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ABSTRACT relatively similar images are retrieved from the large database

Content based image retrieval is an application of computer
vision technique used to solve the problem of searching
images in large databases. The paper introduces three
different techniques tested with two different datasets in order
to compare the retrieval efficiency and accuracy. The feature
vector is formed using Color and texture information
extracted. The color information extraction process includes
separation of image into Red, Green and Blue planes. Then
each plane is divided into 4 blocks and for each block row
mean vectors are calculated. This system uses Cosine
transform to generate the feature vectors of the query and
database images. Cosine transform is applied over a row mean
vector of each block separately, which gives a set of feature
vector of size 15elementsin the first technique. In the second
technique first 60 coefficients are considered for feature
vector formation. In the third technique after extraction of
Red, Green and Blue components, they are divided into four
parts. From each part separate row mean is calculated and
discrete cosine transform is applied on it and from each
component taking 5 values each block. For each color
component. The total feature vector of size 60 is created.
Euclidean, Minkowski and Absolute difference are used as
similarity measures to compare the image features for image
retrieval in proposed CBIR techniques. Two standard datasets
namely COIL and Wang are used for the experimentation
purpose. COIL dataset consist of 500 processed images in 10
different categories and Wang’s dataset consist of 1000
unprocessed images in 10 different categories. Average
Precision and Recall values are considered for checking
performance of all three techniques.
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1. INTRODUCTION

Huge amount of images are being readily available to users
because of astonishing advancements in color imaging
technologies[7]. Now a days there is a rapid growth of image
databases in  almost every field like medical science,
multimedia, geographical information system, photography,
Journalism, etc., An effective and efficient technique is
required to process the images . The images can be extracted
on the basis of shape, size, color etc. The numbers of images
are available from variety of sources such as digital camera,
digital video and scanners [1]. The CBIR i. e. Content based
image retrieval is an application of computer vision where
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on the basis of their content such as texture, color, shape and
spatial layout[6].

This paper focuses on color and texture information of the
image. Because of its easy and fast computation, the color
feature has widely been used in CBIR systems,. Color is also
an intuitive feature and plays an important role in image
matching. The extraction of color features from images
depends on an understanding of the theory of color and the
representation of color in digital images[5]. We are focusing
on color and texture information of image. First we are
separating the image into R, G, B planes and then
decomposing the image plane into 4 blocks and applying
Cosine transform over row mean vectors of each block of it
[10]. This paper is organized in various sections. Section Il
gives literature survey. Section 1l elaborates proposed CBIR
Techniques. Section IV  explains the experimental
environment along with platform, test bed, performance
measure and similarity measures; Section V contains results
with the discussion.

2. LITERATURE SURVEY

Cosine Transform(DCT) made up of cosine functions which
can take over half the interval and dividing this interval into N
equal parts and sampling each function at the centre of these
parts [2], then we get the DCT matrix which is formed by
arranging these sequences row wise or column wise[8]. The
discrete cosine transform is related to the discrete Fourier
transform. It is a separable linear transformation means the
two-dimensional transform is equivalent to a one-dimensional
DCT performed along a single dimension followed by a one-
dimensional DCT in the other dimension [4]. Also DCT
expresses a sequence of finitely many data points in terms of a
sum of cosine functions oscillating at different frequencies
[9]. DCTs are important in various applications of science and
engineering, from lossy compression of audio (e.g. MP3) and
images (e.g. JPEG). The texture filter functions provide a
statistical view of texture based on the image histogram[4].

FIK,1]=
M1 §nN L £l n]a(k)a(l)cosii[»—?zm;;)"”] COS[—(Z":;)M]
\/g ,fork=0
Where, a(k) = (1)

k\/%,fork =12,...N—1

10



3. PROPOSED CONTENT BASED
IMAGE RETERIEVAL (CBIR)
TECHNIQUE

The paper proposes about three image retrieval techniques
which are experimented on two different datasets to compute
the retrieval efficiency as well as accuracy of each individual
technique. Each technique generates a feature vector which is
based on color and texture information extracted from an
image and used for retrieval.

Following three techniques are used to generate feature vector
of an image. Calculated feature wvectors are stored at
secondary storage called as feature vector table which will be
used further for computation of precision and recall values.

3.1 Single Tile Five Coefficients
Step 1: Each individual plane of an image i.e. Red, Green and
Blue are captured separately and considered as a tile.

1 ks

Figure 1. Sample Image with Color Components

Step 2: Row mean of respective row from each tile is
calculated and stored at a row mean
vector[2][11][12][13][14][15][16][17].

TABLE | Row mean of sample image matrix
144 | 215 | ...... 578 |mp (144+215+..4578)/n
458 | 536 | ...... 125 |m) (458+356+..+125)/n
465 | 258 | ...... 158 |mp (465+258+..+158)/n
425 | 136 | ..... 236 |m (425+136+...+236)/n

Step 3: Discrete cosine transform is applied on a row mean
vector of each tile to obtain higher Energy Coefficients.

Step 4: First five high energy coefficients per tile are
considered as a feature vector. In this way final feature vector
of an image is formed by combining first five high energy
coefficients from each red, green and blue tile. So that the
feature vector size will become 15. In a similar fashion feature
vector of all the images from both the datasets i.e. COIL and
Wang’s are calculated and stored at feature vector table.

3.2 Single Tile Twenty Coefficient
Step 1: Each individual plane of an image i.e. Red, Green and
Blue are captured separately and considered as a tile.

Step 2: Row mean of respective row from each tile is
calculated and stored at a row mean vector.

Step 3: Discrete cosine transform is applied on a row mean
vector of each tile to obtain higher Energy Coefficients.

Step 4: Now to consider feature vector we are considering
first twenty high energy coefficients per tile. Here final
feature vector of an image is formed by combining first
twenty high energy coefficients from each red, green and blue
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tile due to which feature vector size become sixty. Calculated
feature vectors are stored at feature vector table.

3.3 Four Tile Five Coefficients Per Tile
Step 1: Each individual plane of an image i.e. Red, Green and
Blue are captured separately and considered as a tile.

Step 2: Divide each tile into four sub tiles.

Gl (G2
G3|G4

Figure 2. Four tiles per Color Components

Step 3: Row mean of each sub tile is calculated and stored at
its respective row mean vector.

Step 4: Discrete cosine transform is applied on a row mean
vector of each tile to obtain higher Energy Coefficients.

1 2 T1 T2
DCT
3 4 T3 T4

Figure 3.Transformed tiles

Step 5: For computing feature vector now we are considering
first five high energy coefficients from each four computed
row mean vector per sub tile. In this way for a plane we are
getting twenty high energy coefficients from four sub tiles. So
final feature vector size will become sixty[twenty coefficients
per plane] Feature vector for both the COIL and Wang’s
datasets are computed and stored at respective feature vector
table.

20 coefficient of
green plane

20 coefficientof red 20 coefficient of blue
Plane plane

Figure 4.Feature vector formation

4. EXPERIMENTAL ENVIRONMENT
The implementation of the discussed CBIR techniques is done
in MATLAB 7.0 and experimented on to standard datasets
namely Wang and COIL. Sample images from both the
datasets are show below in figure 6 and figure 7. All these
techniques are applied on two types of images that are
processed images and unprocessed images. Wang’s dataset
consist of all unprocessed images having different
background, whereas COIL database consist of processed
images having only black background. First dataset is of
Wang’s standard 1000 image database which consists of 1000
images divided into 10 different categories and each category
having 100 images in it. The second database is of
Columbia’s COIL dataset. This dataset consist of all object
images in black backgrounds that are divided into 10 different
categories and each category having 50 images in it. This
paper is proposed three content based image retrieval
comparing all three techniques experimented on two standard
datasets i.e. Wang and COIL with their respective similarity
measurement criteria values.
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Figure 6. Sample images from Wang dataset

In case of COIL dataset all three techniques are applied on
500 images of different sizes that are divided into 10 ategories
and all images are in .png format.

Figure 5. Sample images from COIL dataset

While in case of Wang dataset consist of 1000 images in 10
different categories. Each category having 100 images in it
and all are in .jpeg format[12][18].

4.1 Similarity Measure

Various similarity comparison distances are used to generate
the similarity measures. Some of them are absolute difference,
Sorensen and Euclidean distance. Explanation for each one is
given below.

4.1.1 Absolute Difference

The absolute difference of two real numbers X, y is given by
|x —y|. It describes the distance on the real line between the
points corresponding to x and y. It is a special case of the LP
distance for all 1 < p <o and is the standard metric used for
both i.e. Q the set of rational numbers and their completion,
the R set of real numbers.

As with any metric, the metric properties hold:

X —y|>0, since absolute value is always non-negative.
Also it having three properties.
e |x—y|=0 ifandonlyif x=y.
e [ x—y|=ly—x (symmetry or commutativity).

X—z|<x—y|+|y—2z (triangle inequality); in the case of
the absolute difference, equality holds if and only if x <y <z.
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4.1.2 Sorensen Distance

The Sorensen used for comparing the similarity of two
samples. It was developed by the botanists Thorvaldsen
Sorensen and Lee Raymond Dice and published in 1948 and
1945 respectively. The original formula was intended to be
applied to presence or absence of the data which is given by

QS — 2C (2)

T A+B
Where

A, B are the number of species in the samples A and B,
respectively.

C is the number of species sharing by the two samples.

QS is the quotient of similarity and it ranges from 0 to 1.

4.1.3 Euclidean Distance/Minkowski

The Euclidean distance or Euclidean metric is the ordinary
distance between two points that one would measure with a
ruler, which is given by using Pythagorean formula. Euclidean
space becomes a metric space by the use of these formula.
Earlier literature refers to the metric as Pythagorean metric.
The Euclidean distance between points p and g can be define

as is the length of the line segment connecting them point p

and q (pq).ln Cartesian coordinates, if p = (py, P2,--» Pn)
and q = (41, 9a,.--, qn) are two points the Euclidean distance
between them is calculated by the following formula.

d(q.p) @)
=g —p)?+ (@ —p2)? + ..+ — P)?

= Z?:l(qi_ Qi)z

4.2 Performance Measure
4.2.1 Precision/ Recall [3][12]

To check the effectiveness of the proposed CBIR techniques,
precision and recall are used as statistical comparison
parameters. The definitions of these two measures are given
by following equations.

Precision
Number of relevant images retrieved

= 4

Number of relevant images retrieved @
Recall

Number of relevant images retrieved 5)

" Total number of relevant images in dataase

5. RESULTS AND DISCUSSION

Below table Il shows cross-over point values of all three
techniques when they applied on Wang’s dataset. Sorensen
gives highest cross-over point values as 0.5080 from the
technique one tile twenty coefficient [In this technique feature
vector size become sixty] where as Euclidean gives second
and third highest cross over point coefficient as 0.5064 and
0.5008 from the technique one tile five coefficient[In this
technique feature vector size become twenty] and four tiles
twenty coefficients respectively
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TABLE I1Average precision of one tile five coefficients,
one tile twenty values and four tile twenty
coefficients

Similarity On_e tile | Onetile four tile
measures five twenty twenty

coefficients | coefficients coefficients
Absolute 1 550, | g ag56 | 0.4944
difference

Sorensen 0.5052 | 0.5080 0.5000

Euclidean
\Minkowski 0.5064 | 0.4972 0.5008
TABLE 111 Average precision of one tile five

coefficients, one tile twenty values and four tile
twenty coefficients
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Figure 8.shows percentage precision with different
similarity measures, for all three techniques applied on
Coil datasets.

TABLE IV Similarity measures with one tile and different

values
L Datasets
Similarity
measures Row Mean Column Mean | Average

Absolute | 0-7970 | 0.4968 | 0.8284 | 0.5040 | 0.65655
difference

Similarity On_e tile One tile four tile
TG five twenty twenty
coefficients | coefficients | coefficients
Absolute | 500 | 09072 | 0.6436
difference
Sorensen 0.8360 0.9100 0.9632
Euclidean
\Minkowski 0.8090 0.8964 0.9156

Above table 11l shows cross-over point values of all three
techniques when they applied on Sorensen gives first and
second highest cross over point values as 0.9632 and 0.9100
from four tiles twenty coefficients and one tile twenty
coefficients [in both case feature vector size is sixty] followed
by absolute difference at third highest as 0.8404 from one tile
five coefficients [feature vector size twenty]

W Absolute difference M Sorensen Distance

Euclidean \Minkowski

0.8

<
©
w

Percent Precision
Q Q
co [01]
[¥%] [01]
Il ]

0.78 T T

Onetile five One tile twentyfour tile twenty
coefficients coefficients coefficients

Figure 7.shows percentage precision with different
similarity measures, for all three techniques applied on
Wang’s datasets.

Sorensen | 0.9030 | 0.5044 | 0.9045 | 0.5002 | 0.7030

Distance

Euclidean | 0.8736 | 0.5014 | 0.8408 | 0.4984 | 0.67855
\Minkowsi

Distance

Average | 0.8578 | 0.5008 | 0.8579 | 0.5008

Table IV. shows different similarity measures i.e. Absolute
difference, Sorensen and Euclidean distance along with
different average precision values having one tile five values,
one tile twenty values and four tile five values for Wang and
COIL datasets. For one tile 5 values Euclidean distance shows
highest values. For COIL it is 0.8096 and for Wang 0.5064.
and value for COIL dataset and Absolute difference shows
highest value for Wang dataset. Sorensen shows highest result
of average of all COIL and Wang dataset it is 0.903 and
0.5046. If we take overall percent precision Sorensen gives
good results as compared to the other techniques

6. CONCLUSIONS

The content based image retrieval has become very vital
because of the numerous applications needing it. The paper
presents the performance improvement if image retrieval
techniques using Cosine transform using higher energy
Coefficients as well as assorted similarity measures. The
proposed technique is experimented with the help of two
standard image datasets. In all three CBIR methods are
proposed with three similarity measures as Sorensen distance,
Absolute difference And Euclidean distance. In all the
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Sorensen distance has given better performance with one tile
twenty coefficients both in Wang dataset as well as COIL
dataset in both row mean and column mean content based
image retrieval. The absolute difference gives least precision
among the three similarity measures considered. Also the
tiling does not help in performance boosting.
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