; e3eaba_| F Z6RT@9WD 00/ 46748 PCT/ KROO/ 00089 a00001 COLOR | MAGE PROCESSI NG
METHOD AND APPARATUS THERECF Technical Field 5 The present invention
relates to a col or inage processing ppar atus, and nore
particul arlyg of/g574 COl Or inage pr oc#mwnmhgﬁmw for retrd&gyaidoshssO! O
feature descriptor used in indexing and Se g a color 1nmage. 10 -
Background Art Anobng visual features fofmﬂﬁgcribing mufti-nmedia contents,
color is the nost dom nant feature. According to conventional color inage
processi ng nmet OOBORAMAGE PRUCHSSING WETHOBEANDOAPEARATYSI THERKOF col or
information of an image. However, the conventional col or inmge processing
nmet hods using a col or histogram consisting 15 of 1024 bins have drawbacks
in that the conputational conplexity of imge processing steps for
describing an imge is high and nuch processing tine is required. 20

Di scl osur e of TedhpichhKieldt i on To sol ve the above problem it is an object of
t he present_ i nventjon to pr.ovide a color i e.processi ng nmetho i ch can
reduce t heconput a lfeoﬂ%ﬁsergdﬂﬁ’ﬂnﬂ%‘? {51ats do 3y é@&sé’ﬁ?ﬁ? P'ioﬁfés.m%gtm‘?tgo‘gﬁ[\%]her

obj ect of theajpagiaRNhnd ¥R PattRAlakP, BAQSI0H SmAeGRHRYIRY mEBEE AR k&ridAngredi um
having a program executable by a conputer to performthe color inmage
processi ng nmef RYEr fepturg deseriptpr usgéh gt maexingyndsearehing B €olor #Bagst i nvention to
provi de a col or image processing apparatus for perform ng the color inmge
processing nmethod. A feature of the present invention is enbodied by a

col or image processing 30 nethod includes the steps of (a) obtaining color

vectors of an.input i e, (b) classifying the color vectors to obtain
domi nant 8 oﬁér—f‘gf—“ﬁﬁggl(" 9 I nput i mage and the WD 00/ 46748 2 PCT/ KROO/ 00089

ratios thereof) anfmbfg visRPfeameanitbiMesdriBnaninAsia EittedfsS cAhds Hagndsat | 0S
thereof as a color feature descriptor of the input inmage. The color vectors

are pref er abl JoranantiFanag. ciicordingetoresnyensinpl tcalor imegeorrogaseing mmethedaity y
percentil es. Qodiiubehlis bARAR RERGERCIFIhRAadIo L fhdiE! Hoicldyde the
tized Color vec € ¢

step of (e) conbining the quan ors an ol or teature
descri pt or anthecempeesant ¢algr itnage procdssingnethnds wsingl at coles: hiskogrant cdmistimgpge.

Al so, befaore t (b here may be further jncluded the step of
per f or ni ng>a 8{128%{ 3&% }ff%—fﬁ ‘#‘?‘??aéﬁ r‘% gt OtE%ggmptb t‘%’ﬁL&PWPHﬁ’%fﬁtlﬁgg‘i nput

i mage. Al ter npiocassiny stehd fHe tiescabinl @nSin@ge (O hight il MAEN @ebcBRINGT tivhé her
include the step of performng a predetermned filtering process for noise
removal of thEdPEslt i mage. Also) before the step (b), the nethod nmay
further include the steps of analyzing the probability of pixels in the

filtered i mage bei ng noisy pixels and appl yi ng appropriate wei ghts thereto,
and applying a general Lloyd algorithmto the 15 color vectors

correspond}tong tS% c’t he0 i hte% xPi xels to performcolor quantization.
Accordi ng to _ the present invention, there is provided a
col or i mage proceshoé silveTthd dtfole Hroblemgitlid Vdbf@t 6f tEOpresent nddndbRofrewad pt or for
describing color features of an image) the nethod including the steps of
(a) segment i n§CAUPF iMaggRrosessipEmethodWhich anraduce the spmpuigtionakeomplpxitygidyj ni ng
col or vect or spfsRéssinp@inmregment ed regi ons, (c)
It is another object of the present invention to provide a computer readable
25 medium having a program executable by a computer to perform the color image
processing method.
It is still another object of the present invention to provide a color image
processing apparatus for performing the color image processing method.
A feature of the present invention is embodied by a color image processing

30 method includes the steps of (a) obtaining color vectors of an input image, (b)

classifying the color vectors to obtain dominant colors of the input image and the
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20 classifying the color vectors to obtain dom nant col ors of.the input
imge and the ratios thereof, and (d) representing the dom nant col ors and
the ratios er as a color feature descriptor of the i i . The
pr esent inv%%’@ﬁ‘%l SO provides a conputer readabl e nedi u%@%g&gr ogram
codes executable by a conputer to performa color inmage processing nethod
25 for retrieving a color feature descriptor for describing color features
of an inmage, the nethod conprising the steps of (a) segnmenting an input
image into a pl wisithereddf ande@) ePpeserting dbiemhinam golond Kl tie e4iios thefedf ad he

segnent ed regi ons, gc%‘lﬁcl assifyi ng the color vectors to obtain dom nant
colors of the i FPIGE T5a @éesamowfé 7 HPPO¥"%frer eof , and (d) representing the
domi nant col ors and §hecdiaf {Rwrd MR fokradf @aﬁmearcoﬂ‘o?%am an® (G afdsi AL Or  Of
the input imge. According to another aspect of the present Invention,
there i s provi dpceferaklplpercentil®dD 00/ 46748 3 PCT/ KROO/ 00089 i mage processi ng
apparatus for_retrieyjn color feature scriptor. for describin | or
features of asn imagefﬂ“f %Sll%ﬁd?l%e BIoteTHioF E‘f opaf&rtﬂ?eé\}fl%é&u FtSP o‘% (%?

recei ving pixel cy@binthgdeeaqointifsd télptitvettbRYEndA M ESIbT if€MirB 0dedetipdsr MREt Or S
for a predeterm ned color coordinate system and a color feature descriptor

generating unit T$REPSCHIHAEANG Fopbipationsesyliyas dhe Whalsingaee doni nant col or s
represented by the cakgry I EfeleNBayiR! Y BEfQEShAs el ved
and generating and o&é phtc%ﬁlﬁgggé%})gﬂ?’@gatuyg)gé‘gfshgrﬁpt or aattgjéglcf’kﬁfg@ﬁﬁ g the
i nformati on on tipeeddenmimad filteriigopreceas trishwopherzad i inps inkg@r edlternadivelp, t he

present inveption. prqvides ol or i e processin paratus for,
retrieving aﬂ%:ofgﬁttppq‘ Bﬁt g?pe (tgeglher Flﬁfh(?[r;{aqq@’r %‘H'g'fﬁr“?%lf gtﬁggﬁ%ro#%%foﬁngg bf an

i mage, 10 i ncl ugidasteamineDfiReHngBodesd for hoke ERPVRINGFiItROinAI imagIt | mage into k
regions, wherein k is an_arbitrary positive integer, and sequenti al I%/
outputting pixel val %Odaﬁfar%gﬁrﬁ%@di‘%ﬂe@oﬁ Hﬁaykf"r‘i‘hf'ég‘lcbﬁlf the 86PoPT vect or
retrieving unit f@yifeLaRl probdbilly %% Ipiedd HEdahiardf inthige 'b@ﬂgtno'iﬁaﬂ?eléﬁﬁd
retrieving color vectors for a pr ecf)et erm ned col or Coordinaté system and a
col or feature depplyingappropréstreweighitptheratd.tand applying agerierad Lidyd algorigmr waht i | es
of dom nant I e t | or . ve rs he col or vectors
are all rece%egglgﬁgecgdéggﬁg s?%él réntéq%u‘?glgﬁtf ? R%‘glﬁszg %‘?rm?rz‘%to Ilﬁ)rr u glsﬂ(‘:nrolnpt or
data contai ni ng the Asiopdiigioagothexuspdreofibeprontincedtion. sheadd pidvidepacaient i | es
thereof. 20 Brief Description of the Draw ngs_The above gbjects. and

advant ages of t HB2§5PEXE ‘?gi%‘hff’rdﬁ‘rﬁvlnlg aﬁ%‘%bﬁ%‘“%@“ﬁiﬁ’ﬁg}‘@ﬁ%““t’l?gH‘él%ri bi ng
in detail prefefdafeitian thdpe the meh8l 8RIudMglik kel 6f @eEmbRink AR iphi iBrRed
drawings in which: FIG 1 is a flow diagramshowi ng a col or image

processi ng met hédo apReRIHY plegigns, (oiabeaiipgeder veptaisd the ppgmepied regigns, (g)
diagramill r at, Ly {] I 0 FI G
LRG3 1 o Bk RO SERTRAL &) thlin Qi B o, B 12 ot kg the
accordi ng to theatjps dweetf, and éntepmesentiap dhe3@nfiha@Ecoldrs addhelatiohterevhas a esul t

obtai ned by perform.ng a.regi on-based search with respect to i nages i ndexed
by a conputer pf@g%&%ﬁé&%ﬁ? ?tﬁ'ge UBHOMEE WD 00/ 46748 4 i mage processing
net hod according to Tﬁ@gfbﬁﬁﬁ%\fenti&vﬁl@é ipPoVideBASIOmPRRE réaQhblE MedinNBaviipt the -
| nventi on PCT/ KROO/ 00089 5 Hereinafter, enbodi nents of the present
invention w || Beogseseqdepergcytableles agomputer ko neafPan aprler image ieceativtngtbefy i ng
drawi ngs. Referrti ] J i r.q r i t hod
aceor ding 101 he g lorrchislditionits: el cpl P RIS RALE YD)
The col or i mage methodegmpnisiag thendtepsaofh)usegmettingain inpgiimage o a plaralfi8ofind F4
(step 102). The segnentati on 10 can be perfornmed based on edge.flow for
exanpl e. Then, (ﬁ?ﬁé‘%‘ﬁl @Q&L@B’I“&CW&%?‘ES F%ré‘et $r8MFE E@fqné’e(c? 8’3?%&‘5"% A=
F3 and F4 are obpi Rebrd @%&hﬂ%inanTb&?ﬁfofﬂae%puPMa@b RAd e fal6s MERPLE hied

color vectors preferably includes the following steps. First, a
predet ermi ned f it eepreagnting dhe domingnip eelptsnapdathd mdsstiereof as a color feature

30 descriptor of the input image.

According to another aspect of the present invention, there is provided a color



removal of an image is perforned as a pre-processing step. Next, the
probability 'of 15 pixels in the filtered image bei ng noisy pixels is
anal yzed t ply an appropriate weight to the sane. bi lity
of pixels ﬁxatﬁe ?sol tered i mage being noisy pixels is obtpacl-li}r;:lglong{)y he col or
di stance from nei ghboring pixels. For exanple, i pixels, in which i is an
arbitrary integer, ranging froma pixel ha&ving the m ninum col or distance
are sel ected anong the pixels sorted according to the color distance 20
froma central pnxgd procussingappatpttstfor maiimmgedchbuﬁehmre ddseimbn(ﬁai' d@sahbmg whi ch
has the | argest col or di s ance is Cﬁe({} 6‘?5 maxi mum. col or. di st ance, ch
i s denoted by TERYF eﬁ‘l‘é"ﬁo ghiEnage! R Y 6F Ot F’Fé"ervérbgd’(?&tf‘i’r\f%wﬁ”%é?’%elare
wei ght ed by exp(yiliE Qich- of@%ﬂfput-rl(xﬁ%é andSreffivingedidP Xedtbi or NoréldeterdiiidFoidg t hat
t he average of T(n) val ues of pixels is Tavg, the nunber N of initial
clusters to be w¢eerdinale sysiem: andaa cader feefued desaripiey gemerating uait foirobinngethest ant |
e.g., 2. The a 0 tors
cort espondi ngs . 8&%&‘3@ o of &&R%Qx? aéog{?& &é&?é?ehéd %{&F}hé %gllogs'eétglgt \gfrPén {h& 5o for
usi ng the cl ust eectosnite all rbcéme@andg@nmmgmldmypuﬁx«grmlfenméﬂ):scnp(on)ﬁ(é n) c~
~v(n) ......

wherein _X(n he pix alue of the pth ixI anong
the sorted pi xelcgz‘ta% the V’gfr&@‘on H’B E‘B‘? H erpérﬁF’éIg

Expression (2) is calagdsl ale§fesed? inventi oﬂ’ﬁﬂa)udgs 4 Bdlor mﬁt e pocéssing - anaratus fof 2)
PCl' 1KROO/ 00089 to then split a cluster having the [argest value of D, .

Thi s procedure iretrieeipgat endorufeeture desetipior étrrsdmrdm@nelpatf@@resa\pf en image, ust er s
are generate eperal LI Y d. al. erforrred V\hen t ener al
Ll oyd al gori m'?"\gudqrégr?se e “gclhmlgt%f é}{gﬁn Butdma%e ﬁgaotns’me%cgm{’he
Expression (1) tkoispar faxbﬁtmrylgﬁarum@meguexhnd @équsmam;z chmutm pixall Vahie dahor
vectors are aggl orreratﬁ % perform ng a%%l onerative clusteri n% ,

Aggl onerat i ve cIQEEPPR thyjkth. 1egloB g2 FOIOR vestoTgH e vViDg P fer r9qgiving; pixel
"Pattern O assi fuaﬁuafdh@rbfampspﬁﬁge Aplelfdving cORIP VelbisGor APddTnedNBlr 10
York, 1973," which will not be described in detail in this specification.
Then) the col or cperdingfessystew, ancsa gley @amm#sermrnmsrae@g wwis for objainiventhed by
col or vect or g5~ Gleloenibd ot G9fhaEbId Hlreddfief 9 dht €310 vebE SRSk St €P

106) . Here, otes e ar rary s rla er o prinmary regions,
rangi ng fr om 1 tviecmtsgalne A} rdceived axmoge\iexﬂemg)mml mmmwgrmmsfeamiretdb@riﬁioEdwv

col or coordi nate syste . e 15 tiles P, are expressed ci mal s.
The sum of the F?QF%/@H’tgiq}‘%g‘ Ppmap orét g@?‘b‘ﬁ&t gallorg a&%ﬁ?g’ﬁ?‘:@%ﬁ?ﬁtg%wg@
Expression (3): NP, = ...... (3). i=l Next, the dom nant col ors

represented by color vectors (cL,, cU,, eV,,J and their percentiles P, are
expressed as the color feature descriptor of a pertinent region. 20

obt ai ned (stg@ é;%}mgﬁl!%%#g;mwrg@mfg he col or feature descriptor F can be
represent ed pressi ~~CcL,,cUi,cV, J, P, ~i=1, N~

...... (4) wher ei n N The abqyve@tjette rmi aurantages of uhveresmag'ennon'mﬂ beesimrmdreat ur e
descriptor can be ref rred o as.a varteab e- B({] quaﬁg‘: ramC §5th|§y
conbi ni ng pi xel E\PBTrﬁ%[ Aesery ngtu-hgety prefeligt Spooqiments 8 5?{5“8

f'eature descri ptg@actﬁa'&]ﬂmﬁﬁgstlhl“ﬁudhegl on, i.e., Fk the vvhol e i mage A is

represented by ExpreSS| on % ~Re gioni , ; gio
Re gion~ , F ~ . . . FIG lisafigy diagygm gopiteawle lmep/mwm@bmm@?f@na Kis

a predeterm d 0 representing the nunber of segnented
regi ons of t g |t?ra eﬁi\égtsfpeérﬁﬁm The col or feature descriptor retrieved

by the col or inmage priGedisiadipgrant iliosiratiog onadie segntentatibepgfarmedin thewepritlbon i s
conpactly repr eso%%gql;by a small nunber of
FIG. 3 is a block diagram of a color image processing apparatus according
to the present invention; and

30 FIGS. 4A and 4B show the result obtained by performing a region-based

search with respect to images indexed by a computer program based on the color



5 nunbers with respect to one region. The conpact representation of the
color feature descriptor can renmarkably reduce the conputational -

conpl exity. HJ(h@Z ,%I | ows fast search and retrieval of multi-nedia based
contents. T oE i mge processing nethod according to £ y"ﬂ?%@@%
invention can be applied to an object-based i mage processing nmethod such as
MPEG 7. 10 The col or i mge processing nethgd is progranmabl e by a conputer
program Codes and code segnents constituting the conputer program can be
easily derived bhage robasibe mefioAEEIMEBE td the bRGerlidvendrs0 ) the programis
stored in conputer readable nedia and i s readabl e and executable by the
conputer, thereby enbodying the col or image processing nethod. The nedi a
include magnetic recording nedia, 15 optical recording nedia, carrier wave
media, and the like. Also, the coI or i mage processing nethod can be

i npl enent ed on &Bestinod £t) g ontethss Inventwppar atus. FIG 3 is a bl ock

di agram of a golor i e ocessi apparatus accor.din sent
o ol 2 0o o TSRS % %ntw?ﬁt e ARG ELLE fe et fefhdRen

i ncl udes a segrraﬂmmrgmktto a,@Qccoanpqu dMGgdeer retrieving unit 20 302, a
col or feature descriptor generatin unlt 304 and a conbining unit 30G In
the operation of theRerbng fonidfe 1pﬁ@ﬁ§"é§%& hgolerpwgapt@essmaénﬂé@gmémrﬂmg uni t
300 segnents an n tigll ts pixel
val ue data Regi O%El%“é}reéeﬁ?ﬂ.&mﬁt Peﬁlg.%lﬁr frﬁa col gﬂﬂvg%@g?&r eﬁel ée()\llolqlr%lg n?t 302
receives the pixsegmemg¢diatochaileralRy, oﬂreguﬂnsiFh R, hE, dotl [F, (seapi 102). afie seghenteions t he
col or vector cL;, cU. cVY,J. .25 en i color vectors ~cG ., clU , cV,J are
211 °F evel ved 107 Hah b o bhisd o dt fosr oF° mBK: THRY: BHRIGAOENEEAS ¢ he
percentiles P, obrtheiéspadtive ¢ies T, | BRIFSSRNE Stle bbtainbe (st 1@4).vectors (clL,,

cy,) cv,J, and generates and outputs col or feature descriptor data F~. The
col or feature descri ﬂ‘thSrStevHa&fanF%éI“P&éh%%"?eﬁf“@t"r"ra‘tep@hs oreferably mshvriesathe
col ors representgflofikg $hBs COiRE, ¥ prddlePmintd-fitefi ’sﬁeﬁ\forj sat;&tmt. &hdl noise
percentiles P,. 3U In or er to obtai n the percen P; e respective
colors, it is rrm:n;otmlef ermbgelﬂmefpnmﬂlaara PIRIPNOLESSIAg Stem Nsxtp@ppmbntatltwat hi n

each segnent |on 0Q/467a8 7 P /KROO 00089 .t he c | or 1 mage
b ocessng appariiis Thit Bk, MRsr R Fotey BEE & GURATI 3¢ ASAATE chot
shown). The col Qipptdp’ﬁ@.e wWelpghCIhd sahed (IR pesbusilir oFipedeR i the filtérled @hage Beingdes a
filtering unit (not shown , f_or erformng a redetermned filtering, process
for snoot hi ng afP'HEE t% etqlfgdi‘ﬁ%aﬁﬁ? HP'H&‘@’éh OFHNS PYSSn 0% $1PImi ¢

anal yzes the 5 prpRabid wtmfh pts aﬂ'aﬁﬁtlraﬁ-%' l,megeheaﬁghﬂgtﬁaxﬁd PiXRPER ifRh WinfRR Y

pi xel s, applies an appropriate weigh hereto and quantizes the col or

vect ors correspoRiiridsiange precseleled Amens @P)Péqeb sgytehacertkingalo the epjer disiagsei t hm
The conbi ni ng,u i e.
Regi ons and gol gir‘ g%tgﬁt?agrﬁg!egga?‘fl%bé% gi\ééasgfégféj?{%‘?lss ?‘831 onbzme. &ﬁi@hﬁ% thtL'

out put the 10 primges sadr distage mGsettoT}keanaJmhmncmlnagaamowmhlsmgnm@mrﬁhps
according to th resent |nvent|o p dto ano ject-b i mge
processi ng net hgﬂpgu?ﬁ‘ Golon, ppeter EI@S re§pﬁct{vﬁeplé«.§sf ére wﬁtfé‘ t?yoé’é%(a?ﬁ@
apparatus accor d:leG T(®) Ishﬁﬁﬁ\v!d&@eﬂﬁ) | NB4€ Rk dudiing thPth@M:h{gG 0B TGH W AlliesioTage

usi ng dom nant colors of the inmage can ‘al so be applied to various other
fields besides tmxelsisdpyg, dter@mbethﬁmgel@u%e@shewged in quankizatien edyatsekrvabove,
the color i e ,pr e c op . is
applied to gggob %C%S%S‘]s’ggo tggckp’?%cgé%{l H%ﬁhé}?l §y(P l§§§tﬂ.{§t A gﬁ{q%(g)é\n&on&ef ast
search and retr mtmlveabrsmsuiregpolmdgmmgmmmxaals @Qluhmdnslteraoair vAQrs | cFabu lity
The present invention can be applied to the fjelds of object-based imge
processi ng. msgy@/t%elgsgcrg:ep@%ﬁmp@ resgiop (i ned is: 1. A color

i mage processing net h0d$ )a% ving a color feature descriptor for
descri bing col or featur v ge) the nmet hod conprising the steps of:

5 (a) obtaining color G Vect o} an i i mage; (b) classifying the color
vectors to obtain dom nant o{ rs of the i nput inmage and the ratios

t hereof; and (c) representing the dom nant colors and the ratios thereof as

pr ocessi ng. mot noera AP e PR Tane e (R BRE ardne shPEs BOLE p IR5Fe

quanti zed col or vectors. 3. The col or image processing nethod according to
claim1l1, wherein the 15 ratios are percentiles.




4. The col or image processing nethod according to claim11, further
conprising the step of (d) conbining the color vectors and the col or
feature de i and representing the conbination resul ol e

i mge. 20 gﬁb'loﬁlg&gsol or image processing method according %o C @R?ﬁm%
wherein the color vectors are quantized color vectors. 6. The col or inmage
processi ng nmethod according to claim4, wlerein the 25 ratios are
percentiles. 7. The color inmage processing nmethod according to claim1,
further conpri sefifg represented by dixpfesdior (Mt calongptdédne quanti zed col or vectors
and the color feature descriptor and representing the conbination result as
the whole inmage. 30 B = ez(mq'im(ni) E_pr_qg)assi ng nmet hod according to claim
1, before the WO 00J46748 9 PCTI KROO/ 00089 step (b), further conprising

the step of performng a.predeterpgined filtering.process for snoathi.pg of
the input i maget.o(% n S?ﬁtea c&‘gﬁt%?‘a\”% 81‘}5&3{:&%‘? ?{Jéﬂngﬁﬁ@ﬂocﬁa?%ﬂsoﬁeﬁﬁ“ d‘“EFai m 1,
before the 5 stgplus@ysaré pérlehdid. CORRN Qidiés hitazefidreed Of geperafl DIojdl Aigodthm
predetermned filtering process for noise renoval of the input inmage. 10.

The col or i migels PeEs! i rY§hanehgrnerd Ly ialegrithen is|pgrfprmed, Bisfcdisier eqngroisk ep
{b)) further co ISl ] .predetermned filtering
process 10 for gﬁ%&?%@%é?ﬁd@#’gﬁ%ggé@%&g{f&g?gq(ﬂgpé'nput i mge. 11. The
col or image processiNaxt,iskosdhaimposidilargolor vactyrsaie adghinmgatdd bhperfughninkO,

before the step further .conprising.the steps qf:. anal yzi.ng the
robabi |1y ot iSEEblessvg chRerife | ReHRmeHiESugET RS AsroTFmIE . Durends
appl yi ng appr oppRAHRE ' Btefn CHQIRME6n AAGARPA IS, For O EHAnd 'SbRY New
algorithmto the color vectors corresponding to the weighted pixels to

perform col dP qatk: 1951 which will npt hegdeseritiedimydetsi} Bichis spesdfiotethod f or
retrieving a color fgapupe 20 q'gftﬁxrs'a% erassfiﬁ)egd &?S@Hiﬁinpgol&%l r%rege?x@td"g es of
an i mage, the method conprising e steps of: (a) segnenting an |an't i mage
into a plurali teolafvertegs fohs rUf by, aist theinipagemiesal, aveditanal Gep 106)e Bagnent ed
regions; (c) cla sif%klng the color v ctgrs to obtain dorritnanﬁ colgrs of the
i nput i mage 25 ‘AffEOFHEC ALTYY Seripl purmber ol pEmay regions. dangips trom { fhro nant
colors and the Laui a8 Vvhehe@efcoadintes df Ahe CERLUN c6108 ¢odrifnate s9QftethNETRNPUL

i mage. 13. The col or_ i mage processing nmet hod according to claim 12, wherein
30 the col orldveparesntiles Pedrg eemiesseddy degmmsts. idesamef the ppgseniges fary regions

PCT/ KROO/ 00089 4. iE{PQ - .essing nethod according to claiml 2,
wherein the rat%gsasg%e%g{?gg%tl egs.l(ml@? The col or i nage processing net hod
according to claim 1 further 5 conprising the step of (e) conbining the
quanti zed col or vect @r &£ £dr...t.H3).segnent ed regi ons and the color feature
descriptor and representing the conbination result as the whol e i nage. 16.
The col or i nmage processing nethod according to claim 12, before the 10 step

(b), further conpri s 1 i i ring
brocess for smoothi e ey At BlorE RELRLELI6, B IRk I, 060 v L4t 10
met hod accor di neir perctrailenP|2e ckpgtaedasttiecoddrdgan(ib fescfiptot bfr pectdeptrregiong t he
step of perfarm.n red rmned filteri rocess 15 for nojse renoval
of the i nput?'; nﬁlﬁgpgdlg?‘epl'ﬁ@ﬁcoll%ro Fayerdsy B%eg%l%(é"aﬁgf HSEFTREE of fPAP% o
claim 12, bef or gptighiéd BPEAPREskioh W4t her conprising the step of performng a
predeterm ned fi Ft ering process for snoothing and noi se renoval of the
i-nput i mage. 20 19. Fhe{{dlprl,peldd, Briocessi Mg net.Hdd according to claim
12, before the step (b)) further conprising the step of performng a

pr edet er mi ned f whéreimiMiy apredeegmirfed ipostivointegery Tie dohe fetgadedcaptor egi ns. 25
20. The col or ig?ge pr ocessi.rllj? net hlgdhaccor ding to claim12, before the
step (b), furthErEEGIBAT & VHAoIesn SPIoR ISRt or i ng a predet er n~i ned

filtering prgcess fogy e&hﬁﬁinggfm%luefdaiam tBE YINERERS. r.e.gimgz@nk £k colpe col or
In

i mage processi n? met hod accor | to claim 12, before the 30 step (b),
further conpri sicagra descriptesslagr of Siis regiof, hg. d'-phe whele imsgset! 1§ representedybyor ocess

for snoot hi ng aﬁgprg&oﬁ%iemval of the segnented regions. WO 00/ 46748 11

A'={Region,, F,; Region,, F, ,...; Region F. } ...... 5)



PCT/ KRO0O100089 22. The col or image processi ng nethod according to any of
claims 12 through 21, before the step (b), further conprising the stepé of :
anal yzing the probability of pixels in the filtered inmge being noisy

pi xel s and %YM appropriate weights thereto; and 5 apfffyK® ’Oﬁosﬂlener al
Ll oyd algorithmto the color vectors corresponding to the weighted pixels
to performcol or quantization. 23. A conpy er readable nedi um having
program codes executable by a conputer to performa color inmage processing
net hod for retrivgyielitk 8 apaddeferrhifad poshtive Onielgs eépr@eMingl iRy mARRe bf ReMenE®| or
features of an image, the method conprising the steps of: (a) segmenting an
i nput image int oe&mplolﬁﬂvnlmageéf(stﬂegl ns; (b) obtaining color vectors for

t he segnmented region m nant
colors of the input ?%éoggrlﬁt‘g}%?k{ ﬁgﬁr %‘ﬁ%s?ﬁtg gtgeecofoqg&{’% p%%e?ﬁ%%‘ngtgg:ﬁtl ng
t he dom nant coh@osdiagth the @resait iim@ntidreis @ompaslyaepebantedfbyat smal olester iopt or  of

the input inmage. 24. The conputer readapl e nmedi um accordi to, cl.aim 23,
further 20 conpPrEbergWithEesBeatfp Qe regign. aﬁﬁtﬂ’ﬂ??ﬁ 'etpﬁ"ée’&ﬂé’i‘i‘toi?g&fo{f’éf‘?ﬁpr?/ect ors

for the segment qdfip ke&%re?mcabi}ereeﬁ&e%e E&ﬁﬁmt%nﬂ%ﬁrpleahpr TARhILEREREENT i NY
t he conbination result as the whol e i mage. . A color image processing
appar atus for red:atrﬂea/ndnt}trapvalmfdnulflemdaﬂ basz@cm;sms-l ghecolpp imapssprpeassing col or
features of an i [iShn vect r [

Fecei ving. pi xol "AgEoGRTRE s ne sy ieRio B anh it B ifetide ilge o o

for a predeter mpftﬁéssﬁ@tﬁkfthdlﬁilbldhmMPE(EX/StEHI and a col or feature descri ptor
generating unit for gbtaining the percentlJC‘es of do ant col ors

represented B the cOPGROIQFdRAESPEOCHEERE PeiRO BPrSSmVE‘Ef‘p §a§?‘@p'§ir1pr%a‘F‘ecel ved
and generating gdeOiiRdld segﬁ.eﬁfs‘)k&rsn&% meecoﬂ@,ﬁﬁf R)%Ehﬁn dalirk GaRt @rRedg the

informati on on the dom nant col ors and Egr cen es thereof. WO

00l 46748 12 PCT by@t@mm@owammmh@ fé@)laﬁr Abagthemregramdp ﬁ@reéplpaqoamugr
according to cl i

o1 el va ue dat Sne mefiahd B LR LUGERERY HeRBpiitel, ARl SHERANEY

imge. 5 27. A ol c@lorlmmm)rpa:ess:@memgd aﬁpanmﬂnae‘.ncﬂme niagheticawdanding mediaor

feature descrlptor escrl ing col or feat an image, conprising: a
segmenting ul t OPB‘?“ 5%@ & rrlcﬁﬁ’&f’ep’t‘?&‘@ %rﬁ“b{”ke regi ons, wherein k is

an arbitrary positi vmdonhﬁ%llor lﬁ‘ﬂ%ﬁ PRESIMNg | Adthod édﬁt&uﬁﬁplé?ﬂenwdxﬁi a ¢glotie data
corresponding to the kt h regi on a color vector retrieving unit for

recei vi ng pi xel imageRsocessing %warawsi a3 istdecksbiagrana ot 4 elorimagonresestiagt or s
for @ predet ef m o il g,Lgb%s%nﬁx dofifih. REflrcheGRERG. 308 LG fifager | Pt or

generating unit for tal ni percenti m nant colors .
represented by tplm:eSSNgcnpparems ochideshe segiientingoiniy 300ee talps vegtas refrieving ueit ved

d [ J f h
15 i nrormati B AevtedrARe e e el DL Eh Phr B ERERARE "o5” T

col or image processi Rfxhapperitdinésthae6lof Mhdpd piaeessingiappatatus, therstfraentiagopic i si ng
a quantizing unit for performng color ?fuantl zation in the segnented
region. 20 29. PAG seaseals AnriaRM IBARSCA JHP KGCRIPRSAN SEAVCBELY I %‘ﬂ ¢RlEF m 28)

wherein the qu a’&%ia?ée?zgn ‘{H '[lfe K YRLi%% Phe (forRe@BRARIrleving ufit 362 t&diveskift pultf

filtered i mage bel ng®nol
value data Regton,, in the kth region and retrieves the color vectors [cL, cU, cV/J.

25 When i color vectors [cL, cU, cV] are all received, the color feature descriptor
generating unit 304 obtains the percentiles P, of dominant colors represented by the
color vectors fcL,, cU, ¢V,], and generates and outputs color feature descriptor data
F,. The color feature descriptor data F, includes information on the dominant colors
represented by the color vectors [cL, cU, cV,J and their percentiles P,.

30 In order to obtain the percentiles P; of the respective colors, it is more

preferable that color quantization is performed within each segmented region. Thus,



pi xel s and applyi ng appropriate weights thereto, and applies a general

Ll oyd algorithmto the color vectors corresponding to the weighted pixels
to performgal or guanti zation. 30. The col or inmage pro i par at us
accordi ng t%Bé) ’3?7%527, further conprising a conbining uni'tgfiﬁ‘girl&%g i ni'ng

pi xel value data corresponding to the kth region and col or feature
descriptor data of the corresponding region, with respect to 30 all the k
segnented regions, to output a processed image. WO 00/ 46748 13

PCT/ KROO/ 00089 &i. coldrdmage procéssing apparaicepefenaply ipthen inckhidecs quattinigg woit cl ai m
30, further conprising a qQuantizing unit for perform.ng.calor quantization
in the segnent 229¢éb?‘gws_ﬂ§ fé’i‘?r Fe" BOCTFINE MR atﬂ?BEeé?gl?lﬁgmﬁﬁbﬁ?c 2
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of pixels in the filtered i mage bei ng noi sy pixels and applying appropriate
wei ght s t her et o smapthing@apd ineise eemprplcafahe inpeyithagg. gbhe quantizing upibanabizeythgect or s
correspondi ng. to the,.weight ed pi s to - .col. i ] .10 33.
The col or i ngsgepﬁ?b8§1g¥s§'§+fﬁ)éxezsplﬁghrc)e(lﬁhesredtalglé‘ g?é&ﬁ%@'?%l%lsg#%@%sfﬁ%b %Bmt“ rough
32, further conweight ti@reto ind duantizegtheblor Weutorp esdrespondige @ the weighted pixeled
filtering process for snmpothing of an input inmage. 15 34. The col or inage
processi ng appaPiilencralldleyd plgottBmany of clainms 27 through 32, further

comprising a filterifge H?}hﬁinfngrunﬂ%"o%%fﬁbﬂﬂs Bixel GG @A @M K tebRhi NY,
process for noise renoval of an input 1mge. 35. The col or i mage processing
appar at us accor diegignt andaeglonfeawreaidensriptpr 2atat ¢fr hisgieg®, iturfhér owtpwtpthesi ng a
filtering unjt for performng redetermned filterin rocess for

smoot hi ng. anih ol GEFLIEAN oF P froiSane appafihis Moy 47 e pben
processi ng appaliletisorfcat 8¢ aipligd fo@nabj¢ctHased iftlagespracesiihg medbd sioh a§ MPEGer
conprising a quantjizing unit for perform ng color quantization 25 in the
segment ed r egi orfs Al%7 N thE Lolopimgge Pragessing APRAGAIYY %ﬁorgﬁ‘ﬁé? the peesent iyEptiqy t o

cl ai m 36, whereleﬁp&&ﬁ;g%@mr!iﬁqhga;smg dordNak ¥AES Jf R iRfapOSRI didolné applidairgel s i n
the filtered i mage being noisy pixels and applying appropriate weights

t hereto, and apphiieus asheydiclds esides dyeadfiedd obealer imaperprogessing. col or vectors

correspondi ng- to the wej i.xeks to p [ r j .| zat hon.
%0 007 hanas ' pe 1 ARG IEY AP “hrh%’?%fo‘ﬁ{é?é’%’%é%lngr%@ééds ?%3%‘%%*&?%
according to cl @rékentdnvention bedpphi@imor dnSobjart-based ifage prgcassing nfetiod cthetzbyi ng
pi xel val ue data_corresponding . to t h? kt h 35 RE@/Fegi on and color feature
descri ptor dat a 2BpWingdast sqar RefFifYp! FEFRBRmedR NS pect to all the k
segnented regions, to output a processed inmage. 39. A nethod for
representing a color inmage, wherein the color inage is represented using
dom nant colors of the color image and the percentiles thereof. .A
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%gf%z ;‘i?fdl()é 2MLQ@8chitof for adskiBik Rétof deatired/of APiHRaBE e methdd nipSsing itfe stepdMLO%
of:

5 (a) obtaining color vectors of an input image;
(b) classifying the color vectors to obtain dominant colors of the input image
and the ratios thereof; and
(c) representing the dominant colors and the ratios thereof as a color feature
descriptor of the input image.
10
2. The color image processing method according to claim 1, wherein the

color vectors are quantized color vectors.

3. The color image processing method according to claim 1, wherein the

15 ratios are percentiles.

4. The color image processing method according to claim 1, further
comprising the step of (d) combining the color vectors and the color feature
descriptor and representing the combination result as the whole image.

20
5. The color image processing method according to claim 4, wherein the

color vectors are quantized color vectors.

6. The color image processing method according to claim 4, wherein the

25 ratios are percentiles.

7. The color image processing method according to claim 1, further
comprising the step of (¢) combining the quantized color vectors and the color feature
descriptor and representing the combination result as the whole image.

30

8. The color image processing method according to claim 1, before the



, 109B& ()-3Ls109B& ()-Z1098& ()- 10 h 10 h 10 h 710% h& ()-510%
h& ()-)8RIEDC Y109B& ()- L109B& ()-1 1098B& ()-yl09B& ()-!109B& ()- |

109B& () - R%SE'P/&’ "MB& ()- &109B& ()- L10YB& ()-1 10%%}&)@@8%&' ()'-

109B& ()--} WAELC / 109B& ()-.109B& ()- ' 109B& ()- &1

109B& ()-L109B& ()-%d""""""""bC& 10% h& ()-Y10% h& ()- 10B 10B 10B

7109B& ()-F 2m 109B& ()-| 31109B& () - " #GH\WH#SXSAELCL0% h& () - , &10%

h& ()-3 &10% h& ()-110% h& ()-0 4 10% h& ()-3 10% h& () - X$$$- YWBRJIELCF 10%
h& ()-S10% h& ( htep (B)Pfirthé: dompBising Ofosted’ of perctfifthd@predetdmGHa Giteting froeeth &&
‘¢'' ' dEbC "10% T& é)ng'&! A0% h&'.§r}-510% h& ()-3 10% h& ()-3 110% h& ()-3
10% h& ()-' "' G fEHeeminaaidbs peuiiMage: 11006 h&' ()-SL*10% h& ()-F (10%

h& ()-& " 10% h& ()-!70 "10% h h& ()-(6)e))**c*d*e*dE:/ 10 h 10 h 710%

h& ()- F 610% h& ()-F Y410% h& ()-S2 10% h& ()-F 31310% h& ()-F /10%

h& ()-e*frr*t****E+x¥: / 1Dherdolor OmagePregessing method according to claim 1, before the

5 step (b), further comprising the step of performing a predetermined filtering process

for noise removal of the input image.

10.  The color image processing method according to claim 1, before the
step (b), further comprising the step of performing a predetermined filtering process

10 for smoothing and noise removal of the input image.

11.  The color image processing method according to any of claims 1
through 10, before the step (b), further comprising the steps of:
analyzing the probability of pixels in the filtered image being noisy pixels and
15 applying appropriate weights thereto; and
applying a general Lloyd algorithm to the color vectors corresponding to the

weighted pixels to perform color quantization.

12. A color image processing method for retrieving a color feature

20 descriptor for describing color features of an image, the method comprising the steps
of:

(a) segmenting an input image into a plurality of regions;

(b) obtaining color vectors for the segmented regions;

(c) classifying the color vectors to obtain dominant colors of the input image
25 and the ratios thereof; and

(d) representing the dominant colors and the ratios thereof as a color feature

descriptor of the input image.

13.  The color image processing method according to claim 12, wherein

30 the color vectors are quantized color vectors.
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5 comprising the step of (€) combining the quantized color vectors for the segmented
regions and the color feature descriptor and representing the combination result as

the whole image.

16.  The color image processing method according to claim 12, before the
10 step (b), further comprising the step of performing a predetermined filtering process

for smoothing of the input image.

17.  The color image processing method according to claim 12, before the
step (b), further comprising the step of performing a predetermined filtering process

15 for noise removal of the input image.

18.  The color image processing method according to claim 12, before the
step (b), further comprising the step of performing a predetermined filtering process

for smoothing and noise removal of the input image.

20
19.  The color image processing method according to claim 12, before the
step (b), further comprising the step of performing a predetermined filtering process
for smoothing of the segmented regions.
25 20.  The color image processing method according to claim 12, before the

step (b), further comprising the step of performing a predetermined filtering process

for noise removal of the segmented regions.

21.  The color image processing method according to claim 12, before the
30 step (b), further comprising the step of performing a predetermined filtering process

for smoothing and noise removal of the segmented regions.
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analyzing the probability of pixels in the filtered image being noisy pixels and
applying appropriate weights thereto; and
5 applying a general Lloyd algorithm to the color vectors corresponding to the

weighted pixels to perform color quantization.

23. A computer readable medium having program codes executable by a
computer to perform a color image processing method for retrieving a color feature
10  descriptor for describing color features of an image. the method comprising the steps
of:
(a) segmenting an input image into a plurality of regions;
(b) obtaining color vectors for the segmented regions;
(c) classifying the color vectors to obtain dominant colors of the input image
15 and the ratios thereof; and
(d) representing the dominant colors and the ratios thereof as a color feature

descriptor of the input image.

24.  The computer readable medium according to claim 23, further
20 comprising the step of (¢) combining the quantized color vectors for the segmented
regions and the color feature descriptor and representing the combination result as

the whole image.

25. A color image processing apparatus for retrieving a color feature
25 descriptor for describing color features of an image, comprising:
a color vector retrieving unit for receiving pixel value data of an input image
and retrieving color vectors for a predetermined color coordinate system; and
a color feature descriptor generating unit for obtaining the percentiles of
dominant colors represented by the color vectors when the color vectors are all
30 received and generating and outputting color feature descriptor data containing the

information on the dominant colors and the percentiles thereof.
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26.  The color image processing apparatus according to claim 25, further
comprising combining unit for combining pixel value data and color feature

descriptor data to output a processed image.

5 27. A color image processing apparatus for retrieving a color feature
descriptor for describing color features of an image, comprising:

a segmenting unit for segmenting an input image into £ regions, wherein £ is
an arbitrary positive integer, and sequentially outputting pixel value data
corresponding to the kth region;

10 a color vector retrieving unit for receiving pixel value data of an input image
and retrieving color vectors for a predetermined color coordinate system; and

a color feature descriptor generating unit for obtaining the percentiles of
dominant colors represented by the color vectors when the color vectors are all
received and generating and outputting color feature descriptor data containing the

15 information on the dominant colors and the percentiles thereof.

28.  The color image processing apparatus according to claim 27, further
comprising a quantizing unit for performing color quantization in the segmented
region.

20

29.  The color image processing apparatus according to claim 28, wherein
the quantizing unit analyzes the probability of pixels in the filtered image being noisy
pixels and applying appropriate weights thereto, and applies a general Lloyd
algorithm to the color vectors corresponding to the weighted pixels to perform color

25 quantization.

30.  The color image processing apparatus according to claim 27, further
comprising a combining unit for combining pixel value data corresponding to the kth
region and color feature descriptor data of the corresponding region, with respect to

30 all the k segmented regions, to output a processed image.
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31.  The color image processing apparatus according to claim 30, further
comprising a quantizing unit for performing color quantization in the segmented

regions.

5 32.  The color image processing apparatus according to claim 31, wherein
the quantizing unit analyzes the probability of pixels in the filtered image being noisy
pixels and applying appropriate weights thereto, and applies a general Lloyd

algorithm to the color vectors corresponding to the weighted pixels to perform color

quantization.
10
33.  The color image processing apparatus according to any of claims 27
through 32, further comprising a filtering unit for performing a predetermined
filtering process for smoothing of an input image.
15 34.  The color image processing apparatus according to any of claims 27

through 32, further comprising a filtering unit for performing a predetermined

filtering process for noise removal of an input image.

35. The color image processing apparatus according to any of claims 27
20 through 32, further comprising a filtering unit for performing a predetermined

filtering process for smoothing and noise removal of an input image.

36.  The color image processing apparatus according to any of claims 33
through 35, further comprising a quantizing unit for performing color quantization

25 in the segmented regions.

37.  The color image processing apparatus according to claim 36, wherein
the quantizing unit analyzes the probability of pixels in the filtered image being noisy
pixels and applying appropriate weights thereto, and applies a general Lloyd

30 algorithm to the color vectors corresponding to the weighted pixels to perform color

31 quantization.
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39. A method for representing a color image, wherein the color 1mage is

represented using dominant colors of the color image and the percentiles thereof.



