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Abstract 
This paper describes a method of retrieving stereoscopic medical images from the database that consists of feature 
extraction, similarity measure, and re-ranking of retrieved images. This method retrieves similar images of the query 
image from the database and re-ranks them according to the disparity map. The performance is evaluated using the 
metrics namely average retrieval precision (APR) and average retrieval rate (ARR). According to the performance 
outcomes, the multi-feature based image retrieval using Mahalanobis distance measure has produced better result 
compared to other distance measures namely Euclidean, Minkowski, the sum of absolute difference (SAD) and the sum 
of squared absolute difference (SSAD). Therefore, the stereo image retrieval systems presented has high potential in 
biomedical image storage and retrieval systems. 

Key words: stereoscopic image retrieval; feature extraction; similarity measure; disparity map; average retrieval 
precision; average retrieval rate. 

 
Introduction 

Recently, stereoscopic imaging systems have become popular 
in the field of biomedical sciences after the effective usages in 
breast cancer screening and diagnosis, and also guided 
surgeries [1,2]. In the therapeutic field, a large volume of 
stereo images needs to be stored as well as retrieved to give the 
required information at the right time in order to improve the 
quality and effectiveness of the clinical process. The content-
based image retrieval (CBIR) has been widely used in many 
applications to retrieve image information from the database 
that uses features such as keyword or tag and domain-specific 
features [3]. Several works related to medical CBIR have been 
shown in the literature [4,5]. However, most of the works 
aimed at a particular imaging modality and also task-specific 
[6]. 
 Stereoscopic image retrieval (SIR) is considered as one of 
the most challenging works since they involve the nature of 
imaging device, modality, and complexity, and comparatively 
few works have been reported. For example, Ayoub Karine et 
al. have developed a new SIR system based on complex 
wavelet coefficient and evaluated the performance in terms of 
time, cost and the retrieval rates [7]. Yang Cao et al. have 
proposed an automatic tag saliency-ranking algorithm for 
stereo images [8]. In this paper, a novel method has been 
proposed to segment the two images into meaningful regions 

and then, the multi-instance learning algorithm is used to 
annotate tags on region-level. These tags are re-ranked 
according to 3-D saliency values. A. Chaker et al. proposed the 
two-retrieval method based on visual contents and the disparity 
information of the stereo images [9]. In this work, univariate 
and bivariate models are used separately to retrieve the images. 
The datasets used in most of the works are taken from natural 
scenes, objects and SPOT5 scenes. To the best of our 
knowledge, there is no work reported in medical SIR. In this 
paper, we have presented the SIR system for medical images. 
This paper is organized as follows: section II describes the 
methods used in the retrieval method; section III presents the 
performance outcomes and the conclusions are given in section 
IV. 
 

Methodology 

The system for medical stereoscopic image retrieval 
framework is shown in Figure 1. The dataset of medical stereo 
images has been created by Carestream workstation that consist 
of volume rendered MRI and CT anatomical images with 
different resolutions. The features such as color, texture and 
disparity map of all the images are extracted to create a feature 
database. In order to retrieve the image, the same features are 
obtained from the query image and compared with the feature 
vectors in the database. 
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Figure 1. Block diagram of medical stereoscopic image retrieval. 

 

Figure 2. Retrieval results of proposed method on volume rendered stereoscopic database. 

 

The similarity between the query image and database is 
determined and ranked according to highest similarity index 
value. Finally, the disparity map is used to re-rank the similar 
images for refining the result in order to increase the efficiency 
of the system. 
 

Feature extraction 

In general, the performance of an image retrieval system highly 
relied on the selection of feature extraction techniques and 
similarity measurement schemes. In this work, the features 
such as HSV color histogram [10], auto color correlogram [11], 
Gabor, wavelet [12] and Weber local descriptor [13] are 
extracted separately from left and right images. The disparity 
map [14] has been generated by determining differences 
between left and right images and then smoothed by applying 
the averaging filter. 
 

Similarity Index 

The similarity between the features query image and the 
database has been determined by comparing the feature vector 
of a query image and the database images. 

Let ),....,( 21 qKqqq xxxx =  is the feature vector of a query image 

and ),....,( 21 jKjjj xxxx = is the feature vector of jth image in the 

database. The similarity between �� and �� is obtained as 
follows: 

),()......,(),,(( 2222111 jKqKjqjqqj xxfxxfxxfgS =  Eq. 1 

Where (.)f gives the similarity between the individual feature 

vector and (.)g gives the weighted sum of the similarity vectors. 

The similarity index has been determined using the metrics 
namely Euclidean, Minkowski, Mahalanobis, SAD, and SSAD 
[15]. Based on the similarity value, the images in the database 
have been ranked. Further, the images ranked are refined using 
the disparity map of the query image and the ranked images as 
follows: Let qD and �� 	are the histograms of the estimated 

disparity map of the query image and jth image in the database. 
The consistency between	�� and	��, and ��� 	are then used to 

re-rank the retrieved images as follows: 

qjjqqj SDDS ),(' π=  Eq. 2 

Here, ��. 
 is the distance between two functions. 
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Figure 3. Comparison of retrieval results of Similarity Measure Methods in terms of Average Retrieval Rate and Average Retrieval 
Precision. 

 

Results 

The performance of the SIR method has been evaluated using 
the metrics namely precision (P), average retrieval precision 
(APR), recall (R), and average retrieval rate (ARR) [16-18]. In 
this paper, a total of 850 stereogram images with different size 
and resolution are used in the evaluation process. The size of 
the image varies from 620kB to 9.5MB and resolution varies 
from 1430×678 to 3083×1121. These images are separated as 
per the organs namely brain, chest, arm, leg, stomach and 
nerves. The features are extracted from these images and stored 
in the feature database. During the image retrieval process, the 
features of the query image are obtained and compared with the 
database feature in order to determine the similarity index. The 
result is ranked according to the maximum similarity value. 
Further, the outcome is re-ranked using the disparity map. For 
example, a volume rendered CT scan image of Intraosseous 
lipoma in the calcaneus is used as a query image and the 
similar retrieved images are shown in Figure 2 in which the 
first ten images are displayed. The retrieved images are similar 
to the query image. 
 The performance metrics are measured for different query 
images and the corresponding retrieved images. Figure 3a 
shows the plot between the number of images retrieved and 

ARP. According to the performance outcomes, Mahalanobis 
distance measure has produced ARP value of 78.2% when the 
number of the retrieved image is 20. At the same time, the ARP 
value is slowly decreased when the size of the retrieved image 
set is increased. A similar scenario is noticed for other distance 
measures. However, the rate of reduction in ARP value is 
comparatively high when compared with distance measures 
namely Minkowski, SSAD, and Euclidean. Figure 3b shows 
the plot between the number of top matching images and ARR. 
Here, the Mahalanobis distance measure shows comparatively 
the best performance among other similarity measures. 
 

Conclusion 

In this paper, we have presented a stereoscopic image retrieval 
system for the medical application. This system consists of 
feature extraction, similarity measure, and re-ranking of 
retrieved images. The performance of the system has been 
evaluated by using the metrics namely APR and ARR. Based 
on the performance outcomes, the Mahalanobis distance 
measure has produced better results when compared to other 
distance measures. Therefore, the SIR systems described in this 
paper has a high value in the field of medical image retrieval. 
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