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THEREOF Technical Field 5 The present invention relates to a nethod and
apparatus for retrieving an imge texture descriptor, and nore

particularly, to an inmage_textur i i.evi.ng net hod for
retrieving a textur e%‘géﬂﬁﬁff%ﬁ?ﬁﬁwﬁmdﬁ@tﬁm. ng and browsing an
i mge and descri bes textur t lﬁ' fs' ﬁFﬁE fe image, and an apparatus
t hereof. 10 Background Art&%@(q:en yl,g\l mag'g extgre has enmerged as i nportant
visual features for searching and browsing a |arge set of simlar inmage
patterns. For exanple, a conventional texture descriptor for filtering a

t ext ur e deahhicpl Bieldy a Gabor filter 15 extracts a texture descriptor
consi sting of | tering.. However, although

coefficients obtained bé Gaﬁé)({ fé
convenfi onal i Hagpresentnyentiaseiates iy 8 MR and GpPHARS QL IEERMEA. | it s
quite difficult to i |y rcejve ft. e u e exture
descri pt oWagﬁdeﬁlgcﬁ%szﬁﬁg’er R&r{égﬂlenﬁ%rtr[]l? @%ﬁh ttéitai] g{r‘]&ggbﬁ%éc% é)?:p L"}[}ﬁ)é&pr esent
I nvent | Onreh‘?ev%e%l\ﬁhél%d For Rt ang R fexthie’ deirigter dichi iERGEd fresehihengd/RICT | pt or
whi ch can perceptually capture the texture structures present 1n an inage.

25 1t is brookingrawlmegd and deberitpsewantre | oamctarphics ef pthe vinthge 2 andmput er
readabl e storage nedi um having a conputer programstored therein, the

pr ogr am bauipagtusahegAbed such that a conputer executes the image texture
descriptor retrieving nethod. It is still another object of the present
invent] on to provide an inmage texture 30 descriptor retrieving apparatus

whi ch perggikbrouhBrk Mage texture descriptor
) Recently, 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 filier
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
3 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 textre descriptor

retrieving method.



retrieving method. 2 To achi eve the above object, there is provided a

met hod for retrieving an image texture dgescriptor for describing texture
features of an image, including the stegs of (a) filtering input images
using predetermned filters having different arientation coefficients, (b) ’
proj ecting the fil¢ askigve thebovembischiereqis psafed apmethodaloprelEigviag @act i on

to obtain da r QRS St f. .aver c directional pixel

val ues, (c) alg'galggé% &cegﬁgﬁ)%gtf @g AL g&\é‘ otg%g?ea%ﬁlg Efealbg%gegf%ﬁ@léngp ‘bi‘f/ a
predet er m neders! 86 ¢d)f fiR@ihOinpRt iRfhes (@ingd BeALR MR ﬁnals%ﬁkdgt Hiffeent

I ndicators based on orientation coefficients of the filters uUsed iIn
filtering thwiantatidndecasficianta, ) qprogctiogdhé efiltcred cinmgas nontd heeplofrakhty of

i ndicators as the t.eéc{ re descriptor of the 10 inmage. The step (a) may
further ihclRIGEEEHEN egion 40 19btpin 8@%%{@@%@9%%% aysraggs of cach

pr edet er m negd_f.i ' ' t efficients nd . the step (d)
further co rf%’fef:{sléél]isaﬁ) Exg H] g%“(‘algg’o‘?b %%}851@00 é"?’ gﬁ%&n‘?agagéé)u%F EF%&’PE t@i cgqla PiffPEat or s
based on scajyea praeleihaieanfsiticatibe nfettldde (8) as@schihing(d pluediinyof idfafpndi dat e
data groups. 15 The inage texture descriptor retrieving rret}rmd may further
i ncl ude t he msaion oficniation woedficiendmof therfilterdiused or filtaxingl tlencdnblapr @gence of
data groups filtered ga/ fil ter% havi ng scal e coefficients or orientation
coef i ci ent STRHAScAPEdetFRIBINghg plurplify of indigatqls af, ther{exuredescrinier #fited ent s
or ori enf@tii@gg(goeffici ents of the filters used in filtering the selected-
candi date data“groups. 20 The inage texture descriptor retrieving nethod
may further incl (e stdpaapinap fultherdndicdd dleish Jfiie 1 MERBriAD thpvAfita3BE iR
pixels with respect to the filtered i nages, and obtaining a predeteéerni ned-
vect or usi n@redeterminedyfiligrs chayingn diffesens scrlgrevefficientor anidnthet wem bt fueheraspect

ermaneel difseers dchlsrseTckertor 2 i
mage t oxt o ApU i ib o R8T deferifife FEnfon el ieRlort Frses o g

i ncl udes t heosffieRutsWf thétiltbisl dsed iiA Gty the GRIRELEUSD grdppedet er ni ned
filters having different scale coefficients, (b) projeéecting the filtered

i mages okt o axes Tot imegeolexipre desceiptarmedieninganethod may folther incida ehegtepups
consi sting 2 dgt\é%ﬁ%%gsalggﬂltg'al%gicator 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 of the filters used in

filtering the selected candidate data groups.
20 ' The image texture descriptor retrieving method may further include the step
of calculating the mean and variance of pixels with ‘re-spect to the filtered images, and

obtaining a predetermined vector using the calculated mean and variance.

s

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 fiitered 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.



directional pixel values, (c) determning a plurality of indicators based
on scale coefficients of the filters used in filtering data groups

sel ected anong the data groups 30 by a p?edeternined sel ection nethod, (d)
determining the plurality of indicators as the texture descriptor, of t he
i mage. 3 Accor di pgcbaling td btilhansther agepeeft thepraspet igreryion; theﬁ‘?/érﬂfio&ﬁle t here
I's provided nethod for retrieving an i

descri bi ng tneﬁtodrbrfretaleumssafblinag&rieﬁﬁﬁg%esggB{ﬁ’g}%’ru‘iiq‘?@rdﬁﬁgrt r'?sfe%’flre(’S é)f

filtering inpyt inages usin r edet

ori ent at i ona@ dBRAETC ‘éﬂ?rés’%ghﬁgfnfep%r &,@ gggﬁﬂéé H&’gffll é%\rﬁsg}% ﬁﬁ&gf‘g@g? ecting
the fiter eqy, (B0Rsn 0BT bridithin Boinvieniznaldifierent Soalcoieficterhay (b3 ont al -
axis projection ‘graphs and vertical-axis projection graphs, (c) calculating

normal i zed paYé@inEOhe Fil@tddoimages var haizoatd ancqupbal ams togittain rhpﬁgoma}c al
maxi muns and local mninmum for each nornalized ah g @rﬁ ation ie
whi ch the cakispraejeeidon gr@phﬁeandz\@dtl%nltaélSdHPFéﬁl%% P& BP%E"%“% peak

d I I | t 0 det
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sel ecting g Pﬁﬁiﬁﬁu o‘iméa“ch B&‘?neﬂﬁ:%ﬁoatﬁ&-cbft@lanéﬁ antley, catdeticat ihencdleulitbe
0]

aver age of ca maxli muns 1s | ess than or equal to a predeterm ned

t hreshol d asofhiisiedcandicdatetatignapiises fopmdet loeati mahgartché lopgevalieyt #lea
second candi date graphs according_to the nunber ar aghs filtere %
filters 16 ipeadeteymined sectionf (P)cfihmiBg ghe averast af “&5‘?1 QBE FRARNE é"a/n‘B h are

cot 1 of ent avejat e Py fiaplndaEaS el B cEa R rn R ip B chof he

sel ected second

candi date graRASd éé‘/)iat{&ttﬂtthélgvéﬂge wnﬁlﬁ[&ablfnagnam’msxsbedmhgl ogequal td he
respective types of second candi date gr aphs and determ.nj ng[aé)redeterm ned

wei ghts of @@&d&t&rypaed)fhrm&ﬁ@ Sissidiaadidategirapis (g)(qeatereaw@a s AfH8E sum of
products 20 of the counted

h
det er ni ne t ﬁéconé‘aﬁaég!d&fq %‘i"ilpp%é 89’& t&eilggmélb?p t%&%hg?tétg %%%ﬁlﬁﬁggt |Sn::10a

texture gse 1?1% cale SRHRS gﬂtQ bf"%rfelﬂétl@ﬁ icg8fRich@nwhior fatd eloshicsoniddnseadl e
coefficients e secon candi date graphs having the biggest contrast as

second t hf ougith the ktdle toutficiahnos prmntiu()k):oefﬂ@tets of heddtersised an Biteyingtbe udi ng
the first | r;gllegt?a;[i Osgccﬁlizidcaglgledatseegcrgggs t(% gglglrt]lnfglﬂfle Qumbers of graphs belonging to
the respective types of second candidate graphs and determining predetermined
weights of each type of second candidate graphs, (1) 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 descripior, (j)
) detenhini_ng 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
95 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 filiered images, and
obtaining 2 predetermined vector using the calculaied 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.



25 indicators as the texture descriptors of the corresponding i mage. The

i mage texture descriptor retrieving net hgd may further include the step ‘of
cal culating the mean and vari ance of pi xels with respect to the filtered

i mages, and obt n det erm ct or the ¢ | at,e an and °
vari ance, wher e| n ﬂ%"r?thgﬁﬁ(q{? C?WE éF Pejed B*’é"ﬁ&gp éfé%fsfﬁw%ﬂrﬁﬂcqﬁta cators

i ncl udi ng th , 30 the second through fifth indicators and

t he predeter g%%{}%lﬁg@qahe texture descriptors of the corresponding

i mge. 4 The nor rral i zed auto-w@orrel ation, denoted by NAC(k), is preferably
calculated by the follow ng p%,a_ ?Pbr) P(m- k) P(m NAC(k) = m~ NI
N1lPz (m-- k)Y P2 (m nrk ek ere N'is a predeterm ned positive

i nt eger, anlnputN () eIs a pixel position is
represented by i, where i i g}qi('t io the projection graphs
expressed by pixels of the represent ed by P(i) and k
is a nunmber from1 to N. THe=tontrast ¥ determined as: | hf 1 L contrast -
P magn(i)- L Vmagn(i) 10 wherein P nmagn (i) and V magn (i) are the |ocal
maxi muns and local mninunms determned in the step (d). In the step (f),
the graphs satisfying the following formula are selected as first

candi dat .e 9" RGN is a predetermined positive integer, an input image consists of NxN

5 pixels, a pixel position is represented by i, where i is a number from 1 to N, the
projection graphs expressed by pixels of the pixel position i is represented by P(i}
and k is a number from 1 to V. )

The contrast is determined as:

contrast = _j\—d_z P magn(i)~— Z V _magn(i)

i=1 Jl

10 wherein P _magn (i} and V_magn (i) are the local maximums and local minimums
determined in the step (d).
In the step (f), the graphs satisfying the following formula are selected as first

candidate graphs:

E <a
d
15 wherein 4 and S are the average and standard deviation of the local maximums and
o is a predetermined threshold.

The step (g) includes the sub-steps of (g-1) if there are 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



-~a d 15 wherein d and S are the average and standard devi ati on of the

| ocal maxinmuns and a is a predeterm ned threshold. The step (g) includes
the sub-steps of (g-1) if there are one’or nore graphs having scale or
orientation coefficients identical with those of a cgerti n@e}g{E cazdi S}Ia}Ie
graph and quephrclassifying tlppestinens cagridats 2Eaply st §EEARG PG 8T 4% cl ose

toth 20 of th t] t di dat A ' . ' t
candi dat e gherpts 20 daph pane sor PapRalpR Sy rEITRT AP wilRibie 070

graphs havi g Sgal gehe ol Rfoh ORI et pesieni ¢Aaldatd plaphlaose of a

perti nent d graph re’is no graph having scal e or

orient atiorthﬁgq;,!f,ei g,ia pts close to those of the pertinent candidate 5 24
graph, classifying the pertinent candi date graph as a second type graph,

and (g-33 if tHBeestes(hdngudgsiihtstep 0f cawning thy nypber Af fraplly belemicent s

identical with or close to .those of a pertinent . i .

cl assi fyi ng?aﬁlh@f‘ﬁ‘éf‘F“?tﬁl(FHPglégﬁ%itmﬁsé’féﬁpg’ﬁa ‘id@e“’i"ﬁf“%g“?@%%'gﬁg‘gﬂ?‘gE‘SThe
step (h) includes ] unting the nunber of graphs belonging to
each of thgt%ffe? Oﬁtﬂgéﬁ}geggtf%?arpggtypes of graphs and determ ning

predet erm ned wehfibt the && of & Nthefe irhag Heyfuetheoincludedhbe skt efrapphanstep of
(f), there may be further included the step of applyi a predeterm ned

€ A yin ‘
cl ust eri ng medmeimined chisteningfalgarithuardihgalitst gangdigaie tgéalg’élféc%eieéléé%ﬁ?@d 10
candi date graphs. The predeterm ned clustering algorithmis preferably
nodi fi ed0 agrgPdidaeafRS- clustering Preferably, in the step (i), the

orientation Coefﬁ@}@@%ﬁﬂm@a&ﬁﬁgﬁimg@%nm Rpre biBHARbAFHRAEASerARRNY e

h-o)ri zont al - axi s ctron grap s determ ned as
’ clustering. '

Preferably, in the step (j), the orientation coefficient of a graph having the
biggest contrast, among the horizontal-axis projection graphs, is determined as a
15 second indicator; the orientation coefficient of a graph having the biggest contrast,
:imong the vertical-axis prbject‘ion graphs, is determined as a second indicator; the
scale coefﬁcie’ﬁt of a graph having the biggest contrast, among the horizontal-axis
projecfion graphs, is determined as a fourth indicator; and the scale coefficient of a
graph having the biggest contrast, 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 vector as the

24

texture descriptors of the corresponding image.
The predetermined 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
perform a method for an image 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)



15 second indicator; the orientation coefficient of a graph having the ‘
bi ggest contrast, anong the vertical-axis projection graphs, is determ ned
as a second indicator; the scale coefflcient of a graph having the biggest

contrast, anpng the horjzontal -axis _projectjion graphs, is determned as a
fourth i ndi@&{ugwn;ngmh@dswpéww&t;%v s or e&gh §F@E‘h (Bhaohtpgingniecadi ggest

contrast, anpng.the | = ax] | @ctd : i . rmnped as a
cont 1St B30k SR (B et RRuALR By SR i 2

i ndi cat or s eh #dicARulal@ ddrindlized NbEBH@latioh RIS T6@Mh loBA1PeRand d bédD

I ndicators and the predeterm ned vector as the texture descriptors of the
cor r espondi vafley argeredéitrmipedeshetion nfehdefiding therayerage béthalhboal maximmdes aGdbor
filters. 25 To achi eve the second object of the present jnvention, there is
provi ded® a the aygsageethe lacal aHnENWBE A8 FOMESE NS Srletmggrapkred Wik theastie py a
conputer tao e L O r ' t e ' r for

descri bi ng qféﬁet {}‘Ir"g&a?%g?ﬁ?@sb %’fJhgéﬁ%%gg%%tlhgﬁnﬂé{@%:"%%keg%&ﬁa 0? ﬁ%uaét eps of
(a) filteripgptdieirminauReshii AgfirReadRIAE fiapas, &) iiét&ﬁlﬁnhfg\(ﬁé@?%i))ﬁﬁ@rem

orientation coefficients and different scale 30 coefficients,
proj ect i ng setomdf dantislaedgrapisgyacconding thahe nombet obgthphe filicoal byakesfiiteps obt ai n
hori zontal -axis projectjon graphs and vertical -axjs projection graphs, (c)

6 cal cul at il}ﬁ&‘nHéFﬁlﬁl"ioE'[éJﬁleé‘Eﬁ%‘: grpation coffligisnisehich areglose &t epidentica)
bt ai ria | ! e )
0t or cortP el iifthe s AR08 bERuiof lefiiTEnd BF g Rl Ak the

aut 0- corr elsglet @i st@ndeahdidae grapias @h) qRakngakt AunhBeabl gipht Bloaging o
predeterm ned section, (e) defining the average of the | ocal maxinmunms and 5

t he aver agdhe mspeabgl tYRehPInseeoTdscandidaie graphg fandségtersniping predgiersnined whi ch

th ti f the. st iation.to th .of .t he | ocal '
) eas a8 ARG AEHELL IR hihf, Y EhBHAEE il oot AR o
graphs, (Q9)ofdgt eoiied AImbER & peaphl dnbiathe SRELRINCERHIILHA! & StaRiife @cor di ng

to the nunber of graphs filtered by the filters having scale coefficients
or ori el atcalonlatorfresuli valve aght dhstaindicatayseonsytuging i & taxtime adesdripton, t@ t he

scal e coeffjcients or arientati coefficients of. the.filters used in

iitering chemguebr oftuiRon RnhnE and SRR cipty SLon PRl TRE Hunber s

of graphs BRelpENshet 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 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 ororientation coefficients of the filters used in filtering the selected candidate graph,

and second indicator determining means for determining a plurality of indicators



the respective types of second candi date graphs and determ ning

predeterm ned weights of each type of second candidate graph, (i)

cal culating the sumof products of the ‘counted nunbers of graphs and the
determ ned weights to determine the 15 cal cul ation result value _as a first
i ndi cat or cbassd bh stdlegoefficientsand areentatioptcsefficignis ofide dilterswssd 1» fering
orientation coefficients %gd scal e coefficients of the second candi date

graphs havi thg detegmpedFa8eidategraBls- as second through fifth indicators, and
(k) determ ning,indi rs..l ' ' Mafal : ond
through fifth Ialipkfighg. E’s‘*%‘ﬁeﬁ*&!‘%‘?ﬁ%@eﬂaéi‘%ﬂsg?ﬂ?%ﬁ%*ﬁ% ﬁ@“@%ﬁeﬁ‘g’é‘%ﬁdi ng

i mage. 20 TQeafhof\8r HB&ritihg texeijecfehripés bhen Inagsnthe i appantisoncludingraee i s
provi ded an apparatus nethod for retrieving an inage texture descriptor

for deschki bfingringeonitifar filleringinpst hhages usimgguedatersningsp Aitens havingdlifferenlg
filtering mean for filtering in | mage usin redetermned,filters

havi ng digf f erieniatiosy F‘@fﬁﬁ‘??@?\a%aﬁqrﬁte%ﬁg C%iﬁ?’gﬁtt%'r A THagHJIeNNAriBRes ect i ng
the filtered,i es Q . ' =i [ ain 25
data or oups iR pibied At iRl PR ARF AR AF LR BFih EBBeCRo B

cl assi fyi ngofBRNSitert® imsgése Glnlinibraiaig 4l predetbrininedr s \BifpNGetdaRubitsda
groups by a predeterm ne classification nethod, first indicator

det er mi ni ngmeEeas vaoiancks ngrojeniimguniniorpeojectingdhe kiered azged onie hongomalnber of |
graphs filtered by filters having scale coeffi.cients pgr or.i ent.ati on

coef fi cil@nt andaprtisalh e 1) RPIRIP Hor X B PROIFGHPT: BEAPDR ANd YJUFalPEkiSent s 30
or orientation ffigient Y | | Malo Ny ect ed
candi dat e gp?ﬂ)%,lggg%ﬁgégo%gﬁ ?aﬁﬁ{@ﬁgélgkérg%a?%ﬁﬁ% %goﬁgginzg&fag%éet el:?%‘ni ng a
plurality ofaiefireatwtph, bassiddeancinpdimlchef tiic fenteeecang laal watiatiman
coefficients of the filters used in filtering the determ ned candi date
graphs. Al t axhdedal gnipimums fori eachr autpgearelptionpplpet as whish the caleylaegd an

[ t ext | pt . L by t | , th
appar at us. | Py o-Core o B ARl Mofits, < fict] BehEahS £hoct] Al WP, 11

pr edet engi ngdafdihinbs s@ANNE nidani RiRAte CNbERin b6in foraalduiating Theaverige
different scale coefficients, an inage nean/variance calculating unit for

cal cul at i ngof the lonehmaaindums pich Hheeavisfaggi the lasalynimimugnsp a dirsttcondigiath 26bt he
filtered | n?e &%ihgﬁstnoqm%bl}n?ti fglr Qge&ir%rtﬁg g}a%ﬁsrgartlﬁpyir\{get te%quli"rsémréﬂt Lthgﬁhg %&i%m ated
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
' 3 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 éach type, determining predetermihed 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



mean and variance, a projecting unit for projecting the filtered inages
onto horizontal 10 and vertical axes to obtain horizontal -axis projection
graphs and vertical-axis projection gra%hs, a calculating unit for '
calculating a normalized auto-correlation value for each graph, a peak

det ect i ng/ aniatiicating thai tthe osalendated tqondastotsa bigesss nuinssconth Fapdidale graphnuns
for each auto-carrelation.val ue t ich.t calcul at ed ormal i zed
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candi dat e grpithe sslcelatedrohsasld biggasniatsedond-te difeacinidingtdr detegnaphsusieddrsf yi ng
the requirenent that the ratio of_ the standard deviation to the average of
t he | ocal 5 nedetenminingdh¢ edentatipnrogfhicient af a graph haping dha kiggesheentrast. sz d, as

first candi dat raphs, .a second candi.date graph selectin tori uni t
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types of thecalkkagefitieandiagtaph davipy she bigigsucontngt dahongihgrimrizohnbiaxiat i ve

of the nunmber of graphs of each type, determ ning predeterm ned weights of
the graphs HEPIPEHPRGraphs asea Q@Whég%‘é%fﬂf;\?@dﬂ%@@lwf%@&ﬁf@i srgpihedngi gnal s

i ndi cati 0 ights to be applied o J | rst dndicator
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representing the weights to be applied to each type, determ ning and :
out putting ttheugbdiftundicators andgi predeteumineéd wactonaad oatmttingthe tombinanon a )

texture descriptor, a contrast 30 calculating,unit for calculating the
cont r ast acchf"'E? Ay, the dextHre ARSCr RS c{ﬁ}‘%@orf‘?‘?gog%}%rnaﬁ%% out put fromgt he

mean/ vari ance cal cul ating unit and outputting a signal 8 indicating that
the cal cul ated contrast is biggest, a second candi date graph
selectingdstoring unit for outputting the candi date graphs having the

bi ggest contrast arr_ong the second candi date graphs stored therein in
response to FHe-s¥ _‘ 2 _St hat the cal cul ated contrast is biggest,
a second-to-fift hrﬁé"&ﬂo%%?fecﬁ‘ Gh& Eﬁ%ﬂﬁg& hé RE&%mfinve%BﬁW BLOfnd Rre
orientation coefficient of" a. grap ving the Dbiggest contrast, anong
apparent by describing in detail preferred embodiments thereof with reference to the
attached drawings in which:
20 FIGS. 1A and IB 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 apparatis
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 10 the accompanying drawings.



the horizontal -axis projection graphs; the orientatidon coefficient of a
graph having the biggest contrast, anong the vertical -axis projection’
graphs, as a second indicator; the scale coefficient of a graph haV| ng the
bi ggest contrast, anong the horizontal -axis projection graphs, fourth
i ndi cator; and tRefestiug © H6eflA showing mrwmﬁ%&@w&omt&wﬂwﬁ gt

t t, th t | {. t
and & text eeoding fa BieoPresdRtJaNertia: Shmibg R % REpRrblnel hsRRECT” L he
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out put i ng BIFeE ARy (e LRSI NUR RLACCR LANRRE, HoBHO Ry, s

cor respondi gk LATRGRe 2l BaBr Blterleepriqoyi orheoGabdrefilt¥raiicogstithted tbfiltersobj ect s
and advant ages of tﬁe present invention will becone nore apparent. by

descri bi g havirgedifferenp ot ptatienticenffioantmand §lﬁf¢1‘éﬁfe‘i§ﬂle\/ﬁoﬁfﬁcﬂf§ﬂ%r ASHENING t he
attached drawi ngs in which: 20 FICE LA and 1B 3{1 _ ? gr iﬂowng an
i mage text uhat @géiéﬂ iGH afe Predeteimiped, BoiYhUHesLE ?il"f?é’ t"('i‘ageh ‘3‘.’%8
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accor resent 1 nvention 3 shows

per cept ual ﬁ?fdQ}‘i@'ﬁ'i‘lﬂrsC&Hpﬁr@N@ KiR&s) ﬁneq*edamhgﬁ from 25 Brodatz texture
i mges by simulation based on the image texture descriptor retrieving

met hod accor di ngNext, theempareanshiariancenf pisels aBes1lcHpigd fpopachenfite ﬁd"@%t the
I nvention 30 Hereinafter, men of, th ent nventl on . W.|

desor | bid THIRRGCIeTEAReS GPOTTCEV IR RBBRTE WS AR e e ”°
Referring t@tF @2 1A show ng an i nage texture descrl ptor retrieving nethod
according t he ?)'r esent invention, assumng that Nis a predeterm ned
posi tive integeThergnhk Milttred imagescoagirsfected @fto Nk Nngdi )«alxss té @btagx &Apl e,

128x128 pixels, is filtered usi a Gabor filt (s e Gabor
(i Tter 1S omitfon sy ni |>'r@rp$ecg°ﬁagfml& 7 dPBht * SPF atrablE B
coeffici entcson%lﬂl (fl\fféfmlues fig! Scl?&%{;ﬂ 'P(fz‘) S m(%ﬁ%\" B! to N) denoted by

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

Z—; P(m—k)P(m)

NAC(k)=F2te——————— .. )
Z P (m— k)z P*(m)
m=k m=Fk
) ' 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 k is a number from 1 to N (N is a
positive integer.).

20 Next, local maximums P_magﬁ (i) and local minimums of V_magn (i), at
which the calculated NAC() 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 = HZ P _magn(i)— Z V _magn(i)...... 2)
i=1 i=1

25  (step 110).



that Cl and C2 are predeterm ned positive integers, the input image is
filtered by filters having Cl ki nds of 1ﬁrientation coefficients and C2
ki nds of scale coefficients, and the fitters output O xC2 kinds of

filtered i mages. Next, the nean and variance of pixels are cal cul ated for
each of the Cl x¢dso.ie|grapfls Bisking theelp °H§‘§%§?£'&HH (g)n@ﬁ’ selepted; ay fizst 5

obt ai ned usi . riance (step 102). Then, the filtered inages
are project gﬁﬁéiﬁggi@ﬂgﬁﬁ%lg €s to obtain x- projection graphs and

y-projection grapgs (step 104).  The normalized auto- correlation (NAC

val ue for each gr-agml?(,i_)_ggi Is a nunber from1l to N) denoted by 15

NAC(k), is calculdted by the following formula (1): N-! P(m- k)P(m NAC(k)
"=k 1 PZ (m- k)~ P2 (m V nmek nz=/ wherein a pixel position is

represented hy i, the projection graphs expressed.b i xels _ of the pixel
posi E ion i ft‘fi@r‘?%)ﬁlr%‘%gt"éé S‘/alﬂiriage éﬁg_sﬁa"ﬂégﬂggﬁ‘ﬂﬁ%f _"fﬂ%ﬁﬂdqcflt Blarmet_rms_ s a
positivedn ) . magn (i) and | ocal m ni nuns
of V magr? (ff—,glsg? mmﬁ&c%l?{%gréggfe%@)e&g%k) forms a peak and a valley
locally at a prepefeefing nﬂdG.a@gtﬂdaﬁﬁe@dgcgmmraﬂi\vmuﬁéﬁﬁ@isla?@_ed I\tﬂb‘?{fépﬁr@Pn”aSt

is defined as the following formula (2): 1 M1 L contras ' magn(i)
- L E V_ nagardidate graphs {@)select segond esdidate graple) (stao 1AW30, At meodifiealohs

T o §
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agglomerative clustering disclosed by R.G. 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 P,, ...., P, let the mean and

standard de\-riatlion 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 initial number of clusters N, each cluster

C; can be expressed such that C,={P,}, C,={P,}, ..., Cy={Py}. If the number of

clusters is smaller than Mc; clustering is stbpped, Next, two clusters C; and C; which

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

greater than a predetermined threshold, clustering is stopped. Otherwise, C, and G

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

- performed until the number of clusters reaches a prede:teffnined 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. Hereinzifter, 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.



S< da...... (3) wherei ndand-S are the average and standard deviation
of the local maximums 5 P magni (i) and a is a predeterm ned t hreshol d.
Referring to FIG [IB, nodified aggl onerlati ve clustering is applied to the
first candidate graphs to sel ect second candi date graphs (step 114). A
modi fied aggl dmenart ideilc first, én itheycast gehera Here aremeroposraraphsihavimgdi f i ed
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to (d,, )p is clustered using the two- di mensional vector

corres mon@ram t Bec(cxﬂnd, itBheagaseowheongsthemsarg inegon mgte gh@ha élévméd;ca_lé ofunber of

clusters is MC, with _respect to initial nber. of cI ch cluster
C. can be osiepation geefticicR lﬁﬁ’fm"@l] wifh 'flosweq parinent € can {g-f’N} by ahetrﬁe nunber
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G and G i areey L e Oy Yriefiish LI e SPHETR ??ﬁ*‘eedpéfﬁ‘*?e?

di stance ReiMBRS drapiintle Perlifent Wataidate gﬂapm ia chissidieti efsd M2diyph pesihol d
clustering 1s stopped Qherwise, C and Cl1 20 are nerged to renove one of
t he two . clThirteirs theTtass “mewém:ces ng graﬁem\ﬂng ycalq)@r poentadonipedificieie nunber
of clusters reaches a predeterm_ned nunber tered

cl ust ehls, idansical Wity Qnclosgyp thpse ok a%&“eﬂ?%&ﬂ?afesg@@ ggo B‘%“&ﬁr& Ca‘bdr.‘] fis in the
sel ect ed %h%f)?lt gcla%lﬁe& FA& g%fﬁye}%sgﬁ?ﬂd'ﬂﬂﬁetlﬁrlﬂﬂﬁ&rs Blpg?afl %eﬁ:ﬁ%@@?&

ca)ndl date s are classi 0 three types (ste

cl'assi fi cahdtoof tte Q& Cardml Cacopesliargchumtddien bel nhﬁmed)fbygNa,pNS afhd IN,ered by a
filter having scale or orientation coefficients which are close to or

i denti cal respeditvelibgaddhe respeGtivecyeighispiths eraphs belopging ke eadcefibe Eandi dat e

graphs for Y a X e graphs
filter eng{? fa(ﬁ E@FS AT g [%%]et (g‘%yr??eggb I@’ g@eaﬁil‘g? gﬁgﬂ‘l’gﬁlve? cong}[ ant
orientgfi Q.H}]%QQ[E&drmcalHeldeJ I be referred to as certain-scal e-

Now, using the determined numbers N,, N, and N;, and the weights W,, W,

~and W,, the following calculation is performed:

3
M= N,xW,.....4)

i=1

wherein the result M is determined as a first indicator V, constituting a texture
) 20 descriptor (step 118). C 7

With respect to the second candidate graphs, the orientation 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 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 conirast, 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



30 coefficient graphs or certain-orientation-coefficient graphs. 11 In nore
detail, first, in the case where there are one or nore graphs having scale
or orientation coefficients identical with those of a pertinent candi date
graph and one_or mopre graphs having scale or orientation coefficients

cl ose to thodwligHor Ye perti nent candi date graph, the pertinent candi date

graph is classifieg.as.a Cl { 5.graph. .Seco I n e _case re there
are one or nore g?‘ggﬁstlﬁﬁshﬁﬁgghre\g'o‘f&ergw n ;ﬁ? 55‘?13(,1321‘ mecﬁeﬁﬁvgsqﬁﬁr@%g&i‘tical
with those ofirh RBEAGACOL PANIARNG, GhAR Yedfor A8kErmikSd ROHERBM A2 e
scale or orientation coeffidiénts ciose to those of the pertinent

candi dat e gr ggxtyre dasripeor, ine e, thatediviafeange aghor, $s st &s §iVf,| 89, W5 v, €3]t ype
graph. Third, in the case where there is no graph having scal e or
orientation &P dZdnts 10 identical with or close to those of a pertinent

di dat h, . j Nl i his classified 3 t
raph. Then, the IiEBTEEf B aAleS 5 OB oy RiiptnesgordE Baiang’ B3
types are coynbfdnige PeldRRObRA BipeMmenblity Whiined ASME IS, ShieqyBN Y, NO

respective wei ghts of the graphs belonging to eac nd C3
types are corepresdnts gquiie vabdirtbe suudiyreddess \Of ttenextbd: off amsipmge i Thk ¥econbiagh 15
wi || be described hel ow. Now, using the determ ned nunbers N,, N, and N3,
and the wei gt WAIGRIOTSa Ny AR Vp TEPRCEANE Jijfon guatiized) |ostentstions ipewhioh itbe: 3

MeZNf 10 - | ks d I Red fi
i ndi c)a(ty\érlov, Stgugrqisr?alqeéﬁsnégggﬁ?deg}oﬁéj?He%mt}gglaér'l%’f‘ g}edtir(eai‘?ngéﬁﬁffg)s’/ﬁarwrlf#sr‘lt‘ espect

to the secongvcqutizat scalrsanhhic ihe sehéeRidatdsas cateleliognt s and scale
coefficients of graphs that have the biggest contrast are determ ned as

second through fThe kextuegi descdpior (18 tuspd BRG. index wfran tedgei in, btdvesing or
orientation ¢ ficien f g. _graph-havi he bi ggest contrast, anong the
X- proj ect i onsegl(r%gjb. S{E?ﬁlévagggpg}c%gﬁ%d h%sg s ﬁ'g tb‘é(‘fl}?ﬁf @ﬁ'ﬂﬁ% $SGFIPIP5 retiexed Tt he
orientation 0@k ihsgeikné descEpRR RethidvinPenciidA E@f3teo the present invention

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

oriented browsing, 1.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 - Ithas 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



contrast, among the y-projection graphs, is deternined as a third indicator
V. The scal e coefficient of a graph haél ng the biggest contrast, anong the
X-projection graphs, is determ ned as fourth indicator V4. Also, the
scal e coefficient of a graph_ having the biggest contrast, anong the

y- proj ecti¥n r@rmgng|tw0dbt@enmdw@rdera§th15fmfw ch she sigiceHEdIesy/B. capairery t he

first indicator dete \1@ é 118, the second through .fifth
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has been experinentally confirmed that the first indicator V, represents

quite wel |onlhen@noufm epHpese offlimiiatiare A singloindigatarthads mpbsugizlotd and
third indi rs V2 and V3 represent, .t wa [ientations whi ch
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texture descriptor retrieved by the inmage texture descriptor retrieving

met hod accor di ndispo thenimage dexnre dasv@mor @ﬁrmsmlgsn@hod oprpgrsedabla bgkhecker

mar ks in whi ch br owsi ngo(P%tgter (fére reg ul ar,. ot séructure oriented
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exture descriptor’ rievi ng h d
accor di ng iheotnpater peaahbletmedwemdnsaeadabld&iﬂ eappitatdaby drscongmen, mﬂreﬂabe
structured oriented browsing. 20 Therefore, anong indicators constituting
texture dédphodymng, the E’t‘q‘a’iee‘&é%"%)deﬁ‘ﬁ@t?ﬁwﬁﬂé‘“‘ﬂ’éxﬁ’ﬁﬁh@dde'gbf‘r msdey inclide i evi ng

met hod acqg@engré%&,nggﬁaﬁss il A el Caick a,aveﬁ@a&gaq{a thd kel

i ndi cators can 0O as erc IIkcbl‘ oWsi ng
conponent s ( PBGelkso, theimagenickiure dspeiitor etr@atty fmiﬂoarc@ﬁibb emB6died bgaean and

vari ance of pixel
1mage 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 val ues are cal cul ated. The vector Z obtained by using the nean and
variance can be referred to as sinlarity retrieval conponents (SRCs). I'n
ot her words, in the inmge texture describgor retrieving nmethod according
to the present invention, the texture descriptor allows kinds of texture ’
structures poaffieientsiand £i2 Kindsyef sede peclfisienspantdihp Jiliesspupwd: 1748 kipdhek been
descri bed th%'i)( a first indicator V, which is a quite a good indicator of
the structur 84REIINBEES he texture of an i mage, second and third indicators
V. and 13 V. repr N | j j [ [ i
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of the i nvenbinenwoAdsseuppobea pixebpositéoti is reprekeaed byt @i is maiunmibey from et pd i s
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medi a and¥i s SYRISHSH P PLRE 8&%’3&’%@#’@%{5@}[{ lél‘c'dﬁlgﬁt er, thereby embodying
the image textur eTdeCACPEMNuldtiiel MY 206 cARUAGY. thd HRriBE:A Adis cUfi@lation

“magnetic recording nedia, optical recording nedia, carrier wave nedia, and
the |ike. 15(MAE)valukdor casheraxl (il aledetsd by pNASr ki, axsmigahé figrmada Kbd can be

enbodi ed by an | e texture, descriptor rieving, apparatus. FIG,.2 is a
bl ock di agram of gggl%ﬁ% étecftggg{w@z&étg}q %(?%Eet hcgl/{"ﬁg‘% af'ig" ()

accor di ng t Oa8IgcRf EHGRHums BIOP hdYR- ﬁi)'?%i thidiNhe chRufalda NHC&A‘) h8rh§RgEcd ext ure
descriptor retrieving apparatus includes a Gabor filer 200, an I nmage

mean/ var ilancpeakadndud lcalinglleyint 2 deteanined asdtenpr oj ect or 204, a y-axis 20

proj ector 205, an_NAC calcul atin njt 206 _and a peak detecting/ anal yzing
unit 208. Al so, tRh8eMFAYY2a “g"é’élgr‘ﬁnﬂt%}% %@H‘Wﬁ@%ﬁﬁ%ﬂ&?%ﬂqaﬁ%l udes

a mean/ vari agGfarion S of the local maximums P_magn (i) and outpuis 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 »; indicative of the number of graphs of each type. Also, the
classifying unit 216 determines predetermined weights of the graphs belohging 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



calculating unit 210, a first candi date graph selecting/storing unit 212, a
second candidate graph selecting/storing unit 214, a classifying unit 216,
a first indicator determning unit 218 “a contrast calculating unit 220, a
second-to-fifth indicator 25 determning unit 222 and a texture descriptor
out put unityp24. In the operation of the imge texture descriptor

retrieving apparatus, .assuming that redet ni ned positjve integer,
the Gabor filteFhefst indigaord ﬁnﬁlﬁﬁl&“‘}‘hibicg)lﬁ'blﬁ%eﬁ PﬁéeRfFEmﬁbeﬂlgl s, for

exanpl e, t e
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filtered ipRO®S, &hdBE@rhines Qﬁ@diltplﬁ@%ﬂﬁllﬁtﬁtﬂ{ re@ﬁuaaraoh Bestangicaiopdet er m ned
positive integ rs, the input image is filtered by filters having d' ki nds

of orient adomsturutlng aMﬁnecdeea:rﬂﬁoand C2 kinds of scale coefficients, and the
filters output C 1 xC2 kinds fil es. The jmage mean/ vari ance

cal cul ati ng unl'fhez‘EPP"@éq ‘E}"lﬁ“&%‘&g YL 2 }R,Qeazﬂmgﬁ@s F‘Prﬁﬁ’ébbbf‘hepf%%a f9r each

of the Clx ect Z using
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proj ector 204 ayyt steb@ndfcaaﬁsicﬁtdog@pﬁ@él@ém%@s“coﬁﬂg)nﬁ@fz14 Rarputd Mer@/digheages
onto x- and y-axes to obtain x-projection graphs and y-projection graphs.

In other grapldshavigphobiggest pontedst pmeng thersecadroapdidsteryr aghsisyored herdis a
nunber from1 to I\3 -ama 11% ect or, 204 and the y-axis projector 205
out put1@ héoﬁlﬁ%ff‘&@{‘ B}‘iﬁéPé‘ﬂfHEa‘?’( SCHRNEREHNELL4] by pixel s of the pixel

Bt o- correl at i o seroiey ERIGaR diihirshlufify Sk RTnk e WIARANE XY
usi ng t he doefficitngs 4nll)scalkkeefie Rintiet @aplisnphctiaet yizd lﬁiigwﬂ cbnt24k8 asleécead s | ocal

maxi mums P magn (i) _and local mninunms of V magn (i), at which the
cal cul at edhigagh ki ﬂ@ﬁlﬁ@?’fé ey ethyer WP@Spwwr@ﬁ@tzanP@@f cleptdf 2graph baving

det t T t t.210 I I t
Phe mean dbe NEREHolnst SaEa e, § bEAGop, Blapli o6 st 35 4. 88054' ) anc
out putss t hgdieAGEV,. TAROf tﬂesﬁlenﬁaaﬂt@aﬁ@ieﬂrmfgrﬁﬁl RAAng e Pigicsihneat 212

receives the mean d and standar d deviation
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,, V5, V,, V], Z}, using the first
} indicator Vv, 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 abbve, 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, selects the graphs. satisfying the fornula (3) as first candidate graphs
(1st _CAND) 20 and stores the selected first candi date graphs, in which a’
"Sr a predetermined threshold. The second candi date graph
selecting/storing unit 214 applies nodified agglonerative clustering to
the first candidate graphs to select the sane as second candi date graphs
(2nd- CAND) . i:fying unit 216, as described with reference to
FIG 1B, cg%ﬁ?gﬁﬁ%gﬁhﬁﬁﬁlégs of graphs bel onging to each of the d, C2 and
C3 types to dengtr pfescntdfiventiod dah, bd\appiRactoNde fieddp o€ tinygd Prowsirdghor espect
to the second candi date graphs, and outputs data signals N indicative of
t he nunber sedrchingprbisicydl appbipatioppe. Al so, the classifying unit 216

determ nes predeterm ned wei ghts of the graphs belonging to 30 each of the
Cl, C2 and C3 types to then denote the sanme by W, W2 and W3,

respectively, and outputs data signals W indicative of weights to be
applied to each 15 type. The first indicator determning unit 218
calculates M as represented by the formula (4) using the determ ned
nunbers N,, N2 and N3, and the weights W, W2 and W3, 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 fornmula (2) and outputs a signal Cont_rmax indicating that
the cal cul ated contrast is biggest. The second candi date graph
selecting/storing unit 214 outputs the candi date 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-to-fifth

i ndi cator determning unit 222 determnes the orientation coefficients an
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,




among the y-projection graphs, is determined as a second indicator V3_ The
scale coefficient of a graph having the biggest contrast, anong the
X-projection graphs, is detshg%;ned as a fourth indicator V4. Al so, the
scal e coefficient of a graph fng the biggest contrast, .among the

i y-projection graphs, is determined as a fifth indicator V. 20 The texture

descri pt or, out AUhetHEM for 224 BRb S ANE : t descriptor, that
F : l‘J'Eﬁ?,aas ﬁ&@& E’%ggf’% 1 Z}, using the

is, the texture feature vecto 2]

| first indicattw fteripgtippnt fmages uéieg predstenhined dHters halbige differtit Bristibdion 218,

. the secong fﬁ?{eﬁ{égh fifth indicators V2, V3, V4 and V. output fromthe
second- t 0-Fi i ndicator determning unit 222 and the vector Z output from

the image rrean(byamhmu&&ﬁi fhliias Eﬂéq:i:wi'E&u@@@f&fﬁf&rs@hﬁ%ﬁ%mgﬂe%%‘%t ual

browsi ng cqnponents (PBCs) extracted from Brodatz texture I nages

si nul at i GA° §%ﬂ%ﬂ%¢@rqﬂ§m@ thisin dita Evpape consisting ofdveiages ofalirestivhbiGixc]
accor di ngahes:.t he present invention. As described above, according to the
i mage texturé descriptor retrieving 30 nethod of the present invention,
texture descri(o} celsctivg cimdidatoodathi grdﬂpsoim@@xuw@masg}gdggtwg LRGN an
i mage tO.CPaQi SLee tualdy captured can be retrieved. 16 Industria _
Appl i cabi |§§af’ﬁ ent invention can be applied to the fields of imge

browsing or  Sdpd&binfifingatplitE¥ielof AR S " A et hod.f or
. descri bi ng texture fea?%r_epfls gl}l@gn | mage. corrpr?rgnﬁag:gﬁf%ﬁjﬁi??l}r{f%aﬁ%@tqrﬁput
i mges u¥ ﬂgﬂ@%@%&@ﬁm@wmm@am ng di fferent orientation
coefficients; ] rmali zing the pixel values of the
filtered i nage(gj%grtlto ax%gg(?; eag%f%‘r%gg%fseafﬁ]i‘%@ﬁ“m BT R ths inegeai n dat a
groups consi sting of averages of directional pixel values; (c) selecting
candi dat g dat roups n he dat roups by a _predeterm ned
cl assifi g'at i oﬁﬂ_‘r%ré’?#@%ﬂ SYEh 1, Whorekn e ?a) fusther comprises (a-1) filtering input images
ustng predetermined filters having different scale coefficients, and the (d) further comprises

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

3. The method of claim 2, farther compnsmg(t) &ctcfmining another indicator based on
the presence of _'dfa:ta groups filtered by filters having scale coefficients or orientation
coefficicnts which are close to or _idcntical 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 variance of

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

5. Amethod for describing texture features of an image, comprising;
(2) generating regularity indicator indicating regularity of the image;
(b) generating direction indicator indicating direction of the imagc;

(c) generating gcalc indicator indicating scals of the texture element of the image;
and |



(d) determining a plurality of indicators based on orientation coefficients
of the filters wused in filtering the candidate data groups; and (e)

determning th I L f.J.0dkcatqrs the texture descriptor of the
imge. 2. he ol el p dbb ARRET of fiecitioss g Feuroa mpiiseer (e 1)
filteringdireioh indiggesnd ted s38e piddch@irer m ned filters having different scale

coefficients, and the (d) further conprises (d-11) determning a plurality
of indicators based on scale coefficients of the filters used in.

filteringgthe j : I «he nethod of claim?2., farther .
conpri si ng' (f) qﬁ%ﬁ%ﬁ%‘ﬁ?ﬂ%&g‘n%t g%?:?n w i(%)a‘i"ng“Béﬁs%"Be%’PPg 'hlﬁéegﬁ CRicaet dat a
groups fi Expessingitie fephlattysfimimage ssaoakof & pridlitg bfbdet iRl vRIakat i on
coefficients which are close to or identical wth the scale coefficients or
orientation -coefficients of the filters used in filtering the sel ected
candi dat e7dat a Toe ahdsed oF f | , 3 J.Si 0 )

cal cul ating the nmean gnﬁcéggﬁé%%ﬁheB?Egﬁigﬂ%mét%%&%’%%%fe%ﬁgh@;%ﬂg#rgt he
filtered Froagpeag thedepbarsy mfrhe dmpgeedebre of velies €'titregulan’s | Wightlyhercgdheul at ed
mean and ”r@é'u.il n "h?'hlAe%Efappd for describing texture features of an i mge,
conpri si ng: %a%?gen%r%fl ng regularity indicator indicating regularity of
the image; (b) generating direction indicator indicating direction of the
i mge; (o% geneﬁiati g scaie indicator indicating scale of the texture

el enent of t he TPRHEFERd A glaing £, wherein thy (33 epmprisss ggnegatingstharcguldetydndipttar  of
the i magewhish (kg cHgatugar i ndicator, the direction indicator and the
scale indicator. 6. The fethod of claimb5,: wherein the (a) conprises
generating the regularity indicator -expressing the regularity of the image

as one ofga pl i_Ly sofs pbredeterm ned val‘ues. 7. The nethod of claimb5,
wher ei n the (a;lﬁ%%{r?pmréfisogg%%%e?@?ﬁeﬂ’gﬁ?ﬁ% W@QﬂFeérﬁeﬁfaﬁ‘qﬁﬁﬁéﬁﬁ“Mmg ng
the regul expresgingthedivectiomg @nesf Dflerafify ofptddemintd (Al ar”, " slightly

irregular", "regular" and "highly regular 81 The nethod of claimb5,
wherein the (a) conprises generating the regularity indicator whichis

quanti zed,0. Nt €S method of claim 5, wherein the (b) comprises generating the direction indicator

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

11. The method of claim 5, whercin the (b) comprises géﬁerdtmg the direction indicator
which is quantized integer.

12. The method of claim 5, wherein the (c) compriécs generating the scale indicator
expressing the scale as one of a plurality of predetermined values,

13 The method of claim 5, wherein the (¢) comprises generating the scale indicator

-expressing the scale as one of values, "fine", "i:}eiii_i:lm"-, "coarse”, and "very coarse™,

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

15. . The method of claim 5, wherejin the {d) compriscs cxpressing the texture descriptor

-18



9. The nethod of claim5, wherein the (b) conprises generating the
direction indicator expressing the direction as one of a plurality of
predet erm ned val ues. 10. The nmethod of claimb5, wherein the (b) conprises
gener at i ngf thhémager ssatvicotor; i(the ireguap indiexqyy ths direndion frelichtoraht saale indicang. of

val ues; "no directionality", "0 degree", "30 degree", "60 degree", "90
degree”, "120 degree", and "150 degree". 11. 1le nmethod of claimb5, wherein
the (b) coppri sps @ ¢l b b9 BorhSiet inghE fird lged
nteger. 1 Tho e oLl 5 Ui Tl b B Bt ok the Bl Al

t he scal efdahwging dpminanesipreion ofidheimegescal e as one of a plurality of
predeterm ned val ues, 13. The nethod of claim5, wherein the' (c) conprises
generating the scale indicator expressing the scale as one of val ues,
"fie", "mEi un'The "mehss of claBid 6 WaEMICOR(EFcomprises : higk S
wherein tpewéig) c?rrpri ses generating the,_.(_s)z,al e&#ﬂq%ﬁ%{ﬂﬁ%%ﬁ%ﬁe fhlg&hﬁ
quant i zed™ PR &rale qosrespondingde indogtinat direation ofieimpge. t he (d) conpri ses
expressing the texture descriptor '18 of ‘the i mage as a vector, (the
regul ar indicator, the direction indicator, the scale indicator). 16. The

I met hod of 1&I ai fhheSnetivbé rodi ataitnh &6, (Wherciaotip (bl esmprisee rgehératng: hefirsh diggtibon

i ndi cator,_ Jfeaturing dom nanf. dir.eciiqn of the | e. 17. The nethod of
ol ai m 16, PERE AR Bikebhd EREhe melelor Hasiing Gt Aonrien direchien ehfisrimage
featuri ngaﬁcaadeemﬁm&nﬁﬁmﬂ&hmnto@ﬂichﬁagéz?ésﬂédﬁbclgjfection of the image, 18.
The nethod of claim 16, wherein the (b) conpriSes generating a first

direction indicator and a second direction indicator featuring a first

dom nant ¢4 r ecty t Hacle’s cond .dom nant directipn of the

i mage, regbﬁeqt Fi\f/lg yet_a{ole. e rréfvﬁlg%ﬂlo@eiﬁﬁ%%mfg?s EFREP e iﬁ:ﬁsc(a%m@ﬁml ses
gener at i nfataring seafe swedsponding todhofirst deminant dirgetionad faehe infidse 3RO B dédagd kaald he
first dom t_direction of the . im and g second_scal e _indicator

Feat ur | ngGeAPEfatFRE SHs ERargP PO L SEmE doBmATLirocars eisbe ghMeal  he

i mage. 20. The nethod. of claim 19, wherein the (d) conprises expressing

the texture descriptor of the image as a vector, (the regular indicator,
the first2Mir edb? Bisthod o eleima 9, Whessindhold) corprises ekmmssingdhemkirs ddsériptér r st

scal e | NAYCREL Urapd BE 2GR (B Foifrd"FhEREL the first divection indicator, the socond

direction indicator, the first scale indjcator, the sccond scale indicator).

21. A computcr readable medinm having program codes executable by a computer to
perform amethod for deseribing texture fcatl.i;;;._fc;ff; an image, the method comprising:

(2) generating regularity indicator indicating regularity of the imags;

(b) generating direction indicator indicati:dg direction of the image;

{c) generating scale indicator indicating seale of the texture eleraent of the image;
and :

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

22. The computer readable medium of claim 21, wherein the () comprises generating
the regularity indicator expressing the regularity of the image as one of a plurality of
predetermined values,
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21. A conputer readabl e nmedi um havi ng program codes executabl e. by a
computer to performa nmethod for describing texture features of an inmage,
t he met hod conprising: (a) generating regularity indicator indicating
regul arit g3.of tThe dompyeer reddableganitum tof ripirdi A1e eheeth 108 h)Candrist gineRtingd 9

di rection of 8qt{LlIie.i ma%e; (%2 _%g,ner ting scale indicator indicating scale of
the text ufts BN pndeatpr exmrorsiyg therrgiierty ofidhe imagerns ancrofwelues "tesgelar'pt or
of the i m’@i%hﬂﬁrﬁ@ul’af“?“&%ﬂ&\]"%d i'lﬁ@]ﬁégﬁf nthe direction indicator and the

scal e indicator.. 22. The conpute e gﬁl’e medi um of clai'm 2i,, wherein
the (a) conprises generating the regularity indicator expressing the

' regul arity,of I e of.a plurality of , predeterm ned val yes. 19
23. The c%‘?fput g?lgrcgﬁg’%fgéﬂﬁ@a? (RigEm 8% 8{%551“’8“\7‘1%&‘%25 RORPIIPE) SCEHABIS ses
gener at i n@erégmhmﬁ@djoafdrwjﬁdhﬁgihmﬁ%diﬁ%?&?ssi ng the regularity of the inage

y

as one of values, "irregular", ""slight irregular"", ""regular"' and
""highly regular". 24. The conputer readable nediumof claim 21, wherein

the (a) ¢ ri i . i i ndi.cat or, .which is quantized
nteger. 25 g caEBRtelkiRibie il BhL Bl oY, WRGHAhE o Rl weet
conpri sesthgdirestiabiimfcatorhaxprissing the divedtiodias b6 EpIRLRG D PRASBMIMI BRI ON as
one of a plurality of predeterm ned values. 26, The conputer readable
medi um of claim 21, wherein the (b) conprises generating the direction

i ndi cat or2&Xpr 56 cb@phter rliAES iedfnA S ( LEgStlLonality”,
"0 degree",."30 de I[)ee"f "60 _déegr ee:‘f%%g%e%@ééﬁ?helﬂ%ﬁgé%rg 5‘3,1 aifd” " 150
degree”. %y dirpplion fosrcxpecseia® [tk dizentiom asf ol off malud] "novidéreationalitife "0b)

conpri se emaf | ot (=T Lndi, r wWhich ,l uanti zed i nteger.
28. The i%%eﬁt’egégg%écabf@%g&gdn?@&% a’iﬁw?g%gr%éar“gi bT?q ﬁr) conpri ses
generating the scale indicator expressing the scale as one of a plurality:
: of predetﬁn‘i ngd val ues. é% Th& conl;plit,er Le dabl e nedi um of claim 21,
wher ei n t‘He (c? % PP yieteadable madinm of qlajm 2h ayhersim thecth) spmpmigss @ensratigst he
scal e as thadiretioy Blditasor whidh i QuantizéERlicgsd , "coarse”, and "very coarse”..

e

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

29, The computer readable medium of claim 21, wherein the (c) comprises generating
‘the scale indicator expressing the scale as one of values, "fine, "medium®, "coarse", and - -

"very coarse”,

30.  The computer readable medium of cl'aim'il; whcrcm 'fhé (c) comprises generating
the scale indicator which is quantized integer. .

31.  The computer readable medium of claim, 21, wherein the (d) comprises expressing

the texture descriptor of the image as a vector, (the regular indic&tor, the direction indicator,
the scale indicator),

32. The computer readable medium. of __dléi_ii;_—Ql, wherein the (b) comprises generating
the direction indicator featuring dominant direction of the image.

20



30. The conputer readabl e nmediumof claim?2l1, wherein the (c) conprises
generating the scale indicator which is quantized integer. 31. /The conputer
readabl e nedium of claim 21, wherein the (d) conprises expressing the
texture descriptor of the inmage as a vector;, (the regular indicator, the
di recti on33.ndi Gakeaomputehecadalst enddivh ofithin 32 3R herdinethe Geisindesdscfedabling
medium . of clajm 21, wherein th(g_agb conpri ses .generating_.the direction

i ndi cat or é%ﬁ’rﬂf@t%m&ﬁﬁcﬂﬁ: pngsto fhedomigagt direstion of theweageonput er
readabl e medi um of claim32, wherein the (c) conprises generating the

scal e indicator featuring scale corresponding to the dom nant direction of
t he i mage34.34. Thagompniptireadablemddibineofiviadinia® wherelnathen(|9omplises gemerdting A b)

"l cat or SREGRGRPR{Horehd RsrPnd iR miesh RePirindrico GRS pb g
dom nant fhef188dd Md akcdnd o MAEdirdcEERNBLhE URdeY; redRctivdlg conput er readabl e

medi um of claim 34, wherein the (c) conprises generating a rust scale
i ndi cator featuring scale corresponding to the first dom nant direction of

t he i mage;< and i neh ‘ Iy e \ nding to
the secont do m@g%tgﬁgﬁ%a%tg tlﬂct)’ ﬁe hg& h@ﬁ‘!’eﬂ?mrrégjg? H@gr@&liﬁg %3 § H@g{l‘i{ee? Sg?%é . 'ét‘lglgde

medi um of fisst siale iBdicatahfentaiing sdude ¢obesmmdingits ¢@ fatafopdfdnd directibe of B inisig
descriptor of the,inpnge.as a.,vector, (the reqgular jndicator, tthe first

di rect i on®™ HEfcRn eale ol oREng e Enrspoie by ?ecewiagmnsnt dizeaffan

i ndi cat orgf thbmapgcond scal e indicator). 37. An apparatus for describing
texture features of an inmage, conprising: generating unit to generate
regularity. indicator indicating regularity of the imge, direction

i ndi cat oraq4 ndi [ ' ' . | ']%9 nd.scal e.indicator indicating
scal e of 3dt'he ?gétoggg%%%%?@#ﬁﬁu%& ‘lfrage;?s’a‘ﬁﬁm:&@%e@icﬁlapﬁsﬁf fXRIgSING

expr essi nijje dextterct doseripersof thet inragefasth eectarp (e wequlg inlicatbeahd Gfst dirbdifbncat or,
the direction indicatar,.and the scal.e indigatqr. 38 The apparatus of claim
57° wher antieaeh e SRR R ARG e e S iadlontes droserond ofln ooy
expressing the regularity of the inage as. one of a plurality of .
predeterm ned val ues. 34. The apparatus of claim 37, wherein the generating

uni t genetiat esAfEP3ralys fordpsopibing toxture features of an image, comprising: |
generating unit to generate regulavity. indicator iﬁﬁiéating régﬁlarity of the image,
direction indjcator indicating direction of the image, and scale indicator indicating scale of

the texture clement o_ffhe image; and . _
expressing unit to expressing a texturc descriptor of the image using the regular
indicator, the dircetion indicator and the scale indicator, '

38. The apparatus of claim 37, wherein the generating unit generates the regularity

indjcator expressing the regularity of the imagé_ Aég_png of 3 plurality of predetormined values.

39, The apparatus of claim 37, whercin the gencrating unit generates the regularity
indicator expressing the regularity of the image as ome of values, “iregular”, "slightly
irregular”, "regular” and "highly regular”, |

40, The apparatus of claim 37, wherein the generating unit generates the regularity
indicator which is quantized integer.
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i ndi cator expressing the regularity of the inmage as one of val ues,
"irregular,,, "slightly ‘irregular", "regular"” and "highly regular"”, 40.
The apparatus of claim 37, wherein the generating unit generates the
regularity indicator which is quantized integer.. 21 41. The apparatus of
cl ai m 37, 4wher dihe ipperapenef alsimBAnihergribe gregatitgemdl eongriten the digctian or

expressing the directio -one of a plurality of predeterm ned val ues. 42.
The appar HHFA0ELXRPSHIR tﬁq?&%@@pg_?pqqulpggﬁétyﬁpﬁgﬂ e‘%"@ﬁf’g’?'at es the
direction indicator expressing the direction as one of values, "no

directionality", "O degree", " 30 degree", "60 degree", "90 degree", "120
degree", d4hd "IT3O gwgrabe’ of 4BIm TIVe vrpein dhe Sendratinga it Feoersipethe dirgokian

generating unjt gener.at t.he direction. indicator waj S iz &

ot eger ey AERSRE I fecl b B rellbh o sty Rkl s %0

gener at es dédige"s'El RgichY I"sRdeec" SN0 dogredtpariid e 58 daree™as one of a plurality
of predeterm ned values. 45. The apparatus of claim 37, wherein the
generating unit generates the scale indicator expressing the scale as one
of valuesys"fing.,, LURF Wi (TN g " TBGactio

|] appar at us436f cﬁgﬁen?pé’%%\ﬁmgfr é’?‘“&“f‘ﬁg vglgeﬁeeurl gggr%ﬂ %%gcg’gﬁlgr%%?%%@&ee@gaﬂ%

1 i ndi cat or indidator hvhich ig gaartizedthtdgat eger. 41. The apparatus of clai m 37,
wherein the expressing unit expresses the texture descriptor of. the inmage
as a vector., (the regular indicator, the direction indicator, the scale

i ndi cat or y4. 48.ThENSpaRRE bR Clain 37, whertil (B gendbing ivhit gbferged @ik aédld fhdieaiok
generates the di rec?i on indicator featuring dom nant direction of the

i mage.  49exprersingshragcaless one ot pinralityof prgsleteatined Kaluefener ati ng unit generat es
the scale indicator featuring scale corresponding to the dom nant
direction of the image. 50. The apparatus of claim 31, wherein the

gener at i ngs.u ziThegppantis of chirh 37 swhatindbe zowrating snid grmwatesilic acadeindivdtor
[direction indicator featurin fisst, dom.napt, directi.qn of thg-inmago,

and. a seEOREIGIRTAE 2 ePael Ao P homEEE, "opars et v yoorss)

46,  The apparatus of ¢laim 37, wherein the generating unit generates the scale indicator

which is quantized integer.

47. The -apparatus of claim 37, wherein the 'expressing unit expresses the texture
descriptor of the image as a vector, (the rcgular indicator, the ditection indicator, the scale
indicator),

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

| indicator featuring dominant direction of the image.

l 49, The apparatus of claim 37, wherein the ’g-eneratiﬁg unit generates the scale indicator
featuring scale corresponding to the dominant direction of the image.

50. The apparatus of claim 37, wherein the generating unit generates a first direction
indicator and a second direction indicator featuring a first dominant direction, of the-itmage

and a second dominant direction of the imagc, respectively.
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51. The apparatus of claim50, wherein the generating unit generates a
first scale indicator featuring scale corresponding to the fir'st dom nant
direction of the image and a second scal e indicator featuri ng scal e
corresponding to the second dom nant direction of the inage. Th
appar at ussnf c|Thienapparatwshef elaimt b Wemelnathe rggneraing Q@Hﬁeﬁcﬁﬂé@s tah st éi‘ﬁ‘"ﬂr e

descriptor of the .inm s a_vect h i
di rect i onié #FGWEQ‘?WEQFF@C g@&%ﬂ%’dg‘?gr@c{h ?Hgi n#‘catodrﬁgb e ftlhﬁgl?g% 5‘{‘12&
i ndi cat or g L he SRCARRafkE Bafirinddicsla tBfdspoding to the sceond dominant direction of the

image.

52. The apparafus of claim 51, wherein the gcnéra_tiﬁg unit generaics the fexture
deseriptor of the image as a vector, (the regular indicator, the first dircction indicator, the

second dircction indicator, the first scale indicator, the second scale indicator).

SR
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