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Abstract: Now, brain tumor has been proved as a life hostile disease which might leads to death and a large 

number of classification techniques have been used for Classification of Brain Tumor using MRI Images.  In 

this research work we will implement our previously proposed Hybrid approach for detection of the Brain 

Abnormalities from MRI Images. This hybrid approach based on Support Vector Machine  (SVM)  used 

PCA (Principal Component Analysis),and PSO (Particle Swarm Optimization Technique)for brain tumor 

classification. MATLAB platform is used for implementation. Performance is evaluated on basis of 

sensitivity, specificity and accuracy. Different images are detected with accuracy from 88%to 98%. 

Convergence Curve for each image is also drawn to show how quickly solution converges. 

 
 

I. Introduction 

Brain tumor is an uncontrolled cluster of tissues made up from abnormal cells. It may appear at any location of brain 

in different intensities. It can have a different variety in shapes and sizes. For example, there is a tumor in piece of 

brain that controls arm or eyesight, symptoms might comprise limb flaw or fuzzy visualization, Schwartz says. 

Primary brain tumor has abnormal expansion that starts in the brain and generally does not reach to extra parts of the 

body. Primary brain tumors might be benign or malignant. 

Fig1(https://www.google.com/search?q=Brain+tumor+images&rlz=1C1CHBF_enIN761IN761&tbm=isch&source=

iu&ictx=1&fir=zC7w5IWxadPRqM%253A%252CZHfgqpCnsaSk3M%252C_&usg=AI4_kSXqLliiXboCus0Rs8Z

TycDXUU_A&sa=X&ved=2ahUKEwjDtOLxiJ_gAhXEMY8KHSbsAcgQ9QEwAHoECAUQBA#imgrc=zC7w5I

WxadPRqM:) shows images of Brain tumors. 

S. Chandra et al. [1] proposed a clustering algorithm based on Particular Swarm Optimization technique for brain 

tumor detection. Centroid was found for every cluster where cluster is a group of similar pattern obtained from MR 

Image.  This technique was compared with other existing techniques such as SVM and AdaBoost. Proposed 

algorithm had comparable results to SVM and AdaBoost. 

PriyaVerma et al. [2] introduced a new approach in order to diagnose brain tumor in early stage by using the 

following techniques: Gray Level Co-occurrence Matrix for texture feature classification and Wrapper Based PSO 

technique in order to feature selection and optimizing parameters of classification algorithm. 10 fold cross validation 

was used for testing of results and results obtained  98% classification accuracy. 

R. Ramasamy et al. [3] Gaussian Mixture Model (GMM) was proposed. It was assumed that each class of the 

problem is explained by one Gaussian distribution. Strong spatial correlation was not used and the segmentation was 

done according to Fourier domain. The solution accomplished that FFT based GMM technique performed superiorto 

the technique defined in spatial domain.  

ESA El-Dahshan et al. [4] presented a novel technique for detection of brain tumor as benign or malign and was 

composed of three stages: discrete wavelet transform (DWT) for feature extraction and principal component analysis 

(PCA) for reducing the features or selecting most significant patterns and for classification purpose, two techniques 

were used. First technique was feed forward back propagation with artificial neural network and second was k-

nearest neighbor. The result evaluated with the two existing classifiers and showed that the hybrid technique 

performs much better and efficiently than other technique.  

M. Havaei et al. [5] presented a fully automated segmentation technique for brain tumor based on deep neural 

networks. They explored Convolution Neural Networksarchitecture which had the capability of exploiting both local 

and global features. This technique used a final layer which was fully connected and permitted 40 fold speed up. The 

results concluded from BRATS 2013 dataset showed that this architecture improved over existing technology by 30 

times faster.  

S. Damodharan et al. [6] proposed an effective techniquebased on Neural Network for detecting brain tumor from 

MR Images Following steps were used : preprocessing of images, then segmentation of tumor tissues and normal 
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tissues, extraction of important features and classification of features with neural network technique. The results 

were evaluated and compared with other classification techniques like kNN and Bayesian classification and 

concluded that NNs performs better result than other techniques. 

X. Zhou et al. [7] proposed a CAD method using wavelet entropy (WE) for the feature extraction and a feed-forward 

neural network (FNN) classification method used for the classification of MR images. To improve diagnosis 

accuracy, either as normal or abnormal, Wavelet Entropy was used to train an FNN classifier. The results were 

evaluated by using  10 V fold cross validation on 64 MR Images and concluded that technique performed better than 

other classification techniques . 

G. Yang et al. [8] proposed a hybrid approach based on wavelet entropy for extracting features for automated 

classification of MR brain images either as benign or malign type. They used support vector machine (SVM) for 

classification and Biogeography Based Optimization (BBO) was used to optimize weights for achieving more 

accuracy. The technique was compared with other techniques like BP-NN, KSVM, and PSO-KSVM based on 5V 

cross validation and performed better than others in terms of sensitivity and accuracy. 

Z. Lu, S. Lu et al. [9] employed a novel methodology based on radial basis function neural network for classification 

of brain MR Images as pathological or healthy. 2D discrete wavelet transform (DWT) was used for features 

extracting and then considered the entropy as features. A 10V  cross validation was used to prevent over fitting. The 

method achieved a sensitivity of 95.89%, a specificity of 92.78%, and an overall accuracy of 95.44% over 125 MR 

brain images. In this paper we will implement new PSO-SVM technique for brain tumor detection. 

 

 
Fig1. Brain tumorsImages 

 

II. Proposed PSO-SVM Hybrid Approach[15]: 

An enhanced algorithm is proposed by using PSO with Support Vector Machine for classification purpose. This 

algorithm use T2-axial weighted MRI Brain Images obtained from NMIR data set available in .mha format. K-

means clustering is used for cluster of tumor parts and discrete wavelet transform (DWT) for extracting features 

from images. The proposed algorithm consists of the following phases: 

1. Conversion of MR Images from .mha format to .jpg format. 

2. Image preprocessing technique like image smoothening and color image to gray conversion is applied on 

MR Images. 

3. A threshold value is set and image is converted to gray level 0 or 1 depending on threshold value. 

4. K-means clustering is applied on the image by using Euclidean distance and segmented image is evolved 

from the clusters described by Algorithm k-means. 

5. Features are extracted by applying DWT algorithm. 

6. Then, Algorithm PCA is used for feature reduction to the features extracted from image. 
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7. A database is created for the selected images with their statistics and other database with the associated 

labels is created. 

8. Algorithm PSO is applied on the reduced features for assigning optimal weight and selection of main 

feature. 

9. The selected features will go through the training phase with the help of SVM Decision TREE algorithm 

and a classifier is built. 

III. Analysis of Results  

A.  Image Database: 

A data set of 25 MR Images are used for classification purpose and analyzing the described technique in which 20 

images are of benign type and 5 images of malign type. This data set is downloaded from SICAS Medical Image 

repository. These images are T2 axial weighted view of the brain 

B. Results 

PSO-SVM technique is also carried out on the images dataset and results are  shown in table 1. Prediction results of 

PSO-SVM Hybrid Approach can be represented by Confusion Matrix. Confusion matrix was obtained to calculate 

sensitivity, specificity and accuracy. Sensitivity is the  part of sample with the disease and correctly identified as 

true. Specificity is the part of sample without the disease and correctly identified as false. Below formulas are used 

to compute sensitivity, specificity and accuracy. 

 • Sensitivity = TP / (TP + FN) 
 • Specificity = TN / (TN + FP) 

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

Table 1. shows sensitivity, specificity and accuracy obtained by PSO-SVM technique on 25 images. Maximum 

sensitivity is 94.45% is obtained for Image1.94.81 is the maximum specificity obtained for Image 17.Maximum 

accuracy of  98%   is obtained for Image 25%.Accuracy ranges from 88% to 98% for given dataset. 

Table 1: Result for PSO-SVM Hybrid Approach 

Image  Type of tumor Sensitivity Specificity Accuracy 

Image1 Benign 94.45 93 92.39 

Image2 Benign 94.05 92.08 92.44 

Image3 Benign 93.03 83 93 

Image4 Malign 90.36 93 94.90 

Image5 Benign 91.05 93.04 93.71 

Image6 Benign 93 93.98 98 

Image7 Benign 91.32 92.16 90.46 

Image8 Benign 92.23 92.29 93.30 

Image9 Benign 91.53 93 91.21 

Image10 Benign 90.31 91.36 93.01 

Image11 Benign 94.93 90.7 93.17 

Image12 Benign 90.82 82 90.91 

Image13 Benign 94.08 90.77 90.57 

Image14 Malign 93.78 91.11 93.24 

Image15 Malign 92.19 92.96 94.78 

Image16 Benign 93.84 92 93.92 

Image17 Benign 94.13 94.81 90.70 

Image18 Benign 94.73 73 98 

Image19 Benign 91.07 92 91.98 

Image20 Benign 63 91.01 88 

Image21 Malign 94.14 92 92.05 

Image22 Benign 93.81 93.61 90.14 

Image23 Benign 91.19 73 93 

Image24 Malign 93 90.23 93.91 

Image25 Benign 93 91.8 98 
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Fig. 2: Graphical representation of accuracy of PSO-SVM Hybrid Approach 

 

 

 

 
 

Fig. 3 Graphical representation of sensitivity and specificity of PSO-SVM Hybrid Approach 

 

 

Convergence curve tells about how quickly or in how much iteration the solution comes to a stable point. Fig4  

shows the convergence curve for all 25 images and analysis of these curves concluded that PSO converges the 

features to its optima or the best features in minimal iteration because PSO has the ability to go for the best local 

optima and global optima.  
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Fig 4 Convergence curve for proposed PSO-SVM Hybrid Approach 

 

 

III. Conclusion 

This paper implemented a new hybrid approach using PCA, PSO and SVM for brain tumor classificationusing 

MATLAB 2015a platform. SVM is known as the best classifier for brain tumor detection as compared to other 

classification algorithms used to find good decision boundary between the given data set.Maximum sensitivity is 

94.45% is obtained for Image1.94.81 is the maximum specificity obtained for Image 17.Maximum accuracy of  98%   

is obtained for Image 25%.Accuracy ranges from 88% to 98% for given dataset. Convergence curves showed the 

minimum number of iterations required for each image. 
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