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Abstract 

Safe Engineering methods have an important role in medical engineering. All 

human body parts are controlled by the brain. The anomalous development 

of cells in the brain is called a brain tumor. It is commonly seen at all ages 

which affect various parts of the body and sometimes it may also lead to 

decease. So, the timely and precise finding of brain tumors will show a 

significant impact on humans. This paper aims to present a method that is 

used to detect the tumor region and classify the tumor from the various 

classes of brain tumors. For segmentation, we present a method which is the 

combination of Heat Distribution and the Merged saliency detection method 

(HDMSD), which is used for detecting tumor regions. Adaptive Local 

Directional pattern is introduced for texture feature extraction (ALDP). The 

Prediction Class Level integration (PCLI) is used for classifying the tumor 

class. The novel method provides an improved result in the terms of 

accuracy. 
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1  Introduction 
 

The human body has several cells, the new cells are required if the old 

cells are damaged. The newborn babies will have a cell for the development 

of the body and to replace the damaged one. The tumors are formed if the 

cells were grown even though they are not needed. The tumors are 

unnecessary growth of cells. If the cells are grown unnecessarily in the brain 

these growths are called brain tumors. Brain tumors are categorized into two 

types. Primary Tumors are abnormal cell growth starts in the brain and 

sometimes it may spread to other body parts. Whereas, metastatic are 

cancerous and can spread from other body parts to the brain. The primary 

Brain tumors are of two types benign and malignant. Benign type tumors are 

slow in growth and cell structure will be the same as the normal one. By 

making a surgery, it can be removed. Whereas malignant, it can spread to 

neighbor healthier cells from there to the spine also. Due to this type of 

tumors sometimes it may lead to damage to a particular organ based on the 

area of tumor in the brain and also to human mortality. For this apart of 

surgery, continuous radiation therapy is needed to get rid of these tumors [1]. 

  The early and accurate diagnosis plays a significant role in treatment. In 

the current scenario, the brain tumors from an MRI image is diagnosing 

manually by an experienced doctor. The accurate diagnosis depends on the 

Doctor's expertise and also to diagnose manually as there are many slices in 

MRI images it may wrongly diagnosis by a doctor and also time-consuming 

[2]. To overcome these problems many computers aided diagnostic 

algorithms are proposed. we propose a novel method that performs better 

than traditional methods. 

 The Heat at the infected cells will be higher than the normal cells. the 

higher temperature shows a significant effect on MRI image.by using 

Penne’s Bioheat transfer equation (PBHTE), The Heat distribution on the 

MRI image can be calculated which is very useful for detecting tumor region 

[3]. The heat distributed image is applied for the merged saliency detection 

algorithm. Water flow driven Minimum Barrier Distance algorithm 

(WFMBD) is motivated by a normal water flow. if the Seed pixel is a water 

source, the water flows from the seed pixel towards others by the MBD cost. 

MBD of pixels is calculated during the water flow process. Waterflow-driven 

MBD shows improved performance when compared to MST-MBD and 

raster-MBD [4]. In the Boundary Contrast Method, the total salient region is 

consistently highlighted. In Previous, when considering to the image 

background, The image boundary typically contains the background 

information. There will be a huge variation among the background region 

and saliency object by using variation information the saliency object can be 

detected from an image. by using this technique in the boundary contrast map 

the feature map is calculated. [5][6]. 
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Fig.1. Overall Process of Proposed System 

 

  The post-processing is done for smoothing and Contrast Enhancement. 

Local Directional Pattern is used for texture descriptors [7][2]. Prediction 

class level Integration machine level algorithms are used as classifiers [8][9]. 

Figure.1. illustrate the overall process of proposed system. 

The paper is ordered as follows section II deals with Methodology, Section 

III describes Experimental Results, Section IV is the conclusion. 

 

2 Methodology 
 

The Block Diagram of the methodology is illustrated in Fig. 2. Initial 

stage in this work is preprocessing. In this stage, the noise is removed by 

using the RCWMF algorithm. The Subsequent stage is segmentation. In this 

stage, the HDMSD technique is applied to detect the tumor region. Next to 

the segmentation is the feature extraction stage where the features of the 

tumor region are extracted. Finally, the PCLI technique is used for the 

classification of tumor class. 
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Fig.2 The Block Diagram of the proposed novel method Drawn in BioRender.com 

[18] 

2.1 Preprocessing 
 

Repetitive Conditional Weighted Median Filter is used in the 

preprocessing stage to remove noises in the input images. RCWMF is a 

nonlinear filter used to remove impulse noise without losing edge 

information. RCWMF has two stages at the first stage the input MRI image 

is examined to check whether the pixels of the image have noise or not. then 

at the second stage, the noisy pixels are filtered [9]. 

RCWMF working is as follows 

1.Intially all the pixels of an input image are examined for checking of noise. 

That is by selecting an adaptive window size and moving from the first pixel 

to the last pixel of an image the pixels are examined whether there are noisy 

pixels. 

2.After Examining the Pixels these are grouped based on the pixel values. 

3.These groups are assigned a corresponding weight, then the weighted 

median filter is employed to eradicate noise in the pixels. 

4.These steps are repeated until all the pixels become noise-free.  

The median filter is represented as  

 

 (   )        * (       )         
 +                                                                                            ( )                                                                                                                            ( )  

The weighted median filtering is given as 

  (   )        * (       )    ((       )       
 +                                                                                            ( )  

where,  (   ): original image, 

  (   ) : output image,: Corresponding weight, 

   represent the repetitive operator. 
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2.2 Segmentation 
 

In the Segmentation process, the Heat Distribution Merged saliency 

detection method (HDMSD) is proposed. It has three stages. The first stage is 

the Noise-free MRI image is applied to Penne’s bioheat equation to find the 

heat spreading of the MRI image [3]. Then at the second stage, the heat 

distributed image is applied to Waterflow driven minimum distance barrier 

[4] and the boundary contrast method [5]. Then the output images of both 

methods are added.at the final stage resultant image i.e., Image after adding 

both the images is post-processed to enhance the quality by this way the 

tumor region is detected from an input MRI image. 

 

2.2.1 Penne’s Bioheat Equation 
 

The filtered image is applied to Penne’s bioheat equation which results in 

the Temperature distributed Image[3]. 
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2.2.2 Waterflow Driven Minimum Distance Barrier Method 
 

Water flow driven Minimum Barrier Distance algorithm (WFMBD) is 

motivated by a normal water flow. If the Seed pixel is a water source, the 

water flows from the seed pixel towards others by the MBD cost. MBD of 

pixels is calculated during the water flow process. Waterflow-driven MBD 

shows improved performance when compared to MST-MBD and raster-

MBD The aim of the Waterflow based MBD is to calculate the best path 

between the seed pixel(P) and entire pixels of the image.as a natural 

phenomenon the water flows from source similarly assume seed pixel (P) 

that is flooded pixel. Pixels other than this are considered as droughty. The 

water from the seed pixel will run towards the droughty pixel (R) that is 

adjacent to the seed pixel by less cost function, as the water floods to the 

neighbor droughty pixel (R), The Pixel R now becomes a seed pixel as it 

starts flooding to an adjacent pixel of R by a cost function. This process 

keeps on continuing up to entire pixels that are flooded. 

 The distance transform is used to find the connectivity between the 

pixels of the image boundary. The distance transform computes the MBP 

map E concerning seed pixel P[4]. Assume Image as I, Path   
 * ( )  ( )      ( )+ in the image I. 
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2.2.3 The Boundary Contrast Method 
 

 In the Boundary Contrast Method, the total salient region is consistently 

highlighted. In Previous, when considering to the image background, The 

image boundary typically contains the background information. There will be 

a huge variation among the background region and saliency object by using 

variation information the saliency object can be detected from an image. by 

using this technique in the boundary contrast map the feature map is 

calculated.  

The image is splitted into pixel grids in the superpixel segmentation 

process. The pixels mean is calculated from channels (L, A, and B). The 

mean value can signify a regular superpixel. the Euclidean distance between 

the superpixels and boundary superpixels of an image is calculated. 

The Boundary contrast value of the n
th
 superpixel is given as[5]  

  (  )   ∑     (

       

     )                                         ( ) 

Where    :    boundary regular superpixel, superpixel Boundary 

Amount is Q,     (     ): the distance among the superpixel    to 

superpixel   , it can be calculated by below eq: 

    (   )    (   )    (   )     (   )          ( ) 
 

 

2.2.4 Post Processing 
 

The post-processing phase significantly involves in contrast 

Enhancement, center location Emphasis, and Smoothing. In general, the 

salient region will be at the center region of the image which is called as 

center region prior while detecting the salient region. By retaining the 

boundary information smoothing operation is performed for eliminating the 

fine region and background region. Contrast Enhancement techniques are 

applied to raise the contrast. Therefore, we acquire a Tumor segmented 

image. 

 

2.3 Feature Extraction 
 

Features of Segmented image is extracted by using Local texture 

descriptors. In this paper, we propose an Adaptive Local Directional Pattern. 

This descriptor includes a directional section by means of Kirsch Mask 

kernels.Figure.3.illustrate the Kirsch masks in eight directions. It is more 

resistant to noise when compared to the LBP operator. 
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Fig.3. Kirsch Masks in eight directions 

 

By using edge response in eight directions The pattern is calculated. By 

using Kirsch mask edge responses are calculated in eight directions (M0, 

M1…..M7). Calculated edge responses will not be the same in eight 

directions in one of the directions the response will be high.to generate the 

LDP pattern prominent direction is needed. LDP pattern is calculated by 

allocating the Binary bit value to 1 for prominent direction and zero for 

remaining binary bit values. In Adaptive LDP top two prominent directions, 

binary bit values are set to 1, and the remaining binary bit values are set to 

0.[7][2] 

     (     )  ∑  (  
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2.4 Classification 
 

The Novel Classification method is proposed in this paper Prediction 

Class Level Integration (PCLI) means the fusion of two classifiers prediction 

class level scores. Here the two fusion classifiers are KNN and RF. The 

output class of KNN and RF are averaged. If the prediction class level score 

is greater than 0.5 or equivalent to 0.5 then the prediction class level score is 

set to 1 (Malignant) else 0 (Benign) [8][9] 

 

2.4.1 KNN Classifier 
 

The KNN Classifier is a supervised classifier which delivers the best 

results for optimum K Values. In this method, the testing vector is classified 

based on the distance between the testing vector to the trained vector. the 

distance between testing vector and training vector is calculated by using 

Euclidean distance.  

                    The Euclidean distance between training and testing vector is given by 
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                                                          ( ) 

 

Where Y is the Feature vector of Testing Data set 

            Z is the feature vector of training data set. 

The KNN Classifier will be working in two phases that is training phase 

and testing phase. During the training Process, in the N-Dimensional plane 

the data points are pointed. These data points are given a label indicating the 

rank of data points. In testing Process unlabeled data is given, unlabeled data 

will get a list of K nearest points from an algorithm. Based on the majority of 

unlabeled data point grouped to labeled points the class is designated K value 

can be adjusted for achieving a high degree of correctness [8]. Figure.4. 

Illustrate the various classified data as classes by means of KNN classifier. 

 
Fig.4. KNN Working Structure with different classes. 

 

2.4.2 Random Forest Classifier 

 
The Random forest Classifier consist of a group of tree-structured classifiers 

{j(x,θk ), k = 1,...} where the { θk } are independent. Similarly  random vectors 

and each tree cast a unit vote for the best familiar class at input x. every tree is 

planted on the basis of a training sample set and a random variable, the 

random variable corresponding to the kth tree is denoted as θk , between any 

two of these random variables are independent and identically distributed, 

resulting in a classifier j(x,θk ) where x is the input vector. After k times 

running, we obtain classifiers sequence {j1 (x), j2 (x),….jk (x)} ,and use these 

to constitute more than one classification model system ,the final result of 

this system is drown by ordinary majority vote, the decision function is 

 

J(x)=arg max ∑  (  ( )   )                     ( )
 

 ̇  
         

J(x) is combination of classification model, i h is a single decision tree 

model, Y is the output variable. 
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In random forest, from a Data set, Random samples are chosen. For 

every chosen sample a decision tree is constructed for predicting the results. 

The voting method is done for all predicted results. The predicted result 

which gets the highest votes is considered as the ultimate result of RF 

Classifier.[9] Figure.5. Explains about the various steps involved in Random 

Forest classifier. 

 
Fig.5. Random Forest Working Structure with various decision trees. 

 

3 Experimental Results 
 

The MRI images of benign and malignant are collected from a publicly 

available data set. The novel method is tested on MATLAB R 2019a. 

 

3.1 Preprocessing Stage 
 

In the Preprocessing stag, we proposed a Repetitive Conditional Weighted 

Median Filter (RCWMF). It removes the impulse noise by preserving the 

edges. 

 

   
                           [a]                    [b]                     [c]  

   
                               [d]                      [e]                       [f]  

Fig.6. [a-c]MRI Brain sample Input Images,  [d-f] resultant Filtered Images of 

RCWMF 
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Figure.6. shows [a-c] are MRI sample input images and [d-f] are 

preprocessed images by proposed method RCWMF. 

 

3.2 Segmentation Stage 
 

In the segmentation stage, there are three phases. Phase 1: Application 

penne’s bioheat equation to the Preprocessed image. Phase 2: The heat 

distributed image is applied to Waterflow based MBD and to contrast 

method. Then the outputs of both algorithms are added. Phase 3: Post-

processing is done to the resultant image. 

3.2.1 Penne’s Bio Heat Equation 
 

As the damaged cells generate more heat when compared to normal it 

shows a significant impact in MRI images. by applying MRI Preprocessed 

image to the equation the output image is the heat distributed MRI image. 

Figure.7.(a-c) shows heat distributed computed results. 

 
      (a)                        [b]                    [c] 

Fig.7. [a-c] Heat Distribution computed Results   

 

3.2.2 Merged Saliency Detection 
 

 In the merged saliency detection method the output of water flow driven 

Minimum barrier distance(WFMBD) and the output of the Boundary contrast 

method is added to get improved segmentation results. 

                                        
[a]                            [b]                      [c] 

                            
[d]                             [e]                         [f] 

   
           [g]                      [h]                   [i] 

Fig.8. (a-c) HDMSD output; [d-f] Post-processing results; [g-i] segmented results 
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Figure 8.[a-c] shows the merged saliency detection results that are the 

outputs of water flow based MBD and Boundary Contrast are added. (d-f) 

shows the Smoothed and contrast-enhanced segmented images (g-i) shows 

the segmented images mapped on to the input image . 

 

3.2.3 Feature Extraction 
 

Adaptive Local Directional Pattern is proposed to extract features. In 

traditional LDP only one prominent direction is considered whereas in 

proposed ALDP two prominent directions are considered to acquire more 

information from the image. 

   
        [a]                    [b]                    [c] 

Fig.9. [a-c] ADLP feature extraction  Result 

 

Figure 9 (a-c) shows the output of ALDP the features information is 

extracted by using ALDP. 

 

3.2.4 Classification Stage 
 

In this paper, we proposed Prediction Class Level Integration (PCLI) for 

predicting the class. In PCLI two classifiers are fused. The results of KNN 

and Random forest classifiers are combined to detect the class of testing 

images with high accuracy than the traditional classifiers. 

   
     [a]                        [b]                   [c] 

 
Fig.10. [a-c] PCLI Classification results 

Figure 10 (a-c) shows the output of classifier.the output shows the brain 

tumor image class.Here we proposed a classifier that fuse the outputs of 

KNN and RF that predict the class of tumor. 
 

To evaluate the classification few parameters like Precision, Sensitivity, 

Accuracy, and Specificity are calculated. These parameters are calculated 

from the confusion matrix(Table 1). 
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Table 1: Confusion Matrix 

Actual/Predicted Benign Malignant 

Benign TP rate (73) FN rate (01) 

Malignant FP rate (03) TN rate  (103) 

 
i) Accuracy: It is the summation of True positive and True negative upon 

the Entire verified images. Accuracy shows how precisely the images are 

classified. 

            
     

           
   ( )           

ii) Precision: It is True positive upon the summation of a truly positive and 

false positive. This Precision parameter shows the Positive valuation 

              
(  )

(     )
                ( ) 

iii) Sensitivity: It is the True positive upon the summation of a truly positive 

and false negative. This Sensitivity parameter is used for finding the 

positives  proportionality  

              
(  )

(     )
               (  ) 

iv) Specificity: It is the True positive upon the summation of a truly positive 

and false negative. Specificity is used to find the negative proportionality 

Sp           
(  )

(     )
                (  ) 

 

  The performance of our system is evaluated by using these parameters. 

These parameters are compared with other systems to know the performance 

of the system. From The comparison, our proposed systems show better 

results(Table 2). 

 
             Table 2: Evaluation of the Proposed system with other systems. 

 
Method KNN RF PCLI 
Accuracy 95.56% 94.44% 97.77% 
Precision 93.42% 92.10% 96.05% 
Sensitivity 95.95% 94.59% 98.64% 
Specificity 95.28% 94.34% 97.16% 
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Fig.11. Comparision of Proposed Classifier (PCLI) with various classifiers by 

accuracy Parameter  

 
 

Fig.12. Comparision of Proposed Classifier (PCLI) with various classifiers by 

Precision  Parameter 
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Fig.13. Comparision of Proposed Classifier (PCLI) with various classifiers by 

Sensitivity Parameter 

 
 

Fig.14 Comparision of Proposed Classifier (PCLI) with various classifiers by 

Specificity Parameter 

 

Figure 11. illustrates the Comparision of Proposed Classifier (PCLI) with 

various classifiers by accuracy Parameter.PCLI method (97.77%) achieves 

better results than other classifiers RF (94.44%) and KNN (95.56%). Figure 

12. illustrates the Comparision of Proposed Classifier (PCLI) with various 

classifiers by precision Parameter.PCLI method (96.05%) achieves better 

results than other classifiers RF (92.10%) and KNN (93.42%). Figure 13. 

illustrates the Comparision of Proposed Classifier (PCLI) with various 

classifiers by sensitivity Parameter.PCLI method (98.64%) achieves better 

results than other classifiers RF (94.59%) and KNN (95.95%). Figure 14. 

illustrates the Comparision of Proposed Classifier (PCLI) with various 

classifiers by specificity Parameter.PCLI method (97.16%) achieves better 

results than other classifiers RF (94.34%) and KNN (95.28%). 
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4 Conclusion 
 

The proposed novel method comprises four steps, the first step is 

preprocessing in which we have used RCWMF for removing noises in input 

images, the second step is segmentation, In the segmentation stage, there are 

three phases. Phase 1: Application penne’s bioheat equation to the 

Preprocessed image. Phase 2: The heat distributed image is applied to 

Waterflow based MBD and to contrast method. Then the outputs of both 

algorithms are added. Phase 3: Post-processing is done to the resultant image. 

The third step is Feature Extraction in ALDP is proposed to extract feature 

information.at the last stage we have applied Prediction Class Level 

Integration (PCLI) for predicting the class. Finally, we conclude that our 

system performs better than other traditional systems. 
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