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Abstract: Classification of MRI images is very difficult due to the 

variance and various complexities of tumor cells. The proposed 

classification system is designed for differentiating the brain MRI 

images into three classes such as Malignant, Benign and Normal. 

The proposed probability based Support Vector Machine (SVM) 

includes characteristic Extraction, Best Feature Subset Selection 

and Classification. In Feature Extraction, most of researchers are 

using GLCM method for extracting the texture features from an 

image. Main limitation of GLCM is that, it is computationally very 

intensive and many of the calculations are done using 

unnecessary zero frequencies. To avoid the limitations of GLCM, 

this paper introduces the 8DGLCM for feature extraction. 

Performance of classifiers is reduced if many features are 

considered during object identification. Feature Selection method 

is used to deal with the issues in feature dimensionality by way of 

selecting the best features subset. Here, Ranking based Particle 

Swarm Optimization (PSO) is concentrates to choose the best 

feature subset from an extracted feature. Finally, the MRI images 

are classified using the probability based SVM classifier. The 

performance of this method is evaluated based on 7 MRI image 

sets. An expert radiologist observation is used as reference to 

evaluate the performance of this system. Final result shows the 

performance of proposed system is 95.65%. 

 

 

Index Terms: Feature Extraction, Selection, Classification, 

Swarm Optimization, Co-Occurrence Matrix. 

 

I. INTRODUCTION 

Tumour identification on brain from the Magnetic Resonance 

Images is a most important research area in image processing 

and significant improvement has been achieved during recent 

years. Early detection of brain tumor will improve the human 

survival rate and the classification is important for the clinical 

practice. The correct classification of brain tumor leads to 

give the correct treatment for the patient. Many techniques 

have been proposed for classification. This work introduces 

the probability SVM for tumour classification. It consists of 

Data pre-processing, Extraction of Features from an image, 
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Feature Subset Selection, Classification and Similarity 

Measurement [5]. 

In classification system, preprocessing is the major step to 

increase the efficiency of tumor classification. The main 

intend of preprocessing is to remove the noise and irrelevant 

data from the data set. After preprocessing, the image 

characteristics are extracted from the images and it undergoes 

the process of feature reduction for identifying the best set of 

features to increase the efficiency of classification. During 

the process of extraction, images are studied using various 

color patterns, texture and shape features. Extraction is a 

technique to find out the characteristics of an image and it is 

used for object description. These features must be invariant 

to the distortions and variations [2]. 

An important feature of an image is texture. There are three 

approaches to analyze an image texture which are namely 

structured approach, transform approach and statistical 

approach. In structured approach, the image texture is viewed 

in the form of primitive texture in some regular or repeated 

patterns. Statistical approach is the widely used technique to 

find out the texture of an image. In which, the texture is 

viewed as a quantitative measure of a region. When 

compared to extraction, the selection is a method for 

selecting the best feature subset (‘K’) from an original set 

(‘M’). In subset selection, the size of ‘K’ is less than ‘M’. In 

feature selection, searching of feature subsets within 

reasonable time is very important for applying the feature 

selection algorithm on data containing large number of 

features. The image is classified or the set of objects are 

retrieved from the database using salient features such as 

image such as texture, shape and color.  

This proposed brain tumour classification system 

uses8D-GLCM for feature extraction, Ranking based PSO 

method for feature selection and probability based SVM for 

classification.  

II. RELATED WORKS 

Image Texture is a significant characteristic for image 

identification and it provides the visual characteristics of a 

surface. Commonly used texture extraction techniques are 

fractals, co-occurrence matrix, gabor filters and variations of 

wavelet transform [10].The GLCM is used for obtaining 

texture characteristics of an image. Many features such as 

correlation, inverse difference moment, angular second 

moment and entropy can be taken out using GLCM. 
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 The collected texture features provide the high dimensional 

accuracy to find the patterns of an image[8]. Haralick 

proposed GLCM to extract the features from an image and 

the main limitation of GLCM is that, it is computationally 

very intensive and it produces only the global features of an 

image. Generally, the co- occurrence matrices are sparse 

matrix and many of the calculations are done using 

unnecessary zero frequencies [9].  

Almuallim & Dietterich(1992) have proposed the exhaustive 

search to find out best feature subset using some criteria. In 

this method, the candidate feature set is generated based on 

some performance measures. Then, the exhaustive search is 

employed to find out the optimal feature set. This approach is 

applicable only for smaller feature set. If the feature set is 

very large, this approach becomes impossible.  The problem 

which is discussed above can be addressed through the 

method of randomized or heuristic feature set selection. In 

heuristic approach, relevant features are added or irrelevant 

features are eliminated from the feature set vector [6].   

Apart from the above said few researchers concentrate on 

population based heuristic search and bio-inspired algorithm 

for selecting relevant features [11]. Yun et al (2011) has 

proposed the bio-inspired algorithm such as Particle Swarm 

Optimization (PSO) andGenetic Algorithm (GA) for feature 

selection. This algorithm behaves like organisms. It is mainly 

used to find out an optimal solution. GA is based on the fittest 

value of a feature and finding the solution using cross over 

and mutation. The behaviour of the PSO method is same as 

Swarm of creatures and finding the best solution by using 

swarm combination. The fitness function for the PSO is 

computed using several methods such as random selection, 

probability based methods, etc. At present, some of the 

researchers use random based methods to select the fitness 

function of PSO. Sometimes, this method tends to reduce the 

performance of feature selection. Some of the authors have 

proposed the Gabor filter approach for object segmentation 

[12]. 

 

III.  METHODOLOGIES 

 The proposed classification system consists of 

Extraction, Subset Selection and Classification. In feature 

extraction, 8D-CGLCM is used for extracting the 

characteristics of the images. 

             

 

 

 

 

 

Fig.1. Work Flow Diagram of Classification System 

This method solves the limitations of GLCM by using the 

Ranking based PSO to select the best subset of features from 

an extracted features and the probability based SVM for 

tumour classification. Figure 1 shows the work flow of this 

classification system. 

A.8D-CGLCM Based Feature Extraction  

The co-occurrence matrix is referred as GLCM, GLCH and 

spatial dependence matrix. The main purpose of GLCM 

matrix is to describe the distribution of co-occurrence values 

of an image. The matrix G is defined an array of ‘iX j’ of an 

image I.  

               

                                                                              

(1)  

Where,   

i , j - image intensity value,  

n and m - spatial positions in an image I 

     Here, concentration is mainly focused on GLCM 

based texture extraction. GLCM is one of the most basic 

methods for extracting the image characteristics. GLCM 

stores the spatial relationship information of pixels. This 

information is denoted in the form of second order statistical 

moment. A small 4X4 sub images with 4 gray levels and the 

corresponding GLCM P (i, j/Δx=1, Δy=0) are shown in 

Figure 2. 

 
Fig.2.GLCM and Normalized GLCM 

The texture feature extraction is mainly used to help the 

segmentation or classification of images into subparts. This 

research paper concentrates on a clustering  algorithm 

withCo–occurrence matrix for capturing the numerical 

measures of a texture using spatial relations among pixels. 

This numerical measure can be used to compare, represent 

and classify the textures.  In this paper, the combined 8D - 

GLCM with DENCLUE based algorithm is used for 

extraction. The purpose of this clustering is to reduce 

the number of relative zero frequencies among the 

pixels.Generally,the GLCM is computed using the 

probability distribution P (d, θ) of clustering image. Here, θ 

takes the values of 0o, 45o, 90o and 135o. To improve the 

efficiency of GLCM, the features are extracted from eight 

directions such as 0o,20o,45o,65o, 90o,110o,135 o and 150 o. 

Using GLCM, Haralick proposed thirteen statistical features 

which are known as Haralick texture features.These 

characteristics are computed from the clustering image. The 

features are as follows: 
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Angular second moment (ASM) feature 

 This feature is used to measure the uniformity 

or energy from an image. Angular Second Moment is very 

large, if the pixels are very similar. 

 

          (2) 

(2) 

Contrast Feature 

 It gives the intensity values among pixels and 

this value will be calculated using colour and brightness of an 

image.  

 

 

       

       (3) 

 

Entropy Feature 

 Entropy is a term used in thermodynamics to 

measure the proximity among the systems or it is used to 

define the disorder between systems. Higher entropy means 

greater disorder values. The following Equation is used to 

define entropy: 

 

                 

 (4) 

 

 

Variance Feature 

Variance is one of the moments in the distribution. It is used 

to measure the variation between the pixels. It is similar to 

entropy measure. It is always a positive  

value. If the value of variance is zero, then it says that the 

values are identical. If the variance is small, then the pixels 

are very close to the mean and the variance. 

 

 

  

       (5) 

Correlation Feature 

It gives the linear dependency among the pixels in the form of 

matrix. It is used to refer the reference pixels with its 

neighbour. It takes the value of 0 for no correlation and 1 for 

perfect correlation. 

 

(6)         ----------- (6) 

 

Where  

 µx , µy – Mean Value 

 σx, σy -Standard deviations  
Inverse Difference Moment (IDM) Feature 

It is usually called as the homogeneity which is used to 

measure the local homogeneity in an image. Small IDM 

value refers to small contributions in the non-homogeneous 

image and larger value refers to higher value for 

homogeneous image.  

 

                                               (7) 

 

Sum 

Average 

 The sum average is defined as follows: 

 

             

(8) 

 

Sum Variance 

 

 

  (9) 

 

 

Sum Entropy 

                                                     

                                           

(10) 

 

Difference Variance 

 

               - 

                (11) 

 

Difference 

Entropy 

 

                                     

(12) 

 

B. Normalization 

Normalization is a process of converting all feature values 

into a specific range. It takes the values from 0.0 to 1.0. This 

chapter concentrates on min-max normalization method for 

normalizing all the feature values into a specific range. 

Equation 13 shows the formula for min-max normalization. 

          

(13) 

 

Where, 

 B – Min –Max normalization  

 A – Current feature value 

 C, D – Normalization range [0.0, 1.0].  

C. Ranking based PSO for Feature Selection 

In PSO, each particle coordinates are in the form of problem 

space. This problem space is stored with its best solution 

achieved using fitness function. This fitness value is called as 

‘pbest’. The next best value is tracked by the PSO using its 

neighbourhood particles. The location of next best value is 

called as ‘lbest’. PSO considers all the ‘lbest’ and finally 

computes the global best called as ‘gbest’. PSO starts with 

random initialization and the swarm moves in the search 

space to find out best solution by updating the position of 

each particle using its own experience and neighbouring 

particles. During each movement of the particle, velocity is 

changed towards the ‘pbest’ and ‘lbest’.  
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The fitness function is represented as P = F1F2F3....FN, where 

N = 1, 2, 3...., m. The parameter ‘P’ represents a particle, 

which belongs to the fitness function of each feature subset. 

A Value ‘1’ and ‘0’ indicates the selection and ‘0’ rejection of 

feature subset. In fitness function, the features are selected 

based on its ranking. 

 This ranking is performed using gain ratio. The 

classes are denoted as ’C’ and number of images denoted as 

‘N’ for a particular class respectively. The values of M 

represent the mean of corresponding classes and it can be 

calculated as follows: 

    

                                                (14)  

  

The grand mean is 

calculated from the weight factor as follows:  

 

 

               

(15)  

Where,  

 Fi – Features of an image and  

 Wi – Weight factor.  

The scatter function or class separate function ‘F’ is 

computed using the following fitness function. 

 

 (16) 

 

 

 

The steps involved in the Feature subset selection is 

shown in Figure 3. This process using the Fitness function 

and scatter function to find the Global best value using the 

frequent updating of P_best value. The P_best is updated 

using velocity and also the position. The current P_best is 

compared with nearest P_best and it is updated based on 

velocity and position. 

 

D. Probability Support Vector Machine for Classification 

It is one of the methods for classification of both 

linear and nonlinear data. SVM method uses nonlinear 

mapping to transform the original data into a higher 

dimension. In this new dimension, it searches the linear 

optimal separating hyper plane [1]. This hyper plane is called 

as a decision boundary for the classes. The probability is 

included with the SVM for increasing the efficiency of SVM 

classification.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.3. Flowchart of Ranking based Particle Swarm 

Optimization 

      

 Here the conditional probability value is 

calculated for the input and the output values. Based on these 

values, the MMH is separated from the hyper plane. The 

conditional probability is using the following Equation to 

predict the probable value. 

   

  

                                                        (17) 

Where, 

 P(A)- Probability of Current Feature Value 

 P(B) - Probability of Predicted Feature Value 

The separating hyper plane can be written as follows: 

 

                     (18) 

Where,       

 W – Weight Vector and b – Scalar or Bias 

Value 
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IV. SIMILARITY MEASUREMENTS 

 Similarity measurement is a measure to find out 

similar images from a database using distance metrics. Here, 

the Euclidean distance is used to measure such similarities 

between the images. The following formula shows the 

Euclidean distance to measure the similarities between 

images.    

                                             

                                         

 (19) 

                                                                   

                                                  

  In Equation 19, FQi and FDi represent the 

features of query and the database images. The objects in an 

image are identified using this distance metrics. The object 

that has less distance between them is identified. Similarly all 

identical objects are identified from an image.  

V. EXPERIMENTAL RESULTS 

A. Image Database 

The proposed classification system is implemented in 

MATLAB with 7 set of brain MRI image. The MRI images 

are collected from the BIRN and MR-TIP database. Each 

database contains 250 brain images for classification. In 

which, 190 images are used for training and 60 images for 

testing. 

 
Fig.4. Sample Brain MRI Image 

 

B. Results of Classification System 

This work considers thirteen Haralick features from CGLCM 

at eight directions such as 0o, 20o, 45o, 65o, 90o, 110o; 135o 

and 150o.This feature is applied on each cluster for obtaining 

the local descriptors of an image. 416 features from each 

image are considered. Hence, the total number of features for 

each training dataset is 2912 and the testing dataset is 2080 

for global descriptors of an image. The local descriptors are 

processed by features in each cluster. Here, the total number 

of features is 22,880 for training dataset and 8320 for testing 

dataset. These features are formulated using the offset Δx and 

Δy in the co-occurrence matrix. Table 1a and 1b shows the 

extracted values of the brain image.  

Fitness function generates 363450 feature subsets for 104 

features with 8 combinations. This combination of features is 

achieved using ranking based feature selection with the 

threshold value of more than 0.5.  Here, the PSO is used to 

find out the optimum feature subset from various 

combinations of feature subsets. A fitness function is 

generated using the weight factor (w). This weight factor (w) 

is given as w = 0.1, 0.2, 0.3, 0.4... N.  This factor is used to 

find out the mean value of features in an image. The number 

of selected features is shown in table 3. Figure 3 shows the 

brain image affected by the tumor. 

 

 

 

Table 1.a. Texture Feature Extraction Values for MRI Images using 8DGLCM 
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Table 1.b. Texture Feature Extraction Values for MRI Images using 8DGLCM 

Table 2. Number of Features Selected by Ranking Based 

PSO 

Directions 
No. of 

Features 

No. of 

Selected 

Features 

0o  Degrees 104 35 

45o  Degrees 104 32 

55o  Degrees 104 30 

75o  Degrees 104 34 

90o  Degrees 104 34 

135o  

Degrees 
104 28 

225o  

Degrees 
104 30 

315o  

Degrees 
104 32 

 

 

Fig.5. Brain Tumour Classification 

VI. PERFORMANCE ANALYSIS 

The performance of an algorithm is analyzed using a ground 

truth. The ground truth refers to the accuracy of the training 

set in supervised learning technique. This truth is used in 

statistical models to prove or disprove the research 

hypothesis. It uses set of measurements to measure the 

accuracy of object identification system. 

There are two ways to generate the ground truth such as 

generating the ground truth using high accuracy instrument 

and generating the ground truth manually by human expert 

for the case in which the results cannot measure by a device. 

In image processing, the results cannot be measured by a 

device and it is often measured by human experts or user in 

the corresponding fields. 

The ground truth can be calculated using the measures such 

as precision and recall. Recall and precision are defined as 

follows: 

Precision is referred as a positive predictive value. It is the 

number of relevant images that are retrieved from the total 

number of retrieved images. Equation 20 shows the formula 

for calculating precision. The recall is a measure of relevant 

images retrieved from the total number of relevant images 

from a database. Equation 21 shows the formula for 

calculating recall. Accuracy of the classification algorithm is 

calculated as shown in Equation 22 as below.  

         (20) 

       (21) 

 

   (22) 

Where, 
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TP- True Positive 

 TN – True Negative 

 FP- False Positive 

 FN – False Negative   

Accuracy is calculated using confusion matrix as shown in 

Figure 6.  Figure 7 and 8 shows the performance of 

classification system using precision, Recall and Accuracy. 

 

Fig.6. Example of Class Prediction (Confusion Matrix) 

 

Fig.7. Performance of Classification System (Precision Vs 

Recall) 

 

Fig.8. Performance of Classification System (Accuracy) 

VII. CONCLUSION 

Image classification system is an active research area for the 

past few decades. Image classification is a process of 

identifying similar objects in an image based on visual 

features such as colour, texture and shape. This classification 

system has got huge impact on diagnosis, object detection, 

education and research. This research work basically 

identifies the issues associated with the methods such as Gray 

Level Co-occurrence Matrix (GLCM) for feature extraction, 

PSO for feature selection and SVM. The GLCM stores more 

zero elements in the matrix which consumes more memory 

space and more computation time. PSO is the most 

commonly used algorithm for efficient image feature 

selection. Randomly selected features make the PSO to 

reduce classifier accuracy during the search process. These 

problems are solved by 8DGLCM, Ranking based PSO and 

Probability based SVM. The performance of this proposed 

system is increased to 95.65% for precision and 93.51% for 

recall when compared to the existing system such as 

GLCM-PSO-SVM and CGLCM-PSO-SVM.  
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