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(57) Abstract: A texture description method in a frequency domain for extracting texture features by transforming and Gabor-
~~ filtering an input image into an image of the frequency domain, and a texture-based retrieval method thereof are provided. The
texture description method in the frequency domain includes: a first step of transforming an image of a time domain into an image of
the frequency domain; a second step of filtering the transformed image using a Gabor filter having N x M filter regions, where N and
M are respective predetermined positive integers; a third step of extracting feature values of the image that has been Gabor-filtered
3 in respective channels of the frequency domain division layout corresponding to the N x M filter regions of the Gabor filter; and a
fourth step of deciding a texture descriptor of the image on the basis of the feature values of the image.
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fourth step of deciding a texture descriptor of the inage orooq?ggl_m
the feature val ues of the imge. TEXTURE DESCRI PTI AND
TEXTURE- BASED | MAGE RETRI EVAL METHOD USI NG GABOR FI LTER I N FREQUENCY
DOVAI N Technical Field The present invention relates to a texture

descr i ption method for o (OROLAET EAT 2o INALFTR WAL UM AE I

i mge of a frequency domain and extracting texture features by

Gabor f i l@eDpésiggted Hht8 Qrarichd)CAR A@ ABAM, KIMMENT | Oftedit @IT.BE LTI, CYODEDK, €X, FLIFROSH) 61, 8x)

met hod of AGBABBKG 64 CHAH ORI, t hE. {UeME. LS THESTEY. OpPlipam: (RBRBH O .
Backgr oundDAPK-P ﬂg% Wﬂ%“a fﬁﬁ‘fg‘%% i t sCGPbFCAt TRV AL ¥R NERN PatPon of

i mport ant L'IVL(SB;J‘ E@,\&SM QXW have been studied for a long tine.
The t ext ur 8z, pi. pf &0, RBSD.SA SOI5L a0sil, wagetr s "UERH as a | ow | evel descriptor for

al search

cont ent - baSRTZ UA. WG, WgYarZek 2hstracting an |mage or Vi déo data. Al so, the

texture HII a[l? EL Inal Ripb eq ch %l\}l ”995‘}& cdd ar{dggelr" ébgryvlag(gs f’%‘ er%cp ﬁecb IA ¢
phot o 01“8‘d y taf r}sﬁﬁ b}gfﬁn&;@umgﬁe At kb E b e @18 St OF
atextile padatAa/baﬂseY K@n(es&mtd W, TM), E@bpeth € nilf thOGegaitresue e d1adaeek. i N a t1 me

domain or a frequency domain in order to extract texture features of an
i mage. In




particular, a nmethod of texture feature extraction in a frequency donain
Is known to be suitable for describing the texture featuresiﬂ)ﬂ UUﬂgM'lof
a wde variety of forms. A thesis on this nethod, entitled 'Texture
Features of Browsing and Retrieval of Inmage Data", by B. S. Manjunath and
W Y. Na,wg)%lﬁ"iygped on | EEE Transaction on Pattern Anal éSi s and Machi ne

I ntel | i gehce, ume 18, No. 8, on August 1996, descri BET/KROM@3%Iod for
calculating feature vectors by extracting fromthe i mage obtained after
Gabor filtering in the frequency domain, the nean and the variance of
each channel as feature values of the texture of an inmage. However, the

i mage texture UEXTURE DESCRIPTION METHRODRND TEXTURE-BASESMAGE i | t eri ng

has probl ens. Fi L i tal t] 0 cal cul ation by perform ng
the Gabor fil te#ﬁ@"ﬁf%ﬁéﬁ'&ﬂ’ P%'@Gé&ﬁgk BILTER IN EREQUENGY |

difficult to obtain enough informatigymapgause the density of frequency
sanples of an image is low in the case ere the texture information is

extracted using the Gabor filter having a narrow pass band in a | ow

frequency Og_ﬂ;%éﬁnficlé‘?ﬁe?[the use of an orthogonal frequency domain. Third,

the size o to describe features is great because both the
mean and vari ance Tofe presentiguention gélbRe 26 aMektufe @8<riptiR thelSod Beart ext ure

features of the inmage Di scl osu[e of the Invention To solve the above
probl ens, it 'M&9%&n %lﬂ dPQrey Papiculatly e o8 et@xture ndesariptiant methaslifae a

texture descriaigaminpahomagachics et wRaARes an' (TRYS 64 Heitghot hod

whi ch the Gabor filtering iS done int requency omain ra t han the
si gnal domai rdomain asd extractingdextareffeatuees bydGatmir Gikring. dkiso tthepreskht i s

Gascr pti dh AovdiTiaRi s PR EERe doBé e ki o Bor ol Rrden fietedi ng o

the texture description method.

Background Art
Texture information and its application as an indication of important
15 visual features of an image, have been studied for a long time. The texture
information of an image is used as a low level descriptor for content-based
indexing and abstracting an image or video data. Also, the texture
information of the image is important in retrieving a specific photo of a
digital photo album, or content-based retrieving in a tile or a textile
20 database.

Presently, feature values are calculated in a time domain or a
frequency domain in order to extract texture features of an image. In
particular, a method of texture feature extraction in a frequency domain is
known to be suitable for describing the texture features of images of a wide

25 variety of forms.

A thesis on this method, entitied "Texture Features of Browsing and
Retrieval of Image Data", by B. S. Manjunath and W. Y. Ma, published on
IEEE Transaction on Pattern Analysis and Machine Intelligence, Volume
18, No. 8, on August 1996, describes a method for calculating feature

3 vectors by extracting from the image obtained after Gabor filtering in the



Gabor filter in a frequency donmain for extracting enough texture
information of an inmage in a | ow frequency domain of the in@g@ J{}Nrmgng
the sanpling density of the frequency, and extracting enough texture
information in spite of the Gabor filtering having a wi de pass band by

| owering {Rroragep! i Ng density of the frequency in a hi QETII&{%QUﬁE‘Fy
domain, by performng the Gabor filtering using a polar coordinate

system It is another objective of the present invention to provide a
texture description nethod and a texture-based inmage retrieval nmethod in

a frequency fdomati n for rai Ei ng a retrieval rate using the average .
bri ghtness ~ TTGAYRNCY qomain t ﬁﬂ%f@,n anehe yarianceofEachicbapnelas featireval ue of

an i mage, en@élﬁé!soﬁf?ﬂtéxt\d?ﬁb@éiﬂﬁ}ét@l ue of an energy for a feature

descriptor of an imge texture. I s anot her objective of the present

i nvention to provildewever, thendingge atextureofdebeniptionyinsethbdf esingr dhe a

texture descrjpt] t ; - ha I, e retrieval , net hod
using a Gaborbcﬁ\)leﬁ g?@'negg?@%ﬂlgﬁc%gﬁg%ﬁ; ﬁﬁ%t,dg%iaﬁi%lang?mee ency pass
band of a lsovcdlcegtiembypettormiing the Gaber filtsringws &n #nsgd ha digrfluemaln, pass band
of a high freguenc .doggéipn to %g% wi der. as .t he frequency domai n becones

hi gher. Here, SF¢oN it1s gHticylt o obiain enaesh Ifrmatiqatbecarses Aty @Al system
sensi tive Lo FERIIRY SmIBe of YN iA@Y If BRI naE AR feitpg and

insensitive to changes of the hig requency conponents, when désigning a
Gabor filt er.infarmagon ipexeacteshysiog thaeGabor fiter havipgra namow passband pr ovi de

a texture descrihti d - based inmge retrieval nethod
using a Gaboi?l éllﬁé%%ﬁugﬁéj]? gren%&eﬁ@%ttcggrﬁg:hgefograneglgwgoqaéﬁrqw% an i mage
changed byioa domain. aThindt thleysieetmrdétaIﬁeeuéﬂgomseﬁbacfbamees:tsa?&%ta val ue
of an image textur em:ﬂriptor I f an imag}e Is rotated, magnified, or

reduced by a PRGRYSE meeR and YaHANCe P imags Rrighipess Vale @R pr esent
i nvention, thgded asstheRbUtRBtesd gqu,griﬁ,agg.scri ption method using a Gabor

filter in a frequency
Disclosure of the Invention
15 To solve the above problems, it is an objective of the present
invention to provide a texture description method and a texture-based
image retrieval method in which the Gabor filtering is done in the frequency
domain rather than the signal domain, so as to reduce a filtering calculation
time.
20 It is another objective of the present invention to provide a texture
- description method and a texture-based image retrieval method using a
Gabor filter in a frequency domain for extracting enough texture information
of an image in a low frequency domain of the image by raising the sampling
density of the frequency, and extracting enough texture information in spite
2 of the Gabor filtering having a wide pass band by lowering the sampling
density of the frequency in a high frequency domain, by performing the
Gabor filtering using a polar coordinate system.
' It is another objective of the present invention to provide a texture
description method and a texture-based image retrieval method in a
s frequency domain for raising a retrieval rate using the average brightness



domain including: a first step of transformng an i mage of a
into an image of a frequency domain; a second step of fil terldnge*‘ﬁ’@%ﬂ‘l

transforned frequency domain using a Gabor filter having \xMfilter
regions, where N and Mare predetermned positive integers; a third step

f t ' ture feature values of the Gabor filte
fespe ra%b%g/afr?% E]&jﬂ(gh(pag@pondl ng

respective c nels of a frequency domain division |ayo

to the \xMfilter regions of the Gabor filter; and a fourth step of
determining a texture descriptor of the image on the basi s of the
texture feature values of the inmage. Preferably, in the first step, the
i mage of the Vtaﬁ-f?é SfoRriimage thewariance of dhe boghtpess valueof amalg\agef t he

orthogonal c¢ Fefva the tine
domain is Ra?g%pqy:?ggfazY%ed Jﬁpéjﬁﬂﬁxoeﬁgﬁ 'ms:FI ﬁgﬁg%tHF%]gﬁ%%W%rr %8 nsf or med
into an i magdmage texparear coord| nat e systemfrequency domai n. Al so, there
I s provided recordl i hi ch C be read, h uter in which is
recorded a prograﬂ] Eg?ﬁg@ggtﬂ\gn%évg ?ﬂ%rpée%da‘f%}tﬁoﬂn PEPYER fsing a
Gabor filter consﬁbtat“ohemmm Mﬂféatup@ssé)teﬁuh’érdésbﬁpt%rpﬁlbﬁ%

t ext ur e- based ge retrieval nethod using a Gabor filter In a frequency

donai n i ncl u@tﬁém grbpsedimagedptripvabmethediusing .Gaboefiltesin afreqdenayr i pt or by
et o o oce B 25 ok B0 et Band O AP Ak Bl 1.0 ' °
storing a quéenarewenard thestaquency pass bandcpjarmghfrmncydowlrﬂtomught after
step of mat oMy bR e RS, o BBt Stery PR dbis PRepaRioure
descri pt ofo acdnsideration titat thelhsrhamvisuaielyserseneRive & Elkirges of the low
' frequency components of an image and insensitive to changes of the high
frequency components, when designing a Gabor filter.
It is another objective of the present invention to provide a texture
description method and a texture-based image retrieval method using a
15 Gabor filter in a frequency domain for easily retrieving an image changed
by a minor amount by Gabor filtering so as not to change a value of an
image texture descriptor if an image is rotated, magnified, or reduced by a
small amount.
To accomplish the above object of the present invention, there is
20 provided a texture description method using a Gabor filter in a frequency
domain including:
afirst step of transforming an image of a time domain into an image
of a frequency domain;
a second step of filtering the transformed frequency domain using a
25 Gabor filter having NxM filter regions, where N and M are predetermined
positive integers;
a third step of extracting texture feature values of the Gabor filtered
image in respective channels of a frequency domain division layout
corresponding to the NxM filter regions of the Gabor filter; and

30 a fourth step of determining a texture descriptor of the image on the



descriptors; and a fourth step of determning a simlarity beﬂhg Nvgun

i mges according to the distance between two texture descriptors.
Preferably, in the first and second steps, the step of extracting the
data texture descriptor and the query texture descriptor includes: a first

sub- st ep WooismAsf orm ng an image of a visual domain inperRR 0/61?]93/96 of a
frequency domain; a second sub-step of filtering the imge o? the

frequency donmain wusing a Gabor filter having NxMfilter regions, where N
and Mare predeterm ned positive integers; a third sub-step of extracting

texture feat rev lL.ue iltered i mage in respective
channel s of ﬁ§, f %éﬁﬁ‘ﬂysﬁﬁr%"a&ﬁﬁ%ﬂ %‘?\'m?%ﬁ/out corresponding to the NxM
filter regions of prdferebahm thelfirét%tep,Wnnﬁbg@%iﬂé‘hrﬁé%@ nﬂ‘ﬁﬂnbﬁ' ng the

i mage texture descriptor using the texture feature v es of the inmage.
Al so, there itr@angfoppedévo ﬁ@d@?ﬁ? ﬁ@ﬁ%ﬂ'@gﬁnal&@%@nafb@wmfrbguencycorrput er

in whichis Hﬁﬁﬁ’rﬂgﬂ rt]rge @‘i%@;{hé ﬂheea@rﬁérlﬁ x%ﬂaﬁoﬁ Srahufch mggnérQWheﬁage

retrieval meth requency Bri ef
Descri pti an ohetdmaenﬁslamlrfmrler-tsansformemurﬁé andinagé of blpstdrrcdordigate t exture

description rnet,t q, n d frequency domain according to a preferred
enbodi nent ofY$'RE [ﬁ%@ﬁ\’ OMfention; FIG 2 illustrates a frequency

domai n division | aleuthdreas Wde@i@d&&h?%dus>WHwﬁcQﬁw tRIObY a
respective channels; and FlI | ustrates a structure of a bor filter

used for ext FREPHIR in WRigh g recersed ainseeam fof exessling aitedurerdesertion  Best
mode for car pgieh Gsthg bSatd¥RBF ItRe frequency domain.

10 Also, there is provided a texture-based image retrieval method using
a Gabor filter in a frequency domain including:

a first step of extracting a data texture descriptor by filtering data
images using a Gabor filter and storing the extracted data texture descriptor
in a data base;

15 a second step of extracting and storing a query texture descriptor of
a query image, i.e., a sought after image, when the query image is inputted
using the Gabor filter;

a third step of matching the data texture descriptor and the query
texture descriptor and measuring a distance between two texture

20 descriptors; and

a fourth step of determining a similarity between two images
according to the distance between two texture descriptors.

| Preferably, in the first and second steps, the step of extracting the
data texture descriptor and the query texture descriptor includes:

25 a first sub-step of transforming an image of a visual domain into an
image of a frequency domain;

a second sub-step of filtering the image of the frequency domain
using a Gabor filter having NxM filter regions, where N and M are
predetermined positive integers;

30 a third sub-step of extracting texture feature values of the Gabor-



Hereinafter, "a texture description nethod and a texture-based inmage
retrieval nmethod using a Gabor filter in a frequency domai n" paccording to
a preferred enbodi nrent of the present invention will be desd -i&dﬂm @004
detail with reference to the attached drawings. FIG 1 is a flowhart

i1l ustrat| xture description nethod in the frequency donain using a
Gabor fi I%@%lg‘%@grdi ng to the present invention. The t@ﬂﬁ?@”’ﬂ’é%ri ption
met hod, a method for producing a texture descriptor by processing an input
image is used for texture information- based indexing and texture

i nformation-based retrieving an image. That is, when images, which wll
be indexed i rfiltgied dRege 4R sespretive ehaanelarad the frequenda dantain division

descriptors r pYe ture description method of
Fa 1 and (RLoB@RSSBEnaRgR: e fnbriRolde of e BERBEHRY BRg

dat abase. Al so, V\/rmi;ot.mtrgsteppfideag&)ihgthmhmageel@xtmégbﬁé@ptdﬁ%ihbﬁlﬁé’[}sdOffthe
query i nmage are, pr ce ccording to the texture description nethod o
FIG 1, and ﬁéfﬁ%&ﬂlfuﬁesvaﬁ&sfqg%g”?ﬂﬁ-conpari ng the produced texture
descriptors with Aigodere idTBaffic! REGRIA meM AAIAPESP e TBEE Y 49 L0 FI G

1, the texture description nethod according to present Tnvention wl|
be descri bed GamRHtemtrewhightigirecorged @t progra éarcexssating @aigaturs-basedit t ed

(S11), and t ' o IS et & S12). . into an i mage of
an ort hogonapﬁgggﬁgfrlﬁg?’ggg@?étues% bgggéﬁlg}sfé%n@g%@yﬂfﬂaé% frequency
domain. Here, the input inage can be a data inage or a query inage as
descri bed abqye. DThe. .. N uftt i e. i s two-di nensional Fourier-transfornmed
into data of cﬁfmmg%&%@ﬁate system frequency donai n.

Al ternatively, theIGNRIE a fowsBSr iikskasa toane! RisERstiorPRHJER

e
transforned data is one- dinensional Fourier-transfornmed 1nto ﬁ{a of the
pol ar coor di feaaengy demain aseRrdingytodamaeierretremedimest obthe peesshbr i ng t he
i nput i mage iiRihtiocRe Pol ar coordinate system frequency domain is
descri bed as follows. First, the

FIG. 2 illustrates a frequency domain division layout used for

extracting texture descriptors of respective channels; and
15 FIG. 3 illustrates a structure of a Gabor filter used for extracting
texture descriptors of respective channels.

Best mode for carrying out the Invention

Hereinafter, "a texture description method and a texture-based

20 image retrieval method using a Gabor filter in a frequency domain”

according to a preferred embodiment of the present invention will be
described in detail with reference to the attached drawings.

FIG. 1 is a flowchart illustrating a texture description method in the

frequency domain using a Gabor filter according to the present invention.

25 The texture description method, a method for producing a texture

descriptor by processing an input image is used for texture information-

based indexing and texture information-based retrieving an image. That s,

when images, which will be indexed in the database and stored, are input,

data texture descriptors are produced according to the texture description

30 method of FIG. 1, and the produced texture descriptors are stored in the



i nput i mage i s Radon-transformed, wherein the Radon transformis a

process of | ine-i nteg rating a two-di nensional inmge or hﬂgg

mul ti-di mensional nultinmedia data with respect to an angle to-obt y« b4
one-di nmensional projection data. That is, the shape of an object appears
t o changew@iolifo71 €spect to different view ng angles, a”gcﬁﬂnﬁﬁ?dl t is seen
fromall angles, so that an outline of the object can be estinated. The
Radon transform wuses this principle. A Radon transformfornula for
transform ng the two-di nensional imge is expressed as Fornula 1. (err)

Here, f(Xx, ' [ nction of an orthogonal coordjnate system 30
ti :rg do%i ﬁ) fae‘%gfl( @‘sgq‘?%én@ic'&en inageds inrytted asiure desasiiars ofithey | i near

| ntegrating wusly fifigeanis ordRBdUEETdIRY oo WoxaRMIERbiGH Hidkfhd B POosi ti ve
X- axis, andt'_pasa ng through the origin of the orthogonal coordinate
system t hatFlGs 1, &ndiretievrhifonerfermest by mompacingothe Brodicéd textémenct i on

whi ch becone ; X -4 i L.mage has a region of

-. <X, y<. in%teﬁé”%@t o%ho‘nhgl&é%@?é naﬂé@gég@%@“&hﬁsgegi ons of 0<s<- and
O<e<rr in ¢he RaBeferdogtalfiGatethetettara déskeiption medadsadtording to the

S OtysinO-s)=1. |n thi S of the first
Rgi)c(lgg-st rgﬁ;?&(%ﬁ"&fﬂ}’ﬁ‘@?ﬂ W@%‘“@%@pﬁ%ﬂ&%ﬁ&” % 'ng 8 fr1).m 0 degrees
t hrough 180- degr egirk6 agsteb@ibed infaiglNe SHpted T8 81)5 iaAH 296 Bk ﬁn%]%% -

Fourier-transfornmed so as to give a relation such as that sh
Formul a 2 wi FRUBeHBngPimesd (Shall inte@n snage o anoerthaganed roofdinatei on f (x, y)

Pw o) i 5 o EBOPm g Palef Eberacte SbiTealdteR dbmaiS, Herp LR8Pt tnct i on
pe(R) . | niadihagecanbe a déjasihageadr g Bueryanthge dssdéstnibed @dove. Aeor di ng to
the Central %du?qnmtaggo{sytwg- %e%%?gl'ia?rFéurr%ﬁ;a?\rs orr%];dtipl?o data of the
orthogonal coordinate system frequency domain. Alternatively, the input
image is Radon-transformed, and then the transformed data is one-
dimensional Fourier-transformed into data of the polar coordinate system
15 frequency domain.
The process of transforming the input image into the polar
coordinate system frequency domain is described as follows. First, the
input image is Radon-transformed, wherein the Radon transform is a
process of line-integrating a two-dimensional image or multi-dimensional
20 multimedia data with respect to an angle to obtain one-dimensional
projection data. That is, the shape of an object appears to change with
respect to different viewing angles, and an object is seen from all angles,
so that an outline of the object can be estimated. The Radon transform
uses this principle.
25 A Radon transform formula for transforming the two-dimensional
image is expressed as Formula 1.

2,(R) = jww) Fepdl= [ |7 f(x,y)8(xcos8 + ysind - s)dxdy ..(1)

Here, f(x,y) is an image function of an orthogonal coordinate system
30 time domain, pE(R) is a first projection function obtained by linear-



signogramis a one-di nmensional function val ue obtained by cw Qﬁuntib%‘
Fourier-transfornmed function of a two-dinensional original ' |
respect to each 0 axis. If this inage is Radon-transforned and then
Fourier-transformed, the inmage is transforned into an inmage of the polar
coor di nat S YoheT frequency domain. Next, in a step S13, filtering is
perforned 'Using the frequency domin division |ayout aPTEROOEEH i n FI G
2 in order to extract texture descriptors of respective channels. In FIG
3, the frequency domain division |layout of FIG 2 is illustrated in a
nore practical form Gabor filters for filtering in the step S13 can be
under st ood t oiNkRgralinRg wite tespact thantexss lsaving ar angle oﬂIO\MMefmitNéG(-Channa S

as illustrate n. t odi rent, the Gabor
filtering is %(eé’:‘b orlraréc? S%sq tﬁgﬁ@ ?0}‘!9“%3@9 gg &°8 Ingle systeMs of a 5x6
feature channtbiat ispadiest RtidohdeghsfortncfuRctiore B(R)18 aifanétith Wﬁi@h %?fhé?c“on and

6 regions in the angular direction. Here, respective divided frequency
donai ns shovvrﬁl il (g %g‘t”?é’é’ﬂ%’?ﬁimﬂ% image hag atregioncf armred s Imﬂberesponse

[ patur oS o8 or DGR chartirtfe S dlof BNBYRGHETITNIIA fh 0daB T8 O oXP! a1 1

t he operation_of the G er design err)
Here, A(err), Raéorhce@rﬁmaémtsyste(rerV\éhe(wcpseyysmwhscé(msohﬁ/mwﬁnse

f eat f filt ft th
ot al i vecti on BSPRL SRRARGIERA & el R et RE Rt e R os: <1 on
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direction and the coordinate 0 in rection, correspénd to the
wi dth of the tf%'@f@!ﬁ@ddmaﬁﬁ dunstion fixxeirrthe iogthoginas codrainate system time
domain.
P(w ’9) = F(w COS&,&) Sing) = F(wx’wy) o, =0 cosf 0, =wsind (2)
15 - Here, P(w,6) is a Fourier-transformed function of the Radon-

transform function pe(R). In addition, w is Jo.+0,*>, and 6 is

tan™\(0, /@,).

According to the Central Slice theory, the Fourier transform of the

signogram is a one-dimensional function value obtained by cutting the

20 Fourier-transformed function of a two-dimensional original image with

respect to each 6 axis. If this image is Radon-transformed and then

Fourier-transformed, the image is transformed into an image of the polar
coordinate system frequency domain.

Next, in a step S13, filtering is performed using the frequency

25 domain division layout as described in FIG. 2 in order to extract texture

descriptors of respective channels. In FIG. 3, the frequency domain

division layout of FIG. 2 is illustrated in a more practical form. Gabor filters

for filtering in the step $13 can be understood to be designed on the basis



and angul ar direction. In the Gabor filter having 5x6 filters as ﬁie
preferred enbodi nent, exenplary standard devi ati ons of the featfg JUN 2006
channels are tabulated in Tables 1 and 2. Variable val ues of the Gabor
filter inthe radial direction are tabulated in Table 1, and vari abl e

val ues o bor filter in the angular direction ar din
Yoo 0o i Radi al i ndex01234 (s) Contre3333% req}lﬂ’?ﬁ?y48163264
(W) Octavelllll bandwi dt h2481632 (Be) LT Pal 1 1 1 1 a 21n28 21n21621n2V
21n2° 21n2 Table 2 15 Angul ar index 012345 (r)

of the divided feature channels as illustrated in FIG. 3. That is, in the

preferred embodiment, the Gabor filtering is performed using Gabor filters

designed on the baéis of a 5x6 feature channel spaces divided into 5

regions in the radial direction and 6 regions in the angular direction. Here,

5 respective divided frequency domains shown in FIG. 2 correspond to the
feature channels. _

The response features of the Gabor filter are expressed as Formula

3 in order to explain the operation of the Gabor filter designed as described

above.
-(@ -0,) -(9-4,)
G, (#,0)= A, exp| —=—| exp| —F— .3
p,,( ) S, r p[ 2o,p 2 P 209 2 ( )
s r
10 Here, A,, is a constant, Gp" (@ ,0) indicates the response features

of a filter corresponding to the feature channels of the s-th radial direction
and the r-th angular direction, s indicates a position in the radial direction
as an integer number among {0,1,2,3,4}, and r indicates a position in the

angular direction as an integer number among {0,1,2,3,4,5}. Also, ¢ p 2

15 and o-gr2 , respectively, are standard deviation values of feature channels

of the coordinate p in the s direction and the coordinate 6 in the r direction,
and correspond to the width of the feature channels of the radial direction
and angular direction.
In the Gabor filter having 5x6 filters as the preferred embodiment,
20 exemplary.standard deviations of the feature channels are tabulated in
Tables 1 and 2. Variable values of the Gabor filter in the radial direction
are tabulated in Table 1, and variable values of the Gabor filter in the
angular direction are tabulated in Table 2.

25 Table 1



Centre 0306090012001500 frequency (9,) Angul ar 3030030303030 bandw dth Cr
B3030303030300 .21n22 21n221n2Z 21n221n22 21n2 Next, in a ste[ﬂ 134, taéba
texture features of inmges Gabor-filtered in the orthogonal coor M
system frequency domain or in the polar coordinate system frequency

domai n argo@yhkfeact €ed. Here, the orthogonal coordinate ?é‘f/kﬁ{ci]ﬂ/({ﬂ guency
domain or the polar coordinate system frequency domain are ed on the
basis of the human visual system (HVS) as illustrated in FIG 2, and the
di vided frequency domains are each called feature channels. The feature

channel s areq-ndn—sa-t—e-ct—a&-c,-,-mg_e l=6xs+r+1 _and Co indicates a DC

f eat ure chanp&®ediaidex pol aP cogrdi nate |system frlequency ¢domaisn dijvi si on

| ayout divifdes tshe fiequency|domain on the bagis of the HVYS. The -3 db
pass band f eq ENCy featuresjof—the bor—it+ter—are—destogred—to be

di sposed in ?ﬁﬁen(y ddmai f to3be suitadle flor t3he HYS. Bhe f|requency
domai n di VI §?q6?ﬁ‘°¥ret hod4and|desBgn plri ndlspl e|for3the (aboss fillter are
simlarlys appl (@) to|the ortlogonal cloordi nate system |That is,} a feature

of .t he HVS c%%qg $ SENSIT{VE LO tNe Tow frgquency-cpnponenty and
I nsensitive hijgh }_req Jenci coﬂponebt s, landJt he {reqdency division

| ayout is de g these|feattures. He¥einaftedé thfs w2 | He
descri bed in qrdéﬁer met ail. [In the present ingvention,|the enerjgy nean
val ue and engergy vari ance, value ?f t he Ga] or - |Itelr ed frequency] domain
are used as Fheatpextu eTLeat T tlhe_Lhageg. 2| i rgtes a
pol ar coordifate freqlieNépZdommiM2IeR vilsi §Rln2ay jut¥2In2 ¥21n2
10
Table 2
Angular index 0 1 2 3 4 5
(r)
Centre 0° 30° 60° 90° 120° 150°
15 frequency (6,)
Angular 30° 30° 30° 30° 30° 30°
bandwidth
o, 30° 30° 30° 30° 30° 30°
¥2in2 | ¥2In2 | ¥2In2 | ¥2In2 | ¥2In2 | ¥2In2
20 Next, in a step S15, the texture features of images Gabor-filtered in

the orthogonal coordinate system frequency domain or in the polar

coordinate system frequency domain are extracted. Here, the orthogonal

coordinate system frequency domain or the polar coordinate system

frequency domain are divided on the basis of the human visual system

25 (HVS) as illustrated in FIG. 2, and the divided frequency domains are each

called feature channels. The feature channels are indicated as C, where
i=6xs+r+1, and C, indicates a DC feature channel.

The polar coordinate system frequency domain division layout

divides the frequency domain on the basis of the HVS. The -3 db pass

30 band frequency features of the Gabor filter are designed to be disposed in

a frequency domain to be suitable for the HVS. The frequency domain

9



for extracting the nean of energy on the basis of the HVS. As ﬁgfmn I n
FIG 2, the polar coordinate frequency domain is divided in t J Nlamw
direction and the angul ar direction. The pol ar coordinate frequency
domain is divided in the radial direction away fromthe origin at an

oct ave |nﬁanahn1and in the angular direction O is d|V|?@%mmm 0/P
(here, Pis a division resolving power of 0). If the polar coorélnate
frequency domain is divided like this, in the polar coordinate frequency
| ayout to extract the nean of energy, the | ow frequency domain is densely

di vi ded, freguency donai rsely divided. The divided
fr equency dgq%FﬁQ gg’qdeaol P&s aﬂ'?’n%‘l"g'e(fser)%ﬁ Qﬂ%oﬂf@eﬁér@rfé@"@%h ionis
the feature appiisted tHe orthogenalictbrdih@atsyb@AT Ul‘rfé% |é)faféé}§ré36ﬂﬁéfﬁvs nvention
can be seen. §7 mpl ing . of the | ow frequency domain is dense per f or med

and sanpl i ng 18 B1atihgemsitye tpﬂ%mffé%mlcﬁmpgn%fﬂiaﬂgdIlrysqm‘slti‘vertoﬁab by the
Rad t f di vi ded
o 1o s G, OBl ML ALY R o,

the basis of t requency and the
high fr equendaﬁlngitb‘leae rfeaterespddesemgfteh thisledll bd Uescrrmﬂﬁntgrdaleddéta%d

frequency domai ns, ature val ues extracted fromrespective

channel s” accur at ellr&ﬁ{é@?%eﬁ inv%ﬂgoq 3’)&%’?‘%@'@&?0?’@@ ERCENYaERXYy nean

val ue and enesmiye vithe Baborflteredofedutcy ' ®MRAR tdrd UsEI2BO Tthe téﬁt?ré)bt ai ned,
, i mage texture descr| Rt ors for describing an image texture tromt

feature val udeatures ofd QIMBRYEH 5 that is, the feature vectors, are

| cul ated. A net Ay . .
Var | ance val de. i o penuuate S 60 BfedertinaitteRueiBbnt A 6 vBlE T 2
expr essed 1&as feoextacting the mean bEameropondhe pasis .of é{e8AYSA( 1) , , d(30)]
(4) Here

chatom e L) Aol PIE SRR b ety e S
variance val ue tieé radial direction and the angular direction. The polar coordlnate
frequency domain is divided in the radial direction away from the origin at
an octave interval, and in the angular direction 8 is divided into 180/P (here,
15 P is a division resolving power of 6). If the polar coordinate frequency
domain is divided like this, in the polar coordinate frequency layout to
extract the mean of energy, the low frequency domain is densely divided,
and the high frequency domain is sparsely divided. The divided frequency
domains are feature channels (C)), and the hatched portion is the feature
20 channel 5.

Here, important features of the present invention can be seen.
Sampling of the low frequency domain is densely performed and sampling
of the high frequency domain is sparsely performed by the Radon transform
of the present invention, and when they are divided on the basis of the
2 HVS, the low frequency domain is densely divided and the high frequency
domainis sparsely divided. The respective divided frequency domains, that
is, the feature values extracted from respective channels accurately reflect

the texture features.
When the energy mean value and energy variance value of the
30 respective channels are obtained, image texture descriptors for describing

10



the i-th Gabor-filtered channel | in the frequency |layout of FIG 2. Here,
in particular, fDC indicates an energy of the DC channel, ang 58@
indicates a variance of all of the pixel values of the inage 100
respective feature values of Fornula 4 can be first described according
to the or¢gyodhoRriority of the channels, and the feat ‘ifﬁn&@h/ﬂﬁ% of the
channel s having a low inportance are excepted according to e | nportance
of the channels, so that the anount of data can be reduced. Also, the
texture descriptor feature vectors can be formed using only an energy of
t he respective .channel s eat ure val ues according to the inportance

of the featur®! Eﬂagﬁ%?’ﬁﬁregfﬂrﬂ he[%ﬁétu%\ﬁ"d?ﬁ'ﬁlﬁ'&? gy, that isathedeatyre ener gy
mean val ue (&fdclors aé cél&@la@é@@%eﬁﬁfd‘f@r%aﬁﬂrgl{ﬁ? eHéR éﬂ/ d&@idﬂé‘gn he

described feature vectors are obt ai ned i n doing
so, a val ue ;ﬂﬂefQYEar@ﬂcﬁlwaé&lebﬁgd@C@%laienltered function ( GP" (w, 0)

P(w, 0) ) after t%eﬁ@ﬁbf@&eér{r@fb?% Eé% (r)?&[")%s e%%‘f'ﬂédp(l) is applied to

Formula 6, the energy nean va Al so, in Formula
7, a valuesq(i) is obtained using the Fourler transforned first Radon

transformed functi on}éac[fg;befg&;e)(l)/al wg3©pd@1)neddi(3oﬂor a5 If the

q(i) is applied to Fornmula 8, the energy variance value (d(i)) can be

obtaf ned. (er7) | Haroady o Al ioalello o nd i GabdAeloa Bl 2 - (7

(err) d(i) =1log[1+ q(i hi s way, texture descriptors
formed of thdndefrgguencaiayaut & FIGng anded(B irethgyenengy saanoeavakes of t he

respective cRRONE EapdhBRIPERYHeI | in the frequency layout of FIG. 2. Here, in
10 particular, f,c indicates an energy of the DC channel, and fs;,, indicates a

variance of all of the pixel values of the image. The respective feature
values of Formula 4 can be first described according to the order of priority
of the channels, and the feature values of the channels having a low
importance are excepted according to the importance of the channels, so
15 thatthe amount of data can be reduced. Also, the texture descriptor feature
vectors can be formed using only an energy of the respective channels as
the feature values according to the importance of the feature or using both

the energy and energy variance.
The energy mean value (e(i)) and the energy variance value (d(/))
20 forming the described feature vectors are obtained by Formulas 6 and 8,
and in doing so, a value p(i) is obtained using a Gabor-filtered function

( G, (0,9)-P(@,0) )after the Fourier-transform in Formula 5. If p(j) is

applied to Formula 6, the energy mean value (e(i)) can be obtained. Also,
in Formula 7, a value q(i) is obtained using the Fourier-transformed first
25 Radon transformed function and the p(i) value obtained in Formula 5. Ifthe
q(i) is applied to Formula 8,.the energy varianCe value (d(i)) can be

obtained.
1 360°

p= Y. Y [G, (@,0)-P@,0)F .

-@=0+ 0=0+

30
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The step S11 or S16 is perforned repeatedly on all input imaﬁé, and t he
respective data texture descriptors are stored in the databa¥es Juﬂléﬂﬂ’ata
texture descriptors stored in the database are nmatched with the query
texture descriptors obtained fromthe query inage and used for retrieving
I mages si@mlar the query image. Hereinafter, the texture-based
retrieval wﬁ%‘ﬁﬁ%@ﬁaccordi ng to a preferred enbodi nent of HOTARMALEHt

i nvention will be described. It is supposed that the database is indexed
using the data texture descriptors (F). Next, the query texture
descriptor (Fg) is extracted according to the texture description nethod
of FIG 1, which describes the gfiles Yog[Tage(idp). an@ya conformty is
nmeasured by calculating a sim Iagf)?:y s etﬁ(egﬂ ther‘(t@)exture descriptor (Fd)
and the query texture descri.ptor (Fg) of arbitrary image data (d) within
t he dat abase. This sim | gri Fs—t ' to the distance

6
(Dm between two textur fript Or t gj,ne y_ Formull . d(q,d) =
di stance(Fq, Fd) = Zﬁgzr_r mgfg+g@1’5:@¥’?l}) ?dlgg)lgp(f Eﬁ{?m%ﬁ. ndi cat e wei ght
coefficients of each channel. 'In this way, the distance between the data
texture descriptor and the query texture descriptor is obtained by
conparing the nean with the d(Ves ileglde ach csnnel. The result of
Fourier-transform ng the rotat ed( )iﬁnag%[ [ S@?QE sanecdsgs the result of
rotating the image in the frequency domain during the Fourier- transform
of the image bef or x thisavaypihaitestire dederiplors Rrmub BNthe®MRAGY Meak VaILBMROES and
retrieving, if conparing the imges during the rotation’in the frequency
donai n, two sﬁﬂélﬂ'g)e'i‘%éé@”%ﬂ qipf therespective ghaonela ace ebtained.

10 The step S11 or $16 is performed repeatedly on all input images,

and the respective data texture descriptors are stored in the database.

The data texture descriptors stored in the database are matched with
the query texture descriptors obtained from the query image and used for
retrieving images similar to the query image. Hereinafter, the texture-based

15 retrieval method according to a preferred embodiment of the present
invention will be described.

It is supposed that the database is indexed using the data texture
descriptors (F). Next, the query texture descriptor (F,) is extracted
according to the texture description method of FIG. 1, which describes the

20 query image (q), and a conformity is measured by calculating a similarity
between the texture descriptor (F,) and the query texture descriptor (F,) of
arbitrary image data (d) within the database.

This similarity is inversely proportional to the distance (D,,) between
two texture descriptors obtained by Formula 9.

d(q,d) = distance(F,F,) = Z ,a) WIAGQ fd(k))} ..(9)
l a (k) |

Here, F={f(k),k=1,K}, and w(k) indicate weight coefficients of each
channel. In this way, the distance between the data texture descriptor and

30 the query texture descriptor is obtained by comparing the mean with the

12



be found. The rotation unchangeability is expressed as Fornula 10. (err)

(k) (err) ...(10) Here,(err) = 30. After the distance betmeﬂéb\rl]\gakﬂ?%&

is obtained by rotating the query image in the frequency do

conparing the query image with the data inmage, the m ni num val ue of the
di stance | oqa‘elng to indicate the amount of dissi m'Iaritx bet ween the two
final images. ls is expressed as Formula 11. d(q,d) ECRKRONIAHTL
{d(err)=1to 6} ...(11) Also, the result of Fourier-transformof the
scaled image is the sane as scaling, in the frequency domain, the result
of Fourier-transformation of the original inmge. Wen conparing two

i mages, if covgs@ncadyenshichages). during the scaling of the images in the

frequency dorﬁ@reéu‘f@of$6ﬂr#e?—ﬁragé@ﬁﬂ§§ t%}%g%dd@ge%%?#as%éﬁéag?ﬁe be found.

The scal e invariance 1s expre

di st ance( Fq( kipstleof ydtel(itg the imdgk2ih the fRquBnéys deMaR &hr‘ﬁwag“wpéur‘igr- scal e
changes for the uera/ |n?rc'1e. Accor di %to the preferred enmbodi nent of the
present inverlfq fths intpge beforedhe fotatinn. Therefars, whemsomparinatvaides t he

steps of S§a|ihﬁge’§%ﬂd%ﬁfe\0ingi, Ff‘%%% jafin rtﬁé’ﬁr?%é?&lﬁ gstﬁalrgtcatiigﬁlié leafrequency

domai n, extracting the texture descriptor each™scal e, ting the
di st ance bet vieagivenpydemain, twx similer imagesihavimgdiffiérent tatatidreanglescarescr i pt or

f data i t ak| . 1 i di st t di st bet

The tvio | mmga2e Bifla" el unfheTaRS) B Rassa ab Homult b cxpr ossed
F | 13. d(q,d),= mni f (d , In=1 ¢t ...(13) Here, NI

Zit uglrrmnuﬁber of ggal 2966(% wzmql?%&?%&&)mﬁ%eﬁ@)?n\%m@@(w hZas b(ragn o

descri bed on the basis of the
10 Here, ¢ =30°.

After the distance between two images is obtained by rotating the
query image in the frequency domain and comparing the query image with
the data image, the minimum value of the distance is used to indicate the
amount of dissimilarity between the two final images. This is expressed as

15 Formula 11.

d(gq,d) = minimum of {d(q,d, m¢),m=1 to 6} ..(11)

Also, the result of Fourier-transform of the scaled image is the same as
scaling, in the frequency domain, the result of Fourier-transformation of the

20 original image. When comparing two images, if comparing the images
during the scaling of the images in the frequency domain, two similar
images having different si;es can be found. The scale invariance is
expressed as Formula 12. |

ns £ (K)) -(12)

Here, n is possible number of scale changes for the query image.

d(g,d,n) = distance(F, (k)

According to the preferred embodiment of the present invention, a texture-
based image retrieving method includes the steps of scaling the query
image in predetermined scales in the frequency domain, extracting the
30 texture descriptor for each scale, calculating the distance between those

13



preferred enbodi nents, the preferred enbodinents are not intended to limt
but to illustrate the present invention. It is obvious that V&‘&BOMEN 200
changes, anendnents, or controls can be made by those skilled in the arlf
wi thout departing fromthe spirit and scope of the invention. Therefore,
the presefpoiiftyention will be defined only by the appep /ﬁkﬁd@b@s and

t he above exanples of changes, nodifications, or controls nus e
understood to be included in the present invention. |Industrial
Applicability According to the present invention, not only can the texture
of an image ,be described re accurately, but also effective indexing and
retrieval bedBHHE i%%%'Pﬁ%’%%ﬁWge&H@ densHPtor P datpimagenanddaking thene
frequency dominimurnithstanterss aRPHigiaraE %_eﬁye%net%ft%%%pﬁé’. GRE S Qt vision

| ayout suitable for extracting respective feature valfues, the nethod for
extracting fdakingédhe minigwm disiensp 6an beexprasged asFodonta 18, and t he

techni ques for granting the inportance and the order of priority to

respective frequency, ne : ng@ L ri r extracted by
the texture descri pt?%mm?ﬁggﬁf@l ee y Q@ﬁ'}f ﬁo@%‘g@gfetri eval when
searching for an i . havi a special feature in a huge aerial
phot ogr aph and a .*?fggf"‘i%%&gwb_ 'q?§F§?9'mﬁgﬁﬁase. ~ Wat is clained is:
1. A texture descrhplij®iheBréstrflinvehiich Ka rdae%bﬂisne;& %ﬁ l’ﬁe&‘bgsfsro?ﬂ'iéency

ge,

domai n for describing texture information of | nprising: a
first step ofPrefefedembadimants, thaprefariedambadiments areprotiftended tosimidonai n i s

transforned i ' Yy, dlomai. 0 econd step of

fiitering thoo RpsRafe Bledint LEBHENEY ORI, RalFERA 8108, cabor

filter havi n@mendnients, aricogtrolsganrtss madeby thoseekiled in the art without
departing from the spirit and scope of the invention. Therefore, the present

invention will be defined only by the appended claims, and the above
examples of changes, modifications, or controls must be understood to be
included in the present invention.
15
Industrial Applicability
According to the present invention, not only can the texture of an
image be described more accurately, but also effective indexing and
retrieval becomes possible using the Gabor-filtering method in the
20 frequency domain, the polar coordinate system frequency domain division
layout suitable for extracting respective feature values, the method for
extracting feature values in respective frequency domains, and the
techniques for granting the importance and the order of priority to
respective frequency channels.
25 The image texture descriptor extracted by the texture description
- method is very useful for image retrieval when searching for an image
having a special feature in a huge aerial photograph and a radar image for
military purpose.

14



are predeterm ned positive integers; a third step of extract| g feature
val ues of the Gabor-filter inmage in respective channel s of gwpg@‘
dormai n division |ayout corresponding to the NxMfilter regi ons 0

Gabor filter; and a fourth step of describing the inage texture descriptor
using th e feature values of the image. 2. The_nethod of claim1,
wher ei n, ewo ?M(H#l rst step, the image of the tinme domaPHT/KR00/01387

t wo- di rren5| onal Fourier-transformed to be an image of an orthogonal
coordi nate system frequency domain. 3. The nethod of claim1, wherein, in

the first stegi the image of the tinme domain is Radon-transforned, and
one- di nensi o a 1 I8ransfornmed into an i nage of a pol ar coordi nate
system frequency domain. 4 . cl.ai .1 tgﬁu 3, . wherein,
the frequency donmain ini s‘let%nﬁ é%é{&})g?&{ W&hﬁsﬁfp%? %!02?'#6'6@ ¥ the
basis of a htjmqmenuysdraxhamyﬁremeémwr)g tekturd heforpidiod ef &1 aihidgd, wherein
the frequency_dommin. division frequency |layout is nmade by dividing the

frequency do "WP%n octave interval in the radial direction away from
the origins and diavfidt Bpt Beconveftingtate hdgdl GREY gﬁ | on
resol vi ng power interval pt n the ar?gu | ar |(r)iec l’ﬂclt%naugqa QK%E%WI’]od of

claim4, wherddmainjs ﬁrﬂ‘ﬂﬁf@ft"éﬁd:lét%n tﬁmQQﬁOf(ﬁfreqqancmdomalms granted to the
respective channelgssgdonlinged bEMEHAGNE YTRsRrmd} \fr'nglgg U Y ?requency

domain using a Gabor filter having NxM filtering regions, where N and M
are predetermined positive integers;

10 a third step of extracting feature values of the Gabor-filter image in
respective channels of a frequency domain division layout corresponding
to the NxM filter regions of the Gabor filter; and

a fourth step of describing the image texture descriptor using the
texture feature values of the image.

15

2. The method of claim 1, wherein, in the first step, the image of
the time domain is two-dimensional Fourier-transformed to be an image of
an orthogonal coordinate system frequency domain.

20 3. The method of claim 1, wherein, in the first step, the image of
the time domain is Radon-transformed, and one-dimensional Fourier-
transformed into an image of a polar coordinate system frequency domain.

4, The method of claims 1 through 3, wherein, the frequency
25 domain division layout of the third step is made on the basis of a human
visual system (HVS).

5. The method of claim 4, wherein the frequency domain division
frequency layout is made by dividing the frequency domain by an octave
3 interval in the radial direction away from the origin, and dividing the

15



7. The nethod of claim4, wherein, in the third step, one of the energy
nmean val ue and energy variance val ue of the Gabor-filtered id&quQ@ia@e
respective channels of the frequency domain division |ayout is extr fed
as a feature value. 8. The method of claim7, wherein the texture

descri pt ogoioigloydes energy of a DC channel, the variangepRkeddibgsof the
pi xel values of an image, the energy nean val ues obtained from tshe

respective channels and/or the energy variance val ues obtained fromthe
respective channels. 9. Recording nmedia which can be read by a computer,
in which a grogramés r.emrd‘?ébf,or_exec ting the followng steps: a first
step of trandfEGHRNALAARAINRY GeT80/diViRIAnTASAMNg pRYET interya] intae angiian n i s
transforned igiyeetie | mage of a frequency domain; a second step of
filtering the frequency domain using a Gabor-filter having NxMfilter
regions, where N and M are respective predeterm ned positive integers; a

third step of extgacti ﬂ*ﬂﬁtn?éiﬁ of EBRh 4 SnbriH S nﬁfrpg}%ﬁg{e@?%?g%% e

filtered in respective channel's of a ffequency d ayout

cor r espondi ngriodtyt isegisatdd td ther respgttivesclidnriehe oSt frefiLibihayr domamh a fourth
step of descr'.bi.ng a tfzxture descriptor of the imge using the texture
feature val uSVIHPT{FOUL npge. 10. A texture-based image retrieval

nmet hod using a Gabor filter in a frequency donmain for texture-based
retrieving a data_inmage simlar to a query inmage, conprising: a first
step of extractind- a dibemethadefciaigst wharein, intheithird siepgoneohthel mages

using a GaborldhbtdShedalts Shl BRefd)vaRBhifvAIGE of Gt iitefed it PLOr 1N

t he dat abase;
10 in the respective channels of the frequency domain division layout is

extracted as a feature value.

8. The method of claim 7, wherein the texture descriptor includes

energy of a DC channel, the variance of all of the pixel values of an image,

15 the energy mean values obtained from the respective channels and/or the
energy variance values obtained from the respective channels.

9. Recording media which can be read by a computer, in which
a program is recorded for executing the following steps:

20 a first step of transforming an image, in which an image of a time
domain is transformed into an image of a frequency domain;

a second step of filtering the frequency domain using a Gabor-filter
having NxM filter regions, where N and M are respective predetermined
positive integers;

25 a third step of extracting texture feature values of the image Gabor-
filtered in respective channels of a frequency domain division layout
corresponding to the NxM filter regions of the Gabor filter; and

a fourth step of describing a texture descriptor of the image using the
texture feature values of the image.

30
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a second step of extracting a query texture descriptor of a query inmage
using a Gabor filter when a query image is input and stori nqﬂti:eu
extracted query texture descriptor; a third step of matching t e’”ai@y,
texture descriptor and the query texture descriptor aﬂd maasu][l ng the

di stance between two texture descriptors; and a fourth step o

det erm ni‘?%slé‘“g Imilarity between two i mages accor di ng RGIKRWOSEt ance
between two texture descriptors. 11. The nethod of claim 10, wherein, in
the first and second steps, the step of extracting the data texture
descriptor and the query texture descriptor conprises: a first sub-step
of transform ng at0.i nefytextiredasedimegerstrieval nwethod usingeeGabosfiigrequency

d in; seco - st of filtering the jnmage of the frequency domain
ssing a Cabolt 1AL R oruph i B aIBaVED s fuaimacnmmids
respective paegetyimdagecdomprsihgve i ntegers; a third sub-step of extracting

texture feature values of the image GCabor filtered in respective channels
of a frequency dofdl SFﬁR/?fts‘i”ﬁrﬁCF'QQ(ﬁﬁ’ataé@ﬁtﬂ@smlptﬂ;l hyofilteringNetataf i | t er

regi ons ofg t fd £ z descri hi t he

texture dgsc'irh?hg olr%g}g dt?%‘?‘?’f#ggﬁ%fsg’ﬁ’zﬁ‘?‘ﬁgwg%g é?gt%qg)gy[eﬁrciegygp@gs of the

i mge. 12. Thdhegetab@ser cl aim 11, wherein, ::n the f:;rst fsub-s'sje.p, tthe
ourier-transformed into an

mage of an-ort haySHATCuEP & AXrELETE aliPprteiEn oHIRAr AT 3 4% The et hod
of claim 11, imdye esing ai @abdsrainfe'rrwhcf,@atqﬁpnnagféﬂ@ inbm Qﬂ‘orihpqhé' ge. dormai n
I s Radon-t ranstf 0|{%§d, and t gen one d;l nensional Fourier-transfornmed into an
i mage of a pYRERCIRLINRTY textwredrscaptorr equency
10 a third step of matching the data texture descriptor and the query
texture descriptor and measuring the distance between two texture
descriptors; and
a fourth step of determining a similarity between two images
according to the distance between two texture descriptors.
15
11.  The method of claim 10, wherein, in the first and second
steps, the step of extracting the data texture descriptor and the query
texture descriptor comprises:
a first sub-step of transforming an image of a time domain into an
20 image of a frequency domain;
a second sub-step of filtering the image of the frequency domain
using a Gabor filter having NxM filter regions, where N and M are
respective predetermined positive integers;
a third sub-step of extracting texture feature values of the image
25 Gabor-filtered in respective channels of a frequency domain division layout
corresponding to the NxM filter regions of the Gabor filter; and
a fourth sub-step of describing the texture descriptor of the image
using the texture feature values of the image.

30 12.  The method of claim 11, wherein, in the first sub-step, the
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domain. 14. The nethod of clainms 11 through 13, wherein the frequency
domai n di vision [ayout of the third sub-step is made on the Daglf of a
human vi sual system (HVS). 15. The nethod of claim 14, wher¢di UN&ZUU(,
frequency domain division frequency |ayout is made by dividing the
frequency_domain by an octave interval in the radial direction away from
the origiWOOYR by a ' 180/ division resol ving power' i nPEFARPOQIAST he
angul ar direction. 16. The nmethod of claim 14, wherein the inportance or
the order of priority is granted to respective channels of the frequency
domain division layout. 17. The nethod of claim 14, wherein, in the -
thi rd sub- st épageof thectime domairvisl twe-difensionalRowglertmnsformbl éntdrgh ener gy

vari ance val ' e Gabor-filtered in the respective channel s of
t he frequenc%ﬁ@%ﬁf%ﬁogh%@?a&ﬁWWﬁﬁ? syéer@ feeney da@aihe feature val ue.
18. The method of claim 17, wherein the texture descriptor includes

energy of a DC channel  the variance of all of the pixel values of an
i mage, the ener gy 1#ean @ maiRod f aliaied 1byherein risghe firsteutesiapntiies and/ or

t he energy. vaki il'{%‘a o S i hannel s. 19. The
met hod of 5cI gﬁﬁﬁhéﬁ(@é@rﬁ l% enﬁ Kalnr{rsﬂﬁgﬁe@, é’rﬁ"%&e}ﬂt é‘é}ﬁ‘legf'gﬁﬁle bet ween
two texture deosder-fransformed imeanimagenf arpoiareatordinbie systemfreqoendyhe feature
val ues extra(ahggjromthe respective channels. 20. The nmethod of claim
19, wherein t ‘st ance between the

14.  The method of claims 11 through 13, wherein the frequency
10 domain division layout of the third sub-step is made on the basis of a
human visual system (HVS).

15.  The method of claim 14, wherein the frequency domain

division frequency layout is made by dividing the frequency domain by an

15 octave interval in the radial direction away from the origin, and by a
'180/division resolving power' interval in the angular direction.

16.  The method of claim 14, wherein the importance or the order
of priority is granted to respective channels of the frequency domain
20 division layout.

17.  The method of claim 14, wherein, in the third sub-step, at
least one value of the energy mean value and energy variance value of the
image Gabor-filtered in the respective channels of the frequency domain

25 division layout is extracted as the feature value.

18. The method of claim 17, wherein the texture descriptor
includes energy of a DC channel, the variance of all of the pixel values of
an image, the energy mean values obtained by the respective channels

30 and/or the energy variance values obtained by the respective channels.
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gquery image and the data image is neasured by rotating the query inmage in
a predeterm ned degree in the frequency domain, and the m ninum distance
is determ ned as the distance between two i mages. 21. Theﬂr’@atjtmjzml, claim
19, wherein the distance between the query inmage and the data inmage is

measur ed I ze-transformng the query imge in the frequency domain,
and the m%ﬁ@?ﬂe’&i stance is deternmned as the distance PS&(‘M"’P?I\D

i mges. 22. Recording media which can be read by a conputer, in which a
programis recorded for executing the follow ng steps: a first step of

extracting data texture descriptors by filtering data images using a
Gabor filter, and 18t or iThg metboeof claimel?, ddrseeih cintthe ehirdl 666 std, Me i N t he

dat ab ; t f cting feature values by transformng a
query i mage SRECR RS PRL G S el h arshie By tRBeptvatage | o
input, and Gonparihglthefdangrelvatuds SRELRITTRS kﬁ@%geéﬂﬂfé &%ﬁec' ding the

extracted feature values as query texture descriptors; Ird step of
mat ching the data texture descriptors and the query texture descriptors,

and nmeasuring theogdi st t . | ptors: and a fourth
step of de% erm ni r%g a gﬁ%ﬁégﬁéﬁpglgmgh%%&ﬁ%%ggg c%?ﬁ@rt}?% t he
di stance bet ey imaget and thealate incagepisomesasured by rotating the query image

in a predetermined degree in the frequency domain, and the minimum

distance is determined as the distance between two images.

10 21.  The method of claim 19, wherein the distance between the
query image and the data image is measured by size-transforming the
query image in the frequency domain, and the minimum distance is

determined as the distance between two images.

15 22.  Recording media which can be read by a computer, in which
a program is recorded for executing the following steps:

a first step of extracting data texfure descriptors by filtering data
images using a Gabor filter, and storing the extracted data texture
descriptor in the database;

20 a second step of extracting feature values by transforming a query
image into an image of a frequency domain when a query image is input,
and Gabor-filtering the transformed image, and then deciding the extracted
feature values as query texture descriptors;

a third step of matching the data texture descriptors and the query

25 texture descriptors, and measuring the distance between two texture
descriptors; and \‘

a fourth step of determining a similarity between two images
according to the distance between two texture descriptors.
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