Abstract: A texture description nethod in a frequency domain for
extracting texture features by transform ng and Gabor- fil tetﬂ.rmJHN zﬂ%ut

i mage into an image of the frequency domain,
met hod thereof are provided. The
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where N and M are respective predeterm ned positive integers;

and a texture-based retrieval
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Technical Field

The present invention relates to a texture description method of an
image, and more particularly to a texture description method for
transforming an image of a time domain into an image of a frequency
domain and extracting texture features by Gabor filtering. Also, the present
invention relates to a texture-based method of retrieving images indexed by
the texture description method.

Background Art
Texture information and its application as an indication of important

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

athird



TEXTURE DESCRI PTI ON METHOD AND TEXTURE- BASED | MAGE RETRI EVAL METHOD USI NG
GABOR FILTER I N FREQUENCY DOVAIN Technical Field The presenﬂwﬂqugwmep
relates to a texture description nethod of an inage, and nore
particularly to a texture description nethod for transform ng an imge of
a tinme dogrjdisg3t 0 an inmage of a frequency domain and gxh &&ﬁ?7texture
features by Gaborfiltering. Al so, the present invention relates to a

t exture-based nmethod of retrieving images i ndexed by the texture
description nethod. Background Art Texture information and its

application as an indjcatiop of inportant @ visual features of an inmage,
have been st utiP@PNYACNgIR{he Meap anfiibe vasiangeof gashshaanelas feptute i mage i s
used as a | ow4|QY&bf #RIEXLRS OFar fageOnt ent - based i ndexing and abstracting
an imge or video data. Al'so, the texture information of the inage is
i nportant in retrildQweyera thgedintge fexture dbseriptivngimethoghasimgalthem or

cont ent - based ks ' 1 r tid.e, . abase. Presently,
feature val uegérﬁ{e@klgé%lggﬁgé}eﬁeﬁlhbiagip@'é%ﬁﬁiﬁﬂrs&r'F%tKeFraelaﬂgﬁ'&p bnain in
order to exst realtulation by perfarating tee Gxboafiltdr anlmagdld digndl abmath, et hod of
texture featuge ex r.actim?n ina%éﬁf,reﬂuenc omain is known to be suitable
for descri bi nse? » ftds giffiuikta.gbtain enguah *ﬁ?{@?t'@f‘ becapsr thedensitywfof forns.
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in a low frequency domain due to the use of an orthogonal frequency

10 domain. Third, the size of data needed to describe features is great
because both the mean and variance of an image brightness value are
used as the texture features of the image.

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



18, No. 8, on August 1996, describes a nmethod for calcul ati ng[desa re
vectors by extracting fromthe i nage obtai ned after Gabor fil ii@‘iwmhe
frequency domai n, the nmean and the variance of each channel as feature

val ues of the texture of an inage. However, the inmage texture description

met hod usyB@:4fs¢r conventional Gabor filtering has prObkgﬁﬁ"ﬂléﬁ’t’

takes a long tinme for <calculation by performng the Ga I ng of an
i mage in a signal domain. Second, it is difficult to obtain enough ‘

i nformati on because the density of frequency sanples of an inage is |ow
in the case where the texture information is extracted using the Gabor
filter havi nd@83:9 3Wipage than@riange &f thrybrightgees oplutofian ichaget o t he use
of an orthog 7 i Ny [ needed to
descri be fea?g‘? g%)f ia;ﬁgglgrag%\rtyadégre%édtksgg %teﬂe{%}sl&égéﬁgﬁ%dggérﬁ’é ¥ an I mage
bri ght ness vadinage &dureused as the texture features of the inage.

Di scl osure of theyl pv ' 0 solve the above problens, it is an

obj ective of the [I)tr %sgﬁétlhgf]ré V8 ok eprp{ﬁﬁed‘g IQVerition, o RHRYES. it i on

met hod ands a considerationas &Umahrvadial fedtliregYatexiibldcliptiodinethdd dhdEabor
filtering is done ip the frequency domaln rather than the signal domain,

so as to red@I&Xre-ppseyq imagedsiriayabmethed usings=a Gabor fiteriva frequengyect i ve of

t he present | At i ; Wy t nd a

Lext ir o basedoy Y HeeRRI i choy e bend EFE i P arh el oM R cuency
domai n for ebemagoweyandtheftequercypass béndrofathigifrequferen domagretoibe a | ow
frequency dogmj i e rai sing the sanp|ing . density of the

f reguencg, a%a%x% a"&??rﬁalqg&%ugﬁn?@x??ﬁog‘qsn?'gﬁ%t h&F?g’i'h IS 13%eB 1810 t he Gabor
filteringihacongjdaratiod thatdsshirmanlvisMall syseri semisitie t6 aftdeatbr tiieipyi ty of the

frequency in_a high fre&ueng dommi n, by performng the Gabor filtering
usi ng a pol affe@HBIY FRRRONEPLS &fiAN iMadeanghinsensitiversp sbengas afithe highpr esent

: %ent i on t ofragA¥hEEcainpdhEnty, Wheﬂ%%rdﬁﬁé Q@égg,ﬁﬁ@& and a texture-based
ge retrieval nethod in a frequenc omaln tor raising a retrieval rate
usi ng the aver ageltiis pgotheeobjective 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



values of an image, the variance of the brightness value of ajﬂ 20
energy, and a variance value of an energy for a feature descri ptor of %

i mage texture. It is another objective of the present invention to
provide, in consideration of human visual features, a texture description

met hod ango od4fogixt Uur e- based i mage retrieval nethod usi ”ﬂcfrxﬁﬁ#ﬁfss Lfilter in
a frequency domain, by designing a frequency pass band of a |l ow frequency

domain to be narrower and the frequency pass band of a high frequency
domain to be wider as the frequency domai n beconmes higher. Here, it is
taken into c S.I d rat at the hu visual system sensitive to changes
of the | ow &‘&?ﬁg?ﬁiﬂrtesa&l' n%qf‘ @nd insensitive to changes of

the high frequenPVefé@mPﬂﬂhb?urst\ﬂfwtlﬁheﬁiéyé'd?%e?ﬂrﬁ@%hafﬁ tstFurielt 1S

anot her objective of the present invention to provide a texture
description Hensaieemesintg aﬂé‘%‘?ﬂ? ef mmogﬁaglecqo&mamwmfmquew ng a

Gabor 111 er g, o @/ FRg6 GHAFB el MR REabRYEEHBa2hd fge chanaed

by a minor anount 'by I'ter SO as no of an

i mage t extaur endatirengional Hdurlentransfgﬂnednm@baumdge ofigpolarasbordinateeduced by
a small anount acconmplish the above object of the present invention,
there is pr&YsiE® f%ﬂ%egﬁgﬁP@aHbscn ption nethod using a Gabor filter in a

frequency domai nAisas kheteng prémaéd FdcopdiRg rRddih WHIEH @aR1HROr th%ge of a
time domain into an |mage of frequency donmin; a secon

filtering t héompamwlhlsti'srrﬁéeméﬁ@;prwﬁm far %cnlgngatqﬁwrdescmm@n haV| ng
NxM filter %us@?%@a%r‘?ﬂgr‘mﬂé% Dgﬂg&’érﬂ%lﬂed positive integers; a

third stepo extrac texture feature val ues of the Gabor filtered
i mage in respecti Atsocﬂhamepsowdecbatremwbasgd idageiretridval methodlusingut
correspondin f the Gabor filter; and a fourth

step of det e%ﬁ%‘?%gﬁgrpe%( rﬁ?%eeri?é's@ 0 B l{ﬂ" Y he | mage on the

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-



basis of the texture feature values of the inmage. Preferably, in the first
step, the inmage of the tinme domain is Fourier- transforned injo an i mge
of the orthogonal coordinate system frequency donain, or the -i3mlw Qaagt he
time dormain is Radon-transforned, and then one dinensi onal '

Fourier-t d into an image of a polar coordinate_ systemfrequency
domai n. A@;@L@(ﬁgﬁe I's provided recordi ng nedia which c&f 0p/L3g7 by a
conmputer in which is recorded a program for executing a texture
description nethod using a Gabor filter in the frequency donmain. Al so,
there is provided a texture-based image retrieval nethod using a Gabor
filter in a fiiltajeddace dndespractive ¢hanaels of ithe ftequenpy dbmasit Miisiomg a dat a

texture descrj r Lk Ger - usi a, Gaporfilter and

storing the el)'a(u?é@&o@%sé%@%ﬁé @?‘Eﬁg’t"g@géﬁgﬁ\s O%iﬂﬂquaagf ﬁl??faéB, a second

step of extracti ng foutthsstepiofgiescriping Yhe vdger extles desaimbr Q§ingandluery

i mge, i.e., a Ou%hait aft?r i e, when the query image is inputted using

the Gabor fi |{P¥Hre Ealyey Lﬁség?}g?'r?%ﬂ%hi ng the data texture descriptor and

the query stextur %Ig&%ér@wbro@%d%@&‘dﬂd@&e@iéjbvﬁkﬁ”{fé?\ Bgtr@fgé% tyo texture
ar ity betwe

descriptors; and a fourth step of determning a sim en two
i mages accor@imrptenin whichiis regarded et piogram far executing adiesturé-based .

Gata txt ur o E0R7elELal mERBARRREN cEbBMerd Sk iRy B uges: a1t

sub-step of transformng an image of a visual domain into an imge of a

frequency dorai D secondf uh-step of filtering the inmage of the
frequency dom%—éig&—ﬂﬂ%ﬁ' ! 2. fa er having NxM filter regions, where N

and M ar e o pr edet g@i Nesla MBREhHAY RlUEHE é?éxtt%efj&és&ﬁpt?dfpfnéﬁ%@ iRth&Xt racting
texture feature val ues of the Gabor iltered image in respective
channel s of tffRAuepeyGeman aseridingdiova firefierred embodiment of the present

invention;
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



| ayout corresponding to the NxMfilter regions of the Gabor filter; and a
fourth step of describing the inmage texture descriptor using wﬁe p&x ure
feature values of the imge. Al so, there is provided recording (4 #ch
can be read by a conmputer in which is recorded a program for executing a

t ext ur e- bggRearoriege retrieval nethod using a Gabor fil |
frequency domain. Brief Description of the Draw ngs FI géfl!fhphs/&g@f | onchart

illustrating a texture description nethod in the frequency domain
according to a preferred enbodi nent of the present invention; FIG 2

Il lustrates a _freque A domai n divjsion |ayout used for extracting
t ext ure descﬂaiﬂb(ﬁgg' 2& %&’g‘ﬁ@@tql{?&' FRge {8 Inputtgd dexture desgriptars of thees  a
structure of quefpitigefdrbippodutaachctordirydo Retefdre &eﬁ?g}i}-}ﬁ@n ﬁﬁ?@é}daﬁors of

respective channels.  Best node for carrying out t nve
Her ei naf t er, FIG. flexandrretrigvat is perfermadebyneompating thexproducddsedurd nage

retrieval nme Ui NG gat%q fllrer 1n. ncy domain" according to
a preferred tgr%ggr(#ér}esrr}tﬂtrg}ht eé B{]éeiéesn{to'liera\)@ﬁrﬁg%%f% be described in
detail wi th ref er Refarring td FiS. af thadéetdreddessription metiad dcdofdifg td thachar t
Illustrating a texture desqmeé)tion thod in the frequency domain using a

Gabor filter PRRSEE HIVRGLOMRWHHRE AescibRd in apatRridstail. The text ure description
method, a method Fst BduGited imaens paudasstiPEAl iy iR ffags B9 an 1 nput

image is used for texture information- based indexing a

i nf or mat i on- FRYEEr-ransfoiecth¢SHa) intads inage of @n othegoriatposdinatei ch wi | |

be i ndexed i amﬂn ' .da exture
descriptors g?’éetgﬁ‘r%zéigg?ggcordali%ép?tg”}ﬁée&féeﬂ)%pulgrdén%@s&'felr%’tﬁﬁ&ﬁn%tt hod of
FIG 1, amd frhagecedbeea detximage ates quenytioragearsededonibed abovéhahe

dat abase. Al so, ,when a.q Im?@a‘g?éqﬁ:‘ utted, texture descriptors of the

. t
query i mage MWF’@@&C%%&B‘?WS rignsiormed otq idata o hod of
FIG 1, and ofthbheealcobsiimne spstercrdiueneianiiait ARErmREiPlYCHR ihgt ur e

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-



descriptors wth the data i nages stored in the database. Rewemiqﬁ @%‘FI G
1, the texture description nethod according to the present T t—.‘ i w | |
be described in greater detail. First, a prescribed inage is inputted
(S11), and the input inmage is Fourier-transforned (S12) into an inage of
an orthog rdinate systemor a polar coordinate system frequency
domai n. He%l,mﬁ € input inmage can be a data inage or a q‘%lgl%‘“’ € as
descri bed above. The input inmage is two-dinensional Fourier-transforned
into data of the orthogonal coordinate system frequency donain.
Alternatively, the input inmage is Radon-transfornmed, and then the
transfor med dategraingwith raspeetioiapraxis ravimg am ahgleros Bowitrethel piisitivéat a of t he

Popat rage | BHE SEEREIng hRALEGK B The Blifedir SRormsharrioms. o
described as that ispadirst Radehstrarisform fapetion. TB@Es aFumaiiiwhich betoneed,

wherein the don trarbs)ermis a .process of | ine-i nteg rating a

t wo- di mensi onhWNERGE b A dypdimen iHAGE has Btreaieni &f dedxa/<ai intihe espect to
an angl e tg oftrdgonaNBosHifRNS s | ' qj%tpw. t LS, e shape of
an obj ect appear sgbto change wi?ﬂallnf g@ggggqﬂgoﬁi ere%%-&?fgwﬁﬂﬁttﬁ%gl es, and
an obj ect is Baden ceendingte sustgmesWhenoxco@tysinO=sy BicosOefsindis)ehj ect can
be estimated. The r u hi rinciple. A Radon_transform
formula for transflmg\&ag‘; ’taﬁdéﬁg%%erfgﬁi?%ﬁﬁa&qwgﬁ%ﬁP@ 113 Bef Bas

Formul a 1. (eohtdinedrty, rdtéting/P froma degree thioughi 180-8bgree R ddiegopal

coordi nate system 30 Irhme.domai n, p(err)(R) is a first projection
function obt 2i'HEEBP| i %é_fgwgfﬁw%g}%ff%'%tmsmglpd@o eptagived s having
an angle qb eeldtioh sUBR a8ABALINERIN FRKhile, 2hfth %at%'-{lﬁﬁbgfoﬂﬁﬁ#‘oﬁ _origin of
the orthogonal coordinate system that is, a firs on-transtorm
function. 6(Xyansiorgedimage tinctian & b dberoghogoneh enordinate 8ystém time

t wo- di nensi onglndigrge has a region of -.<x, y<. in the orthogonal

coordi nate system and regions of 0O<s<- and O<e<rr in the Radon

coordi nate system Wen xcosOtysinO=s, S(xcosQtysinGO-s)=1.
P(w,0)= F(w cosf,w sinf) = Flo,,),

x=0c0s8,@, =@ sind (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



In this way, a concurrence of the first Radon-transformfunction (m
obtained by rotating 8 from O degrees through 180-degree is cal Iﬁg&as‘ 2806
signogram The signogramis then Fourier-transformed so as to give a
relati on such as that shown in Fornmula 2 with a two-di nmensional Fourier
transfor i e function f(x,y) in the orthogonal co i stemtinme
domai n. Ewé‘(?%/w.(Z) Here, P(w,e) is a Fouri er-transfo?{rrdéll uﬁ}:st%?lon of the
Radon- transform function pe(R). In addition, wis 6)s2 + al y2 , and e is
tan-' (err) According to the Central Slice theory, the Fourier transform
of the si gnofgr am .| sﬁa one- di pensi onal function_val ue_obtai ned by cutting
r

the Fourier-® fé‘ﬁsq"?ﬂ'rd. JQ?E'F%PPW%? ag "f%—a&?qrﬁhgl%r%l That ¢8. faIthe rage wi t h
respect to eﬁ%%r%cﬁén‘nﬁodih{eni,fihéG‘aBBﬂﬂtér&gﬁé‘ﬂé@ﬁcﬁﬁéH‘ﬁi% @’a@o?‘ﬁl&r%hen

Fourier-transformed, the inmage is trans d into an Tnage o he pol ar
coor di nat e sgesigmed podherhagisdohaion® frature chanaelksspaceSidyidedlinterbng i s

5T or der 5y oS CRAT B tor OB S sdigts Wb Rl iR BRe ” 1n i
3, the frequespgctilendivided diegushanddmaingishownlih €1G.2 torrésporettoahed in a

nore practical form bor filters for filtering in the step S13 can be
under st ood t®aB&eFBENRRIEd on the basis of the divided feature channels

as illustrated inpfd @spéns_e%ﬁfurés%ft?é’da%rfiI%r"a?@éi s?é@@f?%ﬂila the Gabor

filtering is performed using Gabor filters designed on the basis of a 5x6
f eat ure chand#i ordpatoeaxpifintheaperation obtherGapiarfiter designed asddescritedect i on and
6 regions in 6$1ve angul ar direction. Here, respective divided frequency

domai ns showd*$'§ FIG 2 correspond to the feature channels. The response

features of the Gabor filter arerexpressgd as fornul a }n order to explain

2
the operation of the Gasé)grﬁii | t ef —6@st gp¥d| as peblridhdd| above, (err)
Tt r EEB e reS’B%se

Here, A(err), is dre r) 2w, 6) “*R i cpies t
f eat ures Ps or
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



of a filter corresponding to the feature channels of the s-th radial
direction and the r-th angular direction, s indicates a posi wgn mL@Be
radial direction as an integer nunber anong {0,1,2,3,4}, and r i*

a position in the angular direction as an integer nunber anong

{0,1, 2,3, % so, ¢ ,, 2 and (err) , respectively, rd

devi at | onﬁeg lﬁlg? of feature channels of the coordinate p I'n {“ﬂﬂgﬁ
direction and the coordinate O in the r direction, and correspond to the
wi dth of the feature channels of the radi al direction and angul ar

di recti on. |q_(_hg_@_b;r(__f_4_l_t_g{_h_aulnn oxB filters as th preferred
enbodi nent, | &edatprder § st &ndafd devi at) ons2 of tlhe featufe channgl s are
tabulated inf TaRles 1 and 2. |Variabl g val ues qf the Gabor filtgr in the
radi al direc[Ton__are[raburatgd T deréL ang—vartabte—vattes—of the

Gabor filter|in°?fe 4dnguBar gliredtion are3tabylated in Tabbe 2.| Table 1
Radi al i ndex[p198uenes) | Censr e333338f requendy481632642 (W] Octdavel|1111
bandw dt hz48[1633wfBe) |[LT Pal 1 1 1 1 & 21n28 21n21621n2y 21n2 21n2

Octave 1 1 1 1 1
bandwidth 2 2 8 16 32
(8,)
o, 1 1 1 1 1
s
{21n2 21n2 ¥21n2 %2In2 %21n2
10
Table 2
Angular index 0 1 2 3 4 5
(r)
Centre 0° 30° 60° 80° 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



Tabl e 2 15 Angul ar i ndex 012345 (r) Centre 0306090012001500 frﬁﬁency (9,)
Angul ar 3030030303030 bandwi dt h Cr B3030303030300 .21n22 21n2 4UN 2004
21n221n22 21n2 Next, in a step S15, the texture features of images
Gabor-filtered in the orthogonal coordinate system frequency donmain or in
t he pol arwoama@igh nat e system frequency donmain are extraggﬁﬁmowg{ﬁ, t he
orthogonal coordinate system frequency domain or the polar coordinate
system frequency domain are divided on the basis of the human vi sual
system (HVS) as illustrated in FIG 2, and the divided frequency donai ns

are each cal e channel s The feature channels are indicated as
C;, where _%ﬁglgp'l‘ H?Hda@ deRigncRirRciPly %C%%zﬁ%oé fiteq are| Simifady pol ar
coor di nat e smpehédftds mnmgod@lrﬂbbmﬁatéls%@m |ﬁrié@§§ af&étﬁi&@ﬁhé*ﬂﬁlé requency
domai n on the basis of the HVS. The -3 db pass and frequency features of

the Gabor fi Ii§Hatis genpilivedadoe wfﬁ%qw@psgmonentaaﬂdmmdweaorumn to be
i noi pl e for g ooy tmeoRBHED SHa BB ency Moktish BRI deed o gonal
coor di nat es smngﬂhemé@aturss ereinafier thos vmlhhae Wﬁ:rlbleﬂ ih fgﬁéatbﬁdéﬁéﬂSl tive to
t he | ow frequency sen5|t|ve to th h frequency
conponents, and u\@%ﬁﬁ%@ﬁwg{]ﬂm %‘?-P?'%E'&?"Ve'uaéefi&a royyergnésese

feat ures. Heneiuwbf eiie Gabiosfilérel PEqERRY ddMRsinidte LAt 85 tH&ttdktre | N the
present invention, the energy nean value and energy variance value of the

Gabor - fllteréﬁaPF%‘EféH%ynﬁﬂﬁﬁal n are used as the texture
FIG. 2illustrates a polar coordinate frequency domain division layout

10 for extracting the mean of energy on the basis of the HVS.

As shownin FIG. 2, the polar coordinate frequency domain is divided
in the radial direction and the angular direction. The polar coordinate
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



features of the images. FIG 2 illustrates a polar coordinate frequency
domain division layout for extracting the nmean of energy ongoagi asi s of
the HVS. As shown in FIG 2, the polar coordinate frequency do iwol,
divided in the radial direction and the angular direction. The pol ar
coor di nat ency domain is divided in the radial di | y from
the origi gvoatilh?tgg octave interval, and in the angul ar dil{cggﬁog’ﬁlsgy\?s
divided into 180/P (here, P is a division resolving power of 0). If the
pol ar coordi nate frequency domain is divided like this, in the polar
coordi nate fre uency Iﬁlygut Eno extract the nmean of energy, the | ow
frequency dorfill'MagEtEI M thefeawEe valdeginthestap §1 5 thaisethefeaturai n i s
sparsel y  di viyétbrs Hre clicuistifl A i f nel s

(C ), and the hatched portion i ?@%Wfszﬁtﬁﬁgﬁt@ gﬁ%@"@%ﬁaﬁugwnportant
features of taNergk ¥arance;viauavillhe deseribed idem. Sanpling of the |ow

domain 15 Spar sol y Sa A DR A ARt APEd: (e prosen

i nvention,sand when they are divided on the basis of the HVS, the | ow
frequency domain is d?éas[gf[g,y),g’bgje(g)_j,,a,req3®)gd(1)i,,g,r;d(39)]ugmy domain is

sparsely divided. The respective divided frequency domains, that 1is, the

feature val ues exiHer6!dDlis'theBhéRy PR VAR CHIIBhCASHIRHE] dhdrebl ect  the

i
texture features. \Wen the ener!q__ﬁgrrean val ue and energy variance val ue of
the respectilléhafigawrncy layeut obFiE.nd@nd d(ihisthetenaray vatannervalueos f or

descri bi ng \P g ; \n, the step S15,
that is, the t?%?l%Huggg&ﬁeltg odrjér%rrgr%gmegﬁﬁ%g@ée%wiyﬁh;&ﬁgbé%rﬂsﬁﬁ A ni ng the
ener gy nmean \particlam b, iedieatgy anariesgycef thalDCchdnrel hdigsondieewslat er. The
texture descri |Ea%es ?rgg o?éﬁrensxsé?gaas (I;j;)rhrrul a 4. _IEE: .

[fSTD, f Dc, e( 7727 & §0)° e alyes gy the IMage |ee EosRRAtlye ffeatuf: ener gy
mean val ue ofvalues of Fofm@ahpsan be firet @skcfibadBBtording th A5 bfdRfbEsHoriy) ayout of
FIG 2, and %‘Iﬁéels t he energy variance value of ~ the i-th bor-filtered

channel | in fchagoelacand 3 featyre yalees of therehanpals 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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particular, fDC indicates an energy of the DC channel, and f Tg I ndi cat es
a variance of all of the pixel values of the imge. The res@L t uNeﬂm4
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 | gw_ipgportance are excepted according to the inportance of the
channel S,Ws%o]{"ﬁé?g the anount of data can be reduced. A F&ETKRMVOIELt yre
descriptor feature vectors can be forned using only an energy of the
respective channels as the feature values according to the inportance of
the feature or using both the energy and energy variance. The energy nean
value (e(i)) and the energy varé(g)rweo%[:;h.up(jgp(i ))...(6§ orm ng 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 (w, 0) P(w,
0) ) after the Fouri er-trapgstprmtr—formt-a—5S—++p+)—is applied to

F la 6, th : | b bt ai. nedl. , InF I
7. a value a() 1 hlar %”%; G0 LR P T e Tt Racon
ep

transformeq function and i

i) value obtained in Fornula 5. If the
g(i) is applied to Formula 8, the energy variance value (d(i)) can be

obt ai ned. (err) e(i) = logl(d) =108 q(i)} (6) .= 3)(err) - p(i)rz2 ...(7)
(err) d(i) =1log[1+ g(i)] ...(8) In this way, the texture descriptors
formed of the energy nean value and the energy variance value of the

respective channel i thisevaybthaitegdre deseriplobPiofrhdd of tha bhersy MBAH QaKBd

repeatedly on all input inag&s, and_the respective data texture
descriptors aPBd $1&pReIOY Natiancevalug akibe respactive chanrels areobieingd. pt or s

Sheas 1 5 " S SIS Sheh i rdfeBsot G Ll bl °
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



retrieving inmages simlar to the query imge. Hereinafter, the
texture-based retrieval nmethod according to a preferred enbod(brrgn{ gf t he
present invention will be described. It is supposed that the #¥a 004
i ndexed using the data texture descriptors (F). Next, the query texture
descri pt Ol (Fﬂi 'is extracted according to the texture description nethod
of FIG 1VOM* % describes the query image (q), and a cBRTERGNENET g
measured by calculating a simlarity between the texture descriptor (Fd)
and the query texture descriptor (Fg) of arbitrary image data (d) within
the database. This simlarity is inversely proportional to the distance
(Dm) bet ween varigpce &yteach chesnreli pt ors obtai ned by Formula 9. d(g,d) =

di st Fd, R = . =(f(k). k=1 K). and w(k) indicate weight
oot 1101 ent'sH1e s idhriertEhSorif thekofsicy, Bapd Bngcsding Abdie t e dat &

texture descrreptlbof aotetind ehegineage inetkis WegUERSE HOMERT dlhr%qﬂmeai-‘aﬁ‘i’erby
conparing the nean with e vari ance by each channel. The result of

I h ¢
Fouri er-trandf myefitheimageheforsitnaptation. iTinerefares when chempariogtwa  of
rotating the jmzaes and rbfirvi i ' | G Faouri er.- ansform
of the irrage_lgggorg thre ygtrggfeﬁ&lﬁwﬂlggﬁ)m, v_\s/nd(rel%' o_ﬁgarirgﬁgaﬁt'%ﬁ mages and
retrieving, iffeasignpudemgin two similgeinapesihayingrdifferentiratation andléecarf r equency

d in, t L3 | . ' i f t tati I be f d.
et of at 1 on Uorioki THRRGRHNRLhBRk bl S eabRisthti A FERTUEITS (10 (err)

...(10) Here, = t t di st bet t [ [ bt ai d
by Eot Ziti ngrget g:rréuerﬁq%%@%l’)ﬁ: B}%me ?IGSéég'n ‘ ?E\gglg)n)n \zgﬁd-l‘(ga@?rg;: ﬁgot hgl e

guery inmage with the data imge, the m nimum value of the distance is

used to ingi qpdrs, hRe30°.

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



anount of dissimlarity between the two final images. This is expressed as

Formula 11. d(q,d) = mninmumof {d(err)=1to 6} ...(11) Al so, Lﬁgej{yn?ep]i}
of Fourier-transformof the scaled inage is the same as scal | ng,

frequency domain, the result of Fourier-transformation of the original

| mage. V\Vwaog,gprri ng two i mages, if conparing the i”agfémcﬂb'(f/ 58 t he
scaling of the inmages in the frequency domain, two sim I mages having
different sizes can be found. The scale invariance is expressed as

Formula 12. d(q,d,n) = distance(Fq(k)!l(err)Fd(k)) ...(12) Here, nis
ossible n er. of ;sca s for the er mage. According to the
Br ef er red gggsﬁf"%ﬂ?s%lp%ﬁﬂ%b&@é@ﬁwq qﬁﬁéﬁg%bﬁyd%taﬂ'@ﬁg%raé\d tgkg;;ggﬁq mage
retrieving n&hlhﬁmmrwétuﬁ@esaéh%&&%ée%m ﬂh@gwbhﬁxagaér%ﬁeé@gx fure

predeterm ned scales in the-frequency domain, extracting t
descri ptor fdekipgdine Bunimem @aﬂaageeanbgm(peesaesaaﬁmmbHMen t hose
texture descriptors with the texture descriptor of data inage, and taking

the m nimum di st anc the.:di Ll es. The step of
taki ng thes m ni num d&gfar}ceﬁlclginrﬁ éa@msh Tﬁgl a(q?g d(q, d) =p
m ni num of (d d, re, Nis actual nunber of scal ed
|malges ThOl(.lgg’lqt hgp%?gg%?apg)mqe&ﬁ?ﬁﬁ%'eﬂéﬁﬁgﬁﬁescr| bgd onut he basis of
the  pref erred emimglgRMeproddMinteficH iathRRALARY oh fehatfloriy ended t o

[imt but toillustrate resent i1 nvention VI OUS t vari ous
changes, aneRi#efed embpdimants, fepretamrasembadimentsahasat intlkntédts limit t he art

w t hout dep 1d s the. inventi,on. Therefore,
t he present q’u[“?n*/d;ﬁ %tg%@vhﬁ?ﬁr%gh Pﬁﬁ’ré%-o'?fs;)‘?%@é%@a%ﬂé%ﬂ‘%\ 9%Fns, and
t he above1o exnmgridawents, orltantyels,cantisk Madatbyathdse ekillé® i fH art Withbue

under stood tq, be | ndustri al

| dint t
Appl i cabi | i tfeﬂégg'lggfqﬁ'gg‘gﬁpirﬁ@nagﬁ%}ﬁ?sﬁh?lwg%‘/ﬁ?%hI"ph%?fofﬁ]Ith présehhe texture

of an 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



| mage be described nore accurately, but also effective indexiag and
retrieval becones possible using the Gabor-filtering nethod i 3WN m
frequency donmain, the polar coordinate system frequency domain divis

| ayout suitable for extracting respective feature val ues, the nethod for
extracti ngf.¢ Hie val ues in respective frequency domains, and the

t echni ques for granting the inportance and the order of PEFKRPNIET o
respective frequency channels. The image texture descriptor extracted by
the texture description mnmethod is very useful for inage retrieval when
searching for an image having a special feature in a huge aerial

phot ograph a hat ge for mlitary purpose. What is clained is:

1. Atexture descriptiqn ne Sj a.CGabor, filter in . a _frequency
domai n for descri bing ?'ext U%BQQH%Oéé%{I%%W[@#Lf%a,é.la%ﬂbﬁf&ﬁ%g: a
first step offrexueney t dorgaian formeigecribimg Wekitie aifforfREiBNObf dari | iffagedonai n i s

transforned into an i mge of a frequency domain; a second step o
filtering t hnEPRIDr ned i mage of the frequency domain using a Gabor

filter having NxMd fidst etd ESH , gV r I ned
positive integers; a thi ngstﬁgbg?@eimég?’%%gwfpﬁ ugfsigtcgﬁ%nhe
Gabor - fi | t er domaia I§ fhansfersmastinta,an inagene asfrequencl demaimcy domai n di vi si on

| ayout correspondi i.Ler iong.of the Gabor filter; and a
fourth step of deg%cgbﬁgs&{tﬁg#\?ﬁ%@g tbé)%ﬁabsgnggédmﬁg?8?“&%?@&“?“@’ texture
feat ure val ueonin Usingi a@abor filfer KBV dittedrig Fdgiome, Whetd N Shdim i N t he
first step, the i e of . the tipe domain is two-di nmensional

Fouri er-t ran?fr%PF%q?rg"B%d BASHYRERASFS. an ort hogonal coordinate system

the | mage of |t he L s st OTeIAR 0B} Paikes BBt Mo ik bt i onal
Fouri er - 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



transforned into an i nage of a polar coordinate system frequency donain.
4. The nmethod of clainms 1 through 3, wherein, the frequency | N ,
di vision layout of the third step is made on the basis of a human Whal
system (HVS). 5. The nmethod of claim4, wherein the frequency donain

di vi si on whloeeieency | ayout is nade by dividing the freqH@ﬂgxmﬁﬁggin by an
octave interval in the radial direction away fromthe origin, and dividing
t he frequency domain by a ' 180/division resolving power interval in
the angular direction. 6. The nmethod of claim4, wherein an inportance

or order of riori .S gra 1o the respective channels of the
frequency dorﬁﬂ%h’en@f%@?'Hﬁglaaﬁg(z&ws'oﬂre‘“l‘?hé’"HEPWSB' ingerval igithe angui@fer ei n, in
the third st gfyecire Of the energy nean val ue and energy variance val ue of
the Gabor-filtered image in-the respective channels of the frequency
dormain division layout is extracted as a feature value. 8. The nethod of

claim?7, wherein ghe t | r . S, f channel ,
t he variance of all of?ﬁ%gﬁégpgiﬁpélg%g‘sngpé{ﬁgﬁn@fg’?ébﬁ%ogr%s%‘}{?grnean

val ues obtai meidrifyr sngrahted s fhectaspectiveacharirelnofittos flebaen@ndomginvar i ance
val ues obtai ngd from tPe respective channels. 9. Recording nedia which
can be read @V'ﬂoeg?ﬁ?ﬁ"er, in which a programis recorded for executing
the followi ng steps: a first step of transform ng an inage, in which an
image of a tine domain is transformed into an image of a frequency

domai n; a second $tep bhe methed eiglairtd wheasgine inciredbind stepushe gf the

Gabor -1i1ter gngf’dﬁ) 8alAILE bhb ShefdyVaRBRce VAIGE Bf e85 Mtefed Mafyact ! Ve

predet er m ne
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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positive integers; a third step of extracting texture feature val ues of
the inmage Gabor- filtered in respective channels of a frequqq% @ﬁmal n

di vision layout corresponding to the NxMfilter regions of tF MW
filter; and a fourth step of describing a texture descriptor of the inmage
usi ng th%y éﬁijre feature values of the inage. 10. A texture-based

i mage retY? P et hod using a Gabor filter in a freqRGHERWORSI n for
texture-based retrieving a data image simlar to a query inmge,
conprising: a first step of extracting a data texture descriptor by
filtering data images using a Gaborfilter and storing the extracted data

texture descri pt ot0. irAtexa.lrdd:taabdémagareiﬂevaimeih@tmuﬁhﬁax@}é%ﬁﬁlf&i} a query
' er en a query

texture deSCH {ggéué;r{c&aqoﬁrgaﬁé Kog tia)gg g%%?ebﬁ%ﬁ%é{%bqo éﬁtf@{jv@gaéimﬂafﬁ%r; a

i mage is inpu
third step oé quetyimaye, thaphsihg texture descriptor and the query texture
descriptor and neasuri n%etpe di stance between two texture descriptors;
and a fourth step? §fStSaRPhextiastng asdata) taxture desariptasbyt filkeringedata ) o
accor di ng st ojr s 6 W l.ptors, 11 . The netho
of claim 150, ! \Aéwyeérs g}isn, | n&t) ellit Irs &Qﬁnad {gétgé%{ﬁgdgg?é{ést;gxq"?ed%stcgﬂm(Sf _
extracting thdheglatabaser ure descriptor and the query texture descriptor

' : fi - f transformng an i mage_ . of a_time domain into
o Tl mmge of a1 roauenE 8 o entEa LR GHanCiektce B%Gioter B &AMt he. | mage
of the frequetane dsingiarGaberi figr awkarbarquery indgd'avihpé AdVsiornbhe " S0 ons,
rs;

where N and M.ar respective predeterm ned positive iIntege a third
sub- step of %’Qfa}cg%qg‘ﬁfet‘@ﬁ‘t'rﬁr@sfs@@f’ﬁre val ues of the image Gabor filtered

In respecpi ve chaiffridsstép ofmbatchittt teYa4la TBktlr bddcHptst i 4 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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corresponding to the NxkMfilter regions of the Gabor filter; and a fourth
sub-step of describing the texture descriptor of the inmage mwshnmhe
texture feature values of the image. 12. The nmethod of claim’ld, 2084 n,
in the first sub-step, the i mage of the time domain is two-dinensional
Fourier-transformed into an image of an orthogonal coordi nate system
frequencyVHOYEI®™M 13, The nmethod of claim 11, wherei n, PEFHKRA01887, st
sub-step, the inage of the tinme domain is Radon-transformed, and then
one-di nensi onal Fourier-transforned into an i nage of a pol ar coordi nate
system frequency domain. 14. The nethod of clains 11 through 13, wherein
t he frequencymageefihe tiheidsmain isawodimehsivhal Rduriet-trembfcpines ihtd gide on t he

basis of a L ' stem (HVS). .15..  The net hod of cl aim 14,
wherein the Wgﬁ%ﬁﬁgﬁhﬂﬁ% ca?r\(gi"lq%ﬁysft?@cf[?é’ﬁ@?cy 89%ain.i s made by
dividing the frequency donaein by an octave interval in the radial

direction away fromthe origin, and by a '180/division resolving power'
interval in the adgul afheimeleed shclaimd 1, whereimtindte dirstcsuti-stepathenher ei n

t he i nportang : ; Mol ' r to respective channels
of the freﬁugﬁggé 8@&5?"3{9%%?'@{85? qoggléatrié_fdrﬁ?gz g'%@gﬁg?’ﬁacﬁmgpﬁepafm 14,
wher ei n, in Flogrientransfeuedintpan imagel of agiolammovdihate sy%térﬂﬂ&eg()@rﬁ@y mean

val ue and enf\qrﬁﬁl.variance value of the inmage Gabor-filtered in the
respective c OHRs of the frequency domain division layout is extracted
as the feature value. 18. The nmethod of claim 17, wherein the texture

descriptor includes energy of a DC channel, the variance of all of the
pi xel val ues of 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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an image, the energy nmean val ues obtained by the respective channels

and/ or the energy variance val ues obtai ned by the respective channels.

19. The nmethod of claim 17, wherein, in the third sub-stepﬂ I N Q0@ ance
bet ween two texture descriptors is nmeasured by respectively conparing the
feature v%e?4 gxtract ed fromthe respective channels. 20. The net hod of
cl ai m 19, " the distance between the query i mage PSAGRONINR: a i nage
is measured by rotating the query inage in a predeterm ned degree in the
frequency domain, and the mninmum distance is determ ned as the distance
between two images. 21. The nethod of claim 19, wherein the distance
between the quer YIS nagbeamethotief ditim 17rmderéin, ineths uhiedl sb-step, the

i ze-t f ] [ i,n the fr, d in, dth
i mum i o <Eee BB o (RS Hcrbiars df duSaRNen Y raRporiNaRes. 22
Recor di ng_ medicmpaitinglihe ftie VaRRss dRiraBietoM YRS resbBtify GinyRILT 00T am i s

recorded for executing the following steps: a first step of extracting
data texture descriptors by filtering data inages using a Gabor filter,

and storing the exprac il 4 the dat ahase; a
second ste% of ex?Péct?-ﬁg "@g upgé%g{‘ 38’5‘%?@# Q%neg@gﬁhcﬁgbeéwﬁﬁ%&f I mage
into an i magéusly indgecarukihe\datiniredge istmeasararlisy sotatirpihe querpimdge and
Gabor filteri. r ansf d i, e,..and then deci di t he extracted
feature val ue'él%aégﬁﬁéer@'qeé{x)@%ﬁgedgga?iffﬁ%'reg?y Qomq’cﬁ"s‘*{]&}? BYNIRt hi ng t he
data textur e distasee istdetermivist &4 theldiStalice bedshawdqmapest or s, and neasuring
the di stance between two texture descriptors; and a fourth step of

determining a simlarity between two inages according to the distance
between typ textupg deprd H¥NEFof 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 i

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