬁésmlétw% 163 'cbfoiﬁr'pmett‘é)bpgblrﬁ%l% thN@ént#) &
predom nant | or close to reds, 20to thereby restrict the part of the

col our srﬂa@t@K@Q Da@t Uiy iang téernationhrelatingede tbRamatshéng aintoeolouh a

furt e N known cal i bration col our sanples are those N
sarrplqgs ﬁﬁé\%%@&z‘é“}%{%ﬁ ed col our values fromthe second i nage data that
are 25 nost simlar to the neasured col our val ue of the unknown sanple from

the first imge data. For exanple, the N known calibration col our sanples
that havdntane embosinenicthe dirstesnage data @ﬁﬁnﬁ/ﬁﬁ)nélo'lﬁdﬁge datmplierengjvask used.

Wthlnt bv n t ially 5
to 30 sub@t an |a?rﬁ gjéré? b%marNeté%Pgénﬁ%@H |aI [?1yagld(§ﬁﬂt'8§F fHe

subst ant ura‘bkmaﬂ@ﬁ),reletnngrm m@nﬁtemuaglgaummolamml pabk/weauottheamt\mtheal ly 85,
or nore preferablr%/ SUbStantI% % 30 to substantlall or nore preferably
subst8nt iteleroMAatticatanssieiwertal I yhigovar Maieling megit r§ tg@ngsn d 50.

[ other BRARLRRIL SahDR/bEl RN RNG BUERBISs@ividanges of N may be used

From a second aspect o Invention there Is also provided an appar at us,
conprising: at |east one processor; and at |east one nmenory |ncI udi ng

conput er ,program code the | east one nor nd_t he conputer. ram>5

code. conf gl BAICPBIMGR ey fist ATage 5918 GHE THYERSTHEL CaBes EREVRHET at s t o
perform gy |cﬁa§tant$iﬁaﬂ %ééé‘é@@grl) an MI\S#SEPhé@nger %hdrd?‘%)eaéjﬂﬁa?gééét%tlh@ to an
unknown coI our 'sanple, colorinetry data for which is to be determ ned, and

secoRd i wefepage dnrasiditiamdhe infarmpatiomrelatingto theomatating pait celeus ohayur

sanpl es. o9l B! dTBl koA Anf %1 'Bhonl FndldBRMY) RIS rhédsce! T
SMS message and/or iv) data in a web page. Such communications protocols
facilitate the provision of a paint matching service remotely, being familiar to
users, and easy to use.

30

In one embodiment the first image data and the second image data is produced
by the user using an image capture device; wherein the image capture device is

preferably any of: i) a digital camera; ii) a camera equipped mobile telephone;



10 calibration characteristics relating colour neasurenents of the known
cali bration colour sanples fromthe second i nage data to the correspondi ng
known colwoi2aetesyoddat a of the calibration col our sanpl e®CTARALIOF)S3S
calculate colorinmetry data of the unknown col our sanple in dependence on

col our neasyrenments. thereof fromthe first inmage data and the determ ned
col our 18NGT Y & PlGHACRAMSRIsH: QORCs: S UeRee el b e oo RSt | sed i n
that the tgabgiulsel] Ak FRIEArSS amilid) wﬁﬁ%é’bEGra%ioWdﬂf%h%h'é&%ipﬁh@r@t{' thmto

pi xel values of pixels representing the unknown col our sanple in the first

i mage to determ ne the nunber of colours in the sanple inmage; and v)
returning_a colaour for the identified clusters. 20.Further aspects and
f oat ur es 181 offe SHiesEhent ToBn i IRes “BESHTSTYeRPA « oMBhe Tt tiodal
clai ms. Bol@iméIpp datPtdrenxelz trhstiurig vaIBedS XV thetimUest varR@sadéfine
advant ages of exanples of the invention wll beconme apparent fromthe

f ol | owi ndixad SO shecdie Bandyeised leySodi nents of the invention, presented
by way of exanple only, and by reference to the acconpanyi ng draw ngs,
wherein |ike reference nunerals refer to like parts, and 30wherein: -

Fi gure 1 Insoree Entsddiniieat rcompémentygtaiowecty thergnatehmg eofoadimapntbeof t he
invention, Figure 2 is a drawing of a colour calibration sanple card used
in an entSEAERG.0ANG HEOTMYUAH rIating [ if deterinined eomRIEINeRRRNTFBIPUES process
perf gpnmed,.d i e | Y o L = J f fagram and
Besoa ot S B o L e e e
enbodi neandfe moee readiptdedermibEdgure 5 is a fl ow di agram describing a
colour calibration process used in an enbodi nent of the invention; Figure 6
is aflowdiagramillustrating a nultiple pass process used in an

enbodi meng e EABOHINEM AOBast the sEBHA Qmﬁgbsdétaf isOuYicHtadii® bl kriewd ati ng
part of a spatial brightness calibration 10process used in an enbodi nent of

t he i nvemriestationi turedo® far eecogoitioni afithken knoWins cakiriatign acalOws Seripief pr ocess

oo’ a5 e B QR UPRRYc Hrisndgucr  $ER Rhagd Bl Bt Tode et By SRR, "' M
15Fi gur e eHd UiSeranfd Wy cHpREE@MBecbhyShiagel 88tauRge@ ndthse Gapelrediindany ocess

used in » . . .
specific required orientation.

In this embodiment the orienting preferably comprises performing edge

20 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
are identified a perspective transformation can be applied to the second image

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

Moreover, in this embodiment the orienting may further comprise identifying
pre-determined rotational orientation markings relating to the set of known

30 calibration colour samples in the second image data. The second image data
may then be rotated in dependence on the location of the identified rotational
orientation marks such that the known calibration colour samples are placed
into a known position in the second image data.



an enbodi rent of the invention; Figure 11 is a photograph of an
experinmental colour calibration sanple tenplate used for tests of an
enbodi merwoi2n11faseodsnvent i on; Figure 12 is a graph showregiasgseyscal e
power fit obtained froma calibration 20process during a test of an

enbodi ment of th nvetlo 13-15 are hs .of the r function
Fegr ess: g et TpGHMETbRtines S dBenchsnoehias JORae! R4 RoeHE-AIChENe | n
figure 1%0Idﬁr%§rﬁ*plé§ r‘n§y %I&H dBcthpéengHtey Stalsealidvs Usd Ydage RfLNY 1y der

pol ynom al ; Figure 17 is a graph of a greyscale fit Using a forth

or der poIO,aﬁturedl lnzwonetroléadwélghtlbgumwm whelzeertber%miaﬁt@wwqmat 20 are
graphs of. B resul és obta ed f ﬁ odi nent \Mc}er qengond

processi ng ﬁ%%écroésﬁ 3 P aE 99 ?B s, VeSS Rt's 30

Vari ogs exarrpl es of the invention will now be descri bed W|th respect to the
acconpanying figures. 1. First Enbodi nent - C usteri n%tq Find Multiple

Col our s iWMitBArPISeembodimeiitee compeaspling Ny eQnafisedetersyringm Ave§eHi ng to

f
ot Sl 05 R0 RSB P BncASoR OLABAS HERIELPS,

used to Gagreufnations meetiny rhéaslﬁedobolorJ@aﬁpir@ tkootve deliationecolotioget her
with an i mage of caljbration col our nples, the colorinetric data of which

i s known Same%émrth& REB prRg%e éjr?@aéPe‘ﬁ\?nl‘@o‘W%l%ﬁ"é”mﬁtrbr%@s%f e
| t
tthmggl glg:‘ré/ﬂbr%tﬁoﬁe uan b %ﬁaechgﬁ%wn%&ﬁﬁ(ﬁﬁof EECH R‘ﬁ&ﬁn%%ﬁ?pleq? g m ne

sanpl e col our e colour to a palnt
pal ette anmdgeheﬁhe eiajlennninhé fuactaﬂresdace)lthmr ahatysedHe firad et secanl set be user.
In this r the first e t he g&esent nv ntion, is ald’red at

brovi d nd Cteps: Ak e e O Buireetor: ceBEERRE. THF Thua seed

i dentifygets of functions and calibration coefficients are then used in calculating the

colorimetry data of the unknown colour sample.

15
In addition, more preferably the brightness compensating further comprises,
prior to the determination of the first set of functions, determining a pre-cursor
set of functions having a pre-cursor set of calibration coefficients that relate
measured colours of the known calibration colour samples from the second

20 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
calibration coefficients in the determination of the first set of one or more
functions.

25
In ore embodiment 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. In some
circumstances this can provide more accurate results.

30
More preferably, in the above embodiment 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. This effectively allows the

colour space to be “zoomed in” when determining the colour calibration



accurately the colour of an unknown col our sanple. In order to perform
this, the 15 user obtains a calibration colour sanple card, for exanple by
post, or WQ20i19i8049ag a paint retail store where they ar@CaxExR01al05&35 The
calibration colour sanple card has a cut out porti on i nto which an obj ect
the colour of which is to be deternined, can be The user then
captures ;‘Hr‘?%éﬁ.'c&f S?Héak %B@éﬂfg]*h € €Ol srag l‘@t EANGINSfeRURKNOVED; ect
the col ogpiqRir s\éfﬂi;ﬂé'ls! ﬁo?@a@&r@ﬁil?bﬁb%‘f’erﬁs‘édzo the cut out portion, using
readily avail abl e i mage capture devices, such as a digital canera or a
camera equi pped nobi | e phone. The inmage is then transmtted by the user,
for exa email . multingdia ssagin serv MVE usi a vveb
ot ert acv g HiE e SHp LR iR PR igteR ohloiE e ielsbe; pBllR U O “The
unknown @@kmlnmgrﬁ)fn%t k8t dﬁéeﬂibmmfrdehaar@dten@f.@g Uglhgcsm thass/erlaBs awh t o the
user regardi n? a matching paint colour. In addition, information regr:rdl ng
conpl enePeHRR '96|Qﬁ'OléfoﬂiQf[lp@Ss6n§§&4@|ﬁtﬁ1&thﬁae§tlrﬁ§t% celetbupingcthentéshay al so
be passe u 't h a
oystom i Hoheste AR ATPn" BfaraclereE. SN A% BF FoBERIS B; Rt

cal i br at ipenfoepedyrusiegthe damgalest koowexealfdratién atoleur saaiplgmitot theet ai | er,
or sends off for it by post. The calibration col our sagﬁl e card 24 has

thereon &Sﬁm%%ql oBloLF nlfl YisIAY. ColIPaSH ARPGRSSTSREPRIDAEN 5 1Upo8h ¥etbut ed
acro3p ! MghR e ddHRrEPLARLP sBhod 8 HROLIMMACRARB Cand Hhe RO f BPthe

di strl bute acro e co our space. e calibration colour "sanple card 24
has a clspaoetcoptmmlngrthe4mknehmvxhne| coltﬁurgsareple tocom thdracterided inifddher but

whi ch ing%tt Ec[ enbo(genents may . be | ocated anywhere on the card, into which,
in use, bl PIOVIYE Flore ASHYIEE &S tIaced or the card is placed over the

object to be sanpled, so that part of the object to be sanpled shows
through the cut out 5porti on 244. Further details of the calibration colour
sanpl e cavigratively, ithed/ teewn chlratian eolour samiepats thoserV gamples used use, as

whosd>cortltit 2 o iRd b e 4R R PeendR Rl Bieo 18 BNl B 10"
devi ce sugpreaent IAitBist RspedtiyR @ayWe thaibé [k oRMOGHEioPA DA d@l@qubhpﬁ’es?afTer a,
so as to take an inmge OP t he cah bration colour sanple card 24 with the

unknown @66 dsaowgatmheeth@ntﬁC@éftrm@afé@fmes@olp@%;%@aﬁp ifor expmpleag@y ab shown
in Fi gur%e reds, %?mecgu¢§&9ﬁat0|§p i ng%'rﬁStc?wzaSrﬂﬁhccﬂéuratr@ngfh%aps&aﬂgésa may be

used, or use e dev d wth an inage capture device
such as eknbwnl ¢a||bretitﬁneasieuasar@ptas mbEatapredwslnaaw rﬁce;;l or lnfosentagedst he user

must then transmt the i mage back end server 10 for i e
pr océ8si @ thaygby sesirief tf‘?é}agh?fttgﬁaﬁﬁ’&ﬁrﬁ%ﬁ of e RGNS Seics tB@fg@%%P to
transmt chBF'adté’F?&ﬁlloﬂata to the back end server 10, 20 and enbodi nents of he

invention are not limted to those described. For exanple, the user may
| oad the captured image fromthe digital camera 12 onto his or her conputer

16, the ¢o t 16, bei nnected to the .internet 22 via a |local ,network,
such as ST\ Arer,alseve TRENT it Sahoauh U0 steeliniat 116 dMeend an
emai | of shiAfI&SBER hage dReddurad kBRI vb%e%ﬁr&ﬁﬁhé sé8a i rRage Whisthat glcat es to
t he back-end server 10. Alternatively, the back end server 10, via a

net wBbk inmesirsimder, tonthye rpeasured cplour value of the unknown sample from the first
image data. For example, the N known calibration colour samples that have the

closest RGB values to the unknown colour sample may be used.

Within the above embodiments, N is preferably in a range of substantially 5 to

30 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. In other embodiments then
different numbers or ranges of N may be used.

10



dedi cated web page whi ch can be downl oaded by the conputer 16 and di spl ayed
by a browser program and into which the inmage data nay be placed, 30 so as
to be serwobatkst@et he back end server 10. An alternati PETHEPRC1G/0553% he back
end server is provided where the user uses a nobile phone to capture the

i mage. Sone nobil e devices, often known as snmartphones, have a WFi
functionality and can be used to send emails or access web pages in the
same ManmesmAs sedorBt fbett SHamkt PRI W& is! AisbbrovRReCah Hparstusobi | e
device is being used as a portable conputer and the inage captured t her eby
may be seeMisisingiagt least @nedgprecessoer éndi @t oleastvedipgagvemony kincliding: back
end server., AlternativeI%/ tﬂpe zer nobi | e devi ce ‘:‘{ ngcy ustﬁ its cellular
radi o i ntQRHiE PRURNCY IR i‘?n?S St 4G §TGAL Yo AIR 1BAFOTIRYEL PIETEM, thi s
case, 5t heouBbgshiidared NBY Wi thenat Idaet opsapiicesesr, kbt thetdbGaraRRsSagi Nng
service (MVB) nessage via cellular network 26 to a nobil e gateway 20, which
t hen traP$Hof® atHeastiagdoltwiagdt b reerive ekt iewgestata selaliog to @niynksiomespect, a
parti cul n nlm i - . kno t user
(for exa?r%,ogﬂpér&?rﬁ Ieecl on [rﬂgﬁ%eﬂgﬁ%ﬁéw@ﬂeﬂd?g% Hgg&neﬁ%gn@gred%% g?%&ﬁni ch MV
messages immaye beatentelatinge tbaak phurdlityeof ekndn coaliraties eoloeat vexrkpliest er f ace
102 connected to network 22 for receiving i nage data fromusers, and

t ransni t RGN HRIEION WHchARRyaHeR%Y KRRWBE &) USEErHIiNg alurgdbet ¢RlaUr The
back16nd cafifbn L GHEEUBREIGOTRIAGES BolBLPC fRERUdEnE! N NBCPTIRRRATT ! O
performthe colour determnation and generally control the operation of the
back- end catipration 16nloWi samptesnroorT thel 86corsd pmegée dieda ftor theseorbgspameing

i nto whi ch dat be stored t ily. 20 AL i ded i
The. back <aRs Solfamets’ Bate, & dReLeal PRI nstblfss G CRAPGFIR | ong
term StoagRimaryRidh 6t AkiRNAOIBIBUCaAmBR  QB&skndehbe CEATRIBLEOTPUL er

readabl e medi um may be a hard disc drive, or mag for exanple, be solid
state st oneapsresentethereot digputtee firshdnbye daidi and 108 determbed erlaber of

Toa 18" pREOMARAR chPedckrdich iber RRBEAINE) popforRitasiBised il L, 4l “ang
cal I s ot kercuntiig esmppisesr \Wr apgipiagati €0stefingaaidorithen tbegiker &dlues of

Additionally provided in the first enmbodinent is a calibration nodule 118,
whi ch r eddajeseREaERIHNG dimrakoRwn ColRU HReREdlithadirshinage iofetiesdinge 114 as
appropri ’nuﬁﬁ)c L SAn N by t 0 r 4 for

cal i brat ?%% unc%in((s)jfné,ﬁglrjﬁ %”n%ﬁa%]?’?@[ﬁ gﬁ&@% ap@?]%?%u hgbgaegggosugrf?/? ?neegr essi on
anal yses igantdiedtatusiersabl e to characteri se the col our capture
characteristics of the image capture device used by the user. Further

det a*Ps of the operation of calibration nodule 118 will be given later. In
ot her ertopi, id qH iREerRiopy i @%ohfehd mage
orienting noﬁl%gé_%%%%ooﬁ ﬁ@jegﬁst%ﬁ%%%eoﬁm. %ﬁ]gﬁg%rgépat ioon oéf t hese
addi t i onappeoded ekimsl | be described later, in respect of the pertinent

Brief Description of the Drawings

25
Further features and advantages of examples of the invention will become
apparent from the following description of specific embodiments of the
invention, presented by way of example only, and by reference to the
accompanying drawings, wherein like reference numerals refer to like parts, and
30 wherein: -
Figure 1 is a block diagram of a system according to an embodiment of the
invention.
Figure 2 is a drawing of a colour calibration sample card used in an

embodiment of the invention;

11



5 enbodi nent. Additionally provided in the back-end server 10 is a further
conput er readabl e storage nedium 110, which may also take the formof a
hard di skwo=011/@9@bat e storage or the like.ln this resp®CT/EPRNE/05E3DNd
conput er readable storage 10 medium 110 may in fact be the sanme nmedi um as
medi um 1 ang .may be, for ex le, a partition.of the same hard disk that
Const 1t UGB! S o 3 OR.A1eBfart ah rcoedtsy BEROTRER a8 bR eRE i ormput or
storage nm@dntighl10, however, stores a col our database conprising
colorinetry data relating to the col our sanples on the calibration col our
sanpl e cdnigure44 Seveflay diagsamf apdcasswiatad adrayinge ibusirading pel magey t o

di fferent .cat itbrati Qn_col our sarrﬁllbedcards%féﬁ t hat iRy be avail abl e. For
each cal (HFRA'GR %8%%??%%%%”8 4 Eﬂ,entt PE"ST""PRe card is stored, and
then for mawe Knewnfew! dbkraddidRLErilgingtdeoak GalibRRiokNeoBess 4skdiitdrmul us
val ues are stored, together with the |ocation co-ordinates x, y, of the

col our s&mpadimgnt agthenp¥entian;sti nul us val ues on the card. There will 20
therefor%@ﬁeaé 1588y to“ia&?arﬁ‘%p&étfjdt{hgt% Hﬁht}iﬁ p ackat&d 4k igf 1 ml us
val ues as ere are col our¥sanpl e pat ches on cal 'bratiton col our sanple

card 24. drgpdimedt of theshveritesh:;t he cal i bration col our card sanple 24 in nore
detail. In 25 ga_rticul ar, the calibration colour sample card 24 has a

border 2440WE ArSAutleN dRgeamhireatindaprartt el $REIEp ONighBESEneR! BBRIUDI our
sanphg p &g% : ~sanpl e patches are arranged such
t hat 1tghe{il)}cr)(gttc e@eggg%ﬁ%@ﬁéemeemﬁ?ne?me QEO@T t he col our sanpl e patch

regi on arfegureeysdal @ fhaw ctiegrame illustrating aagelutterimgblpaedesshiusedhin/aan ous
greyscal egfﬁé)l urs, tpo white.. These 30 should be captured by an i nage capture
devi ce s&lif m&”BPgﬁh_tedPV%@f%\_’a with substantially equal RGB values. They
are usef igirg 988 Hodiah i TRMorAtrdiihg A8 te BILLRFNgOProcass Wskl iR
described Tn a |ater enbodi nent. The col our sanple patches 242 | ocated

furt her iembdodimenhef begegemfiorthe calibration col our sanple card 24 are

hi o TP eop V€ 10,8 8BpBior Bagidpl Duihefr S L3NG PGS i@ Ecsi b
to the trEnsdrpodivsent af tesindestioed. Al ternatively, the calibration col our
cards can _be printed, and then each patch nmeasured so 5 as to determne its

XYZ val uédgurgsl 1n't§,a PB@tOQ@?’fb@fe@n axre?féeemabﬁ@b@ﬁ@@léaratiqrhéaml%tﬁr@plate t he
col our Smb%ﬂ%&,e&c@fa@?ﬁ@?ﬁg?ﬁﬁﬁ%é‘mv’énﬂbﬁi ri buted across the whol e

col our space. enbodi ments to be described |ater, the
col our s rRiguree!Z enagraplatsbdwng bi gregsqe toower dit obtainedffronha caiboatiorspace.

10 The card 24 is also provided with so sort of identifying mark 246,
whi cROmaPreeess Mm&ﬁ@?aggﬁ@%'mnt P?ﬁ'@p'f‘&?@t_'%r k, such as a printed
hame, sy 're@H%H‘S alrbkq‘rﬁpﬁé"o? the thcﬂid??Féq;E%{siHﬁ'fﬁé‘ 6% Vi §n@? ng used
by the user, such that e correct colour card data can be selected for

use. 15Fibaskt wpontibe panidn fandtionschodnia figase 42cut out portion 244, here
shown in _the nmddle. ver, th sition of the cut oput portion is not
por t ant RGNS © S aHBED Uy BERIE ioeh Sheb Sl aodandakn at the
edges. |tFiggrena7eqyes bh_e%ﬁeé‘t?@ys&élét fifl ($aithg Ot fOP®Y I0r@&r BRIYrbrhigAed; in
this respect, the calibration colodr sanple card 24 could sinply be placed
next 260 fanshpied tointsraept at £¢r®; @0Hour of 20which is to be determ ned,

cal i or ot Fosur2s e O 2l SR Bl S re i naiBe IR FEm aPfadiRn I ' ana

t hen pl agesohdrocdssgabassis parfdr@ddsuch t hat

Description of Specific Embodiments

30
Various examples of the invention will now be described with respect to the

accompanying figures.

1. First Embodiment - Clustering to Find Multiple Colours in Sample

12



the cut out portion is over a colour to be sanpled, for exanple, the col our
of a 25 cushion, curtain, itemof furniture, or the like. In this respect,

t he card wo 2znowisgdse pl aced on top of or agai nst the objPEeTEP2e1h®5@508% our of
which is to be sanpled, such that the col our thereof shows through the cut
out portion 244. Using a nobile phone, digital canera, or the |like, the
user then takes a still inmage of the object to be sanpled with the col our
capture @aggtel Nid BdlbERIR r&ﬁ%f%ﬁ@%ﬁemtaédbréﬂgtttiea RPst lenfBHisRAY BF thkd, usi ng
t he vari ous communi cation routes descri bed preéeviously, such as MV5, enail

or usi ng pneteradamlortzr J@eesset@ndm uher-pidecelegepés podearkaend senisack- end
server re det . r nmage dat 2 sent user is
ecer ved S M noTie el abms e A e e eha D CanlrS B aPos 0 S

back- gend c@ﬁmregarﬂ@el ® 66 Hdt@niagd bibdeitercalton aagd of wHlibedtioroeslber 114
runni ng on the processor 104. \Wen inmage data is received, the col our match
control PaawRles, the qolerinetrigsiata edmhjch tﬁekﬂ'QW'ﬂn; Thej sayer %lﬂéc%sl%ﬂcrkgert% | ocat e
and orie C r.at I . This
s por oot 438 rate M Mo AR s fodif e Ihilad Wt JBEeZ i B
on the inis¢iragée aasa,gleteminhe thtae:otm,erof théivmkadep smmetcd@mumm thteor
exanpl e, the calibration colour sanple card 24 cone With instructions
to the u§@f0LFd°@aB@'GF palgie; spgy e @uiniae mﬁ@hgggog@tgnfrw thedatetigioro
withijp theeiggge is not skewed. In addition, the user nmay be instructed to
crop the |nage such that the inmage is soIer of the calibration card 24 in
a known rotational orientation, before it is sent to the back-end server

10. If t? ser_is r vige(?vvi hsurﬂ] ﬁructlon and carries t

then ther® WS |reS%r & %mberir@ﬁ 8ﬂ3 ?oBE%SPB yentiong 1% 3k af" on
routines.prdfidin 'és?ﬁéﬁw whit®f sifcLa ddifeste dUSRERef, Qﬁ%tﬁéﬂu@é’r Y |denl?i%/ an
i mage sol er o] he calibration card wth the unknown sanpie in a Known

ori ent at iasayrately. thetcowur of Be unkoawd doeiygesagaplef In néderatodbeaf@ﬂnsthwptt@ Once a

Cond 8T R P BB B el SRl b PR\ 13

per f or m regdiasRt@NsRAG WEIre tﬁéy sieadaniagld. SPhé héllm@h@hllbomrﬁtsﬁhﬁ)le card
characteristics of the user's image capture device. The regressi on anal ysis

used i n @& Pr egleut RRFEEN NBIA W%‘Cgu%t%@ﬂaf[m%/ Gaieurs gevRish dBs & ised
| 9 7,
previ ouslgjgd ity g%ﬁcb]ef Blé?gﬁr }ﬁ%ﬂ%eﬁ' tﬁée fyres a?h%éa{ﬂgfsﬁ{ge@%@drt

Figure 5.71Th resp gressro
char act eruokmrtstwnmle\ﬂard w&thribefoh]er&cthemdhd)mdxf whigh isitorbe ebrevioad tro t he
calibration card |ayout 35, known fromthe colour card data 112, stored in

col ouP défﬂ%u%@utmmon usrrsrrée?@'@r ﬁt’@'t?é‘)"r dYPES GRS %%Y'P%%ﬁti'crﬂ\/éﬁxﬁes t wo
i ndi vi d”%thrf%ﬂo ér‘an%rsée éoo‘?ﬁdb%t HPohe: Delfrfer fnBEe3is then

rel ati ons t ween eac the asure G and B conpofents and the
known X, tr‘ansrrdtte?d dynthenesers fmrsewnpleebgmrya;rbaheltrmﬁohmrrne&amhr@servraehe

calibrati ol our .sa s, a func R

Canet! on (ISP SKIsBE TP e iEHACE: todhBihark T, S ners I PRl . o
of B (nangs chbids bf e tﬁﬁt}nown éoIBQV\@ém?)'ré téedéteﬁmiﬁ%kﬂ BRd USBEMAbr §sgc,rdeyscal €
data to obtain the relationships Rl, Gl, Bl in Step 1 above. It is also

possbl e baek usethgouseroragardiogra endiching painbeolavsr maddition, infermatigrer

of e b <ko FhHFRARRR b {EOLERR b W Rtk Tk P Bk T

Step 1 abeaealsb.t® passed back to the user.

Figure 1 illustrates the elements of such a system in more detail. Starting at the
30 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

13



X as a function of RlL, Gl, Bl (named function Xi). Y as a function of R1,
Gl, Bl (naned function Y1). 10 Z as a function of Rl, Gl, Bl (naned

functi on W0)20118880962 i n the al gorithm performs nul ti-vaPCamp201@gsessi on of
X, Y and Z agai nst the power curve fits RL, Gl and Bl obtained in Step 1,
l.e. X =

5 g B, ot ST Mol o e g 3

20wher e fémtkbd.meﬁfsd r’rQayab@ |6eafefdaahym@ﬁef bﬁ'tﬁ@t éardThﬁ’tot hee, Wl ide, Va’ﬁl ant
regression fits of X are denoted X1, Y1 and Z1 res ectlve

Fi gur e 5 objrsidot e sahm}@d na p’m@ det Hig carch qu@iaqe@Iuomr thenhebj ct@skm of

Flgure 5 mnuld be per.forne n Fi e 3..25 Fi stI bl ock
s SRR Ofp MG R B8 it dochs safhried ShBnSintsdth It elby i o

r ecel ged poktiort Q4r4henuﬂa§|ea§eaﬁm éfOtHed@@ﬁbréuorﬁ Relse! sampleacstduzedviftbedl ock

5.4, and this is perforned using identifying mark 246 | ocated on the

cal i br at idgsciked|ater, witihs@spest tq Bigs@2t i on of the identifying mark 246 is
30perforned, and this mark is then used as an index to select the
appropriate set of colour card data from col our card database 110. Next,

the firstinsisepasihotdwe traboye-platesittal galibration celost 3atrple caxt 2Adiveg tHe om
bl ocks 5.6 to 5.14. That, is, at block 5.6 a g@_ cess loop |s started to read
dat a fro@Piafd WhasgeLolaur iRieRe GRISIPINGAs TNe ¥R NRAYSES BRRMAgE CaRIUE] ock

24 hagaffaeglr%m £s SIS Amdra0¥NaRAShitd BRoA pravid 8 withes EaiiePs add on card
as to take an image of the calibration colour sample card 24 with the unknown
colour sample to be determined also located in the image. As shown in Figure
1, a user image capture device 12 such as a digital camera may be used, or a
user mobile device 14, equipped with an image capture device such as a built in

15 camera.

Once the user has captured the image, the user must then transmit the image
to the back end server 10 for image processing. Various different transmission
technologies may be used to transmit the image data to the back end server 10,
20 and embodiments of he invention are not limited to those described. For
example, the user may load the captured image from the digital camera 12 onto
his or her computer 16, the computer 16 being connected to the internet 22 via
a local network, such as a WiFi router 18. Then, the user may use the
computer 16 to send an email of the image as an attachment to an email
25 address which relates to the back-end server 10.

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

dedicated web page which can be downloaded by the computer 16 and

displayed by a browser program, and into which the image data may be placed,
30 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 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

14



5 val ues neasured fromthe imge at block 5.8, and then the tristinmulus XYZ
values for that sanple at the sane position (x, y) are |ooked up fromthe
dat abase,watossp9s. 10. This process is repeated for al PCTHR2gmpyE6Rl e
sanpl es on the |mage which, with the calibration card 24 are |ocated on

t he outer_ edge t he colour sanpl es anples 250. In alternatjve

enbodi eRCEeSs HED RGeS 1146 §BEE b eicatio 14P1BR Of Cskion RETRYIET g eibal o
sanpl es, cagd th@euﬁrhﬁ‘fobﬂ@dévceg?é@eﬁfg 6oL C!asabsﬁor%olésﬁﬂnb@teﬁ%d i, or as
an alternatlve By the end of the processing constituting blocks 5.6 to
5.12, thémegereaptficad daerebknoay kelsant by enalisenlas daigplestaradtinto iammge,

thetristl Ius ZvaI es W !l 15 have bt ai edfrom roprlate
col our o APRAGR, OF{RME R cnd 2ehREE ARERATP, Oiebl8 FERE Ry

col ous san@y @s@nlté Rellilargadivi interfiee td @@Ad NEBSivd dﬁfEt@QhéQﬁw%d?g RCB

and XYZ values are stored associated with each other in the nenory 106. For

exanpl e, Sefvars1@osdn ghis caspl bie imagaedatar WVR@ sentuder fexanyde hak fown

sample a %J( I e s shown
in Figur g@”' @ted%g%&% %1 Wes%gg gé)éelfa eerr]I rrequtrjirbeé&saand t he
cor r espomabbig g@témglzms/vmolom M@némmmriehma@é data tdahalaek enat sestep 5. 14,
t he above noted Step 1 of the algorithmis performed, to determ ne the X

val ues ad0a Medli§rrearectn@ Paricsir (gontas) nurpRenLERY baProvided mrd gaade
funcypon k?if)vxfnht6 tH@%%EF ggr &é(rﬂkféeﬁ’rlrﬁgg ohhﬁe%a]’ﬁtla’ﬂ%ﬁtcﬁ%rlﬁ’ sfa\"rgtﬂé'c‘é]f:q oh) t he

measured B val ues step I's performed usin t or a

pol ynom &b which MMS oiessagea niaypnbeisent.rel ating to X to R Y to Gand Z to B.
Typically, a power fit will give an equation of the form - wherein the
co-efficients ax, y z and r3x, y, z characterise the respective

rel ati O”Sﬂﬁep%ackzlﬁﬁr 8&rvk?, 1d6czorﬁ;'5¥i’séls7 a |n'eH/§<§r'kaFrﬁeﬁé<@éTpi02 @ohMBctelt o t hat
have been obtained for 5 experinental test data perforned on inmages

capt ur ed nefwerk: @2t feralreegivingomagempdataairoay UsEr®. ehdwirananfiigar eoledr Fi gure

pat oge. T nootaBaERS; he IR ABSI RS e pabRREbEindt O AR D2 s

1102 conpohifiseB6 d apfatyorr 1@Ngeshrfit@nprdgranty ofer sperfdrel Uthendesibur
greyscal e standards. The greyscal e 10patches 1104 conprise 16 greyscal e

col ours deiRiTHgationANB| aeneraby wenirel the oppration of tf&ba@h@ngrwgg 10t he
exper i m%é&urﬁiﬁ{erﬁér&%’oeﬁ eﬁﬂg‘?@ie@ f%ﬂpégg% [gd(@b%o"f‘, th'uéH"ﬁ /N i mge

was capture Igita nnon Power s ro 9019S).
XYZ tri stoenstoresd t@ataorélnlgmthe col our patches in 15 the test array was known
i n advance, indexed by position of the patch in the array. Wth this data,
it wal possible to plot the neasured R, G and B values for each patch

agai nst - tAj&, edVi{ tHEIHARR- é‘n‘ar%é‘r%Pm%ta %H@][‘utt R %B\@Méa.&rh%ses 12,

16, and 17. I't should be noted that the plots ata I'n each of the
Fi gur es y@]lcn&;rnmwlongnerm storagei inavhichaata dnél frrograinss care beustored. i Eot hat has

20 been a d. In art| |n Fi,gure 1 0 has been .used, in
2 ocor dnnaxBiefe confbubd eafgh® netihoe BELEaY Bt DR Hine Arve B M0 ATt | &
al so pOS%‘thﬁ)lé Ooé1§8hdist@fé ¥f&>@§$é‘| Sfcor"einrﬂ%mbtbt%fﬁ ré‘acﬂw@rmédhﬁm %BjaFé gure 16
shows a second order polynom a whereas Figure 17 shows a fourth order

pol yaém & ngmber oﬁ@@@trolrwogcamsu drm tln|§ feshembatineentta coi@uem@tph cantrekr 0. As

will (?“ﬁc?&j’léq%gf is provided, which controls the overall operation of the system, and

calls other modules to perform operations as and when required. Additionally
provided in the first embodiment is a calibration module 118, which receives
control commands from the colour match control module 114 as appropriate,
30 and is run by the processor 104 so as to perform a calibration function, and in
particular to perform the necessary regression analyses so as to be able to
characterise the colour capture characteristics of the image capture device used
by the user. Further details of the operation of calibration module 118 will be

given later.
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25 |l ater, whether a power fit or polynomal fit is used, the results are
substantially identical, and there appears to be little advantage, if any,
i n using wWopoiyesvsal fit over a power fit. Once a curveCTiEP201a8951382nN
perfornmed to give the above-noted functions, next, at 30 block 5. 16,
multivariate regression is perforned of X, Y and Z agai nst the obtained
functions, to obtain coefficients relating to Xto R G and B, Yto R G
and B, ang ofhdroerfbodimetisl é%idi@&wd]%&hléé‘r’r%}ﬁﬁe%r RQ¥E . sUhdaK thelPrage
illustrates a plot of known X against the regression fits Rl and ,

wher eas Prigotieg 1modiews1 & nwiheyclugtaringt modeler dg0esheroderatiorGof dheseyl, and

Figure 15 ows, a_pl.ot of known agai nst .t he. regression fits Bl and Z1.
This i ndGoUEhel anbollsst ryll BAT SoeBBed lotdmair, BBERL T, g coftnBb: “hei
to char agigsadsgenach of X, Y and Z as a function of RR G and B, as

descri bed above. Once these coefficients have been found i.e. the
coefficients fromboth step 1 and step 2 of the 5 al gorithm above, they are
st or ed, - I ri t C i he
mge. captUIOHIG el RIAE kg Senee 81 LRREE Sopitlity Rbcpid 1° o,
possi bl e staratjendetiinen ¢ 00 owhiahf mialyeal sm kakevthes formpl of arhdrdediskegsid ftatgm i ts

R&B val ues. 10Returnjng to Fjgure 3, therefore, at block 3.4, the
above- not5&yag8I & i priodBSsrespepb ringr$REPNInEPTRVIST repdable gfogage of

cal i hpat iQeyiGRe{ o Fr'\zf;ﬁihsfﬁé@be‘ﬂﬁ‘é cBredebiff ab ndGiamh 168, Mﬁ%‘}%@]% col our
determ nation. Firstly, however, 1t is necessary to determ ne ether there
i s any dexammh, a5paditioar of he hearke dvarde diskuthat acgrisditutas diinshicomputeer f or med

t block 3.6. F | e, i xel I i t he .unk I
o ek oA R Fle, YELAEF RBSGECTL 0, (he gy sl e
Al t er nat ingglever,l étoFéSfé%l?Igum@at‘éBﬁké‘%hd?%g’ ébl‘é?imémﬁﬂé’taaré{\&% ¥ eid ace is

bei ng used then at bl oc .10 a user may be asked to pick a colour to be
cal i br at €glouatsapipiek 08.the cadibrationptalResappeueards24.neeveed isetsotslichat er we

ol odre Ot RSk AEURD B EF el SRl oot EBbaor 82 BALY o
them At ool dvalidble. heopisdepdcaiRration calotaldanisie afhrd Usi, nBetibeot eld brat i on
coefficients 25 36. That is, the RG values are applied to the equations

found at CBFQ)&S&S@TQQ,u@?%@%@r@@lchmrbﬁd@%ﬁﬁm%ﬁﬂsIh%&ard?hth@ ‘ﬁm‘(ﬂsss
gives th Lt st f I,G avi: d.} he XYZ
val ues o ﬁé'sﬁ'mﬂ%%w@%?éxggﬁﬁ% tgb? @r&tvﬁﬁwe%ieggé%@bc%@mlﬁgtﬁ%% rSFe in the
col our sdam@lamlourf saimptee hiagingp treodeh &ristiomdus oladugy onhéhec gacdir Tagrehwilbnt r ol
nodul. e 114 then acts to find th? near est colour in an avail abl e col our

pal etPe, BRrEHIECRE S ANaN, SEIH OT (COspdiate oGllees el apsCiaigflalripgmusus
avai | abl §afi st ietren BLFBafm h80EH!t BenicpI I e

col our dataalf)égs%el%oégg ﬁgﬁkgg?hg%%%eggcoﬁ%ﬁ%ﬁ?% [g)gr o%gﬁg)yéggfd;g a
col our di¥f erence neasure, and conparing the XYZ col our that has been
determ ned to each colour in the palette using the difference neasure, the
colour with the snmallest difference being chosen. Several different

di f f er enggguraas un@str2a8 the diBfhtidAUEololr RERO afiié 245n triGrel Byt g it IS
preferable to use the CIE Delta E 5 neasures. In particular, the original

Cl E Rél t pariquim7dhe calibiationi GaieuresriBpieecardr4 hag dbowdasd4&eat an Qe her

(2000) may/9BeneLedl BOP Gl praieehrtEF el s4fbbirbe IR R,
mat chi ng cplcueessTHY chiboE ksampld patdhsnsreaarahgdd ruchahat tipbatshebe?sm t he
paint colour in the palette that is closest to the determ ned XYZ col our of

the test asQup the Cf%lieg egaeraf tee colaurisampienaichnregion are greyserlg\Radeteack to
t he user i ' n <Eor | e,
wher ot néSudes Tt YRR Bl G Hmd Blesraiep SoRblsc it TIEY as
15 usDng shoniabbé capveddy aﬂnémagevmpkurierruaritgasﬁcri@% andy‘gifa;brcamm ;with short
nmessage servj ce (SVS r message 1o send the_paint colour inforpation
back Lo SHESREBAMoeRYAl BAR cUBURL o RN APy USGHE, & (aSE0URIS REstebnt an
emai | to garackprdish! ¥&lvilde dbEGHRE WO tardURbb@Rfent02 may fornul ate an

I 1O prigh . .
email inr pfy wi th the palnt coPour I nformati on. ere a web interface is
used, a

The colour sample patches 242 located further in from the edges of the
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20 webpage may be sent to the user for display by a user web browser,

giving the matching paint colour information. Finally, in sonme enbodi nents
of the irwenpilns9s addition to returning the paint col ®GrT/EPRé10/0EBS ON 42,
at block 3.16 the back end server 10 also acts to find a 25 col our schene

that compl enent s t e determ ned |nt col our For there are

o o RN otIey SeTRlR. CBr B Ate SOl Pl dipsradnal W IS - oach
ot her . Foho@xafftifulds €8ldmvdihat |hSth1@<Pe§d@x fHéJE’fb%uF'ﬂa%héé)hﬁjé"t g the
Cl ELAB col our wheel i1s often considered be a conplementary colour. In

addi t i on priatesbag @ccinately ias melté@vt;ythertammufu&\ﬁlue@dewed)nAttematn/ﬁuAB 30

oL o g el S S P8 Sk BT ETE Lt IOGP BB P oo

det er 5i ngiscel détérrﬁmbeif@xvszn@é J@ing 4or mamfple S gh&sirapiotdmetert orHee user.
Therefore, in the first enbodinent, a user may take a digital photograph

usi ng hi SOIALHS (05 tfﬁﬁh@ﬁl@lkﬁrsaﬁ“@e dﬂ%ﬂ@h% 242 7e¢ Rreferabin digljikuted agiesedeour of
uht oh 1S IO ZoREE SpkEedio ArDROLAAE BRfbddimbA B dBLAfdOEIC e

cal i brati'on ¢orour over, next , Oor near € Obj éct, such
t hat Dbot lzolidues oadyi be abnmntmlé@ufthﬁw & paptictil aradarda 2t th@odiolhepadg.ect are
captured in the inmage. The user then sends the imge via a

t el econmuni cati ons network fromhis home to the back-end server. In thi S
respegt , to diat r

addrggs may fg 25? %va?%lée %\ﬁ&ﬁ%?&rﬁé&?bkt@%@ﬁ@ng%ﬁ %r?_lc@arln l e card
24. The tb@cekbembd@eovsorrmthecﬁdu@aryc markrm.@eaqoa@cmwteeamleesyWHgboas 10

d ib t ct yal f_the object to be d d,
and-t hon Ko RIaLSE81 BURSR U wHich R, b uBgd Bitap ReRE <ehahahi ng
pai nt  coliealeofract Slo @8 (datd BARDERIdIStled $81AIH Ng the mat ching pai nt col our

is then returned in a reply to the user, over the tel ecomruni cations
network. The reply may be, for exanple, by email, SM5, MVB, or by

AR T i e R R R R A

user to emddley HBWeheRah@hoskibAWTEhe TugbaBHOMiIORNE RBE RApotantPandiitedrar, it
is no |onger necessarK for the user to obtain nultiple sets of col our
¢

sanpl e chedocaieshpRywhescan paiGard angr everrd e @dogst elis MeERMETACk Ol our s
using bl SeQURATHSERL] OB ADRHA B inAuIUE TREScBEE" HebcABah cotour

mat hematical'ly rigorous ¢ mat c e obtar ned

speci al i sbnq:ﬂeucardam coaldrﬁmmlyleelptamedaﬁxﬂrtceahhﬂmctmeanmhdtheheoloeeof can use
i mage capturing equi msnt t ha uldty |1y o In order to assess
the FBsulfdch fSOtthth t&ﬂﬁﬂedn@[t@ﬂu% Bissles é%ﬁF%ﬂleRGB 25 data for two
tenpl ate standards (a second tenplate standard is shown in Figure 11,
described previously; a first tenplate standard is the same, but w thout

t he greydealse, @st obied, 1HOisat dbrtajnbdheare)libvmmnabelouusemmg caatnde fonput
data. This ut data used to cal cul ate brat ed ,XYZ u s u5| ng
e et hEMR EPRh 8 S RLA F TS H19MLP BEEN e Sl PUEh Safib el sichdnd

then 30 ¢eaeart 8dt ﬁémé‘)h' |§<’1‘va¥ al &lbitretBeWampbIed, iat éﬁémrpﬂa Rh@‘ﬂoﬂﬁr%f@asure
of the effectiveness of the regression fits in the al gorithm For this

pur pdse, omblom aurdlalﬂdltﬁ@a@fu%tum grehedigeualn thist frespenlc e crrE Hwoallsd Cl E

the. aver b5 HEEd 0g P Hbegier B GBS vrddt o Wik S B B b
descri be@u@hQMat theesblolr tHerepf @hews; thRswgT BleotuS30t parna2d4 \ \Usinges
natural Orlr?gtladeggﬁone, digital camera, or the like, the user then takes a still image of the
object to be sampled with the colour capture card in the image, and sends it to
30 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.
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Power function Xi, Yi, Zi 6.04 3.78 Test 2, Tenplate 2 (extra NCS
greys); Digi Eye canera under D65/10 |ight Power function X1, Y1, Z1 4.64
2. 83 2ndowvoesiypsbopaonm al Xi, Yi, Zi 4.31 2.68 4t horder pOIERRN1AF0535

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
5 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
10 within the image is not skewed. In addition, the user may be instructed to crop
the image such that the image is solely of the calibration card 24 in a known
rotational orientation, before it is sent to the back-end server 10. If the user is
provided with such instructions and carries them out, then there will be no need
to perform any location or card orientation routines. In this case, therefore, the
15 image received 32 will be an image solely of the calibration card with the
unknown sample in a known orientation, i.e. it will be a card image 34 of the

card and sample.

Once a card image 34 has been obtained, the colour match control module 114

20  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
and WOO01/25737, and is shown in more detail in Figure 5. In respect of Figure

25 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.

The iterative regression algorithm involves two individual processing steps as
30 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.

e X as a function of R (named function Ry).
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Xi, Yi, Zi 4.80 2.83 5The data in the above table indicates that

repl acenment of the power curve fit to the greyscale data with pol ynom al
fits has wptnlsedhect on the resulting X1, Y1, Z1 val u@STEPRO11105G58% € or no
effect on average DE2000. Therefore replacenent of the power curve fit to

the greyscale ¢gata with po omal fits results in no significant
irrproverrent’t(f@?r@ Hﬁ@q%f%{égﬁam?ﬁll funglign §e )-because any scatter in the
109reysca| €, leé(%affﬁrﬁctlo?r 6%@*28%@&%9@ in the rryl ti-variant regression

process in St e results’ the dE difference measures are
desi gned Asporhvet bartvetﬂtemay berasednart trreegmlyecaiefdaa émobtdio tlee I'elaﬁnmsbﬁmr ver

ld h 1. Ho dE of | d
Fout T S Beslere] abBNE; LS cise: bstiBls o Hia onreal SIrverIBhe col our s

are not pliepdShtie;Myg ﬁérd@rde}-é’l the present case, the described col our
determination process When used on the tenplate with the additional

greyscal @teplmé&temdermulttrmarranehaeawnelatexg\sem ketweeastach, ofuthierinowre

tenpl ate wn i ure 11 sults in calculated XYZ.val having 20 a
rean dE2800" B4 o atignts She e Hhe® dLfeissipRhEed i sly e Bels  case.
Thus far we, hawgs daaREGARES RPVG A B (REMRJFOh&EEN X5). found in the unknown
sanpl e. However, as nentioned previously the present enbodinent of the

i nvention aésd pses‘enctﬂ)raoftlﬁcrfﬁu i dnamad frmgtldrersed e.g. at block 3.6 of
t he process of Fr re 3, re.there is re t colour in the unknown
col OEP sarrpTeZ% \é&%ﬂ?ﬁ]%ﬂst’r%’%éé?a'ﬁﬂ Q;@rpfaced the card 24 over an
item whi giehD |Hat%beéI§8ﬁ’thrrﬁB€rfé9ﬂh§*ﬂnulﬂjv’aHQHQFegr@&hSn lo$ xe YdaRy @?baiﬁ@f our 1 n

the pattern, there 5 are a nunber of subsid col ours as wel In such a
case a débhepoiwveacuoe fitafRkqt Grtaerdr&debtafnedhncﬂ’tepdl dar shoul d be matched to.
As descripe @gb% e, t.he option was presented of identifying a single
dom nant “to lrD”t)her by having the user pick a colour, or by determ ning
a dom nant =g 0@1 @i ng statistical measures on the pi xel s representing the
anple. Int present enbodi ment. 10 however, a clustering algorithmis
usedlﬁo tZryf(a?rldGrdeﬁtrfy each of several colours in the unknown col our
sanpl e, that individual XYZ determ nation and natching nay then be
performed on each individual colour. Wthin the present enbodinent a
k-means o st ebiRg+e@l@p#idBm is used to 15 deternmine the nmajor colours that
are present in a sanple image. K-neans clustering is based on Euclidean
di st ances’ b& Wben Tﬁer )@eB1 val ues. In RGB space, the differences are not
observedzasa%ggr@ egl@l T|§| s nmeans that the two pixels that are very cl ose
together in space rray appear to be very different colours, or very
si m kar wodlevarss b, Canuveac®venstanscoeffieieptskdihe three multi-variant regression

fits of X, Y and Z are denoted X4, Y4 and Z, respectively.

Figure 5 shows the above in more detail. In particular, the process of Figure 5
would be performed as block 3.4 in Figure 3.
25
Firstly, at block 5.2, as discussed, image data from a colour card of known
orientation is received. It is then necessary to identify the colour card used at
block 5.4, and this is performed using identifying mark 246 located on the
calibration card 24. That is, recognition of the identifying mark 246 is
30 performed, and this mark is then used as an index to select the appropriate set
of colour card data from colour card database 110.
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20 converted into Va*b* space, which is nore perceptually uniform so that
the perceived difference between pixels is relatively consistent throughout
t he col olWwWO2pHAS909Fhi s process is carried out on the i nRgE/EPREI@/05G53has been
de- skewed, and preferably once lighting variation across the card has been

el i m nat i,e. .t operates on calibrated colours fromthe inmage). 25 An
Cterat valetoltE st SREeA! fie RhobEmdted I BapiiBRy Tt It el seXRaBReTER T« he
i mage poid¢ks 5.8RHESEAL I THAL i§1eatUnNEEIWH BFBLESARbP B takEd Y84 AEtL Ol Oour
is in each cluster The first iteration is the sinplest because it is

assuned fflom théémages abknhgwo reositianst iy thef inpages| I hiah is,het klaakioed, gats nmeans
that the k-nmeans 30 al rithmwoul d, return,a cl.uster cont.ai,nin of the
el o ARV seBL AU hES R o1, S) SloR BlibfaiRh Blad s "R.8ER ing
then she vaudzemedburdd Gom \thd hﬂn@gé z@teblb@krﬁ.d,i shangenothet fisEmavey X0 | s
calculated. |If the nunber of B%xels found is above a threshold, then it is

assunmed tva&test fEr hat ssapaple ahée Gabig PositioRe (4 ndlgare feAtdEe i fromMhEehumber

f pixel sy I al v I ' ' h
mage, PR ha P o RS BPYETes REsele e SRS SoRple (o e

val ue of opathe inlaget evhidts witl the editdatiendaridn24 averisated opitke lositgrr et
within a certain distance of this pixel value is counted. Two, cal cul ations

are carri%dN®OIAUS SATHRIRS #S SAMPI§S 230 griNfaleangtive eMPOFIMERScHUSREER hat 5
the ] oick &t h8& RIS SitBol Bine GHSIREIALEMMA A e ol stage (i - e.
t hat r]‘rtahe dr?eteénﬁ)(lgs gé%oac)ﬁ%r eprltggefral)?atelcgn 0 léltefllgtgm éuésqtéehrc?ﬁé:ttr?gﬁiét h?@agl ust er
i s i gnor samdlenoouldradembe pisedlis additionj ohasm an atetnativet ance. The second
calculation is that the nunber of pixels within a set distance of the nean
of all valid clusters nmust be higher than a threshold (i.e. to check that

enough pipieihe &y 8f t%%%?p}?_@%i)ﬁg%lépétﬁ’tﬁﬂiﬂg iseke 5816 i@ﬁﬂ@ﬁeﬁé_?@ﬁel,%@em nhant

col ours have been identified): he hunber of counted pixels is |ower
t han t hi &nowneeiolrdor greyscaleessampieandhaligeget he iristimuiusagdZnvaiues will es to

Feped? cd e TReSn PG, T Rt ARPrsTRREae Gl it (P8, LT 8RS
shown i n gapdisaséet H0,landthEiRBBe/dfuesiGfthat 661bUE BaMPRS0S BV indagardilLisdabl e
paraneters: Max delta-E radius (dE thres%é Requi red_fraction of |macge (F

i mg) M nibgem Measured. i nTke ueerepsrandnusReB) arg va%Z cvalkiesr are ostatatenpt (N
max) and : ; 0 i i e tatl at bl ;
Experi rrer?ttsgﬁé@%e%’wﬁllltﬁe%ar%i J(S:tgt% EP@E*?‘% grltr)%rﬁér\yafqée's oreg{alhngﬂzemft d%to g%lglg?épgor aneters
The al gomidtitheirmeasurtd|R@Bsvalles firagdchwkridwrilsampis agaifst the latdwrt Y Di xel s
in the sanple) (pblock 8.4). 252. If the nunber of clusters is greater than
N nax0 gdgﬁi?ssqf(é‘ﬁa E{%P'@c‘%{' 8 963P ascau E‘tn'g'gtJF?é 1011w dg! st ati stics for
each cluster (block 8.8) a. Mean pixel value (1 _*a*b*) (bl ock 8.10)

Once the RGB values have been measured, and the corresponding XYZ values

looked up from the colour database, at step 5.14, the above-noted step 1 of the

algorithm is performed, to determine the X values as a measured function of the

25 Rvalues, the Y values as a function of the measured G values and the Z values
as a function of the measured B values. This step is performed using either a
power fit or a polynomial fit, to obtain a function relating to Xto R, Y to G and Z

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

. g
Tl i &
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b. Nunber of pixels within dE_thresh of nean pixel value (P_thresh) (bl ock
8.12) 304. If Sum P_thresh)/(Nunber of pixels ininmage) is less than F_ing
(bl ock 8.wo@)no1rveserease the nunber of clusters by 1 and @®OTER2611080535 (bl ock
8.16). 5. Filter the clusters to include only those that have

P _thresh/ (nunber of pixels in cluster), > F cluster (block 8.20). ., Wil st

wi t hin tP{é‘e&%‘véh%\eC‘F@ﬁ@r‘eﬁtﬁ Bol war %n)Ql Resvin CRFACHAEE, lﬁt‘%ereé%)SB‘i‘\fec hm may
al so be rERtiyssMes XYZ val ues, as the two sets of colour data are

mat hematically related. 5 Figures 9 and 10 illustrate the operation of the
algorithmgraphically. In figure 9(a) a cluster 92 is identified, but the
cluster fails t ensi,ty threshold test as tpo,high a percenta of pixels
o o out s ARG S0 APdY SRR oLl B3, Ao A oBEh FERRREE R ( Poure
9(b) an axperlents RUQIHte wérisrhrid Oheirdagéd idaptured 80 d M tamdratiorst ers,
but cluster 94 is invalid as insufficient pixels are |ocated within the
radi us ofsande @Arign &102 showddint Figvre tHe §igwiee! ashawahn a@rmeyi ¢fscelgupass t he
t hr eshol t iBnS i e 0 | %4 n in valid
ol ust or s Saile SRS B2; R el WRACqrABbRTpMRALS B J08480" 8 1

cl ust eri mgttornofiga arral5 THegosloud Bamiplelphitchte sl tli2ecaraprsal 256rrahddmn as in
Figure 9(b), but with three clusters. In part (a) of Figure 10 , the nunber
of pi xel @rigNgRAnstgndaret eleErsnfinglHEINgesix 9reysstie HRRaHBughhe oreweesitisi ng

t wo us ' 2 i @@é LSl & un using

t hr egbcl ttﬁ)??(g}és,sm %%&Pﬁﬁéélnafs é?%adfaq%%'é’ﬁg Fv?nrh?hl n %]S(%Iﬁcék $)| @ﬁéui stance is
hi gh enough so the three colours found in the inmage, are the neans of each
cluster of pixels. In this case, clusters 1010, 102Q, and,61030.can be

Cdent 11 9 0Rdrap Yestufelntuteshit areabRA B atraysl oy 11 MRl Lang

addi ti on g pesdfHt AXd Hh Fhage SwaLeaBlred iihPrEL AR eI RAMRHméra apl e 25to
use the clustering algorithmto identify several "I ndividual colours in the

unknown éE@N Bawprséiot Pro S8ShdXFabisigtirmeiits datanfige theicoheurt pasahe®inA second

he. hvents Sret afas WEE &M dovBte s RoERET Hvobiuat SrafE RAteE M BR e. ana
hence comy. f athuhRsdatacitabss pessib td plabthdmedesrdd Red,agrl B.valddée second
enbodi ment relates to the inage orientation perfornmed in block 3.2 of the

process &0 eagiupatch. against therknawn &idyvaldes dseasibtast pata @ssspwhin he
first e i t ch Al e [ [ e as the
user may TAVESp P dte At Ta. HaTigEt B cid Bt 15 plREor MERAREREEAGI 41, 03 (e
5 i mage difie thiguresl 12r 88, and dd@l isuidesticy) eNtat diffsts ds dhe rduneviit $taetpthas pri or
to sending it to the back-end server. In this respect, the user when taking
t he izprag@%@Buﬁﬁp'é?fjsurH‘ tWCLﬁ@fe 'Br %@Mr%tﬂ%na OQOW‘HE?'EJ?‘?? 08 hESeFadt pl ane

I's corr e%tcc?ﬁ’éjatn*é?%itrﬂmé r%‘ﬁitﬁiﬁ%ﬁ%ni Y&scrBed Ve, HEWYRNCEs nbRId, liBY aisr s 1t
is nore preferable that no pre-processing Is required to
possible to use a polynomial fit other than a power fit, and Figure 16 shows a
second order polynomial fit, whereas Figure 17 shows a fourth order polynomial
fit, where the function is constrained to intercept at zero. As will be described
25 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.

Once a curve fit has been performed to give the above-noted functions, next, at
30 block 5.16, multivariate regression is performed of X, Y and Z against the
obtained functions, to obtain coefficients relatingto Xto 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
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
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be perfornmed by the user to the inmage, or that no special conditions nust
be met in the image orientation when taking the inage. Instead, the system
shoul d bewazosasyodbor | ay users to use as possi bl e, req®CTIEPgO10/05053% hat
they are able to take a picture of the calibration colour sanple card 24

ith th k I 15 le, with th | i brati.on I d
24 1 ang o PERPaRRh aga P doiedbesyore g BEANA 2T bENs-GY 6PTSaY users
Lo under soanRidnd (435 AtlaNeResD Habve] BER helpHeecRratibfss KabRIY X Iy Lhe

second enbodi ment, therefore, in order to allow for easy use inmage 32 20
recei ved aad £ he afaoktiemaf Revand Baps cescebed ahovemmceftnese: ceelfficients i on

col our s le.card 24 in a orientatiaqn. ver. i,n_order t cess the
data'tn’ Hee; agh Tofidd o eleaEafitisits Mo B! Slepon a8 oBPPs 2l B%ar 24
and the pogdrith@nastvel fife\CateOstbreth mpldehpRiaHee Thafdiéese tiededidurt depturgge
needs to be known. Therefore, at block 3.2 card inmage |ocation and

ori ent at iféRctios gfdhe dmaga capiuresiavigreusnd enthagseroddsiagthese eogficients shows

t he operati f i i i i r. t. Al iLLstly, at
bl ock 4. 3 Praefipgsaie T4y the TRl RRerIRE rknow SahnRf 8 b, FoRE Y o
from col agrR@Btvauennt rol nodule 114). In order to locate the calibration
30 col our sanple card 24 within the inage, at block 4.4 edge detection is
performed on the inage, to detect high-contrast edges. In this respect, the
cal i hpati o h [ can be
dacd Vo oUiEEHE ERTRe 53 o idefe 3% Hob{'Hh, SR NOyBHAED by
suscept i lprecass isgpartpringerand tresl rétyrresdg esetlef ealibrationlogefficidnts 360mtéchsuch
contours in Ehe imiS%% have been, found tEeen.at. bl ock 4.6 we | ook for a
series of@fdAeRQEASEAJOpSURSHANEL! EQIUEAPETIVANas t he correct sequence of
orientations and where each child is a significant fraction of the size of
its parent. In this respect, the thick border appears after edge detection
as two nddisdy, howevel, dbib shapesary daddgiaemioe wheer fthers isoanygfdanioant nest ed

0% DT PRSBSOS 7
| eave cargahipigle RBBapi@l @dlusdompreddnting tHeNURIGTRES agample icdartf idey known
features on the card in order to be able to perform 10 a perspective

t r ansf or exagitRd Kxdoierming whgker thefieds grdomiganbRedk valug. IMiRRat@lY.f es of
the card i hid: h t : ; it is
possi bl e tiﬁ%r%ullssg%;hgwf%&c%gr%yvﬁg?k@rﬁefegléi“@éﬁt"ﬂ%{/fgp;gk&ég)lé%(% n ésdagﬁ]é?fhte

cal i br at ibtockcar0,a bsér thatbe askeuetopiel endol@urtoderesitbratedneicblbok Bdknti fy 4
points on the card in order to do the perspective transformation. 15 Having
i dentlf i dbe Pfﬁ!ﬁﬁa GHRUTLIS thpn calbratecy Lalgpwe ‘é{f“ qﬁs&é&?e@. QlYSIREINGIAOEBRS known
points ( ; ; ry&i t t f tqyve

t ransf or ﬁ}vf?%h t(.jé;%g e&fﬁe@tlﬁ;ﬁ%deﬁlﬁpl%e- S uer\;\ggﬁ tggﬁjd%%geg%@ﬁiegagﬁgémﬁﬁﬁyd way of
exanpl e icalibiadgead eolour favweaxerqf thérins de- skewed card i nage 50 coul d have any
20 rotational orientation, so we use a priori know edge of the expected

| ayout of the card to correctly orient the card. In this respect, colour

card dat atldck B, B, AhE hitKeCObIBUF jIahIAPARS, 31358}9 feecAmraitn egefciate 112

storing information relating to the |ocation a fiduciary feature that
can Bé r &bogihetis, dhe RieBdvalvepare appliee tedhd. eqrations fapne atttheckdrdcode or

ther of or ¢So U BTG G A sefteips' FgnHE erdedth heR ERXTE: bbbl  rmge”
to have tharreofahetgickdeoddlomm. Hence, at bl ock 4.12 a known feature relating

to the rotational orientation of the card is recogni sed, and the de-skewed
card image 50 is then rotated at bl ock 4.14 such that the feature is placed

i nto the knmg b RhENAYz Al GEd BF RS urdidhdtn” 85BLF Yafhdi¥ @F 'tREtAiBikd he

card.
30 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
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
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30 As such, card inmage data 34 of known orientation is obtained. In other
enbodi nents it is possible to use any known feature of the card to achieve
rot ati onaWwoanilensp@si on. This coul d al so be achi eved by maKiE®g010/08058% t he
fiduciary features different to the others. Another possibility would be to

make the | ayout of .the sa he car t atj onal tric so that
TheCr ot SmeAe A At e, e RV Z Aol et fiat BEea delamiNEy dPafact el
of the a%}ﬁhrﬁmﬁé da%tfé“@@néhﬁe‘dﬁ@éreﬁ@@%é’éﬁur@e% écﬂouﬂ‘%ﬁlﬁ‘fﬁ@%nﬁall@@t find
the card in the inage, and Neither are any special requirenments placed on

t he user diferencédeinthehoseye Savendldifferenikefferenee pneasures @ssele pisedr t o

oyst om & DUt St RtLE o JREWEPodrD 8 Bresdahby o e fis Qo4 ¥
Thi r d5s Enbaghdipes. -|r5rp@trﬂ|@J|arBrth@hb A&l OIET PelthOR (1978 rdbl@n’oamem@m&e of the
invention will now be describ Iﬁe third enbodi nent takes as its basis

ei t her ofME3fAIrg|may ke Qﬁ%‘orﬂi Mﬁ@th@én‘@@bgﬁmﬁrﬁu@ﬁy%s@ﬂ%éﬂ (28R8) hence
common f%é(ﬁlﬁéhte Ire%rtp(& BmPokilm &t [peqwl%d@/fﬁéd)bﬁ%yggé sed gt Lt d

enbodi nent SVent1on focUSes on i ermnation of the
cal i br at idifferenedtightiagtfactpes.f or mred at bl ock 3.4 of the process of Figure 3,
and in particular to take into account differences in brightness and
contrast 20 across the card image 34. That is, the user may have taken the

i mgen32 f C il O t €c 24
thergoar (;mﬁ :ﬁ&gﬁ%&PLHgggk%déégsSﬁtg Iot%ha?'%ér %ﬁ@r?egghg?\%ﬁ@?t rrgst&g@?oss t he
card are btemg uthe‘ @namt ctheurt Ini thoe @atsdie theattis oflosdsd tonthen det@nmprass ets

addi ti onal SS t ha erforrre in.the_.calibration stage to

ot end 1 o\ B e sotibte His TR G s o8 7S Sigh iy ght i ng
di ff erengggne TlRer erEPAE HBN\ForWn@t%?ﬂébé BYEOGhe! Aetivor PPMTEF Gt diidigse, change
in brightness of contrast across the card, although it woul d be possible to

find hi ghérerertierusesdfasi icargimistedhhe imsgel tOhif’@hlé&!Cbeld@rSGW%inUbby MBS gure 7

Gt epd (BB A e 2y iche el PRI nrgitiod SETHaf JERRLRRE 4 "

(x" yd Imnéés%gerweuc@r(sm)a@uwmis rBésbageetoCsurice Hieop&in D BolSYZ infédrigtonX, , Y, ,
and Z, are obtained fromthe colour card data in the col our database. Then

r espect i PECKdP ¢ sRehMeile deviceuiitarnalivatapviersifie xses has £60t aa arait aki ng
Into accQyMie pack-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
20 webpage may be sent to the user for display by a user web browser, giving the

matching paint colour information.

Finally, in some embodiments of the invention in addition to returning the paint
colour information 42, at block 3.16 the back end server 10 also acts to find a
25  colour scheme that complements the determined paint colour 42. For example,
there are several methodologies for determining colour schemes that
complement each other. For example, a colour that is 120° away from a first
colour on the CIELAB colour wheel is often considered to be a complementary
colour. In addition, a colour that is 180° away from a first colour on the CIELAB
30 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.
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the (x,y) position of each neasured Rin the card image 34. The sane is

al so done to map known Y to neasured G and known Z to neasured B. That is,
consi der iwQ 2xt1Rs8pev6nore detail a relationship is fornmul CEEPRIIAN5058% at es X
to Rusing a power fit, but where the coefficient of Ris dependent on
position_in the 5 car ddi tion t ter al so.

D e S RE oot RS e i R Sk P 1
the rel atyiQRpile ﬁ%n@%rﬂ%‘@%ﬂ%ﬁc&#\‘é% %f%'ﬁoﬁebﬁ tﬁ@%deu‘P%fW%ethbe

dependent on the position of” sanples on the card. Sim | ar position
dependentdette"rranedmsTHnQDsh@toeraﬂfsts Habancbyblelawgnthv cali@ratiorapelodr saap® I n t he
pr esent I, ment the ol | owi n ati.ons are used: 10 = .

Preor Tl RAP ATy heReld arthIng WG O30 iar Sl ol “elipration gpioue. (o,

+L' +5( Y3amne eard®4, ahd %d@éﬁectYareZoaptur‘éd ik.thé infagd’, TKe uber then €endsX, Y, z,

and Ex, y, z are flxed coefficients, and (xi, y) 1s the p05|t|on of the ith
sanpl e oniN¢ H@aggr\ja mel@ommlq@on@eanrhérom hie dome do B Ragkrr of t he

L Sarplogry O YR ol dt U5t B RO B0 L S EThABRNS URRS nBibre used -

any rel atronshi esin ccoun |on 0 l'es on’ the

card may dnevetseddre‘ébemd@owe peonidéd @msthermackodﬁvtee eHibrgtion b@laet sampiy es fit
nmet hod at B. 7 6 to 20determ ne values for ax, Y, Z 13X, Y, Z, x, Y, Z, Fix,
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for example, by email, SMS, MMS, or by transmitting an appropriate webpage
15 for display in a browser on the user’s computer or mobile phone. With such an
arrangement, the ability of a user to easily match paint colours is greatly
enhanced. In particular, it is no longer necessary for the user to obtain multiple
sets of colour sample cards from his local paint store, and then attempt to
match colours using his own perception. Instead, a much more accurate and
20  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

25 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

30 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
used.
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The data in the above table indicates that replacement of the power curve fit to

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

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

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

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

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

in Step 2.

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

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

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

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

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

with the additional greyscale values used in the iterative regression (test 2,

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.

Thus far we have described how a single colour is found in the unknown

sample. However, as mentioned previously the present embodiment of the
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perceived difference between pixels is relatively consistent throughout the
colour space. This process is carried out on the image once it has been de-
skewed, and preferably once lighting variation across the card has been
eliminated (i.e. it operates on calibrated colours from the image).
25
An iterative process is used to determine how many clusters are present in the
image portion representing the unknown sample and what the average colour is
in each cluster The first iteration is the simplest because it is assumed that
there is only one cluster of pixels in the sample. This means that the k-means
30 algorithm would return a cluster containing all of the pixels. The average L*a*b*
value of the pixels in the image is taken, and then the number of pixels within a
certain distance of this average is calculated. If the number of pixels found is
above a threshold, then it is assumed that there is only one colour in the image,

however if the number of pixels is below the threshold, then the k-means
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k 1st pasiohesghanpa tpr@h@lc@)ﬁ e. to check that enough pixels have been observed to

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

15  The following algorithm is used to find clusters, and this is shown in more detail
in Figure 8. The algorithm has several adjustable parameters:
Max delta-E radius (dE_thresh)
Required fraction of image (F_img)
Minimum fraction in cluster (F_cluster)
20  Max clusters to attempt (N_max)
and these are set for a particular implementation at block 8.2. Experimentation
will indicate suitable values for the adjustable parameters
The algorithm is as follows:
1. Start with 1 cluster (i.e. all the pixels in the sample) (block 8.4).
25 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)
(block 8.12)
30 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
pixels in cluster) > F_cluster (block 8.20).
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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.

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

again.

Figure 10 illustrates the same distribution as in Figure 9(b), but with three
clusters. In part (a) of Figure 10 , the number of pixels within a distance of the
mean is not high enough to pass using two clusters in the k-means algorithm,
so the analysis is re-run using three clusters. Then the number of pixels within
the fixed distance is high enough so the three colours found in the image, are
the means of each cluster of pixels. In this case, clusters 1010, 1020, and 1030
can be identified, that each meet the threshold tests applied.

Hence, in addition to identifying single colours, the present embodiment is able
to use the clustering algorithm to identify several individual colours in the
unknown colour sample.

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.
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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
5 image of the calibration colour sample card 24 and unknown sample prior to
sending it to the back-end server. In this respect, the user when taking the
image could ensure that the orientation of the card to the image plane is correct,

without any perspective, or skew.

10  However, for lay users it is more preferable that no pre-processing is required to
be performed by the user to the image, or that no special conditions must be
met in the image orientation when taking the image. Instead, the system should
be as easy for lay users to use as possible, requiring only that they are able to
take a picture of the calibration colour sample card 24 with the unknown colour

15 sample, with the calibration colour sample card 24 in any orientation. By so
doing, the system will be easy for lay users to understand and use, and hence
will promote use of the system.

In the second embodiment, therefore, in order to allow for easy use image 32
20 received at the back end server may contain an image of the calibration colour

sample card 24 in any orientation. However, in order to process the data in the

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

of the colour sample patches on the card in the image needs to be known.

Therefore, at block 3.2 card image location and orientation is performed, by
25 image orienting module 116.

Figure 4 shows the operation of the image orienting module 116 in more detail.
Firstly, at block 4.2 the image data 32 is received from the network interface
102 (or from colour match control module 114). In order to locate the calibration
30 colour sample card 24 within the image, at block 4.4 edge detection is
performed on the image, to detect high-contrast edges. In this respect, the
calibration colour sample card 24 has a thick double border 248 that can be
used to locate the card in the image 32, the border being readily susceptible to
being identified by edge detection algorithms. Once such contours in the image
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%%Bﬂdeﬁﬁﬁi@éﬂér%%@@w a nested shape in the image identifies the card 24.

Having determined the position of the card 24 in the image using the above, the
image may be segmented to leave card image data 46, as shown. It is then
necessary to identify known features on the card in order to be able to perform
a perspective transform to de-skew the image. Therefore, at block 4.8 known
features of the card are identified, such as the corners of the card. Note that it is
possible to use any fiduciary marker to identify fixed points on the calibration
card, but that in the present embodiment we need to identify 4 points on the

card in order to do the perspective transformation.

Having identified known points on the card image, at block 4.10 we use the
known points (e.g. the corners of the inner-most border) to do a perspective
transform to de-skew the image. De-skewed card image 50 is shown by way of
example in Figure 4. However, this de-skewed card image 50 could have any
rotational orientation, so we use a priori knowledge of the expected layout of the
card to correctly orient the card. In this respect, colour card data 112 in stored in
colour database 110, the colour card data 112 storing information relating to the
location of a fiduciary feature that can be recognised and used to orient the
card. For example, the barcode or trademark along one edge of the frame has
white areas next to it. It is therefore possible to look at the lightest 2 corners
and rotate the image to have these at the bottom. Hence, at block 4.12 a known
feature relating to the rotational orientation of the card is recognised, and the
de-skewed card image 50 is then rotated at block 4.14 such that the feature is
placed into the known rotational orientation, thus rotationally orienting the card.
As such, card image data 34 of known orientation is obtained.

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

rotational orientation of the card was immaterial.

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

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

10 3. Third Embodiment - Spatial Brightness Correction

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

embodiment takes as its basis either of the first or second embodiments

previously described, and hence common features therebetween will not be
15  described again.

The third embodiment of the invention focuses on improving the determination
of the calibration coefficients performed at block 3.4 of the process of Figure 3,
and in particular to take into account differences in brightness and contrast
20 across the card image 34. That is, the user may have taken the image 32 in
imperfect lighting conditions, such that across the card 24 there are lighting
differences such that brightness and contrast across the card are not uniform.
The third embodiment of the invention presents additional processing that can
be performed in the calibration stage to extend the calibration model to take into
25 account such spatial lighting differences. The embodiment presents a method
that assumes a linear change in brightness of contrast across the card,
although it would be possible to find higher order coefficients that model higher

order changes.

30 Figure 7 illustrates the process in more detail. The process comprises two main
steps (B.7.6 and B.7.10). Firstly, at block 7.2 samples R;, G;, and B; at (x; y;) in
the image are measured, and the corresponding XYZ values X, Yi, and Z; are
obtained from the colour card data in the colour database. Then, respective
relationships are found that map known X to measured R, taking into account
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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
using a power fit, but where the coefficient of R is dependent on position in the

5 card image. In addition, an offset term is also introduced into the equation that
is also dependent on position. That is, the relationship to be found between X
and R is position dependent, dependent on the position of samples on the card.
Similar position dependent relationships are also found between Y and G, and Z
and B. In the present embodiment the following equations are used:

10 &= ¥ {pu $ g VR T+ (g + 8% HEg)
V= fay $pn 4 “;"\‘ﬁ;ﬁ T Ay + Spa ¥y )y
Zo=drr + e 33‘3}?5.:‘55?3 + e Fdgx ez
where, ax v, z BX, Y, Z, CX, v,z Nx v,z YXY,z 6x| Y, Z, and E€x v,z are fixed coefficients,
and (x; y)) is the position of the ith sample on the card, R;, G;, and B; being the

15 measured RGB values of the ith sample. However, in other embodiments

different equations may be used - any relationship that takes into account the
position of samples on the card may be used.

The above equations are solved using a least squares fit method at B.7.6 to
20 determine values for ax v,z Bx v, z. Cx. 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
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
25 (least-squares) fit of a power curve for 4: against &: and then similarly for ¥:

against & and Z; against 5; giving the 6 coefficients &xy.z-8xy.z:
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Note that these equations do not take into account any spatial brightness
distribution, but are performed to provide initial values of ax v, z Bx v, z that can
then be used in solving the position dependent equations.

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

z Vx v,z Ox v,z and €x vy, z) are used to calculate values {¥:¥:-Z:} for all the
known samples in the image {&:.&:.5:¥ - not just the greyscale samples. These
are then used for a multivariate fit at block 7.10— essentially performing a least
squares fit of these samples against the measured values X« ¥::Z:} using the

i
e N hY
PO N
A Bk
3 I P

S e

P .

F1i < f
.\P

z #zF5%
The multivariate fit then provides a further 12 coefficients (ax v,z bx v,z cx v, z,

10 equation
A Bxy §%m Cx
i )= :ﬂl‘:’)-}-(t{?}-‘ Cy

&
( § A&z ¢ &

Ny & WE

X
L=

M 0
.
s

q v

1

o2
[
e,

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
€x v, z. and 12 coefficients ax v, z bx v, z Cx v, z dx v z are then stored as the
15 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 ' Xsawp: Vesmps Zsase 1-0f the RGE

colour of interest {7 ssup: Feawp - Feasp ¥ using the above equations.

Thus, in the third embodiment the calibration process is adapted so as to take
20  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.

4. Fourth Embodiment - Regression Analysis Using Reduced Colour Space

25
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
discussed again.

30

In the embodiments described so far, the regression analysis to find the
calibration coefficients has made use of as many of the samples on the card as
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are close to the colour of the unknown sample. This is akin to “zooming in” to
that part of the colour space of interest i.e. that part of the colour capture
response of the user image capture device that is actually of most interest in
that it is that part that has been used to capture RGB values of the unknown
sample. This smaller part of the colour capture response can then be

characterised as closely as possible to try and improve accuracy.

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

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.

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
(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.

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.
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WD 2011/ 089096 PCT/ EP2011/050535 Test 4 is a "realistic case" scenario
using an "off-the-shelf' digital canmera (Canon Power Shot S30) under good
nat ural osQl20g809¢he results fromthe 10 test sanpl es &CE/HPe@IOHSET i n t he
foll owi ng table.

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

5 Ng and N¢ 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
10  this time using found closest colours only. As noted, this is akin to zooming or
focussing in on a particular zone with the colour space. In theory, any local
effects that are present in the calibration process should then be taken into

account.

15  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.

A number of tests have been performed to evaluate the effects of this re-

20 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

values for the two test templates previously discussed (the second test template
25 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 Xi, Y,

Z, values.

&) N
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WO 2011/089096 PCT/EP2011/050535
1st pass 272 23 4.64 2.83
2nd pass 150 23 3.49 2.10
2nd pass 150 10 3.42 2.07
2nd pass 150 5 3.26 1.98
2nd pass 100 23 3.00 1.83
2nd pass 100 10 2.92 1.78
2nd pass 100 5 2.81 1.72
2nd pass 50 23 2.32 1.44
2nd pass 50 10 2.26 1.40
2nd pass 50 5 2.24 1.39
2nd pass 25 23 1.95 1.23
2nd pass 25 10 1.92 1.20
2nd pass 25 5 1.93 1.20

Figure 19 demonstrates that reducing the number of colours (N¢) used in the

calibration data subset for the second pass significantly improves the fidelity of

the determined XYZ (i.e. lowers DE2000). However, reducing the number of

greyscale samples (Ng) to use in the power curve fitting step in the 2™ pass has

little effect on colour fidelity.

Test 3 & Test 4

Test 3 and Test 4 use the standards on Template 2 but additionally have “real”

sample data in the image with which to assess the zonal calibration method.

Test 3

Test 3 is a “best case” scenario using a high-end digital camera (DigiEye) under

controlled lighting conditions (D65). The results from the 10 test samples are

presented in the following table.
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providing an improvement over the single pass arrangement. The effect in
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Test 4 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.

N AR RTMERGRY

1stp 272 23 23 3.69
2ndp 150 23 6.16 3.32
2ndp 150 10 6.08 3.25
2ndp 150 5 08 3.43
2ndp 100 23 5.2 2.95
2ndp 100 10 5.11 2.85
2ndp 100 5 5.4 2.84
2ndp 50 23 4.9 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
DE2000.
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The effect in DE2000 is shown in Figure 21. In this test, however, there
are mnim to the DE2000 val ues at approximately 50 standards. Reducing the
nunber ofworenssaive st andards to use in the second passPOAEPRéMOFE3Rf f ect
on DE2000. 39

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
colour of the unknown sample can be obtained then restricting to the nearest
5  Nc colours, where Nc¢ is in a range of 5 to 250, or more preferably 10 to 100, or
even more preferably 20 - 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
was obtained when about 50 nearest colours were used for the multi-variate
10  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
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.
15
In terms of how the a priori knowledge of the colour of the sample can be
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.
20 However, this is not essential, and in other embodiments the a priori knowledge
could be obtained some other way. For example, in one embodiment it may be
possible to make an assumption about the nature of the characteristics of the
imaging device (e.g. assume that the RGB colours are in the sRGB colour
space). In another embodiment the reduced number of colours can be obtained
25 by picking samples that have measured RGB values close to the RGB colour to
be measured. In a further embodiment the colours on the colour card may be of
a reduced range. For example, different versions of the colour card may be
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
30 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
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
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These tests show that reducing the nunber of colours Nc used in the

mul tivariate regression has an appreci able effect on accuracy of col our
obt ai ned worotimsoesaknown sanple. I n particul ar, provi de#CIEPROIA/OPISBDHT |
know edge of the colour of the unknown sanpl e can be obtained then
restricting to st our s naraneof 5to
250, or Q”Brb ngra\}lomoa%ﬁ%a@e IQgel SUQW%MN%%’?W&@WJ@G SPAMRS, or
more prefgiablyyidf id thaf PartWf tﬁ@%blo@ﬁ*%?ﬁéé‘@bﬁ btQake®thtb Ycchig, Mul ti -vari ate
regressi on can i nprove accuracy of our determnation. Figure 21 shows
that the nost accurate col our determ nati on was obtai ned when about 50
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hurdle is renoved if a single inmge containing both the calibration card 24
and the sanple is taken. Various further nodifications, whether by way of
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30art, to provide further exanples, any and all of which are intended to
fall within the appended clains. dains 1A nethod, conprising:
recei vi ngwoDi2081t08pevage data rel ating to an unknown col ouPCI&PRI1/050535

5colorimetry data for which is to be determ ned; recei ving second
I mage data relating to a plurality known calibration col our sanpl es,
colorimetry data for which are al r ez & own; determining a plurality

of colour calibration characteristics relating col our neasurenents of the
known cal i bration col our sanples fromthe second i nage 10data to the

cor r esporldi ng AKPMeHOG wooirissng:y data of the calibration col our sanples; and
cal cul ating cqlor.inetry data of fhe unknown col our I n_ dependence on
col our “measur SresiY B ifste BBgf ofipth ST T n el P e SHERRP T ne
col ous cabidindétnpaatarar mﬁ@r.gsbluésdetéﬁmh@drret hod bei ng characterised in
that the cal cul ating conpri ses: ng a clustering algorithmto

pi xel val ues (5130%/')2@@(}0@&'@@& ﬂﬂ@ E%@'%&h@vﬂu@m{)@f kaawpl ealibratiafe fir st

i mage to %Hbq laﬁR“ i mage; and returning
a col our gor t %éé%é}ﬂﬂ%ﬁ%p ers a'lé;?&%edrét ocﬁ‘:accor ding to claim1,
wherein the pldeeérmallng&s parrahtylofsblmldalnbmt@d ¢rairagetisicsca ating calbubr at i on
characteristics. . A nmethod according to claim?2, wherein the pixel

vl ues arasesiremerial 16 G SAMTALON otpur&am@#% renuthe seond 143as i ng.
4. Ajget hog, acSCWedeHeéﬁoWMg% rﬁ'd&brﬁmétﬂ{ é1 c‘ah@ra@ubH%&Bng .
al gorlthm In use operates as fo ate t e nmean val ue of pixels
in a cl uskemles; and
calculating colorimetry data of the unknown colour sample in
dependence on colour measurements thereof from the first image data and the
determined colour calibration characteristics;
15 the method being characterised in that the calculating comprises:
applying a clustering algorithm to pixel values of pixels representing the
unknown colour sample in the first image to determine the number of colours in
the sample image; and
returning a colour for the identified clusters.
20
2. A method according to claim 1, wherein the pixel values are first

calibrated using the colour calibration characteristics.

3. A method according to claim 2, wherein the pixel values are calibrated to
25 determine L*a*b* or XYZ values for clustering.

4. A method according to any of claims 1 to 3, wherein the clustering
algorithm in use operates as follows:
i) calculate the mean value of pixels in a cluster;
30 i) determine the number of pixels within a predetermined threshold
distance of the mean value;
iif) increase the number of clusters if the determined number of pixels is
less than a predetermined fraction of the number of pixels in the first image data

relating to the unknown sample.
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30ii) determ ne the nunber of pixels within a predeterm ned threshold

di stance of the nean val ue; iii) increase the nunber of clusters if

t he det erwDrredl/asgvber of pixels is |ess than a predet er RCHE®R261MASESBDN Of
the nunber of pixels in the first image data relating to the unknown
sanple. WO 2011/ 089096PCT/ EP2011/ 050535 5. A nethod according to claim4,
wherein where there is nore than one cluster, the determ nation of the

nunber ofs pi x| %é%hé@'d&cbhﬁn@&@@élﬁfm %@rélhr\ﬁﬁ&@ thetld 3¢ AN t%ntchfé mean
val ue conprises summ ng the Tespective 5 nunber of pixels within the

pr edet er Rluséer, ttheedeferingition apic hermupaizdi of piets withire thentredetsrminagst ers
s less than the d fraction

beinginreaﬁﬁjlf thls ﬂ]l?I gredetermnh

met hod addGPHPIy WG, dredn “valle ¢ GeTRE Sco%»wmmgng ?i 1°RPPNS 10
clusters mw@rm\/@xéﬂsomhmltu&t@rreaeferrﬁmwmdﬁélatd@wnbaaéf gkcheluseent ain a
t hreshol d nunber of pixels within a second threshold distance of t he mean

of the clth@t BEmber oh ¢ldsliess Beiber diGigases ay this ev@i g tesso thanwki& ei n t he

clusteri g)g &é{@trﬂfﬁr Ptfmtl'oﬁ a k-nmeans clustering algorithm 8. A conputer
program or Sul conput er prograns so arranged such that when run on a

conputer systemi t/they cause t he conputer systemto performthe nethod of
any of clains 1 to An appar at us, ri si%_g at | east one

processo®- and\ é‘?etheﬂs‘%“@ﬁ@nﬁeﬁﬁ’opl@'m%cﬂ &’Hl@ga fdber compgisiig HERIEG he at
| east ooney JEER Yo 3850l Sth68aPY LSt TRIF %r%ﬁiﬁaﬁ&?fthgpﬁﬁdnépcoﬁ{aﬁr? 71[ he 25at

| east one processor, cause the apparatus to performat least t ol | owi ng:
i) recei \ereshokt nunmbgeoﬂa)ﬁmls &lithin agsecondnthoedhoddvdistehcriof serpiegn of

col ori mattr% gja a for which is to be determ ned, and second i nage data

rel ating o Eﬂrur ality of known calibration colour sanples, colorinmetry
data for which are already known;: 30ii) determne a plurality of colour

calibration characteristics relating col our
7. A method according to any of claims 1 to 5, wherein the clustering

15  algorithm is a k-means clustering algorithm.

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

20
9. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code
the at least one memory and the computer program code configured to, with the

25 atleast 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;:

30 i) determine a plurality of colour calibration characteristics relating colour
measurements of the known calibration colour samples from the second image
data to the corresponding known colorimetry data of the calibration colour
samples; and
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measurenents of the known calibration colour sanples fromthe second inage
data to the correspondi ng known colorinetry data of the calibration col our
sanpl es; WO®011/08909% iii) calculate colorinmetry data of PCHEPRIRO605S col our
sanpl e in dependence on col our neasurenents thereof fromthe first inage

data and the dﬁt erm ned col our calib atlfogachar cteristics; the ap ar at us

bei ng char act &Pi SALPYRE (LAY 2fiR € c SREPPWRS COBYT SamRle v ihg a

clusteri @gpghgehéd BA doolt Mehsirehitdts BerBbifbm ﬂh@ﬁi’r@ﬁi@rﬁﬁgé"'élattahﬁwdlﬂ*@om
col our sarrple inthe first image to determ ne the nunber” of colours in the

sanpl e |mg@mlae@cobour@amratm@Claataﬂtena’ucsOr t he |dent| fied clusters.

1010. An appar at us ac%g b % CZ] |m 9 V\(ﬁe ﬁ'b%n | eI FI xel values are first
cal i brated usi %aPR%r T 8G9 Bt ﬁ'f'?%ch'n 5 &F'rdatiag Comphisesy, appar at us
accorgding to ¢\v)aam|§ha?vmwtéhrtd1glg@m+ﬁh t¥ PixEISvASs oRlpikIRk&stebentig er m ne

L*a*b* or XYZ values for clusterin 15 12. An apparatus accordi ng to any
of cl ai mh® ynknewn \ﬁﬁ@%ﬁﬁmﬂé t d?ﬁ dirsthinag e dei delermineudre spenkaresf as
foll ows r%%l Bﬁ?t he mean val ue of pixels in a cluster;

i) det ercr(?l]orlljerst"'htehensué els within a predeterm ned threshold 20

di stance of t k¢ reteaningal cotour for the idehlifiechcluess. t he nunber of clusters if
the determ ned nunber of pixels is |ess than a predeterm ned fraction of
t he nunber of pixels in the first image data relating to the unknown

sanphg. 2pl3. ﬁ(g] %@Pékﬁ&é‘%& FdihgtBYcihn @, g%y%r%%ﬂ t%ﬂﬁfuﬁél&%@é rkNGEe 1S

nore than one t he determ nation the nu prxel's within the
pr edet er watiewtedusisgdhd colosir @atieratibn tcharatkenstical ue conpri ses sunm ng t he
respective nunber of pixels within the predeterm ned threshold di stance of
each cluster, the nunmber of clusters being increased if this sumis |ess

than the 1E|Opr adetfparaed %Eé&'ﬁi@ toléleﬁﬁ AQPAhRESIS B Yikkingafu@sChad m 12 or
13, and further conprising filteri n% clusters to renove those clusters from

consi der gelibiatedhia d@lt@rmme IC'@ibapnX¥Z values for clustering.
15
12.  An apparatus according to any of claims 9 to 11, wherein the clustering
algorithm in use operates as follows:
i) calculate the mean value of pixels in a cluster;
i) determine the number of pixels within a predetermined threshold
20 distance of the mean value;
iif) increase the number of clusters if the determined number of pixels is
less than a predetermined fraction of the number of pixels in the first image data

relating to the unknown sample.

25 13. An apparatus according to claim 12, wherein where there is more than
one cluster, the determination of the number of pixels within the predetermined
threshold distance of the mean value comprises summing the respective
number of pixels within the predetermined threshold distance of each cluster,
the number of clusters being increased if this sum is less than the

30 predetermined fraction.

14.  An apparatus according to claim 12 or 13, and further comprising filtering
clusters to remove those clusters from consideration that do not contain a
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t hreshol d nunber of pixels within a second threshold di stance of the nean
of the cluster. 15. A nethod according to any of clains 9 to 14, wherein the
cl ust eri nyoRaligspivshm i s a k-nmeans cl ustering al gorit hmPCTI/EP2011/050535

threshold number of pixels within a second threshold distance of the mean of
the cluster.

15. A method according to any of claims 9 to 14, wherein the clustering
5 algorithm is a k-means clustering algorithm.
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