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Description

IMAGE SIGNATURE CREATING METHOD AND APPARATUS

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

FOR DISCRIMINATING STILL IMAGES
Technical Field
Cross reference(s) to the Related Applications

The present invention claims priority of Korean Patent Applications No.
10-2007-0064988 filed on June 29, 2007 and No. 10-2008-0028478 filed on March 27,
2008, which are incorporated herein by reference.

The present invention relates to a method and an apparatus for discriminating a still
image even when the still image is deformed due to a copying of or an intended attack
on the still image or, by the Internet or types of reproduction devices, and more par-
ticularly to an image signature creating method and an image signature creating
apparatus for discriminating a still image that enable creation of a natural signature of
the still image by partitioning the still image into regions using concentric circles and
describing relations between the characteristics of the regions.

This work was supported by the IT R&D program of MIC/IITA [2007-P10-16, De-
velopment of Standards for Digital Rights Management].

Background Art

Due to gradual increase in demands on digital contents, an enormous amount of
multimedia contents such as videos, music, and images are being continuously
produced, manufactured, distributed, and serviced. Among them, use of digital still
images (hereinafter, referred to as ‘still images’) is explosively increasing due to
supply of portable digital cameras, mass storage units, and portable storage mediums,
and their low prices. Accordingly, demands on products for searching for the still
image if necessary and discriminating it from another one are gradually increasing.
This technology is referred to as a still image search technology.

Until now, technologies for searching still images have been mainly based on meta
data (keywords) or contents of the still images. The technologies utilize pre-input in-
formation or natural information contained in an original still image, such as a color
and a texture of the still image, and are very useful in searching for the undeformed
original still image.

However, in the above-mentioned conventional technologies for searching for a still
image, when the still image is illegally deformed due to a copying thereof or an
intended attack thereon, or when a natural characteristic of the still image is deformed

by the Internet or types of reproduction devices, natural information itself contained in



WO 2009/005228 PCT/KR2008/003431

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

the still image may not be utilized.

Disclosure of Invention

Technical Problem

It is, therefore, an object of the present invention is to provide an image signature
creating method and an image signature creating apparatus for discriminating a still
image that enable discrimination of a still image deformed due to a copying of or an
intended attack on the still image, or by the Internet or types of reproduction devices.

Another object of the present invention is to provide an image signature creating
method and an image signature creating apparatus for discriminating a still image that
enable search and discrimination of a still image even when the still image is illegally
deformed due to a copying of or an intended attack on the still image or a natural char-
acteristic of the still image, such as the size, form, and quality of the still image, is
deformed by the Internet or types of reproduction devices.

Still another object of the present invention is to provide an image signature creating
method and an image signature creating apparatus for discriminating a still image that
enable creation of a natural signature of a deformed still image by partitioning the still
image into regions using concentric circles and describing relations between the char-

acteristics of the regions.

Technical Solution

In accordance with a first aspect of the present invention, there is provided an image
signature creating method including:

creating a map by partitioning a still image using rings defined by concentric circles
radially spaced apart from each other by a predetermined interval and radial lines cir-
cumferentially spaced apart from each other by a predetermined angle, the center of the
still image being that of the concentric circles; and

creating an image signature from the created map on the basis of distribution of
pixels in regions defined by the rings and the radial lines.

In accordance with a second aspect of the present invention, there is provided an
image signature creating apparatus including:

a map creating unit for creating a map by partitioning a still image using rings
defined by concentric circles radially spaced apart from each other by a predetermined
radial interval and radial lines circumferentially spaced apart from each other by a pre-
determined angle, the center of the still image being that of the concentric circles; and

an image signature creating unit for creating an image signature from the created map

on the basis of distribution of pixels in regions defined by the rings and the radial lines.
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In accordance with a third aspect of the present invention, there is provided an image
signature matching method for discriminating identities of first and second still images,

the image signature matching method including:
creating a map by partitioning the first and second still images, using rings defined

by concentric circles radially spaced apart from each other a predetermined interval
and radial lines circumferentially spaced apart from each other by a predetermined
angle respectively, the center of the first and second still images being that of the
concentric circles;

creating image signatures of the first and second still images from the created map on
the basis of distribution of pixels in regions defined by the rings and radial lines of the
first and second still images; and

checking whether or not the image signatures are matched each other by calculating
an average Hamming distance between the image signatures of the first and second

still images.

Brief Description of the Drawings

Fig. 1 is a functional block diagram of an image signature creating apparatus for dis-
criminating a still image based on a concentric circle partition in accordance with an
embodiment of the present invention;

Fig. 2 is a view illustrating a map created by partitioning a still image into regions,
using concentric circles radially spaced apart from each other by a predetermined
interval and radial lines circumferentially spaced apart from each other by a prede-
termined angle in accordance with an embodiment of the present invention;

Fig. 3 is a view illustrating a method of calculating an average pixel distribution in
accordance with an embodiment of the present invention;

Fig. 4 is a view illustrating a method of calculating an angular difference distribution
in accordance with an embodiment of the present invention;

Fig. 5 is a graph obtained by converting all calculated characteristics into bit strings,
using a hash function in accordance with an embodiment of the present invention; and

Fig. 6 is a view illustrating a method of integrating bit strings into one integrated bit

string in accordance with an embodiment of the present invention.

Best Mode for Carrying Out the Invention

The present invention creates a natural signature of a still image by partitioning the
still image into regions using concentric circles and describing relations between the
characteristics of the regions so that a still image deformed due to a copying thereof or

an intended attack thereon, or a still image deformed in a natural characteristic of the
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still image, such as the size, form, and quality of the still image by the Internet or types
of reproduction devices can be searched for and discriminated.

Still image discriminating technology based on the concentric circle partition based
in accordance with the present invention is as follows.

A still image is partitioned using concentric circles prior to extracting characteristics
from the still image, and then the characteristics are obtained from the partitioned still
images. The center of the still image coincides with the center of the concentric circles,
which are radially spaced apart from each other by a predetermined interval. Then, the
still images partitioned using the concentric circles are partitioned by radial lines cir-
cumferentially spaced apart from each other by a predetermined angle again. An image
signature obtained finally consists of bit strings of a predetermined length regardless of
the size of the still image, showing a high efficiency in and matching speed.

The final image signature is created by integrating four characteristics into one, and
all the characteristics are obtained from regions obtained using the concentric circles
and the radial lines. The four characteristics include an average distribution of pixels in
the rings, a primary difference distribution of the pixel value distributions, a secondary
difference distribution of the pixel value distributions, and an angular difference dis-
tribution per one ring. One characteristic value is calculated per one ring from the
innermost ring to the outermost ring, and then a distribution of the characteristic values
is obtained. The obtained characteristic value is converted into a bit string by using a
simple hash function. One bit is allocated to each ring, and four bits are applied to for
each four characteristics on the average.

Hereinafter, the operational principle of the present invention will be described in
detail with reference to the accompanying drawings.

Fig. 1 is a function block diagram of an image signature creating apparatus for dis-
criminating a still image based on a concentric circle partition in accordance with an
embodiment of the present invention.

With reference to Fig. 1, an image signature creating apparatus 150 for dis-
criminating a still image includes a still image input unit 100, a still image nor-
malization unit 105 normalizing the pixel size of the still image in correspondence to a
predetermined pixel size, a still image partitioning unit 110 partitioning the normalized
still image into regions, an average pixel distribution calculating unit 115 calculating
average distributions of pixels in rings, each ring containing a predetermined number
of regions, a primary difference distribution calculating unit 120 calculating a primary
difference distribution of the calculated average pixels, a second difference distribution
calculating unit 125 calculating a secondary difference distribution of the calculated
average pixels, an angular difference distribution calculating unit 130 calculating a dis-

tribution between a first region in a ring and a second region counterclockwise
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adjacent to the first region in the ring, a bit string creating unit 135 converting the
calculated distributions into bit strings using a hash function, and an image signature
creating unit 140 creating an concentric circle partition based image signature.

More specifically, the still image input unit 100 transfers image data for the still
image to the normalization unit 105, and the normalization unit 105 adjusts the still
image to have a predetermined number of pixels, e.g. 256 pixels, on the basis of the
shorter one of the width and height of the still image transferred from the still image
input unit 100.

As depicted in the reference numeral 200 of Fig. 2, the still image partitioning unit
110 partitions the still image into rings using concentric circles disposed at a prede-
termined radial interval, with the center of the still image being that of the concentric
circles. Then, as depicted in the reference numeral 205, the still image partitioned into
the rings is partitioned into regions, using radial lines intersecting the concentric circles
by a predetermined angle.

For example, when the still image normalization unit 105 normalizes the pixels of the
still image to 256 pixels, the still image partitioning unit 110 partitions the still image
to create a map in which the diameter of the concentric circle is 256 pixels, the number
of rings is 32, and the angle interval is 10 degrees.

Then, actual pixel values corresponding to pixels in the map are extracted from an
original still image to finish the map. Bilinear interpolation is used to extract the pixel
values from the still image of the original still image, and the center of the concentric
circles coincide with that of the still image. After all the pixel values in the partitioned
regions are obtained, average values of the pixels of the regions are calculated and are
allocated to the corresponding regions.

The average pixel distribution calculating unit 115 calculates an average of the
averaged pixel values of all regions in each ring through following Equation 1 and
allocates the average to the corresponding ring.

MathFigure 1

[Math. 1]
D

B, = ZPi,j
J=0

where, P,,; is an average pixel value for a region of the i-th ring and the j-th angle and
D is the number of all angular sections.

The primary difference distribution calculating unit 120 calculates a distribution of
the absolute values of differences of the calculated average distributions of pixels in
the adjacent rings that are obtained by the average pixel distribution calculating unit
115, using Equation 2.

MathFigure 2
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[Math.2]
Fz,i - abS(Fl,Hl - Fl, i)

where, Fy,; is an average pixel value of the i-th ring.

The secondary difference distribution calculating unit 123 calculates a distribution of
the absolute values of differences of the calculated average distributions of pixels in
the adjacent rings that are obtained by the primary difference distribution calculating
unit 120. Difference distribution calculations are performed to the primary differences
obtained in the primary difference distribution calculating unit 120, using Equation 3.

MathFigure 3
[Math.3]

Fi ;= abS(FZ,i+1 -y i)

where, F.,; is an average pixel value of the i-th ring.

As depicted in the reference numeral 400 of Fig. 4, the angular difference distribution
calculating unit 130 multiplies the absolute value of an average of pixel differences
between a first region 402 in an i-th ring and a second region 404 counterclockwise
adjacent to the first region in the i-th ring by the absolute value of an average of pixel
differences between the first region 402 and a third region 406 symmetrically opposite
to the first region in the ring. An average of the values calculated for all the regions in
the above-mentioned way becomes a value for the corresponding ring. The value is
obtained for each ring to calculate a difference distribution, using Equation 4.

MathFigure 4
[Math.4]

angelLevel-1
= Y, abs(C,;-C

j=0

F,

4,i

i,(j+)mod eangleLevel ) x abs (Ci, i Ci, JjrangleLevel/ 2)

where, C,,; is an average pixel value in a region of the i-th ring and the j-th angle and
the angleLevel is the number of angles by which one ring is partitioned. That is, 10
degrees partitions a circle into 36 sections.

The bit string creating unit 135 converts the distributions calculated by the average
pixel distribution calculating unit 115, the primary difference distribution calculating
unit 120, the secondary difference distribution calculating unit 125, and the angular
difference distribution calculating unit 130 into bit string, using a hash function. The
used hash function is expressed in Equation 5.

MathFigure 5



WO 2009/005228 PCT/KR2008/003431

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[Math.5]

B_ — {I’M.i+1>Mi

i 0.M <M,

where, M; is the i-th value of the distributions.

The characteristics have distributions of predetermined values in the innermost to
outermost rings. Starting from the innermost ring, bits of 1 or 0 are allocated to the
rings according to the relations with the next ring. Fig. 5 illustrates one example. After
the characteristic distributions are converted into the bit strings, the bit strings are in-
tegrated into one bit string as shown in Fig. 6. That is, the bit strings are integrated to
include an average pixel distribution 600, a primary difference distribution 602 of
average pixel distributions, a secondary difference distribution 604 of average pixel
distributions, and an angular difference distribution 606.

Thereafter, the average pixel distribution calculating unit 115 repeats the operation of
the bit string creating unit 135 by setting the number of rings to 16. Then, the image
signature creating unit 140 creates the concentric circle partition based image signature
as a final signature by integrating bit strings obtained when the number of rings is 32
and bit strings obtained when the number of rings is 16.

When an original still image is illegally deformed due to a copying thereof or an
intended attack thereon or when a natural characteristic of the original still image, such
as the size, form, and quality of the original still image, is deformed by the Internet or
types of reproduction devices, the original still image and the deformed still image are
matched through each image signature. The matching operation of each image
signature is to calculate an average hamming distance through exclusive OR (XOR)
operations of the signatures in the form of bit strings. As in Equation 6, XOR op-
erations of bits in corresponding positions are performed, and then the average of them
is calculated.

MathFigure 6
[Math.6]

lel
D=—> R ®(.
N; J QJ

where, N is the total number of bits of each signature and R; and Q; are bit values at
the j-th position of each signature.

As mentioned above, in accordance with the present invention, a natural signature of
a still image is created by partitioning the still image into regions using concentric
circles and describing relations between the characteristics of the regions, in order to

search for and discriminate the still image even when the still image is illegally
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deformed due to a copying thereof or an intended attack thereon or when a natural
characteristic of the still image, such as the size, form, and quality of the still image, is
deformed by the Internet or types of reproduction devices.

In accordance with the present invention, distribution of illegal contents is prevented
and interrupted by search for and discrimination of a still image illegally deformed by
a copying of and an intended attack on the still image by enabling high speed search
for and discrimination of the still image whose natural characteristic may be changed
by the Internet or according to types of reproduction devices.

Furthermore, a user can efficiently search for a desired still image in databases
containing an enormous amount of still images, image contents distributed in the
Internet, or digital photographs stored in a hard disk of the user.

While the invention has been shown and described with respect to the preferred em-
bodiments, it will be understood by those skilled in the art that various changes and
modifications may be made without departing from the scope of the invention as

defined in the following claims.
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Claims

An image signature creating method comprising:

creating a map by partitioning a still image using rings defined by concentric
circles radially spaced apart from each other by a predetermined interval and
radial lines circumferentially spaced apart from each other by a predetermined
angle, the center of the still image being that of the concentric circles; and
creating an image signature from the created map on the basis of distribution of
pixels in regions defined by the rings and the radial lines.

The image signature creating method of claim 1, wherein creating the image
signature comprises:

firstly calculating average distributions of pixels for the rings;

secondly calculating a primary difference distribution of the calculated average
distributions;

thirdly calculating a secondary difference distribution using the primary
difference distribution;

fourthly calculating angular difference distributions for the rings;

converting the firstly to fourthly calculated distributions into bit strings; and
creating the image signature by primarily integrating the bit strings.

The image signature creating method of claim 2, wherein creating the image
signature comprises:

converting the firstly to fourthly calculated distributions into bit strings using a
map whose number of rings is reduced to a half and secondarily integrating the
bit strings; and

creating the image signature by integrating the primarily integrated bit strings
and the secondarily integrated bit strings.

The image signature creating method of claim 1, further comprising normalizing
the still image by setting the size of the pixels of the still image to a prede-
termined value before creating a map.

The image signature creating method of claim 4, wherein normalizing the still
image includes adjusting the size of the pixel on the basis of the shorter one of
the width and height of the still image.

The image signature creating method of claim 2, wherein fourthly calculating
angular difference distributions for the rings comprises:

multiplying the absolute value of an average of pixel differences between a first
region in one ring and a second region counterclockwise adjacent to the first
region in the ring by the absolute value of an average of pixel differences

between the first region and a third region symmetrically opposite to the first
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region in the ring; and

calculating an average of the values obtained in performing the multiplication of
the absolute value for all regions.

The image signature creating method of claim 2, wherein converting the firstly to
fourthly calculated distributions into bit strings includes converting the firstly to
fourthly calculated distributions using a hash function.

An image signature creating apparatus comprising:

a map creating unit for creating a map by partitioning a still image using rings
defined by concentric circles radially spaced apart from each other by a prede-
termined radial interval and radial lines circumferentially spaced apart from each
other by a predetermined angle, the center of the still image being that of the
concentric circles; and

an image signature creating unit for creating an image signature from the created
map on the basis of distribution of pixels in regions defined by the rings and the
radial lines.

The image signature creating apparatus of claim 8, wherein the image signature
creating unit comprises:

a first calculation means for calculating average distributions of pixels for the
rings;

a second calculation means for calculating a primary difference distribution of
the calculated average distributions;

a third calculation means for calculating a secondary difference distribution
using the primary difference distribution;

a fourth calculation means for calculating angular difference distributions for the
rings; and

a bit string creating means for converting the distributions calculated in the first
to fourth calculation units into bit strings and creating an image signature by
primarily integrating the bit strings.

The image signature creating apparatus of claim 9, wherein the bit string creating
means further converts the distributions calculated in the first to fourth cal-
culation units into bit strings using a map whose number of rings is reduced to a
half and secondarily integrates the bit strings and creates an image signature by
integrating the primarily integrated bit strings and the secondarily integrated bit
strings.

The image signature creating apparatus of claim 8, further comprising a still
image normalization unit for normalizing the still image by setting the size of the
pixels of the still image to a predetermined value.

The image signature creating apparatus of claim 11, wherein the still image nor-
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malization unit adjusts the size of the pixel on the basis of the shorter one of the
width and height of the still image.

The image signature creating apparatus of claim 9, wherein the fourth calculation
means performs an operation of multiplying the absolute value of an average of
pixel differences between a first region in one ring and a second region counter-
clockwise adjacent the first region in the ring by the absolute value of an average
of pixel differences between the first region and a third region symmetrically
opposite to the first region in the ring; and an operation of calculating an average
of the values obtained in the operation of multiplying the absolute value of an
average of pixel differences for all regions.

The image signature creating apparatus of claim 9, wherein the bit string creating
means converts the firstly to fourthly calculated distributions using a hash
function.

An image signature matching method for discriminating identities of first and
second still images, the image signature matching method comprising:

creating a map by partitioning the first and second still images, using rings
defined by concentric circles radially spaced apart from each other a prede-
termined interval and radial lines circumferentially spaced apart from each other
by a predetermined angle respectively, the center of the first and second still
images being that of the concentric circles;

creating image signatures of the first and second still images from the created
map on the basis of distribution of pixels in regions defined by the rings and
radial lines of the first and second still images; and

checking whether or not the image signatures are matched each other by cal-
culating an average Hamming distance between the image signatures of the first
and second still images.

The image signature matching method of claim 15, wherein checking whether or
not the image signatures are matched each other includes performing exclusive
OR operations (XOR operations) between bits in a bit string of the image
signature of the first still image and bits in a bit string of the image signature of

the second still image to calculate an average value.



WO 2009/005228

1/3

[Fig. 1]
150
STILL IMAGE INPUT ~ 100
STILL IMAGE NORMALIZATION [~ 105
STILL IMAGE PARTITION ~ 110
AVERAGE PIXEL DISTRIBUTION | 4
CALCULATION
PRIMARY DIFFERENCE 190
DISTRIBUTION CALCULATION
SECONDARY DIFFERENCE | _ 195
DISTRIBUTION CALCULATION
ANGULAR DIFFERENCE | _ 130
DISTRIBUTION CALCULATION
BIT STRING CREATION ~— 135
IMAGE SIGNATURE CREATION [~ 140
[Fig. 2]
200 205

PCT/KR2008/003431



2/3

PCT/KR2008/003431

WO 2009/005228

[Fig. 3]

NMANNNN

.
-
= e
.
.
. 5
. b
.
i

\

=
... &
.

DN
)

.

.

|

%1&.

/

—




3/3

WO 2009/005228 PCT/KR2008/003431

[Fig. 6]
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