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ABSTRACT 

The project proposes an automatic support system for stage classification using artificial neural network (learning machine) and to 

detect Brain Tumor through k-means clustering methods for medical imaging application. The detection of the Brain Tumor is a 

challenging problem, due to the structure of the Tumor cells. This project presents a segmentation method, k-means clustering 

algorithm, for segmenting Magnetic Resonance images to detect the Brain Tumor in its early stages and to analyze anatomical 

structures. The artificial neural network will be used to classify the stage of Brain Tumor that is benign, malignant or normal. The 

segmentation results will be used as a base for a Computer Aided Diagnosis (CAD) system for early detection of Brain Tumor 

which will improves the chances of survival for the patient. This paper describes an efficient method for automatic brain tumor 

segmentation for the extraction of tumor tissues from MR images. In this method segmentation is carried out using K-means 

clustering algorithm for better performance. A well-known segmentation problem within MRI is the task of labeling the tissue 

type which include White Matter (WM), Grey Matter (GM), Cerebrospinal Fluid (CSF) and sometimes pathological tissues like 

tumor etc. Probabilistic Neural Network with radial basis function will be employed to implement an automated Brain Tumor 

classification. Decision making was performed in two stages: feature extraction using GLCM and PCA and the classification 

using PNN-RBF network. The performance of this classifier was evaluated in terms of training performance and classification 

accuracies. The simulated results shown that classifier and segmentation algorithm provides better accuracy than previous method. 
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1. INTRODUCTION 

 Brain Tumor can simply be defined as Solid Intracranial 

Neoplasm. Intracranial means inside the cranium (i.e. the 

skull bone), Neo means new and Plasm means Growth. Brain 

tumors have been classified in following two types: i) Benign 

Tumors ii) Malignant Tumors. A good classification process 

leads to the right decision and facilitates provision of good 

and appropriate treatment. Treatments of Brain Tumor are 

determined by:  

• Age of Patient 

• Medical history 

• Type of Tumor  

• Location and 

• Size of Tumor  
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Brain Tumors are diagnosed clinically by the doctor based on 

symptoms which are confirmed by Biopsy, Human 

Inspection, Expert Opinion, Nerve Test and Radiological 

Examination (CT Scan and MRI). The biopsy method takes 

around ten to fifteen days of time for identification of the 

tumor. Human judgment may not always be correct and is 

prone to errors but a computer is not. In case of expert 

opinion, an expert might himself have to refer the case to 

another expert for an area-specific opinion. This process 

continues for long time. In general, early stage brain tumor 

diagnosis mainly includes Computed Tomography (CT) scan, 

Magnetic Resonance Imaging (MRl) scan, Nerve test and 

Biopsy. However, computer-aided diagnosis has been 

attracting more and more attention in recent times. Several 

techniques have been developed for feature extraction from 

MRI but wavelet transform is the best method of them [5, 

11]. Wavelet Transform is a non statistical method which 

gives local frequency information and detail coefficients of 

the image at various levels. We have used Daubechies 

Wavelet Transform (DWT) in our work. DWT gives good 

contrast to an image. Due to good contrast, Daubechies 

Wavelet extracted very low signals of MRI. Principle 

component analysis (PCA) reduces the dimensions and 

overcomes the computational complexity. PCA has also been 

used for best feature extraction. For further classification, 

Probabilistic Neural Network (PNN) has been used. 

 

2. LITERATURE REVIEW  

In most cases, early stage brain tumor diagnosis mainly 

includes Computed Tomography (CT) scan, Magnetic 

Resonance Imaging (MRI) scan [1]-[5], Nerve test, Biopsy 

etc. At present with the rapid growth of the Artificial 

Intelligence (AI) development in Biomedicine, computer-

aided diagnosis is being increasingly implemented for this 

purpose. Brain tumor classification and feature extraction is 

done to determine the type of brain tumor. In method used by 

Mubashir Ahmad [1], feature extraction is only done by 

wavelet transform and classification is done by using SVM. 

In paper proposed by Alan Jose [2], it was suggested to do 

clustering and to use fuzzy c-means algorithms for area 

calculation. Also the feature extraction and area calculation 

done by J.selvakumar [3] used K-means for clustering and 

did its area calculation by fuzzy c-means algorithms. In paper 

by Kailash D.Kharat [4], brain tumor is classified by using 

DWT, the wavelet coefficients are calculated for the LL sub 

and using Harr wavelet function, feature selection is done by 

PCA and classification using PNN. D.Sridhar and 

Muralikrishna [5] implemented classification by using PNN 

and feature extraction by DCT which gives a result till 97%. 

In method used by Pauline John [6], feature extraction is only 

done by wavelet transform and classification is done by using 

PNN. Mohd Fauzi Othman and Mohd Ariffanan Mohd 

Basri,Probabilistic Neural Network for Brain Tumor 

Classification [7] explained how to classify images. In this 

paper, based on the power of Probabilistic Neural Network 

(PNN) [1], a computer-aided brain tumor classification 

method is proposed. It utilized the feed-forward neural 

network to identify which type of brain tumor suffered by 

patient regarding to the image of brain tumor from the 

Magnetic Resonance Imaging (MRI) [2] from which feature 

extraction is done by using DWT and feature selection is 

done by PCA. 

 

3. PROBLEM DEFINITION 

In detecting the brain tumor type of each patient, doctors 

usually refer to MRI image and make the report about the 

MRI analysis of the patient. This method will help the doctor 

in diagnosing brain tumor patients. With the existence of 

proposed system, doctor can train the system with some 

known data and then use this system to generate the MRI 

report of the patient after testing the data. The intensity is 

varied from one MRI [1]-[5] signal to the other and also even 

within a single signal [1]. Many more regularization 

techniques have been developed. An algorithm could 

decrease the contrast level between cells and brain tissue by 

thinking the enhancement of contrast level. Few approaches 

applying Discrete Cosine Transform (DCT) [5] to decrease 

redundancy in images gradually were introduced. DCT [4] 

uses the information for classification in the following 

manner: The system first computes the discrete constituents 

of various images [2]-[5]. Selection of a fixed number for 

DCT elements is done before representing them as inputs to 

the step of classification [2]. The performance of DCT is 

almost similar to DWT at lower threshold values but for 

higher threshold DWT gives better visual image quality than 

DCT. After this for more accurate result, feature selection is 
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done by PCA. Feature selection plays an important role in 

classifying systems such as neural networks (NNs) [3]. A set 

of attributes that are nearer, dissimilar or surplus from 

dealing a set of data which is large in count; decreases the 

number of attributes by giving only the relevant images as 

desirable output. In doing so, two feature selection 

algorithms can be achieved [3]. 6 stages are involved which 

are commencing from the image input to output. Also in 

previous method it is seen that it is difficult to get accurate 

results and most of it is not applicable for multiple images for 

tumor detection in short time. Also MR Images contain a 

noise caused by operator performance which can lead to 

serious inaccuracies classification.  

 

4. FLOW CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 
 

Figure 1:  Block diagram of six stage image input to output 
 

5. PROPOSED METHODOLOGY 

There are five major steps in the proposed approach for brain 

tumor classification: (a) Feature extraction by using DWT (b) 

Texture feature extraction by using GLCM (c) Feature 

Selection by using PCA (d) Tumor detection and Structural 

analysis by using K-means Clustering (e) Classification by 

using PNN-RBF Network 

 

5.1. Feature Extraction by using DWT 

The proposed system uses the Discrete Wavelet Transform 

(DWT) coefficients as feature vector. The wavelet is a 

powerful mathematical tool for feature extraction, and has 

been used to extract the wavelet coefficient from MR images. 

Wavelets are localized basis functions, which are scaled and 

shifted versions of some fixed mother wavelets. The main 

advantage of wavelets is that they provide localized 

frequency information about a function of a signal, which is 

particularly beneficial for classification. A review of basic 

fundamental of Wavelet Decomposition is introduced as 

follows: The continuous wavelet transform of a signal x (t), 

Square-integrable function, relative to a real-valued wavelet, 

(t) is defined as: 

 

����, �� � 	 
��� ∗
� ���	����� 

          Where  	 ��,���� � 1 �|�|�  

and the wavelet Ψa,b is computed from the mother Ψ wavelet 

by translation and dilation, wavelet, a the dilation factor and 

b the translation parameter (both being real positive 

numbers). Under some mild assumptions, the mother wavelet 

Ψ satisfies the constraint of having zero mean. The equation 

can be discredited by restraining a and b to a discrete lattice 

(a = 2b; a € R+; b € R) to give the discrete wavelet transform 

(DWT). The discrete wavelet transform (DWT) is a linear 

transformation that operates on a data vector whose length is 

an integer power of two, transforming it into a numerically 

different vector of the same length. It is a tool that separates 

data into different frequency components, and then studies 

each component with resolution matched to its scale. DWT 

can be expressed as. 
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Figure 2:  DWT Schematically 

 

The coefficients dj,k, refer to the detail components in signal 

x(n) and correspond to the wavelet function, whereas aj,k, 

refer to the approximation components in the signal. The 

functions h(n) and g(n) in the equation represent the 

coefficients of the high-pass and low-pass filters, 

respectively, whilst parameters j and k refer to wavelet scale 

and translation factors. The main feature of DWT is 

multiscale representation of function. By using the wavelets, 

given function can be analyzed at various levels of 

resolution. Fig. illustrates DWT schematically. The original 

image is process along the x and y direction by h(n) and 

g(n) filters which, is the row representation of the original 

image. As a result of this transform there are 4 subband (LL, 

LH, HH, HL) images at each scale. (Fig.2). Subband image 

LL is used only for DWT calculation at the next scale. To 

compute the wavelet  features in the first stage, the wavelet 

coefficients are calculated for the LL subband using 

Daubenchies wavelet function. 

 

5.2. Texture feature extraction by using GLCM 

Texture analysis makes differentiation of normal and 

abnormal tissue easy. It even provides contrast between 

malignant and normal tissue, which may be below the 

threshold of human perception. Texture analysis using 

computer aided diagnosis can be used to replace biopsy 

techniques and plays an important role in early diagnosis and 

tracking of diseases. In first-order statistical texture analysis, 

information on texture is extracted from the histogram of 

image intensity. This approach measures the frequency of a 

particular grey-level at a random image position and does not 

take into account correlations, or co- occurrences, between 

pixels. In second-order statistical texture analysis, 

information on texture is based on the probability of finding a 

pair of gray-levels at random distances and orientations over 

an entire image. The statistical features from MR images are 

obtained using Gray Level Co-occurrence Matrix (GLCM), 

which is also known as Gray Level Spatial Dependence 

Matrix (GLSDM). GLCM, introduced by Haralick is a 

statistical approach that can well describe the spatial 

relationship between pixels of different gray levels [17], [20]. 

GLCM is a two dimensional histogram in which (i, j)th 

element is the frequency of event i that occurs with j. It is a 

function of distance d=1, angle (at 0 (horizontal), 45 (along 

the positive diagonal), 90 (vertical) and 135 (along the 

negative diagonal) and gray scales i and j, thereby, calculates 

how often a pixel with intensity i, occurs in relation with 

another pixel j at a certain distance d and orientation . In this 

method, Gray level co-occurrence matrix was formed and the 

statistical texture features such as contrast, correlation, 

energy, homogeneity and entropy were obtained from the LH 

and HL sub bands of the first five levels of wavelet 

decomposition. 

5.3. Feature Selection and Reduction by using PCA 

 One of the most common forms of dimensionality reduction 

is principal components analysis. Given a set of data, PCA 

finds the linear lower-dimensional representation of the data 

such that the variance of the reconstructed data is preserved. 

Using a system of feature reduction based on a combined 

principle component analysis on the feature vectors that 

calculated from the wavelets limiting the feature vectors to 

the component selected by the PCA should lead to an 

efficient classification algorithm utilizing supervised 

approach. So, the main idea behind using PCA in our 

approach is to reduce the dimensionality of the wavelet 

coefficients. This leads to more efficient and accurate 

classifier. The feature extraction process was carried out 

through two steps: firstly the wavelet coefficients were 

extracted by the DWT and then the essential coefficients 

have been selected by the PCA. 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-6, NOVEMBER-2014                                E-ISSN: 2349-7610 

 

VOLUME-1, ISSUE-6, NOVEMBER-2014                                COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED                                                                                               17 

 

 

Figure 3:  Schematic diagrams for the used feature extraction 

and reduction scheme 

 
5.3. Classification by using Probabilistic Neural 
Network (PNN) 
 
 A probabilistic neural network (PNN) is a feed forward 

neural network, which was derived from the Bayesian 

network and a statistical algorithm called Kernel Fisher 

discriminate analysis. It was introduced by D.F. Specht in the 

early 1990s. In a PNN, the operations are organized into a 

multilayered feed forward network with four layers: 

 

• Input layer 

• Hidden layer 

• Pattern layer/Summation layer 

• Output layer 

 

6. ARCHITECTURE OF PROBABILISTIC 

NEURAL NETWORK  

In 1990, Donald F. Specht proposed a method to formulate 

the weighted-neighbor method in the form of a neural 

network. He called this a “Probabilistic Neural Network”. 

Following is a diagrammatic representation of a PNN 

network: 

 

Figure 6.1 Architecture of Probabilistic Neural Network 

6.1. Layers of PNN 

 PNN is often used in classification problems. When an input 

is present, the first layer computes the distance from the input 

vector to the training input vectors. This produces a vector 

where its elements indicate how close the input is to the 

training input. The second layer sums the contribution for 

each class of inputs and produces its net output as a vector of 

probabilities. Finally, a complete transfer function on the 

output of the second layer picks the maximum of these 

probabilities, and produces a 1 (positive identification) for 

that class and a 0 (negative identification) for non-targeted 

classes. 

 

Figure 4:  Layers of PNN 

 

7. ADVANTAGES OF PNN 

• Training speed is Fast 

• Training is Easy 

• Robust in noise conditions 

• Can be used in Real-time  

• PNN operations are organized into multi-level feed 

forward network with three layers 

 

8. ADVANTAGES OF THIS METHOD 

• It can segment the brain regions from the image 

accurately. 

• It is useful to classify the brain tumor images for 

accurate detection 

• It can detect Brain Tumors in early stages 

 

9. APPLICATIONS 

• Research 

• Cancer Screening Activities 
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• Epidemiology (Statistics) 

• Hospital Services  

• Diagnostic Centers 

• It is used in hospitals. 

• In Diagnostic centers etc… 

 

 

10. CONCLUSION 

The new method is a combination of Discrete Wavelet 

Transform, Principal Component Analysis and Probabilistic 

Neural Network. By using this algorithm, an efficient Brain 

Tumor Classification method is been constructed with 

maximum recognition rate of 100% .This method could serve 

in accurate classification of Brain Tumor diagnosis.  
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