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Abstract 
 
Image segmentation is a process that helps to engage multiple fractions of the 

given input medical images for diagnostic purposes. The primary objective of 

segmenting the images is detecting the boundaries and the localization of the 

object. In the Magnetic Resonance Images (MRI) of the brain, the 

tumor/aneurysm portions are not envisioned due to the presence of white 

matter (WM), gray matter (GM) and cerebrospinal fluid (CSF), and some 

other noises present in it. At present, this is a huge problem for the doctors to 

identify the tumor exactly. In this paper, we proposed a method for safe 

engineering application that combines Fuzzy K-Means (FKM) clustering and 

Artificial Bee Colony (ABC) Optimization to produce the segmented image 

of the MRI brain. ABC optimization is one of a stochastic method, based on 

the population of bees and its behavior that helps in obtaining solutions for 

numerous optimization problems. Many researchers generally preferred 

FKM, because it is an exclusive algorithm for the clustering process. 

Compared to the conventional clustering methods, FKM helps to segment the  
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tissues of brain (GM, WM & CSF) and the tumor/aneurysm region 

efficaciously. The proposed method is tested on both low-grade and high-

grade images of Brats 2013 dataset, the segmented results and the 

performance measure values obtained are remarkably better compared to 

earlier methods and they are applied in safe engineering application. 
 

Keywords: MRI Segmentation, Fuzzy K– Means (FKM), Fuzzy C– Means 

(FCM), Artificial Bee Colony Optimization (ABC), Image Segmentation. 
 

1 Introduction 

 
The human brain is made up of a huge number of nerves and tissues that 

are safely protected by the skull. The significant functions of the brain 

include regulation of breathing and blood pressure, releasing hormones, and 

processing sensory information [1]. The rate of blood flow in the brain is 

generally 750 ml/min. If any obstruction in the blood flow occurs in any of 

the brain arteries, the oxygen supply to the cells present in that area is 

suddenly stopped that leads to the cell death in that portion. This might create 

a numbness, weakness, or sometimes paralysis for the patient. This blood 

block in the artery is called a blood clot and it can arise in our arms, legs, 

heart, lungs, kidneys, and abdomen. 

A blood clot is classified as an embolism and thrombosis. Embolism is a 

clot that formed inside the body, and they break away from its original 

position and move to a different area within the body [2]. But the thrombosis 

is a clot and that formed in a place and don’t move anywhere. The blood clot 

helps to prevent extreme bleeding during cut or injury. The symptoms of a 

blood clot in our body include weakness in arms, legs, face, dizziness, loss of 

coordination, visual and speech impairment. The medical imaging methods 

include MRI, MR Angiogram (MRA), Computer Tomography (CT), and 

Positron Emission Tomography (PET) help to visualize the clot and its 

surrounding tissues. Though the presence of GM, WM, CSF, and some 

interferences the tumor portion is not envisioned clearly in the MRI images, 

and is difficult for the radiologists to take decisions on the further diagnosis.  

Every image has a lot of valuable information present in it and is 

extracted by using the image processing technique for further evaluation. 

Image segmentation is the initial step in image processing that helps to 

segment different brain tissue portions. It divides the various homogeneous 

portions as clusters. Image segmentation helps to find the region of interest in 

the input image in a better way.  

Clustering is a method of grouping a set of things into classes of similar 

features. The application area of clustering includes image processing, 

pattern recognition, machine learning, data mining, and statistics [3]. In the 

medical field, the clustering algorithm is used in biomedical image analysis. 

Despite its simplicity and efficiency, Fuzzy c-means (FCM) is one of the  
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widely used clustering algorithms. FCM, however, has the disadvantages of 

sensitivity to the initial values, easily falling into local optimal solution and 

sensitive to noise. The most widely used clustering algorithm is Fuzzy K-

Means clustering because, in FKM, a data which is belonging to one cluster 

could not be joined in another cluster. The following are some of the issues 

faced in FKM. They are, FKM is dependent on initialization, sensitive to 

skewed distributions and outliers, and may error a small cluster. The well- 

known Swarm Intelligence technique, Artificial bee colony optimization is 

employed in the proposed method to easily obtain the solution for the 

optimization problem defined [4]. ABC algorithm works like the behavior of 

honey bees. The bees search for the food with the highest nectar is the best 

cluster which is formed by the data with the same characteristics. The 

combination of FKM-ABC helps to avoid boundary overlapping. 

 

2  Literature Survey 
 

Siti et al. [5] suggested the Adaptive Fuzzy-K-means based clustering 

method for segregating the regions in the image. The qualitative and 

quantitative analysis of the proposed method delivers better accuracy in 

segmenting numerous image types and the concerned regions in it. Anitha et 

al. [6] developed a segmentation algorithm for MRI images of the brain using 

Bacteria Foraging Optimization and modified FKM clustering. The 

performance metric values are compared with modified FKM, PSO-FCM, & 

traditional FCM values, and the algorithm proposed has provided good 

sensitivity (97.14%) and specificity (93.94%) values. Kaile et al. [7] made a 

comparative study of FCM and FKM on data distribution clustering using the 

data from the UCI machine learning repository. The result concludes FKM 

with a smaller fuzzy value less than m=2 could be chosen for uneven data 

distribution clusters compared to FCM. Vishnuvarthanan et al. [8] developed 

an algorithm for image processing by incorporating self-organizing maps and 

Fuzzy k means. The performance metric values obtained are efficient and the 

algorithm has good data-handling capabilities. Nameirakpam et al. [9] 

suggested an image segmentation algorithm using Dynamic Particle Swarm 

Optimization and FCM with a noise reduction strategy for globally optimized 

search and parallel computing. Though the different types of noises are 

added to the image during testing, the algorithm result proves well as it is 

less sensitive to noise. 

Anitha et al. [10] suggested an algorithm for image segmentation using 

BFO and modified FCM. MRI images from Brats 2013 challenge dataset 

were utilized to prove the algorithm’s effeciency and obtained better 

sensitivity (90.48%), and specificity (98.52) values. Huo et al. [11] 

developed a multilevel threshold segmentation of images using the novel 

combination Kapur’s entropy, Quantum Block Sphere, and ABC. The 

algorithm was used over benchmark gray images and delivers the best 

performance compared to Genetic Algorithms (GA), ABC, and Particle  
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Swarm Optimization (PSO). Huang et al. [12] developed an algorithm for the 

segmentation of MR images of Patients affected by Parkinson’s Disease. The 

proposed method is a combination of FKM with fuzzy information gain and 

provides MSE=63.49, PSNR=30.14, and JC=0.92 values during the 

segmentation. An automatic segmentation of spinal MRI using the novel 

combination of Probabilistic Boosting Tree and Support Vector Machining is 

proposed by Brindha et al. [13]. The algorithm achieves 93% accuracy 

compared to (Active Contour Models) and MRP (Multi-Resolution 

Propagation) algorithms. Using the ABC algorithm, Emrah et al. [14] 

introduced a clustering technique that provides better accuracy than other 

clustering techniques such as PSO and K-means. 

 

3  Dataset 
 

In this paper, the low-grade and high-grade multimodal images of Brats 

2013 Challenge dataset are brought into use to prove the efficiency of the 

proposed FKM-ABC algorithm [15]. 

 

4  Background Works 
 

  Fig.1 illustrates the block diagram of the algorithm proposed. CLAHE 

(Contrast Limited Adaptive Histogram Equalization) is utilized for the MRA 

image’s preprocessing. CLAHE can evade the noise elevation in the 

homogeneous regions. After preprocessing the image such as, resizing and 

filtering, FCM and ABC are together applied for segmentation. The 

algorithm is performed on a computer having an i3 processor, 8GB random 

access memory, 2GHz read-only memory, and MATLAB software installed. 

 

 
Figure 1 Proposed Block Diagram 

 

4.1  Fuzzy K-Means Clustering 

 

 Fuzzy clustering also called soft clustering is an unsupervised learning 

method. It is one of the clustering methods where data points can belong to 

more than one cluster/group.  Fuzzy K-means is also known as hard 

clustering. The drawback of fuzzy clustering is it is sensitive to noise and  
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local minima, and requires high computational time. FKM is the widely used 

fuzzy clustering method due to its efficiency among different fuzzy 

algorithms [5]. The problem with the conventional K-Means clustering 

algorithm is that it assigns data points to clusters in such a way so that the 

data points in the same cluster are strongly similar, but vary if they belong to  

other clusters. FKM requires a data point to have memberships in all clusters, 

instead of having a different membership in one cluster. The cluster centroid 

is assigned based on the averaging of all the pixels with respect to the degree 

of association of the clusters with the centroid. A cluster is formed based on 

the coherent/similar pixels within the neighbour. The allocation of 

membership value to the data point is subject to the resemblance/similarity of 

the data point to a specific class in presence and comparison to the remaining 

ones. 

 In FKM, the objective function is minimized by dissecting the image into 

clusters: 

 

∑ ∑    
 

     
       

  
       (1) 

 

Where, 

    = membership value of j
th
 data in i

th
 cluster  

   = centroid value of the cluster j 

m = fuzzy index value         
                 a data of size     

  = vector dimension value 

  = number of pixels in an image  

       
 =Euclidean norm 

 

The cluster's objective function diminishes only when the data points 

distant from the centroid are assigned to be of lower membership values, and 

the data points which are in close proximity to the centroid are assigned to be 

of higher membership values. 

 

The membership value    
  is defined as: 
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The cluster centroid    is defined as: 
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Where,    = centroid of the cluster   
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The FKM's iteration begins with an ultimatum of achieving two key 

targets, one, associating the membership value with the clustering groups, 

and the other, of assigning high membership value to the closest data points 

from which data segmentation can be accomplished. The class membership is 

determined in traditional FCM, based on the distance between two points. 

The principle adopted in the FKM implies that each of the clusters should 

have sufficient number of members/fine final fitness value and that the 

variations between clusters should be confined so as to have a successful 

clustering operation. 

 

The basic algorithm steps for FKM are,  

1. Initialization of cluster centroid values in all clusters.  

2. Measure the Euclidean distance among the cluster center and the 

individual point present in it using        
 .       

 . 

3. Re-evaluate the membership function using    
 . 

4. Re-calculate the centroid using   .   

5. If the difference among the newly found centroid and the earlier one is 

lower than the threshold value, the algorithm will stop functioning; else, it 

will remain until this condition is satisfied. 

 

4.2 Artificial Bee Colony Optimization 

 

The optimization technique that mimics the natural behavior of honey 

bees is the Artificial Bee Colony optimization. It is a population-based search 

method, where the search process begins as a random search [4]. The 

maximum number of cycles and the bee’s quantity are defined at the 

beginning of the search process. The bee aims to find the food with the 

highest nectar amount. 

The general structure of the ABC optimization algorithm is: 

Initialization Stage 

REPEAT 

Employed Bees Functioning 

Onlooker Bees Functioning 

Scout Bees Functioning 

Remembers/memorizes the best solution attained so far 

UNTIL (Cycle = Maximum CPU time or Maximum Number of Cycle) 

Initialize the population of food sources and the control parameters as per the 

number of solutions for the optimization problem. At first, in the employed 

bee stage, the artificial employed bees randomly search for the food with the 

highest nectar, and if it finds the neighbor food source with the highest 

nectar, by greedy selection method the bees' store the new food position in its 

memory, then it communicates this information to the onlooker bees that are 

dancing in  
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the hive. In the onlooker bees’ stage, by the use of roulette wheel selection 

method, the bees arbitrarily select the food sources depending upon the 

information shared by the employer bees. During the scout bees process, the 

employed bees whose solutions/food cannot be changed by a specified 

number of cycles become scouts and abandon their solutions. Now the scout 

bees again randomly start a new search. These steps are repeated until the 

maximum CPU time attained or till the maximum number of cycles 

completed. 

The ABC algorithm comprises of following phases: 

 Initialization Phase:  

The initial food nectar sources for bees are arbitrarily formed by 

 

                          (4) 

 

Where, 

   and    =lower and upper bound of the objective function 

          = random value among the range 0 and 1. 

 Employed Bee Phase:  

The neighbouring food source     is  

 

                        (5)  

 

Where, 

  = parameter index,  

  = randomly selected food source,  

    = random number between the range -1 and 1.  

The fitness function is defined as 

 

                               (6) 

 

Where,  

       = objective function of   . 

 Onlooker Bee Stage:  

The nectar amount of food source is evaluated by its profitability    as 
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Where, 

         = fitness of   .  

 



 

                                                                                                                  
 

 

 

 

9094 Kottaimalai Ramaraj et al 

 

 

Using the following expression, the onlooker bees looking for food 

sources in their neighbouring regions 

 

                                               (8) 

 

 Scout Bee Stage:  

The scout bees arbitrarily explore the new food sources. The newly 

identified food source with high nectar    is 

 

                                                  (9) 
 

 

5  Proposed Method 
 

The flowchart given in Fig.1 demonstrates the process of the proposed 

FKM-ABC algorithm. The proposed algorithm is tested on low-grade and 

high-grade brain MRI images obtained from the Brats 2013 challenge dataset 

and the results are illustrated in Fig.2. Initially, the given input image is 

resized, filtered, and preprocessed to avoid the boundary problem and noise 

in it. The FKM clustering helps in forming the clusters with the same 

features/characteristics in a single cluster. But it results in less rate of 

convergence, ambiguity in boundaries, and cluster overlapping. By 

combining the ABC optimization algorithm with FKM the convergence rate 

is increased by the behavior of bees while selecting the highest nectar food 

source (best solution).   
 

6  Results and Discussion 
 

Fig.2 exemplifies the segmented results of MRI brain images using the 

proposed method FKM-ABC. The tumor portion is efficaciously identified 

by the FKM-ABC algorithm for all the multimodal images. The results show 

the distinction of the algorithm proposed, in which the tumor portions are 

envisioned with greater accuracy. 

Table 1 shows the performance measure values for the algorithm 

proposed such as, Computational time, Peak Signal to Noise Ratio (PSNR), 

Dice Overlap Index (DOI), Mean Squared Error (MSE), and Jaccard 

Tanimoto Coefficient (TC). 

Fig. 3 shows the graphically represented performance metric values 

obtained from the proposed FKM-ABC algorithm. The values of MSE are 

high and their respective PSNR values are achieved low. Also, the TC and 

DOI values to be improved by tuning the parameters in the proposed 

algorithm. The  
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average computational time for the segmentation is 27.8 seconds and is to be 

reduced. 

 
Image 

Type 
Input Image CLAHE FCM FCM-ABC 

Low-

grade 

FLAIR 
    

Low-

grade 

T2 

    

High-

grade 

FLAIR 
    

High-

grade 

T2 

   
 

High-

grade 

T1-C 

    

Figure 2 Segmented Results Of Dataset 

 

Table 1. Analysis of Performance using Comparison Metrics 

 

Patient 

ID 

Performance Measure Values 

MSE PSNR in dB TC in % DOI in % 
Computational 

Time in Sec 

1 0.1403 66.577 62.05 76.58 28.12 

2 0.1642 64.54 65.45 78.72 27.56 

3 0.1374 67.64 64.84 76.42 27.32 

4 0.1584 65.26 65.68 76.68 29.44 

5 0.1628 64.96 66.82 75.94 26.82 
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Figure 3 Overall Representation Of Performance Analysis Metrics 

 
7  Conclusion 
 

The proposed FKM-ABC algorithm is tested on 50 images of Brats 2013 

Challenge dataset (25 high-grade and 25 low-grade images) with several 

complicacies and with inconsistency in noise levels. The proposed method 

performs better for the FLAIR, T2, and T1-C multimodal images even in 

non-homogeneous in intensity, poor contrast, noise, which determines its 

segmentation accuracy and is clearly illustrated in Fig.2.In addition, the 

potential scope of this study is assumed to be the diminution in the MSE 

value and the consecutive rise in the PSNR value with an improvement in 

both TC and DOI values, and reduction in computational time. 
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