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 MRI is used to detect other unusual features of brain tumors. The cancer 

appears when the cell gets damaged. It can appear anywhere in the brain 

with various sizes and shapes. They can have long-term effects and 

psychological impacts on brain health and overall life of patient. The 

evaluation of brain tumors using imaging techniques is becoming more 

prevalent. Due to differences in the intensity of the images in the MRI 

images, the results of automated analysis can be inaccurate. The proposed 

method uses simple techniques of brain tumor segmentation, detection and 

classification, which differentiates MR images into malignant and benign 

tumors. The methodology uses Otsu thresholding and Lloyds clustering 

followed by morphological filtering to segment brain MR images and uses 

discrete wavelet transform to extract wavelet features from segmented MR 

image. The probabilistic neural network has been used for classification. 

Finally radial basis function network performs classification by measuring 

the inputs vector similarity with prototype vector of training set The current 

methodology would be useful in clinical practice for the detection of brain 

tumor. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

There are two classes of brain tumors such as a primary brain tumors and secondary brain tumors. The tumors 

originating in the brain part are called primary tumors. The tumors are originating from other part of the body 

and spreading into the brain is called secondary tumors. The Primary tumors again classified into Benign and 

Malignant. Malignant tumors are different from benign ones. They can cause cancer if they become bigger 

and faster. The World Health Organization has a standard grading scheme for brain tumors. It classifies them 

into grade I to grade IV where grade I & II belongs to benign low grade brain tumor and grade III & IV 

belongs to malignant high grade brain tumor. Modern imaging techniques, such as X-ray & MRI, are now 

able to provide detailed information about brain tumors, which can help improve the treatment of patients. 

Malignant brain tumors are also considered equal parts of cancer and neurological disease. This information 

is very crucial in deciding on the type of treatment that's right for a patient. The proposed system focuses on 
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simple techniques of brain tumor segmentation and classification, which differentiates MR images into 

malignant and benign tumors. The MR images may contain both normal and abnormal images. The data 

produced by medical field is in digital image format. So there is a need of experts in order to take necessary 

remedial actions to identify the medical problem. To overcome this problem, there is a need to develop image 

segmentation classification system which automatically examines the problem without assistance of any 

expert. Before segmentation and classification, the input image needs to be pre-processed to enhance quality 

of image for better result. The input image degraded by different noises hence in proposed system filtering 

techniques are used to enhance image quality for accurate results. There are two number of segmentation 

techniques to segment brain tumor portion from input MR image. Normally thresholding, region, edge and 

clustering based segmentation methods are often used [2]. An automatic learning framework for robust 

nucleus segmentation is proposed. It uses a deep convolution neural network to generate a probability map 

for the region merging approach. 

 

[3] The goal of this study was to provide a comprehensive overview of the current state of the art MRI-based 

methods for the evaluation of brain tumors. 

 

[5] Morphology Based Enhancement and Skull Stripping of MRI Brain Images proposed two simple and easy 

to implement algorithms for MR brain image enhancement and skull stripping based on mathematical 

morphology. The proposed algorithms efficiently works for enhancement and skull stripping of brain MRI 

images of T1, T2, FLAIR image sequences. From the experimental results it is evident that the proposed 

methods can be effectively used with many brain MR Imaging applications including tumor detection, tumor 

volume analysis and tumor classification [6]. Tumor Detection using threshold operation in MRI Brain 

Images proposed threshold operation and Morphological processing technique to detect brain tumor. The 

operators can change the structure of the image by adding or removing certain elements. Various operators 

such as open, dilate, and 8 close have been successfully used to extract brain tumors from MRI images. Pre-

processing of the MRI was done using grayscaling, histogram equalization and filtering techniques. In order 

to get the final image, the operator needs to divide the image into its desired region. In [1] Studied techniques 

for Brain Tumor Segmentation of MRI images. A number of techniques have been studied to identify the 

intensities of images and to provide good results but fail for low contrast images. These techniques include 

region-based segmentation, Edge-based segmentation, and Clustering-based segmentation [7]. Comparative 

study of tumor detection proposed different approaches for segmentation of brain tumor. After analyzing the 

results, the researchers concluded that the combination of K-Means and C-Means segmentation provides the 

best results for abnormal growth. K- Means does the rough segmentation of the abnormal growth and Fuzzy 

C- Means segments it to bring about more exactness in its shape. [16] proposed comparative study on brain 

tumor detection techniques and studied different techniques for segmenting the tumor in the brain MR images. 

In segmentation used different techniques like K-means, LBP, Morphological operations and edge detection. 

After comparing these techniques, it is found that Applying K-means first and then the edge or LBP was 

segmenting the tumor 100 percent. Literature review summarizes some limitations in the existing systems 

viz. The method of region-based segmentation provides good results but fail to capture the images with low 

contrast. The efficiency and accuracy of KNN algorithm will becomes low, when the number of samples 

increases. SVM achieves lower classification accuracy if the data is near the separating hyper-plane. it can 

also produce false edges. So It is needed to develop the method to minimize the limitations at great extent. 

 

Before segmentation and classification, the input image needs to be preprocessed to enhance quality of image 

for better result. The input image degraded by different noises hence in proposed system filtering techniques 

are used to enhance image quality for accurate results. There are number of segmentation techniques to 

segment brain tumor portion from input MR image. Normally thresholding, region, edge and clustering based 
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segmentation methods are often used. Proposed system uses Otsu thresholding and Lloyds clustering followed 

by morphological filtering to segment brain MR images. Feature extraction refers to a variety of quantitative 

measurements of MR images used for making decision regarding the pathology of structure or tissue. The 

feature extraction method takes the input image data and constructs a set of features called feature vectors. 

The proposed system has utilized the discrete wavelet transform to extract wavelet features from segmented 

MRI image. There is huge number of classification algorithms. Usually, the K-Nearest Neighbor algorithm 

is used for image classification. Other algorithms include the Support Vector Machine and the Probabilistic 

Neural Network. The efficiency and accuracy of the KNN and SVM algorithm is low, when the numbers of 

samples are increased. The proposed system uses probabilistic neural network for classification. PNN 

execution is faster and simplicity in the training process. The training and testing phases of image 

classification are performed. In training part the known data is given to the classifier for the training. The 

accuracy of the training part is measured. In the testing phase, the data is collected and analysed and classified 

according to the efficiency of the algorithm. 

 

2. SYSTEM ARCHITECTURE AND METHODOLOGY 

The overall architecture of the proposed system is shown below consisting of hybrid feature extraction, 

Lloyds clustering segmentation, probabilistic neural network with radial basis function as a classifier as 

shown in fig.1. 

 

 
Figure 1: System Flow for Segmentation and Detection of Brain Tumor Cell Nuclei in MRI Images. 

 

2.1 Preprocessing 

In most cases, the raw MRI image should be preprocessed to enable the proper segmentation. The pre-

processing has gone through the various stages such as gray scale conversion, low pass filtering, and high 

passes filtering, morphological operations. 

 

2.2 Segmentation 

Segmentation is an important process to extract tumor regions from brain MR images. Brain MRI image 

segmentation is done in order to change an MR image into more meaningful form which will make it easier 
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for us to identify the tumor in the brain. Otsu threshold and Lloyds clustering techniques are used for tumor 

segmentation followed by morphological operation. The output of preprocessing stage is given as an input to 

Otsu thresholding for image binarization. Lloyds clustering technique used to create color transformation 

structure. Clusters creation is done by using k-mean algorithm to obtain segmented tumor image.  

 

2.3 Feature extraction 

Feature extraction is a process that helps make the raw data easier to use for further processing of data. By 

extracting features from different textures, the data's inner structure is maximized and its outer structure is 

minimized. Feature extraction is a process that takes advantage of the different textures in the data to make 

the data more usable for the next generation. When analysing large amounts of data, it can be challenging to 

perform proper analysis due to the complexity of the data. Having too many variables can also cause a 

classifier to over-fitting to new samples. Feature extraction is a process that combines the various elements 

of a data set to get around some of the problems that arise when performing statistical analysis. In proposed 

system, discrete wavelet transform technique is used for the purpose of feature extraction. 

 

2.4 Classification 

A probabilistic neural network is a type of system that is used to categorize patterns based on learning. It 

consists of a layer that calculates distances between the input and the training vectors, and a vector that defines 

the closeness of the input. The second layer takes the contributions of each input class and outputs a vector 

with probabilities as its net output. The transfer function of the second layer selects the maximum number of 

probabilities that are available for each class. This method allows the system to easily add new information 

without requiring any retraining. The classification techniques are used a given below. 

 Probabilistic neural network 

 Radial basis function 

           The system is implemented with MATLAB software as it is more familiar and It is a high-level 

language for numerical computation, visualization and application development. 

 

3. IMPLEMENTATION WITH RESULTS & DISCUSSIONS 

The acquired image in the system as a input is color image or gray scale image. The color image is in the 

form of Red, Green and Blue (RGB). It increases the complexity of the model. In image processing gray scale 

images are preferred than color images because inherent complexity of the gray scale image is lower than 

color image. The color image & gray image of MRI is shown below in fig. 2 and fig. 3 respectively. 
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Figure 2: Color image of acquired image of MRI as a input. 

 

 
Figure 3: Gray Scale image acquired image of MRI as a input. 

 

3.1 Low pass & high pass filtering 

In low pass filtering, the algorithm uses spatial smoothing to reduce the number of points that are averaged 

with their neighbor’s data. The formula to obtain low pass filtering image is, 

g(x, y) = w[f(x-1, y-1) + f(x-1,y) + f(x-1,y+1) + f(x,y-1) +f(x, y) + f(x, y+1) + f(x+1,y-

1)+f(x+1,y)+f(x+1,y+1)] …………………………………………[1] 

 

Where, w=1/9*[1 1 1; 1 1 1; 1 1 1] is an low pass filter kernel represented in below matrix 

 

                                   w= 1/9 

 

 

 

 

 

1 1 1 

1 1 1 

1 1 1 
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The low pass filtering of acquired input image of MRI is as shown in fig. 4 

 

 
Figure 4: Low pass Filtering of acquired input image of MRI 

 

A high pass filter is the foundation for most sharpening techniques. Sharpening is a technique that highlights 

the finer details of an image. It is used for edge recognition. The formula to obtain low pass filtering image 

is, 

g(x, y) = w[f(x-1, y-1) + f(x-1,y) + f(x-1,y+1) + f(x,y-1) +f(x, y) + f(x, y+1) + f(x+1, y-

1)+f(x+1,y)+f(x+1,y+1)] …………………………………………………….......[1] 

Where, w= [-1 -1 -1; -1 8 -1; -1 -1 -1] is an high pass filter kernel represented in below matrix & filtered 

image is shown in below fig. 5 
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Figure 5: High pass Filtering of acquired input image of MRI. 

 

3.2 Morphological image processing 

It is commonly used to identify objects within an image and remove imperfections with filling the gaps caused 

by the lack of structure. It also performs other morphological operations such as erosion and dilation. The 

broken and relevant segments are easily joined by this feature. The unwanted portion is then removed and the 

affected part is shown in below fig. 6 

 

 
Figure 6: Dilation and Erosion of image (Morphological operation). 

 

3.3 Otsu thresholding 

It is a process that involves reducing a gray level image to a binary one. It takes into account the existence of 

two classes of pixels, which are respectively the background and foreground. The otsu thresholding of input 

image is shown below in fig. 7. 
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Figure 7: Otsu Thresholding 

 

Lloyd’s formula is a method for finding evenly-spaced sets of geometer areas in a given region. It partitions 

those sets into well-shaped lentiform cells. Like the k-means cluster formula, this algorithm finds the center 

mass of every set within a partition. The Lloyds clustering is shown in below fig. 8 

 

 
Fig. 8:  Lloyds Clustering 

 

Lloyd’s methodology is basically utilized for scalar division but the strategy extends for vector division also. 

The Euclidean distance or Euclidean metric is the ordinary (i.e. straight-line) distance between two points in 

Euclidean region. 

 

√∑ (𝑐𝑖 − 𝑥𝑖)2𝑘
𝑖 ………………………………………………………….. [3] 

 

Where, C is the Cluster Center 

            x is the case it is compared to 
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            i is the dimension of x (or c) being compared. 

            k is the total number of dimensions. 

 

3.4 K-means clustering 

The clustering method known as k-means is a method that describes the best partitioning of a data set 

containing k number of clusters. The method is defined by its objective function which aims to minimize the 

sum of all squared distances within a cluster, for all clusters. One aspect of k-means that makes it different 

from many other clustering methods is that the number of clusters is fixed when clustering occurs. The 

flowchart of K-means clustering is shown below in fig. 9. 

            Algorithm of K-means clustering: 

1. Define number of clusters k. 

2. Selecting random centers for clusters. 

3. Calculate the Mean for each cluster for a given image. 

4. Calculate the distance between cluster centers to each pixel. 

5. If the pixel closes to cluster, then move it into that cluster or else compare that pixel with next clusters. 

6. Repeat step 3 and 4 until mean value converges. 

 

 
Figure 9: Flowchart of K-means clustering. 
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Figure 10: Segmented Tumor 

 

The Output of the segmented tumor is shown in above fig. 10 

  

3.5 Feature Extraction 

The discrete wavelet transform is used to ex- tract characteristics from a signal on various scales proceeding 

by successive high pass and low pass filtering. The wavelet coefficients are the successive continuation of 

the approximation and detail coefficients. The basic feature extraction procedure consists of 

• Decomposing the signal using DWT into N levels using filtering and decimation to obtain the 

approximation and detailed coefficients. 

• Extracting the features from the DWT coefficients. 

 

The features extracted from the discrete wavelet transform (DWT) coefficients of test image are considered 

useful features for input into classifiers due to their effective time frequency representation of non-stationary 

signals. The concept of discrete wavelet transform is a widely used feature extraction technique. The method 

involves extracting the wavelet coefficient from an image by means of a two-dimensional representation of 

the signal. Its main advantage is that it provides localized frequency information, which is very beneficial for 

classification. 

The following features are extracted from brain MRI image. 

• Contrast: Measure of the intensity contrast between a pixel and its neighbour over the whole image. 

Contrast is 0 for a constant image. 

• Correlation: Measure of how correlated a pixel is to its neighbour over the whole image. Correlation 

is 1 or -1 for a perfectly positively or negatively correlated image. Correlation is NaN  (Not a Number) for a 

constant image. 

• Homogeneity: Measures the closeness of the distribution of elements in the GLCM to the GLCM 

diagonal. The range of Homogeneity is [0 1]. Homogeneity is 1 for a diagonal GLCM. 

• Energy: It measures the degree of pixel pair repetitions. The uniformity of image is also measured 

using this feature. 

• Mean: The mean, m of the pixel values in the defined window, estimates the value in the image in 

which central clustering occurs. 

• Standard Deviation: The Standard Deviation, is the estimate of the mean square deviation of grey 

https://www.teikyomedicaljournal.com/


  ISSN: 03875547 

Volume 45, Issue 01, February, 2022 

  

4515 
 

pixel value p (i, j) from its mean value m. Stan- dard deviation describes the dispersion within a local region. 

• Smoothness: Relative smoothness, R is a measure of grey level contrast that can be used to establish 

descriptors of relative smoothness. 

•    Skewness: Skewness, ‘S’ characterizes the degree of asymmetry of a pixel distribution in the 

specified window around its mean. Skewness is a pure number that characterizes only the shape of the 

distribution. 

 

 
Figure 11: Segmented tumor images. 

 

The segmented tumor images are shown in fig. 11 used for texture feature extraction. Texture features 

extracted from segmented tumor images are shown in Table 1. 

 

Table 1: Feature Extraction using DWT 

Feature Extraction Image1 Image2 Image3 Image4 

Contrast 5.7071 5.7766 3.5389 5.8238 

Correlation 0.4412 0.4137 0.3611 0.5059 

Energy 0.3824 0.4057 0.6403 0.4187 

Homogeneity 0.7649 0.7787 0.87 0.7933 

Mean 0.221 0.2198 0.08 0.3381 

Standard Deviation 1.0978 1.1574 0.7163 1.4664 

Smoothness 0.9988 0.9988 0.9968 0.9992 

Skewness 3.8066 3.4089 3.6433 3.4032 
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3.6 Classification 

The concept of Bayesian classification is a key component of the framework of the probabilistic neural 

network.  It involves identifying the vectors that are in a given class and performing a cost function to classify 

them. 

 

The Bayes rule such that the input vector belongings to class A is classified as, 

      PACAfA(x) > PBCBfB(x)………………………………………………………………..[3] 

 

        Where, 

PA is Priori probability of occurrence of patterns in class A.  

CA is Cost associated with classifying vectors. 

fA(x) is Probability density function of class A. 

The operation of classification is organized into a multilayered feed forward network with four layers. The 

proposed system uses Probabilistic Neural Network for classification of segmented tumor. The network 

consists of Input layer, Hidden layer, Pattern layer/Summation layer, Output layer. 

 

In this framework, the input vectors are divided into three classes: X, Y (PNN output), and TC (associated 

classes). The radial basis function network then performs the same function to classify the outputs by 

measuring the input vector. For each new input each neuron computes Euclidean distance between the input 

vector and its prototype vector. If the input vector is closer to class 1 prototype vector it classified into class 

1. The output of the RBFN is in the form of category based on the computed score by taking weighted sum 

of the activation values from each neuron. The radial basis function network category 1 output shows the 

highest score are red circles and lowest score are blue color with positions of prototype as a lack asterisks. 

Decision boundary shows where the category 1 and category 0 scores are equal. Finally the training accuracy 

up to 95.4 percent has achieved.  The accuracy can be improved by using more Radial Basis Function neurons. 

In the first stage of classification, three vectors and their classes of PNN training is shown in below fig. 12. 
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Figure. 12: The input vectors classified into the different classes using PNN training 

 

The Radial Basis Function Network category-1 output shows the highest score are red circles and lowest 

score are blue color with positions of prototype as a lack asterisks as shown in below fig.13. 
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Figure 13: Radial Basis Function Network -Category -1-Output 

 

The decision boundary is shown in below fig. 15 where the category 1 and category 0 scores are equal. 

 

 
Figure 14: Decision boundary. 

 

Finally, the output of detected tumor with its accuracy depends on input MRI image taken for detection of 

brain tumor is shown in below fig. 15 
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Fig. 15: Detected Tumor. 

 

4. CONCLUSIONS  

The results of this study show that the method used for the classification of human brain images is efficient 

in detecting brain tumors. If the size of the database is to large then classification of the MR images is very 

difficult for the radiologist. The proposed automated system classification can be done with better accuracy 

and less time. The implemented system would be useful for neurosurgeon in the detection of brain tumor. In 

this proposed system the automatic detection and segmentation of nuclei in brain tumor tissue images has 

been studied and implemented by using Lloyds clustering, and the classification of images using probabilistic 

neural network (PNN). The DWT is utilized to extract features like Contrast, Correlation, Energy, 

Homogeneity, Mean, Standard Deviation, Smoothness and Skewness. The method can detect brain tumors 

with a high degree of accuracy up to 95.4%.  
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