;e3elL~ 6 T!gWD 00/467S0 PCT/ I Q 00/ 00091 | MAGE TEXTURE RETRI EVI NG METHOD
AND APPARATUS THERECF Technical Field 5 The present invention relates to a
nmet hod and apparatus for retrieving an i mage texture descriptor, and nore
parti cul ar n i mage texture descriptor retrieving

retrievi nglv%b(tmyeﬁzsgre descriptor which is used in searchi %trmo@ra%lv\si ng an

i mge and describes texture characteristics of the inage) and an apparat us
t hereof. 10 Background Art Recently, image texture has energed as inportant
visual features for sEMAGEGENTURK BEARIGVENGMEBETHOD of simlar inage

patterns. For exanple, a co nt | | ture criptor for filtering a
texture descriptor by a Ga ‘H’?gm}{ ‘é{@?‘?a texture dmmﬂlmmlmmmmmu
consi sting of coefficients obtained by Gabor filtering. Howe | h

conventional inmage texture descriptors consist of nunmerous vectonsseit is
qui te diffi &eghpicalFieldsyal | y perceive texture structures fromthe texture
descript@r. 20 Disc . ti i i .Of. pr esent
i nventi o% to pr &/fed%rggeﬂﬁvgrgtgﬁﬂ glrakerg\e{gf; gi rg%%dg&rgn@pﬁﬁ%gg%gg%ﬂ%n% criptor
whi ch can phage péxtade! deserippdryiraad toie tpariculaely s to e inigeSteRIues @escriptor an i mage.
25 It is another object_ of the present .invention to provide a conputer
readabl e st Biugyanemetherhion strigynga kst descripipoyhishisused inseprcbingapd ¢ he

program bei ggwRinkaR0Rkhee U ddidibed ERATRULIRIacR¥SGUT &S theNhaptBatf hext ure
hod. It is still another object of the present

descriptor retriéeving method.
i nvent i on t apparagusithiereefn i nage texture 30 descriptor retrieving apparatus
whi ch pglroform; the image texture descriptor retrieving nethod. WO

001 46750 "2 PCTI KROO/ DO097 To achi eve the above object, there is provided a
met hod for Badkgrommd gt an | mage texture descriptor for describing texture

features of an ilrlr&:%r?tly,i irr]ﬁ:algleJ dtie)? ret EaGS emerged as important visual features for
searching and browsing a large set of similar image patterns. For example, a
conventional texture descriptor for filtering a texture descriptor by a Gabor filter
15 extracts a texture descriptor consisting of coefficients obtained by Gabor filtering.
However, although conventional image texture descriptors consist of numerous
vectors, it is quite difficult to visually perceive texture structures from the texture

descriptor.

20

Disclosure of the Invention

It is an object of the present invention to provide a method for retrieving an
image texture descriptor which can perceptually capture the texture structures present
in an image.

25 It is another object of the present invention to provide a computer readable
storage medium having a computer program stored therein, the program being
arranged such that a computer executes the image texture descriptor retrieving
method.

It is still another object of the present invention to provide an image texture

30 descriptor retrieving apparatus which performs the image texture descriptor

retrieving method.
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steps of (a) filtering input imges using predetermned filters having
different orientation coefficients, (b) projecting the filtered i.mages onto
axes of eaca,o\%o@&géjeterm' ned direction to obtain.data groups consisting of
averages of each @l rectional pixel values, (c) selecting RIHRRGL00 qat a
groups anong the data groups by a predeterm ned classification nethod, (d)
determning a plurality of indicators bazed on orientation coefficients of
the filters used in filtering the candi date data groups, and (e)

det erm ni ng the pl (Moadchieye die abovt agdonrtherads plogided at method dacretrjeving anf t he 10
i mage. The step (a) may further include the step of (a-1) filteri I nput

i mges using p‘P@é%zeéP"ﬁ%/H%sﬁ”P‘ﬂ for des Wﬁif‘“&ﬁeff?"é‘gréﬁf’f @b'grageydafsl?‘ﬁp% nts, and
the step (d) faudhgr (af QiRfihS Siput hifiagth QRiRS pre@drmiftat AdHs Matlg Aiftlrbral i ty of
i ndi cators based on scal e coefficients o lghe filters used in filtering the
candi dat e dat eorigntatips .codfficithts, i(agejecting the filieredr impages ontst axesvoingadet hod
may furthersi ncléjge tj(é ‘?t %F of %§ ergi ni n uangt h?{ini rg)?lia(‘:,a} or Qiagecgl on the
presence of dRSIEFBHS PTeCHet & %’“}l?t?e%r I?fav?nr’?gf 8 &VE8eT Pt s or
orientation codifetticiabpixel vahies N(cPsefecthpcahdidate Patal glousiadbhg Wetdatal groupmcal e
coefficients or orientation coefficients of the filters used in filtering

the sel ected cihtPEdsiermiasdclgssibicaion method &d); decgmining 3 plugaligh-efipdistgys

retrieving metledy oR¥riktidoR&oetiRfehtd Uf the Bt GRdCh Makink lid! éndidhd@agean and
vari ance of pixels with respect to the filtered 1 mages, and obtaining a

pr edet er m ned sreepisoandy(s) detprmniningab¢ plutatityed indicatoraasthe texiupeadescripferafthdi ng t o

anot her asqgct. of the present invention) there is provide a nethod for

retrieving an 'i“ﬁﬁ%]e texture descriptor for describing texture features of

25 an image, incl ud@s steb @)t Fortier incalde thel steprof (1) filpeing inpagiamgttisig

predetermned filters having different scale coefficients, (ER) Igroj ecting
t

the filtered iﬁfﬁW@lﬂ%baV&g ‘éigéﬁnbf%kfe‘io_@ﬁﬁieﬁ'&d agg rﬂ&:i‘i’lb rthist ai n
data groups coRgipsisése Aep@EageRieRhinkRCA pRirdIRE lof GRftardth beleaVadl 48R, (C)
determning a plurality of indicators based on scale coefficients of the
filters used ideefficientsrdf by filternusgd dupkering|the candidaiesiay areupsdat a gr oups 30 by

a predeterncned sel il J Qi i

i ndi cat or sqgs t he t@)%%’lﬂ?% t{:}&é@‘rﬁ?%{ ’é@é&ﬁ%ﬁw%g‘g“&p W‘EBB‘? iﬁ'&%ﬁlﬁ%%p

PCTI 1 Q@ 00/ 0009df deceminiigngnotier sdidator daet lvarthapresaice of diathgrqupe fidtatedibgvent i on,
there is provigded Het.hod or retrievin an.ima%g, Iextulée desgriptor for
descri bi ng t exiffrehaving scalescosflicionts qrerientalign coptlicients, which, age dosstto ap)
filtering i npuijedudMOGth theisBdle BocEBtesney &Y dReatibh EQIACIORY biNdle it k&N _
orientation coefficients and different scale coefficients, (b) 5 projecting
the filtered ifWrgmg thnselscted candidatedatagi@uiserti cal axes to obtain horizontal

20 The image texture descriptor retrieving method may further include the step

of calculating the mean and variance of pixels with respect to the filtered images, and
obtaining a predetermined vector using the calculated mean and variance.

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

method for retrieving an image texture descriptor for describing texture features of

25 animage, includes the steps of (a) filtering input images using predetermined filters

having different scale coefficients, (b) projecting the filtered images onto axes of

each predetermined direction to obtain data groups consisting of averages of each

directional pixel values, (c) determining a plurality of indicators based on scale

coefficients of the filters used in filtering data groups selected among the data groups

30 by a predetermined selection method, (d) determining the plurality of indicators as

the texture descriptor of the image.



axis projection graphs and vertical-axis projection graphs, (c) calculating
nornmal i zed auto-correl ation val ues for each graph) (d) obtaining | ocal

maxi muns  angyd dafagdsg M Ni mum for each normalized auto-correlation val ue, at
whi ch the calcul ated normalized auto-correlation val ues fBFHERIQ0BH ] peak
and a local valley at a 10 predeterm ned section, (e) defining the average
of the local maximuns and the average tha |l ocal mninuns as contrast) (f)
selecting graphs in which the ratio of the standard deviation to the

aver age of the | ocahcoomdingorstillianothersaspedafi therpresgquiahventon there deprevidedied

threshold as first. candi date graphs determ ping.the t of the
second candi daf’ﬁtia‘? gﬁﬁ%“‘ﬁ%‘&%?'gm ettﬁgt?‘%g?eﬁ'r?ff’érfor. § ﬂ’é‘lﬂﬂ'g’_“f‘ﬁp‘?wgﬂ OBy t he
filters 15 havwgn@e?&&nﬁ&ﬁ{gfﬂh@sé@& of @f) ffekiRP it Aage®abihg prBletmitbd ch are

close to or identi cal with he _scalle coeff_l crents or orientation
coef fici ents ofilierhba¥ing diffesent orientatipnf edeffisiantscand ifferentescale dosficiontsl (0andi dat e

hs, (h [ h of hs .bel ' : : i
Dy pes ot \ ehdontioicafth EFLCHTIBHEs Sno HepatRy RO B e PRAMIERAE Uy o
each type of sxiopdjechoichiratit @ndiveriidut-axis piojection grapiasl () GaléIRingwoimdlizes oduct s

20 of the counted nunbers of graphs and the determ ned weights to determ ne
the cal cul at i ofPP-EQEFIRIGPaYAlNES S8r £a3h praph.i (g)obRIVRE LGHSTRHITREMSE G ek ur e
descriptor) (] mifGh&' fr'dae0 ﬁohﬁalgfea %&@&dr%ﬁﬂe\faﬁuewa@rwﬁg@m fialifed
coefficients of the second candi date graphs having the biggest contrast as
second t hr oughndrimatized] ad-cerreation walves( formaex Wcali paak pndnadilerat eldeyi atcd udi ng

the first indicatqor _and the seco t.hrqugh fift 5.indicators a he

text ur e dedr | BEAemRet fedlord TELBETRN i Fioingt of e iocpBOpRE P e

descri ptor ret jvegige it@g 1084 hadmomy af cdnitdast) (f) seldctifiegrbpis i Whikh@ie rafd 6fthat i ng
the nean and vari ance of pixels with respect to the filtered i mages, and
obt ai ni ng a pr SaR%RE} fEviatign ye thegverags AftheHecat magimumsdy lssb 8130 QR EQUPREA Aince)
wherein the stgRg i} d ; N Ymimial gRt ighe! udi ng
the first indi g‘gt‘g@“‘%p IR BB BB BEPR] TNyl G2 diSoridie
predet er m ned sesendoeandisategrapheacearding dg dhei pumhes ob graphsefitesed by tenfilieny | nage.
WO 001 4167 PCT/. KROQ/.0 . 4 The _nor i .aut o-.correlati .denot ed by
NAGCK) T B eger‘/r"ggo?cg{"ccg?‘%e%‘rse"g %?8‘?@ #%F’f%%ysnﬁh‘% Blehde gy “%ﬁ@%gf K)
P(m NAC(K) = ith tHe-sdal€toeffivientdor orithtaien coafficiemslof this €iltedsmsed in Siltering the

predeterm ned positive integer) an input inmage consists of NXN S pixels, a
pi xel positi ong‘?l%“erdesﬁ?@géﬁ’ﬁcg ¢ ?apl,‘s’\ﬂﬁ)e"r"@mimgi ?HU‘HQﬁ%%?grfPlHrﬂelF’_ng'Bg € the
proj ection gragRse§xpiRSHRL &Y sdbrie bandffate Qﬁptg asﬁl d#&%iiﬁih@@rédekﬁnined

represented by P(i) and k'is a nunber from1l to N. The contrast is
det ermi ned as: Wrights lof Ea®¢ymr<ﬁ§Q90ﬂd eaml_dmm(nh)r(aycaxmu_aam](m)sumofgr,oducw _, 10
wherein P npgn (hh?e c?)'agteé/ TRERs () grdfif 4riGind QERImilEK WElHR B! men ni muns
determ ned T'n e step (5

calculation result value as a first indicator constituting a texture descriptor, (j)

determining the orientation coefficients and scale coefficients of the second candidate

graphs having the biggest contrast as second through fifth indicators, and (k)

determining indicators including the first indicator and the second through fifth
25 indicators as the texture descriptors of the corresponding image.

The image texture descriptor retrieving method may further include the step
of calculating the mean and variance of pixels with respect to the filtered images, and
obtaining a predetermined vector using the calculated mean and variance, wherein
the step (k) includes the step of determining indicators including the first indicator,

30 the second through fifth indicators and the predetermined vector as the texture

descriptors of the corresponding image.



In the step (fj, the graphs satisfying the followng fornula are sel ected
as first candidate graphs: S -<a d 15 wherein d and S are the average and -
standard dew@bi4hs0f the local maximuns and a is a predetermnm ned '
threshol d. The step (g) includes the sub-steps of (g-1) i PCIAROYU one or
nore graphs 20 having scale or orientation coefficients identical with
those of a pertinent candi date graph and4one or nore graphs having scal e or
orientation coefficients close to those of the pertinent candi date graph,
cl assi fyi ng the perThenermalieatmitcdadreslaioapdenaed by NHCE), it preteraplyodaleulateg- 2) i f
there are one or mgre graphs having scale or orientation coefficients

i dentical wi t oY% HeiQIoWNGIOFBYA} nent candi date graph but there is no graph
havi ng scale or orientation cogfficients close to those of the pertinent
candi date WD 00/46750 5 PCT/ ,,QQ()?;D(Q; aph, classifying the pertinent
candi date graph as a second tyfe graph an3 (g-3) if there is no graph
havi ng scale or ori dCelih) 7 7 S ical with or close to those
of a pertinent candi date grafXm ssi WY e pertinent candi date graph
as a third type graph. 5 Thi 4 ggk%h)kj a ?’38%’2 the step of counting the
nunber of graphs bel onging to each of the first thr ough third types of
graphs and determ ni ng predeterm ned wei ghts for each of the types of
graphs. After the step of (f), there may be further included the step of
applying a predeterm ned clustering algorithmto the first candi date graphs
to sel ect secoWerraip N inaivgedetermying pesitivien intage pak Py image cpusiterf NgN
algorithmi . r W i tJ i ly, in
R e i e R L
contrast, anorgojebtéonhgyaphsemprebsed by pixetsojfdlt pimel pysitiph§ Js represkmtedryi POd as a
15 second indigc tkor' thg ﬁtri egttat{\)’ on coefficient of a graph having the

bi ggest contrast, lﬁﬁﬁlﬁla TRV er?'eal - axi s projection graphs, is determ ned
as a second i ndi catThe cofithet Balricemime®hd:i ci ent of a graph having the biggest
contrast) anong the horizontal -axis projection graphs) is determ ned as a
fourth indicator; and the schl oefficjentl gr aph_havi ng the bi ggest
contrast, among t heCQBFS!Cal ki ﬂ%?’é@‘ré" r’ﬁapw B 20 deternined as a
fifth indicator. The step (j) May include th&!'step of determ ning
indicators including the first indicator, the second through fifth

i ndi cat or s 18ndwhdiéin I RAIGH &) Ahd) ®UmESL liPire Afe fobR rhAXhtheaeREd inthifutnsof t he
correspondi ng i mage. “2q The predetermned filters preferably include Gabor
filters. 25 Toleifemineddn thestepddbond obj ect of the present invention, there is
provi ded a conput er i A3Vl . by a
conputer to perfor r%ngh%%%? E%’?hg%gb%n%wg g)te 2@%{1@3&}%‘?%&? gl‘rg&%%arasqggtscri bi ng
t ext ure feat urmsdidite graphstage, t he nethod i ncludi ng the steps of (a)
filtering input i mages using predetermned filters having different
orientation coeffi creny s and different scale 30 coefficients, (b)
projecting the filtgred i mages onto horizontal and vertical axes to obtain
hori zontal -axi s projection graphs and vertical -axis projection graphs, (c)

15 wherein d and S are the average and standard deviation of the local maximums and
« is a predetermined threshold.

The step (g) includes the sub-steps of (g-1) if there arc one or more graphs
having scale or orientation coefficients identical with those of a pertinent candidate
graph and one or more graphs having scale or orientation coefficients close to those

20 of the pertinent candidate graph, classifying the pertinent candidate graph as a first
type graph, (g-2) if there are one or more graphs having scale or orientation
coefficients identical with those of a pertinent candidate graph but there is no graph

having scale or orientation coefficients close to those of the pertinent candidate



WO 00/ 46950 PCT/ KROO/ 00091 6 cal cul ating normalized auto-correl ation val ues
for ‘each graph, (d) obtaining |ocal maxi muns and |ocal nininmuns for each of
normal i zed b iﬁ&rrel ation values, at which the cal cul ated normalized

aut o-correlation value forns a local peak and a |ocal val® 09ps1
predeterm ned section, (e) defining the average of the |ocal maxinunms-and 5
the average the local mninuns as contrast) (f) selecting graphs in which
the ratio of the standard deviation to the average of the | ocal maxinmuns is
| ess than or grpb) classifyingthe gpettimenticandidath graph ad alseaend typsgrapiaadd @8)af gr aphs,

determining the t f th d dj d .aph ding to th
hmber of "o aBE ¥ Ry ayipe e PF PREHE Pl iR Ry A i aRE L o
orientation capkd bra patifientRaraiiaty grapt, @Edsityingdthe ipei@ibnicandidde Waphad he scal e

coefficients or orientation coefficients of the filters used in filtering
t he sel ected #uiwddiipe @A dat e graphs, (h) counting the numbers of graphs

bel onging too the r } |

determ ni ngSOpredet gﬁ%ﬁ%@\f\%&%gﬁe %F’p ggﬁ%ﬂﬁ%@@g geterg(f) 38@%%@%&%09%%,
(i) cal cul ati egchtofthe $isntirbughnhidinypes of frapheand deteteiding prddeteaninéd weigiths and

t he determ ned wei gg‘{‘; to defermine the 15 calculation result value as a
first indicat &' %@ethek e HPEhSf &%NSxt ure descriptor, (j) determining the
orientation coeffi gxening sepbrypakiRre RRY bl Tkt Sn@ideli iR §§5NshpRARLS dat e
graphs having the biggest contrast as second through fifth |né)| cators, and
(k) det er mi ni pepdetarmnioed elustering: plgenithg tohtde ffirstsrandidaie @zapby tasrlect lsecondcond

t hrough fi hc£ -a?eﬁr?é.ﬁ as the texture descriptors of the correspondi ng

i mge. 20 To achie e third object of the present invention, there is
provi ded an appar aThspregdtdrantineliclustesihg algorithm ispreferablyembdifiddagglohemeivé pt or f or
describing texture features of an inmage, the apparatus including filtering
nmoan for filt&MS%RY$-nput i mages using predetermned filters having
different orientat pRiergiIff fnl thi 8B} &), the BHERI AT ERRRAL S grQ;?lpheﬁﬁ:ﬂg' g the
filtered i mages onto axes of each predetermned direction to obtain 25 data
groups consi sbiggestepontmashrampag thy herigontalipxip prajentian gpipks| is determpiged a4 aissi f yi ng
means for I I ] . a

or edot er m hod “ar S BFRARE, HELRAGA LIRS ARG PRANEBADRAL 2 or
det er m ni ng ammbhgtheiverticabixiy projstiech graplishé detentnéned af a gecapd indfcatot;ethed by
filters havi ng%ical coeffici e%% or ori.entation coeffi[gi ﬁnts ich are
close to or i dEA FRCHCINt o2 EPh aypg the RiggesTsoafpY. 4RoNg thy porizontal-pyh
coefficients ?f‘oj&éi‘i%nfgkz{ph@ri§ dét&rifinddhs fai fblr@ indRatoheing eleaciie doctadictitdah e graph,
and second indicator determ ning neans for determining a plurality of

indi cators  \appbCrax@Esbe pigmest/RRUBLOTDIE Ba sEticahaxic Brofecten£raphs.dhit s and
orientati oshC | CJ : ilters used in filtering the determ ned
candi dat e %Qa%ﬁ%%ﬁ%‘f%%g@\xll{g%@t here is provided an apparatus for
retrieving an i mag&ht sxp () mayimslode the step bhHdetetedming ndivgtotsendluding the fitsur es  of

i , the. i ngl pdi 5 filteri it f filteri i t
R L L BT R T
coefficients mrgidégcﬁp@moﬁﬁab&r&ﬁ@{dﬁﬂgqhﬁgg,s, an i mage mnean/ vari ance

e

calculating unit for calcul ati ng t mean and variance of pixels with
1

redpect to each of Thepredetemaiped filterppieterably,inclvge Saberrfgtess. pr edet er ni ned
vect or usi the c ; vad } I L r

proj ecti ngﬂghe fil th 8?% g%ﬁglégg&(@%?’ ggﬁtoﬁglgﬁfegfm%‘Qgﬁ%ﬁyéérr??sc%ﬁawg;%g to
obt ai n hori zonrbmputa rexdablo jneedivino having pivgram dodes rdxcaadbleaky 3 @majuecttb on
graphs, a calculating unit for calculating.a normalized auto-correl ation
val ue for eacPeEPHRy A Methoddaganymage gy doFﬁng‘R}Q‘i fﬁ@%ﬁf‘é‘% s ey | ocal
maxi muns and lgciglagh] MeMHRtholl Ahcl8RRd tRLERpE OF (D) Al MPLUGhagdE uslppCch the
cal cul ated normalized auto-correlation values forns a | ocal peak and a

| ocal vall ey @redstetipingd dilerschayingediffetent prinntatign eeefficignts i and differentosgdlat i ng
unit for calcul at. t ver.age o, : I: : age the
'ocal i Al oeepfts, (b5 oREAE e et ik BB SR ATHET Rl ferli R

sel ecting t he optadp horizomtal-akiy iprcjedtion graphsi andnesitical-heis prdjectivatgraphef (d)he
standard deviation to the average of the |ocal maximuns be | ess than or
equal to a predeterm ned threshold, as first candi date graphs, a second
candi date graph 20 selecting/storing unit for applying a predeterm ned
clustering algorithmto the first candi date graphs to select the sane as
second candi date graphs, a classifying unit for counting the nunber of
graphs bel onging to each of the respective types of the second candi date
graphs, outputting data signals indicative of the nunber of graphs of each
type, determ ning predeterm ned weights of the graphs belonging to the 25
respective types and outputting data signals indicative of weights to be

__________ o, . I T




PCT/ KROO/ 00091 indicating that the cal cul ated contrast is biggest, a second
candi date graph selecting/storing unit for outputting the candi date ‘graphs
having the biffiasssycontrast anong the second candi date graphs stored
therein in response to the signal indicating that the cal Bal’BREPN%nt r ast
I's biggest) a second-to-fifth indicator determning unit for 5 determ.ning
the orientation coefficient of a graph Baving the biggest contrast, anong
the horizontal -axis projection graphs; the orientation coefficient of a
graph havi ng talimiadting gesalizeh butasorrelanimnypldds dov ench igeaph; &8 abtaimiog &cali on
graphs) as a second indicator: the,scale coefficient of .gragh havi ng the
D1 ghest cont r ZEHHN ARG ERGTPHDLIE Srcteof TRt artp s R SO R 1 our f b

i ndi cator; anghithhessahifed Aihdaligddanto-krefatioh Mk A NBcal Pedktind RGeSt
contrast, anong the vertical-axis projection graphs, as a fifth indicator,
and a text ur evalleyatrainsedsterminedsactiom i(¢) defining Bgiayaregef thedoca] maximpmgiandat or, t he

second t hrqu ' ' ' r ul v ut puttin
the.conbi gt s ebeshéh O RAAPRG iy AFEIEHA BB AN ARG DLt ! N0
i mge. 15 Bri effthdasmiatddeaviationto thkeveigewif igdockh mazibmve io ksethhs oneyplal

advant ages of the present .invention wll beco re apparent by describin
in det aigl pr ePPPresgte ‘iﬁhFFéh“?alg ag ﬁ'é‘r‘@B‘fl‘dW sﬁpgiﬁgﬁéﬁw%f% “P%pea%f@c hed °
drawi ngs in Wai6l¥ cad@idik GPapnb ﬁc@?dén%—% e Suinb V6O raghs ARral YR FiIRE | Mge

texture descriptor retrieving nmethod according to the present invention;
FIG 2 is a bhaybig sdalegeefficients anotigniajiontcesifigients pdudy drpclose raeer ienvicalg

appar at us ,acc ' o) . ' Lo . cept ual
o1 v g QSR st il B S BBl e e % ubo AN BICD
si mul at i on bastdtednedohé camiidge graptisii(hd coasing ittt immbe st ofigeaphs Helondifn @
according to the present inventian. st node for, carrying qut the

| nvention 30 ‘&@r‘ Pﬁ%{’fvfék’?ese‘?fb%&‘?“ﬁe?ﬂ‘&‘%@)? ﬂ’ﬁg’s ﬂf‘gsdéf?fm}“ﬁﬂﬂe?ﬁe SR pe
described in d%ﬁg% 85 %ugti kygeesffeécaﬂ&@mumafefgegmG@anaﬁn@ghék@y\bmsauas WO

00/ 46750 PCT/ K| Referri ng to Fl | A showi ng an i mage texture
descri ptor reefrthegpiedawmbas SE €eaphs ARl ths detrsmined segights f defermaine Mgssuni ng

that Nis p, . ) Ssit] |0k i t..l | sty ng of
NN pi el &5 ErABiEh TRRRR0HS o Hhsd BEAGY coftMuli d elROGCARBLYD' 19, T,
(step 100). Taetermaiaiag thé dtiengation soafecierts 4ndtseale nefficidntsenf sheSetvmd cagliddief f er ent
orientation coefficient nd different scal e coeffi.cjent,s. Assumng that Cl
and C2 are pr%‘a@tse‘i?%%ﬁ“:g%%«%“f‘i {‘}?ﬁ'aﬁtt %Sgéercg?datﬁﬁgugthjﬂﬁb ‘Péfﬁﬁ%rsi §“4ni(lat ered by
filters havi ngetdphitthd) dicaforO ircRidinat ihe Tirao@fitiel et thearbond2thidupr gif@f scal e
coefficients, and the filters output C xC2 kinds of filtered i mages. Next,

. al Lp >
the mean and RdiCRIGHcAs thyy teypresescriptors ehthe Gpaespanding imagen of the C 1 xC2

20 To achieve the third object of the present invention, there is provided an

apparatus method for retrieving an image texture descriptor for describing texture
features of an image, the apparatus including filtering mean for filtering input images
using predetermined filters having different orientation coefficients, projecting means
for projecting the filtered images onto axes of each predetermined direction to obtain
25 data groups consisting of averages of each directional pixel values, classifying means
for selecting candidate data groups among the data groups by a predetermined
classification method, first indicator determining means for determining another
indicator based on the number of graphs filtered by filters having scale coefficients
or orientation coefficients which are close to or identical with the scale coefficients
30 or orientation coefficients of the filters used in filtering the selected candidate graph,

and second indicator determining means for determining a plurality of indicators



10 kinds of filtered i nages, and then a vector Z is obtained using the nean
and variance (step 102). Then, the filtered i mages are projected onto x-
and y-axes @l N Xprojection graphs and y-projection ﬂé sep 104) .
The normalized auto correlation (NAC) val ue for each grap SS["O%?’ is a
nunber from1 to N) denoted by 15 NAC(k) I's calculated by the fO||OWI ng

formula (1): rv-t P(m k)P(m NAC(k) l\7~~-k Nt ...... (1) Pi k)~ PZ
(m mrk nr=k wherein a pixel position is reFresented by i, the prOJ jection
gr aphs expr esdawdiop sealseqefficints and gsientationresificiests af ﬂ%@r@tqf%‘pﬂeéy‘eﬂ@f’ét!gby P(i)

and k is a nu'meéet%rﬁ\gﬂr?gjcrﬁﬁd% i NojSs @ positive integer.). 20 Next) |ocal

maxi muns P magn oca Imuns of V magn (i), at which the

cal cul ated NAC(k) fAtermativelyahdte Woﬁdwﬁdﬂ apparams &rl rytrizving ap ibspettemened
section, are obtajned (steg 108 Now, con}rast i s defined as the follow ng
formula (2): ds¥riplosdordescribipg {extyreifedtures of gn jmagsy ithe ‘.‘RP?T.a.‘".S(IQ‘EI“‘W$ a ¢ t 25

(step 110).5 lﬂgﬁﬁ@?&%@ﬂé @99{&@%,rﬂgopréée%&mu{ehqus%bagwer&ﬁyI ng the
foIIovvlngforrm are selected as first candidate graphs (step 112): S
~Sa ...... ( 3)orishtatiani eoeffiicients Snchddferdnt seale perfficientsl ayt imagar tianceon of

et erring to FrEg R Ml dindn g SRl AL ATAGEER B, (o

first candi datdf ty fildted irfages) ﬂﬁtotﬁaﬁﬁlﬁgld pwdu’ﬂrﬂ&ie& vgdfta#)bﬁng tHeaqlclihgfl. A
nodi fi ed aggl onerative clustering algorithmis an appropriately nodified
al gori t hm of JBGN BvFLYasiaNGrea IOJRSHIRS WHEfOTPreicringdhr fi{Fred imaseseate heraontal e, Hart

in "Patterig \%{r]@ \féﬁﬁﬂaf Lkt {oogb@fédhoﬁ%gﬁl-ﬁg@pgtﬁ c?mn"]_él'gﬁhsvgr{dev E%ﬂ-a%s P

York) 1973," ch w now escri rst grap
., PN, let ;mtnectmaana[mda salaratingcurnitefpr aalcmatmgfa mrmaamleasltdaemvmmnpeaks be

d- | and S° and va Cr}oxger glf) E@P Vag%faak d@ctlngﬂﬁarlizn? n@mt?/ %Etgctfng oca g&}”dh@g to

(d,, S,)). Now ustn P Hensi ona

correspondi ng @6 l()da;l )miKinumAs féxOEéth\axto-é&Sﬂﬁﬁdngvzﬂhat att hﬁmﬁleme realdutated nuber
of clusters is M) with reslpect to |n|t|al nPer of clusters N, each
¢ {'

cluster C, carhopmalized, Auscogrelalion Yajug ferms a peak apd 2 lpc z"}a“ey ata | CN

= {PN} . |5t hgeqaimifed Sdctich thﬁl&{rﬁva'rﬁne%r@ic{ll%ﬁné anfoMealcRhritt 88 hvetagk S
stopped. Next, two clusters C, and C~ which are nost distant from each

ot her are obt aifitedocal inatcmmm and Abecavetage mémaomlamdn@ 3 Brsyeandider graphn a
pr edet er m ned st lrc]:cr:t?nsgps?orlﬂg unit lfortsgfeétﬂ% d1e grﬁéh% RE sgymgqhh ?erq hr3fient gfat tﬂggatxg~

of the standard deviation to the average of the local maximums be less than or equal
to a predetermined threshold, as first candidate graphs, a second candidate graph
20 selecting/storing unit for applying a predetermined clustering algorithm to the first
candidate graphs to select the same as second candidate graphs, a classifying unit for
counting the number of graphs belonging to each of the respective types of the
second candidate graphs, outputting data signals indicative of the number of graphs
of each type, determining predetermined weights of the graphs belonging to the
25 respective types and outputting data signals indicative of weights to be applied to
each type, a first indicator determining unit for calculating the sum of the products
of the data representing the number of graphs belonging to each type, and the data
representing the weights to be applied to each type, determining and outputting the
calculation result as a first indicator constituting a texture descriptor, a contrast
30 calculating unit for calculating the contrast according to formula (2) using the

averages output from the mean/variance calculating unit and outputting a signal



20 are nerged to renove one of the two clusters. This procedure is
repeatedly performed until the nunber of clusters reaches a predeterm ned-
nunber . Theg\io‘ﬁ\,{mgg the clustered clusters, the cluster having the nost
graphs is selected and graphs in the selected cluster aref Y0P 5

candi date graphs. Now, the second candi date graphs are classified into
three types (step 116). 25 The classificgtion is performed according to the
nunber of graphs filtered by a filter having scale or orientation
coefficients whndichigy ehat|ths ecalonla@d celgratu dsalbigyedth at baead ahndiddte | graph used

for filtering the second candi date graphs.  Hereinafter, for the
conveni ence' s?ﬁ@“%ﬁ’ Stan i W FW“‘f"?ﬁa‘igF%’tﬁ‘!‘fgteefgr?@’éﬁ‘é‘ﬂn%?e’g‘g!gFﬁtf"é‘Faﬁ'avi ng a
certain scal e g&ofthedetitd c@ﬁdi@at@g}aﬁﬁs%wr_ecpﬂhb&miﬁ}ésﬁ&mgﬁﬁtﬁé dighaidicwlidgd be

referred to as certain-scale 30 coefficient graphs o L _
cert ai n- ori ent taf thhcalondandd contast ispigepsisa secondgaodiihiadispordeEmpigyngdeol 11 I n

Ccare or or PertaTinnEEpReHRRR SRR En ot Rafof R e Bee P b AR BT T 0

candi dat e gr apihe Atxizontab-axis profecBordrayhl Sthb axénta¥ion eodfficient 004 graph ivingtthe
coefficients close to those of the pertinent candidate grgci)_h,, t he pertinent
candi dat e gr apPi8Best Goniay; qmeng theveicaliaxisnsejediioggraphs. asasvARM indigatpy; ghee 55 e
wher e there arg,QN8.fiichPbra BapPRsviklodk BkosGbfirAl, afohs MeAldrROnmoRls 1 Ci ent's
identical with ?hosg o%‘e a pe taﬁlgentl cand?g ate gfaﬁﬁ bp? therre Iils nos gr aph
havi ng scal e oproieciigngraphsons & foafthiindicaars amsl e ecaleocoefitgivat offa ghaph having nent
candi dat e ap rtinent candjdate gqr LS C sifli .a C2 type
o aph. i A+ % blehEs BERGRbnE ARYHRMER AR Gl 4 ity BRichof
orientation cosfdfa eixené destfipioflendpucadit fir tcbmdining! !s dirdidndibmere taf seaonder t i nent
candi date graph, the pertinent candidate graph is classified as a C3 type
graph. Then, t‘r‘i‘éo‘-‘rgl}l%‘gH%dlﬁfor@?@mrﬁ@‘gﬁb‘?eﬂdgﬁtﬁr @QthPB‘Fmg Hhe cembingtiony ™ 3
types are counfg 5anbexAFOatetpbd Kindorbndile ihggpect i vel y, and the
respective wei ghts of the graphs belonging to each of the C 1, C and C3
types are counted to be denoted by W, W and W-, respectively, which 15

w Il be desgribed bel ow. Now, using the determ ned nunbers N' N, and N3,
and the wei'ghts W, W and W8, the following calculation is performed: 3
M=~N, xW . ... Bri¢fDestriptidnef eherDiangsesult Mis determned as a first

i ndi cator V, constijutin .textyre 20 descriptor .(step 1 . Wth respect
to the second candiﬁﬁ%o%r‘g’mgs,anbj ﬁ(gvaBVE‘?rP? gt{eipgﬁegt ‘fe‘f’f‘%] \g#ﬁ%ﬁc%%mg{ga' e
coefficients ofppafeapbysdesdtdtingia deial) PRI AGADOIiaRAs ilRSdof ¥4irf réfeieadstb iRd as
second through fifth indicators (step 120). In nore detail, the orientation
coef ficient of atiRchpdgavingsy infehiethe bi ggest contrast, anong the x-projection
graphs, isdeterm a Nalell A2, ) i tion
coeffi ci entﬁof a gF@g}ﬁ' Eé\%@ﬁé?%&q@%g}g ta&gtgﬁ(%‘ylgétafl laﬁ%ntghp e&%ér ror;iecti on
graphs, is det etavirgdnetbodaactbnding to teh presentr inVéitiohe scal e coefficient of a
graph having the biggest cgontrast. apong the x-projection graphs, is
deternined as a four hail @8%{&‘@?3‘%9 ﬂ'gﬁlfe Eeﬁ'é’r‘g‘ieé%ré&%tcfg?'f:?'ggg?ﬂam&‘s a graph
havi ng the bi ggesidinpabithesitsenfimPéigiohdddy- proj ection graphs, is determned
as a fifth WO 00146750 12 indicator V5. PCT/KROO/00091 Using the first

i ndi cator V, deternflfed® ishowshaersenypl proysing compensay FBCSL Ghiradid; from

i ndi cat or s ,¥2, ] -' ep 102,
t he texturggdegéér%fl%%%ﬁ@?%ag?sl?’%%‘%ltgﬁ tb\éset(a tl??gl %ggﬁg’{etﬁ%g%?gﬁarfe?%se to {
[V,, V2, V3, VhethttBhecbrding foshemrededlinvertionar ge first indi cator V, indicates
a high level of structuredness of the texture of an image. It has been
experinentally confirnmed that the first indicator V,

Best mode for carrying out the Invention

30 Hereinafter, embodiments of the present invention will be described in detail

with reference to the accompanying drawings.



represents quite well the structuredness of the texture of an inmage. The
second and third indicators VZ and V3 represent two quantized orientations
i n whi ch thgolddsgispuct uredness is captured nost. The fourth and fifth

indi cators V4 and VS represent two quantized scal es in whiCHERAKI00
structuredness is captured nost. The texture descriptor is used as an.index
of an inmage in browsing or searching-ret®%ieval applications. Especially,
the image texture descriptor retrieved by the image texture descriptor
retrieving nmet hod RefeoingitofIG.d A shewinmgomdamage taxere desariplds retsiewng tnathbg used in
checker marks in_which browsin atterns are_ regul ar r structure oriented
br owsi ng, i . o2CCOBHNE I MERIEEY Bgtitiopn esstmesthal R 15 dhpreiorsgned RSkt | y
simlar patt eidiéger, dPigutSMageCtunsisind ofadxN pineR! SrasanpiePl <128 gixés,aer ception
is allowed by applying the 1nmage texture descriptor retrieving nethod
accordi ng to fileredusing g Gabey &ler 6iept O0)-hdhg Siabpic Bleros sorssigued Binfiliere

Structured sor h%ﬁ&f@&%@ﬂiéﬁ%oﬁ@o&ﬂ&é&@ %&di{é@%aie{}%{‘ﬁ@i‘e%? A%Bﬂx?ih' tuting
texture descriptors retrieved by the inmage texture descriptor retrrteving
met hod accor dilagCil ant (2 gre psedatermined pbsitive) intepers f the saput image dghfiftertd by
indicators V, . V2, V3, V4 and_ VS can be referred to as perce al browsing
conponent s ( PEYES haying GYkW%f Af oricotion coefficicnis,and; G2 @P&%"fis??éb%‘{g} I4@Srean and
vari ance of phffcﬁihe%ﬁtei@du&%C@*@% RRHE t Al@Ed infdp8s. vect or Z obtai ned by using

the mean and variance can be referred to as simlarity retrieval conponents
(SRCs). In other wiextstheimeapland variagee ofonixels aredalsulaied forreagleof the GilMG2 net hod
accordi ng l.pventd t i |41 i nds of
Foxtur e ot o is B SRR imaBkC I (R  bedfr 23K bR R Pl B BGE' 50 ¢
has been descstdpelD2)hat a first indicator V, which is a quite a good

i ndi cator of the sjiyuct r?&%egs of the tex%{%[)e of an .image, second and
third indicators VZNhdhe I{gsed dmages e REYPHEeH SR80 APd132XFS PAR &ht i ng t wo

quantized ori grfj@tioR aphd Mai ¢Rrdidteion t gragsUGRINERS. | The IBEHAIREL Bt . fourth
and fifth ind?gtgt or_sr%AIlj and \garépr esegm‘:illigﬁ (_I?gv\omzanti zed scal es in which

t he struct ur e6pEgationgNALHvalue dorraach graph £(1) §deia pumbesdronpk tolNkdegeisd by pt or s of
t he i mage. . - i himent is used in a descriptive
sense 5 onllsl;oyﬁﬁbfs J@f(;mr] ?ﬁé%ﬂf%gé%&g?oﬁlﬁ?ﬁgti on. A single indicator that
is nost suitable to the charagtzeristics of an image and arbitrarily

sel ected plural indicators, can R{me- bpP(mpd as the texture descriptors) of
t he i mage. Therefor]\zlzgygja abover descri bed enbodi ngnt is not intended as a

restriction on the of [Whe i nventwen. Al'so;, 't'he i nage texture
descriptor retrieving methog ;:ssz(mgrkgEEM(%)by a 10 conputer program
Codes and code segnents congifituting t conput er program can be easily

derived by a conputer programmer in the art. Also, the programis stored in
conput er readable nmedia and is readabl e and executabl e by the computer,

t her eby enbodyi ng the inmage texture descriptor retrieving nmethod. The nedia
i ncl ude magnety LGk 1 Al I I [i.el . wave
modi &, and 1 ne FropEe P PRI e AR G, ol DGR Soes SEbE bRt 10

met hod can be ofthb@ibiekpositiondnré reprpsentesittyuP € adgcs b pumberrfedm il VNl iappar at us.
FIG 2 is a block diagram of an inmage texture descriptor retrieving

appar at us acc8PYHYfynts e‘me present invention. Referring to FIG 2, the

i mage textaye descNeRt Mcal @hxim@is ) nii2R aT) alndl SodaDfiinisems Jf Gamggn [ij,laer 200,
an i mage nean/variance cal cul ating unit 202, an x-axis projector 204, a
y-axi s 20 projwhishohe pgenlytei VAR fermiscupaskiand aualley Roglyand raedsteapined

det ecting/ anal_yzi ng i f. , the image texture descriptor retrieving
apparat us i nclsu{‘fgg’ agg%%lr?%\ggsﬁpgﬂr??g calculating unit 210, a first candi date

graph sel ecti ng/ st diowngontrstis ddfthed as srecfollewing ficimia @):gr aph

sel ecting/storing unit 214, 1a cl assifying trjlniLt 216, a first indicator
determning unit 218, a contrﬁt cal cul ati jt 220,.a second-to-fifth

i ndi cator 25 det er FPRINGS? anpy B magnil 'é')ﬁgzlg.dﬁgéﬁlﬂ)t'or-( utput unit 224,
In the operation of the inmage'texture desciiftor retrieving apparatus,
assumng that Nis a predeterm ned positive integer, the Gabor filter 200
filters amg NRYtép irgge consisting of NXN pixels, for exanple, 128X128

pi xel s using filters (not shown) having different orientation coefficients
and different scale coefficients, and outputs 30 filtered i mages (i mage
filtered). Assum ng that Cl1 and C2 are predeterm ned positive integers, the
input image is filtered by filters having C 1 kinds of orientation WO
001 46750



14 PCT/1 Q@ 00/ 00091 coefficients and C2 kinds of scale coefficients ) and
the filters output C1 xC2 kinds of filtered i mages. The i nmage ‘

mean/ var i angﬁ)@%l _&HI ating unit 202 cal cul ates the nmean and _vari ance of
pixels for &8P the C 1 xC2 kinds of filtered i mages, POVKRMWOM: 5in a 5
vector Z using the nean and variance and out puts the obtained vector Z. The
Xx-axi s projector 204 and the y-axis projector 205 project the filtered

i mges onto x- and y-axes to obtain x-projection graphs and y-projection
graphs. In other waAlsdsthesgrgpo setisfyipg xte! fojowingiformuls (3)eqre edemddeas Hnst i (1 i S
a nunmber from1l t the x:-axis projector 204 and the y-axis projector
205 out put th@a'}gf‘ﬁfeggf{’?tﬁgmﬂ? 5@3 P(i) 10 expressed by pixels of the pixel
positioni (i-1,...9 N). The NAC calculating unit 206 cal culates the
NAC(k), using the fornula (1). The peak detecting/analyzing unit 208
detects local maxinmuns P magn (i) and local mninmuns of V nmagn (i), at

whi ch t he cal y at a
pr edet er m nedwsl%%ér{egr?w h%lntféé;%ﬁa i%ﬁ%@g%ﬁcﬁﬁgﬁ?lﬁgpgﬁi 1%) &E%ax@rgﬁl at es

t he nmean d San®_stgmdaand ddva ptedetarnnaf thteskold.ocal maxi nunms P rnagn (i) and

out puts the sane. firs di dat.e. graph selecting/storin nLt 212
recei ves the nean %-Qfgﬁﬁlgé(f %{Irgﬁgpdmﬁ‘gbf%%ggq%‘%twg&“g@ 2 1§ ARpligH &'ptﬁ%hrs?&ti sfyi ng
the formul a (3ndamtel bfaphs e@Ndicctat@ofd 2pktdate braphs CARD)1180 andmsdifie®s t he

selected first candidate graphs, in which ais a E)redet erm ned threshol d.
The second caPesleia¢rativer slypieding algoridyn ds Gnj Mpremiiately, edifisd| aleeritheapf i ed

aggl onerative - Jdhaidi AR Sgl epluele Same
as second cané?éég&?‘gggﬁeggﬁétg?%glsglgﬁlD .bg?gquﬁg&% g‘és???/i tﬁtg%“uﬁ‘! tf%ttlcg?1 as
descri bed W t Klassfieationerd ScenfABGalydiB, Jobo Witey andh Soms. Mewrorkf 1998 dphtsictbel ongi ng
to each of the.Cl nd. types 1.0, denote the sa by N1) NZ and N3,
respectively, “(}Ji?‘flﬂw%s%é‘iﬂb%&r’%ﬂ%‘ f%bd&@éf?@f‘%gt’e--g‘rﬂ%ﬁ%‘, tﬁ%\ﬁ&a'&ﬁf‘%ut s data
signals N, ingiafdatd d&iffontofidistinodscterviden PeaRite dphndeSicind a4pke graph Have 4 he
classifying unit 216 determ nes predeterm ned weiIghts of the gaphs

bel ongi ng to W’é‘&@ﬁ“@?alf’?Fé"fG?{m(BQ“‘Hﬁgjm@’ %n}/p‘ﬁ%‘f’»t O‘Stcﬁéﬁr@_éﬁ% &HE same by
W, W and VB &siBRA M6 ébrre@ﬂHﬁdﬂxEtt&Fﬁ.,ssfﬂtféll&bsg NAlSmWe thitdhCadsirye Of

wei ghts to be applied to each”™ WO 00l 46750 PCT/ KROO 00091 15 type. The
first inditat onmbkstaf ciisieisnig Muniwith 24ect 4¢ initiah numbeyl dslustepr Mseach ctisoy t he

formula (4) usi rm ukgr s« Ne  NZ d ghts W,
WZ and W3, an?‘ %t%%%?%g%sgﬁr?gqgﬂt@duggﬁf Eé f:%?’cm’a io{%'eggﬁetﬁ%’gbeﬁ%h rst
i ndi cator V, bluserssd snhallet than M, todustening iscespped. iiNent, twbltiuseosT,aad C, whiticul at i ng

unit 220 calculates the contrast_by the fo la (,2) and outputs a .signal
Cont oo+ ot BInGR afsas Fomeadnatberaxt Siaing: T 4 difthncd Dot B Sl cond
candi date gr apfeagehfaf biphdie®hfntdhréiRéil, ddsderigliPitbspel NOARAE 8 la8d C;

20 are merged to remove one of the two clusters. This procedure is repeatedly

performed until the number of clusters reaches a predetermined number. Then,

among the clustered clusters, the cluster having the most graphs is selected and
graphs in the selected cluster are selected as candidate graphs.

Now, the second candidate graphs are classified into three types (step 116).

25 The classification is performed according to the number of graphs filtered by a filter

having scale or orientation coefficients which are close to or identical with those of

a filter used for filtering the second candidate graphs. Hereinafter, for the

convenience’ sake of explanation, the graphs filtered by a filter having a certain scale

coefficient or a constant orientation coefficient will be referred to as certain-scale-

30 coefficient graphs or certain-orientation-coefficient graphs.



graphs having the biggest contrast anong the second candi date graphs stored
therein 10 to the second-to-fifth indicator determning unit 222. The
second-t o- f‘w)g&d# d| cator determining unit 222 determ nes the or| entation
coefficients cal e coefficients of graphs that have tifd/Rgeet
contrast as second through fifth indicators. In other words, the
orientation coefficient of a graph having the biggest contrast, anong the
X-projection graphs, is determ ned as a second 15 indicator V2. Also, the
orientation coeffilfimerd detdil, dirg| mpthe base iwl@ret there hireg@etr neve raphd havingong t he
y- proj ection raphs i s.det erm ned as, a second indicator V3, The scale
coef ficient oFalgofpHeKatipn FoRdICIeRts ‘ﬁ?rﬁ‘ﬁ%‘s‘Y‘tlb'g‘Hﬁerqsatper%hﬁf"‘g Kate,arapho ect i on
graphs, is defgih G,eﬁloesgr@phg Aihd sdaltirGRieAbtiofeoe s i€ tomaleSs el fi ci ent
of a graph having the bi'ggest contrast, ampng the y-projection graphs, is
det er mi ned aspestirfent ttahdldmdlg@m:ﬁlothe\mm@@t Jandidatexarapheis ¢lassifiédoasor Couypsut uni t

224 sets d Qut.pu xture desgriptor, that Is e feature
vect or, as {[3\7a l{)/Zg c\%gﬁI Wlffe &ﬁgeo?{ﬁ PR rfn?c}rgtgra]ph%ﬁ%v%%ﬁca “Tout put
fromthe fir Sdnehﬁﬁbﬁ@deﬂimﬁﬁ ﬁétmc@l With thoké of Zlpertincfecanidng @rztphrbaugbref ifth
indicators Vz, V3, V4 and V5 output fromthe second-to-fifth indicator

det er mi ni ng URINP £Paph hawims seale PBrigRtatonSeetigients dore o oS Al the eHmEYar | ance
25 cal cul ati ﬁ&; i ts (PBCs)
extracted fr g%h“%?%)‘%i t ext%ne%nﬁggﬁdagesééﬁpwﬁjg% ?S(E)}%g\é%sd;gzqgﬁg) %gﬁlp mage

t exture descrTiptdiin ﬂetcaseewhmgﬂmmwmmohmlwcab or lveieprggesvetficiensnt i on.  As

descri bed, above rd t he.i mage tex re de r retrieving 30
net hod of lﬁhegf)q“e@ ?’ o ﬁ@g%tf’%bcﬁe Ofae%r P G tﬁ'ﬁ/ﬁ?r&%erﬁf‘f"gw i nds of
texture str uciraplis RIa6SHEE asi aCRbype ERGH. tmehethpemﬁxaa*s@agfaphgaabngn@g,dcocan be
retrieved. WO 00/ 46750 16 | ndustri al plicability PCTI KR00100091 The
present i nverfefbAf B CheChppd CELYPes %rﬁéo‘l“lt@ H’sbeo?eqoéﬁd& NroWs

sear chi ng-ret t is:

PCT/ KROO/ 0009‘%&%3@51@ E?%gg%%’@ éifve weightd ﬁ%ﬁg& ?%a‘% ext ‘8?@“"3‘5?‘5@& or for
descri bi ng t e®2 andeC3 ypevare sowtftedzto herﬂagacd oWpr Ws amgv%ghesmmws' ohich( a)
filteri ng npul ing predetermned filters having different 5
orient atl ilfl?er@?céﬁf(ggel?g) projecting the filtered i mages onto axes of
each predet er mM nedNo, ueing tmrueteemﬁiaaahmbdam Ny S, Saithe skighg Wf Waver ages
of each directiqnal_ pixel values; (c) selecting candi date data groups anong
the data growd Wy the fBP%ﬂ\é‘ﬁéF‘ﬁP]ﬁ%ﬂ‘ isipsEemMedtat i on net hod: 10 (d)
determning a plurality of indicators based on orientation coefficients of
the filters used ipsLi ﬁrklp;g'_t._h_e@candl date data groups; and (e)
determining the pluralfity’ of ‘indicators as the texture descriptor of the
image. 15 2. The inmage texture descriptor retrieving nmethod according to
claim1l1, wherein the step (a) further conprises the step of (a-1) filtering
i nput 1 mages wisdreig the edelt &f 118 deekniindd ey s finavindicatoli V{ eoreritutisg al texture
coefficie and the st (d) further conprises the step of (d-1)

det er mi ni % a8 ?rtﬂl%fl(ﬁ‘ﬁ’/lﬁé))- i ndi cators based on scale coefficients of the

filters used in fiw{erdspe {oiRe 6RDAH SAtiRae 3tphd 1R Bi¥entation coefficients and

scale coefficients of graphs that have the biggest contrast are determined as second

through fifth indicators (step 120). In more detail, the orientation coefficient of a
graph having the biggest contrast, among the x-projection graphs, is determined as
25 asecond indicator V,. Also, the orientation coefficient of a graph having the biggest
contrast, among the y-projection graphs, is determined as a third indicator V,. The
scale coefficient of a graph having the biggest contrast, among the x-projection
graphs, is determined as a fourth indicator V,. Also, the scale coefficient of a graph

having the biggest contrast, among the y-projection graphs, is determined as a fifth



20 3. The image texture descriptor retrieving nmethod according to claim 2,
further conprising the step of determ ning another indicator based on the-
presence of oups filtered by filters having scale coefficients or
orientation @%@?‘P%I ents which are close to or identical RFTERIHWOUC, e
coefficients or orientation coefficients 25 of the filters used in
filtering the sel ected candi date data griaqups. 4. The inmage texture
descriptor retrieving method according to claim3, further conprising the
step of cal cul aticstgr Vhe nean and variance of pixels with respect to each of
the filtered images, .and abtai nin predet erm ned vector using the 30

cal cul ated nean ancps\!‘h‘!r‘ihﬁﬁé%.‘“dlcaV%\g@FWS'?B’S‘?EBmP@FPIQ porsend Biroughe | nage
texture descrig@hpindfctbfd BY VIOV IRIGNEd2REGEVELHOZ i efhiRbd tndne fitlf 102€he
conprising the step of cal’cdlating the nean and variance of pixels with
respect to theteftutetdesaiptirnthgeis, the tedtupbfeaturd vegtop, ipsat de{(¥r.nVndd. Vedsbr usi ng
t he cal cul a%rgd%%%n 2 d variance. 5 6. The inmage texture descriptor
retrieving t d ding to claiml, further conprising the step of

det erm ni ng anot hera jafgh fiattigdicabr S& thdfvatek B RigRlRsRTeRuddire@ieaddTehe tbArhrer ed by
filters having scale coefficients or orientation coefficients which are
close to or ident Heagew kphas heen expesimegially jcopfagmed Bt beifipt indicaiqr V.
coefficients o,feplteklﬁng@gt: IleliRhSsttefitbhdls fof tHe %Xl of m?magé.e%ﬁ&c&mhdat e
data groups. 7. The I1hmge texture descriptor retrieving nethod according to
cl ai m 6, furt hibirdciodisatossi Ng antheV,stepreserft twal quantizednerigntationss am wivich ther i ance

of pixels with respect to each of t 1 11er I S nd taining a
o eflet or mi HBa PRERRRRPRRG Hase. Tfe bt S HhuL RS O SRRBIGEAT, 2
i mage texture wespahte®scaledtin whichBig sHRENE@ness GoeaPtungl mostcl ai m 1, further

conprising the step of calculating the nean and variance of pixels with
respect to each of hgeexture; dsseriptorisgised ag @ Bdexaph A dmagepinebropsing ded

vector using t{gcRideGatievh abflaiBnan EQRLiali Al the Rfikse t&tur@‘d@i%:iEBg rdtfkved

retrieving an 1mage texture descriptor for describing texture features of
an i mage, conphyi the iopge texture dessripspr retrieving method according to the present invention

15 is suitably used in checker marks in which browsing patterns are regular, or structure

oriented browsing, i.e., or embroidery patterns. Thus, in searching structurally
similar patterns, image searching which is more adaptable to eye-perception is
allowed by applying the image texture descriptor retrieving method according to the
present invention to the applications based on the structured oriented browsing.

20 Therefore, among indicators constituting texture descriptors retrieved by the image
texture descriptor retrieving method according to the present invention, the first
through fifth indicators V,, V,, V;, V, and Vs can be referred to as perceptual
browsing components (PBCs).

Also, with respect to each filtered image, the mean and variance of pixel

25 values are calculated. The vector Z obtained by using the mean and variance can be
referred to as similarity retrieval components (SRCs).

In other words, in the image texture descriptor retrieving method according
to the present invention, the texture descriptor allows kinds of texture structures
present in an image to be perceptually captured.

30 It has been described that a first indicator V, which is a quite a good indicator

of the structuredness of the texture of an image, second and third indicators V, and



(a) filtering input imges using predetermned filters having different
scal'e 25 coefficients; (b) projecting the filtered i mages onto axes of each
pr edet er m ction to obtain data groups consisting of averages of
each di rec{‘?ong‘*é% xel values; (c) determining a plurali t§FTHRAY Hﬁqg&at ors
based on scal e coefficients of the filters used in filtering data groups
sel ected anong the data groups by a 30 yedeterm ned sel ection nethod; (d)
determining the plurality of indicators as the texture descriptor of the
WO 001 46750 19, iepBegenting @b IKREITIZED 0entakidns Thehichagestinemtddnes decpturg@f or

retrieving nethod acco g.claim9, further rising the ste of
cal cul ating tRest n&&'ﬁ&‘a"ﬂ’g fg’gr% P“QP‘FE'@“O? And s s’eW%eH“@nF‘@sﬂ%? 1zed scl ﬁ%“’f iltered
i mages, and objigh MHeNGruBuRiRAS {CaPufRdndkE HrOlised Sk BE thidsre QB APbAl dhdTean and

variance. 11. A method for retrieving an i mage texture descriptor for
descri bi ng t eimage.c Hayeever, ghe afoverdescribagieembndimenit 4§ nsgdtima desceiptiveofensel0 ( a)

or i ent at ot cbY PRCRE TR RIPG B EPSors chpiet GRceh ok Fnst BYEHER oct i ng

the filtered eeRfactérivtios 66 eae:acahnﬂmgleéleétea andn dlidicafkd, @n 4160 BDt ai n
graphs consi sting of averages each directiona

| xel val ues
sel ecti ng cantfcdias dhe)texsie d&%ﬁ@f@héf theaimage obTerefers. ithe P‘?Pé'e'éﬁséﬁb?%) by 15
a predeterm ngg ot assif LG t er indicator
based on the pr eskencelo 3‘?‘% dg%%; Fégglrcgggg q%ﬁ%{)ﬁe%és}lt al\lll?ér:rglrogcal e
coefficients or orAlemttac nrmgect@mirﬁ idesceiptos rcwhc\ohg aethod Ilangegxtamnublelhjremt i cal

vm'ththe ale coeffici @(% I&{ ntat i on cog{u} {h ?f the filters used
in fil ter' g ?Wueépléo& A PHLHLES FETGHE Fomhtupag af%'P}?ﬂ |pﬁ(bgr%{“ﬁ?%ral ity
of i ndi cat or sbédxasigfderived 6k ofipaédprogramindr ol tho it © Alsat ihe Progedi fsistrant s of
the filters used in filtering the determ ned candi dat e gr aphs; and (f)

det ermi ni ng t MEOMpUter pdableyaediz sndierradableand execapbledy ‘%ﬁﬁ?rﬂpﬁ@f ghereby ity of
i ndi cators deff5day ek ImhdCreRfufeP ddsEipBF rétfievih§ M. ISRE el Ohcifde t he

i mage.

magnetic recording media, optical recording media, carrier wave media, and the like.
15 Also, the image texture descriptor retrieving method can be embodied by an
image texture descriptor retrieving apparatus. FIG. 2 is a block diagram of an image
texture descriptor retrieving apparatus according to the present invention. Referring
to FIG. 2, the image texture descriptor retrieving apparatus includes a Gabor filer
200, an image mean/variance calculating unit 202, an x-axis projector 204, a y-axis
20 projector 205, an NAC calculating unit 206 and a peak detecting/analyzing unit 208.
Also, the image texture descriptor retrieving apparatus includes a mean/variance
calculating unit 210, a first candidate graph selecting/storing unit 212, a second
candidate graph selecting/storing unit 214, a classifying unit 216, a first indicator
determining unit 218, a contrast calculating unit 220, a second-to-fifth indicator
25 determining unit 222 and a texture descriptor output unit 224,

In the operation of the image texture descriptor retrieving apparatus, assuming
that N is a predetermined positive integer, the Gabor filter 200 filters an input image
consisting of NxN pixels, for example, 128x128 pixels using filters (not shown)
having different orientation coefficients and different scale coefficients, and outputs

30 filtered images (image filtered). Assuming that C1 and C2 are predetermined

positive integers, the input image is filtered by filters having C1 kinds of orientation



25 12. The imge texture descriptor retrieving nethod according to claim
11, further conprising the step of calculating the nean and vari ance of
pixels with respect to the filtered i mages, and obtaining a predeterm ned
vect or usi ndv?fslPZ“?:sgl cul ated nmean and variance. 30 13. A nECHER/0
retrieving an image texture descriptor for describing WO 00/ 46' 150 20
texture features of an imge, conprising4t he steps of: PCT/KR0O0/ 00091 (a)
filtering input inmages using predetermned filters having different

orientation cogkfficidn®iing Camrehdslbf Jcalebéffisients Land @efilieed gt C160) kipaosect i ng
the filtered images onto horizontal and vertical axes to obtain 5
hori zont al - axi Bitasedhimages. on graphs and vertical -axi s projection graphs; (c)

cal cul ating nor mal igdiudl GreOhh el Al | QRukabY i R ST 3BMedng

obtai ning | ocal nmaxi muns~an ocal mninmum each normal I ze
correl ati on vavarapceadf pitelscfor tdvh of aliecQl e 2ekindsosfrfilterezicichagast @ them vithinta on

val ues for a loc eak and a | ocal vall ﬁ% at awpr.%getern'zned section; 10
(e) defining tY&Ch4E SFeqhEnd vapiapce and o t PRe Y$GF 4ge the | ocal

M ni nums as contr asghe X-Axis pRYRfor 1208 agaam?-akia pibie@br 20%eprofti the Gfitetdae
standard deviation to the average of the Tocal nmaximuns is |ess than or
equal to a pr einagesoRiedng fraxetio obtaisx-projestiongraphsaad -peeiegsien graphs. ()
determning th f S . ' . ' t e nunber
of gr aphs. i 17 pREe iR FRET BoBANR ARk S BRI ATHRIEL flin't o N7, 100
coefficients wheeghaxapsjekar204 amal the y-axie ptojector 208 dutput e pssjedtion gephd P@i ent s or
orientation coeffici ilters u?,ed in filtering the sel ected

nts of the f
second candPdat@resedPixes ot thepixelingitioR L GrlanbdPs of graphs bel onging to

the respective typemeaiaehai@aang vaR M6 LAlcBlals IR fordillzc1CARS-BbrRdlitibn
predeterm ned wei ghts of each t};pe of second candi date gr aphs; (i)
rap

cal cul ating t h& abfe for engh graph i)+ ¢raoted b tNAL (il Hing Bedermylaaidhs and t he
?ﬁéiegg"t gred wei ght's £ 8¢ 84 0iAL Gzl bAHDGE dhkd B5H laxitliePIsadh §)! T St
and local minimums of V_magn (i), at which the calculated NAC(k) forms a local
15 peak and a local valley at a predetermined section.

The mean/variance calculating unit 210 calculates the mean d and standard
deviation § of the local maximums P_magn (i) and outputs the same. The first
candidate graph selecting/storing unit 212 receives the mean 4 and standard deviation
S, selects the graphs satisfying the formula (3) as first candidate graphs (1st CAND)

20 and stores the selected first candidate graphs, in which « is a predetermined
threshold.

The second candidate graph selecting/storing unit 214 applies modified
agglomerative clustering to the first candidate graphs to select the same as second
candidate graphs (2nd CAND).

25 The classifying unit 216, as described with reference to FIG. 1B, counts the
numbers of graphs belonging to each of the C1, C2 and C3 types to denote the same
by N,, N, and N,, respectively, with respect to the second candidate graphs, and
outputs data signals N, indicative of the number of graphs of each type. Also, the
classifying unit 216 determines predetermined weights of the graphs belonging to

30 each of the C1, C2 and C3 types to then denote the same by W,, W, and W,,

respectively, and outputs data signals W, indicative of weights to be applied to each



constituting a texture descriptor; 25 (j) determning the orientation
coefficients and scale coefficients of the second candi date graphs havi ng

t he bi ggesty, &St as second through fifth indicators; '%ﬂﬂ"é’@é@ﬁh ¢ hr ough

determning Tndicators including the first indicator and

fifth indicators as the texture descriptors of the correspondi ng i mage. 30
14. The inmage texture descriptor retri@¥ing nethod according to claim 13,
further conprising the step of calculating the mean and vari ance of pixels
W th WO O004ype.750 21 PCT/ 1 ~t 00100091 respect to the filtered i nages, and
obtai ning a predeterp ned, vector usjng t cal cul ated nmean and vari ance,
wherein the step ‘hlf) g}%\%&a@g detpRmaing “B]t&(iaéf‘a]@lﬁﬁeﬁﬁ@ Weﬁffﬁ?f’é‘?d%ys'%fencl udi ng
the first ingifaiadn) uifns WeAdinbdhakes N, fhaddnd] GAd Mesveidis Whew,
predeterm ned vector as the texture descriptors of the corresponding inmage.
5 15. The i mankW,eandidetennigesr dndt antputetheicalenlatjomeashld @s adiretr idicator ¥, cl ai m 13,
wherein t nor N ze(EIX ur%ﬁécﬂ rel ation, denoted by NAC(k), is calculated
by the fold ofY"MFE¥ ALTENC RESE E”((oﬁ‘rk)P(r’r) NAC(K) = mk NI N1 Pz (m_ k)~
Pz (m nrk nrk 10THdedndiast dilculatife piie Q20 ealduldiescthe oGritiabviey the fagmila (23N i nput

I mage consists of NxN pixels, a pixel, position is represented by i, where i
is a number ARGAYIRULE 3 signaliGur saxindicatiny thyt thsiralcplatsd conteast isybiggeste| s of t he
pi xel position i 4 RE180r S d..10 N 15
o The. | mage t exi i o dlenaruR g SRR Morlhg uhi SRR de ARG} D, 1 13

wher ei n t he guphs bayingithe biggest ¢ontres) among the sécond candidatg graphs-stored therein
P-magn(i) ;5 ~V- n(i L aoaherein Poaggn (i) and V magn (i) are the
| ocal max]lOr’ruRﬁs%ggﬁfgp%'éog*‘lﬁwr}%mme%g{"&%uﬁ’g&g?‘n the step (d). 20 17. The

| mage texture desThd fteid-todifthiinditaier deeiminthgamn@2d detgrmiifesth@ordniadibn Wher ei n

in the step (f), .the graphs satisfying the followng fornula are sel ected
as first c an@quﬁ@x@twmqglg coefficients Of graphs that have the biggest contrast as second

through fifth indicators. In other words, the orientation coefficient of a graph having
the biggest contrast, among the x-projection graphs, is determined as a second
15 indicator V,. Also, the orientation coefficient of a graph having the biggest contrast,
among the y-projection graphs, is determined as a second indicator V,. The scale
coefficient of a graph having the biggest contrast, among the x-projection graphs, is
determined as a fourth indicator V,. Also, the scale coefficient of a graph having the
biggest contrast, among the y-projection graphs, is determined as a fifth indicator V.,
20 The texture descriptor output unit 224 sets and outputs the texture descriptor.
that is, the texture feature vector, as {[V,, V,, V,, V,, V.], Z}, using the first
indicator V, output from the first indicator determining unit 218, the second through
fifth indicators V,, V;, V, and V, output from the second-to-fifth indicator
determining unit 222 and the vector Z output from the image mean/variance
25 calculating unit 202.
FIG. 3 shows perceptual browsing components (PBCs) extracted from
Brodatz texture images by simulation based on the image texture descriptor retrieving
method according to the present invention.
As described above, according to the image texture descriptor retrieving
30 method of the present invention, texture descriptors which allow kinds of texture

structure present in an image to be perceptually captured can be retrieved.



S~<_ a W 00/46750 22 PCT/ KROO/ 00091 wherein d and S are the average
and standard deviation of the local maximuns and a is a predeterm néed )
threshold.gpg,&)R The image texture descriptor retrieving nmethod according to
clai m 13, U183 the step (g} conprises the sub-steps PSRRI it here
are one or nore graphs having scale or orientation coefficients identical
with those of a pertinent candi date grdph and one or nore graphs having
scale or orientation coefficients close to those of the pertinent candi date
graph, classifying the pertinent candidate graph as a first type graph; 10
(g-2) if there are one.o%.nnre graphs having scale or orientation

coef ficients [EUSHal APPUGADINY | hose of a pertinent candi date graph but there
i's no graph havi narngGabsentOinvétiios thit bk QPplcaciof the Rk of Gnaeblo@sinBate of the
pertinent candidate graph) classifying the pertinent candidate graph as a
second type cpeanchingaetricYadapplicaionshere is no graph having scale or
orientation coefficients identical with 15 or close to those of a pertinent
candi date graph, classifying the pertinent candidate graph as a third type
graph. 19. The inmage texture descriptor retrieving nmethod according to
claim 13, wherein the step (h) includes the step of counting the nunber of
graphs belonging to 20 each of the first through third types of graphs and
determ ni ng predeterm ned weights for each of the types of graphs. 20. The
i mge texture descriptor retrieving nethod according to claim13, after the
step of (f), further conprising the step of applying a predeterm ned 25
clustering algorithmto the first candi date graphs to sel ect second

candi date graphs. 21. The inmge texture descriptor retrieving nmethod
according to claim 20, wherein the predeterm ned clustering algorithmis
nodi fied aggl onerative clustering. 30 22. The inmage texture descriptor
retrieving nmethod according to claim 13, wherein in the step (j), the
orientation coefficient of a graph having the biggest WO 00/ 46750



23 PCT/ KROO/ 00091 contrast, anong the horizontal -axis projection graphs, is
determ ned as a second indicator; the orientation coefficient of a graph
havi ng t he bi contrast, anong the vertical-axis proj i aphs, is
det er mi ned ‘gés&gﬁzggcond i ndi cator; the scale coefficient 8’%@*‘@3’3‘%‘ havi ng

t he bi ggest contrast, anong the horizontldl -axis S projection graphs, s
determned as a fourth indicator; and the scale coefficient of a graph

havi ng t he bi g¥hattis elaimedasst | anong the vertical -axis projection graphs, is
determned as a fifith iQd] . I e fare . ri .
retrieving nmethod ébcorgﬂh‘%‘ﬁ‘%cgfoglrgt?lr%w@)%i téc%tglf(cn&l{sﬁrel& §ltsg°|5 d?j&?ﬁ)}nﬁcl udes
the step of datxireifedturgs ofdi iagarcdmprising thenstepbbe first indicator, the
second through fifth indicators and the predeterm ned vector as_the texture
descriptors of the@oﬁk@g}gomﬂlhgmﬁsﬁég%s.mgzmred?ﬁeninﬁ%dﬂt%i*@u% differenti pt or
retrieving grethadiastQefickhd 0 ¢l @i m 13, 15 wherein the predetermn ned
filters inc ucfg Gaggxf felﬁ?ters’. 25. The image texture descriptor retrieving
met hod accor di ng t ¢b)airajectingahe filkaredimageheontp areietf @ach predetdrinined direétionl ude
Gabor fil ters.t 28 26 taThe irr% eltt exture des riiﬁ:ggior ret{i.ev]i nﬁler_ret hod
according to cPSPAIPHE FRMSSORSISHNG of AXATARes OF F9¢8 fitertqual RIXel Yalustie  Gabor
filters. 27. The i @®geeétiyichididatetd grplipdranioff the @xiaREoupB by Opreddeiitbdng t 0
claim 16, wherein the predetermned filters I nclude Gabor filters. 25 28.
The i mage t extdasHiicAlioR mediody retri eving net hod according to claim 17,

wherein t gy predet gyHeReliridg 4 Aufalib e inélEarbaatea oh! drehibtior oofffdid Fa0C
texture descriptor retrieving thod according to clarm 18, 30 wherein the
pr edet er mi ned the filters ysedrin ffilickhngFhb candidate datsgroupsnand 0/ 46750 24
PCT/ KROO/ 00091 30. ,The. image texture descriptor retrievi met hod .accor di ng
to claim19, wher ei(% ‘Fﬁeémﬂﬁ%lg’te lf‘ﬁaﬁtga"eiflf‘ﬁhffg?ﬁ aiSr’r@‘T Efég"%ggs&‘mf)ff’ s. 31. A
conput er readghkhge.medi um havi ng program codes executable by a 5 conputer to
performa nmethod for an image texture descriptor for describing texture
features of an inmage, the nethod conprising the steps of: (a) filtering
i nput i mages usi ngpr edeheini.0Rdndrd hés@ﬁﬁpm&le'oﬂxg%éﬂicﬁra%éﬁrdﬁé kSahiAE1,0N
coefficients and different scale coefficients;

wherein the step (a) further comprises the step of (a-1) filtering input images using

predetermined filters having different scale coefficients, and the step (d) further
comprises the step of (d-1) determining a plurality of indicators based on scale
coefficients of the filters used in filtering the candidate data groups.
20

3. The image texture descriptor retrieving method according to claim 2,
further comprising the step of determining another indicator based on the presence
of data groups filtered by filters having scale coefficients or orientation coefficients
which are close to or identical with the scale coefficients or orientation coefficients

25 of the filters used in filtering the selected candidate data groups.

4. The image texture descriptor retrieving method according to claim 3,
further comprising the step of calculating the mean and variance of pixels with
respect to each of the filtered images, and obtaining a predetermined vector using the

30 calculated mean and variance.



(b) projecting the filtered i mages onto horizontal and vertical axes to
obtain 10 horizontal -axis projection graphs and vertical-axis projection -
graphs; (c) oﬁws{i‘ti ng normal i zed auto-correl ation val ues _for each graph,;
(d) obtaining l'ocal maximums and |ocal minimuns for each BFVKBIEM zed
auto-correl ation values, at which the cd8cul ated nornalized :
auto-correlation value forns a |ocal peak and a |ocal valley at a

predet erni ned secti%on; Ihe meage rfuradesgriptapreirvingdgreethd aceprding éo¢laimed nuns
and the avera e b Qi St aan( t s in
whi ch the rat igfgmg%} %Jr?gﬁgltngﬁgrs @?Z\f?%?lﬁgﬁg?% {n aél %’ﬁ/je‘r?agﬂsg&o?p@ﬁ%g ?‘g@al

maxi muns i s | esspetthnther fileyed images,aamglr evleinmgnd pedettimiesh eéaoraesifg thet

candi dat e graph u Z%Irﬁ%)n dﬁ%er.m' ning the type of the second candi date
graphs accor di R AR S&H206¢- graphs filtered by the filters having
scal e coeffkgcients or orientation coefficients which are close to or
identical with the scale coefficients or orientation coefficients of the
filters used in fil6eriAeimagedemue desgriptecrsticvingmaatpdiascaydiag rsclaipny),
counting the r o I i t . | f. 25
second candi dgitd Feméglrrcggﬁgls%%g&&gﬁpg? r%g %%gl&rag%%?tgp ?ﬁ%%gﬁﬁ%‘%/g%%%g%eggch type
of second candefgadphs fijlvapdby {ilters batirguscae cordfididnts @ wnenhtiqureoefificiests etichhe

count ed nunbers of graphs and the determ ned wei ghts to defern ne the
cal cul ation re"s‘EF]l"s%:Ql d caj with, the S‘i*‘ﬁcﬁ"&@’?@f’“@&ﬂ%‘?‘f“l‘tl?t“icﬂ iglepts of thee

descri pt or ;1030fitdrd usd@ e fifttriigte diRtercafididad iR gfoRpd.f i cients and scal e
coefficients of the second candi date graphs having the biggest contrast as
second through fifth indicators; and WO 00/ 46750 25 PCT/ KROO/ 00091 (k)
determ ni ng i ndi cators i ' I [Walel J t hr ough
fifth indicators asﬁt heﬁ{tﬂgint{%lfe eggﬁsli\%}?tg‘?rgtr%?ln%ﬁ%&éograd?%g%‘ogéqsﬁ%%®MQe. 32.
The conput er risablebiompmsilguhe atep @f dalogjating tleamean3dhd vahiencei of pikas Withnmage

texture descriptor retrievi thod further. conprises. the step o

ol cul at 1 g+ HEREh Eichg? e et e, A8 b i AR B Bine s ing e o

i mges, andj;obia@uniteddné@nphedatimesi ned vector using the cal cul ated nean and
variance, and wherein the step (k) includes the step of determ ning

i ndicators including the first indicator, the second through fifth

i ndi cators and t he gred ] : il Sty Cri of the
10 corresponding i rggge. q@%“%ﬁ%ﬁ%ﬁ??ﬁ%@e@ﬁﬁ‘% or rd%f%?gl\% hgélgﬁlsll’rmge

t ext ure descriforther damprising the step of calculating the mean and variance of pixels with

respect to each of the filtered images, and obtaining a predetermined vector using the

20 calculated mean and variance.

9. A method for retrieving an image texture descriptor for describing
texture features of an image, comprising the steps of:
(a) filtering input images using predetermined filters having different scale
25 coefficients;
(b) projecting the filtered images onto axes of each predetermined direction
to obtain data groups consisting of averages of each directional pixel values;
(c) determining a plurality of indicators based on scale coefficients of the
fillers used in filtering data groups selected among the data groups by a
30 predetermined selection method;

(d) determining the plurality of indicators as the texture descriptor of the



describing texture features of an image, conprising: filtering mean for
filtering input inages using predetermned filters having 15 different
orientati opfeaédshCi ents; projecting means for projectingtRRoddobdie" €d

i mges onto axes of each predeterm ned direction to obtaln data groups
consi sting of averages of each directidfal pixel values; classifying means
for selecting candi date data groups anong the data groups 20 by a

predet er mi ned™@%%ssi fication nethod; first indicator determ ning neans for
determ ni ng anot her indicator based on the nunber of graphs filtered by
filters having scale coefficients or orientation coefficients which are
close to or identiloal The imaghexsratascopterf feiriivingtrgetinad aocardimg &a ¢laim 9,

fficients of the filt d.infiltering the select di dat h;
and. 25 SocondoTIRS PHRERINE e AP 4 CAeHBLRE tegPedsotid iR AN GO P PTPAR Ly of

i ndi cat or s5 baggcton &e AiRralORhdges i fiat SbtAARg Ol pRiAbRiIAM GaRdr idngMes of the
filters used in filtering the determ ned candi date graphs. 34. The inmage

t ext ure descrdalsulated meapiapd, Vafiingpar at us according to claim30 33, further
conpri sing mean/vari ance cal cul ati ng neans for cal cul ati ng the nean and
vari ance of pixels with respect to each of the filtered i mages, and
obtaining a R O100/ 4A7mexhad fqrrrentieving ranrimages egtuor dessiiptgr fonelescaibingl at ed

mean and variance._ PCT/ &E&OO/ 00091 35.. Al a& aratus for retrieving an i mage
texture defscrtF’H?rGrfeaft‘brFs LB feMPER ! 4Clr es of an inmage, conpri sing:
S a filtegpng uni ta)f Alteridg Gt ﬂﬂa%d@pﬁﬂing FRARR rHmbA ilRE L USYiRE Nifientf i | ters
having different orientation coefficients and different scale coefficients;
an i mage nearfrigatatiemecefiicignis Andrdifierennscale cenffigiegntesul at i ng t he nmean and

vari ance of pixel ' . €9 e o |1t A d
obt ai ning a pr ede?@%rﬁwr%g&%\s}g%ﬁ%?éﬁlsr:r?fr‘%p? ﬁé asé%l ogﬁkgég&g%@nmg?%e ?/tgog i ance; 10
a proj ecti ng wpbtairf graphsrconasing rof atdrages iof tahelikectivmglgsxed vhloedor i zont al and

b of ccti on gr aphs (BRI AAT ARG SEhRnt =Pope (R ERACYAGELBE Rep 1B T
aut o- cor r @b atd gredeteHinedicRissificdtion Giediva;

(d) determining another indicator based on the presence of graphs filtered by

filters having scale coefficients or orientation coefficients which are close to or
identical with the scale coefficients or orientation coefficients of the filters used in
filtering the selected candidate graphs;

20 (e) determining a plurality of indicators based on scale coefficients or
orientation coefficients of the filters used in filtering the determined candidate
graphs; and

(f) determining the indicator determined in the step (d) and the plurality of

indicators determined in the step (e) as the texture descriptor of the image.

25
12.  The image texture descriptor retrieving method according to claim 11,
further comprising the step of calculating the mean and variance of pixels with
respect to the filtered images, and obtaining a predetermined vector using the
calculated mean and variance.
30

13. A method for retrieving an image texture descriptor for describing
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20 second candidate graphs and determining predetermined weights of each type of
second candidate graphs;

(i) calculating the sum of products of the counted numbers of graphs and the
determined weights to determine the calculation result value as a first indicator
constituting a texture descriptor;

25 (j) determining the orientation coefficients and scale coefficients of the second
candidate graphs having the biggest contrast as second through fifth indicators; and

(k) determining indicators including the first indicator and the second through

fifth indicators as the texture descriptors of the corresponding image.

30 14.  The image texture descriptor retrieving method according to claim 13,

further comprising the step of calculating the mean and variance of pixels with
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20.  Theimage texture descriptor retrieving method according to claim 13,
after the step of (f), further comprising the step of applying a predetermined

25 clustering algorithm to the first candidate graphs to select second candidate graphs.

21.  Theimage texture descriptor retrieving method according to claim 20,

wherein the predetermined clustering algorithm is modified agglomerative clustering.

30 22.  Theimage texture descriptor retrieving method according to claim 13,

wherein in the step (j), the orientation coefficient of a graph having the biggest
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wherein the predetermined filters include Gabor filters.

27.  Theimage texture descriptor retrieving method according to claim 16,
wherein the predetermined filters include Gabor filters.
25
28.  The image texture descriptor retrieving method according to claim 17,

wherein the predetermined filters include Gabor filters.

29.  The image texture descriptor retrieving method according to claim 18,

30 wherein the predetermined filters include Gabor filters.
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orientation coefficients and different scale coefficients;

(b) projecting the filtered images onto horizontal and vertical axes to obtain

10 horizontal-axis projection graphs and vertical-axis projection graphs;

(c) calculating normalized auto-correlation values for each graph;

(d) obtaining local maximums and local minimums for each of normalized
auto-correlation values, at which the calculated normalized auto-correlation value
forms a local peak and a local valley at a predetermined section;

15 (e) defining the average of the local maximums and the average the local
minimums as contrast;

(f) selecting graphs in which the ratio of the standard deviation to the average
of the local maximums is less than or equal to a predetermined threshold as first
candidate graphs;

20 (g) determining the type of the second candidate graphs according to the
number of graphs filtered by the filters having scale coefficients or orientation
coefficients which are close to or identical with the scale coefficients or orientation
coefficients of the filters used in filtering the selected second candidate graphs;

(h) counting the numbers of graphs belonging to the respective types of

25 second candidate graphs and determining predetermined weights of each type of
second candidate graph;

(i) calculating the sum of products of the counted numbers of graphs and the
determined weights to determine the calculation result value as a first indicator
constituting a texture descriptor;

30 (j) determining the orientation coefficients and scale coefficients of the second

candidate graphs having the biggest contrast as second through fifth indicators; and
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33.  An apparatus method for retrieving an image texture descriptor for
describing texture features of an image, comprising:
filtering mean for filtering input images using predetermined filters having
15 different orientation coefficients;
projecting means for projecting the filtered images onto axes of each
predetermined direction to obtain data groups consisting of averages of each
directional pixel values;
classifying means for selecting candidate data groups among the data groups
20 by a predetermined classification method;
first indicator determining means for determining another indicator based on
the number of graphs filtered by filters having scale coefficients or orientation
coefficients which are close to or identical with the scale coefficients or orientation
coefficients of the filters used in filtering the selected candidate graph; and
25 second indicator determining means for determining a plurality of indicators
based on scale coefficients and orientation coefficients of the filters used in filtering

the determined candidate graphs.

34. The image texture descriptor retrieving apparatus according to claim
30 33, further comprising mean/variance calculating means for calculating the mean and

variance of pixels with respect to each of the filtered images, and obtaining a
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vector using the calculated mean and variance;

a projecting unit for projecting the filtered images onto horizontal and vertical
axes to obtain horizontal-axis projection graphs and vertical-axis projection graphs;

a calculating unit for calculating a normalized auto-correlation value for each
graph;

a peak detecting/analyzing unit for detecting local maximums and local
minimums for each auto-correlation value, at which the calculated normalized auto-
correlation values forms a local peak and a local valley at a predetermined section;

a mean/variance calculating unit for calculating the average of the local
maximums and the average the local minimums;

a first candidate graph selecting/storing unit for selecting the graphs satisfying
the requirement that the ratio of the standard deviation to the average of the local
maximums be less than or equal to a predetermined threshold, as first candidate
graphs;

a second candidate graph selecting/storing unit for applying a predetermined
clustering algorithm to the first candidate graphs to select the same as second
candidate graphs;

a classifying unit for counting the number of graphs belonging to each of the
respective types of the second candidate graphs, outputting data signals indicative of
the number of graphs of each type, determining predetermined weights of the graphs
belonging to the respective types and outputting data signals indicative of weights to
be applied to each type;

a first indicator determining unit for calculating the sum of the products of the
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<:>?@\BCDEF§}| lu‘%fﬁlg %g%ges outpu Y%[o\n'l the varl glcumor%qm?ttalﬂ u%ﬁtﬂmg a
signal indicating that the calculated contrast is biggest;

a second candidate graph selecting/storing unit for outputting the candidate
graphs having the biggest contrast among the second candidate graphs stored therein
in response to the signal indicating that the calculated contrast is biggest;

10 a second-to-fifth indicator determining unit for determining the orientation
coefficient of a graph having the biggest contrast, among the horizontal-axis
projection graphs; the orientation coefficient of a graph having the biggest contrast,
among the vertical-axis projection graphs, as a second indicator; the scale coefficient
of a graph having the biggest contrast, among the horizontal-axis projection graphs,

15 as a fourth indicator; and the scale coefficient of a graph having the biggest contrast,
among the vertical-axis projection graphs, as a fifth indicator; and

a texture descriptor output unit for combining the first indicator, the second
through fifth indicators and the predetermined vector and outputting the combination
result as the texture descriptors of the corresponding image.
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