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Abstract: CBIR is the application of computer vision techniques to the image retrieval problem, which deals with problem of searching 
digital images in a huge database. CBIR deals with the process of retrieving similar images from a large data collection on the basis of their 
syntactical image features. This paper proposes a comparative study of efficient techniques for retrieval of medical images based on their 
visual content which are transformation invariant. The system takes the query image as input and retrieves images that are visually similar 
to the query. Image similarity is measured based on feature vector of gray-level intensity of each image and also based on number of 
matches based on the feature descriptor of local features. The System compares the query image with all the database images by extracting 
features out of them and will use an image similarity measure. The similarity measure will measure the similarity between the images in 
dimensions as color. An efficient and accurate retrieval is proposed by combining both low level features like histogram and high level 
features like SIFT, SURF to retrieve images which are invariant of scale, rotation and translation. By comparing different results some 
improved performance were observed using the proposed system. 
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1. Introduction 
 
Interest in the potential of medical images has increased significantly over the last few years, usually needed by researchers 
working on huge enormous data collection of varied data. Scanned images in various modalities are kept for diagnosis and 
research purpose in medical department.  Researchers will look forward to retrieve similar medical images taken from 
different views like Axial, Sagittal and Coronal View.  
 

Content Based Image Retrieval (CBIR) techniques extract low-level features such as color, texture and shape to 
measure the similarities among images by comparing the differences between the features. There is a growing interest in 
CBIR because of the limitations inherent in metadata-based systems, as well as the large range of possible uses for efficient 
image retrieval. Retrieval of images using textual information can be easily searched using existing technology, but it requires 
a human to describe each image in the database manually which is a hectic task. This is impractical for large databases of 
medical images that are generated from different patients. It is also possible to miss images that use different synonyms for 
their descriptions. 
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Figure 1: Typical flow of CBIR 

 
    CBIR makes use of various visual features of image such as color, shape, texture, etc. to retrieve user required image from 
large image database according to user’s requests in the form of a query image. During retrieval, the features of input image 
are compared with the features of each and every database images using an image similarity metric.  
 
CBIR typically involves two steps: 

i) Feature Extraction  
ii)  Feature Matching 

Feature Extraction is a special form of dimensionality reduction used to transform the input data into a reduced representation 
set of features.  
Feature Matching is based on the number on how close a feature vector is to another vector, where feature vector is a 
collection of values whose each value represents a measurement of a specific characteristic of an image. 
 

The retrieved results are dependent of both features extracted and the similarity metric. Several similarity metrics like 
Normalized Cross Correlation, Bhattacharya Coefficient, Normalized Correlation Coefficient and Mutual Information etc. are 
used for measuring similarity between the feature vectors [5]. In content-based image retrieval systems, Cross Correlation 
metric is typically used to determine similarities between a pair of images. 
 

In this paper a new method is proposed for accurate retrieval of medical images. Both local and global feature 
extraction techniques are looked into for image similarity matching and various image similarity metrics and descriptor 
matchers are experimented for comparing image similarity. 
 
The rest of this paper is organized as follows: 
 In Section 2 an introduction to the proposed system is given. In Section 3 the feature extraction of the system is discussed, in 
Section 4 a comparative study is made of the various image similarity metrics used, in Section 5 the experimental results are 
analyzed and in Section 6 conclusion and summary of the work is given. 
 
2. PROPOSED SYSTEM:  

The proposed method works progressively in these 3 phases: 

 i) Pre-processing 
 ii) Feature Extraction phase. 
iii) Retrieval phase.  
 
Pre-processing phase dealt with the data set collection of medical images captured in various views like Axial, Sagittal and 
Coronal. Various image modalities like MR, CT, SPECT images are analyzed. Dataset images were resized to a standard size. 
Edge detection techniques like canny edge detector and image shape filters like Sobel and Gaussian filter are tried out to 
detect edges. 
 
Feature Extraction phase dealt with transforming the input data into a set of unique features called as Feature Extraction. 
Feature Extraction enabled to derive a set of feature vectors, also called descriptors, from a set of detected features. In this 
phase feature vectors of the query image and dataset images are extracted. Histogram features are extracted as global features 
and keypoints are extracted as local features 
 
Retrieval phase deals with several techniques which allows users to search for images containing objects in defined spatial 
relationships with each other. In this phase based on some Image similarity metrics, the relevant similar images are retrieved. 

This thesis starts off with finding the Normalized Cross Correlation between two medical images by comparing pixel 
value of each image with corresponding pixel value in the target image. Later Bhattacharya Coefficient is tried which gives 
you the measure of similarity between the probability density function of two images which is transformation invariant. Then 
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more robust and transformation invariant are looked into for matching of corresponding points or regions between images 
using robust matchers like SIFT and SURF. 
The proposed system expects the images to be of standard or else will resize the images. Global features are extracted from 
the images and a similarity metric is used to retrieve relevant images. Then the retrieved images local features are extracted 
and top ten ranked images are retrieved 
A comparative study of different techniques used for retrieval of medical images based on Image Similarity measure and the 
type of descriptors used is made. 
 

 
Figure 2: Flowchart of proposed system 

 
Proposed System and its Advantages 
Compared to the existing systems, the proposed system will find near-exact matches based on similarity on some of the visual 
features. 
Our system will look into both local and global feature extraction techniques and for image similarity matching try various 
image similarity metrics and descriptor matchers for comparing image similarity. 
This system will offer more support for an accurate retrieval of medical images with various modalities captured in various 
views. 
 

3. Feature Extraction 

Feature Extraction enables you to derive a set of feature vectors, also called descriptors, from a set of detected features. 
 
Features can be classified into:  
i) Global features-Histogram feature 
ii) Local features- SIFT and SURF  
 
Histogram Feature 
Histogram is a graph or plot; it gives us an overall idea of the intensity distribution of an image Histogram feature is extracted 
and stored as a list of 256 bin values. These values can be used as a feature vector. When the histogram of an image is 
extracted, only a few properties of the image may be extracted that may be applied or exploited in various ways.  

Given two images, the reference and the input image, histogram is computed, as it is an effective feature descriptor. 
Once the histograms are normalized, they become comparable which makes the feature description effective and usable.  
 
ii) Local features - SIFT and SURF  
SIFT (Scale Invariant Feature Transform) Feature 
A SIFT feature is a selected image region termed as a Keypoint. Keypoints are extracted by the SIFT detector and their 
descriptors are computed by the SIFT Descriptor.SIFT keypoints are represented by a geometric frame of four 
parameters: the keypoint center coordinates x and y, its scale and its orientation. The SIFT feature is invariant to 
translation, rotations and re scaling of the image. SIFT features has dimensional vector of 128 dimension. The keypoint 
orientation is determined from the local image appearance and is covariant to image rotations. SIFT algorithm is 
explained briefly in [4]. 
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The parameters which influence the detection of SIFT keypoints are done by searching keypoints at multiple scales 
and obtaining a “Gaussian scale space”[2] which is just a collection of images obtained by continuously smoothing the query 
image. Then Difference of Gaussians (DoG) is used for locating scale-space extrema, �(�,  �, �) by computing the difference 

between two images, one with scale k times the other. D(x, y, σ) is then given by:    �(�,  �, �)  =  
(�,  �, ��)  −
 
(�,  �, �)          (1) 

To detect the local maxima and minima of D(x, y, σ) each point is compared with its 8 neighbors at the same scale, 
and its 9 neighbors up and down one scale. If this value is the minimum or maximum of all these points then this point is an 
extrema. 

SURF (Speed Up Robust feature)  

SIFT was comparatively slow and people needed more speeded-up version. In 2006 Bay, Tuytelaars and Van Gool, published 
another paper, “SURF: Speeded Up Robust Features” [3] which introduced a new algorithm called SURF. As the name 
suggests, it is a speeded-up version of SIFT.  

In SIFT; approximation of Laplacian of Gaussian (LoG) was done using Difference of Gaussian (DoG) for finding scale-
space. SURF goes a little further and approximates LoG with Box Filter. And this can be done in parallel for different scales. 
SURF relies on determinant of Hessian matrix for both scale and location. 

SURF uses Wavelet responses in horizontal and vertical direction .A neighborhood of size 20sX20s is taken around the 
keypoint where s is the size. It is divided into 4x4 sub regions. For each sub region, horizontal and vertical wavelet responses 

are taken and a vector is formed which is given by:  = (∑ �� , ∑ �� , ∑ |��| , ∑ |�� |)                           (2) 

,which gives SURF feature descriptor with total of 64 dimensions. The speed of computation and matching increases as 
dimensions are lowered, but provides better distinctiveness of features. Another important improvement is the use of sign of 
Laplacian (trace of Hessian Matrix) for underlying interest point. It adds no computation cost since it is already computed �� 
during detection. The sign of the Laplacian distinguishes bright blobs on dark backgrounds from the reverse situation.  

4. Various Image similarity metrics used for Matching 

Similarity metric is used to measure the degree of alignment between the two involved medical images.  
 
Image similarity metric are grouped into: 
i) Intensity-based metrics 
ii) Feature-based metric 
 
i) Intensity-based metrics are calculated by the intensity values in the images. In this thesis, the global features are compared 
between two images .The intensity-based metrics used for comparison of similarity between images are: 
 
a) Normalized Cross Correlation Coefficient  
 It’s a simple metric which is used for comparison of image areas. It's more robust than the simple Euclidean distance. It can 
work well with images with low intensity, but doesn't work on transformed images and you will need a threshold to determine 
the inclusion or exclusion of a match. Perfect match gives us a value 1. The images can be first normalized at every step by 
subtracting the mean and dividing by the standard deviation. The Normalized cross-correlation of an input image, �(�, �)with 
a reference image  �(�, �)  is given by:   

�
�

∑ (�(�,�)��̅   )(�(�,�)��̅)

����
�,�              (3) 

Where � is the number of pixels in   �(�, �) and  �(�, �),  � � is the average of  � and �� is standard deviation of  � and 
respectively � � is the average of  � and �� is standard deviation of  � . 
 
b) Normalized Correlation Coefficient  

NCC=     ��
 �!

|��| |�!|
                                                 (4) 

The expression above is referred to as the Normalized Correlation Coefficient and is used for measuring the extent to which 
two samples, in our case the vectors y1 and y2 are linearly related. When the absolute value of the Normalized Correlation 
Coefficient equals 1, then there is a linear relation between the two samples, while on the other hand, when the value of the 
normalized correlation coefficient equals 0, then the two samples have no linear relation. Higher the absolute value of the 
coefficient, there will be a stronger linear relation between the two samples. The absolute value of the normalized correlation 
coefficient is used for computing the matching score between the input image and reference image. 
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c) Bhattacharyya Coefficient   
Bhattacharyya Coefficient gives us a measure of the amount of overlap between two statistical samples or populations. 
Bhattacharya Coefficient measures the similarity between probability density function of two images. It works well with 
transformed images, but here also you will need a threshold determine the inclusion or exclusion of a match. Bhattacharya 
Coefficient is defined by:   

 Bhattacharyya Coefficient=∑ "(∑ #$ . ∑ &$)'
$()            (5) 

Where the samples are  * and+, , is the number of partitions and ∑ #$,  are the number of members of samples * and + in 
the -′�/ partition. 
 
ii) Feature-based metric depends on the image features such as points, curves, surfaces and derived vector features extracted 
from the images. The geometrical distance between the extracted features are minimized and calculated for similarity. Based 
on the number of matches between two images we can determine the inclusion or exclusion of a match. The Descriptor 
matchers used in this paper is Brute-Force matcher which is simple. It takes the descriptor of one feature in first set and is 
matched with all other features in second set using some distance calculation. And the closest one is returned. 
 
 

5. Results  

In this proposed work the system takes the query image as input and retrieves images from the datasets that are visually 
similar to the query. The query image is compared with a dataset of 542 scanned medical images captured in various views. 

Several distance measures are used to calculate the similarity between the test image and dataset images; based on a 
certain threshold top ten ranked similar images are retrieved. 
A comparative study of various image similarity metrics and algorithms are done for retrieval of medical images. The results 
got are evaluated based on the Precision value, where Precision is defined by: 
 

Precision=  01�23 '45678 1� 873792'� $�75: 87�8$797;
0123 <45678 1� $�75: =7�8$797;

  (6)    

 
Table 1: Comparing various image similarity measures and algorithm for Image Retrieval. 

 

 
 
 

 
Figure 3: Precision values for various metrics/algorithms given a Translated query image 
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Figure 4: Precision values for various metrics/algorithms given a Rotated query image 

 
Figure 5: Precision values for various metrics/algorithms given an Intensity Difference query image 

 
 
6. Conclusion 
In this thesis, a comparative study of efficient techniques was made for retrieval of CT-Scan Medical Images based on their 
visual content which are transformation invariant.  Both local and global feature extraction were looked into and matched 
using various Image similarity metrics and descriptor matchers. Combining both low level features like pixel intensity based 
and high level features like SURF, images which are invariant of scale, rotation and translation; accurate images were 
retrieved from the database. 

  
There are lots of issues to be considered when it comes to accurate retrieval of medical images of various modalities 

captured in different views.  
Histogram does not take the spatial information of pixels into consideration, thus very different images can have similar color 
distributions. Although Normalized Cross Correlation can work well with images of low intensity, but it doesn't work well on 
transformed images. 
Bhattacharya Coefficient doesn’t work for images with more intensity difference. 
Normalized Correlation Coefficient works well for rotated and images with intensity difference, but it doesn’t work for shifted 
images. 
 Although SIFT is a robust matcher, for our dataset images it doesn’t find enough keypoints and doesn’t work well for curved 
corner images. 
SURF is a fast matcher and it detects many interest points, but some irrelevant points have to be removed. 

The experiment results shows the proposed similarity matching technique achieves good Image matching accuracy by 
combined features of global and local features than considering other standard  distance metrics individually. 
CBIR approach provides semantic retrieval, but effective and precise techniques still remains elusive. 
Future scope for the application is that it can be used to classify medical images based on its content. The system can be used 
to retrieve various other modalities of medical images like SPECT and MRI. The retrieved images can be used to help the 
researcher in registration of medical images. 
The proposed combined matcher can be used to retrieve images with more transformation effects and using priori information 
regarding the ‘organization’ of the images in the database can be exploited to speed up the retrieval process.    
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