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Abstract- In this work, an effort has been made to automatically detect the abnormality present in the X-ray 

images. Six different classes of X-ray images are taken chest, spine, foot, palm, head and neck, and these X-ray 

images are collected from Raja Muthaiya medical college hospital Annamalai nagar and some of the images 

from Salem government medical college. The framework proposed in this paper involves the following: The 

images are preprocessed using M3 filter and the region of interest is found out by Expectation Maximization 

Algorithm and the most relevant  Discrete Wavelet Transform (DWT) features were extracted from the 

segmented region. Support Vector Machine (SVM) and Extreme Learning Machine (ELM)  are used to classify 

the normal or abnormal X-rays. SVM with DWT features produced better results which gave an accuracy rate 

88.60% then ELM classifier  

Keywords: M3 filter, Expectation Maximization,  Discrete Wavelet Transform (DWT), Extreme Learning 

Machine (ELM) and Support Vector Machine (SVM). 

 

1. INTRODUCTION 

 Medical imaging plays a key role in the early 

detection and treatment of medical diagnosis. It 

gives most significant information to the 

physicians and radiologists for treating various 

ailments of the patients. Over the past decades, the 

growth in the field of medical imaging has been 

incredible and exponential. This enables the 

experts of the medical field in treating various 

diseases and aids in diagnostic procedures 

efficiently. Thus, digitization in the field of 

radiography has already undergone sea changes in 

terms of depicting the structural modalities and 

their abnormalities. Abnormalities may be present 

in any of the specified organs of the human body. 

Radiography images are usually based on the 

visual inspection, which are of late replaced by 

using the state-of-the-art technologies such as 

computer aided detection / computer aided 

diagnosis so as to increase the speed and accuracy 

of diagnosis. With the advancements in computing 

techniques, there are umpteen procedures in the 

automatic detection of abnormalities. It is a well-

known fact that there is no common method that 

can be applied to analyze or process the detection 

of Abnormalities. In line with them, this paper 

focuses in developing an automated technique to 

detect the abnormalities in an efficient way. In this 

work, for abnormality detection, six classes of X-

ray images are taken, viz. foot, skull, palm, neck, 

chest and spine, each consisting of 30 images 

including both normal and abnormal X-ray images. 

Out of the above six classes, the abnormalities may 

be found in terms of either some anatomical 

anomalies or pathological findings. In chest X-ray, 

the abnormalities usually arise due to reasons like 

rib fracture, infected lungs etc, for the skull X-rays 

the abnormalities include trauma condition like 

skull fracture and infection due to sinus, tumor etc, 

with respect to spine, neck, palm and foot, X-rays 

abnormalities are because of accident cases leading 

to fracture and dislocation and also owing to 

congenital and degenerative causes. They may 

include clubbed foot and osteoporosis / arthritis. 

Though, the above mentioned abnormalities are the 

various possibilities found in such six classes, the 

following abnormalities against each class is 

adhered to in this work: for chest X-rays, lung 

infection is considered, for skull X-ray images, the 

fracture / tumor in the skull is considered, and for 

spine, neck, foot and palm fractures only are 

considered. The sample normal and abnormal X-

ray images for six different classes are shown in 
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Fig. 1.0. The abnormality detection is obtained 

through a successive procedure involving pre-

processing, segmentation, feature extraction and to 

identify whether the X-ray images is normal or 

abnormal. 

 

 
Fig. 1.  Six different classes of X-ray images namely (a) Normal chest image, (b) Abnormal chest image, 

(c) Normal skull image, (d) Abnormal skull image, (e) Normal palm image, (f) Abnormal palm image, (g) 

Normal foot image, (h) Abnormal foot image. 

 

The organization of this paper is as follows: 

Section II gives an outlay of the available 

literature. Proposed methodology is elaborated in 

Section III. Performance measure is given in 

Section IV, and experimental results are described 

in Section V followed by the conclusion in Section 

VI. 

 

2. LITERATURE 

In the literature some approach for abnormalities 

detection based on medical image classification is 

an area of research which has proved to be 

challenging task for the past several decades. This 

field gained more attention due to the new 

challenges posed by voluminous image databases 

[1]. M3 filter is proposed in [2] which is a 

hybridization of mean and median filter. It replaces 

the central pixel by the maximum value of mean 

and median for each sub images. It is a simple, 

intuitive and easy method to implement. EM 

algorithm is used to find the most likely 

distribution function to describe the relation 

between obvious variables and latent variables and 

is presented in [3].The paper in [4] introduces a 

novel classification method based on the 

hybridization of GA and EM algorithm for 

classification of images. The paper in[5] proposes 

a novel methodology to reduce the size of the 

Look-Up Tables (LUTs) used in DA for DWT. 

The paper in [6] presents a hybrid technique using 

curve let and wavelet transform for feature 

enhancement in medical diagnosis. Eight bins 

formed by CG partitioning of histogram using 

linear equations is used for the statistical moment 

extractions by the authors in [7].  In paper [8] and 

[9], statistical moments features are used for the 

classification of  six different  classes of   medical 

X-ray images.  The work in [10] reported the 

classification of radiography images into 17 

categories using the Gaussian Mixture Modeling-

KullbackLeiblerKL) framework. K-nearest-

neighbor using DCT based features is carried out 

in [11]. The authors in [12] describe a method for 

medical images annotation based on the SURF 

descriptor and the SVM classifier. Applying the 

SURF descriptor resulted in improved 

classification of lung images. 

 

3. PROPOSED METHODOLOGY  

The objective of abnormality detection is 

accomplished by the initialization of a filtering 

algorithm, which is used to smooth the X-ray 

images and for removing different types of noises ( 

darkness, brightness, blurring, etc) present in the 

image. It is then followed by the segmentation of 

X-ray image and the features are extracted from 

the segmented regions. From the extracted 

features, a suitable classifier is then employed to 

distinguish the image as to whether it is normal or 

abnormal. The performance of the classifiers is 

evaluated to show their efficacy in detecting the 

abnormality. The block diagram of the proposed 
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methodology for abnormality detection is shown in 

Fig. 1.1. 

 
Fig. 1.1. Proposed methodology for abnormality 

detection 

 

3.1 Preprocessing 

X-ray images are frequently degraded by noise, 

which deteriorates the visual quality of the image 

and hides the important information required for 

accurate diagnosis. Therefore the X-ray image 

needs to be pre-processed to eliminate the noise. It 

is achieved using M3 filter Pre-processing helps to 

improve the quality of visualization and 

interpretation of medical X-ray images. Hence, it is 

desirable to pre-process the image such that the 

noise is reduced and the visibility is improved. In 

order to carry out the task without destroying the 

details of the X-ray images, a M3 filter is applied 

in this work. The M3 filter is quite popular 

because, for certain types of random noise, it has 

excellent noise reduction capabilities, with 

considerably less blurring than linear smoothing 

filters of similar size. These filters are very 

effective in removing the noise as well as in 

preserving the sharpness of edges and to retain the 

important information of the X-ray images.() 

In this work, X-ray image of size 512 × 512 is 

taken. A 3 × 3 M3 filter which is basically a 

combination of mean and median filter removes 

the noise by replacing the center pixel with the 

maximum of the median and mean of the 3 × 3 

neighborhood. The original X-ray images are 

shown in Fig. 1  and the pre-processed images are 

shown in Fig. 1.2. 

 

 

Fig. 1.2. Pre-processed X-ray images (a) Normal 

chest image, (b) Abnormal chest  image, (c) 

Normal skull image, (d) Abnormal skull image, 

(e) Normal palm image, (f) Abnormal palm 

image, (g) Normal foot image, (h) Abnormal 

foot image. 

 

3.2 Segmentation 

Segmentation is the process of dividing an image 

into regions with similar properties such as gray 

level, texture, brightness, and contrast. The role of 

segmentation is to sub-divide the objects of an X-

ray image in order to study its anatomical structure 

that helps in decision making. Many researchers 

proposed various segmentation algorithms to 

extract the region-of-interest from X-ray image. 

The success of image analysis depends on the 

reliability of segmentation, but an accurate 

partitioning of an image is generally a very 

challenging problem. The goal is to simplify the 

representation of the images and to find the ROI. 

In the literature, region based method, contour 

based method, clustering method and model based 

method are described and used. However, it is 

observed from the literature that the clustering 

methods are widely used for medical image 

segmentation to detect the position of the images. 

Although many clustering algorithms are available 

in the literature, one of the most commonly used 

technique in image segmentation is the 

expectation-maximization (EM) algorithm. EM is 

a more statistically formalized method, which 

includes the idea of partial membership in classes. 

It has better convergence properties and is 

generally preferred for classification applications. 

It consist of E-step and M-step. E-step computes 

an expectation of the likelihood assuming 

parameters and M-step computes maximum 

likelihood estimates of parameters by maximizing 

the expected likelihood found in E-step.. EM 

algorithm finds out maximum likelihood estimates 

of parameter in probabilistic modes. This 
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algorithm iterates between the E-step and M-step 

until convergence occurs. It assumes the 

parameters initially. Then, by using the feature 

value of the images, it computes the mean, 

variance, probability density function and 

normalized probability values in E-step. The new 

mean and variance are calculated using the above 

calculated values in M-step. These steps are 

repeated until the model resembles the behavior 

described by the samples. The segmented results 

are given in Fig. 1.3 

 

 
Fig. 1.3 Segmented X-ray images (a) Chest AP 

view, (b) Chest lateral view, (c) Foot AP view 

(d) Foot oblique view (e) Neck AP view (f) Neck 

lateral view (g) Palm AP view (h) Palm oblique 

view (i) Skull AP view (j) Skull lateral view (k) 

Spine AP view and (l) Spine lateral view. 

 

3.2 Feature Extraction 

One of the most important issues in the automated 

abnormality detection of X-ray images is to extract 

the contents that helps in differentiating the 

different features found in the X-ray image and in 

this work DWT features are used. Vertical, 

horizontal and approximate coefficient vectors 

were taken up to four level using Haar coefficients 

and then they are normalized to simplify the 

coefficient value to one or less than or equal to 

one. The number of features are reduced by 

summing 100 consecutive coefficients together, 

and then used for the classification. The features 

obtained from level 3 decomposition are used to 

train and test the classifiers, as the third level 

features produced better results. The abnormality 

present in the X-ray images are detected using 

three different classifiers namely, extreme learning 

machine (ELM) and SVM. 

 

 

4. PROPOSED  MODELING  

TECHNIQUES  

The modeling techniques namely ELM and SVM 

have been used in this work for determining 

whether the given X-ray is normal or abnormal. 

 

4.1 ELM Classifier 

This work is based on extreme learning machine 

(ELM) using discrete wavelet transform (DWT) 

features. The proposed technique is used to classify 

X-ray images into two classes (abnormal and 

normal). It consists of three layers namely input 

layer, a single hidden layer, and an output layer, 

learning speed of ELM is extremely fast and it has 

better generalization performance. The 

implementation of ELM is accomplished in two 

different phases. In the first phase, a model is built 

using the training samples of the dataset. In the 

second phase, each test sample in the dataset is 

classified using the model evolved in the training 

phase. In each phase, the accuracy is computed 

along with class output for each test sample of the 

dataset. 

 

4.2 SVM Classifier 

SVM is used to find the optimal hyper plane by 

minimizing the generalization error and it is 

accurately maximizing the margin, between the 

hyper plane and the feature vector.  More flexible 

classifications are obtained by mapping the input 

space to a high dimensional feature space using 

SVM. A separating hyper plane is found which 

maximizes the margin between itself and the 

nearest training points. All the training samples 

that lie on the hyper-plane constitute the support 

vectors. During testing these support vectors helps 

to classify the X-ray images into any of the six 

classes of X-rays namely chest, foot, palm, head, 

neck and spine.  Using the SVM classifier, the 

classification of the X-ray images is performed by 

one against all technique. It is a powerful machine 

learning techniques for classification and it is a 

supervised learning machine which uses a central 

concept of support vectors and kernels for a 

number of learning tasks. Different operations can 

be performed in different area by using different 

kernel functions in kernel machines. In supervised 

machine learning a predictor variable is called an 

attribute, and a transformed attribute that defines 

the hyper plane is called a feature. The selection of 

the most relevant information of the feature set is 

said to be feature selection. Using this SVM 

model, it finds the optimal hyper plane which 
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separates the target variable on one side of the 

plane and other category on other side of the plane. 

The vectors near the hyper-plane are the support 

vectors. 

 

5. PERFORMANCE MEASURES  

The performance of the classifier they produce is 

evaluated by several matrices such as sensitivity, 

specificity and accuracy and it is given in Table I. 

The measures of the quality of classification are 

built from a confusion matrix which records 

correctly and incorrectly recognized examples for 

each class. 

 

Table.1. Metrics to measure the classification 

performance 

Measures Formula  

Sensitivity  TP/(TP+FN) 

Specificity  TN/(TN+FP) 

Accuracy  (TP+TN)/(TP+FP+TN+FN) 

 

• A confusion matrix provides information about 

actual and predicted cases produced by 

classification system.  

• TP is number of true positives, FP is number of 

false positives, TN is number of true negatives and 

FN is number of false negatives.  

• Accuracy measures the quality of the 

classification by finding the true and false positives 

and true and false negatives.  

• Accuracy is generally regarded with balanced 

measures whereas sensitivity deals with only 

positive cases and specificity deals with only 

negative cases. 

 

6. EXPERIMENTAL RESULTS 

180 X-ray images are covering six different classes 

of X-ray images namely chest, palm, skull, spine, 

neck and foot are taken. Out of 180 X-ray images 

96 X-ray images are used for training and 84 X-ray 

images are used for testing. Each class consists of 

30 X-ray images (both normal and abnormal 

images) and in each class 16 X-ray images are 

used for training and 14 X-ray images are used for 

testing. The DWT features are used to train the 

binary classifier which can automatically infer 

whether an image is a normal or abnormal one and 

its confusion matrix is given in Table 1.2. 

 

Table 1.2. Confusion matrix for abnormality 

detection using ELM with DWT features 

Class name tp tn fp fn 

Chest 6 6 1 1 

Foot 7 6 0 1 

Palm 6 6 1 1 

Skull 6 7 0 1 

Neck 5 6 1 2 

Spine 7 5 1 1 

 

The performance of the classifier is evaluated in 

terms of sensitivity, specificity and accuracy. The 

system achieves 83.25% sensitivity and 90.07% 

specificity, and accuracy 86.89%. ELM produces 

overall accuracy of 86.89%. Table 1.3 gives the 

performance measures for the ELM classifier. Fig. 

1.5 shows class wise performances of ELM 

classifier using DWT features. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table1.3 Performance measures of ELM with DWT features in detecting abnormality  

X-ray Class  Accuracy% Sensitivity% Specificity% 
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In X-rays 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.4 Graphical illustration on Performance measures of ELM with DWT features in detecting 

abnormality in X-rays 

 

 
 

6.2 SVM 

The SVM with radial basis function kernel is 

utilized here. Out of 180 X-ray images, 96 X-ray 

images are used for training and 84 X-ray images 

are used for testing. Each class consists of 30 X-

ray images (both normal and abnormal images) 

and in each class 16 X-ray images are used for 

training and 14 X-ray images are used for testing. 

Two binary SVM classifiers are created and 

trained to distinguish one class from the other. 

SVM is trained in two class mode, so as to provide 

a value of +1 for normal image and -1 for 

abnormal images. Table 1.4 shows the confusion 

matrix of SVM classifier with DWT features. The 

performance is measured using the confusion 

matrix which is shown in Table 5.6. It could be 

seen that the DWT features are well modeled by 

SVM classifier and the overall performance 

obtained is 88.09% and it is able to identify the 

abnormality present in all the six classes of X-ray 

images with better accuracy rates. SVM produces 

better overall performance than ELM and decision 

tree algorithm. Fig. 5.8 shows class-wise 

performances of SVM classifier using DWT 

features. 

 

 

 

 

 

Table 1.4 Confusion matrix for abnormality detection using Extreme ELM with DWT features 

 

70

75

80

85

90

95

Chest Foot Palm Skull Neck Spine

85.71 

92.85 

85.71 

92.85 

78.57 

85.71 

Accuracy % 

Accuracy %

Chest 85.71 85.71 85.71 

Foot 92.85 87.50 100 

Palm  85.71 85.71 85.71 

Skull 92.85 85.71 100 

Neck 78.57 71.42 85.71 

Spine  85.71 85.50 83.33 

Overall performances  86.89 83.25 90.07 
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Class name tp tn fp fn 

Chest 6 7 0 1 

Foot 6 7 0 1 

Palm 6 5 2 1 

Skull 7 6 1 0 

Neck 6 6 1 1 

Spine 7 5 2 0 

 

Table1.5 Performance measures of SVM with DWT features in detecting abnormality in X-rays 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.5 Graphical illustration on Performance measures of SVM with DWT features in detecting 

abnormality in X-rays 

 

 
 

Overall performance measures of ELM and SVM 

classifier with DWT features for detecting the 

abnormality in X-rays. The overall performance 

measures of ELM and SVM classifier in terms of  

Sensitivity, specificity and accuracy are given in 

Table 1.6 and the comparison of the classification 

performances of ELM and SVM classifiers are 

graphically represented in Fig. 1.6 

 

 

 

 

Table 1.6 Overall performance measures of SVM and ELM  with DWT features in detecting 

abnormality in X-rays 

 

70

75

80

85

90

95

Chest Foot Palm Skull Neck Spine

92.85 92.85 

78.57 

92.85 

85.71 85.71 

Accuracy % 

Accuracy %

X-ray Class  Accuracy% Sensitivity% Specificity% 

Chest 92.85 85.71 100 

Foot 92.85 85.71 100 

Palm  78.57 85.71 71.42 

Skull 92.85 100 85.71 

Neck 85.71 85.71 85.71 

Spine  85.71 100 71.42 

Overall performances  88.09 90.47 85.71 
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Classifiers  Accuracy%   Sensitivity%  Specificity% 

ELM 86.89 83.25 90.07 

SVM 88.09 90.47 85.71 

 

Fig. 1.6 Graphical illustration on Performance measures of SVM with DWT features in detecting 

abnormality in X-rays 

 

 

 
 

 

7. SUMMARY 

 

In this work, two classification techniques namely 

ELM and SVM classifiers are employed to detect 

the abnormality present in the X-ray images using 

DWT features. Out of the two classifiers, SVM 

classifier out performed then ELM in correctly 

identifying the abnormal X-ray images. Hence, it 

could be concluded that SVM classifier with DWT 

features produces better results for detecting 

normal and abnormal X-rays. 
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