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Field 5 The present invention relates to a color imge processing nethod
and apparatus, and nore particularly, to a color inmage processing nethod
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mul ti-nedia contents, color is the nost dom nant feature. According to
conventional color inage processing methods, a color histogramis used for
expressing the color information of an inmage. However, the conventi onal
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readabl e 25 medi um having a program executable by a conputer to perform

the color image processing nmethod. It is still another object of the
present invention to provide a color imge processing apparatus for
perform ng the col or inage processing nethod. A feature of the present
inventiqﬁ i a odied oy a color imge processing 30 nethod includes the
steps of (a color vectors of an input image, (b) classifying
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dominant feature. According to conventional color image processing methods, a
color histogram is used for expressing the color information of an image. However,
the conventional color image processing methods using a color histogram consisting
15 of 1024 bins have drawbacks in that the computational complexity of image
processing steps for describing an image is high and much processing time is

required.

20 Disclosure of the Invention
| To solve the above problem, it is an object of the present invention to provide
a color image processing method which can reduce the computational complexity and
processing time. _
It is another object of the present invention to provide a computer readable
25 medium having a program executable by a computer to perform the color image
prdcessing method.
It is still another object of the present invention to provide a color image
processing apparatus for performing the color image processing method.
A feature of the present invention is embodied by a color image processing
30 method includes the steps of (a) obtamning color vectors of an input image, (b)

classifying the color vectors to obtain dominant colors of the input image and the



ratios thereof, and (c) representing the dom nant colors and the ratios -
thereof as a color feature descriptor of the input inmage. The col or )
vectors are preferably quantized color vectors and the ratios are
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whol e i mage. Al so, before the step (b), there may be further included the
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According to anot her, as%ect of the present invention. there is provided a
color image proces&i§y ﬁ@f?\‘GES‘FBr(b)r there By Ry furtheoinshudtd theutep agstivimingr

for describing, t t hod i.ncl udi ng the steps
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According to another aspect of the present invention. there is provided a color
mmage processing method for retrieving a color feature descriptor for describing color
features of an image, the method including the steps of (a) segmenting an input image
into a plurality of regions, (b) obtaining color vectors for the segmented regions. {(c)
20 classifying the color vectors to obtain dominant colors of the input image and the
ratios thereof, and (d) representing the dominant colors and the ratios thereof as a
color feature descriptor of the input image.
The present invention also provides a computer readable medium having
program codes executable by a computer to perform a color image processing method
25 for retrieving a color feature descriptor for describing color features of an image, the
method comprising the steps of (a) segmenting an input image into a plurality of
regions, (b) obtaining color vectors for the segmented regions, (c) classifying the
color vectors to obtain dominant colors of the input image and the ratios thereof, and
(d) representing the dominant colors and the ratios thereof as a color feature

30 dcscriptor of the input image.

According to another aspect of the present invention. there is provided a color



col or vectors to obtain dom nant colors of the input inmage and the ratios
thereof, and (d) representing the dom nan‘% colors and the ratios thereof
as a color feature 30 descriptor of the inmput imge. According to another
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i nput image into regions, wherein k is an arbitrary positive integer, and
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15 ‘percentiles of dominant colors represented by the color vectors when the color

“ vectors are all received and generating and outputting color feature descriptor data

containing the information on the dominant colors and the percentiles thereof.

20 Brief Description of the Drawings

The above objects and advantages of the present invention will become more
apparent by describing in detail preferred embodiments thereof with reference to the
attached drawings in which:

FIG. 1 is a flow diagram showing a color image processing method according

25 to the present invention; _

FIG. 2 is a diagram illustrating image segmentation performed in the step 106
of FIG. I;

FIG. 3 is a block diagram of a color image processing apparatus according
to the present invention; and

30 FIGS. 4A and 4B show the result obtained by performing a region-based

search with respect to images indexed by a computer program based on the color



25 to the present invention; FIG 2 is a diagramillustrating inmage
segnentation performed in the step 106 of FIG 1; FIG 3 is a block

di agram of a col or image processi ng appar atlus accor di ng to the present
invention; and 30 FIGS. 4A and 4B show the result obtained by performng a
regi on-based &B3FECPIORFSERETaSHad ACGEAINEAY ERe PIIRREBVENIOR. conput er progr am
based on the color 4 inage processing nethod according to the present

i nvention. Best nobde for carrying out the Invention 5 Hereinafter,

enbodi ments of the present invention will be described in detail wth
reference to the acconpanying drawings. Referring to FIG 1 illustrating a
col or image pr Besgsodegfonesirgohganyt dhiedinwentidrp t he present invention, a col or
image Ais input (step.100). The color imge is.  segnented into a plurality
of regions B,, F,, Hsreipaftersembedimeny ey themisseis iventian withba dessaibedia detail
perfornmed based. for ex l,e- .Then, quantized col or vectors
for the respecg'llt\f/{gc&g%}%%fﬁéag"‘}CC&"P%@HQHE?VER‘%%e obt ai ned (step 104) _The
step of obtaining tRef ' ] .
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removal of an image is performed as a pre-processing step. Next. the probability of

15 pixels in the filtered image being noisy pixels is analyzed to then apply an
appropriate weight to the same. The probability of pixels in the filtered image being
noisy pixels is obtained by the color distance from neighboring pixels. For example,
i pixels, in which { is an arbitrary integer, ranging from a pixe! having the minimum
color distance are selected among the pixels sorted according to the color distance

20 from a central pixel, and among the selected pixels, the pixel value which has the
largest color distance is set to the maximum color distance, which is denoted by T(n).
Then, the color vectors of the respective pixels are weighted by exp(-T(n)).
exp(-T(n)) is defined by v(n). Next, assuming that the average of T(n) values of all
pixels is Tavg, the number N of initial clusters to be used in quantization equais Tavg

25 > an arbitrary constant, e.g., 2. Then, a general Lloyd algorithm is applied to the
color vectors corresponding to weighted pixels to quantize the color vectors. First,

using the cluster centroid (¢;) represented by Expression (1):

o Y v(n)X(n)
. = Z v(n) ...... n

~wherein X{(n) is the pixel value of the nth pixel among the sorted pixels, and a value



Then, the color vectors of the respective pixels are weighted by
exp(-T(n)). exp(-T(n)) is defined by v(n). Next, assum ng that the average .
of T(n) values of all pixels is Tavg, the nunber N of initial clusters to
be used in quantization equals Tavg 25 x an arbitrary constant, e.g., 2.
Then, a genercdlD; reprpsendgdyy Expressien 4pbisicalfuiaied:he  col or vectors

corresponding to weig d pixels to yantize the color vectors. First,
using the cluster feat obﬂnﬂléﬁ’gfzgpr@gent.eqzby Expression (1): Z v(n)X(n) c,
= (i) L v(n) wherein is the pixel value of the nth pixel anobng the

sorted pixels, and a value 5 of D. represented by Expression (2) is .
cal cul at ed: [ thensplif ;lustsr hayjng the largest vajue of 1,¢ hhis procerie dprepeated entilst er

havi ng the | est val 0 . i rocedure |s.re e ti,l . N
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the cluster centroid is calculated by thé Expression (1) to perform

updat i ng. Ne¢ calallasd dyshd Expregsisn ifi) @rpecfirorupdatingr s are aggl oner at ed by
perform ng agglonerative cl ust eri,ngl. Aggl onerative clustering is disclosed
by R O Duda and Next clpgiens hagingsimflar poley ¥ectonsiasa eggAmaraicdpe parioming si s,
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detail in thi €cCl or v ors are cl assi
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percentiles P, are obtained (step 106). Here, i denotes the arbitrary

serial nuitberYook, f73nhmhichegillonsy, berdasgitpayl inrdsmaill ine thisoapgeifisatior., U and V
denot e coordi nates, of the CIE LUV col oF c.gordién e .s;}/stein The 15
percentiles P, ar @ ERpPEsOLY YFQFs Arfrglassiiigg gn ?HIW’BF ¥ FQI98 FERIREen sty f or

I regions i gglor 38ctbAPfES T, &I/ LahdBHBIrGRPE ARk P, are obtained (step 106). Here,
i denotes the arbitrary serial number of primary regions, ranging from 1 through N,

L, U and V denote coordinates of the CIE LUV color coordinate system. The

15 percentiles P; are expressed by decimals. The sum of the percentiles P; for i regions

is 1 as represented by Expression (3):

' Next, the dommant colors represented by color vectors fcL,, cU, ¢V, ] and
~ their percentiles P; are expressed as the color feature descriptor of a pq:_rﬁnent region.
20 obtained (step 108). In other words, the color feature descriptor F can be

represented by Expression (4):
F={{lcL,cU, cV,],P}i=1.. N} ... @)

wherein /V is a predetermined positive integer. The color feature descriptor can be
referred to as a variable-bin color histogram.

25 By combining pixel value data in the kth region. i.e., Region, and color
feature descriptor data of this region, i.e., F,, the whole imagé A 718 represented by
Expression (5):

A'={Region,, F, Region, F, . . .; Region F,} ... (5)



,=1 Next, the dom nant col ors represented by col or vectors teL,, cU,, cV,J
and their percentiles P, are expressed as_ the color feature descriptor of
.a pertinent region. 20 obtained (step 108). In other words, the col or
feature descriptor. F can be represented by Expression (4): F= ({[cL,,cy;
,ck ], P,},i=Wwherein iNg a predetermped \pesidyeniniGEes reprefenideg e mumbdr possigicnted

I nteger. The col.or SCr i can be referred to as a variable-bin
col or hi stogré%lo%g@Eg@%g% ﬁs@c pﬁfﬁe}r value data in the kth region, i.e.,
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whole image A 'is represented by Expression

{Regi on, , F, , - Regirding, t6,the present Megntion is coMpactly repreSontdBbyd 8RB of
predeterm ned positive integer representing the nunber of segnented
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by the color i,m rocessin thod according to the present invention is
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nmet hod according to the present invention can be applied to an object-based
i rage  pr ocesRioRESSHg medkod fuph as MPEG-72. 10 The col or i mage processing
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medi a, readable media and is readable and executable by the computer, thereby embodying

the color image processing method. The media include magnetic recording media,
15 optical recording media, carrier wave media, and the like.

Also, the color image processing method can be impiemented on a color
1mage processing apparatus. FIG. 3 is a block diagram of a color image processing
apparatus according to the present invention. Referring to FIG. 3. the colo-r image
processing apparatus includes a segmenting unit 300, a color vector retrieving unit

20 302, a color feature descriptor generating unit 304 and a combining unit 306. -

In the operation of the color image processing apparatus, the segmenting unit
300 segments an input image A into & regions and sequentially outputs pixel value
data Region, in the kth region. The color vector retrieving unit 302 receives the pixel
value data Region, in the kth region and retrieves thé color vectors fcL;, cU, cV].

25 When 7 color vectors fcL, cU, cV] are all received, the color feature descriptor
generating unit 304 obtains the percentiles P; of dominant colors represented by the
color vectors fcL;, cU, ¢V}/, and generates and outputs color feature descriptor data
F. The color feature descriptor data F, includes informaiion on the dominant colors
represented by the color vectors fcL;, cU, cV,] and their percentiles P,.

30 In order to obtain the percentiles P, of the respective colors, it is more

preferable that color quantization is performed within each segmented region. Thus,



15 optical recording nedia, carrier wave nedia, and the |like. Al so, the

col or i mage processing nethod can be i npl nted on a color inage
processi ng apparatus. FIG 3 is a block diagram of a col or i nage processing
apparatus according to the present inventi Referrin
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: present invention is applied to an object-based image processing method, thereby

allowing fast search and retrieval of multi-media contents.

20 Industrial Applicability

The present invention can be applied to the fields of object-based image

processing.
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The col or image processi ng apparatus according to
i nvention can be applied to an object-based i nage processing
as MPEG 7. Also, in the color inage processing apparatus
expressing a col or inmage using

ors of the inmage can also be applied to various other fields
field of color inmage processing. 15 As descri bed above, the
processi ng negﬂgﬁmaccording to the present invention is

I mage processing nethod, thereby allow ng fast

20 Industrial Applicability
i nvention can be applied to the fields of object- base%@_i mage

eatures of an inmage, the nethod
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as a col or
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Inpat 1 nmage. 2. ,Thgwrrehgjc&g aﬁénd aim
1, the (a) cgcrrpri si.n%@% | [} S8l 8P Hel iR immpoend et ghes BFTYP hput
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1, the {daredegoriptiroftheorPPiifi#get he domi nant col ors and the
as a color feature descriptor of the .input image.

) conprising
or vectors using color distance. 5. The nmethod of claim

The method of claim 1, the (a) comprising obtaining quantured color vectors of the

2.

inpuf image.

3. The method of claim 1, the (o) comprising classifying the color vectors nsing
clustering.

4, The method of claim 1, the (b) conllprising classifying the color vectors using color
distance. ” ‘

5. The method of claim 1, the () comprising combining the dominant colors and the

eatios thereof as a color feature descriptor of the input image.

6.

A color image processing method for tetricving a color feature descriptor for

describing color features of an jmage, the method comprising;

(2) obtaining color vectors of an input itmage;

(b) obtaining dominant colors of the input image and the ratios thereof by

classifying the color vectors; and

(c) representing a color descriptor of the input image using the dominant colors

and the ratios thereof.

7.

The method of claim 6, the (a) comprising obtaining quantized color vectors of the

a col or

rati os ther eof



6. A color image processing nethod for retrieving a color feature

descriptor for describing color features of an inage, the nethbd
conprising; (a) obtaining color vectors of an input inmage; (b) obtaining

dom nant colors of the input inmage and the ratios thereof by classifying
the color yectors; and (c) representing a color descriptor of the input

i mage Hﬁﬁﬁﬂnﬁﬁ% dom nant colors and the ratios thereof 7. The nethod of '
claim6, the (a) conprising obtaining quantized color vectors of the input

i mage. 8. The nethod of claim g6, I i JettordukiRg col or

vect or 8, usi rikhe methoder Haim 6, the @’é F’l&%“%l’ﬁ E% g%lglgcgirir’e?tﬂod for g

retri e\/c{l col or feature descriptor for descrl bi ng col or features of an
‘ﬁgﬂi’i’&

i mge, hod conprising; (a) obtaining color vectors of an input
i mage; (b) classifying the color vectors to obtain dom nant colors of the
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vect or sdeagridﬁ@gg%lpb €2 %fn hod of claim9, the (c) conprising

gonbl ni ng thﬁ)%{&,ﬂg bo@ply@ftsl-seuﬁdntmmtnnaes os thereof as a coI or feature
escri ptor
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f eat ur efiesqosd t he method conprising; '(a) obtaini n%éﬁim or vect ors

of an input iBRGEeds (CLAIES Fdaira detdriptaraifche EBY Gmegh HEBY
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colors and the ratios thereof.

10, The method of claim 9, the (b) comprising classifying the color vectors nsing color

distance.

11, The method of ¢laim 9, the (c) comprising combining the. dominant colors and the

ratios thercof as a color feature descriptor of the input image.

12. A computer readable medium having program codes executable by a computer to
perform a color image processing method for refrieving a color feature descriptor for
describing color features of an image, the method comprising;

(2) obtaining color vectors of an input image;

(b) classifying the color vectors based on 2 predetermined criterion; and

(c) obtaining dominant colors of the input image and the ratios thereof, based on.
the classified color vectors, to use the dominant colors and the ratios thereof as a color

feature descriptor of the input image.

13. The computer readable medium of claim 12, the (2) comprising obtaining guantized

color vectors of the input image.

14. The computer readable medium of claim 12, the (b) comprising classifying the



(c) obtaining dom nant colors of the input inmage and the ratios thereof,
based on the classified color vectors, to use the dom nant col ors and the
ratios thereof as a color . feature descriptor of the input imge. 13. The
conput er readabl e nmedi um of claim 12, the (a) conprising obtaining

quanti zed color vectors of the input image. 14. The conputer readable
medi um of claim 12, the (b) conprising classifying the color vectors using
clusteri , &qﬁ_ readabl e nedium of claim 12, the (b)

conpri sicgg&g@grssy%g}%@tihe col or vectors using color distance. 16. The
conmput er readabl e nedium of claim 12, the (c) conprising conbining the
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apparatus conprisin irst obtaining unit to obtain color vectors of an
i nput inmage; classifying unit to classify the color vectors based on a
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col or feature descriptor of the input imge. 18, The apparatus of claim 17,
wherein the first obtaining unit obtains quantized color vectors of the

i toi . 19. Th t f claim17,. W i . it
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di st ance.

a first obtaining unit to obtain color vectors of an input image;
classifying umit ta classify the color vectors based on a predetermined criterion;

and
a sccond obtaining unit to obtain dominant colors of the input image and the

ratios thereof, based on the classificd color vectors, to use thc dominent colors and the

ratios thercof as a color feature descriptor of the input image.

18, The apparatus of claim 17, wherein the first obtaining unit cbtains quantized color

vectors of the input image.

19. The apparatus of claim 17, wherein the classifying unit classifies the color vectors

using clustering.

20,  The apparatus of claim 17, wherein the classifying unit classifies the color vectors

using color distance.
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