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Abstract 
 
Safe Engineering applications in the medical image processing plays a 

significant role to diagnosis brain abnormalities.Present days Brain 
Cancerisaffecting people of all ages which may lead to mortality also. For 

finding brain tumors many imaging techniques are available in which MRI 

imaging technique is dominant. Although advanced imaging techniques are 

available in thisarea, the size of the tumor can be predicted accurately by an 
Expertise only. Some times which may lead to human errors also. To 

overcome this problem many computer-aided automated algorithms are 

proposed. In this paper, we introduce a segmentation algorithm which is the 
combination of heat distribution and the Modified Fuzzy C-Means Clustering 

(HDMFCM) method which increases the tumor detection accuracy. Adaptive 

Local Binary Pattern (ALBP)is proposed for Textural feature extraction. 
Naïve Bayes is used for the classification of brain tumors. The proposed 

system gives better results for safe applications in the medical image 

processing engineering fields.ThePublicly available Database is used for 

Experimentation.  
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1 Introduction 
 

Abnormal growth of Brain cells is called brain tumor, these cells grow in 

an irregular shape. These tumor cells will damage healthier cells adjacent to 

it and starts spreading throughout the brain and body. Due to the irregular 
growths of cells which may lead to swelling, Skull pain, and Tenderness. 

Brain tumors are classified asBenign type of tumor and Malignant type of 

tumor. Benign type of tumors is not cancerous and This type of tumors will 

not spread to other parts. In rare conditions these tumors also will 
growslowly. Premalignant type of tumors is not cancerous but they have the 

potential to become cancerous tumors. Malignant tumors are cancerous and 

spread to other parts very fast. These types of tumors may cause the defect to 
body organs sometimes it may lead to mortality also. So, the prediction of 

Brain tumors in early-stage became significant for treatment. If the Brain 

tumor is diagnosed at an earlier stage by radiation treatment may tend to a 
contributing factor for reducing Brain tumor[1]. 

Many Medical Imaging Techniques are Available for Perusing Internal 

body. In this Magnetic Resonance Imaging (MRI)Technique is playing a 

vital role in the prediction of Brain Tumors. The Experienced Person only 
can estimate the area of the tumor and size of the tumor from MRI Image. 

But in analyzing several MRI Slices there is a chance of getting Human error 

and Time-consuming[2]. To overcome these Problems Automatic Computer-
Aided Diagnostic models are Proposed. 

The infected tissues will produce additional heat when compared to 

normal tissues. due to additional heat, it will show a significant impact on the 

MRI image. Due to these significant changes in MRI image makes to detect 
the tumor region more accurately. The Heat distribution of an image is 

calculated using Penne’s Bioheat Transfer Equation (PBHTE) [3].Inthe 

Traditional FCM algorithm, the features of the image are calculated by using 
mean information which is calculated by using Euclidean Distance In the 

Divergence FCM algorithm the features of the image is calculated by using 

both mean and variance[4][5].The Number of Variations in the Local Binary 
Pattern is used as texture descriptors. These descriptors along with 

histograms are used in machine learning(ML) algorithms for 

classification[6][7]. Naïve Bayes, SVM, and many other techniques are used 

forthe classification of a Brain tumor [8][9]. 
In this research paper, we propose a new algorithm for Brain tumor 

Detection and classification from MRI Images. A hybrid filter (Median 

Guided Filter) is appliedtoreduce the noise in the MRI brain image. 
Segmentation of the Brain tumor region is done by HeatDistribution 

Modified Fuzzy C-Means (HDMFCM) Algorithm. Texture features of Brain 

Tumor are extracted using Adaptive Local Binary Pattern (ALBP). A naïve 
Bayes classification algorithm is used for the classification of tumors. 
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This research paper is ordered as follows: Section II defines various 

related works in this field, Section III describes Proposed Work,Section IV 

Explains Experimental results and Section V Concludes the work. 

 

Fig 1: Overall process of proposed research work 

 

2 Related Works 

 

2.1 Filters 

 

2.1.1 Median Filter 

 

Median filtering is a digital filtering method which is nonlinear. This 
technique is used to remove noise in images. This technique is mostly used to 

remove salt and pepper noise. This is one of the most important techniques in 

filtering which preserves the edges in the image. The neighbor pixels are 
arranged based on intensity values in ascending order then the center pixel 

value is substituted with the center value that is the median value. The 

median filtering is represented as 

                                                        (1) 

where,  is the Input image,  is the Filtered image, :window 

size[10][11] 
 

 



                                                                                                                  
 

 

 
 

 

 
4730 P.Harish et.al 

 

2.1.2 Mean Filter 

 

Mean filtering is a digital filtering method. This method is used to 

remove noise in images. This is one of the most significant techniques in 
filtering which preserves the edges in the image. The pixel values are 

replaced with the mean value. The mean filter values are calculated using 

pixel intensity. The mean filtering is represented as 

 
N: Windowsize f (k, l): InputImage X(y,z):Filtered Image[11] 

 

2.1.3 Gaussian Filter 

 

Gaussian filtering is a digital filtering method which is linear.This 

method is a good noise removal from a normal distribution[11] 

X (y, z) =  
 

2.2  The Calculation for Distribution of Heat  inTumor Region 

 

Penne’s bioheat equation is used for calculating the Heat distribution in 

brain tumor  
The Penne’s bioheat equation is statedas 

 
In equ (4), :Tissue mass, :Exact tissue temperature, J: Thermal 

conductivity, :Percentage of  blood perfusion, :concentration of blood, 

:temperature of blood, : The heat of the artery and :producing 

metabolic heat[3].  

 

2.3  Fuzzy C-Means Clustering  

 

The traditional fuzzy C-means clustering is expressed as[4]: 

 
Where,  

The membership function is depending on Euclidian Distance (Ed), 
Fuzzy degree(l), and center of the feature(v) and is defined as  

 
 



                                                                                                                  
 

 

 
 

 
Safe Engineering Applications for Diagnosis of Brain Abnormalities using Adaptive 

Local Binary Pattern Based Texture Analysis 4731 

 
In traditional Fuzzy C means algorithm only one parameter mean is used 

whereas [4] proposed divergence Fuzzy C-Means clustering both variance 

and mean are used for clustering.Divergence FCM  

D(x,v)= (7) 

Where x=(  and v=( ;i=1,2,.n 
 

2.4  Local Binary Pattern (LBP) 

 

LBP is anutmostinfluential texture descriptor in Image Processing based 

on their working ease. The LBP label value is as follows[6]: 

 

 
Where,  are denoted as neighborhood gray values and center 

pixel.  
In the traditional LBP Method, neighbor Pixel is compared with the 

central pixel in a window.If the difference is positive then the binary value is 

set to 1 if the difference is negative or zero then the binary value is 0. The 

drawback in this method is if the difference value is 0, -1, -2or –3 then the 
binary value is set to 0. even though there is less difference as it is setting to 

0 the information is getting lost. 

 

2.5  Classifiers 

 

2.5.1 Naïve Bayes Classification  

 

The Naïve Bayes is one of the significant models of classification which 

can classify the images with high accuracy. It is a supervised machine 

learning algorithm. This algorithm can make a Multi-Class classification. 
This classifier gives the most robust result[9]. 

Bayes’ Theorem is defined as  ; 

:The posterior probability of target class 

B(A): Preceding probability 

:Predictor Probability of given class 

B (iii): Preceding predictor probability of class. 
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2.5.2 Random Forest (RF) 

 

The random forest is one of the significant models of classification 

which can classify the images with high accuracy. The random forest can 
perform both regression and classification but most probably it is used for 

classification problems. As we know aThick forest is consists of more trees 

similarly in a random forest process, it creates several decision trees on the 
data set and by utilizing voting, it predicts the best solution. It is an Ensemble 

model, instead of using single decision trees it uses multiple for predicting 

best results. Overfitting can be reduced by averaging[12]. 
 

2.6 Random Forest Algorithm Process 

 
1.The Random Samples are selected from Data Set 

2.Decesion trees are constructed on every sample then results are 

predicted from each decision tree. 

3.Voting process is done for each predicted result. 
4.Highest voting predicted result is considered as the final result.  

 
Fig.2. Random Forest Working StructureCreated with BioRender.com[15] 

 

3 Proposed System 

 
This section describes the Proposed research work which comprises 

Hybrid Filter (MGF) for preprocessing,HDMFCM for segmentation,ALBP 

for feature Extraction, and Naïve Bayes classifier for classification. Fig 3 

shows the block diagram of the proposed system. 
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Stages involved in proposed research work, 

i. MRI Brain tumor images are used as inputs that are gathered 
from publicly available datasets. 

ii. Initially,the input MRI image is preprocessed to achieve high 

visual quality by image enhancement techniques. A hybrid filter is proposed 
to enhance the quality of the image. A hybrid filter is a combination of a 

median filter and a guided filter. 

iii. The Preprocessed image is applied for segmentation for the 

extraction of the tumor region.HDMFCM is proposed for segmentation. 
Initially the preprocessed image is applied toPenne’s bioheat equationfor 

finding heat distribution at the tumor region then it is applied to the modified 

fuzzy C-Means algorithm, which clusters the entire image to find the tumor 
region.   

iv. After the segmentation process to get the texture features of the 

Brain tumor region Adaptive Local Binary Pattern (ALBP) is implemented. 
v. Lastly, by using the Naïve Bayes Classifier Brain images are 

classified as Benign or Malignant 
 

3.1 MGF (Median Guided Filter) Algorithm 
 

In the preprocessing stage, a Hybrid filter is used. A hybrid filter consists 

of two stages.Thefirst stage consists of a median filter and in the second 

stage,a Guided filter is used. 

 

3.1.1 Median Filter 

 

1.Initially the window size is selected, the center pixel is taken as 

reference, and neighbor pixel Intensity values are arranged in ascending 
order 

2.After arranging the pixel values in ascending order the center pixel is 

replaced with the center value in the order  

3.This process is done from 0-255 pixels in an input image[10]. 
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Fig 3: Block diagram of the proposed research work 

Created with BioRender.com [15] 

As the pixel values are changed with median values,the image will get 

denoising image. But due to this, some edge information may get lost so the 
output of the median filter is applied to the guided filter. 

 

3.1.2 Guided Filter 

 

The guided filter produces afiltered image based on two input images 

one is the guided image and another is an input image. A guided image may 
be an input image or another image. 

The guided filter is defined as [13] 

 
Where (Ck, ) are linear coefficients that depend on input and guided 

image. 

 

 
 

Where  : Variance of image  in  

: Mean of image  in  

: Mean of an Input image  

1.Initially the guided image which is an output of a median filtered 

image is applied to the guided filter. 
2.The second input of the Guided image is the Noise image. 
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3.the output of the guided filter is the linear relationship between the 

guided image and constants. Constants  are linear coefficients of the guided 

image and the input image. 
4.The output of guided filtered image is noise-free and edge restored 

images.  
 

3.2  HDMFCM (Heat Distribution Modified Fuzzy C-means 
Clustering) Algorithm 

 
 1.After Preprocessing, the Filtered image is applied toPenne’s bioheat 

equationwhich is used for calculating the heat distribution in the brain tumor 

region[3]. 

 
2.After calculating the Heat distribution of the brain tumor then the 

resultant image is applied to the modified Fuzzy C-Means clustering 

Algorithm. 
3.In Traditional FCM [4] only one parameter is used for clustering 

whereas in Modified Fuzzy C Means Clustering[14]Multiple parameters i.e., 

Energy,Homogeneity,Contrast,correlation of an image is used for clustering. 

i. Energy, where, 

K: Gray level co-occurrence matrix.                                                    (15) 

ii. Homogeneity,                                       (16) 

iii. Correlation,                                 (17) 

iv. Contrast,  

                                                                                   (18) 
4.By calculating multiple features from a heat distributed image, the 

parameters are used for clustering. 

 
3.3 ALBP(Adaptive Local Binary Pattern Feature Extraction) 
Algorithm 
 

In the traditional LBP Method[6][7] the center pixel of a window is 

compared with the neighbor pixel, if the result is positive then the Binary 

pattern is set to 1 else it will be set to 0. Even though there is a small 
difference (-1, -2, -3) it will be set to 0which leads to loss of information.To 

overcome this problem, we are proposing an ALBP. 

1.Intially the window is selected. Then the centerpixel is compared with 
the neighbor pixel. 

2.If the difference is positive the binary pattern value is set to 1. 
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3.If the difference is greater than -3 then the binary pattern is set to 0. 

4.After generating the binary pattern it is converted to decimal, then this 

value is replaced with the center value of the window  
5.These steps are continued for all pixels in an image,by using these 

operations histograms are created which are used for the classification of 

images. 

                                                                                 (19) 

 

3.4 The Naïve Bayes Algorithm 

 
 The Naïve Bayes algorithm classifies an image with high Accuracy. 

This algorithm can make a Multi-Class classification. This classifier gives 

the most robust result[9]. The Adaptive Local Binary Pattern 

texture.information is used for classification of an image in terms of Benign 
or Malign 

1.Assume TD be the DataSet to be trained with each element in M-

Dimensional vector. 
2. Let there are n Classes Z1, Z2,….Zn 

3.Suppose if the unknown Element(E) has to classify, then the Naïve 

Bayes classifier will predict the class of E in N classes based on the higher 

probability. 
4.This classifier computes a probability of unknown elements based on 

Baye's statement. 

 
 

4 Experimental Results 
 

MRI Brain Tumor images are collected from the Publicly available data 

set. This data set contains different types of tumor MRI images. MATLAB 

2019a software is used to process and assess the novel proposed 
technique.Figure 1 shows the overall process of the proposed system. Figure 

3 shows the Block diagram of the Proposed System. 
Table1: Noise Parameters of Brain 

Filtration method MSE PSNR SSIM 

Median 567.3837 20.5920 0.7663 

Mean 615.4986 20.2385 0.5854 

Gaussian 654.107 19.9743 0.5841 

MGF (proposed) 15.09 36.34 0.9484 
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4.1 Preprocessing (Median Guided Filter) 

 
In the preprocessing stage, a Hybrid filter is used. A hybrid filter consists 

of two stages.  The first stage consists of a median filter and in the second 

stage,a Guided filter is used. 

First Stage: Median filter is used for removing noise in input images. The 
median filter makes some parts of images over smoothened due to this some 

edges and texture information may get lost. 

Second Stage –To overcome the over smoothing problem in the median 

filter a guided filter is used in the second stage. The output of the median 
filter is taken as a guided image and finally the input image is applied. 

finally, we got a noise-free, edge, and Texture information preserved image.  

In table 1, Different types of filters are compared. By adding salt and 
pepper noise to the MRI Brain images, different filtering techniques are 

applied to remove noise and these filtering techniques are compared with 

various parameters like PSNR, MSE, SSIM which are tabulated in table 1. 
The result shows that the Proposed Median Guided filter is better than other 

filtering techniques. 

 
(i)                  (ii)                    (iii) 

 
(iv)                        (v)                  (vi) 

Figure 4(i-iii) shows the input images of a preprocessing stage. 4(iv-vi) shows 

an output of Hybrid filter. 

 

4.2 Segmentation (Heat Distribution Modified Fuzzy C-means 
clustering) 

 
Segmentation plays a vital role in the diagnosis of Tumors in the 

brain.As the tumors are irregular in shape so it is a difficult task to detect the 
tumor region accurately. This problem can be overcome by our proposed 

method HDMFCM (Heat Distribution Modified Fuzzy C-means clustering). 

In our proposed segmentation method, there are two stages.In the first stage 

Heat Distribution of the Preprocessed image is calculated. The tumor region 
has a higher temperature than the normal region. By this calculation, we can 

reduce false Positives and False Negatives in findings. To calculate the heat 

distribution Penne's bioheat equation is applied. 
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(i)                    (ii)                       (iii) 

Fig.5. (i-iii) shows Heat Distribution Calculation Results using Penne’s Bioheat 

Equation for a Filtered Images 

In the Second Stage,MFCM is used for tumor cell clustering. In MFCM, 

the clustering of pixels is done based on the characteristics of Pixels in an 

MRI image.The characteristics are correlation, homogeneity, energy, and 
contrast. 

 

 
(i) 

 
(ii) 
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(iii) 

Fig.6. (i-iii)illustrates theMFCM Results. The Heat distributed Brain tumor images 

are given as input for MFCM.The output images show the clustering of Brain Tumor 

regions. 

 

 
(i)                      (ii)                    (iii) 

Fig.7. (i-iii) shows the Tumor recognition results from HDMFCM 

 
4.3 Texture Feature Extraction 

 

Texture analysis plays a significant role in medical image processing. It 
measures qualities such as Smooth, Rough and Bumpy as a function of the 

pixel intensities. Local Texture Descriptors are used to analyze textures. 

Local Binary Pattern techniques play a major role in texture analysis. In the 

Proposed work,the Conventional LBP technique is modified while assigning 
threshold values to construct new binary patterns. This method (ALBP) 

extracts more textural information of Brain tumors in an MRI image.  

 
(a)                      (ii)                    (iii) 

Fig.8. (a-c) Shows the brain tumor region Texture analysis results from ALBP 
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4.4 Classification 

 
The Naïve Bayes algorithm classifies an image with high Accuracy.The 

Naïve Bayes is a Probabilistic classifier that is based on the Bayes theorem 

with strong independent attributes. This algorithm can make a Multi-Class 

classification. This classifier gives the most robust result. The Adaptive 
Local Binary Pattern texture information is used for classification of the 

image in terms of Benign type of tumor or Malign type of tumor  

 
(i)                     (ii)                       (iii) 

Fig.9. (i-iii) shows Brain tumors classified as benign or malignant by using the Naïve 

Bayes classifier. 

Table 2: Confusion Matrix 

Predicted Benign Cancer Malignant Cancer 

Benign Cancer TPv(72) FNv(02) 

Malignant Cancer FPv(03) TNv(103) 

 

Table 2, shows the confusion matrix, the confusion matrix is derived 
from the predicting outputs from classifier.By using the values fromthe 

Confusion matrix, we calculate the following parameters: 

i) Accuracy: It is the ratio of the sum of True positive and True 
negative to the Total Tested images. This parameter shows how exactly the 

input images are classified. 

 
ii) Precision: It is the ratio of True positive to the sum of a truly 

positive and false positive. This parameter is used for Positive assessment 

 
iii) Sensitivity: It is the ratio of True positive to the sum of a truly 

positive and false negative. This parameter is used for finding the proportion 

of positives correctly identified 

 
iv) Specificity: It is the ratio of True positive to the sum of a truly 

positive and false negative. This parameter is used for Positive 

assessment.This parameter is used for finding the proportion of negatives 
correctly identified 
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After calculating the parameters, these are compared with different 
methods. In which it shows our proposed method gives a better output when 

compared to others. Table 3. Shows the comparison of various methods with 

our proposed method. 
Table 3: Quantitative Assessment with different models 

Method RF KNN Naïve Bayes 

(Proposed Method) 

Accuracy 96.64% 91.63% 97.22% 

Precision 94.71% 88.29% 96% 

Sensitivity 97.29% 91.85% 97.30% 

Specificity 96.25% 91.45% 97.17% 

 

 
Fig.10: Quantitative Evaluation with different models 

Figure 10 illustrates that the proposed model performs better than other 
models in quantitative evaluation. 

 

5 Conclusion 
 

A novel technique is proposed for diagnosing Brain tumorsfrom MRI 

images. These images are collected from publicly available data sets. 
Preprocessing is done for input images to remove noise with preserving 

edges and feature information,for this we used a hybrid filter which is a 

combination of median filter and guided filter. A novel segmentation 
technique is proposed HDMFCM for separating tumor regions from a 

healthier region. Next ALBP is used to extract the texture features of the 

affected region.Finally based on the texture feature information, Naïve Bayes 
algorithm is used to classify the image in the terms of Benign or Malignant. 

At last, our proposed method is compared with other methods with 

quantitative assessment metrics such as Accuracy, Sensitivity, Specificity, 

and Precision which show our proposed system performs better than other 
systems. 
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