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ABSTRACT components like color, texture, shape, semantic image have

In this paper a comparative study of the existing Content Based
Image Retrieval (CBIR) techniques is presented. Also a novel
idea of tiling the images after transforming them into the
frequency domain is proposed. The transformed images are
broken down into fragments of 4X4 and feature extraction is
done after taking the average of the energies of the
corresponding fragments, while always selecting the highest
energy coefficient. This approach provided the highest
crossover point of 0.602 for Kekre Complete Transform. The
compared techniques were applied to a database of 600 images
spread over 12 different categories. The comparison of
transforms considers 99.5% of the total energy contained in a
query image and uses only those transform coefficients which
contribute to this energy. The results obtained from such a
novel energy based comparison show that the percentage of
feature vector coefficients to be used for query execution can be
as low as 12.89% as seen for Haar Column Transform.
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1. INTRODUCTION

The use of images in database technology has increased
substantially in the past few years. For a long time, images were
represented by textual description and observation which failed
to capture the vividness of the images. This led to the rise of
Content Based Image Retrieval (CBIR), which is a technique in
Image Processing used for efficient retrieval and sequencing of
images [1], [2], [3]. It is mainly used for efficient retrieval of
images from a huge database based on some automatically
extracted features. These features are automatically extracted
from properties such as shape, color and texture of query image
and the various images in the repository [4].

2. REVIEW OF LITERATURE

Many approaches are available in literature for content based
image retrieval based on various techniques and choice of
desired image components for feature extraction. Various image

proven useful for image retrieval methods.

Xiaohong et al. [5] introduced the basic components of content-
based image retrieval system and have stressed on the semantic-
based image retrieval method. Liu et al. [6] proposed an image
retrieval method based on feature weight assignment operators
with combined color and texture as the features. Krishnan et al.
[2] proposed a method to retrieve images based on dominant
colors in the foreground image.

Various transforms have also been applied for content based
image retrieval system. Kekre et al. [7] presented novel image
retrieval techniques based on discrete cosine transforms applied
on row mean, column mean and combination for feature
extraction along with image fragmentation. In [8], novel content
based image retrieval techniques using row mean, column
mean, energy compaction and image splitting using Kekre
transform were proposed.

Kekre et al. [4] proposed Boosting Block Truncation Coding
method using Kekre’s LUV color space for image retrieval. In
[3] novel image retrieval techniques like Kekre-Gray and
Kekre-RGB using Kekre transform were presented. In [9] an
image retrieval technique using the color-texture features
extracted from images based on vector quantization with
Kekre’s fast codebook generation was proposed.

This paper discusses a number of CBIR techniques, puts
forward a comparative study of all the results obtained and
proposes a novel way of using image splitting for retrieval.

3. PROPOSED CBIR TECHNIQUES

Image retrieval mainly has two steps: Feature Extraction and
Query Execution.

3.1 Feature Extraction

For each of the transforms, feature vectors can be extracted in
three ways: applying only column transform, applying only row
transform or applying the complete transform.

When only column or row transform is employed, row or
column mean of the resultant is used as the feature vector for
each image respectively. Absolute value of the coefficients is to
be used otherwise they might cancel out each other while taking
the mean. The final feature vector is obtained after taking the
mean of the feature vectors of all the images in the database and
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performing energy compaction. This energy compaction is to be
done by arranging the mean feature vector elements in
descending order but maintaining their true positions and
considering only the first few coefficients that contribute to
99.5% of the total energy, which is obtained by summing the
square of the coefficients. The positions of such coefficients are
to be used for finding Euclidean distance during query
execution. Here Euclidian distance [10]-[14] is used as
similarity measure. The direct Euclidian distance between an
image P and query image Q can be given as below:

2
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where Vp and Vq be the feature vectors of image P and query
image Q respectively with size ‘n’.

Such consideration of only those major feature vector
coefficients which contribute to most of the energy in the image
is what distinguishes this comparative study from the ones in
Kekre et al.[15], [16] which utilize reduced percentage of
feature vector coefficients irrespective of their contribution to
the image energy.

Each image of the database resized to 256*256 while
performing row/column feature extraction is considered as a
64*64 image with 4*4 blocks taken as single units while using
the complete transform. It is this novel approach proposed here
in which after applying the complete transform, the energy in
each of these 4*4 blocks is found and averaged over all the
images. However, the highest energy coefficient is kept
separate in the calculation and always selected in the feature
vector. After arranging the blocks in descending order but
maintaining their positions, each block’s contribution to the
total resultant energy is calculated and only those first few who
contribute to 99.5% of the total energy are considered for
feature extraction. The final feature vector, a 256*256 matrix, is
obtained by assigning ‘1’s to all the positions of such blocks
otherwise a ‘0’ is assigned. The highest energy coefficient
position is always assigned a ‘1’ since it always needs to be
considered for finding Euclidean distance during query
execution.

The technique of image splitting has been used earlier in Kekre
et al.[8]; however, it was done before the transform was
applied. The technique proposed here splits the frequency
domain image i.e. after applying the complete transform for
efficient retrieval.

3.2 Query Execution

Depending on the method of feature extraction, the query image
is processed accordingly. In column/ row transform technique,
the mean row/column feature vector of the query image as well
as that of all the images in the database is obtained after
applying the corresponding transform. For finding the
Euclidean distance between the feature vectors of the query
image and each of the images in the database, only the positions
of the coefficients obtained from the final feature vector after
energy compaction are considered.

When feature extraction is performed using the complete
transform, the Euclidean distance is found by considering only
those positions from the transformed query and database images
which have a ‘1’ in the feature vector. After finding the
Euclidean distance and arranging its values in ascending order
for all the images in the database, precision and recall are
calculated to compare the various transforms. The following
formulae [17], [18] are employed for the same:
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4. RESULTS

The CBIR techniques are tested on the image database [19],
[20],[21],[22] of 600 variable sized coloured images spread
across 12 categories of different flora, fauna, buildings, babies,
cars, fireworks and clouds. Sample images from each category
are shown in Figure 1.

Figure 1: Sample images from the database

Total 60 queries (5 from each category of image database) are
tested to get average precision, average recall and average
Length of String required to Retrieve all Relevant images
(LSRR) [23].

By considering 99.5% of the total energy, the percentage of
feature vector coefficients to be considered for query execution
for efficient computation is found out for the respective
techniques.

The images in the database being color images Euclidean
distance is found separately for the RGB planes. While
calculating precision/recall of first n retrieved images, an m™
retrieved image is considered to be relevant if the m™ image in
the list of n retrieved images of ‘any one’ of the RGB planes is
relevant.

A cross over point defined as that value of precision when it is
equal to recall is obtained by plotting precision/recall versus
number of images retrieved. This cross over point is seen when
the retrieved images equal the number of relevant images in the
database (in this case 50).

A comparative study of the cross over points obtained for the
various transforms is depicted in the bar graph shown in Figure
2. Apart from subtle differences between each of them, the
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similarity is the fact that their cross over point is between 0.5
and 0.6 and that the complete transform techniques have a
greater cross over than their column or row counterparts.
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Figure 2: Comparative Study

Table 1 gives the values for the cross over point. It can be seen
that the Kekre Complete Transform technique with a cross over
point equal to 0.602 achieves the best results amongst all the
proposed CBIR techniques.

Table 1. Cross Over Points

Column Row Total
Transform | Transform | Transform | Transform
DCT 0.5520 0.5503 0.5893
DST 0.5680 0.5660 0.5900
Haar 0.5417 0.5370 0.5917
Hartley 0.5423 0.5417 0.5890
Kekre 0.5290 0.5333 0.6020
Walsh 0.5563 0.5453 0.5917

Comparing all the proposed column transform techniques, the
DST Column Transform technique with a cross over point of
0.5680 is found to be the most promising. While DST Row
Transform technique with a cross over point of 0.5660 gives
better results than any of the other proposed row transform
techniques.

Figure 3 shows the plot of precision/recall versus number of
images retrieved for Kekre Complete Transform while Figures
4 and 5 show the same for DST Column Transform and DST
Row Transform respectively.
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Figure 3: Kekre Complete Transform
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Figure 4: DST Column Transform
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Figure 5: DST Row Transform

Another parameter comparing the CBIR techniques is the
average Length of string required to Retrieve all Relevant
images (LSRR) in the database. For each query image, there are
50 relevant images in the image database. LSRR is the
minimum number of images required to be retrieved so that all
these 50 relevant images are included in them which is true
even if they appear in any one of the RGB planes’ list of
retrieved LSRR images. The average LSRR calculated over 5
query images of all the 12 categories of images for all the
proposed CBIR techniques is listed in Table 2.

From Table 2, it is clear that DST Column transform technique
retrieves all the relevant images with the smallest LSRR
amongst all others. It requires on an average 386.9 i.e. 387
images to be retrieved out of the total 600 in the database so
that all the 50 relevant images are included in them. With
regards to all row transform techniques, DST Row Transform
gives an average LSRR of 389.2333 better than any others.
While Kekre Complete Transform with 396.0 average LSRR is
the best when all complete transform techniques are considered.

Table 2. Average LSRR

. Average Min Max
CBIR Technique

LSRR LSRR | LSRR
Column | 3946833 | 255 | 555

DCT Row 3049333 | 208 | 558
Complete | 400.7500 | 230 | 570
Column | 386.9000 | 192 | 556
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DST Row 389.2333 | 195 | 562
Complete | 400.7833 230 570
Column | 3943000 | 252 | 555
Haar Row 396.0833 | 216 | 558
Transform  “=0 0 olete [7400.7000 | 229 | 570
Column | 395.6333 | 262 | 556
Hartley Row 393.6833 | 205 | 557
Transform  “=0 0 olete [7400.7333 | 229 | 570
Column | 3935000 | 204 | 555
Kekre Row 3948000 | 207 | 556
Transform 1~ olete [ 396.0000 ] 233 | 570
Column | 3940667 | 239 | 555
Walsh Row 3948167 | 206 | 558
Transform | Complete | 400.6833 | 229 570

A final parameter comparing the CBIR techniques is the
percentage of feature vector coefficients required for query
execution after considering 99.5% of the total energy. The
smaller the percentage the greater is the computation efficiency.
Table 3 lists the percentages for all the proposed techniques.

Computation efficiency for complete transforms is obviously
much worse than that for column/row transform techniques as is
evident from the greater percentages the complete transform
techniques require. Kekre Transform is however an exception to
this observation; its complete transform technique uses lesser
percentage of feature vector coefficients (69.0348%) as
compared to its column/ row transform techniques (>75%).
Haar Column Transform technique succeeds in being the most
computationally efficient technique by using only 12.8906% of
the feature vector coefficients. Closely followed by is the Haar
Row Transform technique with 14.0625% DST Complete
Transform technique with 46.0449% is considerably more
efficient than other complete transform techniques.

Table 3. Percentage of Feature Vector Coefficients to be

used
carm Tecmique | e o Fers Ve
Column 15.1042
DCT Row 16.7969
Complete | 53.9388
Column 26.1719
DST Row 27.6042
Complete | 46.0449
Column 12.8906
Haar Row 14.0625
Transform
Complete | 71.6146
Column 16.5365
Hartley Row 17.7083
Transform  [7=o 0 olete | 55,5908
Column 81.7708
Kekre Row 78.7760
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Transform | Complete | 69.0348

Column 22.3958
Walsh Row 24.6094
Transform | Complete | 69.8731

5. CONCLUSION

Amongst the myriad of CBIR techniques, a specific application
would best decide which one would prove more useful.
Nevertheless, as far as precision and recall at the cross over
point are considered, Kekre Complete Transform is most
suitable. Besides, it also has a smaller average LSRR as
compared to other complete transform techniques. The
percentage of feature vector coefficients to be used is lesser for
Kekre Complete Transform than its column/row counterparts,
which makes it even efficient to use. If better average LSRR is
the need of the application, DST Column/Row Transform
techniques are the catch with good precision/recall as well.
Better computing efficiency can be provided by Haar
Column/Row transform techniques since they require much less
percentage of feature vector coefficients to be used.
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