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FIG. 2
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CONTENT-BASED IMAGE RETRIEVAL SYSTEM
AND METHOD FOR RETRIEVING IMAGE USING
THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a content-based
image retrieval system and a method for retrieving an image
using the same; and, more particularly, to a content-based
image retrieval system and a method for retrieving an image
based on an angular radial transform (ART) image descrip-
tor.

DESCRIPTION OF THE PRIOR ART

[0002] As Internet techniques have developed and use of
multimedia data is increased in rapid, an image retrieval
based on a text cannot guarantee reliability in results of the
retrieval. To solve the problem as mentioned above, an
image retrieval based on an image is performed.

[0003] The image retrieval based on the image means a
method for finding an image (or images) similar to a query
image by extracting an image descriptor describing a char-
acteristic of the image from the image; and measuring a
similarity between an image descriptor of the query image
inputted by the user and that of an image stored on a
database. The image descriptor includes a color descriptor,
a texture descriptor and a shape descriptor, which respec-
tively describes a color of the image, a texture of the image
and a shape of the image. An efficiency of the image retrieval
system depends on how much image descriptor efficiently
describes characteristics of the image.

[0004] A moment descriptor is mostly used as a conven-
tional shape descriptor. The moment descriptor is invariant
to a size, a movement and a rotation of the image.

[0005] To obtain the moment descriptor of the input
image, first, an edge extraction is processed. In other words,
an object of the image is separated from a background. The
image data is converted to binary data. Then, an outer
boundary line of the object is extracted from the separated
background and a shape vector of the object is obtained from
the separated object.

[0006] In order to measure a similarity between the input
image and an image stored on a database, a Euclidean
distance measurement method is used. The Euclidean dis-
tance measurement method is expressed as following equa-
tion (1).

Dig, 1) = (Hy — H) (Hy = Hy) M

M=

(Hy[m] - H,[m])
0

3
I

[0007] where, q is an input image, t is an image stored on
a database, H, is a moment value of the input image q, H, is
a moment value of the image stored on the database and M
is an integer number between 0 and 6.

[0008] In the conventional content-based image retrieval
system based on the moment descriptor, since the polyno-
mial function used as a basis function is not orthogonal,
extracted moment values, which are descriptors, are over-
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lapped. Accordingly, an efficiency of the descriptor is low,
and the descriptor cannot represent characteristics of the
image, which are recognized by a user. Accordingly, the
conventional content-based image retrieval system has a
serious problem in that it cannot retrieve a similar image.

[0009] In order to solve the problem as mentioned above,
some content-based retrieval systems based on a Zernike
moment are developed. One of them is described in a
pending U.S. patent application Ser. No. 09/203,569 filed on
Dec. 2, 1998, “Method for Automatic Retrieval of Device-
Mark Type Trademark Images Based upon Content of
Trademark”.

[0010] The Zernike moment has an orthogonal value,
however, may not effectively represent characteristics of the
image in a radial direction. Accordingly, the conventional
content-based image retrieval system based on the Zernike
moment cannot perform an accurate image retrieval.

SUMMARY OF THE INVENTION

[0011] Therefore, it is an object of the present invention to
provide a content-based image retrieval system and a
method for retrieving image using the same, which are
possible to search more similar image to a query image
within a shorter time.

[0012] In accordance with an aspect of the present inven-
tion in order to obtain the object, there is provided a method
for constructing a database storing images and image
descriptors representing characteristics of the images, the
method comprising the steps of: a) receiving an image; b)
extracting an image descriptor from the image based on at
least an angular component and a radial component of the
image; ¢) storing the image on an image database; and d)
storing the image descriptor on an image descriptor data-
base.

[0013] In accordance with another aspect of the present
invention, there is provided a method for retrieving an image
in a content-based image retrieval system including a web
browser, a web server and a database storing images and
image descriptors each of which represents characteristics of
the image, the method comprising the steps of: a) receiving
a query image; b) requesting to retrieve an image based on
a query image descriptor to the web server, the query image
descriptor being extracted from the query image based on at
least an angular component and a radial component of the
query image; and c) receiving and displaying at least an
image similar to the query image from the database.

[0014] In accordance with further another aspect of the
present invention, there is provided a method for retrieving
an image in a content-based image retrieval system includ-
ing a web browser, a web server and a database storing
images and image descriptors each of which represents
characteristics of the image, the method comprising the
steps of: a) receiving a query image from the web browser;
b) extracting a query image descriptor from the query image
based on at least an angular component and a radial com-
ponent of the query image; ¢) comparing the query image
descriptor with a plurality of image descriptors stored on the
database, wherein the image descriptor is based on at least
an angular component and a radial component of the image;
d) arranging the image descriptors in order of a similarity to
the query image descriptors; and e) allowing the database to
provide at least an image similar to the query image to the
web browser.
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[0015] In accordance with still further another aspect of
the present invention, there is provided a method for retriev-
ing an image from a database storing images and image
descriptors representing characteristics of the images, the
method comprising the steps of: a) receiving a query image;
b) extracting a query image descriptor from the query image
based on at least an angular component and a radial com-
ponent of the query image; ¢) comparing the query image
descriptor with an image descriptor stored on the database;
and d) determining a degree of a similarity between the
query image descriptor and the image descriptor stored on
the database.

[0016] In accordance with still another aspect of the
present invention, there is provided a method for retrieving
an image from a database storing images and image descrip-
tors representing characteristics of the images, the method
comprising the steps of: a) receiving a query image; b)
extracting a query image descriptor from the query image
based on at least an angular component and a radial com-
ponent of the query image; ¢) comparing the query image
descriptor with an image descriptor stored on the database;
and d) determining a degree of a similarity between the
query image descriptor and the image descriptor stored on
the database.

[0017] In accordance with still another aspect of the
present invention, there is provided data stream for use in
retrieving an image, the data stream transmitted from a web
browser to a web server, comprising: a retrieval request
signal; and an image descriptor extracted from an image
based on an angular component and a radial component of
the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other objects and features of the
instant invention will become apparent from the following
description of preferred embodiments taken in conjunction
with the accompanying drawings, in which:

[0019] FIG. 1 is a block diagram of a content-based image
retrieval system in accordance with the present invention;

[0020] FIG. 2 is a flow chart illustrating a content-based
image retrieval method in accordance with the present
invention;

[0021] FIG. 3 is a flow chart illustrating a database
construction process of FIG. 2;

[0022] FIG. 4 shows a set of ART basis functions in
accordance with the present invention; and

[0023] FIG. 5 depicts an exemplary diagram of classified
images in accordance with the present invention.

PREFERRED EMBODIMENT OF THE
INVENTION

[0024] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0025] Referring to FIG. 1, a content-based image
retrieval system includes a web browser, a web server and a
database server.

[0026] The database server includes an image input unit
100, an image descriptor extracting unit 101, an image
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database 102 and an image descriptor database 103. The
image input unit 100 receives images in order to construct
the image database 102 and the image descriptor database
103. The image descriptor extracting unit 101 extracts an
angular radial transform (ART) image descriptor of the
image received by the image input unit 100. The image
database 102 stores a plurality of images received through
the image input unit 100. The image descriptor database 103
stores a plurality of image descriptors of the images
extracted in the image descriptor extracting unit 101, which
are respectively linked to corresponding to the image. In
other words, the image descriptor is linked to the image.

[0027] The web browser includes a query image input unit
104 and an image output unit 107. The query image input
unit 104 receives a query image to be retrieved from a user
and transmits the query image to a query image descriptor
extracting unit 105 in the web server.

[0028] The query image descriptor extracting unit 105
extracts an image descriptor from the query image received
from the query input unit 104. The image descriptor com-
paring unit 106 receives the image descriptor of the query
image from the query image descriptor extracting unit 105
and compares the image descriptor of the query image with
the image descriptor stored on the image descriptor database
103 in the database server, thereby determining a degree of
similarity between the image descriptor of the query image
and the stored image descriptor. After comparison between
the image descriptor of the query image and all of the image
descriptors stored on the image descriptor database, at least
an image similar to the query image is received from the
image database 102 and outputted in the image output unit
107.

[0029] In this embodiment, a shape descriptor, in more
particular, an ART shape descriptor is used as an image
descriptor for the content-based image retrieval. In other
words, absolute values of a predetermined number of ART
coefficients are used as the image descriptor.

[0030] The ART has a rotation invariance of the image,
which is necessary for the content-based image retrieval.
The rotation invariance to of the image means that the image
descriptor has the same value when the image is rotated.

[0031] The ART is defined as following equation (2).

Fan = < Vam(p, ), f(p, 0) > @

27 1
= f f Voo, O), f(p, Opd¥iid¥
0 0

[0032] where, F, is an ART coefficient of order n and m,
n and m are integer numbers, V, (p,0) is an ART basis
function, f(p,0) is an image in polar coordinates, and * is a
conjugate complex number.

[0033] The ART basis function V,__(p,0) is separable
along the angular and the radial directions, which is
expressed as following equation (3).

Var(P,8)=A(B)R.(P) (3

[0034] where, A,(0) is an angular function and R (p) is a
radial function.
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[0035] The angular function A ,(6) is expressed as follow-
ing equation (4).

1 . )
An(0) = ﬂeXP(ﬁmO)

[0036] The ART coefficient (see, the equation (2)) uses in
a polar coordinate (p,8) instead of a rectangular coordinate
(%, y) in order to obtain the rotation invariance. The polar
coordinate is expressed by a distance p from the origin and
an angle 6 from the x-axis.

[0037] The radial function R (p) includes some types. One
of them is ART-C type radial function expressed by equation
(5) as following.

c 1 n=0 (&)
ART - C: R;(p) =
2cos(anp) n+0

[0038] The ART-C type ART basis function set is illus-
trated in FIG. 4.

[0039] The ART coefficient F__ obtained by the equation
(2) are a series of complex numbers. In this specification, the
shape descriptor is defined as a vector of an absolute value
of the ART coefficient F__ as following.

SD={|[Foml }
[0040] where,n=0,1,2,...,kand m=0,1,2,...,1

[0041] The ART coefficient extracted from an original
image represents how much the original image has the ART
basis function component. Accordingly, a multiplication of
the ART coefficient by the ART basis function restores the
original image. In theory, combinations of infinite ART basis
functions are necessary for obtaining the original image.
However, in real, an approximate image to the original
image can be obtained by combinations of only twenty to
thirty ART basis functions (see, FIG. 5). In other words, the
image can be expressed by twenty to thirty numbers, which
means that the ART coefficient is a considerably-efficient
descriptor.

[0042] The ART basis function is orthogonal as can be
seen from equation (7).

2l )
f f Vo 0, 0), Vi (p, Opdiide = S(n-n', m-m’)
o Jo

[0043] where, 3 is a Kronecker delta function which is O
in case of n=n' and m=m' and 0 in the other cases.

[0044] The ART coefficient has the rotation invariance as
can be seen from equation (8).

F(p.0)=F (p,0+0) ®

[0045] f£%(p,0) is an image rotated by an angle o from the
original image f(p,0).
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[0046] The ART coefficient extracted from the rotated
image f*(p,0) can be obtained from equation (9) as follow-
ing.

2 ©)
Fo= [ [ Vio00 170 0panar
0 0

[0047] where, F_“ is an ART coefficient extracted from
the rotated image f(p,0).

[0048] Arelation between the image f(p,0) and the rotated
image f%(p,0) is expressed as following equation (10).

F ™ =F exp(~jma) (10)

[0049] where, F_ ., and F @ are the ART coefficient
extracted from f(p,0) and f*(p,0).

[0050] An absolute value of F_“ is equal to the absolute
value of F_, which is expressed by equation (11).

nm?>

[ [~ F | an
[0051] Dissimilarity between the query image and the
image in the database is expressed as following equation

12).

12
D=3 wxs? -5l 42

[0052] where D is dissimilarity between the query image
and the image in the database, w; is a constant coefficient, S;4
is the i-th image descriptor of the query image, S, the i-th
image descriptor of the image in the database.

[0053] Hereinafter, a content-based image retrieval
method using the ART image descriptor will be described in
detail.

[0054] FIG. 2 is a flow chart illustrating a content-based
image retrieval method in accordance with the present
invention.

[0055] First, at step S200, the image descriptor database
103 and the image database 102 are constructed based on
information inputted through the image input unit 100 and
the image descriptor extracting unit 101.

[0056] A query image is received in the query image input
unit 104 from a user at step S202. The query image input
unit 104 provides three types of input method. One is that the
user is allowed to directly draw the query image by using an
input device, e.g., a mouse or a digitizer. Another is that the
user is allowed to select one of prototype images provided
by the web server. Another is that the user is allowed to
select one of images stored on a storage device, e.g., a hard
disk, a floppy disk or a CD-ROM.

[0057] Then, an image descriptor of the query image are
extracted and transmitted to the image descriptor comparing
unit 106 in the query image descriptor extracting unit 105 at
step S204. The image descriptor of the query image is
compared with the image descriptors stored on the database,
at step S206, thereby calculating similarities between the
query image and the images stored on the database. Images
corresponding to the image descriptors, which are deter-
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mined as similar to the image descriptor of the query image,
are obtained from the image database 102, arranged in order
of the similarity and transmitted to the image output unit 107
at step S208. The retrieved image(s), at least an image
similar to the query image, is outputted through the image
output unit 107 at step S210.

[0058] Here, the retrieved image may be reused as a
prototype image. The user can modify the prototype image
and request to retrieve again by using the modified prototype
image as the query image.

[0059] Sample images are provided to the user as proto-
type images through the image output unit 107 at initial
connection to the server. If the user selects one of the
prototype images, the selected one is transmitted to the
query image input unit 104.

[0060] FIG. 3 is a flow chart illustrating a database
construction process of FIG. 2.

[0061] The image to be stored on the database is inputted
through the image input unit 100 at step S300. The image
descriptor of the image are extracted from the image at step
S302 and the image is stored onto the image database 102
through the image input unit 100 at step S304. The extracted
image descriptor corresponding to the image is stored onto
the image descriptor database 103 at step 306.

[0062] FIG. 4 shows a set of ART basis functions in
accordance with the present invention.

[0063] Referring to FIG. 4, a set of ART-C type ART basis
functions expressed by the equation (5) is illustrated. The
reference number n denotes a distance from the origin and
m does an angle from the x-axis.

[0064] FIG. 5 depicts an exemplary diagram of classified
images in accordance with the present invention.

[0065] The image similar to the query image is restored by
using the equation (2) representing the ART definition
equation.

[0066] Numbers of FIG. 5 denote the numbers of com-
bined ART coefficients. As can be seen, as the numbers of
the ART definition equations combined are increased, more
similar image to the query image becomes to be combined.

[0067] In the content-based image retrieval system and
method for retrieving image using the same as mentioned
above, since the ART coefficients using the orthogonal basis
function are utilized as an image descriptor, the image
descriptor has a rotation invariance and no repetition of
information. Since the ART descriptor used in the present
invention effectively describes the angular and the radial
directions of the image, thereby representing the image close
to visual characteristics of human beings. Similar images to
the query image can be rapidly and accurately retrieved.
Also, either the query image inputted by the user or the
retrieved image is used as the prototype image, thereby
retrieving images in detail.

[0068] Although the preferred embodiments of the inven-
tion have been disclosed for illustrative purpose, those
skilled in the art will be appreciate that various modifica-
tions, additions and substitutions are possible, without
departing from the scope and spirit of the invention as
disclosed in the accompanying claims.
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1-33. (Cancel)

34. Data stream for use in retrieving an image, the data
stream transmitted from a web browser to a web server,
comprising:

a retrieval request signal; and

an image descriptor extracted from an image based on an
angular component and a radial component of the
image,

wherein the image descriptor includes j (j is a natural
number) ART coefficients each of which is expressed
as:

Fan = < Vam(p, ), f(p, 0) >

27 1
=f0 fOVJm(p,O),f(p,O)pdpM

where, F, is an ART coefficient of order n and m, n and
m are integer numbers, V,_ (p,0) is an ART basis
function, f(p,B) is an image in polar coordinates, and *
denotes a conjugate complex number.
35. (Cancelled)
36. The data stream as recited in claim 34, wherein the
ART coefficient includes an ART basis function expressed
as:

Var(P,8)=A(B)R.(P)
where, A_(0) is an angular function and R, (p) is a radial
function.
37. The data stream as recited in claim 36, wherein the
angular function A, (8)includes an exponential function
having rotation invariance, which is expressed as:

1
An(0) = 5=exp(jmb)

where, 0 is an angle from an x-axis.

38. The data stream as recited in claim 34, wherein the
radial function R (p) is an even cosine function, which is
expressed as:

n=0

1
Rate) = {Zcos(nnp) n#0
where, p is a distance from an origin.

38. A content-based retrieval system for retrieving an
image in a content-based image retrieval system including a
web browser, a web server and a database storing images
and image descriptors each of which represents character-
istics of the image, the system comprising:

means for receiving a query image;

means for extracting a query image descriptor from the
query image based on at least an angular component
and a radial component of the query image;

means for requesting to retrieve an image based on the
query image descriptor to the web server; and

means for receiving and displaying at least an image
similar to the query image from the database.
39-74. (Cancelled)
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