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Abstract: Content Based Image Retrieval (CBIR) systems open new methods to efficiently manage large volumes of data. The proposed system 
accepts queries with single image and multiple images. The different queries are combined using logical AND. The features of the query image 
are compared with the features of the images stored in the database. The experimental result shows that the use of multiple queries has better 
retrieval performance than single image queries. This CBIR system is a general framework which can be used for different applications. In this 
study three kinds of texture features are used – Haralick texture features, Local Binary Patterns (LBP) and Haar wavelet features. The proposed 
system is tested with mammogram images. 
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I. INTRODUCTION 

With the popularization of digital information in the 
present era, the demand for effective storage and retrieval 
mechanism has reached an all time high level. The power of 
digital media and the advances in Information Technology 
offer enormous image archives and repositories for efficient 
information storage and processing. Content Based Image 
Retrieval (CBIR) systems retrieve desired images from vast 
collections of images based on low level features such as 
color, texture and shape. Traditional text based search 
engines exhibit a number of drawbacks. In those systems 
textual annotations are added manually, the process is 
subjective and incomplete. Text based search gives 
semantically similar images and content based search gives 
visually similar images [1]. The development of a Content 
Based Image Retrieval system could meet the storage and 
retrieval needs of information processing and management 
by solving the problems that exist in text based search 
engines [2]. CBIR systems retrieve images satisfying the 
conditions in the query, based on some low level features 
extracted from the image.   

Nowadays Medical Image Retrieval is of great 
importance due to the huge volumes of clinical data. 
Radiologists can mark the pathology bearing region as 
Region of Interest and this region can be automatically 
compared with the reference images stored in the database. 
As similar cases share visually similar characteristics, the 
possibility of being normal or abnormal can be detected 
using the reference images. The integration of Content 
Based Image Retrieval approaches to daily clinical practice 
is helpful in clinical decision making. In medical field CBIR 
system allow the doctors to compare their diagnosis with the 
earlier findings in the respective domain in case of any 
doubt regarding the diagnosis. Thus by the use of human 
perception together with machine intelligence, best results 
can be arrived at, which is of great help for the physician. 
By inserting the given image into the retrieval system and 
there by obtaining the top most desired image the radiologist 
can arrive at conclusion in case of  doubtful tissue in hand.   

The proposed system can be used for retrieving 
mammogram  images.  Breast cancer is the second major  

 
cause of cancer death in women. Breast cancer is affecting 
the health and lives of millions and millions of women 
world over. Early detection is important for the complete 
cure of breast cancer. Fig.1 shows sample images of normal 
and malignant mammogram. Recently many inventions have 
been made by scientists to assist radiologists.  

Masses and micro calcifications are not always 
cancerous even though they are considered as an early 
indication of breast cancer. Mammography is the best 
method for breast cancer detection with an average 
sensitivity of 80%. Microcalcification is an indication of a 
precancerous condition. Therefore the detection of clusters 
of microcalcification at an early stage is important for 
effective diagnosis and treatment. Microcalcifications are 
calcium deposits that are seen inside breast tissues. They 
appear as tiny white spots or as regions with size 0.1mm to 
1mm [3, 4]. Mass detection is also an important factor for 
effective cancer treatment. It is more difficult to find masses 
than Microcalcifications; some reasons are the size, shape, 
change in density, low contrast, overlapping of non uniform 
tissues etc. In women with dense breast tissue the 
mammogram images are not visually clear, which make the 
diagnosis difficult. The wrong interpretation of 
mammogram may lead to unnecessary biopsy and further 
imaging. In such cases Content Based Medical Image 
Retrieval systems helps the radiologist in proper decision 
making.   
 

  
Normal Mammogram Malignant Mammogram 

Figure 1.  Sample mammogram images 

At present CBIR system developments mainly focus on 
single image queries. Apart from the conventional CBIR 
systems this work proposes a model which can handle 
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compound queries with multiple images. . Sometimes the 
mammogram will not be identical even if they belong to 
same diagnostic category. In such cases the information 
need can be expressed more accurately by multi query 
system. The advantage of using multiple image queries over 
single image query is that the former is more specific to the 
problem than the latter as the chance of expressing user’s 
requirement is clearer. Moreover different stages of 
malignancy also can be retrieved by comparing the query 
images.  

II. RELATED WORKS 

A detailed survey of commercially available CBIR 
systems can be found in [5]. Recently several research 
papers have been published pertaining to mammogram 
image retrieval. Issam et al. [6] proposes a method in which 
the scores assigned by human observers are used to predict 
the perceptual similarity between mammogram lesions. This 
is based on a two stage hierarchical learning network. The 
extension of two stage hierarchical classifier with relevance 
feedback can be found in [7]. A method to identify the most 
relevant features that discriminate malignant and benign 
lesion is proposed by Joaquim et al [3]. A KNN based 
retrieval mechanism [4] uses structural characteristics and 
distributions of fibroglandular tissue and the size and shape 
of breast region. The performance of numerical classifier is 
improved with the use of similar retrieved images in [8]. 
Image retrieval for computer-aided diagnosis of breast 
cancer is proposed in [9]. Approaches towards the reduction 
of semantic gap can be found in [10]. The feedback from 
radiologist is used with query point movement techniques.  

The textural features and the distribution of 
fibroglandular tissue are used for computing similarity. For 
query images of BIRADS breast density index 1, a small 
loss in the accuracy is observed. The increase in result with 
the increase in breast density indicates the significance of 
use of relevance feedback process. In multi view 
information based retrieval [11] the mediolateral oblique 
(MLO) and craniocaudal (CC) view of the query images are 
used. Eucledian distance and KNN method are used for 
comparison. This study reports better result than single view 
based retrieval. 

All the above said works are based on single image 
queries. J. Tang et al. propose a method that uses multiple 
images for querying [12]. This method extracts one type of 
feature from one image and another type of feature from the 
other. The extracted features are combined and used for 
further similarity comparison.  Single/multiple color 
extraction from multiple regions within an image is 
proposed in [13]. The multiple image examples are 
preprocessed and combined to form a single query in [14], 
each query images are evaluated independently and the 
results are combined.  In [15] a linear combination of the 
distances of a test image to all images in the query image set 
was used. A two tier approach for multi image queries was 
proposed in [16]. The distinguishing feature of the proposed 
system is the use of the logical operation, AND for 
combining different queries. This multi query-multi feature 
system allows the users to express their information need 
using a combination of more than one query. 

III. POPOSED IMAGE RETRIEVAL SYSTEM 

The proposed system follows Query by Visual Example 
paradigm. Query by Visual Example retrieves images based 
on the low level features that are extracted from the given 
images. The retrieved images and the query images share 
some common characteristics. The presence of 
superimposed lesions in medical images sometimes leads to 
misinterpretation. Therefore images with known cases will 
be supportive for proper diagnosis. The architecture of the 
proposed CBIR system is shown in Fig 2. 

 

 
Figure 2.  Architecture of the Proposed System 

A. Feature Descriptors: 
The images of different individuals show random 

variations due to noise present in the capturing devices and 
also due to the difference in physiology among individuals. 
Therefore the visual appearance of image does not 
contribute to image similarity or dissimilarity. To make each 
image distinct some measurable properties known as 
features are to be extracted. The image feature is represented 
as n–dimensional feature vector, 1 2( , ,...... )nF f f f= . 

Haralick features [18] are extracted from Greylevel Co-
occurance Matrix

The 
proposed system extracts texture features for finding the 
similarity between images. Texture is the visual patterns of 
homogeneity. It contains information about the structural 
arrangements of objects and their relationships. It is 
concerned with the spatial distribution of gray tones. As 
visual contents are not homogeneous, texture information 
are ideal for medical image analysis. The combination of 
three classes of features namely LBP, Haralick and Haar 
wavelet texture features reports good accuracy in 
mammogram image classification [17]. Therefore in this 
study we have used these three classes of features for 
finding image similarity.   

[ , ]dP i j , the matrix defined by first 

specifying a displacement vector ( , )x yd d d=  and 
counting all pairs of pixels separated by d having grey levels 
i and j. GLCM contains information regarding the count of 
pixels having similar grey level values.  The following five 
Haralick features are used in this study.  

2( ) ( , )d
i j

Contrast i j P i j= −∑∑  

2 ( , )d
i j

Energy P i j=∑∑  
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LBP (Local Binary Pattern) - a gray scale invariant when 
used for classification shows good performance [19]. LBP 
describes local primitives such as curved edges, points, spot, 
flat areas etc. To generate LBP code for a neighborhood, the 
weight assigned to each pixel is multiplied with a numerical 
threshold.  The process is repeated for a set of circular 
samples. As a result the local binary patterns are said to be 
rotation invariant.  Texture over a neighborhood of pixels 
can be defined as the joint distribution of the gray value of a 
central pixel of the neighborhood say gc

0 1, 1( , , .... )c pT t g g g g −=

  and gray value of 
circular pixels located at distance P.  

 
The local texture pattern of a neighborhood can be 

obtained from the difference of central pixels and each pixel 
in the neighborhood. As the differences are independent this 
joint distribution can be factorized: 

( ) 0 1( ,..., )c c p cT t g t g g g g−≈ − −  
To make this invariant against all transformations the 

signs of the difference are also considered and the overall 
luminance ( )ct g   is ignored as it does not contribute 
anything to texture analysis. 

0 1( ( .... )(),c cpT t s g g s g g−≈ − −

( )
1 0
0 0
x

s x
x
≥

=  <
 

By assigning weight, this difference is converted to a 
Local Binary Pattern Code which is equivalent to the local 
texture. The following expression will generate 2p 

 
LBP 

values for a neighborhood of pixels located at distance p.
1

,
0

( , ) ( )2
P

p
P R c c p c

p
LBP x y s g g

−

=

= −∑  

Where cg is the gray value of a central pixel of the 
neighborhood. The process is repeated for a set of circular 
samples. 

Wavelet coefficients are also used in this study. 
Wavelets are mathematical functions and are widely used in 
computer Vision applications.  The simplest wavelet 
transform is Haar. Haar wavelet is discontinuous and similar 
to a bipolar step function. It provide an orthogonal basis for 
the space L2

( ) 1  t forΨ =

(R) .Consider the following function,  
10  ,
2

t≤ ≤  

1( ) 1   1
2

t for tΨ = − ≤ ≤  

( ) 0  t forΨ = all other cases  
Haar wavelet over the interval [0, 1] can be defined as  

2
, ( ) 2 (2 ),

k
k

k n t t nΨ = Ψ −  

where 0k ≥ and 10 2 .k−≤    
Haar scaling function can be defined as  

( ) 1tΦ = for 0 1, ( ) 0t t≤ ≤ Φ = otherwise  
These two functions together form an orthonormal basis 

for 2 (0,1)L . In this study a 2 level decomposition is 
performed. A 2 level decomposition divides the grayscale 
image into 7 sub bands. The wavelet features from the low 
frequency components are extracted and used for similarity 
comparisons.     The high dynamic range of features may 
wrongly affect the respective significance of features in 
image comparisons and classifications because features with 
larger value may have larger influences in decision making 
than features with small values. To overcome this problem 
features are normalized so that their value lies within (0, 1). 

B.  Multiple Image Query: 
The similarity between the query image and the images 

in the database is obtained by calculating the distance of 
each feature of the query image and database image. In 
general, the distance function of query image and database 
image can be written as, ( , )iD Q P . Where Q is the query 
image, Pj is an image in the database. Q can be single image 
or multiple images. The distance will be minimum for 
highly similar images and will be maximum for highly 
dissimilar images. The distance measure used in this study is 
Euclidean distance. Application of logical operations 
simplifies the retrieval process. For AND operation, the 
resultant image should be similar to both query images. It 
implies that the distance of query image to the database 
images i and j should be minimum. Therefore by taking the 
minimum of maximum distance between Q and database 
image will meet the query condition. The distance function 
is MIN (MAX (D (Qi, Pj))). Where D is the distance, Qi, Pj

IV. EXPERIMENTAL RESULTS 

 
represent the query images and database images 
respectively. 

The proposed system uses 312 mammogram images 
from MIAS database [20]. The images belong to three 
classes namely, 209 normal images, 42 malignant images 
and 61 benign images.  Query images are randomly selected 
from the database. In the first stage of diagnostic process 
radiologist look for the presence of microcalcification 
clusters, masses, breast  asymmetry based on size, density 
and shape, architectural distortion and nature of the 
background tissue. Therefore the CBIR system should work 
with all these kinds of abnormalities mentioned above. To 
satisfy this requirement, the proposed system extracts 
textural features from query images. When the query image 
is given its Eucledian distance with database images are 
calculated and sorted. The result of single image query with 
a malignant image is given in Fig: 3. Among the retrieved 
images, six are malignant and four are benign. The retrieved 
images resemble both the query images when the AND 
operation is used. The result is shown in Fig: 4. Among the 
images retrieved, eight are malignant and two are benign. 
This clearly shows the improvement in using multiple image 
queries.  
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Figure 3.  Result of Single image query-malignant image  

 

Figure 4.  Result of AND operation between two Malignant Mammograms 

The performance of the retrieval system is evaluated 
using precision and recall. Precision is the ratio of the 
number of relevant images retrieved to the total number of 
images retrieved, whereas recall is the ratio of the number of 
relevant images retrieved to the total number of relevant 
images in the database.  The precision and recall values for 
multiple image queries are far better than single image 
query. The decrease in recall value for different query 
combination is due to the class imbalance problem.  The 
number of normal images in database is high than malignant 
and benign images. Therefore the recall value also shows 
some difference 

Table 1.Precision and recall  for multiple image and single image queries 

 

V. CONCLUSION AND FUTURE WORK 

In this paper, an efficient Content Based Medical Image 
retrieval System using multi query example is proposed .The 
system is tested with mammogram images. The features of 
both query images and database images are calculated and 
compared for similarity or dissimilarly. Depending on query 
condition a group of images are retrieved. The use of 
systems that support multi– image query promises better 
results than single image query system. The system assists 
radiologist in diagnosing cases where the difference between 
benign and malignant images are marginal.  The retrieval 
accuracy can be increased by query refinement by collecting 
feedback from user which makes this more user oriented.  
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