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ABSTRACT

Image retrieval techniques are useful in many image processing applications. Conventionally, the content
based image retrieval systems work with whole images and searching is based on comparison of the query
and database images. The retrieval of the images is commonly based on the color, shape, texture and others.
However, the color only or texture only or shape only cannot enough to discriminate the image. Therefore,
in this paper, we present a proposed scheme based on the color and texture information using the Singular
Value Decomposition feature to achieve better results. The proposed scheme consists the process of
converting an image to HSV color space and each color plane is partitioned into 4, 16, 64 non-overlapping
blocks. Later, a one to one matching procedure is implemented to compare the query and target images by
using the Euclidean distance for retrieving the similar images. Experimental results demonstrate that the
proposed method has higher retrieval precision than other conventional methods color moments, Dominant
color, Dominant color and GLCM texture methods. Also shows that SVD features represent the color and
texture features of the image.

Keywords: Singular Value Decomposition (SVD), Content Based Image Retrieval (CBIR),Non-

Overlapping Blocks, Rank Matrix Approximation, HSV Color Space.

1. INTRODUCTION

In this digital era, almost every field is using
image data in one form or another. A large
collection of still visual data is called image
database. These databases are producing promising
results in a number of domain including commerce,
government, academics, hospitals, crime
prevention, surveillance, engineering, architecture,
journalism, fashion and graphic design, and
historical research etc..[1]. In criminal image
database, police keep images of criminals, related
crime scenes, and in some cases stolen items [2, 3].
In medical field the image database keeps MRI, CT
scan, and other scanned image for diagnosis of
disease, monitoring of current status of critical
patients, and to do research to advance the human
understandings [4].Similarly, the image database
plays an important role in the designing of new
projects, manufacturing of new products, record
track of finished project and so many others in the
field of architectural and engineering. In order to

preserve the heritage image databases are created
for archives in areas that include art and sociology.
An image retrieval problem is the problem
encountered when searching and retrieving
images that are relevant to a user’s request
from a database of tens of thousands images. In
order to solve this problem, two techniques are
developed:.

-Text-Based Image Retrieval (TBIR)[5]. Which it
has some drawbacks it is not standardized
technique, incomplete, require humans actions to
annotate every image in the database; this is takes
longer time for large databases. To overcome the
shortcoming of TBIR, Content Based Image
Retrieval was developed [1, 6-12]

-The Content Based Image Retrieval (CBIR)
systems are search engines for digital image
databases, which index images according to their
contents. It uses user query image content to
retrieve similar digital images from the database.
CBIR overcome the shortcoming of TBIR. CBIR
semantically matches the sample with automatically
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generated image features based on similarity
matrices [13].

2. RELATED WORKS ON COLOR IMAGE
RETRIEVAL

Color is one of the important and
fundamental descriptor that is sensitive to human
eyes. Human can easily distinguish images based
color as compare to other descriptors. This feature
can somtime provides more powerful information
about the image and also play a vital role in image
identification and retrieval. A number of
techniques was used to describe the color feature ;
In [7] color histogram , also in [6] color histogram
for K-mean (CHKM) was used as color feature,
[14] used color correlation, color moments was
used by [12], dominant color descriptor(DCD ) [8] ,
micro structure descriptor method in HSV color
space was adopted by [15] , color difference
histograms(CDH) presented by [11] ,Zernike
chromaticity distribution moments was presented
by [12] after convert image to the chromaticity
space, [10] was used color co-occurrence matrix to
extract the texture features, their obtained features
are also represents the color information.

Most of color techniques mentioned above have
weakness in representing an image, for example
histogram has high dimensional feature vector and
not include spatial information. DCD similarity
matching does not fit human perception very well,
and it will cause incorrect ranks for images with the
similar color distribution.

3. THE PROPOSED SCHEME OF SVD-
BASED FEATURE EXTRACTION FOR
COLOR IMAGES

A key component of the CBIR system is
feature extraction. A feature is a characteristic
that can capture a certain visual property of the
image. CBIR differs from classical information
retrieval in that the image databases are
essentially unstructured, since digitized images
consist purely of arrays of pixel intensities, with
no inherent meaning. One of the key issues with
any kind of image processing is the need to extract
useful information from the raw data before any
kind of reasoning about the image’s contents is
possible.

In this paper we propose a method to
improve the retrieval precision and solve the spatial
information problem by dividing image into non-

overlapping blocks and choose color space that is
more fit to human perception.

Figure 1 shows the proposed scheme
which consists Image Acquisition, SVD feature
extraction, and Similarity Measurement. Each of
this process is given in the next sub-section.

Database image Query image

v v

Extract SVD Extract SVD

v v

SVD feature vector SVD feature vector

similarity

v

Retrieval Results

Figure 1: The Proposed Framework for Image Retrieval

using Singular Value Decomposition

3.1 Singular Value Decomposition (SVD)
Technique

Singular Value Decomposition
(SVD) is a matrix factorization and has three
characteristics:  stability, scaling property, and
rotation invariance which represent algebraic and
geometric invariant features of an image [16, 17].
SVD was used in several fields such as image
processing, pattern  recognition and data
compression.

Using SVD, the proposed approach
achieves extract singular feature vectors of image
blocks and decreases the dimension of blocks
feature vector. The basic theory of SVD is as
follows:

Let A be NxM image matrix AeR™V its
rank is equal to r, theorem singular value
decomposition [18] . There exist an orthogonal
matrices UeRV™ and VeR™™  such that A is
factored in the form of equation (1).

A=UzVT M

Where £ belong to R™™ is a diagonal
matrix with NxM dimension, which is divided in
the form of equation (2)

X 0
I, = [ " ] 2
¥ . is a diagonal in the field R ™.
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With positive elements ranked in as follows:
0-120-22".20-7‘

The two matrices U and V are orthogonal and not
unique to the matrix A, Equation (1) written as
Equation(3):

A=Y 0w v =0 uvq" +
o, uy Vol + -+ o,u,v,T (3)
The sub matrices have dimensions
u, € RNxr WV, € RMxr

3.1.1 Rank Matrix Approximation

Let Ay reduced-rank matrix, which it
kept the first k elements from (3):

— k T _ T
A= 2is10iW; vy =01u; vy +
Oy Uy Vol + o+ o U, V! (4)
k=1,2,....,r
k is the rank of Ay, when k=r, we have A;=A. which
it is original Full SVD of A, then we can write Ay
in form (5)

2, O
Ac=U| VT s
k 0 0 (5)

Where X, = diag(gy = 03 =+ = 0),
belongto R

Therefore, A and Ay matrices are similar in
their first k singular values 0y = 05 = +++ =
Oy, but the remaining ( r—k) values of A, be zeroes
in the matrix Ay . The matrix Ay is constructing an
approximation reduced-rank of A.

The approximation reduced-rank theorem [18]
states that there exist a matrix B , which is
approximates A in the Euclidean norm is the
matrix Ay . The distance between A and B (J|A—B||)
is minimized when B = A, . The minimum distance
between matrix A and A, iS |1A —Agll, =

Okr1 and  |[A—Agllp = (0 + -+

7)°% .

In this study the matrix A was clustered into two
groups, one group contain the element of large SVs
which are more discriminant:

And another group contains the
remaining SVs which is representing the noise

222

Ok+1 = Ok42 = *** = Oy

The way to separate the SVs into two groups is
determined by choosing the value of k , we
choose it by trials and errors.

The approximation matrix A, tends to enhance
the desired signal, reduce dimensionality and
decrease the noise effects. The important parameter
k value is chosen to satisfy equation (6):

i=k
ol
= =1-¢  (6)
i=r
ol
i=1
where o ; represent the singular values of the

original matrix A, € is the reduced-rank
approximation threshold of matrix A.

3.2 Features extraction

To extract the color features from the
content of an image, we need to select a color
space and use its properties in the extraction. In
common, colors are defined in three-dimensional
color space. In digital image purposes, RGB color
space is the most prevalent choice. The main
drawback of the RGB color space is that it is
perceptually non-uniform and device-dependent
system. The HSV color space is an intuitive system,
which describes a specific color by its hue,
saturation, and brightness values [19]. This color
system is very useful in interactive color
selection and manipulation [20] .

We divide the image into L non-overlapping
blocks and from each one of L blocks, we extract
from each color channel the Singular Value of
the color distribution and store the point numbers
in the index of the image. Relevant images are
retrieved by computing the similarity between the
query vector and image vectors.

The feature vector of Singular Values for HSV
channel planes denoted as:
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Fsy = {fup1s fav2s frb3s -

Where fypi (1<=i<=L) represent the singular value

of block i in the channel H, fgp; (1<=i<=L)
represent the singular value of block i in the

channel S and f,p; (1<=i<=L) represent the
singular value of block i in the channel V.

Algorithm:
The purpose of the algorithm is to extract
singular value decomposition features of an image.

Input: Query RGB image, the number SVD is
equal k.
Output: SVD vector feature.
Method:

Step 1: Convert the Query image from RGB
color space to HSV color space.

Step 2: Divide each channel to L non-
overlapping blocks of size bxb.

Step 3: find the SVD features for each block in
the color channel (H, S and V).

Step 4: choose the first k value of SVD as a
feature vector of the block.

Step 5: combine blocks feature vector into one
vector to represent the image.

Input image l

|

Convert image to HSV Color Space

v

Divide each channel to bxb non-
overlabpning blocks

v

Extract SVD feature for each
channel blocks

v

Choose the first K SVD as feature
of block

¥

SVD feature vector

Figure 2: Singular Value Decomposition Feature
Extraction

Figure 2 shows the steps of Singular Values feature
extraction from each block for each channel plane;

" fth' fsbl' f:st' be3' H f:SbL' fvbl' fva' fvb3'
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< fobr }

the extracted features are representing texture and
color information.

3.3 Similarity Measurement
The Euclidean distance is the most of

similarity metric that used when regions or objects
are represented by u and v vectors feature of n-

dimensional space, where the feature vector
u=(uquy,...,u,)T and feature vector
v=(Vq1,Va, .., Vn)T , the Euclidean

distance between u and v is defined in the form (7)

D, v) =[(u—v)T (u—v)]V? =
2\/2?=1(ui —v;)? @)

To determine the similarity of two images at query
time, we measure the similarity between their
indices. Let Q be a query image and I be a database
image. Then their Singular Values feature vectors

are F SQ‘V And FL, | respectively.

Q
Fsg Q Q Q Q Q
{fhbl'fth’fhb3’ ""fth’ sbl'ﬁsb2'
fQ Q Q fQ }
vb1’ Jvb2’ Jvb3’ ***? JubL

Q Q
fsbar -+ fobrr

1
FSV I I I I I I I I
= {fhbl' fth' fhb3' 'fth' fsbl' f:SbZ' fsb3' 'f:SbL'

fobrs fovas fovas s fobr 3

The Euclidian distance between two corresponding
blocks in image Q and image I can be defined as:

(b’ bl) = [(f - fio) +
(fs?)i — fhi) + (ﬁz%i - L7195 (8)

To compute the total distance similarity of the two
images Q and I, we define the total distance
similarity as:

_ 1
dQ,1) =Xd®2b) (9

Then Similarity between Q and I is denoted as:

Sev(Q, D) = d(Fs , F&) (10)
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4. PERFORMANCE EVALUATION AND
DATASET PREPARATION

The WANG database is a subset of the
Corel database; the images are of size 384 x 256 or
256 x 384 pixels. It composes of 1000 images
which have been manually selected to be a database
of 10 classes, each contains 100 images. The
images are subdivided into 10 classes such that it is
almost sure that a user wants to find the other
images from a class if the query is from one of
these 10 classes. This is a major advantage of this
database because due to the given classification it is
possible to evaluate retrieval results. One example
of each class can be seen in Figure 3 This database
was also used for classification experiments.

africa heach monuments huuses dinosaurs

(N

clephants

food

flowers horses mountains

Figure 3: One example image firom each of the 10 classes
of the WANG database.

To evaluate CBIR, several performance
evaluation measures have been proposed[4][18][
16]. The widely used is the precision. The retrieval
precision P, for a given query q is the ratio between
the number of relevant images found by the system
and the total number of images retrieved.

__ Number of relevant images retrieved

P

an

9™ Total number of image retrieved

As you can see from Equation (11), P, measures,
the capability of correct retrieval of the system for
query image q. The average precision on the total
number Q of queries is:

1
P=_Y¥q.Pq (12)

The mean average precision (MAP) is the mean of
the average precision over all queries for all classes:

MAP=-%, P (13)
1

Where C is the number of classes and P; Is the
precision of class 1.

S. EXPERIMENTAL RESULTS AND
ANALYSIS

For each class of the dataset, we choose
randomly 5 images as queries, and calculate the
Average Precision for each class. We examine
Singular Value Decomposition and image division
with 4, 16 and 64 non-overlapping blocks, Table 1
shows the retrieval precision of different image
blocks, the optimum result is (0.63) was obtained
when the image is divided into 4 non-overlapping
blocks. When the image is divided into 16 non-
overlapping blocks, the precision is (0.464) which it
is less than the precision of division image into 64
blocks (0.544).

From above result, we conclude that the division
into small blocks not always increasing retrieval
precision, if we look at the result of beaches,
building, dinosaurs, elephants, flowers and horses
the result is best when we divide into small blocks,
while other classes like African, buses, dinosaurs,
mountains and foods give the best result when an
image is divided into large blocks.

We could not say that the division of image into
non-overlapping blocks will increase the retrieval
precision result. The result it depends on the image

contents and its background.

Table 1: The Retrieval Precision Of Different Image
Blocks Using SVD

Class name 4 16 64
blocks blocks | blocks
Africans 0.58 0.2 0.18
Beaches 0.62 0.56 0.80
Buildings 0.24 0.24 0.30
Buses 0.50 0.3 0.30
Dinosaurs 1.00 0.94 1.00
Elephants 0.58 0.46 0.66
Flowers 0.70 0.64 0.76
Horses 0.86 0.74 0.98
Mountains 0.50 0.38 0.38
Foods 0.72 0.18 0.08
MAP(Mean
Average Precision) | 0.63 0.464 | 0.544
Standard deviation | 0.198 0.240 | 0.319

The Singular Value Decomposition (SVD)
was extracted from each block after dividing each
color channel plane (H, S, and V) into 4 non-
overlapping blocks; the extracted feature vector
provided good image retrieval result.
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Table 2 shows the average precision for
each class and compare it with color standard
moment, Dominant color and Dominant color and
GLCM Texture Methods, the result shows the
proposed method is better than other mentioned
techniques in most classes and it is better in overall
mean average precision and has low variation than
other mentioned methods.

Table 2: Comparison Average Precision Between SVD
And Some Other Techniques

Q
©n = =20

4 IR HAREREEE
o £5| »E8 | QA0 QOO0 &
Africans 0.58 048 0.21 027
Beaches 0.62 0.30 0.35 0.36
Buildings 0.24 024 0.50 025
Buses 0.50 0.42 022 0.52
Dinosaurs 1.00 1.00 0.29 0.91
Elephants 0.58 0.50 024 0.38
Flowers 0.70 0.66 0.73 0.89
Horses 0.86 0.76 025 0.47
Mountains | (.50 0.44 0.18 0.30
Foods 0.72 0.66 0.29 0.32
MAP 0.63 0.546 0.326 0.467
Standard
Deviation 0.1686

0.209178 | 0.227459 | 02 0.243221
Covariance
factor 05171

0.332029 | 0.416592 | 84 0.520817

The class building gets better results by

the dominant color method, while buses and flower
classes get best results by the Dominant Color and
GLCM Texture method.
The proposed color similarity method gives the best
result in the remaining seven classes out of ten
classes, compare with other color similarity
retrieval. Also the mean average precision of the
proposed method is higher than other mentioned
methods, and covariance factor is smaller than
other methods.

Figure 4 shows the Average Precision for Proposed
method,Standard moments, Dominant Color ,
Dominant Color and GLCM texture Methods, the
result shows the proposed method has high Average
Precision than mentioned methods in most of image
classes.
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I Standard moments_color
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Figure 4: Ccomparison Methods
Figure 5 shows the Mean Average

Precision for each Method, the result shows the
proposed method (0.63) is better than other
mentioned methods.

MAP(Mean Average Precision)

0.1 ~—4—MAP(Mean Average
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Figure 5: Mean Average Precision For Different Methods

6. CONCLUSIONS

In this paper, we have proposed an
efficient image retrieval method based on Singular
Value Decomposition features. To improve the
discriminating power of image retrieval techniques,
we encode a minimal amount of spatial information
in the image by extracting features from the non
overlapping blocks of the image. In this approach,
from each block in the image, the first k singular
values were extracted from each channel color and
stored these values for each block to represent the
feature vector of the image. Then the distance
similarity was calculated with blocks feature
vectors. Our Experimental results demonstrate that
the proposed method has higher retrieval precision

e —
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than other conventional methods color moments,
Dominant color and Dominant color and GLCM
texture methods. The experiment also shows that
SVD features represent the color and texture
features of the image.

Therefore, this research has contributed a
successful Content Based Image Retrieval System
based on Singular Value Decomposition for non-
overlapping blocks that increases the retrieval
precision, future studies concerns a retrieval system
based on color and shape descriptor using improved
invariant moments.
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