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ABSTRACT:   

The brain tumor is detected through radiologist with help of MRI, which takes considerably a maximum 
time. Most of the brain tumor detection methods provide compound information about the brain tumor 
and they lack in providing an accurate result on existence of tumor. As a result, a formal consultation 
with a radiologist is mandatory, which becomes a surplus expenditure in case of a non-tumor patient.  
The objective of this research work is to develop a supporting system that would aid the radiologist to 
have aforementioned result which reduces the time taken in brain tumor detection.  The proposed 
method consists of two stages. In  the First  stage Ant colony Optimization  method combined with 
unsupervised method Fuzzy C mean to detect  brain Tumor. In the second stage Genetic algorithm 
combined with unsupervised method Fuzzy C mean to detect brain tumor. the study compares the two 
stages and shows that the most effective method  Ant Colony Optimization (ACO) with FCM method 
reduces the time complexity for brain tumor detection which also includes more accuracy.  

Keywords-  Ant Colony Optimization, Genetic Algorithm, MRI Image, Fuzzy C Mean 

 
 

 

I. INTRODUCTION 
 

In this research work, the population based optimization algorithm, Genetic Algorithm (GA), with FCM 

to find the pixel intensity values were considered as population strings, the reproduction, crossover and 

mutation operators were used to generate the new population strings and it yields optimum threshold 

value, which is used to select the initial cluster point for FCM implementation. Ant Colony Optimization 
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(ACO) is a cooperative search algorithm and recent population-based approach inspired by the behavior 

of real ants.  Ant Colony Optimization algorithm is used to extract the tumor from the brain magnetic 

resonance (MRI) images. Medical image segmentation and detection at the early stage played vital roles 

for many health-related applications such as medical diagnostics, drug evaluation, medical research, 

training and teaching. Due to the rapid progress in the technologies for segmenting digital images for 

diagnostic purposes in medical field ACO FCM based CAD system are technologically feasible for 

Medical Domain which will certainly reduce the mortality rate 

 

To Access the real medical images like MRI, PET (Positron Emission Tomography) or CT (Computer 

Tomography) scan and to take up a research  is a very complex because of privacy issues and heavy 

technical hurdles[16]. The purpose of this study is to compare Automatic Brain Tumor Detection methods 

through MRI Brain Images.   

 

MRI Images were transformed to a Linux Network through LAN (Local Area Network) Kovai 

Medical Center Hospital (KMCH) India. All images had 1 mm slice thickness with 1×1 mm in plane 

resolution. Among these systems, the 0.5T intra-operative Magnetic Resonance Scanner of the Kovai 

Medical Center and Hospital (KMCH, Sigma SP, GE Medical Systems) offers the possibility to acquire 

256*256*58(0.86mm, 0.86mm, 2.5 mm) T1 weighted images with the fast spin echo protocol (TR=400, 

TE=16 ms, FOV=220*220 mm) in 3 minutes and 40 sec. The quality of every 256*256 slice acquired 

intra-operatively is fairly similar to images acquired with a 1.5T Conventional Scanner, but the major 

drawback of intra-operative image is that slice remains thick (2.5 mm)[3,8]. 

 

  A grayscale Image can be specified by giving a large matrix whose entries are numbers between 0 

and 255, with 0 to black and 255 to white. 

 
 

 

 

II. ANT COLONY OPTIMIZATION 
 

  Ant Colony Optimization (ACO) is a population-based approach first designed by Marco Dorigo 

and coworkers, inspired by the behavior of Ant Colonies [1]. Individuals ants are simple insects with 

limited memory and capable of performing simple actions. However, the collective behavior of ants 

provides intelligent solutions to problems such as finding the shortest paths from the nest to a food 

source. Ants foraging for food lay down quantities of a volatile chemical substance named pheromone, 

marking their path that it follows [2].  

 

The probability that an ant chooses a path increases with the number of ants choosing the path at 

previous times and with the strength of the pheromone concentration laid. The goal of this method is to 

find out the optimum label of the image that minimizes the posterior energy function value. Initially 

assign the values of number of iterations (N), number of Ants (K), initial pheromone value (T0)[6]. 
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2.1 Pheromone Initialization 

 

For each kernel assign the initial pheromone value T0 and for each ant select a random kernel, 

which has not been selected previously. A flag value is assigned for each pixel to know whether the 

kernels are already been selected or not with respective to the ant. Initially the flag value is assigned as 

zero; once the kernel is selected the flag is changed to one. This procedure is followed for all the ants. For 

each ant a separate column is maintained for flag values.  
 

2.2 Local Pheromone Update 

 

Update the pheromone values for all the selected kernels using the following equation: 

 

TLP = (1 – ) * Told +  * T0 

 

where Told and TLP  are the old and locally updated pheromone values and  is rate of 

pheromone evaporation parameter in local update, ranges from (0,1) i.e., 0 <  < 1. Calculate the posterior 

energy function value for all the selected kernels by the ants.  
 

2.3 Global Pheromone Update 
 

Compare the posterior energy function value for all the selected kernels from each ant, select the 

maximum value from the set, which is known as ‘Local Maximum’ (Lmax) or ‘Iterations best’ solution. 

This value is again compared with the ‘Global Maximum’ (Gmax). If local maximum is greater than 

global maximum, then the global maximum is assigned the current local maximum value. Then the 

kernel, which has this local maximum value, is selected and its pheromone is updated using the following 

equation:  

 

                 TGP  = (1 – ) * TLP +  * TLP     

  

where TLP and TGP  are the local and globally updated pheromone values and  is rate of 

pheromone evaporation parameter in global update, ranges from [0,1] i.e., 0 <  < 1 and  is equal to ( 1 / 

Gmax). For the remaining kernels their pheromone is updated as:  

 

          TGP = (1 – ) * TLP  

  

 here, the  is assumed as 0. Thus the pheromones are updated globally. The kernel, which 

generates the Gmax, is traced and the spatial  co-ordinate of the center pixel is stored. This procedure is 

repeated till all the ants have visited the kernels. The entire procedure can be repeated for number of times 

(NI). For the next iteration the ants are placed at the neighborhood kernels with highest probability of 

pheromone. At the final iteration, the co-ordinate of the image pixel that maximizes the posterior energy 

function value is considered. 
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III. IMPLEMENTATION OF ACO WITH FCM 

 

After completing all the process the generated output is given to the FCM as input [4][12]. The 

optimal value of ACO through MRI Brain Image is given as an input for FCM. The aim of FCM is to find 

cluster centers (centroids) that minimize dissimilarity function [5][13]. 

 

The membership matrix (U) is randomly initialized as  

where i is the number of cluster 

           j is the image data point 
 

 

 

 

 

The dissimilarity function can be calculated with this equation 

             

2

1 1 1

c c n
n

iji i ij

i i j

C J U d
  

  
 

 

where Uij is between 0 and 1 

 Ci is the centroid of cluster i 

 dij is the Euclidean distance between ith and centriod (Ci ) and jth data point 

 M is a weighiting exponent. 

To calculate Euclidean distance (dij)  

Euclidean distance (dij) = Cluster center pixels - current neuron 

              Dij = CCp – Cn 

where CCp is the Cluster center pixels 

 Cn is the current neuron 

i.e. Number of clusters is computed as  

C = (N/2)1/2 

N= no. of pixels in image 

To find the Minimum dissimilarity function can be computed as 

                   

ij

kj

ij 2 / (m-1)c

k=1

d

d

1
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where dij=|| xi -cj|| and dkj=|| xi –ck|| 

 xi is the ith of  d- dimensional data 

 cj is the d-dimensional center of the cluster 

 ||**|| is the similarity between any measured data and center 

so these iteration will stop when the condition  

                    Max ij {│Uij(k+1)-Uijk│} <€ is satisfied 

where € is a termination criterion between 0 and 1 
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 K is the iteration step 

The step of the FCM Algorithm has been listed  

 Step 1: Initialise U = Uij  matrix 

 Step 2: At K step initialize centre vector C (k) = C j   taken from ACO Clustering Algorithm            

 Step 3: Update U (k), U (k+1), then compute the dissimilarity function 

     If || U (k+1) - U (k)   ||   < € then stop.  

ij

kj

ij 2 / (m-1)c

k=1

d

d

1
U =

 
 
 


 

         In the first step, the algorithm selects the initial cluster from ACO Clustering Algorithm. Then, in 

later step after several iteration of the algorithm, the final result converges to actual cluster of ACO with 

FCM [7]. The aim of ACO with FCM is to detect the suspicious region from the background region in the 

MRI brain Image. If the Maximum Adaptive threshold is used to compare the current neuron value. If the 

current value is less than the Adaptive Thresholds neglects the region set to black and the suspicious 

region is look like bright [14]. 
 

IV. GENETIC ALGORITHM 
  

 Genetic Algorithm (GA) is a population-based stochastic search procedure to find exact or approximate 

solutions to optimization and search problems. Modeled on the mechanisms of evolution and natural 

genetics, genetic algorithms provide an alternative to traditional optimization techniques by using directed 

random searches to locate optimal solutions in multimodal landscapes [4; 5; 7]. Each chromosome in the 

population is a potential solution to the problem. Genetic Algorithm creates a sequence of populations for 

each successive generation by using a selection mechanism and uses operators such as crossover and 

mutation as principal search mechanisms - the aim of the algorithm being to optimize a given objective or 

fitness function. An encoding mechanism maps each potential solution to a chromosome [5].   

 

An objective function or fitness function is used to evaluate the ability of each chromosome to provide a 

satisfactory solution to the problem. The selection procedure, modeled on nature’s survival-of-the-fittest 

mechanism, ensure that the fitter chromosomes have a greater number of offspring in the subsequent 

generations. For crossover, two chromosomes are randomly chosen from the population. Assuming the 

length of the chromosome to be l, this process randomly chooses a point between 1 and l1 and swaps the 

content of the two chromosomes beyond the crossover point to obtain the offspring[17].   

  

A crossover between a pair of chromosomes is affected only if they satisfy the crossover probability. 

Mutation is the second operator, after crossover, which is used for randomizing the search. Mutation 

involves altering the content of the chromosomes at a randomly selected position in the chromosome, 

after determining if the chromosome satisfies the mutation probability[18]. In order to terminate the 

execution of GA we specify a stopping criterion. Specifying the number of iterations of the generational 

cycle is one common technique of achieving this end.  
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4.1   Principles of GA  
  

In GA, a solution is called individual and set of individuals are called populations. There are three main 

operators in GA. They are, 

  • Selection which equates to the survival of the fitness 

 

. • Crossover which represents mating between individuals. • Mutation which introduces random 

modifications  
  

4.2   Steps involved in GA  
  

Genetic algorithms have been widely used in science as adaptive algorithm in solving practical problems 

such as optimization and machine learning. GA is a computer model of an evolution of a population of 

artificial intelligence. Each individual is characterized by its chromosome Sk, which determines the 

individual fitness f (Sk); k=1,2 …N; N is a population size. The evolution process consists of successive 

generations. In each generation, individuals with high fitness are selected. The chromosomes of the 

selected individuals are recombined and subjected to small mutations for further improvement 

process[19].  

  

The scheme of GA can be represented as follows: • Creating a random initial population • Evaluating the 

fitness value • Selecting the individuals and generating the offspring population • Repeating the steps till 

some convergence criteria are satisfied 
 

4.3   Implementation of GA  
  

Divide the image to 5x5 matrix sub image. In that calculate the fitness value for all pixels in the image                            

f(x) = 1/ (1+xi2 )         (4.1) 

where x is the population, N is the number of population,  i varies from 1 to N  

  

Using this equation find all the fitness for all the pixels. Choose two parents randomly for crossover and 

mutation operation with Probability Crossover (PC) and Probability Mutation (PM). Compute the fitness 

of parent and child. The fitness function is the Normalized Histogram Function f(x). Initialize the local 

optimal value as a 0 and initialize the parents. To Find the Mutation for the Positive Pixels 

 Pm = oldLocalOptimal- newLocalOptimal         (4.2) and Mutation for the Negative Pixels       

      Nm = newLocalOptimal-oldLocalOptimal    (4.3) 

 Crossover function i=x position, j=y position     (4.4) 

 1. Pa= F(i-1,j-1), Pb=F(i+1,j+1)                       

 2. Pa = F(i,j-1), Pb =F(i,j+1)          

 3. Pa = F(i-1,j), Pb =F(i+1,j), 

 4. Pa = F(i-1,j+1), Pb =F(i+1,j-1) 

 Next calculate the child for the parent       

 C1= Pa -F(x)        (4.5)    

 C2 = F(x)- Pb      (4.6) 

 

Select a child for local update   
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         SelectChild = Max(C1,C2) Select the local optimal value for finding the optimal value for a label. If 

(LocalOptimal < SelectChild) then LocalOptimal = SelectChild   Else No change in LocalOptimal.  After 

selection of local optimal elements, they are put in their respective labels.   

 

   Repeat Step 6, 7, 8 and 9 for all elements until end of the label. Mutation for global update 

  Pm = oldLocalOptimal- newLocalOptimal   Nm=newLocalOptimal-oldLocalOptimal    Mutation= max 

(Pm,Nm) After that perfume the update optimal value to find Global Optimal Global Optimal= 

LocalOptimal + Mutation   In that select the global optimal value to find the optimal value for an image.   

  

 The global optimal value obtained from the GA should be compared with the current neuron value; if the 

current neuron value is greater than the global value   then the output could be an optimal value 

(suspicious region). When the output is optimal, the result could be taken for next proceedings else 

neglect the neuron[9,10]. 
 

V. IMPLEMENTATION OF GA WITH FCM 
 

The optimal value of GA is used to find out the initial cluster point. The aim of FCM is to find 

cluster centers (centroids) that minimize dissimilarity function. The membership matrix (U) is randomly 

initialized as 

 

The membership matrix (U) is randomly initialized as  

where i is the number of cluster 

           j is the image data point 
 

 

 

 

 

The dissimilarity function can be calculated with this equation 

             

2

1 1 1

c c n
n

iji i ij

i i j

C J U d
  

  
 

 

where Uij is between 0 and 1 

 Ci is the centroid of cluster i 

 dij is the Euclidean distance between ith and centriod (Ci ) and jth data point 

 M is a weighiting exponent. 

To calculate Euclidean distance (dij)  

Euclidean distance (dij) = Cluster center pixels - current neuron 

              Dij = CCp – Cn 

where CCp is the Cluster center pixels 

 Cn is the current neuron 

i.e. Number of clusters is computed as  

C = (N/2)1/2 

N= no. of pixels in image 
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To find the Minimum dissimilarity function can be computed as 

                   

ij

kj

ij 2 / (m-1)c
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d

d
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where dij=|| xi -cj|| and dkj=|| xi –ck|| 

 xi is the ith of  d- dimensional data 

 cj is the d-dimensional center of the cluster 

 ||**|| is the similarity between any measured data and center 

so these iteration will stop when the condition  

                    Max ij {│Uij(k+1)-Uijk│} <€ is satisfied 

where € is a termination criterion between 0 and 1 

 K is the iteration step 

The step of the FCM Algorithm has been listed  

 Step 1: Initialise U = Uij  matrix 

 Step 2: At K step initialize centre vector C (k) = C j   taken from ACO Clustering Algorithm            

 Step 3: Update U (k), U (k+1), then compute the dissimilarity function 

     If || U (k+1) - U (k)   ||   < € then stop.  

ij

kj

ij 2 / (m-1)c

k=1

d

d

1
U =

 
 
 


 

         In the first step, the algorithm selects the initial cluster from ACO Clustering Algorithm. Then, in 

later step after several iteration of the algorithm, the final result converges to actual cluster of ACO with 

FCM [6]. The aim of ACO with FCM is to detect the suspicious region from the background region in the 

MRI brain Image. If the Maximum Adaptive threshold is used to compare the current neuron value. If the 

current value is less than the Adaptive Thresholds neglects the region set to black and the suspicious 

region is look like bright [14]. 
 

VI. COMPARISON OF TECHNIQUE 
 

Analysis of the medical images is a time consuming task. The computational time of the 

designed algorithm is not more than 9 to 14 seconds when tested on various seconds. From the table 6.1 

the execution time for tumor detection using GA FCM   is10 to 18 seconds. GA FCM is 13 to 15 

seconds for the segmentation process which is less as compared to the proposed ACO FCM   approach 

which requires 9 to 14 seconds. But as compared to the other three methods mentioned in the table the 

execution time of ACO is very less which proves the efficiency of the algorithm in 

segmentation[15][16]. 

 

The following tables   6.1 and their corresponding figures that depicts the table contents in chart 

format, clearly explains the performances of various segmentation algorithms in terms of number of 

segmented pixels, adaptive threshold, weight vector and execution time, which forms the basic 

parameters for analyzing medical images. This helps to easily compare the performances of all the three 

adopted algorithms and to evaluate them more efficiently. 
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Table  No 1 – Number of Segmented Pixels in Various Segmentation Algorithms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Table No 2 –Execution Time of Segmentation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              Figure 1.   Detection of Brain tumor using  ACO FCM and GA FCM 

 

 

 
S.No 

 

Image 

Name 

Execution Time 

ACO FCM GAFCM 

1 Gayatri-t2.jpg 14 18 

2 Geetha-t2.jpg 9.6 10.10 

3 Kandaswamy-
t2.jpg 

9.8 10.63 

4 Lakshmi-
t2.jpg 

9.4 10.32 

5 leela-t2.jpg 8 9 

6 Manoharan-
t2.jpg 

9.5 10.43 

7 Shameema-
t2.jpg 

10 10.58 

8 veni-Flair.jpg 12 9.71 

9 veni-t2.jpg 12 9 

1
0
0 

Vidhya-t2.jpg 9.6 10 

 
 
 

S.No. 

 
 
 

Image Name 

No of Segmented Pixel 

ACO FCM GA FCM 

1 Gayatri-t2.jpg 19

25 

1830 

2 Geetha-t2.jpg 26

51 

2233 

3 Kandaswamy-

t2.jpg 

63

31 

5197 

4 lakshmi-t2.jpg 41

55 

3970 

5 leela-t2.jpg 32

83 

1111 

6 Manoharan-t2.jpg 21

10 

2191 

7 Shameema-t2.jpg 17

03 

1608 

8 veni-Flair.jpg 29

31 

300 

9 veni-t2.jpg 37

61 

2948 

10 Vidhya-t2.jpg 8

2

3 

773 
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134 

 
VII CONCLUSION & FUTURE ENHANCEMENT 
 

This research work highlightsThe Performances analysis of various techniques is discussed in detail. The 

experiment and result of the various techniques were evaluated which shows that ACO with FCM 

performs better than other existing algorithms. Performance analysis of previous works and proposed 

work is also presented. In any CAD system the execution time and number of segmented tumor pixel is 

most important parameter. The ACO FCM has less execution time and the detection of tumor pixel is 

high. Apart from these criteria, in ACO FCM the image gives an average error rate of 0.1273%, average 

classification accuracy of 82.3% and tumor detection rate of 98.0% which proves it to be performing 

better than other techniques. 

 

There is immense scope for extracting the ideas to a wider variety of application of brain tumor 

detection. 

1. The  program needs to be compiled to run in an independent environment and algorithms need to 

be optimized in order to reduce the time consuming and  performing and increase in accuracy.  

2. The program could be developed in ability of access to host computer or hospital via ICT to get 

patients information and images. 

3.  More discriminative futures could be identified to reduce the error rate. 
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