| MAGE TEXTURE RETRI EVI NG METHOD AND APPARATUS THEREOF Technical Field 5
The present invention relates to a method and apparatus for retrieving an
iimage texture descriptor, and nore particularly, to an imge texture

descriptor retrieving nethod for retrieving a texture descriptor which is

used in searchi ng andMAGEFEXTURE REJRI METIBHIDt ext ur e
characteristics of the im L ereof. 10 Background Art
Recently, inage texture hawmgﬁf@@i sual . features for
searching and browsing a |arge set of simlar inage patterns. For exanple,
a conventional texture descriptor for filtering a texture descriptor by a
Gabor fi |%€6hni]c§] giidacts a texture descriptor consisting of coefficients
obt ai ned Dy or fi1ltering. However, although conventional inage texture
descri pt ors coThé ptesedt inverdionueelatee 6i arrsethod and agpataeusdior fretridving en vi sual |y
perceive texture structures fromthe texture descriptor. 20 Discl osure of
t he | nvenimags textures deseriphire @nd gpokenparsiculaglys 19 Afe HRRESH lXBIrp rdsSeidRion net hod
for retrieving an i e_text.ure ri i erceptual |y, capture
the t ext RS Retpd 0 ragElHe & SRR dakAkor Yatich BB T BBl £ 251 Ut he
present T poeiinsOfn timagé AHA dRsEEQAMRYLRE dHRR‘ARRics IOfRIBnARYI 44 fpvi ng a
conputer program stored therein, the program being arrangéd such that a
conput er gpacauisstheitebf | mage texture descriptor retrieving nethod. It is
still another object of the present invention to provide an inmage texture
30 ded@riptor retrieving apparatus which performs the i nage texture

descri pt Oﬁacquz%urn"d%r't ng net hod.

Recehtly, image texture has 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 desériptors consist of numerous

vectors, it is quite difficult to visually perceive texture structures from the texmwre

descriptor.

20

Disclosure of the Invcntipn

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

25 It is another object of the present invention to provide a éomputer 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. - -



1 To achi eve the above object, there is provided a nethod for retrieving an
I mge texture descriptor for describing texture features of an image,
including the steps of (a) filtering input inmges using predeterm ned.
filters having different orientation coefficients, (b) projecting the
filtered i mges ofocachievs thE abavdobjeqt; €etet é¢ pigvedbdda I ethoTot AetqBiad By dat a
groups consi sting of averages of each directional pixel values, (@%

sel ecting cangigratesiug descgiptempior deseriping textere feafumaspd anbiynage pinelddingrthe ned
classification rre&.hog, lé:%gde't ermning a plurality of jndicators based on
orientation SGBY£F dAbAL nRBt nages, usipg redsiemuned filipgs tawing iffereat e

data groupsg,. . 1 N[Rg u i f.indicators as the
texture descr fl%?%trl&g%c’?ﬁiec%n% Flir}agga&fﬁllg g‘fé e;gﬁ t%ge;ﬁ dﬁ‘ﬁg‘lrsué’?ﬁ?e?xﬁsnef GHR t he
step of (8- 1preldetet@ined odiretpioh to"@BESEN Wata es&ispiimbn | r i ng

di fferent scgj e coefficients, and the ste%r?%s furst ﬁgg Sf:igpr%%éégegf ltaﬁc\g step
of (d-1) det diredtnalgpizclvalues| (@)yselecting dindadaie datagyedpsoamengihe daagbipsci ent s

of the filters use in.feié{/éeri.ﬁ%{[ft he %gndi date data groups. 15 The inage
texture descPY AdErdetermined slatsilicationdnsthod.q @) deferminieg aduraliy of tingicatorss

det I ni Lndicat f.d filt d

b ST Ters Pl BorledfifoR QerRBAS of Tt Al GRENS TG ind cHile dhipch o o

close to or gilodps)ahd @) deiethidihe tiegahRliGOsH ihdichB R & 1RE te‘%’iﬂr@ﬁ&%gikgﬂ ofthe
|

coefficients of the filters used in filtering the selecte
groups. 20 Timeagkmage texture descriptor retrieving nmethod may further

I ncl ude the step ...of .cal cul ating the n and variance of pixels with
respect to the fiTlfeeﬁlgﬂlaﬁme@,r&ﬁW&d“Hgﬁéﬁ %ﬁ?%@)fé']ﬁ%é%l“ér‘ﬂﬁ%@ﬂagﬁémmg usi ng
t he cal cul at gdidiGRin@N GiMa! hARRE difhGeR di h ct the
present i nveﬁ?i on, Itlhere S pro%i éle a %tibﬁ%‘%??%?%’et%? gﬁ/‘?% pa(ﬁi Pﬂﬁ‘ﬁ%

t exture desceomprises fher steeér(dbl)ndeterediningea peanlieyest ifdicadrs 3sdd B Qeale

i ncl udes the sh.e?s of ga) filter i,ng}. i nput i mages usi ng predeterm ned
filters haviStgfeRispidht Tllery useddailicang thecandifate,dagp @eeunsg the filtered

| rages of 0 axes . ] - () | 0 @btain ta groups
consi st i 259 of ave%gné%g%%xgggg@%y%%ﬂé%é#ge %%ngp r%’/%?i ﬁl et (@g‘%ﬁgfce?‘m ning a
plurality ofofidettrmating sndtheeihddrutcrCigised 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 of thé filters used in
filtering the selected candidate data groups.

20 _ The mmage texture descriptor retrieving method may further include the step
of calculating the mean and variance of pixels with .réspf_:ct 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 differemt 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 oh 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.
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coefficients of the filters used in filtering data groups sel ected anong
the data groups 30 by a predeterm ned selection nethod, (d) determning-the
plurality of indicators as the texture descriptor of the image. 2
According to still another aspect of the present invention, there is

provided et hod A?éoraﬁxysb%ﬁl%oﬁihr'a%’gaﬁ PRI pheSor SveintiDh Othefedik psehgéd bi ng
In

texture features | mage, conpri g the st eps of (a) filtering input

i mages usi NngnRh&s edreretficienk aifl iimbge sexnareidescrifitef for dnmrﬂnnngllexallm fratures of
coefficients and different scale coefficients, (b).5 projecting the
filtered i mageimagat comprisingnthalstepsdof () thiliesinginpu W%’DP&P& migfeterBimes) -

el obd e Reane ibbieah onsmaten e Tk G weterdtl SEHE atibich8, B
maxi mins ;g% @gg@,{l%g{é‘ @ké}yafpﬁag%eée&ﬁ{ﬁ HBALORAL a%@%ﬁ}étap?)&Q k6 Shik mlzsﬁiave at

which th or o-correlation values fornms a | ocal peak

and a local valdgkcaibn gmﬁﬁs RAEA RAIMNIEProj@sibh @raph a}) edtdilatimpgothalizeder age
of the | ocal Ximuns an average the local mninmunms as contrast, (f)

sel ecti ng graamhsorrelatibn orlaluebefor aiach gyhph,hid) obtaaning ecalanaxamnos and lopal

average of the local maxinmuns is |less than or e redet erm ned
t hreshol d asminimam & gacha NETHRliEAds AUOPHOTEFANON Y q%i"ﬁg ngcil'{j)ﬂ?? B?IC‘EIF\@H

f?ffg?scigdhﬁﬁnﬁggcfgﬁﬁg QFES i Yahids {OFml ATRRI BEaOLARNCIch] (gAY the

or orient at on coerriclients ch are

close to;@ Jjé’cf‘e%ﬂnﬁﬂéd s¥ition, t(Eﬁdéﬁﬁin? e efvbiagk ftthe Qbcad theflindirisGihd the
coeff|C|ent the filters used in filtering the selected second

candi dat e grazpfage tfehjocalonimirnmmss b contuasbe(fsselsttiog gispbs tneviink thegatioof thhe

t t f d di dat h d. det de d
i Gt s of SHORAIG PR GHor B BRd EEAR, QIanE KGPLBRET T SRR Bl A R sum of

products 20 %a&}ﬁ 4 RrEchoR BD first Q@R RSP ) BeRiBh iz B beH @Bl S (O
eterm ne the atlon resu

value as a first indicator constituting a
t ext ure desgetdidocandidate griphe motording tohmeomnﬂmt af igoaphe dBtefddche thesfilbard scal e
coefficients-of the second candi date . ap haV| the @F%g{ast contrast as

second t k¥ olghing; seele GasHiicients OF OWUPR)COC HGQFSHV RgTs f O Weptigal di ng
the first®i “dpbﬁlg3§azé‘p9qf};9%nﬁ%?%@fénta§oﬂug&ﬁuems Bf R FitlePiRALOR Rery thie

texture desch! € correspon

selected second candidate graphs, (h) counting the numbers of graphs belonging to
the respective types of second candidate graphs and determining predetermined
weights of each type of second candidate graphs, (i) calculating the sum of products

20 of the counted numbers of graphs and the determined weights to determine the
calculation result value as a first indicator constituting a texture descriptor, (j)
detcnhiniilg 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 mclude 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 variaﬁce, 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.
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The image texture descriptor retrieving nethod may further include the step
of calculating the nean and variance of pixels with respect to the filtered
i mages, and obtaining a predeterm ned vector using the cal cul ated nean and
vari ance, wherein the step (k) includes the step of determ ning indicators
i ncl udi ng the fir $henoohaeed ryto3®richiopedomnotedibyrdiGHit) fis praferablli caddudats] and
the predeterm ned vector as the texture descriptors of the correspondi ng

i rage. 3 Thebhdhentolloyarg B orrel ation, denoted by NA C(k), is preferably
calculated by the follow ng formula: N-1 P(m- k)y P(m) NAC(k) = nrk N-1
N1 VE P2 (m- k)Y P2 (m) nrk wher is a predetermned positive

i nteger, an input i mage consi sgﬁ)({ mlﬁﬁ(y%pl xels, a pixel position is
represented by i, |_.| N, the projection graphs
expressed by pi xels of lel positiMgh i is represented by P(i) and k
is a nunber from1 to N T cPt(rastk) » @é(emined as: i Al L contrast =
P_magn(i) - L V_ magn(i) =1 10 V\/ne,lgeln P magn (i) and V magn (i) are
the local maximunms and | ocal mninmunms determined in the step (d). In the
step (f), the graphs satisfying the foIIovm ng formula are selected as first
candi date graphs: S -a

wherein N is a predetermined positive integer, an input image consisfs of NxN

5 pixels, a pixel position is represented by i, where i is 2 number from 1 fo N, the

projection graphs expressed by pixels of the pixel position i is represented by P(i)
~and & is a number from 1 to N.

The contrast is determined as:

contrast = —A}:Z P _magn(i)—— ; V _magn(i)

10 wherein P _magn (i) and V_m.agn (i) are the local maximums and local minimums
determined in the step (d).

Iﬂ the step (f), the graphs satisfying the following formula are selected as first
candidate graphs: |

S<a

d

15 wherein 4 and S are the average and standard deviation of the loca!l maximums and
« is a predetermined threshold.

The step (g) includes the sub-steps of (g-1) if there are one or more graphs
having scale of 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



d 15 wherein d and S are the average and standard devi ati on of the | ocal
maxi muns and a is a predeterm ned threshold. The step (g) includes the-
sub-steps of (g-1) if there are one or frore graphs having scale or
orientation coefficients identical with those of a pertinent candi date
graph and SR CLERIing (RO Pertinent cagditiasd graph apa seounattypmgapkf dndcigeiis cl ose
to those 2 oll? the pertinent candidate graph, classifyi nq the pertinent

B

candi dat e gheghisam graph having tspale ogozigntatiog-copfficients, ideatigavigh or 610sende e
graphs having scale or orientation  coefficients identical. with those of a
pertinent chasti eha pegingphcandidate gragh; gla%fyg}ga% peﬁ‘é’?ﬁ"ﬁwﬁa@g‘% g{ﬁpth asa

orientation cqefficients close to those of the pertinent candidate 4
graph, cl adBr ﬂ’ﬂ%g{aﬁg' pertinent candi date graph as a second type graph,
and (g-3} if t ! bM cBEMiR BE nGimbenbBiraphs belehdihg tent s
identica% wth ?ﬁ%ftgggﬂﬁg&ﬁ?ﬁagg@% a pertri%nent candi%tg graphg, .g

cl assi fyi ngeab-hef PR firstikivugh tial giptsofgrapiis aad determiningipredetermineg weightThe
step (h) includes the step of counting the nunmber of graphs belonging to
each of t hefof ieacht of hedypgs of 1Br#St ypes of graphs and determi ni ng

determined weights. for each of 1 f . step of
(1) there may naetfened of Gy gsee S & R indhdlie &5 8 srlfio €7
clustering Glagihinfd ustdihe! dEicfin el idafi Ghadibme! @apl) oL cled @elshd 10

candi date graphs. The predeferm ned clustering algorithmis preferably

nmodi fi eqdp aggheilteagiaphs. cl ustering. Preferably, in the step (j), the
orientation coefficient of a graph having.the Dbiggest contrast, apong the
hori zont al - axi s Pheopredetraringd %Bﬁﬁ‘,’mg alegpitan [Hipreigrably modifiedagglomeratiig cat or ;
the orientation.coefficient of a graph having the biggest contrast, anong
t he vertica‘fh-‘%%‘%g"proj ection graphs, is determ ned as a second indicator;
the scale coeffpgirgablyoin eedigr{y,hay iovigntatien bbefgiesnt oPBigras havimptig t he
hori zontal -axis projection.graphs, is determned as a fourth indicator;
and the scabiggesoebhirastcamong thg horizontal-axis projection graphs,-1s détermined as a

15 second indicator: the orientation coefficient of a graph having the biggest contrast,

aihong the vertical-axis projection graphs, is determinéd as a second indicator; the
scale cOefﬁciéﬁt of a graph having the biggest contrast, among the horizontal-axis
projeeﬁbn graphs, is détermined as a fourth indicator; and the scale coefficient of a
graph having the biggest conirast, among the vertical-axis projection graphs, is

20 determined as a fifth indicator.

The step (j) may include the step of determining indicators including the first
indicator, the second through-fifth indicators and the predetermined vec_tor' as the
texture descriptors of the corresponding image.

24 ' '  The pfedeiermined filters preferably include Gabor filters.

25 To achieve the second object of the present invention, there is provided a
computer readable medium having program codes executable by a computer to
perfo’nn' a method for an fmag'e texture descriptor for describing texture features of
an image, the method”including the steps of (a) filtering input images using
predetermined filters having different orientation coefficients and different scale

30 coefficients, (b) projecting the filtered images onto horizontal and vertical axes to

obtain horizontal-axis projection graphs and vertical-axis projection graphs, (c)



graph havi ng the biggest contrast, anong the vertical-axis projection
graphs, is 20 determned as a fifth indicator. The step (j) may include
the step of determining indicators including the first indicator, the
second through -fifth indicators and the predeterm ned vector as the
texture descdl¢ypitingsnaimdiided aoto-espelatiomgajuonger eath gragh,pag détadiing A
filters preferably include Gabor filters. 25 To achieve the second object
of the presmaximumesnd loaal mindgmamssiopeach qéuoqnalw@d@umorr@amrbwéumm um

havi ng progr code xecut ahl e a co ut er tho for an
i mage text uWEnh g ?‘H@%@&&%}l @g’P g%"nh? , the
nmet hod i ncl I

pr edet er m nbhgk:?g %Qﬁdéﬁgﬁ?ﬁggﬁt@%@gﬁ%ﬁéﬁ at | %ﬁﬁe coe¥ ; [Ci er S an;ﬂ]d

di ffereny smaloerdfe qﬁelb&alqnmhams(ﬁ)confr@ueqp isBRclifegfaphé & ®ich TROAIIKONT O
hori zontal and vertical axes to obtain horizontal-axis projection graphs

and verti cabf-thx stangardjdeviation tq) thepaverage o theslocall merkiatuinisgis iess eani oredual
aut o-correl ati on, val yes aining | ocal maxinuns and

| ocal ni ni ngR@redstermipgd ‘B’fesh‘bﬁﬁé r%éaﬂ@d%%g&@ﬁve(aﬁﬁfsﬁnma@wvapf thehi ch

t he cal cul n | al k and a
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| ocal mexi nMuRmgaRgleToetR e ba@eichitioh eealficiintl WHITh A8 cfkRRs 85 ﬁdenﬁéa%]

sel ecting graphs in which the ratio of the standard deviation to t

aver agel®f wittethe seale copdiicinmigor osiehiation corificiontsed the filtearpugedpn Slieteyr the ned
threshol d as fII’St candi determ nj he type of_ the
second candtls¥d S§ &@ﬁtgrﬁﬁﬁg"t(@é URE Hik puTy enggﬁﬁ@hﬁ PFloagiBa ty t he
filters h | | t are
close to ot 3%&?‘??@%* SELR Bl e Pl bNacaRlT SlbACHIhn

coef fi ci entweighits bheachitypeoSsacond camdiflatt geaphn §i) tchleulating dot @h 6Br0060ts

candi dat e gra ountin nunbers. of graphs_belonging to the
respective & §g%§°'b?‘° é’&‘B’ﬂlﬁ’Grscﬁﬁ@ﬁPi‘Fé‘ g the ictcrrin t"’é}ﬁﬂ%ﬂ%gﬂﬁﬁ@%t@r m ned

wei ght s, of g ) I t he, sum of
o oduct & Sreppub el vARE e FREC ARt Al ok 2 Pl Rk al g < o
det er m ne tderrhmiwgdhe otiadtaxion cwﬂbntenasah&lﬁ:awcc&fﬁdwrﬁﬁ of thei ls@o%h@f:arﬂﬁﬁﬁt ituting

a, texture descriptor, (j%
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.

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 imagé:, the apparatus including filtering mean for filtering input images
using predetermined filters having different orientation coefficients, projecting méans
for projecting the filtered images onto axes of each predetermined direction to obtain

25  data groups consisting of averages of each directional pixel vélues, classifying means

- for selecting candidate data groups among the data groups by a predetermined
classification method, first indicator determining means for determining. ahother _
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

6



determning the orientation coefficients and scale coefficients of the
second candi date graphs having the biggest contrast as second through -
fifthindicators, and (k) determning indicators including the first
i ndi cat or and the second through fifth indicators as the texture
descriptorspof 4 L& A8'h @ﬁﬁ i Bed bﬂaﬁﬁior?&)e}’ﬂmeﬁrblo@v& ﬁhﬁshh\écrﬁl fﬂbmgt of
the present “I'nventron, ere Is provided an apparatus nethod
retrieving %de{aﬁﬁgde@gnu{cmagmphsptor for describing texture features of
an image, the apparatus including filtering nmean for fil|tering input inmages
usi ng predet er m Addrriativeky; sheravs n@veﬂeﬂfmwra@ﬁs O Bl ey MEPHAPTRE feXAtrs
projecting neans for proj ch&&H Ee i ltered mag onto axes

0

f
or edet er m nBeSCHPYOEIPT JESEIns tertire Eapues, of AR jgiae HaFfﬁu%f cﬁ\fié'}gdﬁes of

each dirgctjonal A0S rmid {“-ﬁ lesdvindafapgd; dat e
data group i-g Rﬂflﬁ%rdﬂ?é ?“‘&%‘Eﬁﬁ?ééméﬁ}%d%@ermmﬁeg ?asgalt [:iggait??on
met hod, i rgfied éﬁiﬂirpéééfficiéﬁiseﬁrﬁﬂ Qifficrefiefiate toeffidiRngy, Mnninteameiriedriance
i ndi cator based on the nunber of graphs filtered by filters having scale
coef fi ci ent galcwlatingrurinfoxtcalonlatingfthe sieanasd whiisnceanfpixels sathirespset todach i cal

with the.scale coefficients 30 qor orientatjon coefficients the filters
used in fil obterfiiterad Hagesand biRRIEat @r@emmedawtgre%% en?ﬁ‘%?fi’

d f
e o LTI RBB O  0bEaag
filteri 39 Lhe veRicer mkae do CoitSindRb Sz itaARDSs phdjEicIAtgrals Yandt b@ﬂ’tl@all—@us

provi ded an apparatus for retrieving an image texture descriptor for
descri bing prydction graphisupesmlofating unhder, caltiatinsamarmslijedcutetonclation 5

"filtering unit for filter ut usi n det.er dfilters
navi ng. di 11 BAlinior GapSEaRPy BrPetl AR P ETEIRAL PR FOtSFOSInG AR MBI et s,
an imge meany Y@c]ra ﬁlﬁﬁuﬁl@' for! @atdhnguﬂéfﬁo"rrefla‘ifonc‘}ﬁlﬁk” at Ivagich NBe "RRMIaARAd

vari ance of pixe th respect to each of the filtered i nages, and

obt ai ni ng anmmﬁeéderantmemtwlanbmrvahss niprinh e dmlatu:leak eahd mlemll antley at iaance, a
projecting-unit for projecting the filtere es ont rlzontal 10 and

verti callSaxBedelsrpined sertiony A YArgRes cﬂ?‘gf“é%& Hh oy cajdating dhe, RYEFAgE,| - axi s
proj ection g{tﬁgg&al ﬂ} @‘HL ahd ﬂ% :W%H ftﬁé l&:@i 1k&¥gﬁ:h'xrﬁga%r

aut o-corr el or “eac gra tectingla ngﬁym g un|t for
detecting | M@kmﬁﬂtﬁrﬁﬂgﬁﬁnt for selecting the graphs satlsfymg the requiremént that the ratio

of the standard deviation to the average of the local maximums be less than or equal
to a predetermined-threshold, as ﬁrét 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, Vdcten'nining predetcnniﬁed 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
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and local mninmuns for each auto-correlation value, at which the cal cul ated
normal i zed auto-correlation values forns a | ocal peak and a | ocal valley- at
a 15 predeterm ned section, a nean/variance calculating unit for :
calculating the average of the |ocal maximuns and the average the | ocal

m ni nuns, a fidicdtingankitdelee cgealpled s@itest iNRigiest) Ry sedund taidigat eghpmg t he
graphs satisfying the requirenent that the ratio of the standard deviation
to the aver aggledsing/steringuait forepiitpiving the candidate graphs hawigg dhe biggesa contrast
predeterm ned threshold,. as fjrst 'chandi d éhe qra hs, a second candi date

or aph 20 sel HEOHHPENIAGRdKalc Sraphsissed thare T iFeasrnse fedhe stenel wdicatingg

algorithmto f i, . p Se . 1. s. second
candi date gr g%Egl,e dgic?:l aé%ds:(?:?l?/‘%a %gg ﬁlﬁggﬁf %%c&@dog)nbﬁﬁénctlﬁagoﬁwnw u&ﬁ&%’hs
bel ongi ngst od@affindig thbericARAes toefRcibMRES ,geefphtm‘evingsme.fbigﬁa%ﬁirﬁm £nHe2PhS,
outputting data signals indicative of the nunber of graphs ° of each type,
det er mi ni ng {heddeizental-arisiprgéaion graphs: theotenigtion dveffirientrog a graphihavinp the
respective types and out puttiBg data sjgnals.indicative of weights to be
applied to gFStCOPEast ATGNEIRE VeTHEA RIS PrEFLEI8IAP g 28iA pecopd indicaterathet i ng

t he sum of t : A I t he nunber of qr.aphs

bel ongi ng t o SorotHEER oftd etabf T e BisBRE b fiell TRCherdioniigRs

appl i ed to epefectivheraphe! & MslirnginardiopUinathé kfle Eh&fickal 6¢4 gﬁdpﬁguacﬁgu't as
a first indicator constituting a texture descriptor, a contras 0

cal cul at iifig thaibaggdest cantast, lantongghe Warticaakisgyojeataogiphg, 4sa fifih indicat¢r?)
using the averaﬂes o%q%ut- fromthe nean/vayj ance cal cul ating unit and

out put ti ng =AM {ASKIUrCAGSHAPIOR OMIRYT MR TOF Fmbinng th: fargt dulieaters tthe scagndgest
a second cangli ; ' ' ' : ing.t

candi dat e gﬁgp(ﬂ%thﬁ;@i{ ﬁ’gt&? tr?é%’?ﬁ%%@%/dg%ﬂﬁg‘gﬁ&gﬁiﬁg{“{ e ls%@%ﬁag%} g’%ﬁ?’ﬁat e
gr aphs st or edsuihes dierexmrer dspopees éfahe berrespgnding immdgeat i ng  that the

cal cul ated contrast is biggest, a second-to-fifth indicator determ ning
unit for 5 determining the orientation coefficient of a graph having the
bi ggest gontrast, among the horizontal -axis projection graphs; the
orientation coefficient of a graph having the biggest contrast, anong the
verti cal - axiBrigfrDeseciption ofitiedhswigg a second indicator; the scale
coefficient of a graph having the biggest contrast, ampng the

hori zontal -axi s 'gﬁ‘%ft@(‘,’t? pbisci§aad dvanigesofithe prasentiayention will hecbmiworcal e

coefficient a?JI)al%ngﬁfHélcngiY@quetail preferred embodiments thereof with reference to the

attached drawings in which:

20 FIGS. 1A and 1B are flow diagrams showing an image texture descriptor
retrieving method according to the present invention; |
= FIG. 2 is a block diagram of an image texture descriptor retrieving apparatus
according to the present invention; and |
FIG. 3 shows perceptual browsing components (PBCs) extracted from
25  Brodatz texture images by simulation based on the image texture descriptor retrieving

method according to the present invention.

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.



10 the biggest contrast, anobng the vertical-axis projection graphs, as a
fifth indicator, and a texture descriptor output unit for conbining the
first "indicator, the second through fifth indicators and the predeterm ned
vect or and out putt| ng the conbination result as the texture descriptors of
the correspondi nGefefEsiero G, B shovwes i inkigeasximfe ddseriflonvétrigsing neetadiov e

obj ects and advantages of the present invention will become nore  apparent
by descri bijgoidingles #he prseftenvamionnhssinipgtbat Neiseb pradetermingdepesitée t o t he
"attached drawings in which: 20 FIGS. | A and 1B_are fl? % gi éhow ng an
i mage text unegdemmputonnagﬁ@pmlammf NeNRygels c (o efpmple, d 28 %P'é% nts

FIG 2 b f
LEY?.”E'V."RQ faisged 4612 aage G iR Y PR PO A s R B e o
per cept E@l L QS ,ﬁgr ﬁ&% cé]é?ﬁ&“éﬁts%a IRt RA {aRBochiiBied A sturhigt ur e

i mages |on ase on the I mage texture descriptor retrieving

met hod accqﬁm @H ah@ (therefredaaimined podiiion intiegess, thedeput dmagais filtergd byt t he
I nvention 30 Hereinafter, enbodi ments of the present invention will be

descri bed ifiltedehaiihg G/lnlstmﬂSrtéfﬂéleEﬁB@ﬂF@efﬁﬁ’é‘ﬂ§@@érﬁ}7alﬁf9¢ﬁ@ Hakgostficiergs.
Referring to FIG_ 1A show ure descriptor retrieving nmethod
accor di ng tandthefi F’@s‘@’rﬁ?‘“lﬁﬁgﬂk’ ﬁagggé ﬁ'ﬁﬁ‘é’ £Hat N is a predeterm ned
positive integ a OEhitisge eAlchRiRdFbX 8Ach of RE CA%ERDI e,
128x128 pi xel s, eli{]%n P’eiljtaer ec]{dtrj%?%geg (glborS T tgr (step 1003 The Gabor

filter i@ %ﬂ@stdftfﬂte@éﬁ iiyagks,| dndiserba errﬂgjlschbtdxmchmnnmnheamaatamdNanance
coefficients and different scale coefficients. Assumng that Cl and C2 are
pr edet er m r(etdpri@@)ti ve | ntegers the input image is filtered by filters

having C ki nds orie oo coeffl ;

coefficients, aﬁb"“t’ﬁh r}tl‘a ém%ﬁ?tc’paﬁ% Cpéﬁjé&%ﬂaz%ﬂ % %"P Q%Ix?éerté %lhasr% xes

Next, the Wcﬁ&g PFAPHsARAE )D;BrojECiSiSﬁ Seraples ¢ael uloa).edTherngarhizal at]ia,e Cl xC2
' correlation (NAC) value for each graph P(i) (i is a number from 1 to N) denoted by

15 NAC(k) is calculated by the following formula (1):

Zp(m k) P(m)
NAC(k) = \/ L 1)

Y P*(m- k)Z P*(m)

m=k m=k

wherein a pixel position is represented by i, the projection graphs expressed by pixels
of the pixel position i are represented by P(i) and £ is a number from 1 to N (N is a
positive integér.). 7
20 Next, local maximums P_magﬁ (i) and local minimums of V_magn (i}, at
which the calculated NAC(k) forms a peak and a valley locally at a predetermined
section, are obtained (step 108).
Now, contrast is defined as the following formula (2):

contrast = —]V—IZ P _magn(i)— Z V _magn(i) ...... )
i=1 :

25  (step 110).



10 kinds of filtered images, and then a vector Z is obtained using the nmean
and variance (step 102). Then, the filtered i mages are projected onto x-.
and y-axes to obtain x- projection graphs and y-projection graphs (step
104). The nornmalized auto- correlation (NAC) value for each graph P(i) (i

i s a nunber fromAlso.oth) gldphmsmbfjaiﬁg ths foll@(inY, formuinal3) Wratseldetby ak Herst
followng fornula (1): Y, ,P(m k) P(m) NAC(k) ,n=k ... .. (1) N1 N1
J>. P2( k) EPZ@W'dﬁP:gXaWI&S%HeIr@?n a pi xel position i s representedby i, the
proj ection graphs expressed by pixels of the pixel positioni are

represented by P(_) &nd k(%?: a nunber from1l to N (Nis a positive
integer.). 20 Nexy ocdal ximunms P magn (i) and |l ocal mninmuns of V magn

(i), at which the cal cul ated NAC(k) fornms a peak and a valley locally at a
predeterm ned section, are obtained (step 108). Now, contrast is defined
as the fol | avhienginfa>andilSaare2he averddeland stomdaedisieviGof oo (boad mhakimBaR( i)
...... (2) 11 25 (step 110). 9 Also, the graphs satisfying the follow ng
formul a (B) Pamegsilibandg ing predesermisethtireshold. gr aphs (step 112): S -<a

""" (3) d - Referring to FIG. 1B, modified agglomerative clustering is applied to the first

candidate graphs to select second candidate graphs (step 114). A modified
agglomerative clustering algorithm is an appropriately modified algorithm of
agg]emerative clﬁstering disclosed by R.O. Duda and P.E. Hart in "Pattern

10 Classification and Scene Analysis, John Wiley and Sons, New York, 1973," which
will now be described briefly. First, in N graphs Pl', , Py, let the mean and
standerd de;riation of distances between peaks be d; and S,, and each graph have a
two-dimensional vector corresponding to (d;, S;). Now, P;' is clustered using the two-
dimensional vector corresponding to (d;, S as follows. Assuming that the desired

15 number of clusters is M, with respect to inittal number of clusters N, each cluster
C; can be expressed such that C,={P,}, C2 {P,}, ..., Cy={Py}. If the number of
clusters is smaller than Mc, ciustcrmg IS stopped Next, two clusters C, and C; which

are most distant from eac_h other are obtained. If the distance between C; and C; is

~ greater than a predetermined threshold, clustering is stOpped Otherwise, C, aﬁd G

20 are mcrged to remove one of the twe clusters. ThlS procedure is rcpeatedly :
performed until the number of clusters reaches a predctermmed number. Then, |
among the clustered clusters, the cluster having the most graphs is selected and
graphs in the selected cluster are selected as candidate grephs.

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. Hereinefter, 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.

10



wherein d and S are the average and standard devi ation of the |ocal
maxitmuns 5 P magni (i) and a is a predeterm ned threshold. Referring to
FIG 113, nodified agglonerative clustering is applied to the first
tandi date graphs to sel ect second candi date graphs (step 114). A nodified

aggl omerative Gysbardengr %ﬁ@prlhtmws% mr@wr@afé %@bb’nﬁ?@'%ﬁakzﬁ@hﬁh@or i thm

of aggl onerative clustering disclosed by R O, Duda and Hart 1I"'n

"Pattern LRalfloawsichiationiconffivientSdderticAinaitl shase afahpervintsycaadidaiSereph New
York, 1973," which wIll now be described briefl %_ First, in N graphs P"
.. PN, andione bemusegraphd hayingnesalecorawsignation cogfficinnis elpsecto thesewddie peaks

Lo (ai - Speniasi cidate St ShE Forhent TR o bRl asactl Bie |

correspon t : O t unmber of
cl ust elr%g k% ge{cﬂ‘dr‘ é‘?‘%%t%a{ o{\)lh%iqulthgfé %?O%Pﬁ)trf Lg?t er r%ceisa(%lg déll ust er

G can be RiRiAsS ademéféhtst dehti€al +ith ihoseCBFi Peédtinent candidy¥e{ &bk bhifthérbe nunber
of clusters is smaller than MC, clustering is stopped. xt, two clusters

C, and G isvho ghaphahaving stalel jos taxfentatiopmoetfichenss hbxse 40 ¢hasbtodithe gertingnt t he

di stance between G and Cris,_. greater thaneﬁ 8 rm ne t hr eshol d,
cl ust er i ngandidate graply thexDGEHngETY Langjdale,graph i clags 242 P &bl one of

the LWo Clyghiets o TS wHREOTRINE s g{aﬁgﬁmﬁgﬁyam o Fﬁﬁ&ﬁgﬂ Bighliedge_nurer

of cluster predetermn ered

clust efes, iddnBicl et St cléba\tb ks [ arPestinedt @plidate raph efk génﬁheﬁt cafidi@pks in the
sel ected cluster are selected as candi date graphs. Now, the second

candi dat e graphph slassified s @<C3 itept Zyaph. t'EhCEetheyfp@'Bbe(f sk grapm)belongmg The

classification_is ccordln to. .t Ltered by a
Fiiter  nawtng beafl 63 8K oo SPeo areehivid Fo b et inabe i gt Neo o

| denti cal wg&anienp%d%e rc%ﬁééti\teeﬁ/eigﬁ&%fftﬁl{ glfabhg séxloﬁgmg "6 e5GFNHe eﬁnd' dat e
graphs. Herernaftér, for t conveni ence' “sake of explanation, e graphs
filtered i mdfC3 types heeveouptaal eba dénoteddyl W, Boeinti W enespeotivaly, odrictt ant

ori entatlon coefficient wll be referred to as certain-scale- 30

coef f i 15 emtll &P&lﬁ%lﬁﬂb&@r"fal n-orientation-coefficient graphs. 10 In nore

detail, first, Ng WRfigGRS QelbhBifd MBHRrANE RN, RESH IR Wayi g

~and W3, the following calculation is performed:

wherein the result M is d_étermined as a first indicator V, constituting a texture

20 descriptor (step 118). o o . |
With respect to the second candidate graphs, the orientation coefficients and

scale coefficients of graphs that have the biggest contrast are détermined 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 coefﬁciént 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

11



scale or orientation coefficients identical with those of a pertinent

candi date graph and one or nore graphs having scale or orientation
coefficients close to those of the pertinent candi date graph, the

perti nent candidate graph is classified as a O type 5 graph. Second, in

t he case whenrgiitdigf v.are one or nore graphs having scale or orientation
coefficients identical with those of a pertinent candi date graph but there
is no graph havi ndJsimgatie first ondieandraV| dneniaéd irilentep FiRIRe skohhassugf the
perti nent candi date gr%ph the pertinent candidate graph is classified as
a C2 type gr &t mAHOFY Y2 ¥t Vieanida¥e anh dheovackesr 2 determinedrimite dtepy 108y theal e
or orientatiogn coefficients 10 identical with or close t hose of a
pertinent Caﬁ%nggﬁgsc&pé%ﬂtﬁatﬂ% %Ef%mgﬁ?angﬁﬁaftﬁ’étlésetd?ii)ﬁvi\és Ysa¥siYiled as
a C3 typesgr nghg@). t he nunbers of graphs belonging to each of the O,
C2 and C3 typés are counted to be denoted by N1, N, and N3, respectively,

and the respecti va lusgefirssindicaon &, fdiqakes ahﬁgmlégélﬂﬁs&ﬁctﬁﬁ@ﬁﬁes%fofm&%xﬂne C2
and C3 types are counted to be denoted by W,, W and W8, respectively,

whi ch 15 wi Pf 2apdmggecr Ithbas besrowxperiswntallyi enpfirmed dibatethei fiesd indindrer SV, N N,

and N3, and the weights W and WB, the follow ng calculation is

per f or ned: 3r%§smts%w'wgll.&ggy%ﬁg9§s r‘i’?lﬂllf'e[e ’é’é%PFaW%edémlﬁrSﬁ?m@cﬁﬂés a

first indica Yadi&REST Wt UWdan e r I . (step 118). Wth

respect to tr?glrdsecénd‘{:}lgan@iiLHdate3Srr‘3£)11‘|§gﬁé§sﬂ,ﬂ ﬁoeagaruﬁﬁ{iaér%’g&@%%ﬂpi‘gﬁ'@ﬁtg‘eand

scal e coddf i shentradmes ¢v eyphared fmist. HEheefoultR abdl GORSHAICANSASIndA Sepieb&l M ned
1Y, the

as second through fifth indicators (step 120). In nore detail,
orientation P:g¥amEzechscalgs ig whichihs sHuGURRgInessdls ShRfysStmesint r ast, anmong t he

X, Project 1 on of 8pif W ulebSLAbIF s 1aed o BERR Y ACLSEAE Wi 1,

orientation coefficient of a graph having

y- pr oj ect i onsegrohpsretrievatiapplicationd BpedialiP] the ilhsH €280PE dMtript?GerrS6al €
coefficient of a _graph having the biggest contrast, anong tll[l)e X-proj ection
graphs, is détidesnagatezairgdessripton r¢tHaYipg msthodaccoidsn, totthepesalt énvenddif | ci ent

of 2 oraph DU, I8 iRLALRS iR Fkn bATVRISE Sl Uttt S ediaie'S T
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 accdrding 10 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 perc_éptual,' -
browsing components (PBCs).
Also, with respect to each filtered V‘image, the mean and variance of pixel
25 _ values are calculated. The vector Z obtained by using the mean and varianée 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

12



11 indicator V5. Using the first indicator V, determ-ned in the step 118,
the second through fifth indicators V2, V3, V, and V5, and the vector Z
deterrfined in the step 102, the texture descriptor, that is, the texture
feature vector, is set to {[V' V2, V31 V' V5], 5 Z} (step 122). A large

first indigat dgcp“gﬁi i ; r e texture
of an i magz.631 r(lé‘;gre?r:]éangi een l%ip%%ﬁr;g%tg S‘aﬁyﬁibﬁ”f‘fﬁq&e‘gg%ﬁ{é@gﬁ?ﬁsﬁ% gépq\’rﬁﬂi cat or
V1 represamks fouitheantdefifth tih@icators) 81, uimgldVie seprefenting tveXquinfzed sc@lks lifaoe-
The second and third indicators V2 and V3 represent two quantlzeé

ori ent at i owbichrthqustreeturesdaessois sapuiced imesin @ssused asdint iexte desstiptofhef theur t h

and fifth indicajors V, and V5 represent two quantized scales in which the
st ruct ur edHeags- ?goggﬁ?'ﬁr %a%‘é‘?'qes?ﬁge‘iémbﬁg’é“%éﬁw%‘t Wra fdescripive sensain i ndex

of an i ' L.NG; 2hing-r etrj.eval. lications, Especially,
the | e bk and BUR e BirpoSe B itk Bof WS ndlefer B8L6 % wadhiE o or
retrievi nghevhivadterRHey 6f iinidpetah@ aPHIBSAR scldWQNDILL iddcdiSrsStid AL ¥ Used in
checker marks in which browsing patterns are regular, or structure

ori ent ed bwsedsasnipe fexwre descriptbor(s) deithe fradgeer rBhercfores , thé mbswRd&bi B
structural lrf{ , 1i_rn'_l.;ar atterns, inmage searching which is nore adaptable to

eye- per ceft ment 15 oL HNended asanestrichionoa thesepperadithe invemdoncr i pt or

retrieving nethegd. .ageos.di 1 . sent invention to the applications
based on the st&t}gt E]?ee{?&yg?' ?eeytrltpléedﬁ%(r:rd {OI ﬁé‘?‘eﬁﬁlgfﬁ%}}'a‘?b%atogméﬂ? R¥iacat or s
const i 1t i dagnpueos £ Cdded bid SodeteineN@ dom¥inkdle thEBYG - scriptor
retrieving net hom%gordi ng to the p?esentoi nlvetE%tgn, t%lg&ﬁi‘%)g{a%% rough
fifthindi detessidy darived byacomputenprogrammer betheeferild, the pasgrificapicdal

br owsi ng congonents ﬁga%sé%.d.Al sq(}, %\na'é{ag--respect to each filtered image, the
mean and JBFPHRYEET 672 cdidang, g Ieyand exeeuipble By themompytes: BereBy obt ai ned
by using thfhoaeRs MROinkRE ; e sseimlarity retrieval
conmponents (g%s% In o %etré% ggé,hﬁort E‘gjl?&ﬁgggrn%@%ur@edgggﬁ ‘ﬁfy'lb'Fle

retri evi ngnapattioctcanding otiedia, opticat feeopding piedial careidf wave mbdlS, And M@

descri I%t or al.l ovys ki nds of texture structures
"* Also, the 1mage texture descriptor retrieving method can be embodied by an

'f"iimag%é texture desmiptor"retrieving apparatus. FIG. 2 is a block diagram of an image
texture descriptor refrieving apparatus according to the present invention. Referring
to FIG. 2, the image texture descriptor retric‘ving apparatus includes a Gabor filer
200, an image meatharianCe calculating unit 202, an x-axis projector 204, a y-axis

20 projecior 205, an NAC calculating unit 206 and a peak detecting/analyzing unit 208.
Also, the image teere descriptor retrieving ﬁpparams includes a mean/variance
calculating unit'210; a first candidate graph selecting/storing unit 212, a se-c'o'r_ldi'_j'
candidate graph séiectingfstoring unit 214, a classifying unit 216, a first indicatorr '

- 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

13



present in an inmage to be perceptually captured. 30 I+ has been descri bed
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 12 V3 representing two quantized orientations in which the

st r uct ur edneggeffieichtind CTkind®6f scaleetffitienty] ahil tHefiltdrd bGRUOCE <¥2 kafid 0¥5
representing two quanti zed scales in which the structuredness is captured
nmost, are usddicesl mnages.ext ure descriptors of the inmmge. However, the

above-descri bed enpodi nent is used inachescri 1 \fﬁ s%nse 5 only and not
for the purpose ofl e 18t MR/ VIANCH Jfatculaiingc Ynib 202n galcylatesde mean and e ¢ o
t he character] st ics.+Qf: i f I | l.ur indi cators,
can al so be I;l%ijligedé;%aos‘q:{li("léewFdex_ gfr?gflti}%_sg;%% Eér é)ﬁéﬁt%h?fe:&?a eget.g %%PQ‘%H}%, t he
above- desgyr i hgdor ZRaeH the MeanSand Garibidedeshimifis thelbidindsF oy 2N the scope
of the invention. Al so, the inmage texture descriptor retrieving nethod is
programmuabl e by aThtOx-gxispaojectop 264 macthCyesss progectard205 propjecttthe filtered

constituting. the conputer proegra can be easily derived by . a conputer
progranmer | HN2856 OREG X- amdysaxes ke oblatiyk- RiAIction gaAnbe and y-reispiieneraphadlibl e

di di . .er. b i
The rmage t Qe WORLE sHGSE X B Adork e Esct BUBHITE fod AR KoL ¥ Ry nc 1
recor di ng  megied;aa9pidjéor 208 hd tRgy-Sae rvjectR 205 BhtpIRie m@é@on phd g |1 ke.

15 ; Al'so, the inmmge texture descriptor retrieving net can be enbodi ed
by an -ilfagexpressed by paxadsef he@ixel posiiteni figl.apphl).atus. FIG 2 is a bl ock
diagram of an im ture descri,. retrieving apparatus according to
the present i nven&?‘ﬁrﬁgée‘faé‘f"rl?tf{@ “‘E’Etzgg éaﬁ:?!’at‘ish‘bci-’?%g’éﬂ?@(?‘&PéOMWpt or
retrieving appRESLUReiBCkds Qfendih 8 AR, widih ABYEBRNE Yo | ance
cal cul ating ﬁﬁi F?ZOZ;E an x-%??‘?‘- @?&’ gg't or 204, @)’y-ag S g pr ngMe)ét or 205,
an NAC cal cul at i nFheipedk @d6ctimgthnalyzeriome?@ditegs foval yakinguriniPt m2e8.¢) Al so,
the image texture descriptor retri eéj g apparatus includes a nean/variance
a.

cal cul ati ng &Kl locshmnimums of;V anges; whichhthe calceiatsdyASRr forgs adpeal 212, a
second ndj. dat RPh 1 i j t 214, a classifying unit 216,
a first ﬁgdi é%?oaﬁldgar et erv'r?‘lﬁ]?f%é E%@?&%?@zﬁ%ght rast calculating unit 220, a-
second-to-fifth i THe avantvaridicecdalontaringiung 210i dalcdRResahd nieahaXint Qaftfser i pt or

out put unit 224. . _ _
deviation S of the local maximums P_magn (i) and outputs the same. The first

candidate graph selecting/storing unit 212 receives the mean d and standard deviation
S, selects the graphs. satisfying the formula (3) as first candidate graphs (ist 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 belongmg 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.l Also, the
classifying unit 216 determines predetermined weights of the graphs belohging to

30 each of the C1, C2 and C3 types 10 then denote the same by W,, W, and W,,

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

14



In the operation of the inmage texture descriptor retrieving apparatus,
assumng that Nis a predeterm ned positive integer, -the Gabor filter 200
filters an input image consisting of NxN pixels, for exanple, 128428

pi xel s using filters (not shown) having different orientation coefficients
and differﬁ@ scal e coefficients, and outputs 30 filtered i nages

(i mage_filtered Assumi ng that CI and C2 are predeterm ned positive

ST o TISTTRREAE LM 0 SEMUPY, ol 1

ori ent at | on. 13 coefficients and

filters oufopmulaQd) ugingkhadatenhined InhhﬁuéfsCN] e NThﬁld' 1he9fei gﬁ@%v%' ance
calculating unit 202 cal cul ates the nean an varfance of prxel s’f'ot each

of the O 30dWsi Ard defermines and outprts dke caloulatiem resuttoasna dirsPindagkdvZ using
t he meag acg)d tYah' an e and, out puts the obtai ned vector Z. The x-axis'
proj ector SHHY tk}r a‘i?r‘%"lg‘PBJ ector 205 project the filtered images

- and d Y "
’n ot he?”m¥d?‘%§%&6ﬁ‘3§§“ﬂ“&‘x§° gyl ﬁ"ﬁéﬂaﬁﬁsf:&r@mfeﬁrtﬁﬁ%og ®a "

nunber f r i butpmts\) signath€ont- Mgk $ndE2in® GhA'the 04 t [oj ector 205
out put t he, pI‘Oj ection graphs P(i) logexpressegagglédpﬁ%)%ter g fblg & pi er

position i . Thesepend @ad@ateagnap@ seledting206ring L R84 6 pulbeehe Ya Bl é
auto-correl a gg&% | ue for each graph P(i), denoted by NA C% usi ng
the fornui®§ p?ﬁ?‘av"i' g&esﬂ‘é‘?rg’@ﬂ HYPREEF poqong candidate @Baphstsemts tﬂemjﬁl
mexi mygs iy ﬂﬁgs@céﬂdlto- A4 il RGRor AEtél]JgﬂHiﬁg ook Moegn i), , at which the

cal cul ated NAC(/) forns a | ocal a | ocal valley at a

pr edet er mi ned a"eesmmd-ta'mnrraaiaémaaeaaﬂﬁmuf‘galrﬁ&ﬁdéﬁ&rﬂﬂés i e pRicfalSy' > o
t he mean e%nd standard deviation S of the |ocal maximni i) and

out put's t RRFTHEIRBIS 374 &calg caafficients of aapds Qlaalbhvcsﬁiednggelsgé@itﬁst E\Qse'é&hé 212
receives }f sel ects the graphs.

t d d ti ,
sati sfying ﬁ%ﬁ?@} wfcgg)(g)ﬂ'g.%qgr \S”t ﬁaﬁg%fﬁté%?%ﬁﬂ@em@a gmmmam and
stores t haeskiggat ednﬁ‘ﬁdtshmﬁggdh@&tﬁro%ﬁ?ﬁgr ]q?dgp ol predet er m ned
a et ingl s

threshol d. The second candi dat egraph” se orirn "l’S leﬁcooﬂgp' i es
modi f ed 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
lbigges: 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 descriptm-'
that is , the texture feature vector, as {[V,, V,, V,, V,, \AR Z} using the first
mdncator 'V, output from the first indicator determining unit 218, the second through
fifth indicators Vi, Vi, V, and Vi 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 j Image texture descrlptor 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.
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aggl onerative clustering to the first candi date graphs to sel ect the sane
as second candidate graphs (2nd_CAND). 25 The classifying unit 216, as .
described with reference to FIG 113, counts the nunbers of graphs .
bel onging to each of the d, C2 and C3 types to denote the sane by N1, N
and N,, respectively, with respect to the second candi date graphs, and
outputs data signals N indicative of the nunber of graphs of each type.

Al so, the Industeiakdpplicability 216 deternines predeternined wei ghts of the

gr aphs belonglngF%g 30 each of the and éges to then denote the
sane by W RECSCR, VBRI Gl e "QHHEQJG‘? ﬂ)'%ﬁ Sieldst of immagadirewsing or

i ndi cative ed to each 14 type. The first indicator
deterninindﬁéﬁﬁht%%%ﬁcaféﬁﬁa eg%*ﬂas represented by the fornula (4) using
t he determ ned nunbers N' N2 and N3, and the weights W W2 and W8, and
determ nes and outputs the calculation result as a first indicator V, 5
constituting a texture descriptor. The contrast calculating unit 220

cal cul ates the contrast by the fornula (2) and outputs a signal Cont max
indicating that the calculated contrast is biggest. The second candi date
graph selecting/storing unit 214 outputs the candi date graphs having the
bi ggest contrast anong the second candi date graphs stored therein 10 to
the second-to-fifth indicator determning unit 222. The second-to-fifth

i ndi cator determning unit 222 determnes the orientation coefficients and
scal e 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, anong the x-projection graphs, is
determ ned as a second 15 indicator V2. Al so, the orientation coefficient
of a graph having the biggest contrast, anong the y-projection graphs, is
determ ned as a second indicator V3. The scale coefficient of a graph
havi ng the bi ggest contrast, anmong the x-projection graphs, is determ ned
as a fourth indicator V4. Al so, the scale coefficient of a graph having the
bi ggest contrast, anong the y-projection graphs, is determned as a fifth
i ndi cator V5.
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20 The texture descriptor output unit 224 sets and outputs the texture _
descriptor, that is; the texture feature vector, as {(V,, V2, V3, V4, V5],
Z}, using the first indicator V, output fromthe first indicator
determining unit 218, the seddabs hrough fifth indicators V2, V31 V4 and
V. output fromthe second-to-fifth indicator "determning unit 222 and the

vector Z qut put frﬂ{gthe imalge mean/variance 25 calculating unit 202. FIG
3 shows p Ycept‘%ﬁ‘c pg%qeﬁbn Bhisswenfeatureppla irmge,rcantpedingr om  Br odat z

texture imges (Qy bty dphP Pk QN Lhe nHge.t exture descriptor
retrieving et ﬁﬁc/)d accoré’i}uné t%gﬁ%g&p?%bﬁwgﬁv@%éﬁmﬂsdlﬁ%'%rqfl?@fdﬂabove,
accor di ngcqféﬁqlw;i mage texture descriptor retrieving 30 nethod of the
present invent escriptors which allow kinds .of texture

i exture /
structure pres é@?gufl'%mgﬁ UP 780 QotRlizing the pixek valiues pf thepiliercddmages dam axes s eved.

15 | ndust each brofpgetrhingd drbdtion 16 8hik | lon can be applied to the
fields of image browsing or sear (I:ﬁ%'% -?%\réﬁlgs&/éatﬁgé‘gﬁwﬁf Pg‘ﬁ‘ﬁct@@lg?ﬂﬂl
Cainms 1.Vt hod for descri bi ng texture features of an inmage, conpri sing;
(a) filtering j je 4Si N redetermned filters having different
orientation cgdgﬁé ?68%?’ gﬁdﬂ(‘i‘%’f %’%"H@s P08 dbs datrragroisnby tahpredstorminedal ues
of the fidlassifieationmagthed;ont o axes of each predeterm ned direction to obtain

data groups co isttl ng, of averages of directional pixel values; (c)
sel ecting cand\Q84f 8"’81‘3%“5 2oy of insheptarnbasddomorentation cbafhdicRs SEEL Bl ned

classifi Gﬁédi@rﬁ]ﬁﬁhggﬁ;caﬁﬁﬁatgggﬁrgfgupg. a plurality of indicators based on
|

orientation coefficients of the ters used in filtering the candidate
data groups; dfbdetermining the phurality of indicators as the texturc descriptor of the image.

2. szc method of claim 1, wherein the (a) further comprises (a-1) .ﬁltcring input-images
using predetermined filters having differcnt scale coefficients, and the (d) further comprises

(d-1) determining a phirality of indicators based on scalc coefficients of the filters used in
filtering the candidate data groups, B '

3. The method of claim 2, further conipnsmg(f) dctcﬁnining énother indicator based on
the presencc of fdgta groups filtered by filters having scale coefficients or oricntation
coefficicnts which are close to or _identica_l with the scale coefficients or orientation
coefficients of the filters used in filtering the selected candidate data groups.

4. The method of claim 3, further comprising (g) calculating the mean and vatiance of

pixels with respect to each of the filtered images,

and obtaining a predetenmined vestor using
the caleulated mean and vatiance, |

5. A method for describing texture fcatureshof an image, comprising;
' (2) generating regularity indicator indicating regularity of the image;
(b) generating direction indicator indicaﬁng,dfrection of the iﬁ;agc;
d (c) generating gcalc indicator indicatingl scale of the tciulre element of the imags;
- |




(e) determning the plurality of indicators as the texture descriptor of
the image. 2. The nethod of claim 1, wherein the (a) further conprises
(a-1) filtering, jnput images using predetermned filters having different
scal e coeffici eﬁ{)sqxpaﬁaang lRetextiye daseriptor of ohpriinsgs usiag-thy rebmloe rindicdty e

plurality ecﬁ&ﬁhg@%g{@@gg%&ﬁgﬁ%ae coefficients of the filters used in

filtering the can *3. The nmethod of claim2, thither
conprising (f), determ ning another indicator based on the presence of
data groups filjtered bgefi | ters havi ggcnscal e coefficients or ori-entation

coefficiefts whiughed of glaim §owhgreindhnta) compriics gendnasingtiad reguiadt fididatort s or
orientati LGl : : i used..inJfiltering, the sel ected.
candi dat e(%g%’ie%%ff& 5,%_; %ﬂé‘g nellgtﬁ‘g%jgﬁ%&&é?rﬁ*@,pf?mtﬁ@?m YA$Ssi ng (g)

cal cul ating the mean and variance of pixels with respect to each of the
filtered i,mage and, obt ai.ni n predet erm ned vector using the calcul ated
mean and Varian .mé}m&oﬁgﬁlﬁbg ‘%ﬁlﬁg’.&(ﬂ) eAmpFiscegensrating fwtrapuarity indimter nage,
conpri si Ngxpredsls BENEEAIY0of £ b LY dpBd hadi caki pg. ul arjty of
the inage; (b%)gge‘r}e_r%‘tﬂi ntg di regth?‘gn El|¥nd I gdé?tc‘gaﬁ&elrshdi“gg@%g %Igpégﬁ' 25% t he
i mage: ( c)regaladaad "righlysegodart.ndi cat or i ndicating scal e of the texture

el emrent of the inmage; and (d) expressing a texture descriptor .of the imge
using the regular indicator, the direction indicator and the scale

i ndi cator8, 6. Tihe noskdibst cddimCs, 3ibéteinthe\M)eof : ' nerating
the regul a igy indi,&%éor expr essi ng t\r@ Pgigﬁségrﬁé%g@ggé%eﬁ%gat%e of
a pl ural i YRPo9Ps PlaBBeAddRteEded val ues. 7.- The nethod of claim 5, wherein the
(a) conprises generating the regularity:indicator expressing the
regul ari t; of the image as one of values; iirregular", "slightly

750t i il i Gy gt s g
erein Li.ses genepatin regul arity indicator Ich. is
quant i zed%ﬁ{sg%l%rﬁg%wq%eas ﬁgﬁp&ﬁ%a%ﬁeﬂﬁ@?%ﬂﬁzlﬁﬂ% he (b) conprises

generating the direction indicator expressing the direction as one of a

plurality, of predeterm ned.val ues. 10. The nethod of claim5, wherein the
(b) conpr )loges Eﬁﬁaﬁeg’tﬂ?ﬁg °faI"FE el Wiherein the (Nreempaisesrgenerating the dircetion indicator

expressing the direction as one of values, "no directionality”, "0 degree”, “30 degree”, "60
degree”, "90 degree", "120 degree”, and "150 degrec",

1. The method of claim 5, whercin the (b) comprises getierating the direction indicator
which is quantized integer. R '

12, The method of claim 5, wherein the (¢ compr_iécs Bencrating the scale indicator
exprossing the scale as one of a plurality of predetermined valnes,

13, The methed of claim 5, wherein the (c) comprises generating the scale indicator

expressing the sealo as one of values, "fine”, "medium", "coarse", and "very coarse”

14. The method of claim 5, wherein the (c) comprises generating the scale indicator
which is quantized integer.

15. . The method of claim 5, wherein the (d) comprises expressing the texture descriptor
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expr essi ng the direction as one of val ues, "no directional i ty", "0 degree",
"30 degree", "60- degree", "90 degree", "120 degree", and "150 degree". 11.
‘The nethod of claim 5, wherein the (b) conprises generatl ng the direction

i ndi cat or o igfgh S SR @ %ﬁ.dregﬁgﬁﬁ%g{cato}ﬁl dREHRRAR Dp%ﬁ%ﬁﬁ g‘ﬁglidagﬁ;er eln

the (c) conpri ses generatihg t e rndicator " expreéssi l e as
one of a plurality of predeterm ned val ues. 13. The net hod of claimb5,

wherein t (c) e ra 0 scal e indicator expressing the

scal e as gﬁe ofT}geaﬁrﬁ%&'é’i of ﬁ'ﬂg% s i'ﬁu"f"d ) soppEseseneratias thpdlipctitndndieator 14,

The met hod; a@.jmfg: ant dWB&! ) conprises generating the scale
GV\/m C oﬁdd'f ﬁiﬂi@ggg i

i ndi cat or I's quantlze 15. The nethod of claimb5, wherein
the (d) conprlses expre55|ng the texture descriptor 18 of the imge as a

vector, (t e r di.c tor di ection i ndi cator, the scale_

i ndi cat or )\ 17 WS? aim 18, éYqWF @éPWPF’FFé gengratingthsrscale dndicator
gener at i ngedtlhﬁ:gdbﬂeeéméa?omdiﬁg@qﬁ@ﬂomﬁgﬁtdﬁreumMlﬁpdgg direction of the

i mmge. 17. The nmethod of claim 16, whereon. the nprises generating the

scal e indicator featuring scale correspondi.ng to the doninant direction of
t he i mage.4g18. €m I : enei he (b) c ri ses .generating
a first d|1§ect|1(q)Hr% g?gﬁ%élngr% ?hérg%no% @?r‘%@%ﬁﬁf aﬁ"ﬁ?@rg‘fshggﬁﬁmﬁg a
first dommmrdmdecsemm difcctibe indiener featnminga Feaafdehiferidiaiion @fftﬁ&ﬁ?@e of
~the image, 4 lgqujﬁlgﬂ The thod of clajm 18, wherein the (c

conpri ses“ﬁ% %lf&“ g Fn@c%fl Mg dawesivelYeat uri ng scal e correspondi ng
to the first dom nant direction of the image and a second scale indicator

featuri ng scal e corre cgondl ng to the second dom nant direction of the
i mge. 2019-The Thetm@odef alainl 18, hersih thedircompeisésienenting & Sost sedoERaiong t he

texture d to t he ular indicator, the
first di rgeg%o%ts?'{rl]%f%gﬁsg H@ s%g%ﬁgnm%%n ‘é”fmé'ﬂl ?%%F rand arsecopd seale scal e
i ndi cat or indichter §etuing ssxdeberdspatidia tonfe sedckid dbrERAPHSkioR Sﬁﬂ@lﬂ-h&%]nedl um

havi ng program codes executable by a conmputer to performa od for

describing texture features of an inmage, the net hopl' conprising: (a)
gener at i ngo.r eguha irdthiod JTIARID] wherdindB [d) QofBlits Achredsin thh NSl l B intor
- of the image as a vector, (the regular indicator, the first direction indicator, the second
direction indicator, the first scale indicator, the scoond scale indicator),

(

21. A computér readable medinm having program codes executable by a computer to
perform a metlmd for deseribing texture fcaturcs of an image, the method comprising:

(2) generating regularity indicator mdlcaung regularity of the image;

(b) generating dixection indicator mdxcatmg direction of the i Image;

{c) generating scale indjcator indicating scale of the texture element of the image;
and :

(d) expressing a texturc descriptor of tire image using the regular indicator, the
direction indicator and the scale indicator, |

22, The computer readable medium of cla.lm 21 wherem thc (a) comprises generating

the regularity indicator expressing the regulanty of the 1n1agc as one of a plurality of
predetermined values,’
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(b) generating direction indicator indicating direction of the inage; (c)
generating scale’indicator indicating scale of the texture element of the
i mge; and (d) expressing a texture descriptor of the imge using the
regul ar i ngi cat The corsuterdieh@bld ARALMISLALR 2 \ @,gm LOI 4802
"The conput er readablrgﬁlrredi um of clarm2i,- mﬁ%@?@?e%\é}?rt\%c%g)%o% gcgi%g%%am_g

gener at i ndhe rerelagtygiatisator pxprsingatho regsiamty of thegniabe as egubfvaliey, Gfredullg”,i MYO

as one of w@; 4 v Qf edet,erm ned, val ues, 19 23. The conput er

r eadabl e rrg%ﬁ%gﬂrgéfgh% ai W&@F e -rg.gl,léar‘?a) conprises generating the
regularity indicator expressing the regularity of the inmage as one of
values, "irregylar”, "slightly irregular”, "regular" and "highly regular"”.
24. The céftput erhe sopmataracadableunedinm oif slaim 211 whetetr thier(a) bompfrisps gamiting €S

generati nge b s Ak | ] iﬁﬂﬁ% ich is quantized integer. 25. The
conput er rgadgm&%e@hdﬁ%&dr%%m&ggl m ﬁd%v'\%ggl" ein the (b) conprises generating
the direction, indicator expressing the direction as one of a plurality of
pr edet er nj ped | ues. 26. The conputer readabl e nedium of claim 21,
wherein t ( b)TPE SRPPPISE Seadabie magdingy of elain @ilr whercinrthe o) watprisescgepertisg ng

t he direciticQ@ire@don3REicith AES g the | ' [ RV degree;, "30
degree", "60 degree"? "9 deg?%gﬂ&&%%ég?g@él%yaf%ﬁg ghvalues;  The

conput er ‘'readabl e nmedi um of claim 21, wherein the (b) conprises generating
28. The conputer

the direckion ikdicator whi is .quantized_i nteger.

readabl e ?r%di u%ﬂgfc O%Pgﬁeﬁ{cf‘fgbqw&%"{ Flato 2)» Whirpinithe ) gemprisasi gegeratinge
scal e i ndfhe afietiex fidiatdrNekprdising GBé¢ Qirddtio lul t Vs O t.er m ned
val ues, 29. The, 63 ut er rgadat‘)ﬁe medi umﬁ(r)';cé @fcaiafmpé]%s?mk%rdéﬁgﬁm?]&@%(g
conpri sesYESfer a ¢, 140:degreal, 899 fegresehi '3 20 dsayealsandiig50 drestial € as one of
val ues, "fine". "nediuni, "coarse", and "very coarse". 30. The conputer
readabl e nedi um of claim 21, wherein the (c) conprises generating the -
scal e i ndi%at ofhevevroputesreadable neditmi oft diginr 21, Jthcrelld EheC@VRokSHiscE QaERNINE

edl UM Of g bl il ik & Sucifla SRUBY 1 SO5 eXPressing

~28.  The computer readable medium of claim 21, wherein the (c) comprises generating
the scale indicator expressing the scale as one of a plurality of predetermined values,

29, The compitter readable medium of claim 21, wherein the (c) comprises generating: . - . -
.the scale indicator expressing the scale 25 one of values, "fine", "medium”, "coarse”, and . -
-"VBI'Y co ars e

30. The computer readable medium of clEule, whcrcm the té) comprises generating
the scale indicator which is quantized integer. -

31, The computer readable medium of claim 21, wherejn the (d) comprises cxprcﬁsi.ng

the texture descriptor of the image as a vector, (the regular indicator, the direction indicator,
the scale indicator).

32.  The computer readable medjum of Glalm21, wherein the (b) comprises generating
the direction indjcator featuring domiuant direction of the image.
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the texture descriptor of the inmage as a vector, (the regular indicator,
the direction indicator, the scale indicator). 32. The conputer readable
‘medi um of claim21, wherein the (b) conprises generating the direction
i ndi cator featuring dom nant direction of the inmage. 20 33. The conputer

dabl di i cl 32 t t th
Coal ol par Bt o ThE sthRA Al S A ey #@Cxx?r&rpéx%é?% (S naDRseaiEsoten of
t he i mge thékaleTheicaoratiate gc@&%%@oﬁﬁﬂg e Hoflr@hi D C}& M}% cﬁi@st he (b)
a sec

conpri ses generating a fi rst di rect’i on cat or an Fection
indicator featuring a first dom nant di rectl on of the inmage and a second

 dom nant gjr ect tiv 35. T corrputer r eadabl e
medi um of q’cl aim O%V%e%}gfddgﬁﬁgnﬂ@n@gﬁﬁn? S% l&éﬂ%ﬂ’éﬁ’c hEPIBPLISES BERErabngf
i ndi cat or ﬁmaﬁm&uaﬁgn&cﬂbﬂrﬂw seOdU@biith ih@cdtOOchthfid a Fl&?]i&:ﬁi'ﬂ&n %rf:cgﬁ:h of" Of
the image . and a second ale indicator featuring scale correspon g to
the second&IBRER a%ﬁ"?‘l‘ﬁ‘f‘lﬂ@ﬁam C‘Etmﬂifﬂwg@ag@&sgimclgorrputer readabl e
medi um of claim 35, wherein the (d) conprises expressing the texture
descriptor of the inage as a vector, (the regular indicator, the first
di recti on35i nde@tuomputehseaddﬂembdﬂm ofdlaian3d, Ahiefedd e (cf Qg fri'sésségn&
escr bl ng

i ndi cat or he,se ond | £ 1 ndicator) 37. An apparatus for
texture fgﬁﬂﬁ frls fqaﬁﬁﬁg aggﬁ?}}‘qsgqqq!glg 19 dlickinat %Wldﬂectmngéﬂmmhg

regul ar i tynd RAetcend gkald ARl MR di rect
i ndi cator jndicating dfﬂraiecit%?.gn of thl]elel bﬁ%ggﬁdﬂn%&s%g?gc%f’ﬂ 'T ﬁ%‘?"catl ng
scal e of °fHeipaee ure el enent of the i mage; and expressing unit to
expressing a texture descriptor of the.inmage using the regular indicator,
the direction indicator and the scale indicator. 38. The apparatus of claim

37, wher ed® t hdhgenmpaicr raadah’le megivaesfitlaisn B5)avkcpdy hid Ff))é Pﬁé@'sg?ﬁrgsrsmg
the i mage as. one of a pldral

t.h | t
or edet or ninRCE Geon Y e ks s verion (e e Sn(icolon s it Miecton
gener at i nigdienot, figesesral @ectdnaRa: ﬁfe'ﬁré’t scdlé‘ﬂthc%g q?gggan?]ssu nﬁﬁdifgi%f )

regularlty of t he |mage as one of val ues I rregul’a
irregular”, "regular” and "highly regular”. 40. The apparatus of claim 37,

wherein tiwe 9CAG Bharitls FH?'dEscﬁﬁﬁ%rtéMﬁé fa ecsro Hlln;i‘zriglc, gompnsmg ‘
generating unit to gencrate regularify. mdmatm' mdmatmg regulanty of the 1 zmagc,
direction indicator mchcaimg direction of the image, and scale indicator indicating scale of
the texturc element of the image; and

expressing umt to exptessing a texturc descnptor of the image using the rg:gular
indicator, the dircction indicator and the scale indicator,

38. The apparatus of claim 37, wharem the Benerating unit generates the regularity
- indicator expressing the regulanty of the i image 2 as Jonc of a plurality of predetermined values.

39, The apparatus of claim 37, whercin the gencrating unit generates the regularity
indicator expressing the regularity of the image as one of values, "irregular”, "shghtly
m‘egular" "regular and uhlghlyregularn‘

440, The apparatus of claim 37, wherein the Benerating unit generatcs the regularity
indicater which is quantized integer,
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i ndi cator which is quantized integer.. 21 41. The apparatus of claim 37,

wherein the generating unit generates the direction indicator expressing

the direction as one of a plurality of predeterrm ned values. 42, The

apparatus of claim 37, wherein the generating unit generates the direction

i ndi cat or Spr eﬁi ng the direction as one of values, "no directionality",
w41, 6 PP

"0 degree" " 30 ggtus ofpolage Gie ovherci® Ghel goueesting (kP Qosbegle B dj{aéggog 150
degree”. %ﬁcﬁh@c@g&gﬁggﬁgﬂ- f '&i aim 3%, Y]\iq_ghrei n the genérating uni _
generates the diréctiofi 1n U FronzmTan ty obpredefeminadtvelyes.. 44. The
apparatus -of claim 37, wherein the generating unit generates the scale

i ndi cator'42exprf]§si ng t he Ofgczil_e as one of a plurality of predeterm ned

val ues, 45, The  ApFErAEHUS BrclEmai whercithreepometatiog aaReselald MO direction

gener at es ihdieatsC cdsiidl Hat : essi he scal e as one of val ues,
"flee", "nediun a@cog%s%?,ﬂgﬁ n{gigeroﬁgcoggﬁwg B, ﬁ%ﬂ”ﬁ%@ﬂdﬁ)ﬂbr"ﬁtd&maﬂ, "gpai m
37, wher eidREERe "Gfodngrest, "9g dogrot”, H0Rlcgiee's ahd® 59 4 ndicator which is
guanti zed integer. 47. The apparatus of claim 37, "Wherein t he expressi ng
uni t exprssses the texture descriptor of the inage as a vector, (the
regul ar i A8li catTie, agpagated b ¢lal i N the scale indicator). 48. The
appar at usiugfbc cl ai m%ﬁgﬁl wher ej!a%]lﬁ?h?éqglééri{@{rlg@? RFAAEE Yah eparatss theedigéctiont i on
i ndi cat or "PEAn Wi 15 awantized inthigerect | on of the i mage. 49. The apparatus of
claim 37, wherein the, generating unit generates the scal e indicator
featuri ng%&scal ghcorrespondi ng to the dom nant direction of the inmage. 50.
The appar@t-us ¢ @ppars8af chwlie B i whdr&if e ] Anit generates a first
directi on, Hgﬂ%éﬁitcor and a secoﬁd_di reﬁ%%%#%grﬁwcpgﬁ f Ipdipgtprs t
doni nant AFt 8cts of SSHE RS agliralityef predetemrivedialicsant di rection of the

i mage, respectively. 22 1 51. The apparatus of claim50, wherein the
generatin uni,&,,bcgenerat es a /first scale indicator featuring scale

corr espondr ng 0" HHRBTANRS eficlaimnd T sbierciti the Glohertingf ucit EenbRY e Sndicator

expressing the scale as ope of values, "fine", "medium”, "coarse", and "'very coarse™

46, The apparats of claim 37, wherein the generaling unit generates the scale indicator
which is quantized integer. '

7. The apparatus of claim 37, wherein the expres
descriptorof the image as 3 vector, (the regular indic
indicator), . -

sing wunit expresses the texture
ator, the ditection indicator, the scale

48, The apparatus of claim 37, wherein the gencraﬁﬁg unit generates the direction

indicator featuring dominant direction of the image,

. ] o .
The apparatus of claim 37, wherein the generating ugit generates the scale indicator

featuring scale cotresponding to the dominant direction of the image

5 ] - ’ - '
0 The apparatus of claim 37, wherein, the generating unit generates a first direction

indicator and a second djrection indicator featuring a first dominant direction of the-im
. - » ) “ age
and a second dominant direction of the image, respectively, ‘
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second scal e indicator featuring scale corresponding to the second dom nant
direction of the - inmage. 52. The apparatus of claim51, wherein the .
generating unit- generates the texture descriptor of the inmage as a-vector,
(the regular indicator, the first direction indicator, the second

direction glndl cg.%or the first. scale indicator, the second scal e
i ndi cat Or) 4 appafams 0 CIa‘lm 50 whﬂreln the gﬂneratlng unlt generatﬂs a ﬁrst Sca.lc

indicator featring scale corresponding to the first dominant direction of the image and a
second scale indicator featuring scale corresponding to the second dominant du-ecuon of the
image.

52.  The apparatus of claim 51, wherein the gcnératihg unit géneratcs the texture
descriptor of the image as a vector, (the regular indicator, the first dircction indicator, the
second dircetion indicator, the first scale indicator, the second scale indicator),
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