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(57) Abstract

A method for retrieving an image texture descriptor for describing texture features of an image, including the steps of (a) filtering input
images using predetermined filters having different orientation 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) selecting candidate data groups among the data
groups by a predetermined classification method, (d) determining a plurality of indicators based on orientation coefficients of the filters
used in filtering the candidate data groups, and (¢) determining the plurality of indicators as the texture descriptor of the image. The texture
descriptors which allow kinds of texture structure present in an image to be perceptually captured can be retrieved.
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image texture descriptor for describing texture features of an image, including the step
input images using predetermined filters having different orientation coefficients, (b) projecting the

filtered images onto axes % i el?Eq:ffﬁi'QN% j l?ﬁtﬁ groups consisting of

averages of each directional pixervaltes, (e) selecting candidate data groups among the data groups
by a predetermined classification ANDAPRA RATUS THERB@ERIity of indicators based on orientation
coefficients of the filters used in filtering the candidate data groups, and (e) determining the plurality of

indicators as the texture descriptor of the image. The texture descriptors which allow kinds of texture

structure presgpidRdfidinage to be perceptually captured can be retrieved. 1 IMAGE TEXTURE
RETRIEVING METHOD AND APPARATUS THEREOF 0 5 AUG 2003 Technical Field 5 The present

inventién relates tBhe MEasesy HVEHinTaralissIPratmehiod AqdiRpRasaisuios BRIEIEYRE 2Bnd more
particularly o, An {RARE LRGP SEHP Rlofe IEMIBMRRINGY RY RIBRY RAAAS KU fRsFriptor which
is used in searching and browsing an image and describes texture characteristics of the image, and
an apparatesritsanegaiethod for retrieving a texture descriptor which is used in searching and
browsing an image and describes texture characteristics of the image, and an
apparatus thereof.
10
Background Art
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 filter
15 extracts a texture descriptor consisting of coefficients obtained by Gabor filtering.
However, although conventional image texture descriptors consist of numerous

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

descriptor.

20
Disclosure of the Invention
It is an object of the present invention to provide a method for retrieving an
image texture descriptor which can perceptually capture the texture structures present
in an image.
25 It is another object of the present invention to provide a computer readable

storage medium having a computer program stored therein, the program being

arranged such that a computer executes the image texture descriptor retrieving
method.

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

30 descriptor retrieving apparatus which performs the image texture descriptor

retrieving method.
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including the steps of (a) filtering input images using predetermined filters having different orientation
coefficients, (b)Ppsefeetirey wridiinrapsfiiignsonfcheédterseassd Srpfdtrniaentieecatiisiate data obtain
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10 image.

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

15 The image texture descriptor retrieving method may further include the step
of determining another indicator based on the presence of data groups filtered by
filters having scale coefficients or orientation coefficients which are close to or
identical with the scale coefficients or orientation coefficients 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 respect to the filtered images, and
obtaining a predetermined vector using the calculated mean and variance.

According to another aspect of the present invention, there is provide a
method for retrieving an image texture descriptor for describing texture features of

25 animage, includes the steps of (a) filtering input images using predetermined filters
having different scale coefficients, (b) projecting the filtered images onto axes of
each predetermined direction to obtain data groups consisting of averages of each
directional pixel values, (c) determining a plurality of indicators based on scale
coefficients of the filters used in filtering data groups selected among the data groups

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

the texture descriptor of the image.
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describing texture features of, ‘
standard deviation to the average of the local maximums is less than or equal to a
predetermined threshold as first candidate graphs, (g) determining the type of the
second candidate graphs according to the number of graphs filtered by the filters
15 having scale coefficients or orientation coefficients which are close to or identical
with the scale coefficients or orientation coefficients of the filters used in filtering the

selected second candidate graphs, (h) counting the numbers of graphs belonging to

the respective types of 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)
determining the orientation coefficients and scale coefficients of the second candidate
graphs having the biggest contrast as second through fifth indicators, and (k)
determining indicators including the first indicator and the second through fifth

25 indicators as the texture descriptors of the corresponding image.
The image texture descriptor retrieving method may further include the step

of calculating the mean and variance of pixels with respect to the filtered images, and

obtaining a predetermined vector using the calculated mean and variance, wherein
the step (k) includes the step of determining indicators including the first indicator,
30 the second through fifth indicators and the predetermined vector as the texture

descriptors of the corresponding image.




an image, comprising the steps of (a) filtering input images using predetermined filt sl érqg).d?mt
orientation coefficients and different scale coefficientd, (b) 5 projecting the filtered im egg

horizontal and vertical axes to obtain horizontal- axis projection graphs and vertical-axis prOJectlon
graphs, (c) calculatingliémesmadiged ausocenregiaiinmdneddraidk Ghappiefsublyistepiotss
maximums anq) ?ﬁé i mﬂg Wh normalized auto-correlation value, at which the calculated
normalized auto -correlation values torms a local peak and a local valley at a 10 predetermined
section, (e) defining the average of theMecal maximums and the average the local minimums as
contrast, (f) selecting graphs in which tEa rAfim of kP @andard deviation to the average of the local
maximums is less thar}]\péegs | to_.a_ptedetermined threshold as first candidate graphs, (g)
determining the type o
filters 15 having scale coefficients of dridtftétina k()@‘ldi&(m)vhlch are close to or identical with the
scale coefficients or orientation codfietents of the fiaters used in filtering the 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 gakeRalianisesyra@uemmedfipdsindicaieigeenatitulipg: adeereodeses BN N
determining the orientation coefficients and scale coefficients of the second candldater{grjggs having

}

the biggestcorRix&fad BEIRPBHISNGH TRRIGSRINCEADS 1aMBNE ddict RINRRS TnfirBdrda g the first
indicator and the sieeqa! FBHOBXHEEs A BTSN SRR pESIHSS ¢ P RS &hie ey esgrnding
image. The image texture descrlptor retrieving method may further include the step of calculating the
mean and vari@igetdf BixermbRHBplett & the filtered images, and obtaining a predetermined vector
using the calculated nﬁ%%@ﬂ&a‘é@'ika@&‘érﬁﬂ’i}ﬁ%e}@ 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 ofjthg orrespondlng imia

contrast = yY; P _magn(i)- Qj V _magn(i)

i=]

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:

§ fa
d
15 wherein d 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

ond didate graphs according to the number of graphs filtered by the °




405 AUG 2003 The normalized auto-correlation, denoted by NAC(k) IS preferably
following formula: N-1 EP k)P(m) NAC(Kk) _ "=k N-kN-1 Z P2 (m - k)J P2 (m) m=k Egﬁﬁswma

predetermined positive integer, an input image consists of NxN 5 pixels, a pixel position is

represented Ry b Whergdiigia B@ﬁfﬁ@m datfitiai8raphiasuaR@IAP hpe graphs eddrdydls of the

pixel position Tis represented by P(i) and k is a number from_1 to N, The contrast is determin
ed as: |
1 L contrast :thﬂll‘é ITMga(’ﬁPh hpxm&ﬁgk(uw Pfliniﬁlﬁihéﬂﬁfﬁ?’%‘ég‘ﬂe@f‘ﬁ WIUHRISAQSE R the local
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following form gIa are s as first can%ldgl.tle grapr‘?émg <a %@115 wherein dﬁan S gzgtsh&e/ a?/erage

ﬁ]r;?uztggtgﬁédsﬁgﬂ?gpa g):albte Io;:al maximums and a is a predetermined threshold. The step (g)
identical with those o é%’:ﬁ'i‘l nclude s t e DR 5B EERRNS nIMEROTGA SRS BERAGHRN GOeficients
each of the first through thll‘d types of graphs and determining predetermined weights
for each of the types of graphs.

After the step of (f), there may be further included the step of applying a
predetermined clustering algorithm to the first candidate graphs to select second

10 candidate graphs.

The predetermined clustering algorithm is preferably modified agglomerative
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,
among the vertical-axis projection graphs, is determined as a second indicator; the
scale coefficient of a graph having the biggest contrast, among the horizontal-axis
projection 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
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)




graph and one or more graphs having scale or orientation coefficients close to those 20 of the ,
pertinent candidate graph, classifying the pertinent éandidate graph as a first type@@pﬁ“@zzmaere,
are one or more graphs having scale or orientation coefficients identical with those of a pertinent
candidate gragfichlatihg eormadizadiphitdiaoimglaidele wiussciangechcprapivicidis dlitasring teoske of the
pertent canMRIR L A B AATRSEr aoR b NS AE G ARG G 25,2 second
type graph, anc?)fg- it fhere e no graph having scale or orientation coe ficients Identical with or close
to those of a whithntet cdodctedengraphizeth asitycw télatjper vabre formd ial khead) pepk agla lteud type

h. 5 The step (h) includes thy f coynting the nymber of belonging t fthe first
rough i BB BRI SR A A R L T A RS A0H ofcraphs

After the stepthé dyetageaioaydae mififisamehreshtrastel sélapigingaphpRoetachimedaiystering

algorithm to the first candidate graphs to select second 10 candidate graphs. The predetermined

clustering alg8Fithersiansiand Ay yRBdnide AY5IasrePhite Ioqab mAKUSIS As 1SR tharRE €344 (), the

orientation Copffi¢iRiieRirmaPRANNE RTLIAARSIGROFATn&TD U HitnhiaHE AR 5T fRojection
graphs, is determined as a 15 second indicator; the orientation coefficient of a graph having the

biggest contrageoaserrylifate eniphs AASIBRIRECHR thgr AR fetsrphindiligrd bydbadieIator; the
scale Coeff'C'%Mfgfasgg?eDBo@ﬁYm@%P&@&ﬁ&ﬁ%%%éﬁﬁﬁ@ﬂ&%ﬁﬁﬁQmmgé-%i& RIgiREHPN 9raphs,

Is determined as afourth indicator; and the scale coefficient of a graph having the biggest contrast,
among the vewtitathaxisapy ojeafficreniapherisnt2@odatecfhigiettaofatlifthl ieksivaedrinihlecseptliy may

include the Stgae%[e §§£®AH'@%H}9%§{§5H§:' l{%ncg)gﬁ?ufllést e numbers of graphs belonging to
the respective types of second candidate graphs and determining predetermined
weights of each type of second candidate graph, (i) calculating the sum of products
of the counted numbers of graphs and the determined weights to determine the

15 calculation result value as a first indicator constituting a texture descriptor, (j)
determining the orientation coefficients and scale coefficients of the second candidate
graphs having the biggest contrast as second through fifth indicators, and (k)
determining indicators including the first indicator and the second through fifth
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 or orientation coefficients of the filters used in filtering the selected candidate graph,

and second indicator determining means for determining a plurality of indicators




indicator, the second through -fifth indibators and the predetermined vector as '
na the textur rs
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the second object of the present invention, there is provided a computer readable medium having
program codeg.Sxpaigble, by ARAIRVHLIS RRHRGH eodtpidiestdor ke mag sexduierlestptor for
escribing texture features of an image, the method including the steps of (a) filtering input images
?s;r;%oﬁerstc_ietef[lhmﬁdrﬁggcsl lranihidagéffenaphtsorientation coefficients and different scale 30 coefficients
ing the filtefed Images orﬁo hari og%, verti "J i el Qx| jection
: ] ima A ) %@ projection
graphs and vertlcal-é?é f)‘r'sjec%&h g%%ﬁss,%fc) %%FSQ f&ﬁ%%:)tgg?c%l%tlgting nogﬁngﬁgﬁgﬁegﬁgécorjrelation
\allaltues for F?_C&%ﬁliptbr(déphwngdgaakmaﬁmm arfdaindetaginitherappropea dndndivalized
uto-correlation values, at which the calculated normalized auto-correlaii cal peak
ahnd a loca? véﬁ@?&ga“ﬁf.bé%‘i HiGHoE %fdﬁ}a(%ssdéﬂ%gr&%%g%}%%%I#gt#eﬁ%%ggr%{gﬁrr%ﬁs ar?d 5
Eie?/ ;\t/i%rr??s ttr']‘ke?ri'é}ﬁﬁhaﬂ' w&mf cf E?al éiﬁ?C@ﬂH afifféfeaeleniio g arffitients wirichrtige reganbiaghanseandard
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first cand|dateCgi@ﬁh@?@’ﬁéf@ﬁﬁﬂ%‘éafﬂ@tM%é“gevﬁm%qﬂuﬁﬁiéﬂs d?éf%f{gsgg%tr% iy rg ?hg e
”lumbef of graBF%f%'tﬁ[&?é%y iheditersmbaymeanale sralisionisaredantaling cnefiianseshich are
close to or identical 10 with the scale coefficients or orientation coefficients of the filters used in
1;|‘Lt;arler}1(g:;t i'\t/he smm?mm@amm@cgmpnﬁ,t fay EES’J?&?H@H‘?@ HlerebiRages APRIWHSAGhg to the
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and local minimums for each auto-correlation value, at which the calculated

normalized auto-correlation values forms a local peak and a local valley at a
15 predetermined section, a mean/variance calculating unit for calculating the average
of the local maximums and the average the local minimums, a first candidate graph
selecting/storing unit for selecting the graphs satisfying the requirement that the ratio
of the standard deviation to the average of the local maximums be less than or equal
to a predetermined threshold, as first candidate graphs, a second candidate graph
20 selecting/storing unit for applying a predetermined clustering algorithm to the first
candidate graphs to select the same as second candidate graphs, a classifying unit for
counting the number of graphs belonging to each of the respective types of the
second candidate graphs, outputting data signals indicative of the number of graphs
of each type, determining predetermined weights of the graphs belonging to the
25 respective types and outputting data signals indicative of weights to be applied to
each type, a first indicator determining unit for calculating the sum of the products
of the data representing the number of graphs belohging 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




texture descriptors of the corresponding image. 20 Tgachieve the third object of th
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Alternatively, there is provided an apparatus for retrieving an image texture descriptor for describing

texture featureseiaraogfhgientel appeaph e the §iagestikennastrmiopg | tbeibgiinontahaxdes using
predetermined fj 1AVi [fferent prieptati flicient iff icients, an image
mean/variance ﬁéﬁ%%ﬁ?%%&ﬂg’fés%a%g(fgtli%&ﬁggﬁ’e%ﬁr{? QF\% %g%%(fi:%gé‘%ﬁfg}seﬂ v}%? Egs%&?%o each of
the filtered matfesbmgt siseniagy, apragetbervattdalesio posiegitiegcaphsloaed fifitbaindicatenriance, a
projecting unit it projeciing the fiersd mages anfo horzonial. 1 avdverieel axesle dbialy
horizontal-axis projection grap%s ARG VEHIRE-aXs pro;e?:‘tlon g%apﬁs, a calcu ating unit for calculating
a normalized atliesagth€ifitiandicatoes tnidahe p@nrndnedaledetentihodgnatyzgnyeconidbindetacting local

maximums and local mipnimums for each auto-c?lrrelation value, at which the calculated :
result as the texture descriptors of the corresponding image.

15
Brief Description of the Drawings

The above objects and advantages of the present invention will become more
apparent by describing in detail 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 W
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.




normalized auto-correlation values forms a local peak and a local valley at a 15 predetermin ﬁ
section, a mean/variance calculating unit for calculating the average of the local &&.Aﬂ&si B3he
average the local minimums, a first candidate graph selecting/storing unit for selecting the graphs
satisfying the requirggagptiipideGatia gidwamgianinidcexiatodds timaverageiog thethoehl
maximums be less than or equal to a predetermined threshold, as first candidate graphs, a second

_ candidate graAs80IBE|dRtHhE/ PSR} IRYERSIORy ASTHEN RS EHL Y 1 Ao BTERRESMHBEI RSSRLS to the first
candidate grai%'g]esg%? Sﬂ%&m%ﬁg%&mwi%zelng&MdﬂﬁsiMmbimss:wnting the

number of grap élonging to each of the réspective types of the second candidatedgraphs,
!

outputting dathlwipdalsinglie Bekonifilier stebd POF. g rEph SHruAHes pe comtbmiedRy fileermined
e o iR S HEEPR IR, TRARRERA Y BRRA SR st GaimtAar . o

weights to be each type, a first indicator determining unit for calculating the sum of the
products of thigadl@ta sapre€geménpredetemminest pisitiaphistogtshgthe mpuhimagpds ek Bhata
representing the weights t?ﬁ‘lg(a lied to each type..determini g, & IRUting dherralgwation result
as a first indicHsTEBACRE é"ﬁeggipen etgélﬁgtégr?gf%gﬁt{m%ﬁw?jg ca&ulyating unit for calculating the

contrast accoggipentofiaenudapi Ging2hdndyefdiiesaliimagkom the mean/variance calculating unit
and outputting a signal 8 0 5 AUG 2003 indicatiré? th%ﬁthe cal(iul?g?e% %ontra% igf I gdéxzsecond

candidate graph seI&ﬁﬁﬁg?@f’oﬁ‘?ﬁ@"LﬁﬂfifW&ﬁ]ﬁﬁj rﬁ} 8 AhEdaté grap%se %ving e biggest contrast

among ”i(? segapd GRAflidRtepraRES:HtPNeshthoreiBra iespeiiaedasing dignatindindiagiativat the
calculated contrast is biggest, a second-to-fifth indicator determining unit for 5 determining the
orientation coéffpidii2df a graph having the biggest contrast, among the horizontal-axis projection

graphs; the orientati%ggef{ﬁ%i%t‘gfeg msh@gn&@g&t&';ggﬁﬁ; Gondfiasly - arn@ thdaartical-axis
projection graphs, as a second indicator; the scale coefficient of a graph having the bi%$est contrast,

among the hofizsjateioaxisrapivconbry qrepessicn arapth(eRcAdh and Mo MR ESEHEER of a graph
having correlation (NAC) value for each graph P(i) (i1s a number from 1 to N) denoted by

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

N-{
Y P(m~k)P(m)
NAC(k) = N_"‘“" .. 1)
Y PX(m—k)), 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 k is a number from 1 to N (N is a

positive integer.).
20 Next, local maximums P_magn (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):

1 & 1 & _
contrast = I/I—Z P _magn(i)— T Z V _magn(i) ...... )
i=1

i=1

25 (step 110).




10 the biggest contrast, among the vertical-axis projection graphs, as a fifth indicator, and a texture
descriptor output unit for combining the first indicatorj ghe second through fifth ino”:@oﬂjﬁdlﬂgs
predetermined vector and outputting the combination result as the texture descriptors of the
corresponding image AllSoBriké Resuispsinis ffitiget Ry Follogangh éoabrave @)jeets saistrdvantages of the
present invention will become more arent by describing in detail preferred embodiments thereof
with reference cf‘gn#;{ a%tt%@l?gﬁnéﬁgﬂliﬁgg:in which: 20 FIGS. 1A and 113 are flow diagrams showing an
image texture descriptgr retrieving method according to the present invention; FIG. 2 is a block
diagram of an image textupe desd@ptor retrieving apparatus according to the present invention; and
FIG. 3 shows perceptifal browsing components (PBCs) extracted from 25 Brodatz texture images by
simulation based on the image texture descriptor retrieving method according to the present

invention. Bestwhedénfer sadningewhdhevbrgation Ihhtpmanaieniembpdipasta piiheimasent
invention will be described in detail with reference to the accompanying drawings. 9 0 5 AUG 2003

Referring t8 FIG-288hGATY Shiadyedetemipingd serspifetrieving method according to the present
invention, assuming tR@féNriﬁg’"t@ﬁ@ﬁtﬁﬁmﬂ%‘iﬂ%%@om&?&%e%ﬂxﬁ‘&%%&é:)ﬂf#ﬁ@@?ﬁ%%?&N)_(N ‘

pixels, for example, 128x128 pixels, is filtered using a Gabor filter (step he Gabor filter is
constituted by st ag, grrhsiftersalesticseeansh eardittaintsrapis diffiernt Kale doofiivifitd.

Assuming that, (] ad G4 AreedsiernngshRasiive iIntegets, fhe inp tol A is filtered by, filters
having C1 kindds&of orientation coeffic%?entsgmgnd C2 kinds o sc{gfg coé;‘fig&er@sﬁ;gcgn%éég{mrgfoutput Cl
xC2 kinds of fikggtemmades. Mestering rdisalosastl bariBnCe dyiremndrd cBlcdatedifor'®aabraf the Cl

xC2 10  Classification and Scenc Analysis, John Wiley and Sons, New York, 1973," which

will now be described briefly. First, in N graphs P,, ...., Py, let the mean and

standard deviation 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 M, clustering is stopped. 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 C;

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

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

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

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

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

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

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

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

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

30 coefficient graphs or certain-orientation-coefficient graphs.




-10 kinds of filtered images, and then a vector Z is obtained using the mean and variance (step 102).

Then_, thg filtered images are projected onto x- angy-axes to obtain x- projection phwag 3
y-projection graphs (step 104). The normalized auto- correlation (NAC) value forgih graph 8 (lisa

number from 1 to Yy, desitagifly, ApsNATCH dasealmdriercby dhe daloyinwiograpasBavMNAC(K) = N-1
Ky P(m) Y, P(...... (1) tn=k N i N-1 P2 (m- k)l P2 (rn) m=k wherein a pixel position is represented by i,
the projectidealgpherisnsationcerplfisizals idemsicalivdihthase 0 ArRerinemt SARARIE BAPkNd K is a

number ffogqxlgtgnd;ég%? (ﬁ fe %ﬁ%‘éﬁa@ﬁ%@a@%ﬁkﬁ%‘éﬂ%%%ﬁ&%ﬁé Blofeagnisang dacal

minimums ch the calculated NAC(K) forms a peak and a valley locally at a

predeterminpeitisenticandidatstgsapbd (beeperiByniNandicaterasans defssitiedias sdfidviipg formula (2):
130, 108 Qr iSSP R et A sl it REPE IR IE (o 112y
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 graph, the pertinent candidate graph is classified as a C2 type graph.

Third, in the case where there is no graph having scale or orientation coefficients

10 ide_ntiCal with or close to those of a pertinent candidate graph, the pertinent candidate
graph is classified as a C3 type graph. Then, the numbers of graphs belonging to
each of the C1, C2 and C3 types are counted to be denoted by N,;, N, and N,
respectively, and the respective weights of the graphs belonging to each of the Cl,
C2 and C3 types are counted to be denoted by W,, W, and W, respectively, which
15 will be described below.
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).

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 xX-projection graphs, is determined as

25 asecond indicator V,. Also, the orientation coefficient of a graph having the biggest
contrast, among the y-projection graphs, is determined as a third indicator V,. The
scale coefficient of a graph having the biggest contrast, among the x-projection
graphs, is determined as a fourth indicator V,. Also, the scale coefficient of a graph

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




S<a..... (3) wherein d and S are the average and standard deviation of the local maximums 5

P_magni (i) and a is a predetermined threshold. Refefsng to FIG. 1B, modified agglo@éaMG 2003 :

clustering is applied to the first candidate graphs to select second candidate graphs (step 114). A
modified agglonndiediee ¥lustering algorithm is an appropriately modified algorithm of agglomerative

clustering disclosed byk‘?.o. %udta andJ?.E. Hart in "Pattern 10 Classification and Scene Analysis,
John Wiley and Sons, NEREVBf Y 784UAMER WiftRERINsd R Lsisien bh8nighe-segond Nhipughs P, ...

PN, let the meafifnéhditanstery gevjaignad dislangand obasrZ RRamBR 4 iRtk StepNd£agHR 9raph

have a two-dimensional vector corresponding to (d;, S). Now, P; is clustered using the two-
dimensional vedf MG AESTIRR At AS;, tBS é?é‘%‘l?ofﬁé‘.“ﬁ&gﬁﬁmhg'%ﬁﬁt 0 d asited Y5 Num¥ek: of
clusters is M, wifhh ggipeci9 initial number of clusters N, each cluster C; can be expressed such that
C,={P,},C2={P2},..,CN={PN}. If the number of clusters is smaller than Mc, clustering is
stopped. Next, two cluéddEee fissidndicataely , andieatestadrighrie Yed of stauerantdneas® Hihainxaire the
distance betwe . is @r fral [ clustering.is.sto .
Otherwise, C; a%r)?d %i aé%gagcréé mlgrgﬁég?tjetsoéggr%geg{gﬁgﬁgﬂl‘%&%\?‘VM{%@%‘ 'Itlﬁ?s ﬁfg{cé%rcél%?fgﬂeatedly
performed until tepreagmbanivvé chedkdhs stachosdngredttherxatenfmhémapeerThensagdhmélustered
clusters, the cluster, having.th st araphs is selected and graphs in the selected cluster are
selected as ca#Z’ﬁ%té“S rlgl%tt%)srg I\rl{é?/v?ﬁge ggcrgﬁtrf %%‘ﬁd?éi’é)tqu?gﬁ’ﬁ% ard ERAHARY TRed™ tt%es (step
116). 25 Tite classificatioasisipedjometmesordirgftmtiveand fifve irfigraph 3/fikasw hygréiter having
scale or orientation coeffjc%gnts hich “a’ﬁf lose to or identical with those of a filter used for filtering the

second candidaté AP Y ieitantl, e mesiredness 45 carprsd astion, the graphs filtered by

a filter having a certairraealexapefteinipsa KonsEaniOae RN Foiligeatavilk haselgredio as

certain-scale- 30 coefficient graphs or certain-orientation-coefficient graphs. 11
searching-retrieval applications. Especially, the image texture descriptor retrieved

by the image texture descriptor retrieving method according to the present invention

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

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

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

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

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

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

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




0 5 AUG 2003 In more detail, first, in the case where there are one or more graphs having scale or
orientation coefficients identical with those of a pert{gent candidate graph and one or@nﬁr

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

candicate or3ph s Hasiii s & GNP SARRSRCH W BHIE R HEIR DS AR e of more

graphs having'scale or orientation coefficients identical with those of a pertinent candidate graph but
there is no gregsh, Havintly sod|difth dndivatton ¥eeffidiohtsepossenting dse ojutipedtisvates ¢gandidate

graph, the pertinent,candidate qraph.is classified as a C2 t raph. Third, in the case where there is
no graph hav‘?é‘d%cé%sgfuc?rleﬁga Fogrgl] Cod a|ltcl:l|£36n s ﬁd%rﬁtfé%f{a\?\ﬁ%][%o@r tg otg(raet%eﬁ%g é% ot 8F|<§é¥ﬁinent

candidate grambagéheiewineni dwndistate-dgseribad eimbadimbas B (sedyineagdequiniptiverseiise numbers of
graphs belonging to, each of the Cl, C2 and C3 types are cqunted to be denoted by. N1, N, and N,,
roapoctiacly IR 8 POL Rt oL RSP Y £5 RE LI R PSR €5 types
are counted {adehaiaiadtiRy ¥ hn\imagnicaMdcaisisneniRitcwliplurdbindichedessnland below. Now,
using the determined numbers N,, N, and N3, and the weights W,, W, and W3, the following

calculation is“ﬁ%‘?f@ﬁﬁ@ﬂ: tpes. deperippor(s) qfiythe: ipAgseintherebis Mssabersrdstraibed a first
indicator V, caps5iiRaE Gt Ifeledencairiirieifm bithd ibpespad invdirisgcond candidate

graphs, the orientation coefficients and scale coefficients of graphs that have the biggest contrast are
determined as secoAdsahtbedmagentaxdicadesciipspr TeUje ving drethrdan RFzsHIREe B 8efficient of a

AP (o s I S st
y-projection beagdsslyisletdtedinadomputeirgriogisaomey/i thaart. Also, the program is stored
in computer readable media and is readable and executable by the computer, thereby
embodying the image texture descriptor retrieving method. The media include
magnetic recording media, optical recording media, carrier wave media, and the like.
15 Also, the image texture descriptor retrieving method can be embodied by an
image texture descriptor retrieving apparatus. FIG. 2 is a block diagram of an image
texture descriptor retrieving apparatus according to the present invention. Referring
to FIG. 2, the image texture descriptor retrieving apparatus includes a Gabor filer
200, an image mean/variance calculating unit 202, an x-axis projector 204, a y-axis
20 projector 205, an NAC calculating unit 206 and a peak detecting/analyzing unit 208.
Also, the image texture descriptor retrieving apparatus includes a mean/variance
calculating unit 210, a first candidate graph selecting/storing unit 212, a second
candidate graph selecting/storing unit 214, a classifying unit 216, a first indicator
determining unit 218, a contrast calculating unit 220, a second-to-fifth indicator
25 determining unit 222 and a texture descriptor output unit 224.

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

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

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




scale coefficient of a graph having the biggest contrast, among the x-projection gr?d:hs, IS det&l@j&ed_
e B

as a fourth indicator V4. Also, the scale coefficient of pggraph having the biggest c ﬁaﬁ%
y-projection graphs, is determined as a fifth 12 05AUG2003, indicator V5. Using the first indicator V,
determined in thedtipcnt8atdd 2daardsl afisoaighrokfificiedis asadsthveXili¢ 8 outhand NE 2akmde @ fvector Z
determined in the step 102, the texture descriptor, that is, the texture feature vector, is set to {[V,, V21
V31 V41 V5], fgae}.’)’fgﬁﬁi A large first indicator V, indicates a high level of structuredness of the

texture of an image. ItTias hrgie axpaiivaniady cailnat thaitolirshiosdnatomnd, rRafeMaAtS quite
well the structuredness of the texture of an imaﬁf. The second and third indicators V2 and V3

represent two qtiB U RixeLitRIssAF i Alcihere Lib-¢ckirds Rbflieted imagetetp Hi5G OPAIRGUIth and

fifth indicatogs \ZapH ¥ admigraremedh/andUaiinRe 2raleanly e obiginti ebdtsezess is captured
most. The texture descriptor is used as an index of an image in browsing or searching-retrieval

app_licqtions.-Especiallﬁ%éi?ﬁéﬁgﬁ@?%@é %I%(ﬂiﬁtéb“re)t.rﬁﬁé_@f@?% i gﬁ!?é@&&r@%@&?ﬁfbr.
Drowsing parte e o L e R At et M.
searching strucﬂ%@ﬂwgmlaupaq@rﬁsziniﬁeaMwWib)’iﬁéirésadt}m%?breftoréyet@&b_eption_ is
o the applcata B O B e
constituting Gextexpressdrintqrsekstndvbel pixahpasitagei (exture toscriptor retrieving method according
o the presentinienion e s LA MR Y SR VA AR R s e dlred oo
variance of pixe(NACyatire d6¢ ealnulpiphl Pie danied bpADR(, byingidg hemmaar{ignd variance can
e The peak detecting/analyzing unit 208 detects local maximums P_magn (i) o
and local minimums of V_magn (i), at which the calculated NAC(k) forms a local

15 peak and a local valley at a predetermined section.

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

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

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

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

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

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




referred to as similarity retrieval components (SRCSs). In other words;\in the image texture desc_riit%r

retrieving method according to the present inventian, the texture descriptor allows Ry fi{gx
ian p

structures present in an image to be perceptually captured. 30 It has been described that a first
indicator V, W&h is a quite a good indicator of the structuredness of the texture of an image, second
and third indicators V, and 13 0 5 AU G 2003 V3 representing two quantized orientations in which the
structuredness is cApifirgt indisatRydeicandning widiZd® ealgulaigs Mascarissantsd RYdRfuantized

scales in which:the redness, thar t riptorg,of the
image. Howgggﬁﬁéﬁeagég{#égd%%car%ée%qgr%gm ig)eii?gJ %ﬁﬁaﬁégzﬁﬁiﬁ/@e(&@%‘%ﬁly &nd not for
the purpose axfdiWtatimd. desirglacis divhtoutghs ithencalculatiasl aresulthas chdresstémidigatonf\an image and
arbitrarily selected plural indicators, can also be used as the texture descriptor(s) of the image.
Therefore, HODIEERNE A KTy ‘Lﬁ%%ﬂ’ fhient is not intended as a restriction on the scope of the
invention. Also, theTmagentexdticaloeiadigtanierioviainiatsatidconogrrbyneiaddiynalad @romputer
program. Codes and code segments constityting the computer program can be easily derived by a
computer praBRAHAARISiA Al CNES ardRiisarng %ag ?ﬁ%é??{&%ﬁr?gaga@%g dia and is

readable and execytgblenihe.namneteraphaiabyigmboau aihe inagepiaxitie cegatytor retrieving
method. The media include magnetic recording media, optical recording media, carrier wave media,

and the like.2raphishaing thabizsest GRBERIAMRBE (BE ReFoRrrAta e TR e HEdi ¥ 5an image
texture ﬂ?scg)o{ﬂg Egyé%i_@(g_ﬁﬂgqﬁzage&olfIg&&ﬁ%ﬁ@%pﬁgr_am of an image texture descriptor

retrieving apparatus according to the present invention. Referring to FIG. 2, the image texture
descriptor retrieving hpperendsionfifidesl icemdatersy npmDu bl J3vadeteriaiey Hifaeriensiiedlating unit

202, an x-axis projector 204 -axl roj ' L k
detectin;/azé?gﬁééeﬁlﬁslta %écgﬁs?g),g@é%@asgég %o),([{)é r% g&%@r‘%@tﬁgﬁ é&%%%%ﬁggg%ﬂdp:saa

mean/varianggough fifth indicators. In other words, the orientation coefficient of a graph having
the biggest contrast, among the x-projection graphs, is determined as a second
15 indicator V,. Also, the orientation coefficient of a graph having the biggest contrast,
among the y-projection graphs, is determined as a second indicator V;. The scale
coefficient of a graph having the biggest contrast, among the x-projection graphs, is
determined as a fourth indicator V,. Also, the scale coefficient of a graph having the
biggest contrast, among the y-projection graphs, is determined as a fifth indicator V.
20 The texture descriptor output unit 224 sets and outputs the texture descriptor,
that is, the texture feature vector, as {[V,, V,, V,, V,, V], Z}, using the first
indicator V, output from the first indicator determining unit 218, the second through
fifth indicators V,, V,, V, and V; output from the second-to-fifth indicator
determining unit 222 and the vector Z output from the image mean/variance
25 calculating unit 202,

FIG. 3 shows perceptual browsing components (PBCs) extracted from
Brodatz texture images by simulation based on the image texture descriptor retrieving

method according to the present invention.
As described above, according to the image texture descriptor retrieving
30 method of the present invention, texture descriptors which allow kinds of texture

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




calculating unit 210, a first candidate graph selecting/storing unit 212, a second candidate graph )
selecting/storing unit 214, a classifying unit 216, a fitt indicator determining unit 2@35aAbJﬁa§003 ‘
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
predetermine N irthleAn QShiils Gabor filter 200 filters an input image consisting of NxN pixels, for
example, 12%52%6 (not shown) having different orientation coefficients and different
scale coefficients, aThoyiyrstnCinfiatied icangbs dpplige_thltdie d)eldssofminagh di&wshipd (2 are
predetermined pasitive integers, the input image is filtered by filters having C | kinds of orientation 14
05 AUG 200§et'§%c JhiL! ?f’& EPREAYONY scale coefficients, and the filters output Cl xC2 kinds of
filtered images. The image mean/variance calculating unit 202 calculates the mean and variance of
pixels for each of the C 1 xC2 kinds of filtered images, to then obtain a 5 vector Z using the mean and
variance and outputs the obtained vector Z. The x-axis projector 204 and the y-axis projector 205
project the filtered images onto x- and y-axes to obtain x-projection graphs and y-projection graphs. In
other words, suppose a pixel position is represented by i (i is a number from 1 to N), the x-axis
projector 204 and the y-axis projector 205 output the projection graphs P(i) 10 expressed by pixels of
the pixel position i N). The NAC calculating unit 206 calculates the normalized auto-correlation (NAC)
value for each graph P(i), denoted by NAC(K), using the formula (1). The peak detecting/analyzing unit
208 detects local maximums P magn (i) and local minimums of V magn (i), at which the calculated
NAC(k) forms a local 15 peak and a local valley at a predetermined section. The mean/variance
calculating unit 210 calculates the mean d and standard deviation 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 firkl candidate graphs (ist_ CAND) 20 ﬂl& the
selected first candidate graphs, in which a is a predetermined threshold. The se aph

selecting/storiNghanis 21aimedlies modified agglomerative clustering to the first candidate graphs to
select the same as sqcond Randi?h

ate graphs. (2nd CAND). C ifvi i +as described
with reference to FIG. 1B, couﬁgt 0§ #ﬁmpé}é?évé?%_ﬁgphng%&%%%% tégg‘g%[ﬁl%?ﬁﬂg%?c%ﬁﬁd C3 types
to denote the saxnge lfyablitedNof anciiidge cepmpiisthg, thitlswgspelct to the second candidate graphs, and

outputs data signals Ni indicative of the number of graphs of each type., Also, the classifying unit 216
determines predeterﬁﬁﬁe@l%%t%érﬁ?ﬁﬁnélﬁ’gﬁr@fﬁ el‘S%'&éc lgﬁﬁehévl“,‘%;% 'ﬁ?%&% types to

then denote thgRamedayc¥étsiviemid W3, respectively, and outputs data signals W, indicative of
weights to be applied to each 15 type. 0 5 AU G 2003 The first indicator determining unit 218
calculates M as reprebapradestingdheofitenad imagss onte e phA%El RIRAFEFMIgedITGeHIg3, and the

weights W, Wg 3pd\V 3@ e Binesiapd PRz ecaler atien s pe pvitakindicator V, 5

constituting a texture descriptor. The contrast calculating unit 220 calculates the contrast by the
formula (2) and outp(sssaletging @odidatestaladiceupipnangibedity Eraptbra Rsedsergyaed The
second candidate graph selecting/storing unit 214 outputs the candidate graphs having the biggest
contrast amoncgt;’i‘atﬁsgrr lsceg(t:lgﬁldn(l:%h%%date graphs stored therein 10 to the second-to-fifth indicator
determining unit 222 (Thécsaoininty diffuinbigaid irdétetorinhagednimoentadomipnetiipienssiehtation

coefficients and S{Q‘T}I\?e&co(l)géfégzggﬁ%ot Rraﬁ%% é%a{ Jg?vg?ttgae bi e,sta ggntrast as second through fifth

indicators. In dfife icient 0 éfap SI’lavmg the biggest contrast, among
the x-projection graphe) geggiaimiipethaspuseiogndf indicators as the texture descriptor of the

image.

15 2. The image texture descriptor retrieving method according to claim 1,
wherein the step (a) further comprises the step of (a-1) filtering input images using
predetermined filters having different scale coefficients, and the step (d) further
comprises the step of (d-1) determining a plurality of indicators based on scale
coefficients of the filters used in filtering the candidate data groups.

20

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

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

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

30 calculated mean and variance.




15 indicator V2. Also, the orientation coefficient of a g}ﬁph having the biggest contﬂa§t, A‘UB”EUUQ

y-projection graphs, is gletermifpd a5 A $ indicator V3.. The scale coefficient of a graph having .
the biggest contrast, among the X-pl’O%ngtr? %é:gg%ﬁ‘?é‘” stermined! ?atsﬁ %1%8%?%‘?%&8@?'&‘1%50, the

scale coefficienfetbegregpshivasing) the stipgefstaiontassg aleomgathand pvajemiten g pphss is ftermined

as a fifth indicatp&rsyﬁ.t 2[(3 'I;Hg ﬁf%%% q%crigtor output unit 224 sets and outputs the texture
descriptor. that is, the texture feature Veator aafhPOGRNg A RFedgtormmed SKeGtaie Usiag ithticator V,
output from the ¢ebtiladidateradetedmeatiiagagnit 218, the second through fifth indicators V2, V3, V4 and
V5 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 Brodatg.texturehiniagee tékﬁif@“@@@@F‘Wié\ﬂﬂg%ﬁﬁﬁﬂea%%ﬂgﬁ%ﬁﬁﬁi retrieving
ex

method according to the present invention. As described above, according to the Tmage ure

descriptor retrieViHCBECHRElA%H A S pPadedttrivtnmsanathenandisatombassdvbicthalfresdinels of
texture structurgr praseiHilfe A BIAGRER RSREY SERlYfapi 6F 69 ¥ 16.0 rg UG 2003
Industrial Applicability The present inver]tionngn be applied to theosf:%? sﬁéﬁ%‘?gﬁ%‘?‘d%&’ éc r
searching-retrictfldPitamsridentical svith e x0al vebtfidicntaivnodiéstdtion wmtffadeias tdaying an
image textyge deperinioLdqn aeSiRINg tewe f res of.an image, comprising the steps of: (a)
filtering input images using predete#;nir?eﬂ%gers%?é@rﬁg%igse{%e%rto Srientation coefficients; (b)
projecting the filtered images onto axes of each predetermined direction
7. The image texture descriptor retrieving method according to claim 6,
further comprising the step of calculating the mean and variance of pixels with
respect to each of the filtered images, and obtaining a predetermined vector using the

15 calculated mean and variance.

8. The image texture descriptor retrieving method according to claim 1,
further comprising the step of calculating the mean and variance of pixels with
respect to each of the filtered images, and obtaining a predetermined vector using the

20 calculated mean and variance.

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

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




to obtain data groups consisting of averages of eactpdirectional pixel values; (c) sel gﬁ@@j@ﬂa
data groups among the data groups by a predetermined classification method; 10 (d) determining a
plurality of indinagers based on orientation coefficients of the filters used in filtering the candidate data
groups; and (e) determining the plurality of indicators as the texture descriptor of the image. 15 2. The
image texture descriptor retrieving method according to claim 1, wherein the step (a) further

comprises the step afg(a-1) Tilielingge pitirodsetiginiorenried g metied itessdhay kogctliffe@nt scale
coefficients, and the step (d) further comprises the step of (d-1) dﬁﬁgrmining aéjluralg%/ of jndicators
based on scallTQSEEMBRIESHEHbefR b&al AHos e HEIR AR TR Pl XS % he image

texture descripigierqtiieing Methd aegrdinadodbaining UphateRAmRIdaNgi6r SIRMES ggtermining
another indicator based on the presence of data groups filtered by filters having scale coefficients or
orientation cowirilaigd meaBRBIVaIE]o or identical with the scale coefficients or orientation
coefficients 25 of the filters used in filtering the selected candidate data groups. 4. The image texture
descriptor retrieving method according to claim 3, further comprising the step of calculating the mean
and variance of pixellwith Acssthnddenttinds ing fincimagenteyocodesGntonifY sererdeiRgmined
vector using the 3% ?al%ﬂate mean and v%ri:%;ps?g. ﬁ%gt g"?h% 2003 5. The image texture descriptor

S xture featyres of ap image, co : :
retrieving metfiS8 Koot ing fo &him , fur Bt cor%prlsm e step of calculating the mean and

variancei1of pixels with) réifeexigtoitipatfiieredimayes, padectytamiy iljesddierminatiffersmr using the
caloulated mean 1023060 &5 T gHaRR SN e fpeiplg etrieving method according to laim
1, ’ ,
(b) projecting the filtered images onto axes of each predetermined direction
to obtain graphs consisting of averages of each directional pixel values;
(c) selecting candidate graphs among the graphs obtained in the step (b) by
15 a predetermined classification method;
(d) determining another indicator based on the presence of graphs filtered by
filters having scale coefficients or orientation coefficients which are close to or
identical with the scale coefficients or orientation coefficients of the ﬁltefs used in
filtering the selected candidate graphs,
20 (¢) determining a plurality of indicators based on scale coefficients or
orientation coefficients of the filters used in filtering the determined candidate
graphs; and
(f) determining the indicator determined in the step (d) and the plurality of

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

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

13. A method for retrieving an image texture descriptor for describing




further comprising the step of determining another ind@tor based on the presence 6{?% fiﬁﬁbﬂﬁj .
c

by filters having scale coefficients or orientation coefficients which are close to or id h &8
scale coefficient&SBMEFideAMEH Yorieges 6PmRrisiogiles stepedin filtering the selected candidate

data groups. 7. The imagge taidkie dﬁﬁﬁﬂPﬁﬂ{a’ﬁéyqyg.g%wgeﬁ%%&r}?lggﬁszlgfi%i%y{fg%fg filtered

comprising the step of calculating the mean and vari pixels wi (
images, and obtSTHRGEOH-coRfasienis andedifferasinsrae casffialenisted mean and variance. 8. The

image texture descriptqy, VARG Eh ording to claim 1, further comprising the step o N
calculating the mean acrt1 ?gﬁanceé&ﬁpig g%\fgvl R gps)eocqt?o éﬁ%tf"ih‘é’qllf’ 4%§@mmtammg

a predetermhedQeigrtalsinis proj@dion|guiptechmeeracd-wriianegeQioh Mapad :lor retrievi?g( a)n
image texture descriptor.for describing texture features of an image, comprising t qsteps of: (a)
filtering input images uzél%gapl)%g%(&n n'%qrg@ fi& saHg{/ﬁ?drﬁfﬁEPéhYg?Hﬁfe_fOZS?%ﬁréﬁhts; (b) projecting
the filtered images ont¢dyatsaiingdbcatensiaiminesrdinoeliPmitR-naiodalenatoHRR SeRSIsHNg of
averages of each dir a%tionalﬁixel va ues;déc) determining a plurality of indicators based on scale

IO LB G He® gLalotiped oranalizad onty hertieiepoapesbfoan0

coefficients of thcé)"fﬁ aren g

predetermined seleeigraneiiod:ihHeiaepinnooeadhialivrtipgizators as the texture descriptor of
the 19 imf;? . 05 AUG 2003.10. The image texture descriptor retrieving method according to claim 9,

further comiprising the Q%ﬂ%ﬁﬁkﬂﬁiﬁﬁffh@n%éheam%mm@mpi&mlsthdthﬁ:r@ﬁc& todie filtered
images, and obtaininmhaPiedsiRrmined vector using the calculated mean and variance.

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

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

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

20  second candidate graphs and determining predetermined weights of each type of
second candidate graphs;

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

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

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

fifth indicators as the texture descriptors of the corresponding image.

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

further comprising the step of calculating the mean and variance of pixels with




11. A method for retrieving an image texture descrigior for describing texture featurepﬁ aagﬁ%oa
comprising the steps of: 10 (a) filtering input images using predetermined filters having tfiffe
orientation cqgfficiants ahe HfEQNiRERIR CorliWRRimiMY RpiRalndiRMtsIRibIMAgRs aRio axes of
each predetermined direction to obtain'graphs consisting of averages of each directional pixel values;
(c) selecting caletllawd Hraprandivasianehe Wheptis diaiepdin implustesthe)stsp obdetgrariningmined
classification e (R ARIGIVANA-N AIARLIDH SBLoLRARE 4 A0IDR RiERTRSERLAraphSitered by
filters having scale coetfficients-or orientation coefficients which are"close to or identical with the scale
coefficients opredesetatimed vettioicrst sheftthaufittelescripthbin dflthe g tiesmaidintg dmagedidate graphs; 20
(e) determining a plurality of indicators based on scale coefficients or orientation coefficients of the
filters used in filtering the determined candidate graphs; and (f) determining the indicator determined

in the step (d) and ths pluratiy plafrdieainesddeteipioneetiie s FiRIthR) RSsRERSXOURIdess!iptor of the
image. 25 12. The image texture descriptor retrieving method according to claim 11, further ,
comprising tHéeENghERosmalEethauttacoreiaionyidseated hxdbi '@sﬁéﬂ%%QXile?ed images,
and obtainingg8vadgtesAaeM vector using the calculated mean and variance. 30 13. A method for
retrieving an image texture descriptor for describing 20 texture features of an image, comprising the
steps of: 0 5 AUG 2003 (a) filtering iait, images using predetermined filters having different
orientation coefficients and different stalE GuetfikibR(sn)

NAC (k) = —=2=k —

N=1 1
‘jz P*(m~ k)z P*(m)

m=k m=k

10 wherein N is a predetermined positive integer, an input image consists of NxN
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 & is a number from 1 to N.

15 16. The image texture descriptor retrieving method according to claim 13,
wherein the contrast is determined as:

1 & 1 &
— Z P_magn(i)— 7 Z V _magn(i)
i=1

contrast =
Mo

wherein P_magn (i) and V_magn (i) are the local maximums and local minimums
determined in the step (d).
20
| 17. The image texture descriptor retrieving method according to claim 13,
wherein in the step (f), the graphs satisfying the following formula are selected as

first candidate graphs:

S<
—=<a
d




(b) projecting the filtered images onto horizontal and v@®ical axes to obtain 5 horilﬁaséaA% 2003
projection graphs and vertical-axis projection graphs; (c) calculating normalized auto*corrélation
values for each QYAPIFiRS aMlatriiFry s Ay Frasend sandand dsV intiomrithro lasab masimuisedduto-
correlation valuey, g Wiicdhemaledlaigdnggnalized auto-correlation values forms a local peak and a
local valley at a predetermined section, 10 (e) defining the average of the local maximums and the
average the local minimums as contrast; (f) selecting graphs in which the ratio of the standard

deviation to the averagqgof th I IS less than.or equal to a predetermined threshold' as
first candidate graphs; 15 (Q) 3&%?%%%%%&%%%‘? ?ﬂrerggé%vﬁggcrgﬁ%%%cg gb‘ﬂ%‘&&i%‘?ﬂi to the
number of gfaphwlidtendheystére (@lererhprisey twatatserfficidnts or orientation coefficients which are

close to or identical wit?ﬁt}tigz i?c%ﬁé%eco%‘ficients or orient tiﬁ?ﬁ coefficients of the filters uEng in filtering
the selected second catididate Graphs: thy CoURBHGEHER B‘é‘%SS?lﬁr%RQ%ﬁS’r%‘ir‘fﬁet Hetespective

types of 20 secaidhtiealdidedialgrsepbs apdﬂa&mﬁﬂﬂ@ﬁ&g&a@rmﬁ&dlweigﬂi&@fgemtuw% second
candidate graph%;éi% calculating. the sum_ of products of the counted numbers of gr{;flfhs and the
determined weigi G HAEFMATOhSEifcieRiSrIasto, thase o fhh Rertteatrndifainampha texture

descriptor; 25 (j)c%gefymgim@etb@,ﬂﬁsﬁttaﬁﬁm@g@fg%ﬂtgsadﬂﬂr§ggl?ecgﬁfigigents of the second

candidate %raphs havin(g the aigs%est contrast as second through fifth indicators; and (k) determining

indicators i Qludin.g the grdl i Fot &I SRRESRF Qﬁ%d@ﬁi‘mﬁ?#ﬁjﬂfﬁé@%iﬂ%%@mQMEScriptprs
T, urther com o B e AT MSE @ 2003
or orientation coefficients close to those of the pertinent candidate graph, classifying
the pertinent candidate graph as a second type graph; and
(g-3) if there is no graph having scale or orientation coefficients identical with
15 or close to those of a pertinent candidate graph, classifying the pertinent candidate

graph as a third type graph.

19.  The image texture descriptor retrieving method according to claim 13,
wherein the step (h) includes the step of counting the number of graphs belonging to
20  each of the first through third types of graphs and determining predetermined weights

for each of the types of graphs.

20.  The image texture descriptor retrieving method according to claim 13,
after the step of (f), further comprising the step of applying a predetermined

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

21.  The image texture descriptor retrieving method according to claim 20,

wherein the predetermined clustering algorithm is modified agglomerative clustering.

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

wherein in the step (j), the orientation coefficient of a graph having the biggest




respect to the filtered images, and obtaining a predeiermlned vector usmg the calg%at%cu&em

variance, wherein the step (k) includes the step of determining indicators includin

e n
the second threamrhwmg&%ne oK HRa IR RRSPROTRABH BRARE AR GRS dRserigigimiof the

corresponding image. 5 15. The image texture descriptor retrieving method according to claim 13,
wherein the nondigiiterd theeuertatisoeoefBpisdby ngixﬂ;avyxga@lawwmmu@vvmgformma:

N & Pr0P(aD) NACOLS P RELN PR -0dBR A0 B b uieieh His

predetermined positive intege nput onsists pixels, a plxe positlon iS represented
by i, where i iscaeffioisr 56 Jgtap, tiaemgqbetImg@mptm&xmeamgytpe(eiemridhalpm position i

is represe ted b and Kis a n mber. fro 6. The image texture d Crl tor retrieving
method ac or(ﬂ Xd“fé CRRIAPES I ?&H‘%H‘& ggf’f&&d@é%%eangag\e eccé’ﬁ |o[ga magn(j) -
L V_magn(i) dvhpthaeeing magngg)eandommﬁgm&mﬁgetmedmehwmmmm Igﬁ@}iﬁylmgnums

determined in the step (d). 20 17. The image texture descriptor retrieving method according to claim
13, wherein irffRreBsd3s ¢ ifindcatflstying the following formula are selected as first candidate
graphs:

23. The image texture descriptor retrieving method according to claim 13,
10  wherein the step (j) includes the step of determining indicators including the first
indicator, the second through fifth indicators and the predetermined vector as the

texture descriptors of the corresponding image.

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

15 wherein the predetermined filters include Gabor filters.

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

wherein the predetermined filters include Gabor filters.

20 26. The image texture descriptor retrieving method according to claim 15,

wherein the predetermined filters include Gabor filters.

27.  The image texture descriptor retrieving method according to claim 16,

wherein the predetermined filters include Gabor filters.

28. The image texture descriptor retrieving method according to claim 17,

wherein the predetermined filters include Gabor filters.

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

30 wherein the predetermined filters include Gabor filters.




S<a d 2205 AUG 2003 wherein d and S are the aveyage and standard deviatﬁ&omm?ﬂm ‘,
maximums and a is a predetermined threshold. 18. The image texture descriptdt rét g od
according to claim 13, ¥wherthe inagedpx@ycdesiptes terisuinginphed Agdiblh e e g}ae or
more graphs hayj Of Qrl ' icients_ jdentical with those of a pertinent candidate
graph and one ﬁngﬁ?érg&%{é&%ﬂgg{%%ﬁgﬁ (l)r?lcglﬁ gt?g#’e&é%ﬁénts close to those of the pertinent
candidate graph, classifying the pertinent candidate graph as a first type graph; 10 (g-2) if there are

one or more graphs hag'ﬁng scgle or orientatign coefficients identical with those of a pertinent
candidate graph but thére is no ﬁ?%ﬁé\ﬂ?ﬁ? |BeGiyR dang PrOEmmi cRte L RIasutabio b af the

pertinent carsiidesenguaniogloetohtinanthnqeErsh e laRIIEREO R G RRANSAMB IRl 2nd (0°3)

if there is no graph having scale or orientation coefficients identical with 15 or close t¢ those of a
fnipsg

pertinent candidStE 3T, 48485 n e mssbes eomptisine dbe eRpRfS a third type graph. 19. The
image texture descripteayeffigying MPhodAssar d{h@&go ﬁ{@ﬁ&%i%erﬂ{yp%‘s} aR(}includes the

step of counting the number of graphs belonging to 20 each of the first throug ird types %?tgraphs
and determining®pfE¥RHemSRREBRIEMaddiftasent sealrecgefficisntiaphs. 20. The image texture
descriptor retrieving m go?&qg{ ing @ eRnih3 ?%% I]]e step of (), further comprising the step of
applying a redete(min%g%5 clus_tgripg algorithlm t%ethe Eést%é%&g;tggrg%rﬁg% Wnlp é’g@dﬁd
candidate gl(?apqufﬂ%ﬂtﬂémég@m@mmtbwmtiim%mgmmﬂjediancg)fajjng to claim 20, wherein
the predetermined clu fe r@a {Hg[%i is od'fieLg agglomerative clustering. 30 22. The image texture
descriptor retrieving m%t?odgc accor ir;}?gqgacféﬁél 0 SBFTeItich Valtes or each graph;

(d) obtaining local maximums and local minimums for each of normalized

auto-correlation values, at.which the calculated normalized auto-correlation value
forms a local peak and a local valley at a predetermined section;

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

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

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

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

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

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

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

candidate graphs having the biggest contrast as second through fifth indicators; and




wherein in the step (j), the orientation coefficient of ngraph having the biggest 23 Ogsiumﬁognog
contrast among the horizontal-axis projection graphs? is determined as a second in tor e

orientation coefficieng, Qf ' ' ont amo e ical-ax jection
graphs, is determineg(zggég‘sr@@gr@ ﬁg%%ﬁ%%%g%&éggﬁfcﬁ@lﬁ% ?%]r}é%%f%\:?#gs {ﬁégggg)gest

contrast, amofifthhedicrizonialthaite xdupecjiestioptgrapfishésodetespoimbidgsnmgeurth indicator; and the
scale coefficient of a graph having the biggest contrast, among the vertical-axis projection graphs, is
determined as a fifth indicator. 23. The image texture descriptor retrieving method according to claim

13, 10 wherein the s3gp 0) Ti®udraphesiepdabieirsdiitingccshgiaps Eaimd B thadishiagicator, the
second through fifth indicators and the predetermined vector as the texture descriptors of the

corresponding TG X8 S FRECHPIQe TRV DS IeHBtLIuEheE SRIYRHSEA SReXER of 73 1FY ating 13, 15

wherein the prgeleiesminad B éeiysireizahrn ilspec thBTiiBrInIRIEsC ARPEHRRIEYIeving
method according to claim 14, wherein the predetermined filters include Gabor filters. 20 26. The

image textureM Hf&ﬂ?@tmﬁfg‘ﬁﬁéﬂw% sakovatad meamandierianeer apdivdisirindhersttned filters
include Gabor{ifigf§udds tﬁ@ﬁé@@?&e@%ﬁ%ﬁ%@@rgqm‘ﬁﬂﬂgﬁv HMERAY RerN O claiy 16,

wherein the predetermined filters include Ga lters, 25 28. The image texture descriptor retrieving
method accortlirygh fifimndicaigtreraithiepmdeietanngdewdine as helrasucadrscriptoss othThe image
texture descriptor retrieying. method according to claim 18, 30 wherein the predetermined filters
include C:‘fa or ﬂf{gﬁgoﬂﬁft}g"&tﬁ% 2003 30. The image texture descriptor retrieving method according
to claim 19, wherein the predetermined filters include Gabor filters.

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

the determined candidate graphs.

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

variance of pixels with respect to each of the filtered images, and obtaining a




31. A computer readable medium having program coggs executable by a 5 computefyt pM[,@nZﬂOB
method for an image texture descriptor for describing texture features of an image, the method
comprising the BfépSteriapdNegiy wiing ithagekuisied predeiadvimeshéidters having different
orientation coefficients and different scale coefficients; (b) projecting the filtered images onto horizontal
and vertical axes to obtain 10 horizontal-axis projection graphs and vertical-axis projection graphs; (c)
calculating normalized3éuto-oénela!hramaﬁmsénim@m&ﬁkgdiﬁx@h@&@ﬁib?ﬁﬁm’ﬂém'i'ﬁiﬁ and locall
minimums for e@&q.\?é ?ortrlpalizerd auto-correlation values, at which the cal(_:ulated norma |ze% o
auto-correlation valué forms a 1oeal BREE HHPISMEE valley at a predetermined section: 15 (e) defining

the averagéof the local filexingonit fo¢l theAxg Rpathadecal, PPN ARiraN Bl (Paselecting
graphs in which,the ratio af the standard deviation to the average of the local maximums'is fess than

or equal to a prc(!:‘l TSR PR P 8 HS i rds %%ﬂwﬂigﬁfé‘ﬁr%%@fég')ed@termining the type of the
second candte oraBhraGEoNRg Wi PURBARSASUAR UL W Hlsp Sy scsle

coefficients or orjentation coefficients which are close to or identic e scale co

orientation codHils Wii‘llhéeﬁl%%%‘@%linoﬁlféﬁﬁ@tm®MQ@dminmmwaedh)
counting the nw@@gfs@f,@rmpg}%&jr}gégntgﬁg%ﬁ%ﬁgg? types of 25 second candidate graphs and

determining predetermined weights of each type of second candidate graph; (i) ca_lculating the sum of
products dthe countéPrRifsHag s denromating thekitenn nmdgreigiihteigeiemampviacalculation

result value as g first, ipRigAR5 ifuting a texture descriptor; 30&) qletermin_ing.the orient'ation
coefficients and scale coeﬁigeats 0 f&%%@%ﬂ&“&%’h&féﬁ‘é AP AL ARUS RECIORRR eERPFast as
second through fifth irfdisEiasingnenFor calculating a normalized auto-correlation value for each

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

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

a first candidate graph selecting/storing unit for selecting the graphs satisfying

20  the requirement that the ratio of the standard deviation to the average of the local
maximums be less than or equal to a predetermined threshold, as first candidate
graphs;

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

25 candidate graphs;

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

30 be applied to each type;

a first indicator determining unit for calculating the sum of the products of the




indicators as the texture descriptors of the corresponding image. 32. The computer r
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step of calculating the mean and variance of pixels with respect to the filtered images, and obtaining a

predetermineFSRISESRHBH e Wighis i ARRIK A iRIGASh NS, dEIErTDIIRSARAUBMUAG theludes the
step of determiging ipdic e 126y HrY e dis'edisaiatidh e s8GaRdadieApest fifth indicators and the

predetermined vector as the texture descriptors of the 10 corresponding image. 33. An apparatus
method for retrieving 2¢PRHACasalpingasutifmbesisuladng tissgnunst pedershngto dornula e,

comprising: filteri tering.J [ i d i3 iter, i 5 different
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classification method?ﬁFs indicator ing me or aetermining ihd Ssed on the
number of graphiphifaaethpyHd eiggesniogtanalenansslinecseicond ofietittopraptsifiwitsd sheteich are close
to or identical with the scale coefficients or arientation coefficients of the filters used in filtering the

selected candifHESBRAMh g stenabuidicating Hu fssalanirighsearastds Bigeftining a plurality of
indicatorg gpased on gegleneaisiantmendereristinmageticienis ithaitier s odidaditiering the

determined candidate graphs. 34. The image texture descriptor retrieving apparatus according to claim

30 33, further eephiiFisiHg thehrBiRRbARY Bg AR PI§EFY aFRI B St alR TRl J 1A chPZPNEd ¥isriance of
pixels with resBﬁﬁEéB&?gwﬂéP&xQ'Eﬁi&%ﬂmﬂ%&ﬁi@%&tﬁ?wmﬁ having the biggest contrast,

among the vertical-axis projection graphs, as a second indicator; the scale coefficient
of a graph having the biggest contrast, among the horizontal-axis projection graphs,
15 as a fourth indicator; and the scale coefficient of a graph having the biggest contrast,
among the vertical-axis projection graphs, as a fifth indicator; and
a texture descriptor output unit for combining the first indicator, the second
through fifth indicators and the predetermined vector and outputting the combination
result as the texture descriptors of the corresponding image.

20
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belonging to the respective types and outputting data signals indicative of weight pos m; md to .

each type; a first indicator determining unit for calcuiatifig the sum of the product

2003 data representing the number of graphs belonging to each type, and the data representing the
weights to be applied to each type, determlnlng;ﬁgﬂ tputt gée calculation result as a first indicator
constituting a texture descriptor; a contrast calc G nit fi: Iculating the contrast according to
formula (2) 5 using the averages output from the mean/variance calculating unit and outputting a
signal indicating that the calculated contrast is biggest; a second candidate graph selecting/storing unit
for outputting the candidate graphs having the bigggst ontrast among the second candidate graphs
stored therein in response to the signal indicating t

the biggest contrast] among the horizontal-axis projection graphs; the orientation coeffigient of a
graph having the biggest contrast, among the vertical-axis projection graphs, as a second i q;lu;g}or
the scale coefficient] of a graph having the blggest contrast, among the horlzontal -axis [Jroj
graphs, 15 as a fourthrmreicator—erc-tire-sente-coetieient-oia
among the vertical-axis projection graphs, as a fifth in#icator; and a texture descriptor output unit for
combining the first indicator, the second through fifth indicators and the predetermined yector and
outputting the comibination result as the texture descriptors of the corresponding imagej 20 FIG. 1A
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