wO 2007/100701 A2 |10 0 00O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2007/100701 A2

(51) International Patent Classification: Not classified [US/US]; 395 Ano Nuevo Avenue, Apt. 605, Sunnyvale,
CA 94085 (US).

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
7 September 2007 (07.09.2007)

(21) International Application Number:
PCT/US2007/004801 (74) Agent: KOERNER, Gregory, J.; Redwood Patent Law,

1291 East Hillsdale Bloulevard, Suite 205, Foster City, CA
(22) International Filing Date: 94404 (US).

23 Feb 2007 (23.02.2007
evruary ( ) (81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
(26) Publication Language: English CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
(30) Priority Data: JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
11/362,215 24 February 2006 (24.02.2006) US LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
(71) Applicants (for all designated States except US): SONY RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
CORPORATION [JP/JP]; 1-7-1 Konan, Minato-ku, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Tokyo, 108-0075 (JP). SONY ELECTRONICS INC.
[US/US]; 1 Sony Drive, Park Ridge, NJ 07656 (US). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventor; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventor/Applicant (for US only): LI, Pingshan 7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR PERFORMING WAVELET-BASED TEXTURE FEATURE EXTRACTION AND
CLASSIFICATION

(57) Abstract: A system and method are disclosed for perform-

ing wavelet-based local texture feature extraction and classifica-

tion procedures. Image data is initially provided to include a query
image and a series of test images. A feature detector calculates

Select Homogeneous Sample Images [\ _ g10 image parameters corresponding to the image data. The image pa-
rameters include mean absolute values, variance values, and tex-
l ture angles. The feature detector utilizes the image parameters to
Merge Sample Images calculate distance values that represent texture similarity charac-
Into Composite image 812 teristics between the query image and each of the test images. The
l feature detector then evaluates the distance values to determine

one or more matching images from among the test images.

Calculate Wavelet Coefficients 814

Y.
Calculate Mean Values And
Variance Values For Each Subband AN 816

!

Calculate Texture Angles )
For Each Wavelet Level \_ 818
Calcutate Dllstance Values L 820

v

Identify Matching Image(s) N_ 822




WO 2007/100701 A2 |0 0A0 00 0T 00000 0 O 0 O

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,  For two-letter codes and other abbreviations, refer to the "Guid-
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  ance Notes on Codes and Abbreviations" appearing at the begin-
RO, SE, SI, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, ning of each regular issue of the PCT Gazette.
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  without international search report and to be republished
upon receipt of that report



WO 2007/100701 PCT/US2007/004801

SYSTEM AND METHOD FOR PERFORMING WAVELET-BASED
TEXTURE FEATURE EXTRACTION AND CLASSIFICATION

BACKGROUND SECTION

1. Field of the Invention

This invention relates generally to techniques for analyzing information,
and relates more particularly to a system and method for performing wavelet-

based texture feature extraction and classification procedures.

2. Description of the Background Art

Implementing effective methods for analyzing information is a
significant consideration for designers and manufacturers of contemporary
electronic devices. However, effectively analyzing information with electronic
devices may create substantial challenges for system designers. For example,
enhanced demands for increased device functionality and performance may
require more system processing power and require additional hardware
resources. An increase in processing or hardware requirements may also
result in a corresponding detrimental economic impact due to increased
production costs and operational inefficiencies.

Furthermore, enhanced device capability to perform various advanced
operations may provide additional benefits to a system user, but may also
place increased demands on the control and management of various device
components. For example, an enhanced electronic device that effectively
analyzes and manipulates digital image data may benefit from an efficient
implementation because of the large amount and complexity of the digital
data involved.

Due to growing demands on system resources and substantially
increasing data magnitudes, it is apparent that developing new techniques for

analyzing information is a matter of concern for related electronic
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technologies. Therefore, for all the foregoing reasons, developing effective
systems for analyzing information remains a significant consideration for

designers, manufacturers, and users of contemporary electronic devices.
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SUMMARY

In accordance with the present invention, a system and method are
disclosed for performing wavelet-based texture feature extraction and
classification procedures. In one embodiment, a computer device selects a
query image for performing an image retrieval procedure to identify matching
test images from stored image data. Then, a feature detector calculates
wavelet coefficients corresponding to a four-level Haar wavelet transform of
the query image.

Next, the feature detector calculates coefficient mean absolute values
and coefficient variance values for each subband of the four-level wavelet
transform, based upon the foregoing wavelet coefficients. The feature
detector then utilizes the coefficient mean absolute values and coefficient
variance values to calculate mean absolute value texture angles and variance
value texture angles for each wavelet level of the wavelet transform. The
feature detector also calculates total mean absolute values and total variance
values from the corresponding coefficient mean absolute values and
coefficient variance values.

In accordance with the present invention, the feature detector
advantageously utilizes the foregoing texture angles, total mean absolute
values, and total variance valués to calculate distance values that represent
texture similarity characteristics between the query image and various test
images. Finally, the feature detector concludes the image retrieval procedure
by evaluating the calculated distance values to identify one or more matching
images from the test images.

In certain embodiments, the present invention may be similarly utilized
for performing image retrieval procedures to match one or more test images
to a selected image model. For at least the foregoing reasons, the present
invention therefore provides an improved system and method for performing

" wavelet-based texture feature extraction and classification procedures.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram for one embodiment of a computer device, in

accordance with the present invention;

FIG. 2 is a block diagram for one embodiment of the memory of FIG. 1,

in accordance with the present invention;

FIG. 3 is a block diagram for one embodiment of the feature

information of FIG. 2, in accordance with the present invention;

FIG. 4 is a diagram illustrating a first level of a Haar wavelet transform,

in accordance with one embodiment of the present invention;

FIG. 5 is a diagram illustrating four levels of a Haar wavelet transform,

in accordance with one embodiment of the present invention;

FIG. 6 is a diagram illustrating a composite image, in accordance with

one embodiment of the present invention;

FIG. 7 is a flowchart of method steps for performing a basic image
retrieval procedure, in accordance with one embodiment of the present

invention;

FIG. 8 is a flowchart of method steps for performing a texture model
based image retrieval procedure, in accordance with one embodiment of the

present invention; and

FIG. 9 is a flowchart of method steps for performing a texture/color
model based image retrieval procedure, in accordance with one embodiment

of the present invention.
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DETAILED DESCRIPTION

The present invention relates to an improvement in information
analysis techniques. The following description is presented to enable one of
ordinary skill in the art to make and use the invention and is provided in the
context of a patent application and its requirements. Various modifications
to the disclosed embodiments will be readily apparent to those skilled in the
art and the generic principles herein may be applied to other embodiments.
Thus, the present invention is not intended to be limited to the embodiments
shown, but is to be accorded the widest scope consistent with the principles
and features described herein.

The present invention comprises a system and method for performing
wavelet-based local texture feature extraction and classification procedures.
Image data is initially provided to include a query image and a series of test
images. A feature detector calculates various appropriate image parameters
corresponding to the image data. The image parameters include mean
absolute values, variance values, and texture angles. The feature detector
utilizes the image parameters to calculate distance values that represent
texture similarity characteristics between the query image and each of the
test images. The feature detector may then evaluate the distance values to

determine one or more matching images from among the test images.

Referring now to FIG. 1, a block diagram for one embodiment of a
computer device 110 is shown, in accordance with the present invention. In
the FIG. 1 embodiment, computer device 110 includes, but is not limited to, a
central processing unit (CPU) 112, a user interface 114, memory 116, a
display 118, and input/output interface(s) (I/O interface(s)) 120. The
foregoing components of computer device 110 may preferably be coupled to,
and communicate through, a device bus 128.

In alternate embodiments, computer devipe 110 may be implemented

using components and configurations in addition to, or instead of, certain of
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those components and configurations discussed in conjunction with the FIG.
1 embodiment. Furthermore, the present invention may readily be performed
by various types of electronic devices other than computer device 110.

In the FIG. 1 embodiment, CPU 112 may be implemented to include
any appropriate and compatible microprocessor device that preferably
executes software instructions to control and manage the operation of image
manager 110. The FIG. 1 display 118 may include any effective type of
display technology including a cathode-ray-tube monitor or a liquid-crystal
display device. In the FIG. 1 embodiment, I/O interface(s) 120 may include
one or more input and/or output interfaces to receive and/or transmit any
required types of relevant information by computer device 1 10.

In the FIG. 1 embodiment, memory 116 may include any combination
of desired storage devices, including, but not limited to, read-only memory
(ROM), random-access memory (RAM), and various types of non-volatile
memory, such as floppy disks or hard disks. The contents and functionality
of memory 116 are further discussed below in conjunction with FIG. 2 and
FIG. 3.

Referring now to FIG. 2, a block diagram for one embodiment of the
FIG. 1 memory 116 is shown, in accordance with the present invention. In
the FIG. 2 embodiment, memory 116 includes, but is not limited to,
application software 212, an operating system 214, image data 216, feature
detector 218, and feature information 222. In alternate embodiments,
memory 116 may include other components in addition to, or instead of,
certain of those components discussed in conjunction with the FIG. 2
embodiment.

In the FIG. 2 embodiment, application software 212 may include
program instructions that are executed by CPU 112 (FIG. 1) to perform
various functions and operations for computer device 110. The particular
nature and functionality of application software 212 may vary depending
upon factors such as the specific type and particular use of the

corresponding computer device 110. In the FIG. 2 embodiment, operating
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system 214 controls and coordinates low-level functionality of computer
device 110.

Image data 216 includes various types of image information that is
stored in memory 116. Image data 216 may include captured image data or
other types of image information. For example, in certain embodiments,
image data 216 may include one or more images that a system user obtains
from an external source such as a camera device or the Internet. In alternate
embodiments, the present invention may readily be utilized to analyze data
other than the image data 216 shown in FIG. 2.

In the FIG. 2 embodiment, feature detector 218 may be utilized to
create and analyze feature information 222 to thereby perform image search
procedures. One embodiment for feature information 222 is further
discussed below in conjunction with FIG. 3. Furthermore, the utilization of
feature detector 218 to generate and utilize feature information 222 is further

discussed below in conjunction with FIGS. 4-9.

Referring now to FIG. 3, a block diagram for one embodiment of the
FIG. 2 feature information 222 is shown, in accordance with the present
invention. In the FIG. 3 embodiment, feature information 222 may include,
but is not limited to, wavelet coefficients 312, coefficient mean absolute
values 316, coefficient variance values 320, texture angles 324, and distance
values 328. In alternate embodiments, feature information 222 may readily
include other components in addition to, or instead of, certain of those
components discussed in conjunction with the FIG. 3 embodiment. In the
FIG. 3 embodiment, certain elements and parameters of feature information
222 may be calculated when image data 216 is initially received by computer
device 110. Generation and utilization of feature information 222 by feature

detector 218 is further discussed below in conjunction with FIGS. 4-9.

Referring now to FIG. 4, a diagram illustrating a first level 416 of a
Haar wavelet transform is shown, in accordance with one embodiment of the

present invention. The FIG. 4 embodiment is presented for purposes of
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illustration, and in alternate embodiments, the present invention may readily
include various other techniques and elements, in addition to, or instead of,
those techniques and elements discussed in conjunction with the FIG. 4
embodiment. In the FIG. 4 example, the Haar transform is typically
performed upon luminance information from a given image.

In the FIG. 4 example, first level 416 represents a given set of wavelet
coefficients 312 (FIG. 3) that includes a Low-Low subband (LL) 418, a Low-
High subband (LH) 422, a High-Low subband 426, and a High-High subband
(HH) 430. To generate first level 416 using the Haar transform procedure,
horizontal rows of pixel values are initially divided iﬁto low-frequency
portions corresponding to LL subband 418 and LH subband 422, and into
high-frequency portions corresponding to HL subband 426 and HH subband
430. Initial low-frequency coefficients may then be calculated by feature
detector 218 (FIG. 2) or other appropriate entity by combining adjacent pixel

values according to the following formula:

1
L= (B * B) 7—2—

where L is a low-frequency wavelet coefficient, iis an index number of the
wavelet coefficient, and P is a pixel value from the image data.

Initial high-frequency coefficients may also then be calculated by
feature detector 218 (FIG. 2) or other appropriate entity by subtracting

adjacent pixel values according to the following formula:

1
H;= (B - B,) ﬁ

where H is a high-frequency wavelet coefficient, iis an index number of the
wavelet coefficient, and P is a pixel value from the image data.

Vertical columns of the foregoing initial low-frequency coefficients may
then be divided into low-frequency portions (LL subband 418 and HL
subband 426) and high-frequency subbands (LH subband 422 and HH
subband 430). Final level-one wavelet coefficients 312 (FIG. 3) may then be

calculated for LL subband 418 and HL subband 426 by combining adjacent
8
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initial wavelet coefficients, as discussed above. Final level-one wavelet
coefficients 312 may also be calculated for LH subband 422 and HH subband
430 by feature detector 218 (FIG. 2) or other appropriate entity by
subtracting adjacent initial wavelet coefficients, as discussed above.

Further discussion of various techniques for performing and utilizing
.Haar transforms may be found in “A Theory for Multiresolution Signal
Decomposition: The Wavelet Representation,” by S. G. Mallat, IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol. 11, No. 7,
pp- 674-693, July 1989.

Referring now to FIG. 5, a diagram illustrating four levels 516 of a Haar
wavelet transform is shown, in accordance with one embodiment of the
present invention. The FIG. 5 embodiment is presented for purposes of
illustration, and in alternate embodiments, the present invention may readily
include various other techniques and elements, in addition to, or instead of,
those techniques and elements discussed in conjunction with the FIG. 5
embodiment. For example, in other embodiments, a different number of
transform levels may be utilized to generate wavelet coefficients 312 (FIG. 3).

In the FIG. 5 embodiment, three subbands (LH, HL, and HH) are shown
from the first-level 416 discussed above in conjunction with FIG. 4. In the
FIG. 5 embodiment, the fourth subband (LL 418) of FIG. 4 is utilized to
calculate wavelet coefficients 312 for a second level 518 of the Haar transform
by performing procedures similar to those discussed above in conjunction
with FIG. 4. Similarly, the fourth subband (LL) of the second level 518 is
utilized to calculate wavelet cbefﬁcients 312 for a third level 520 of the Haar
transform, and the fourth subband (LL) of the third level 520 is utilized to
calculate wavelet coefficients 312 for a fourth level 522 of the Haar transform.

In certain embodiments, feature detector 218 (FIG. 2) or other
appropriate entity may then utilize the wavelet coefficients 312 (FIG. 3) from
the foregoing four levels 516 of the FIG. 5 wavelet transform to calculate
certain image parameters that are stored as feature information 222 (FIG. 3).

In certain embodiments, one type of image parameter may be coefficient

9
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mean absolute values 316 (FIG. 3). Feature detector 218 (FIG. 2) or other
appropriate entity may calculate coefficient mean absolute values 316 for the
various subbands of the four levels 516 shown in FIG. 5.

For example, in certain embodiments, feature detector 2 18 (FIG. 2) or
other appropriate entity may calculate a coefficient mean absolute value u for

a given subband LH by utilizing the following formula:

M N

1
Higwy = —M_V EZ| W ina [m,n]|

m=1 n=l

where LH(i) is an LH subband at level i, W is a wavelet coefficient, mis a
coefficient row, n is a coefficient column, M is equal to a total number of
coefficient rows, and N is equal to a total number of coefficient columns.
Coefficient mean absolute values 316 for other subbands may be calculated
in a similar manner.

In addition, in certain embodiments, another type of image parameter
may be coefficient variance values 320 (FIG. 3). Feature detector 218 or other
appropriate entity may calculate coefficient variance values 320 for the
various subbands of the four levels 516 shown in FIG. 5. For example, in
certain embodiments, feature detector 218 or other appropriate entity may
calculate a coefficient variance value o for a given subband LH by utilizing the

following formula:

Ot = oo 3 2 (W man] =t
m=1 n=l

where LH(i) is an LH subband at level i, W is a wavelet coefficient, mis a
coefficient row, n is a coefficient column, M is equal to a total number of
coefficient rows, N is equal to a total number of coefficient columns, and uis
a corresponding coefficient mean absolute value 316. Coefficient variance
values 320 for other subbands may be calculated in a similar manner.

In certain embodiments of the present invention, feature detector 218

or other appropriate entity may utilize the foregoing coefficient mean absolute

10
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values 316 and coefficient variance values 320 to calculate corresponding
texture angles 324 (FIG. 3) that indicate how texture is oriented in a
particular image. For example, in the FIG. 5 embodiment, a mean absolute

value texture angle may be calculated according to the following formula:

Hiug
9;, = arctan —2&
(1))

Huarw

where 6,4 is a mean absolute value texture angle, u is a coefficient mean
absolute value 316, iis a subband level, LH is a Low-High subband 422 (FIG.
4), and HL is a High-Low subband 426 (FIG. 4). Similarly, in the FIG. 5
embodiment, a variance value texture angle may be calculated according to

the following formula:

Oru
6, = arctan —— -
[0}

Sy

where B, is the variance value texture angle, ois a coefficient variance value,
iis a subband level, LH is a Low-High subband 422 (FIG. 4), and HLis a
High-Low subband 426 (FIG. 4).

In certain embodiments, feature detector 218 or other appropriate
entity may utilize the foregoing coefficient mean absolute values 316 and
coefficient variance values 320 for each subband of each wavelet level to
calculate total mean absolute values and total variance values for each
wavelet level. For example, in the FIG. 5 embodiment, feature detector 218 or

other appropriate entity may calculate total mean absolute values according

to the following formula:
Hy = [IUZH(i) + #?]H(i) + #;211,(;) g

where g is a total mean absolute value, iis a wavelet level, pupis a

coefficient mean absolute value 316 for an LH subband 422 (FIG. 4), unHA IS a

11
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coefficient mean absolute value 316 for an HH subband 430 (FIG. 4), and

urgis a coefficient mean absolute value 316 for an HL subband 426 (FIG. 4).
Similarly, in the FIG. 5 embodiment, feature detector 218 or other

appropriate entity may calculate total variance values according to the

following formula:
2 _ 2 2 2
T4 = O T Cunay ¥ Ohea)

where op is a total variance value, iis a wavelet level, orupis a coefficient
variance value 320 for an LH subband 422 (FIG. 4), ourgis a coefficient
variance value 320 for an HH subband 430 (FIG. 4), and onrpis a coefficient
variance value 320 for an HL subband 426 (FIG. 4).

In certain embodiments, feature detector 218 or other appropriate
entity may then utilize the foregoing parameter values to calculate distance
values 328 (FIG. 3) to identify matching test images in image data 216 (FIG.
2). One technique for calculating distance values 328 is further discussed

below in conjunction with FIG. 6.

Referring now to FIG. 6, a diagram illustrating a composite image 616
shown, in accordance with one embodiment of the present invention. The
FIG. 6 embodiment is presented for purposes of illustration, and in alternate
embodiments, the present invention may readily include techniques and
elements, in addition to, or instead of, certain of those techniques and
elements discussed in conjunction with the FIG. 6 embodiment.

In the FIG. 6 embodiment, a group of sample images 618 with
homogenous texture characteristics may be selected and merged to create
composite image 616. Sample images 618 are typically selected as a model to
represent a particular image search object or category. For example, sample
images 618 may be selected because they all are images of a similar or
related subject matter. In the FIG. 6 embodiment, feature detector 218 or
other appropriate entity may then utilize composite image 616 to create a

texture model by calculating composite wavelet coefficients 312 (FIG. 3) for

12



WO 2007/100701 PCT/US2007/004801

the entire composite image 616, as discussed above in conjunction with FIG.
4. .

In the FIG. 6 embodiment, feature detector 218 or other appropriate
entity may utilize the composite wavelet coefficients 312 to calculate various
image parameters as discussed above in conjunction with FIG. 5. Feature
detector 218 or other appropriate entity may then utilize the foregoing
composite image parameters to calculate distance values 328
(FIG. 3) that quantify texture similarity characteristics between the texture
model and various test images from image data 216 (FIG. 2).

‘For example, in the FIG. 6 embodiment, feature detector 218 or other
appropriate entity may calculate a distance value 328 for a texture model and

a given test image according to the following formula:

4

1 1 7
D= ZE['U(T) l 9!7“(.') - 9.15(1) I +'§O'(7,:) Ieo'(i) - 9‘:'(.') I]

i=l

where D is a distance value 328, T indicates the texture model, I indicates the
test image, iis a wavelet level, u is a total mean absolute value, ois a total
variance value, 6, is a variance value texture angle, and 6, is a mean absolute
value texture angle. In certain embodiments, the foregoing formula may be
similarly utilized to calculate distance values 328 for any other type of query
image for performing image search or retrieval procedures, in accordance
with the present invention.

The purpose for creating composite images 616 is to provide
corresponding texture models. Collections of sample images 618 with similar
texture are chosen and merged. Texture parameters may then be determined
for composite images 616 to describe the respective textures of the composite
images 616. A system user may then chose an appropriate texture model
616 to search for test images with those particular corresponding texture

characteristics.

Referring now to FIG. 7, a flowchart of method steps for performing a

basic image retrieval procedure is shown, in accordance with one

13
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embodiment of the present invention. The FIG. 7 example is presented for
purposes of illustration, and, in alternate embodiments, the present invention
may readily utilize steps and sequences other than certain of those steps and
sequences discussed in conjunction with the FIG. 7 embodiment.

In the FIG. 7 embodiment, in step 712, computer device 110 or another
appropriate entity selects a query image for performing the image retrieval
procedure to identify matching test images from image data 216. Then, in
step 714, feature detector 218 or another appropriate entity calculates
wavelet coefficients 312 corresponding to a four-level Haar wavelet transform
of the query image, as discussed above in conjunction with FIGS. 4-6.

In step 716, feature detector 218 or another appropriate entity
calculates mean absolute values 316 and variance values 320 for each
subband of the four-level wavelet transform, based upon the foregoing
wavelet coefficients 312. In step 718, feature detector 218 or another
appropriate entity utilizes the foregoing mean absolute values 316 and
variance values 320 to calculate texture angles 324 for each wavelet level of
the wavelet transform.

In step 720, feature detector 218 or another appropriate entity utilizes
the foregoing texture angles 324, mean absolute values 316, and variance
values 320 to calculate distance values 328 that represent texture similarity
characteristics between the query image and various test images from image
data 216. Finally, in step 722, feature detector 218 or another appropriate
entity evaluates the distance values 328 to identify one or more matching
images from among the test images.

The FIG. 7 flowchart describes a process for evaluating images with
relatively homogeneous texture characteristics. However, the foregoing
process may also be utilized to evaluate images with texture characteristics
that are inhomogeneous. In certain embodiments, an inhomogeneous image
may be divided into smaller pixel blocks. For example, an inhomogeneous
image may be divided into blocks of 32 pixels by 32 pixels, or into any other
effective block size. Each pixel block may then be treated as an individual

image according to the procedure described above in FIG. 7. An average
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distance value for all the pixel blocks may then be utilized as a total distance
value for the inhomogeneous image for purposes of performing image retrieval

procedures.

Referring now to FIG. 8, a flowchart of method steps for performing a
model image retrieval procedure is shown, in accordance with one
embodiment of the present invention. The FIG. 8 example is presented for
purposes of illustration, and, in alternate embodiments, the present invention
- may readily utilize steps and sequences other than certain of those discussed
in conjunction with the FIG. 8 embodiment.

In the FIG. 8 embodiment, in step 810, computer device 110 or another
appropriate entity selects homogeneous sample images 618 to create a
texture model for performing image retrieval procedures upon one or more
matching test images from image data 216. Then, in step 812, computer
device 110 or another appropriate entity merges the sample images 618 into
a composite image 616.

In step 814, feature detector 218 or another appropriate entity
calculates wavelet coefficients 312 corresponding to a four-level Haar wavelet
transform of composite image 616, as discussed above in conjunction with
FIG. 6. In step 816, feature detector 218 or another appropriate entity
calculates mean absolute values 316 and variance values 320 for each
subband of the four-level wavelet transform, based upon the foregoing
wavelet coefficients 312. In step 818, feature detector 218 or another
appropriate entity utilizes the foregoing mean absolute values 316 and
variance values 320 to calculate texture angles 324 for each wavelet level of
the wavelet transform.

In step 820, feature detector 218 or another appropriate entity utilizes
the foregoing texture angles 324, mean absolute values 316, and variance
'values 320 to calculate distance values 328 that represent texture similarity
characteristics between the composite image and various test images from

image data 216. Finally, in step 822, feature detector 218 or another
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appropriate entity evaluates the distance values 328 to identify one or more

matching images from among the test images.

Referring now to FIG. 9, a flowchart of method steps for performing a
texture /color image retrieval procedure is shown, in accordance with one
embodiment of the present invention. The FIG. 9 example is presented for
purposes of illustration, and, in alternate embodiments, the present invention
may readily utilize steps and sequences other than certain of those discussed
in conjunction with the FIG. 9 embodiment.

In the FIG. 9 embodiment, in step 912, computer device 110 or another
appropriate entity selects a test image for performing the image retrieval
procedure to identify one or more matching images from image data 216.
This test image is for determining whether it is a matching image, and is not
a query image. In step 916, feature detector 218 or another appropriate
entity utilizes a color model to filter out undesired color information from the
test image to thereby produce a filtered image. In step 920, feature detector
218 or another appropriate entity creates a color look-up table for a Haar
wavelet by converting the filtered image into the wavelet domain as a four-
level filtered wavelet transform populated with filtered color coefficients.

In step 924, feature detector 218 or another appropriate entity filters
out all color information from the selected test image to produce a luminance
image. Then in step 928, feature detector 218 or another appropriate entity
performs a four-level Haar wavelet transform procedure upon the luminance
image to create wavelet coefficients 312, as discussed above in conjunction
with FIGS. 4-5.

In step 932, feature detector 218 or another appropriate entity
performs a pointwise product calculation by multiplying each of the wavelet
coefficients 312 from the Haar wavelet transform with a corresponding one of
the filtered color coefficients from the four-level filtered wavelet transform to
produce a texture/color image model. Finally, in step 936 (as discussed

above in conjunction with steps 820-822 of FIG. 8), the texture /color image
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model may be utilized for performing various image retrieval procedures as
discussed above in conjunction with FIG. 7.

In the FIG. 9 embodiment, texture/color model based image retrieval
procedures may be performed with texture angles 324, total mean absolute
values 316, and total variance values 320 that are calculated using
techniques and formulas similar to those discussed above in conjunction
with FIGS. 5-6.

However, in certain embodiments, feature detector 218 (FIG. 2) or other
appropriate entity may calculate a coefficient mean absolute value u for a

givenw subband LH by utilizing the following formula:

M N

Z_:Zl Crug[ms Wiy [m,nl|
ZZCLH(i)[m:\ n]

Hipw =
m=1 n=1

where LH(i) is an LH subband at level i, Wis a wavelet coefficient, C is a

filtered color coefficient, m is a coefficient row, n is a coefficient column, M is
equal to a total number of coefficient rows, and N is equal to a total number
of coefficient columns. Coefficient mean absolute values 316 for other
subbands may be calculated in a similar manner.

In addition, in certain embodiments, feature detector 218 or other
appropriate entity may calculate a coefficient variance value o for a given

subband LH by utilizing the following formula:

M N

ZZ(I CLH(i)[m’n]WLH(i)[m’n] | —'AuLH(i))z

. m=] n=1 T
ZZCLH(.')[’":”]

2
Ciamy =
m=l n=1

where LH(i) is an LH subband at level i, W is a wavelet coefficient, C is a
filtered color coefficient, m is a coefficient row, nis a coefficient column, M is
equal to total number of coefficient rows, N is equal to total number of

coefficient columns, and u is a corresponding coefficient mean absolute value
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316. Coefficient variance values 320 for other subbands may be calculated in
a similar manner.

For all of the foregoing reasons, the present invention therefore
provides an improved system and method for performing wavelet-based

texture feature extraction and classification procedures.

The invention has been explained above with reference to certain
embodiments. Other embodiments will be apparent to those skilled in the art
in light of this disclosure. For example, the present invention may readily be
implemented using configurations and techniques other than those described
in the embodiments above. Additionally, the present invention may
effectively be used in conjunction with systems other than those described
above. Therefore, these and other variations upon the discussed
embodiments are intended to be covered by the present invention, which is

limited only by the appended claims.
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WHAT IS CLAIMED IS:

1. A system for performing an image search procedure with an electronic
device, comprising:
image data that is accessible to said electronic device, said image data
including a query image and test images; and
a feature detector that calculates image parameters corresponding to
said image data, said feature detector utilizing said image
parameters to calculate distance values that represent texture
similarity characteristics between said query image and said test
images, said feature detector evaluating said distance values to

determine a matching image from among said test images.

2. The system of claim 1 wherein said feature detector creates a wavelet
transform based upon luminance information from said query image, said
wavelet transform having subbands that each include wavelength

coefficients.

3. The system of claim 2 wherein said wavelet transform has four wavelet

levels that each including corresponding ones of said subbands.

4. The system of claim 1 wherein said image parameters include

coefficient mean absolute values for each of said subbands.
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S. The system of claim 4 wherein a coefficient mean absolute value u for a

subband LH is calculated utilizing a formula:

M N

1
Hing = _MTV: Z Zl Wik [m,n]|

m=1 n=l

where LH(i) is said subband LH at a level i, W is a wavelet coefficient, mis a
coefficient row, n is a coefficient column, M is equal to a total number of

coefficient rows, and N is equal to a total number of coefficient columns.

6. The system of claim 1 wherein said image parameters include

coefficient variance values for each of said subbands.

7. The system of claim 6 wherein a coefficient variance value ogfor a

subband LH is calculated by utilizing a formula:

M N

1
Cffm.-) = _JMN_ ZZQ Wine [m,n]] —.ULH(,'))Z

m=1 n=l

where LH(i) is an LH subband at level i, W is a wavelet coefficient, mis a
coefficient row, n is a coefficient column, M is equal to a total number of
coefficient rows, N is equal to a total number of coefficient columns, and u is

a corresponding coefficient mean absolute value.

8. The system of claim 1 wherein said image parameters include a mean

absolute value texture angle and a variance value texture angle.
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9. The system of claim 8 wherein said mean absolute value texture angle

is calculated according to a formula:

B
0, = arctan——-2.
(i)

HuLi

where 6, is said mean absolute value texture angle, u is a coefficient mean
absolute value, iis a subband level, LH is a Low-High subband, and HL is a
High-Low subband.

10. The system of claim 8 wherein said variance value texture angle is

calculated according to a formula:

[e) .
6,, = arctan ——4.

L]

T ury

where By is said variance value texture angle, ois a coefficient variance
value, iis a subband level, LH is a Low-High subband, and HL is a High-Low
subband. '

11. The system of claim 1 wherein said image parameters include total

mean absolute values that are calculated according to a formula:
Han = [.”zﬁ(i) + /lfm(i) + 1“/2711_(1)]i

where g is one of said total mean absolute values, iis a wavelet level, prpgis
a first coefficient mean absolute value for an LH subband, punpis a second
coefficient mean absolute value for an HH subband, and uargis a third

coefficient mean absolute value for an HL subband.
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12. The system of claim 1 wherein said image parameters include total

variance values that are calculated according to a formula:
2 2 2 2
Oy =OC1uw Y Crrnwy ¥ TaLwm

where o is one of said total variance values, iis a wavelet level, oL is a first
coefficient variance value for an LH subband, ouupis a second coefficient
variance value for an HH subband, and ourgis a third coefficient variance
value for an HL subband.

13. The system of claim 1 wherein said query image is a texture model of a

composite image that is formed by merging a series of homogeneous sample

images.

14. The system of claim 13 wherein one of said distance values for said

texture model and one of said test images is calculated according to a

formula:

4

— 1 T T I 1 T T !
D= ;E"{‘u(") |04“(1) - 91‘(1) |+§G(i) I 0"'(:‘) _90'(1) I
where D is said one of said distance values, T indicates said texture model,
I indicates said one of said test images, iis a wavelet level, pis a total mean
absolute value, ois a total variance value, 6, is a variance value texture

angle, and 8, is a mean absolute value texture angle.
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15. The system of claim 1 wherein said feature detector performs a
texture/color model based retrieval procedure by initially filtering out all
undesired color information from said query image to produce a filtered color
image, said feature detector then converting said filtered color image into a
four-level wavelet transform with color coefficients, said feature detector also
filtering out all color information from said query image to produce a
luminance image, said feature detector then creating a four-level Haar

wavelet transform from said luminance image to produce wavelet coefficients.

16. The system of claim 15 wherein said feature detector performs a
‘pointwise product procedure to produce a composite texture/color model for
performing said texture/color model based retrieval procedure, said pointwise
product procedure being performed by multiplying each of said color
coefficients with corresponding ones of said wavelet coefficients to produce

composite texture/color coefficients.

17. The system of claim 16 wherein said texture/color retrieval procedure
includes calculating a coefficient mean absolute value p for a subband LH by
utilizing a formula:

M N
ZZI Cruwlm, n]WLH(i)[m’n] l

. m=] =l

Minpn = M N

ZZCLH(i)[m’n]

m=1 n=1

where LH({i) is said subband LH at level i, Wis a wavelet coefficient, C is a
filtered color coefficient, m is a coefficient row, n is a coefficient column, M is
equal to a total number of coefficient rows, and N is equal to a total number

of coefficient columns.

23



WO 2007/100701 PCT/US2007/004801

18. The system of claim 16 wherein said texture/color retrieval procedure
includes calculating a coefficient variance value o for a subband LH by

utilizing a formula:

M N

z Z(l Cruwim, nW i m, nl| “Hiug) )’
o m=} n=l T
2 > Crawlm.n]

2
Oinm =
m=1 n=1

where LH(i) is said subband LH at level i, W is a wavelet coefficient, C is a
filtered color coefficient, m is a coefficient row, n is a coefficient column, M is
equal to total number of coefficient rows, N is equal to total number of

coefficient columns, and u is a corresponding coefficient mean absolute

value.

19. The system of claim 1 wherein said feature detector divides said query
image into pixel blocks to compensate for inhomogeneous texture
characteristics in said query image, said feature detector calculating
individual image parameters for each of said pixel blocks, said feature
detector averaging said individual image parameters to produce final image

parameters for said query image.

20. A method for performing an image search procedure with an electronic
device, comprising the steps of:
providing image data that is accessible to said electronic device, said
image data including a query image and test images;
calculating image parameters corresponding to said image data by
using a feature detector;
utilizing said image parameters to calculate distance values that
represent texture similarity characteristics between said query
image and said test images; and
evaluating said distance values to determine a matching image from
among said test images.
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