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Abstract

From the past few years, Content based image retrieval (CBIR) has been a progressive and curious research area. Image retrieval is
a process of extraction of the set of images from the available image database resembling the query image. Many CBIR techniques
have been proposed for relevant image recoveries. However most of them are based on a particular feature extraction like texture
based recovery, color based retrieval system etc. Herein this paper we put forward a novel technique for image recovery based on the
integration of contour, texture, color, edge, and spatial features. Contourlet decomposition is employed for the extraction of contour
features such as energy and standard deviation. Directionality and anisotropy are the properties of contourlet transformation that
makes it an efficient technique. After feature extraction of query and database images, similarity measurement techniques such as
Sguared Euclidian and Manhattan distance were used to obtain the top N image matches. The simulation results in Matlab show that
the proposed technique offers a better image retrieval. Satisfactory precision-recall rate is also maintained in this method.
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1. INTRODUCTION

Recent days, witnessed a rapid growth of the stosggces
accommodating enormous image databases. Acquitieg
appropriate image from the huge collection is tedidSo an
efficient browsing, searching and retrieval teclhieiqeeds to
be incorporated. In the budding stages of theenedtisystem,
text based retrieval was employed. In those systéameges
were annotated with the text. Automatic generatiafs
descriptive texts were not viable and hence it iregumanual
annotation. This pave the way to content based émeieval
(CBIR) system.

CBIR utilizes the visual features of an image. Wetvend
Fourier transformation based CBIR were the widebedi
techniques. Although they were found acceptablesdh

techniques could not provide any details about $moo
contours. Here an effective system based on cdetour

transformation is proposed. This system could ektthe
contents of the image in terms of directional condp
horizontal and vertical edges of the image.

The previous research work, CBIR using contourkgform
(CT) [1] proposed the relevance of using contourisform,
as it offered high retrieval rate and less comjpual
complexity. The work on Rotation invariant imagescliption
with local binary pattern (LBP) histogram Fourieafure [2]
could reveal that the Discrete Fourier transfornkTpbased

features derived from Uniform LBP were invariant to

rotations.

CBIR using histogram, color and edge [3] examinbd t
retrieval efficiency based on different featurekeliimage

histogram, color values and edge values. An apprdac

combining the features of the images was proposethe

work Integrating contourlet features with textuomlor and

spatial features for image retrieval [4]. In coler Texture

based image retrieval system [5] both color andiutex
features were used to retain accurate retrievalltreklere

color histogram for color extraction and pyramidusture

wavelet transform model for texture extraction wased.

Objective of the proposed system is to attain dicieft

retrieval of images by combining contour, textwelor, edge
and spatial feature for image extraction. As iegrates all
these features it could ensure better retrievadieffcy. Image
retrieval comprises of two phases namely 1) featuteaction
2) measurement of similarities of query and databamges.
Applications of the proposed system finds in theld§ like

crime prevention say for example face recognitignpblice

forces., security check using finger prints, Medifteld for

the comparison of present diagnosis results withrédevant
past cases, ldentification of intellectual fieldckuas trade
mark recognition, Digital libraries and entertaimhpurposes
etc. This reveals the need for an efficient retiesystem.

2. PROPOSED SYSTEM ARCHITECTURE

The proposed system generates feature set inctimgptthe
contour, texture, color, spatial and edge featwkesll the
attainable images in the database for the imagievet. The
attained features are concatenated for the feattrereation
of the images. These feature set is compared wiigryq
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feature set for image retrieval. Architecture fbe tproposed
system is shown in Fig. 1
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Fig-1: Architecture of proposed system

3. CONTOUR AND TEXTURE FEATURE

Prior to the feature extraction all the data imagesresized to
a unigue scale and converted to gray scale images.

3.1 Contour Feature Extraction

Resized image is subjected to contourlet decomniposift
constitutes a dual filter bank system. Headmosnden
laplacian pyramid (LP) for capturing point disconiities and
followed by DFB(directional filter bank) for linkm point
discontinuities.[1] LP decomposition process outpilte low
pass version of image and band pass version
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Fig-2: Laplacian pyramid decomposition (one-level)

Band pass version of the image can be calculated as

B(i.)=10.1)-1 (i) 1)

Further pyramidal decomposition [6] is executedtio@ low

pass version of the image. Band pass version issewo

capture smooth contour and directional edges iigh h
frequency contents.DFB is designed based on twddibgi

blocks.[1]The first one is a two channel quincuiitef bank

with fan filters which divides a two dimensionalesgrum in

to horizontal and vertical direction. The seconde ds a

shearing operator for reordering image pixels.[8gJe two

operations preserve directional information. Dukierf bank,

results in decomposition of image in to differetitedtional

sub band. For the decomposed image in contourletadg

contour features such as standard deviates) &nd energy
{E ¢} are calculated as per the equations given betgw.[

MxN

65:\/( Ly SMASN (G y) — ps)? (2)

1
MXxN

{Ed = () I v (ICsx D ®)

Where Cs is coefficient of CT (contourlet transfdrm
decomposed s sub bandus being mean value of "ssub

band. MxN represents size of CT decomposed sub.band

Energy and standard deviation for all images irablase are
found. After which Normalization of these two qutats were
done and stored as their individual contour feasete

3.2 Texture Feature Extraction

For texture feature extraction rotation invariaotdl binary
pattern (LBP) histogram Fourier features [2] basediniform
LBP histogram is used. LBP is a powerful operatBPLfor
the central pixel(x,y) of image I(X,y) is obtainas,

LBPsr(x,y) =X3Z0(TA y) — I(%sy5)2°  (4)

T(z) —Threshold function, s — sampling point ,dites. T(z)
is given by,

o2 0

LBP is considered as uniform, if its binary patteamtains
only two bitwise transitions.

Steps involved for texture feature extraction are,

1. Conversion of database images in to gray scale.

2. Computation of LBP.

3. Generation of histogram of LBP.

4. Computation of Discrete Fourier transform of the
histograms per the equation,

H (n,u)=2E2g hyu (n,r)ei2Mmnr/s (6)
5. Store the absolute value of obtained DFT asifeatet.

For the image and the rotated version by an atiggeabsolute
value of DFT of histogram remains entirely the same
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4. COLOR, EDGE AND SPATIAL FEATURE

For color extraction histogram based approach ipleyed.
Canny’'s edge detection technique is used for edgéudng.
Spatial feature based on dominant color extracfimwvides
the details of spatial feature.

4.1 Color Extraction

For color extraction, red, green and blue colorugal are
extracted.[5] Generation of respective histogramsd a
computation of average red, green and blue conignt
performed. Result is stored in a 1D matrix andestas color
feature set. Color moments such as mean, varianck a
skewness were found to be effective for analyzingemnt
distribution of the image. Meap,, Variance, Skewnesss
obtained as,[11]

= s fry (7)
6= 21 (b 1)) (8)

s3G5 D=1 (B )™ (9)

fyy -x" color component of the"yimage pixel’s represents the
total number of pixels in an image. Mean, Variaraed
Skewness were also concatenated to the color &eagir

4.2 Edge Extraction

For the edge feature set creation, Canny's edgectieh
technique is preferred. Canny edge detector empogaulti
stage algorithm for its edge detection. Good detect
localization and minimal response make it suitdioleedge
detection. The algorithm [3] employed for edge deat
capture is as follows,

1. Input image and scale it to required scale.

2. Conversion of resized image to gray scale one.

3. Detection of edge using Canny’s edge detectimhstore in
to a two dimensional matrix.

4. Maximum value of each column is extracted frome t
obtained result and stored as the edge feature set.

4.3 Spatial Feature Extraction

Spatial feature based on dominant color extractisn
performed. In order to procure spatial featureshemage in
database is initially transformed in to NTSC cadgstem. It
includes red, green, blue, magenta, white, yell@yan,
aquamarine, black, gray, dark red and copper. Afteich
image | is divided to M sub regions. For each sebians
occurrence count is extracted. The color countefach sub
region and indices are given by [4],

{Nocch={{Socc}o™, {Socch®,....{Socc}ne®}  (10)

Where {Soccl,¥ is a subset of{Mocc}®.The subset of
{Mocc}are sorted such that subset with maximum valued
element is listed as the first subset and remaitiaigjng it.
The index of the first M sub regions is determined and
corresponding indices are gathered as spatialrieatt.

After abstraction of aforesaid feature set (contdexture,
color, edge, spatial) from image database, theviddal
feature sets are concatenated in to single featee
Normalization [4] of the feature set is carried par the
equation,

{F1Sx}= (3/p/q )X FSx'(r) (11

p =|FSx'| (12)

Where

q =Y ) (FSx'(r))? (13)

FSx'(r) = FSx(r)|FSx| - RIF¥1(FSx(r))  (14)
The Normalized feature set is obtained from (1lsltthe
definite feature set extracted for the particulaage in the
database. The obtained result is stored as theréedatabase.

5. QUERY BASED IMAGE RETRIEVAL

When query image is given as input, system compthies
feature set for the same. Then determined feateteiss
compared with feature set in the feature databasiegu
available similarity measure techniques such asafeqgu
Euclidian Distance (SED) , Manhattan Distance etc.

5.1 Similarity Measures

The SED computes similarity between feature datbas
{F1S,(n} and the feature set of the query imageg &HSED
can be calculated [4] by the equation (15)

Dee XISX 71 (F1Sx(r) — FSqu(r))?  (15)

Another similarity measure technique called Mardratyives
the sum of absolute difference distance measure.

Dy = XX | (F1sx'(r) — FSqu(r)|  (16)

The images that accure least SED/ Manhattan vakisated
such that they obtain the first location and topnstches are
retrieved.

6. RESULTS AND DISCUSSIONS

In the proposed system, initially contourlet decosipon
(CD) is performed for the contour feature extractidll the
images in the database are decomposed. A sample ifran
database and its corresponding CD are shown irBFkpur
level LP decomposition is performed using pkva efilt
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[1].Standard deviation and energy [4] are used @stotir
feature, which is computed on each direction suimbaf the
decomposed images in the database. Normalizedt resisl
used for the creation of contour feature set.

browsz inage
contourlt decompostion

Fig -3: Contourlet transform decomposed image

After the creation of contour feature set, we hax&acted
texture feature using rotation invariant LBP histog Fourier
features [2].For this we have computed LBP fordatabase
images and have generated corresponding histogfatheo
obtained LBP’s. Followed by this computation of alhte
value of the DFT of generated histogram was peréatit
was used for the creation of texture feature setsafple
image from database, its histogram, LBP and histogof
LBP are shown in Fig 4.
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Fig-4: Local binary pattern and histogram

Original image and its rotated version by an angk7(are
illustrated by Fig.5 and Fig.6 respectively.

Fig -6: Input image rotated by an angle 270

For the rotated version of same input image, albsaolalue of
DFT of histograms remains same as that of origieation,
although LBP contains a two bitwise transitions.LBPthe
same image and its rotated version are exhibitdhbiel.

Table-1: Local binary pattern

Image LBP
LBP of input image 00000110
LBP of input image rotated 01110000

by an angle 270

The absolute value plot of DFT of the generatetbbiam for
the original and rotated versions are displayefign7
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Fig-7: Absolute value of input image and Jifiated version
of the same input image

After the formation of texture feature set, we haveated
color feature set. For these individual mean valaksed,
green and blue were extracted for all databaseamdgesults
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obtained were stored as color feature set. A sarnmpége
from database and corresponding RGB histogramawshn
Fig 8.
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Fig -8: Histogram of Red, Green, Blue plane.

Table 2 illustrates the mean value generated ferstlected
sample image.

Table-2: Color components

Color Mean value
Blue 101.3969

Green 47.0693
Red 164.2397

Color feature set creation was followed by edgeuieaset
extraction. Canny's edge detection was employed for
detecting edges of all the available database imkigge9
shows a sample database image and its edge deitectgel.

;ORIGINAL CERAY IMAGE; EDGE DETECTED IMAGE

Fig-9: Edge detection.

Final step in the feature set creation was spétialure set
extraction. Here we have extracted dominant calomfthe
sub regions of all the database images. NTSC costem
was used. Fig 10 displays a sample image in NTSGr co
system and Table 3 illustrates its obtained cobongonents.

Fig-10: Sample image (NTSC Color system)

Table-3: Color components NTSC color system

Color Mean value
White 0.7151
Black 0
Blue 0.1635
Copper 0.5389
Cyan 0.3689
Dark Red 0.1731
Gray 0.3575
Green 0.2053
Magenta 0.5098
Red 0.3461
Yellow 0.5516
Aquamarine 0.5462

All the foresaid features were concatenated in teirgle
feature set and normalization was performed toterésature
set of the database image .Based on the featucé database
images and query image SED and Manhattan distamece w
calculated. Fig 11 illustrates minimum SED/Manhatta
distance plot (here 35 images are considered taterthe
database).

T L T
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5
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Fig-11: Minimum distance plot
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Finally, images were sorted based on the minimum
SED/Manhattan distance and retrieval of top N insagas
performed. Fig 12 displays a sample Query image and
corresponding retrieved images.

a  sess magerereaign

QUERY MAGE

RETREVED MAGES:

Fig-12: Image retrieval for a query image.

6.1 Performance Evaluation

Performance evaluation of the proposed system \aaged
out by computing precision-recall rate, error raamd
traditional F measure, as per the equations gieéonh

No:of relevant images retrieved

Recall rate(R) Total no:of relevant images in database (17)

Precision rate (P) Mo:ofrelevaflt imag(.es retrieved (18)
Total no:of images in database

Error rate _No:of non relevant images retrieved (19)

Total no:of images in database

2(PXR)

F measure
(P+R)

(20)

The figure shown below indicates the obtained rdtas
different query images.

-+ RECALLRATE
<+ PRECISION RATE
-+ FUEASURE |
"+ ERRORRATE

MEASURED RATE

LR B A S

4
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Fig-13: Rate plot for different query image.

Precision and recall are the standard measureleinnage

retrieval system which provides a good indicatioh tloe

system performance [9]. Recall can be made onetoigving

all images and precision can be kept high by natige only

few relevant images. Reduction in the recovery oh n
relevant images will keep the error rate minimurmheT
weighted harmonic mean of precision and recall itained

via F measure.

7. CONCLUSIONS

In this paper, an efficient image retrieval systeased on
contourlet, texture, spatial, edge , and color Uiexst were
proposed. CT helps to extract directional contohsizontal
and vertical edges. The similarity measure techesgguch as
SED, Manhattan were found effective for image estal.
Experimental results and performance evaluatiorwshihat
our proposed system offers a better image retrievaipared
to the traditional ones which use single featuras ifnage
retrieval. Further extension of proposed work canchrried
out by comparing various similarity measure techagsuch
as Minkowsi-form distance, Quadratic form distance,
Mahalanobis distance, Kullback-leiber divergencd aeffery
— divergence etc.
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