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Abstract — In this paper we are introducing the new We are focusing on color feature of the image. Color is

histogram specification using LOG function to modify the
histogram. This histogram modification brings positive
change in the features to be extracted from R, G and B
planes of the image modified using the LOG function.
Feature vectors are of dimension 8 which are extracted from
the image contents segregated into 8 bins. These 8 bins are
obtained by partitioning each plane(R, G and B) histogram
into two parts using ‘Centre of Gravity’ (CG). Image
contents extracted into 8 hins are used to represent the
feature vector in the form of statistical moments. First four
moments namely Mean, standard deviation (STD), skewness
(SKEW) and kurtosis (KURTO) are extracted separately for
each color content of the pixels counted into 8 bins. Query
and database | mage comparisons are carried out using the
three similarity measures Euclidean distance (ED), Cosine
correlation distance (CD) and Absolute distance (AD).
Experimentation is performed using database of 2000 BMP
images having 20 different classes. Set of 200 query imagesis
used to test and evaluate the performance of the proposed
approach. Three performance evaluation parameters used to
evaluate the system are Precision Recall Cross over Point
(PRCP), Longest String (LS) and Length of String to
Retrieve all Relevant (L SRR).

Keywords — Histogram Specification, LOG, Bins, CG,
Mean, STD, SKEW, KURTO, ED, CD, AD, PRCP, LS,
LSRR.

|. INTRODUCTION

This paper is recommending a new histogram
specification in the form of simple LOG function to
modify the histogram. This modification brings positive
change in the image contents. These images contents are
proving their best in terms of retrieval of similar images
from large database. In brief we can say that this paper
proposes a new CBIR system based on bins approach with
the effect of LOG function to modify the image contents
by modifying the image histogram. Various methods are
exploited in the CBIR field to extract and represent the
image feature for comparison. Some are from spatial
domain and some from frequency domain [1][2][3]. CBIR
is the vast and interesting area for the researchers to give
their best so that fast and efficient CBIR system can be
designed and implemented to satisfy CBIR user needs.
The term fast defines the time taken by the approach or the
algorithm used to extract the query image feature and
comparing it with database images. Image features can be
classified broadly as loca and global image features
[4][5]. Image features which are very basic according to
the human perception and subjectivity are color, texture
and shape.[7][8][9].

most distinguishing image visual feature[10][11][12].
Feature extraction process carried out in this work starts
with the separation of image into R, G and B planes. For
each plane we compute the origina histogram and also the
histogram modified using LOG function is obtained. The
color histogram is color descriptor or can be termed as
global image feature. [13][14]. It is invariant to variations
in scale, rotation and trandation of an image [15]. Feature
vector dimension is also an important factor to be
considered in fast and efficient design of retrieval system.
Various dimension reduction techniques used by many
researchers includes PCA, linear, non-linear independent
component analysis (ICA), Local Tangent Space Analysis
(LTSA) etc.[16][17][18]. We are using a simple technique
to reduce the feature vector dimension and represent the
image. Each histogram is divided into two parts by
calculating the CG. This leads to the generation of eight
bins (2 parts of each of the three planesi.e. 23= 8 bins). It
gives the feature vector of dimension 8 which greatly
reduces the systems execution time while extracting and
comparing the image features. All image pixels are then
segregated into these 8 hins according to the R, G and B
intensities falling in specific range or partition of the R, G
B  histograms respectively[19][20]. This image
information taken onto 8 bins is actually the count of the
pixels possessing the specific intensity range. Further this
count of pixels taken into each of the 8 bins is used to
represent the actual feature vector of the image. The image
features are represented in 12 different formats for each i.e
origina and modified histogram. It includes the
caculation of first four centralize absolute moments
Mean, STD, SKEW and KURTO for each color R, G and
B separately[21]. This way we have prepared 24 feature
vector databases to store each of the 24 types of feature
vectors separately. This greatly helps in the image
comparison process. Query image is taken as an example
image to test and evaluate the system’s response for all
type of feature vectors. Experimentation is done using the
database of 2000 BMP images created using 20 different
classes including some classes from Wang Database[22].
Same set of randomly selected 200 images from database
is used as queries to evaluate the performance of the
system with respect to each type of feature vector. Three
performance evaluation parameters used in this work are
PRCP, LS and LSRR. Each one of them having its own
criterion to state the system’s behavior useful from CBIR
user’s point of view.
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[I. PROPOSED METHOD

Method proposed in this paper is mainly highlighting
the use of LOG function as histogram specification to
modify histogram. It aso deals with dimensionality
reduction using bins approach to represent the image
features.

A. LOG Function as Histogram Specification

Feature extraction process used in this paper is using the
image contents based on partitioning of original as well as
modified histogram. Histogram gives distribution of the
image pixels across 256 intensity levels in Matlab. If
Histogram specification is histogram equalization then it
tries the pixel distribution such that it will be uniform to
al intensity levels. In this case, we are using LOG
function as histogram specification according to which the
origina histogram is modified and the desired one is
obtained. The LOG function and its effect as histogram
specification is shown in following Fig.1 to Fig.4.
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Fig.1. LOG function y=c*log(x+1) in Blue curve.

In Fig.1 we can see that red color is showing output
‘y=x" and blue color represents the LOG transformation.
We can see that the original intensity levels are increased
by some amount. This specification function is used to get
the similar change in the intensities of the origina image
planes by changing their respective histograms. Part B
shows the application of this LOG function over R, G and
B plane’s histograms of an image.

B. Function to Modify the Histograms

As a part of feature extraction process we have applied
this LOG function to RGB planes of each image of
database to modify their histograms. Fig.2 shows the
origind image and its R, G, B components. Fig.3.
represents the origina and modified histogram (Using
LOG transformation) of R plane. Effect of LOG function
over R, G and B planes after modifying the histograms are
shown in Fig.4. We may observe image details clearly
after applying LOG function.
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Fig.4. Maodified R, G and B Planes after applying LOG
Function

Feature extraction is the core part of any CBIR system.
Feature vector we are using in thiswork is color content of
the image. We are also dealing with the reduction of
feature vector dimension which has direct impact on the
computational complexity and execution time of the CBIR
system. Instead of using all histogram bins (256 in
MATLAB) as it is; we are working on the formation of

just 8 bins out of 256. Process of 8 hins formation is

explained as follows. It uses the Centre of gravity (CG) to
segregate the image pixels uniformly into two partitions of
each plane.

C. CG based Bins Formation:

Each image plane (R, G and B) histogram is divided into
two partitions as shown in following Fig.5 for red plane by
calculating the CG. These partitions are identified using
part ids ‘0’ and ‘1’. As three histograms partitioned into
two parts, it generates combinations 2°= 8 bins. We follow
following simple sequence of steps to segregate the image
pixelsinto 8 bins.

Sepl. Separate the imageinto R, G and B planes

Sep2. Obtain the histograms for R, G and B planes

Sep3. Modify these histograms using LOG function
‘y=c*log(x+1)’.
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Sep4d. Divide the histograms in two parts by computing
the CG for each separately.
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Fig.5. Modified R Plane partitioned Using CG at
RGL1
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Sep5. Pick up the pixel of the same image under feature
extraction process and check its R, G and B values.
Depending on which part of R, G, B histogram it falls
assign a number ABC. The numerical value of A, B and C
depends on the part id ‘0" or ‘1’. Thus giving a binary
number from ‘000’ to “111’. The respective pixel will fall
in one of the 8 bins. Thus al the image pixels will be
distributed in 8 bins.
Sep6. The statistical property of each bin contents leads to
the formation of 8 dimensional feature vector representing
the image.
D. Feature Vector Databases: 24 Databases

We have prepared total 12 different feature vector
databases for origina and LOG modified histograms. We
are extracting three colors separately (R, G and B) and for
each color we have extracted 4 datistical absolute
centralize moments, this generates 12 types of feature
vectors leading to 12 different databases for 2000 BMP
images in the image database.

Ill. SIMILARITY MEASURE AND
PERFORMANCE EVALUATION PARAMETERS

Comparing the query image to obtain the desired set of
images is core part of any CBIR system from user’s point
of view. Generating the set of similar images in response
to the given query is responsibility of the system designer.
It is also important to check and evaluate the performance
of the system so that CBIR user’s satisfaction can be taken
care of. Following section A and B are discussing these
two main phases of the work done.

A. Smilarity Measure

CBIR system generates the set of images relevant to the
query given by the user. When user fires a query to the
system it extracts the feature vector for it. This feature
vector is then compared with database image feature
vectors. This comparison process is carried out in our
system by means of three similarity measures, namely
Euclidean distance, Absolute distance and Cosine
correlation distance and is given in following equations 1,
2and 3.
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Where D(n) and Q(n) are Database and Query feature
Vectorsresp.
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These distances are sorted in ascending order i.e. from
minimum to maximum. Retrieval set of imagesis prepared
from the images picked up from these sorted distances
which are close to query image.

B. Performance Evaluation Parameters

Performance of the proposed system is evaluated using
three parameters namely PRCP, LS and LSRR which are
defined as follows.

1. PRCP: Precision Recall Crossover Point

This is actually derived from the conventional CBIR
evaluation parameters precision and recall.

Precision is fraction of relevant images to total retrieved
images and recall is the fraction of relevant images to the
total relevant images in the database. Precision and recall
are equal at a point when total number of images retrieved
is equal to the total number of relevant images in the
database.

Thus PRCP value 1 indicates the ideal system
performance where al relevant images from database are
retrieved without any irrelevant image. PRCP vaue 0
gives the worst case performance indicates that all
retrieved images are irrelevant. PRCP values between 0 to
1 areindicating that how far we are from the ideal system.
2. LS Longest string

It gives the longest string of relevant images retrieved
from database. It actually searches for the maximum
continuous string of images relevant to query from the set
of (2000 in our experiment) sorted string of images
according to the distances sorted in ascending order.

3. LSRR Length of String to Retrieve all Relevant

This parameter generates the length of string to be
traversed to collect all images relevant query from the
database. Low value of LSRR indicates that the system is
giving better performance and the higher value indicates
that system takes longer time to collect all relevant images
from database.

V. RESULTSAND DISCUSSIONS

Experimentation work done for the proposed system is
carried out using following database and query image
details in part A. Proposed methods based on bins
approach with original and LOG modified histograms are
implemented and evaluated using three parameters PRCP,
LS and LSRR. Results and discussion based on these
parametersis given in part B.
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A. Database and Query images

Database Images. We have used database of 2000
BMP images having 20 different classes. It includes
following classes. Fig.6. shows one sample image taken
from each of the 20 classes.

“h

S e g B X
Sample Images from 20 classes in Database

Fig;é.-;

Query Images. We have worked out and tested all the
methods based on the variations used in feature extraction
process using the same set of 200 query images. It
includes 10 randomly selected query images from each of
the 20 classes.

Each of the 200 queries is executed individually to
obtain the results for following three parameters. But we
have put only either total or average value of 200 query
images for each result.

B. PRCP: Results and Discussion

We have obtained PRCP where precision and recall both
are same. The figures given in table are number of
successes out of 20,000 images retrieved i.e. total PRCP
for execution of 200 query images.

PRCP results obtained for all four moments Mean, STD,
SKEW and KURTO given separately in tables|, 11, 111 and
IV respectively.

Tablel.
PRCP: MEAN

LOG
5715
5854

5911

ORG
5384
5485

5751

LOG
5795
5890

6449

LOG
5876
5870

6342

ED | 5567
AD | 5848

CD | 5651

5264
5387

5210

Tablell.
PRCP: STD

LOG
6155
6403
5705

ORG
6277
6422
6147

LOG
6286
6498
6145

LOG
5581
6018
5647

ED | 6066
AD | 6292
CD | 5604

5700
5898
5485

Tablelll.
PRCP: SKEW

LOG
4690
5031

ORG
4984
5264
4806

LOG
5156
5528
4910

ORG
4799
5107
4658

LOG
4823
5252
4752

ED | 4576
AD | 4907
CD | 4330
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TablelV.
PRCP: KURTO
sM | ORG | LOG | ORG | LOG | ORG | LOG
ED | 6096 | 6250 | 6704 | 6868 | 6045 | 6093
AD | 6311 | 6409 | 6868 | 7002 | 6191 | 6403
cDh | 5813 | 5900 | 6344 | 6482 | 5733 | 5917
TableV
PRCP. R'OR'G'OR'B
ED AD cD
MOMENT | OrRG | LOG | ORG | LOG | ORG | LOG
MEAN 8859 | 8984 | 9192 | 9194 | 8914 | 9710
STD 10256 | 10313 | 10404 | 10632 | 9989 | 10115
SKEW 0248 | 9312 | 9522 | 9714 | 8844 | 9089
KURTO | 10678 | 10807 | 10726 | 10913 | 10218 | 10352

Each of the tables | to V contain the PRCP results with
respect to each of three similarity measures, ED, AD and
CD, and each color R, G and B.

Results obtained for bins approach based on origina
histogram and LOG function based modified histograms
are shown separately as ORG and LOG columns in all
tables. We can observe in above tables that LOG function
is performing far better as compared to ORG histogram
based results in almost all cases (i.e 34 out of 36). Better
results obtained are highlighted with yellow color.

We have further improved these results by applying OR
operation over the results obtained separately for R, G and
B colors. Results after OR operation are shown in Table
V. Each value in the table is total PRCP for 200
queries i.e out of 20,000. Noticeable improvement is
achieved in the PRCP results shownintable V in all cases.

Best results are given by Kurtosis for LOG function. We
can observe that LOG function is far better in al the cases
as compared to the results of ORG histogram based
features.

One more observation in these results we found is
‘Even’ (STD, KURTO) moments are performing far better
as compared to ‘Odd’ (MEAN, SKEW) moments.

C. Longest Sring: Results and Discussion

We have executed all 200 queries to obtain the ‘Longest
string” parameter. As we have executed 10 queries from
each class for each color separately we have selected only
one maximum LS from these 10 queries for three color
results. This way we could also analyze the performance
of the R, G and B color components in the feature vector
by seeing that whichever LS is selected as Max LS is
belongs to which of the three color results. We found that
for ORG histogram based results; red and green are
dominating over blue. For LOG function we found green
and blue are dominating over red. Results shown in
following Chart 1 along with the table is giving the
average value of 10 max LS from 20 classes in database
for each moment with respect to each similarity measure.
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Chart 1: LS for ORG and LOG function with respect to all
other Parameters

AVG LONGEST STRING

ORG | LOG

ORG | LOG | ORG | LOG

Average LS from 20 quries out o
=
o

ED AD CcD

§ MEAN 19 21 19 22 17 21

HSTD 16 16 17 17 14 15

M SKEW 12 12 12 13 11 12

E KURTO 16 17 18 20 15 17

In above chart we can observe that LOG function is
performing better as compared to ORG histogram based
bins as feature vector. Best average value for LSis22.
LSRR: Length of String to Retrieve all Relevant
As defined earlier this parameter gives us the strength of
the system and time to recall all images relevant to query
from the large size database. We have taken % LSRR to
be traversed to collect all query relevant images from
database.

We are expecting it to be as low as possible. Following
chart 2 shows the average % LSRR for 20 queriesi.e one
minimum from each class from three color results (As in
case of LS).

In following chart 2, we can see that the best value
obtained is 51% as average LSRR for ORG and LOG
function for CD and AD measures respectively.

The maximum LSRR length we traversed is 73% as
average of 20 different queries. It suggests that minimum
51 % and maximum 73 % traversal gives 100% recall for
the given query as average for 20 classes. Indicates the
quite good performance for the satisfaction of CBIR users.

Chart 2: LSRR for ORG and LOG function with respect to
all other Parameters

Average % LSRR
80
70
60
50
40
30
20
10

Average of 20 classes

ED AD CcD
= MEAN 63 63 60 61 73 73
®WSTD 58 60 54 57 54 57
BISKEW 61 64 60 62 65 64
®KURTO 53 53 52 51 51 52
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V. CONCLUSION

CBIR system implemented in this work with the novel
idea for feature extraction based on LOG function. We
have proved the improvement in the retrieva results of
CBIR using LOG function as histogram specification. It
brings positive change in the representation of the image
contents.

When we compared the results obtained using ORG
histogram based image features with LOG modification;
We found that LOG is performing far better in all
evaluation parameters.

As we are using the bins approach for feature extraction
it greatly reduces the size of the feature vector and
computational complexity and saves the execution time
too.

The best results obtained for al moments for all the
performance evaluation parameters are given in the
following tables.

In all the following tables we can observe that the best
values among the given results are highlighted with yellow
color. The noticeable difference can be seen that LOG
function is performing far better as compared to ORG
histogram based results in al the above cases. Best
average PRCP value obtained is 0.55 for KURTO with
LOG function and AD measure. Best LS is 92 out 100
images in the database for class Barbie for both ORG and
LOG function with ED and CD measures respectively.
Best LSRR obtained is 8% for LOG and ORG for Mean
and kurtosis moments.

Performance evauation of the color content of image
tells us that red and green are better as compared to blue
color results.

TableVI. PRCPBEST RESULTS

PRCP ORG LOG
MEAN | 5848(R)AD | 6449(G) CD
STD | 6422(G) AD | 6498(G) AD
SKEW | 5264(G) AD | 5528(G) AD
KURTO | 6868(G) AD | 7002(G) AD
Table VII. (MAX) LSBEST RESULTS
LS ORG LOG
MEAN | 92(R)ED 92(R) CD
STD 48 (R) AD 54(G) CD
SKEW | 32(R)CD 39(B) AD
KURTO | 40(B) AD 49(B) AD
Table VIII. (MIN) LSRR BEST RESULTS
LSRR ORG LOG
MEAN | 10%(R) AD 8%(R) CD
STD | 9%(R)AD | 8%(R) AD & CD
SKEW | 15%(R) AD 13%(R) AD
KURTO | 8%(G)AD | 8%(R, G)AD

After Comparing and analyzing the performance of
similarity measures we can recommend that AD and CD
are better measures among three. Between these two
measures AD gives better results with less computational
complexity.
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