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Abstract

Success of image retrieval depends on performance and speed
ofthe retrieval technique used. Many techniques have already
beenproposed for content based image retrieval, however, the
thrust of better performance and faster retrieval is yet present.
The paper proposes novel content based image retrieval
techniques using row mean, column mean, energy
compaction and image splitting. The 32 versions of proposed
methods are tested for 55 queries on generic image database
of size 1000images spread across 11 classes. With help of
precision and recall the performance evaluation of proposed
techniques shows that energy compaction gives better quality
of retrieved results at much reduced time complexity. Image
splitting also helps in improving the performance, more parts
gives better retrieval.
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Introduction

The requirement to find the relevant images from huge
databases created due to recent technological
developments in diversity of domains is the important
field of research [1,4]. The need to find a desired image
from a collection isshared by many professional groups,
including journalists, )

gFtS|gn engineers [8,11,12], forensic experts [15] and

higlerians [23,24]. While the requirements of image

is applied to obtain transformed column mean vector.
Thisvector depicts the values of the average energy
plot for all images in the database considered
together. Further, after calculation of the transformed
average feature vector, the values are added to get a
cumulative vector. The average energy plots for row
mean and column mean on the splitting technique are
shown in figure 3 to 8.

of the above specified feature vector techniques, i.e.,
row mean and column mean. Firstly, all the feature
vectors are arranged into a two dimensional array.
Now, the average value feature vector is computed by
adding correspondingvalues and dividing it by number
of feature vectors. The number of feature vector used
depends on the splitting technique used as explained

[4,7,22]. In CBIR, initially, features are computed for
both stored and query images, and used to identify
images mostclosely matching the query.

The paper considers methods for image retrieval by
the use of feature vectors Row mean and Column
mean [2,3,17]. The novel techniques of Image
Splitting [1,2,3,21] and Energy Compaction [3] are
introduced. Byuse of image splitting, higher precision
and recall can be obtained. Energy compaction
technique offers reduction in the feature vector size and
hence reduction in computation complexity. The
transform used is Kekre Transform [15,18], which is a
very computationally light transform.

Kekre Transform

Kekre Transform matrix is the generic version of
Kekre’s LUV colour space [8,26,27,28,29] matrix.
Kekre Transform matrix can be of any size NxN,
which need nothave to be in powers of 2 (as is the case
with most of other transforms). All upper diagonal and
diagonal values of Kekre’s transform matrix are one,
while the lower diagonal part except the values just
below diagonal is zero. Generalized NxN Kekre
Transform matrix can be given as...
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in section 3. The database considered consists of 1000
generic images. Hence if single part technique is used,
1000 feature vectors, eitherrow mean or column as per
selection, are obtained. For 4 parts technique four
features, one for each part, are obtained. Therefore,
the two dimensional feature vector array will consist
of 4000 vectors. Once the average vector is obtained,




Kekre Transform is applied on it. By application of
Kekre Transform, the high frequency components are
obtained at the higher side of the vector. Further, its
terms are squared to obtain positive values of energy.
In the following subsections calculation of average
value feature vector for row mean and column mean is
discussed.

Fig. 3 Average Energy Plot for 4Parts Row Mean Technique

Fig. 5 Average Energy Plot for16 Parts Row Mean Technique
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i Row mean feature vector

Here, row mean is considered as the feature vector.
Hence,the row means of all the parts of all the images
in the database are arranged in a two dimensional
array and average row mean is calculated. The size of
row mean depends on the splitting technique used. For
an image if size of row mean is N when 1 part method
is used, the size of row mean is N/2 when 4 parts
method is used and four such row mean vectors can be
obtained per image. Now, Kekre Transform is applied
to obtain transformed row mean vector.

ii. Column mean feature vector

In this method, column mean is considered as the feature
vector. Hence, the column means of all the parts of all the
images in the database are arranged in a two dimensional
array and average column mean is calculated. The size and
number of column means depends on the splitting
technique as in case of row means. Now, Kekre Transform
The cumulative vector signifies the cumulative energy up
to the considered feature vector coefficient. After obtaining
the average energy vector, the energies are added
cumulatively from first coefficient to the last coefficient of
the feature vector. Therefore cumulative energy at the last
coefficient denotes the total energy of the image. It is
found that energy at the lower coefficients is very less and
hence they do not add significantly to the cumulative
energy vector. Therefore, as a result, the cumulative energy
plot tends to become parallel to the X axis which denotes
the number of coefficients of the feature vector, as shown
in figure 9 to figure 14.

Fig. 7 Average Energy Plot for64 Parts Row Mean Technique
Fig. 4 Average Energy Plot for 4Parts Column Mean Technique
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Fia. 6 Average Enerqgy Plot for 16Parts Column Mean Technique
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Fig. 8 Average Energy Plot for 64Parts Column Mean Technique
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Fig. 9 Average Cumulative Energy Plot for 4 Parts Row Mean
Technique
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Fig. 11 Average CumulativeEnergy Plot for 16 Parts RowMean
Technique
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Fig. 13 Average CumulativeEnergy Plot for 64 Parts RowMean
Technique
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Fig. 12 Average Cumulative Energy Plot for 16 Parts ColumnMean
Technique
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Fig. 14 Average Cumulative Energy Plot for 64 Parts ColumnMean
Technique

To compare the techniques and to check their performance
we have used the precision and recall. Total 55 (5 from
each category of image database) queries are tested to get
average precision and average recall of respective image
retrieval techniques. The average precision and average
recall are computed by grouping the number of retrieved
images sorting
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Figure. 15 Sample Image Database of Grayscale Images

7. Results and Discussion

The crossover points of precision and recall of these
CBIR techniques act as an important parameters to
judge their performance [1,5,25]. Table | shows the
number of coefficients of the feature vector in each
case. To

Compaction by use of Energy Percentage

The compaction of energy is done by considering
percentages of total energy which is obtained from
cumulative vector. The proposed method considers
100% energy, 95% energy, 90% energy, 85% energy.
From the average energy plots a particular amount of
energy is selected to determine the number of
coefficients of the feature vector to be considered for
image retrieval. As the percentage of energy considered
is reduced, the number of coefficients required also
drastically reduces, reducing the candidate feature
vector size for image retrieval. Table Il shows the
number of coefficients required in each case.

6. Technique of Implementation

The implementation of the CBIR techniques is done in
MATLAB 7.0. The CBIR techniques are tested on the
image database of 1000 variable size gray scale images
spread across 11 categories of human being, animals,
natural scenery and manmade things. Sample images
fromeach category are shown in figure 15.

determine which splitting method is best suited for
gray scale images CBIR cross over points for each of
the splitting method are plotted. For each splitting
techniqgue and row mean or column mean the
precision and recall values are obtained for energy
100%, 95%, 90% and 85%.

TABLE |
SIZE OF FEATURE VECTORS ACCORDING TO SPLITTING TECHNIQUE
ANDENERGY PERCENTAGE

Splitting Method and Energy Percentage

Feature Vector Technique 100 95 90
Full Image Row mean 256x1 249x1 244x1
Full Image Column mean 256x1 251x1 247x1
4 Parts Row mean 128x4 121x4 115x4
4 Parts Column mean 128x4 122x4 117x4
16 Parts Row mean 64x16 51x16 46x16

16 Parts Column mean 64x16 54x16 49x16




64 Parts Row mean 32x64 26x64 23x64

64 Parts Column mean 32x64 27x64 24x64

To determine which energy compaction method is
better, crossover plots for each splitting method are
plotted. Figure 16 shows the crossover of precision
and recall values of Full image-Row mean considered
for different energy compactions. Highest cross over
denotes best image retrieval performance, hence it
could be concludedthat, for Full image (1 Part) — Row
mean technique 90% energy compaction method
outperforms other compaction techniques, even 100%.
This indicates that precision and recall obtained by
using a size of row mean feature vector of 7 performs
better than using feature vector size of 256. Thus the
highest cross over for 1 part technique is 0.32576,
when 90% energy is used for row mean.
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Figure. 16 Cross over for Full image ( 1 Part) Row Mean Technique
for85%, 90%, 95%, 100%.
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Figure. 17 Cross over for Full image ( 1 Part) Column Mean
Techniquefor 85%, 90%, 95%, 100%.

However, the observation for Full image-Column Mean
isdifferent. As shown in figure 17, best performance is
obtained by 85% energy. Hence column mean of 6 can
beused for 1 part method to obtain highest cross over
value of 0.29687. Cross over for 4 Parts method are
shown in figure 18 and figure 19. As seen from the
cross overs shown in figure 18, for 4 Parts Row mean
technnique, 100% energy method proves to be best.
Hence, highest cross over of 0.33238 is obtained. For
4 Parts column mean technique, as shown in figure 19,
all energy compaction methods perform similarly and
there is no significant difference in the higest cross
over values.
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Figure. 18 Cross over for 4 Parts Row Mean

Bog Primiden | Bog P

e Frecacs ey real

Technique for 85%, 90%, 95%, 100%.

Mo, of mages rew ewed

Figure. 19 Cross over 4 Parts Column
MeanTechnique for 85%, 90%,
95%, 100%.

Cross over for 16 Parts method are shown in figure
20 and figure 21. From the cross over points shown in
figure 20, it is observed that for 16 Parts Row mean
technnique,85% energy method performs marginally
better than other energy compaction methods. From
table 11 it is seenthat only 5 coefficients are required
for 16 parts-Row mean 85% energy method. Hence,
highest cross over of 0.3338 by use of 44 coefficients
instead of 64.
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Figure. 20 Cross over for 16 Parts Row Mean
Technique for 85%, 90%, 95%, 100%.

As shown in figure 21, for 16 Parts column mean
technique 100% technique performs best. Cross over
for 64 Parts method are shown in figure 22 and figure
23.
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Figure. 21 Cross over 16 Parts Column Mean
Techniqu
e
for 85%, 90%, 95%, 100%.

For 64 Parts Row mean technique, figure 22, 85%
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energy method performs marginally better than other
energy compaction methods. From table Il it is seen
that 22 coefficients are required for 64 parts-Row
mean 85% energy method. Hence, highest cross over
of 0.32867 by use of 22 coefficients instead of 32.
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Figure. 22 Cross over for 64 Parts Row
MeanTechnique for 85%, 90%, 95%,
100%.
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Figure. 23 Cross over 64 Parts Column
MeanTechnique for 85%, 90%, 95%,
100%.

It is seen in figure. 23 that similar to case in 4 Parts
column mean technique, again for 64 Parts column
mean technique all energy compaction methods
performsimilarly and there is no significant difference
in the higest precision-recall values.

For determining which splitting method is better,
crossover plots for each energy compaction method
are drawn. The precision and recall cross over plots
for 85%energy shown in figure 24 and figure 25.

Figure. 24 Cross over 85% Row Mean Technique for

It is observed from figure 24 that if 85% energy is
used for row mean, 16 Parts technique performs best.
The highest cross over is 0.33325. The next best
performanceis of 64 Parts technique and Full i.e., 1
Part technique gives least performance for 85%
energy. As seen from Figure. 25, for 85% Column
Mean, 64 Parts technique gives best performance.
Closest to 64 Parts technique is 16 Parts technique.
Performance of 1 Part and 4 Parts is quite low.

Figure. 25 Cross over 85% Column Mean Technique for

Cross over points of precision and recall curves for
90% energy are shown in following figure 26 and
figure 27.

Figure. 26 Cross over 90% Row Mean
Technique forFull (1 Part), 4 Parts, 16 Parts, 64
Parts.
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Figure. 27 Cross over 90% Column Mean Technique for

Full(1 Part), 4 Parts, 16 Parts, 64 Parts.

Cross over for 90% Row mean in figure. 26 clearly
indicates 16 parts technique performs well for 90%
energy. The cross over for 90% column mean indicates
64 Parts technique to be best. This is similar to
performance of 64 Parts technique in 85% energy
method. Close to 64 Parts, 16 Parts technique also
performs well. Again, 1 Part and 4 Parts perform
poorly.

Figure 28 and figure 29 show the cross over point
plots for 95% energy. The best results for 95%
energy-Row mean are obtained for 16 Parts technique,
as shown in figure 28. The highest crossover value
obtained here is 0.33162. Figure 29 shows the cross
over for 95% column mean. It indicates 64 Parts
technique to be best giving highest cross over value
0.32582. This is similar to performance of 64 Parts
technigue in 85% and 90% energy methods. Again, 1

Full(1 Part), 4 Pasis  LOFRSSPAtE perform poorly and along with 64

Parts, 16 Parts technique also gives good results.
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Figure. 28 Cross over 95% Row Mean Technique for

Full(1 Part), 4 Parts, 16 Parts, 64 Parts.
Figure. 29 Cross over 95% Column Mean Technique for Full (1
Part),4 Parts, 16 Parts, 64 Parts.

The observation from cross over plots discussed in
this section can be summarized as table 11 and table
1.

TABLE 11
BEST ENERGY PERCENTAGE ACCORDING TO SPLITTING
METHOD ANDFEATURE VECTOR TECHNIQUE

Splitting Method and Feature Best Energy
Vector Technique Percentage

Full Image Row mean 90%

Full Image Column mean 85%

4 Parts Row mean 100%

4 Parts Column mean Any

16 Parts Row mean 85%

16 Parts Column mean 100%

64 Parts Row mean 85%

64 Parts Column mean Any

TABLE |
BEST SPLITTING TECHNIQUE ACCORDING TO ENERGY
PERCENTAGE ANDFEATURE VECTOR

Best Splittin
Energy Percentage and Feature Vector Techrr)ﬂqueg
85% RM 16 part
85% CM 64 Parts
90% RM 16 Parts
90% CM 64 Parts
95% RM 16 Parts
95% CM 64 Parts

8. Conclusion

In the paper thirty two novel techniques of CBIR
using Row Mean, Column mean, Image Splitting
and Energy compaction are proposed. The proposed
techniques aim toincrease the precision and recall for
image retrieval using feature vectors row mean and
column mean along with image splitting and also
reduce the computation complexity by reducing
feature vector size by use ofenergy compaction. The
splitting technique proves worth full, since, as the
numbers of parts are increased higher precision and
recall values are obtained at the cost of increased
feature vector size. Further, by the use of energy
compaction technique, unnecessary coefficients, which
donot contribute to image retrieval, can be eliminated.

References
H.B.Kekre, Sudeep D. Thepade, “Improving the
Performance of Image Retrieval using Partial Coefficients

of Transformed Image”, International Journal of
Information Retrieval, Serials Publications, Volume 2,
Issue 1, 2009, pp.72-79 (ISSN: 0974-6285)

H.B.Kekre, Sudeep D. Thepade, Archana Athawale,
Anant Shah, Prathmesh Verlekar, Suraj Shirke, “Image
Retrieval using DCT on Row Mean, Column Mean and
Both with Image Fragmentation”, (Selected), ACM-
International Conference and Workshop on Emerging
Trends in Technology (ICWET 2010), TCET, Mumbai,
26-27 Feb 2010, The paper will be uploaded on online
ACM Portal.

H.B.Kekre, Sudeep D. Thepade, Archana Athawale,
Anant Shah, Prathamesh Verlekar, Suraj Shirke, “Walsh
Transform over Row Mean and Column Mean using
Image Fragmentation and Energy Compaction for Image
Retrieval”, International Journal on Computer Science
and Engg.(1JCSE),Volume 2S, Issuel, January 2010.
Nuno Vasconcelos, “From pixels to semantic spaces:
Advances in Content-Based Image Retrieval”, published
bylEEE computer society

H.B.Kekre, Tanuja K.Sarode, Sudeep D. Thepade,“Image
Retrieval by Kekre’s Transform Applied on Each Row of
Walsh Transformed VQ Codebook”, (Invited), ACM-Int.
Conference and Workshop on Emerging Trends in
Technology (ICWET 2010), TCET, Mumbai, 26-27 Feb
2010, The paper is invited at ICWET 2010. Also will be
uploaded on online ACM Portal.

H.B.Kekre, Sudeep D. Thepade, “Image Retrieval using
Augmented Block Truncation Coding Techniques”, ACM
International Conference on Advances in Computing,
Comm. and Control (ICAC3-2009), pp. 384-390, 23-24
Jan 2009, Fr. CRCE, Mumbai. Is uploaded on online
ACM portal.

Qasim Igbal , J. K. Aggarwal, “ CIRES: A System for
Content-Based Retrieval in Digital Image Libraries”, in
the seventh international conference on Control,
Automation,

Robotics and Vision (ICARCV’02),Dec 2002, Singapore
H.B.Kekre, Sudeep D. Thepade, “Image Blending In
Vista Creation using Kekre’s LUV Color Space”, SPIT-
IEEE Colloquium and International Conference, 04-05
Feb 2008,

SPIT Andheri, Mumbai

Wang Xiaoling, “A Novel Cicular Ring Histogram for
Content-based Image Retrieval”, First Int. Workshop on
Education Technology and Computer Science, 2009.
Junyu Dong, Muwei Jian, Dawei Gao, Shengke Wang,
“Reducing the Dimensionality of Feature Vectors for
Textual Image Retrieval Based On  Wavelet
Decomposition”, Eighth ACIS Int. Conf. on Software
Engineering, Artificial Intelligence, Networking and
Parallel/Distributed Computing

H.B.Kekre, Sudeep D. Thepade, “Panoramic View
Construction using Partial Images”, IEEE sponsored
International Conference on Sensors, Signal Processing,
Communication, Control and Instrumentation
(SSPCCIN- 2008) 03-05 Jan 2008, VIT, Pune.
H.B.Kekre, Sudeep D. Thepade, “Vista creation using
Picture Parts”, Int. Conference on Emerging
Technologies and Applications in Engg., Technology and
Sciences (ICETAETS-2008), 12-13 Jan 2008, Held at
Computer Science Dept., Saurashtra University, Rajkot,
India.

Xiaoyi Song, Yongjie Li, Wufan Chen,”A Textural
Feature Based Image Retrieval Algorithm”, in Proc. of 4"
Int. Conf.on Natural Computation, Oct. 2008.

H. B. Kekre, Ms. Tanuja K. Sarode, Sudeep D. Thepade,
“Image Retrieval using Color-Texture Features from



IRACST - International Journal of Computer Networks and Wireless Communications (IJCNWC), ISSN: 2250-3501

DCT on VQ Codevectors obtained by Kekre’s Fast
Codebook Generation”, ICGST-International Journal on
Graphics, Vision and Image Processing (GVIP), Volume
9, Issue 5, pp.: 1-8, September 2009. Available online at
http://www.icgst.com/gvip/VVolume9/Issue5/P1150921752.h
tml

H. B. Kekre, Kamal Shah, Tanuja K. Sarode, Sudeep D.
Thepade, “Performance Comparison of Vector
Quantization Technique — KFCG with LBG, Existing
Transforms and PCA for Face Recognition™, Int. Journal
of Information Retrieval (IJIR), Vol. 02, Issue 1, pp.: 64-
71, 2009.

Jing Zhang, Gui-li Li, Seok-wum He, “Texture-Based
ImageRetrieval By Edge Detection Matching GLCM ”, in
Proc. of 10™ Int. Conference on High Performance
Computing and Comm., Sept. 2008

H.B.Kekre, Tanuja Sarode, Sudeep D. Thepade, “Color-
Texture Feature based Image Retrieval using DCT
applied on Kekre’s Median Codebook”, International
Journal on Imaging (lJI), Volume 2, Number AOQ9,
Autumn  2009,pp. 55-65. Available online at
www.ceser.res.in/iji.html (ISSN:0974-0627).

H.B.Kekre, Sudeep D. Thepade, “Image Retrieval using
Non-Involutional ~ Orthogonal Kekre’s Transform”,
International Journal of Multidisciplinary Research and
Advances in Engineering (IJMRAE), Ascent Publication
House, 2009, Volume 1, No.l, 2009. Abstract available
online at www.ascent-journals.com

H.B.Kekre, Sudeep D. Thepade, “Color Based Image
Retrieval using Amendment Block Truncation Coding
with YCbCr Color Space”, International Journal on
Imaging (1J1), Volume 2, Number AQ09, Autumn 2009, pp.
2-14. Availableonline at www.ceser.res.in/iji.ntml (ISSN:
0974-0627).

H.B.Kekre, Sudeep D. Thepade, “Image Retrieval using
Color-Texture Features Extracted from Walshlet
Pyramid”, ICGST International Journal on Graphics,
Vision and ImageProcessing (GVIP), Volume 10, Issue I,
Feb.2010, pp.9-18, Available online
www.icgst.com/gvip/Volumel10/Issuel/P1150938876.ht
ml

H.B.Kekre, Sudep D. Thepade, “Using YUV Color Space
toHoist the Performance of Block Truncation Coding for
Image Retrieval”, In Proc. of IEEE Int. Advanced

Vol.8, No 2, April — June 2018

Computing Conference 2009 (IACC’09), Thapar
University,Patiala, INDIA, 6-7 March 2009.

H.B.Kekre, Sudeep D. Thepade, “Rendering Futuristic
Image Retrieval System”, In Proc. of National
Conference on Enhancements in Computer,
Communication and Information Technology, EC2IT-
2009, 20-21 Mar 2009, K.J. Somaiya College of Engg.,
Vidyavihar, Mumbai-77.

H.B.Kekre, Sudeep D. Thepade, “Creating the Color
Panoramic View using Medley of Grayscale and Color
Partial Images ”, WASET International Journal of
Electrical, Computer and System Engineering (IJECSE),
Volume 2, No. 3, Summer 2008. Available online at
www.waset.org/ijecse/v2/v2-3-26.pdf

H.B.Kekre, Sudeep D. Thepade, “Rotation Invariant
Fusion of Partial Images in Vista Creation”, WASET
International Journal of Electrical, Computer and System
Engineering (IJECSE), Volume 2, No. 2, Spring 2008.
Available online at www.waset.org/ijecse/v2/v2-2-13.pdf
Sanjoy Kumar Saha, Amit Kumar Das, Bhabatosh
Chanda, “CBIR using Perception based Texture and Color
Measures”, in Proc. of 17" International Conference on
Pattern Recognition(ICPR’04), Vol. 2, Aug 2004.
H.B.Kekre, Sudeep D. Thepade, “Scaling Invariant
Fusion of Image Pieces in Panorama Making and Novel
Image Blending Technique”, International Journal on
Imaging (1JI), Autumn 2008, Volume 1, No. AO08,
Available online at www.ceser.res.in/iji.html  (ISSN:
0974-0627).

H.B.Kekre, Sudeep D. Thepade, “Color Traits Transfer to
Grayscale Images”, IEEE —Int. Conference on Emerging
Trends in Engineering and Technology, ICETET-2008,
16- 18 July 2008, Raisoni College of Engineering,
Nagpur.

H.B.Kekre, Sudeep D. Thepade, “Improving ‘Color to
Grayand Back’ using Kekre’s LUV Color Space”, IEEE
Int. Advanced Computing Conference 2009 (IACC’09),
ThaparUniversity, Patiala, INDIA, 6-7 March 2009
H.B.Kekre, Sudeep D. Thepade, “Colorization of
Grayscale Images using Kekre’s LUV Color Space”,
National Level Technical Paper presentation Competition
THINKQUEST- 2009, 14 Mar 2009, Babasaheb Gawde
Institute of Technology, Mumbai.



http://www.icgst.com/gvip/Volume9/Issue5/P1150921752.ht
http://www.icgst.com/gvip/Volume9/Issue5/P1150921752.ht
http://www.ceser.res.in/iji.html
http://www.ascent-journals.com/
http://www.ceser.res.in/iji.html
http://www.icgst.com/gvip/Volume10/Issue1/P1150938876.html
http://www.icgst.com/gvip/Volume10/Issue1/P1150938876.html
http://www.waset.org/ijecse/v2/v2-3-26.pdf
http://www.waset.org/ijecse/v2/v2-2-13.pdf
http://www.ceser.res.in/iji.html

