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Abstract

A content based approach is followed for medical images. The purpose of this study is to access the
stability of these methods for medical image retrieval. The methods used in color based retrieval for
histopathological images are color co-occurrence matrix (CCM) and histogram with meta features.
For texture based retrieval GLCM (gray level co-occurrence matrix) and local binary pattern (LBP)
were used. For shape based retrieval canny edge detection and otsu‘s method with multivariable
threshold were used. Texture and shape based retrieval were implemented using MRI (magnetic
resonance images). The most remarkable characteristics of the article are its content based approach
for each medical imaging modality. Our efforts were focused on the initial visual search. From our
experiment, histogram with meta features in color based retrieval for histopathological images
shows a precision of 60 % and recall of 30 %. Whereas GLCM in texture based retrieval for MRI
images shows a precision of 70 % and recall of 20 %. Shape based retrieval for MRI images shows
a precision of 50% and recall of 25 %. The retrieval results shows that this simple approach is
successful.

Keywords: Content based image retrieval; medical imaging; medical imaging modalities;
color; texture; shape.

Introduction

Medical images support clinical decisions in health care centers. A content based approach is
usually followed for medical images. The contents of an image have to be carefully extracted,
classified with efficient techniques for easy retrieval. Contents in an image can be of various forms
like, texture, color, and shape etc of which shape is regarded as the most efficient metric. The
color, texture and shape based features extraction has already proven previously by researches. The
reason for carrying image retrieval in medical images is because, the images in the database has
some specific characteristic. Medical images more over have a formulaic composition for each
modality and anatomic region. Hence the features were selected on the basis of their performance
and this is the significance for carrying this work. For effective content based medical image
retrieval, the search should be confined. Because medical images differ from one other, and also
approaches should be selected according to the imaging modality and it can adopt that modality
only. This is the major drawback in CBMIR. But the results found to be very accurate on those
methods. On the other hand, it is well known that the diagnosis process in medicine in these days
is mainly based on knowledge of diagnosing. There also some difficult issues to be deal with when,
image knowledge contents have to be organized for retrieval tasks. Medical imaging in retrieval
plays an important role in diagnostic purpose in medicine. Imaging modality is an important visual
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characteristic that can be used to improve the retrieval performance. Medical images are usually
fused, subject to high inconsistency and composed of different minor structures. So there is a
necessity for feature extraction and classification of images for easy retrieval. Medical images have a
unique characteristic in that their contents always reflect pathological attributes or symptoms for
specific diseases. Image classification is often used to group the similar features based on their
contents [9] [13]. The main objective of the work is to retrieve the images from huge volume of
medical databases with high accuracy by performing feature extraction, classification process. These
retrieved medical images play a pivotal role in surgical planning, medical training, and patient
diagnoses.

The aim of this experimentation is to include this domain specific knowledge to improve the
performance of medical CBMIR system. In this article, color based feature extraction made
possible by implementing CCM and histogram techniques and texture based image retrieval made
possible by GLCM and LBP. Shape based retrieval by using canny edge detection algorithm with
otsu’s method. The remainder of this paper is organized as follows. Section 2, describes the
methodology for our approach using CBMIR. In section 3 the framework for feature extraction in
content based medical image retrieval were presented. A detailed experimental comparative analysis
is presented in section 4 followed by discussion and is proceeded by a conclusion in section 5.

Methodology

Main intention of CBIR is efficient retrieval of images from a huge image database based on
some automatically extracted features. Visual similarity is a subjective combination of several
observable features such as color, texture and shape. These features are extracted from properties
such as color, texture and shape of query image and also from the various images in the database.
This section describes the methodology used for retrieval. Based on some common parameters
evaluated from the feature, the relevancy between the query image and the database image are
arranged accordingly. A typical CBIR system for retrieving images from database based on their
similarity to the input images consists of four main steps. First step, is giving the query image
selected from the database created. Our database is created using histopathological and MR
images. Second step is feature extraction using the prescribed method. Third step is calculation of
similarity metric for effective retrieval. Finally, the images related to the query image found in the
database were retrieved effectively. Before performing retrieval, one has to choose these categories.
The database created should also follow these criteria. For different categorization, categories
oriented database can be created. Here the database is created by considering the above categories,
anatomical regions with 2-D images were considered with monomodal magnetic resonance images
.The head, thorax , abdomen, pelvis, perineum , limbs and spine and vertebrae falls under the
object category.

Color Based Retrieval for Histopathological Images

Color image is divided into N X N image sub-block, for anyone image sub-block Tj; ; (7 < i<
N,7 <j = N), by main color image extraction algorithm to calculate the main color Cj; .

The statistic features extracted from CCM are as follows: Through this method, 8 dimensional
texture features for component R, G in RGB color space and H in HSV color space is obtained.
Each component correspond to two statistic values E and S as Function [RE, RS, GE, GS, HE,
HS, VE, V§].

For E = Yfor(i=1, D),

Energy = Y Y [m(.j0)]? M
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For$ = ¥ (i, D),(j, D),
Entropy S = Y'Y m(,j) log[m(.)] @

where, if m(ij) = 0; log[m(i,j) = 0]

Histogram with Meta Features Retrieval for Histopathological Images

Histogram features have been traditionally used in content based image retrieval to calculate
similarity measure and to rank the images [2] . The following histogram features were used.
Gray histogram: Luminance intensities in a 256 gray scale.
Color histogram: In the RGB color model with a partition space of 8X8X8.
A set of meta features are calculated from the information of each histogram as follows (k is a
index for histogram bins).
Skewness: P the third central moment,

e ®

Kurtosis: the fourth central moment

4o @
Mean:
2xkh(k) ©)

All Meta features were calculated on each of the two histogram features, which amounts to a
total of 8 meta features per image.

Texture Based Retrieval

Texture in CBIR is classified under two categories. First, an image can be considered to be a
mosaic which consists of different texture regions. These regions can be used as examples to search
and retrieve similar areas. Second, if medical images are represented in gray level, texture becomes a
crucial feature, which provides indications about scenic depth, the spatial distribution of tonal
variations, and surface orientation. For texture based medical image retrieval two approaches were
followed. The first approach is based on Gray level co occurrence matrix and the second approach
is based on local binary pattern.

GLCM based retrieval for MR images

GLCM creates a matrix with the directions and distances between pixels. Its level is determined
by image gray level [1]. GLCM is composed of the probability value and is given in below equation
(6). GLCM texture feature is determined by the correlation of the couple pixels in gray-level at
different positions.

Two features were selected, it includes energy and entropy and is given in equation (1) and (2)
and is used in feature extraction using GLCM. The matrix Pi/ 4,6)denotes the distance between
pixels (x1,y1) and (x2,y2).Elements in the matrix were computed by following equation.

p(i,j,d,6) o
>0y 700, },.6)

p(i, J..d,0) =
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LBP for MR images

Local Binary Pattern (LBP) is an intensity invariant texture descriptor with low computational
complexity. The original LBP operator describes the texture in the image by thresholding the
neighborhood with the gray value of its center pixel and then representing the result as a binary
code [5]. The LBP operator as two-dimensional surface textures can be described by two
complementary measures. They are local spatial patterns and grey scale contrast. The original LBP
operator gives labels for the image pixels by thresholding the 3 x 3 neighborhood of each pixel with
the center value and summing the threshold values weighted by powers of two which is a binary
number [4]. The LBP value for the center pixel (a,b) of the image f (a,b) is calculated using the
equation (7) . Where U(x) is the thresholding function and is defined in equation (8).

LBP(a,b) = iU(f(a,b) —f(ai, bi))2' %
, x20
Ux)=f(x)= {o <0 (®)

Shape Based Retrieval

Shape is an important and most powerful feature used for image classification, indexing and
retrievals [3]. In this work, the edge information in the image is obtained by using the canny edge
detection with otsu’s method.

Similarity Retrieval

Medical CBIR calculates the visual similarities between a query image and images in a database
for exact matching for diagnosis. Accordingly, the retrieval result is not a single image but a list of
images ranked by their similarities with the query image. Many similarity measures have been
developed for image retrieval based on the distribution of features. Different similarity distance
measures will affect the retrieval performances of an image retrieval system significantly. The
Euclidean distance measure is best for CBMIR based matching. To calculate the Euclidean distance
between the query image and the images of the database the formula given in equation (11) is used.
This technique can be implemented using MATLAB software. Similarity measure is to retrieve
images. Here Buclidean similarity measure is implemented. CBIR system ranks similarity in
descending order and then returns relevant images that are most similar to the query images. The
direct Euclidean distance between an image P and query image Q can be given as follows,

Euclidean Distance = \/Z(vpi—vqi)z where i= 1 to n )

Experimental Results and Discussion

A computer supported by Intel core processor has been used for conducting the experiments.
The developed user interface components with database of medical images serving as front end.
MATLAB 7.10.0- image processing toolbox- workspace was used as feature database for storage as
backend and for image processing work other MATLAB 7.10.0 utilities were used for mathematical
equations. Math type tool was also used for writing document. Initially, MATLAB 7.10.0 workspace
database with 1500 medical images were used for testing the proposed CBMIR system. These
images were acquired without any imaging artifacts. This might be seen lesser, But the view carried
by this is, no toolkit has been used, no browsers were needed, an easy interpretation and
representation is possible only with limited number of images. But this is not the restriction in this
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work. The scenario for a physician diagnosing a patient and observing a new result of an imaging
exam wishes to fetch from the database visually similar images that have been already pre-
diagnosed by him/her or others. The important section in this work is this experimental setup. The
results obtained were given below. The results show the effectiveness of our experimental setup.

Discussion

The color based medical image retrieval is made possible by feature extraction in step (1) and
(2). Table (1) shows the retrieval performance of retrieved images and table (2) shows the
evaluation made form table (1). It is evident that histogram with meta features outperforms CCM
with precision of 60 % and recall of 30% with higher efficiency and lesser error rate. Fig (1) shows
the retrieved images using CCM and is evident that its performance is lesser found from the visual
observance and for evaluation. The reason for CCM result found to be worse than histogram with
meta features is, CCM uses only a feature set of 8 features and is exactly in RGB and in HSV space.
Morteover this also concentrates on color and texture region. This concentration of texture is
similar to GLCM. Whereas histogram with meta features also uses a feature set of 8 features but the
features were directly extracted from the images not considering the space. This meta features
calculated from the images concentrate on whole image. The histopathological images differ from
other medical images by its distribution of concentration of texture, color and region of interest.
This is reason for the higher efficiency in the retrieval of histogram with meta features for
histopathological images. In texture based image retrieval GLCM outperforms LBP with a precision
of 70% and recall of 20% moreover with higher efficiency and lesser error rate. LBP depends on
intensity related texture descriptor whereas GLCM depends on texture orientation of pixels. This
characteristic of texture orientation makes GLCM to perform better in retrieval of MR images
where concentration of texture found to be greater. In shape based medical image retrieval shape
alone cannot be a feature considered for retrieval. Usually for medical images shape based retrieval
is not widely used as a major criteria. So for this curious problem faced by the researches [3], in this
work have combined canny edge which is suitable for shape based medical image retrieval and
otsu’s method which is significantly used for multivariable thresholding is used. This has proven
the effectiveness with a precision of 50% and 25% of recall. Fig 1, 2 and table 1, 2 shows the details
of retrieved images using color based retrieval for histopathological images. Fig 3, 4 and table 3, 4
shows the details of retrieved images using texture based retrieval for MRI images. Fig 5, 6 and
table 5, 6 shows the details of retrieved images using shape based image retrieval for MRI images.

Figure 1. The retrieved images using CCM (a) Shows the extraction of color features.
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(®)

Figure 1. The retrieved images using CCM (b) shows GLCM based feature extraction (c) shows
CCM based feature extraction (d) shows COLOR features + GLCM based feature extraction (e)
shows COLOR features+ CCM based feature extraction. The top most image is the query image.
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Figure 2. Retrieved images using histogram with multi feature extraction. The top most image is

the query image.

Table 1. Retrieval performance of color based retrieved images

Time taken for

Color based feature Relevant Irrelevant . . .
. . . Actual image| retrieval in
extraction image image seconds
CCM 4 5 1 3
Histogram with multi 6 3 1 2

feature extraction

Table 2. Evaluation of the retrieval performance of color based retrieved images

Color based feature

extraction
CCM

40

Precision

20

Recall

Efficiency
40

Error rate

90

Histogram with multi

feature extraction

60

30

60

30
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Figure 3. GLCM based feature extraction for retrieval of medical images

Figure 4. LBP (local binary pattern) based medical image retrieval and the topmost image is the

query image common for both GLCM and LBP.

Table 3. Retrieval performance of texture based retrieved images

Texture based feature Relevant Irrelevant Actual Time taken for
extraction image image image retrieval in seconds

GLCM 7 2 1 2

LBP 3 6 1 2

Table 4. Evaluation of the retrieval performance of texture based retrieved images

Texture based feature extraction Precision Recall Efficiency Error rate

GLCM 70 20 70 20
L.BP 30 15 30 60
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Figure 5. Retrieved images of CANNY EDGE with OTSU’s method and topmost image is the
query image.

Table 5. Retrieval performance of shape based retrieved images

Texture based feature Relevant Irrelevant Actual Time taken for

extraction image image image retrieval in seconds

CANNY EDGE with 5 3 2 5
OTSU’s method

Table 6. Evaluation of the retrieval performance of shape based retrieved images

Texture based feature extraction ‘ Precision Recall Efficiency Error rate ‘
CANNY EDGE with OTSU’s method | 50 25 50 30

Conclusion

The goal of this experimentation is to provide an effective means for organizing large
collections of medical images. This requires an intelligent system, medical image retrieval using
CBMIR which have the ability to recognize, capture, and understand the complex content of
medical images. Despite of our accurate experimental results medical content-based image retrieval
still has a long way to go and more efforts are expected to be devoted to this area. Ultimately, a
well-organized image database is created, accompanied by an intelligent retrieval mechanism. This
will support clinical treatment, and provide a basis for better medical research and education.

List of abbreviations
Computed Tomography (CT)

Magnetic Resonance Imaging (MRI)
Gray Level Co-occurrence Matrix(GLCM)
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Color Co-occurrence Matrix (CCM)
Local Binary Pattern (LBP)
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