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Abstract—In human beings, brain is considered to be the central part of the nervous system. Brain is responsible for performing some of the 

higher functions like speech, hearing, emotions, intelligence etc. Thus we can say that any harm to the brain might result in people leading a life 

with disability. As per biological rules, the cells in brain divide and grow in self restrained manner to produce new cells. When these cells grow 

uncontrollably, they lead to the formation of a mass of tissue called as tumor. These tumors can either be cancerous (malignant) or non 

cancerous (benign) in nature. Despite many modern technologies available in the field of image processing for medical images, it has always 

been a tedious task to carry out manual segmentation of tumor and provide information about it. Due to the increase in population, there is 

tremendous need for the development of automatic tools for segmentation for increasing number of brain tumor patients. Motivated by the 

present scenario, this paper discusses about fuzzy c-means unsupervised clustering algorithm and a supervised neural network based ANFIS 

model for brain tumor segmentation. The results are presented on images of selected patients with brain tumors. The ANFIS based segmentation 

techniques provides good results and the algorithm is visuallyTobserved to show better segmentation. 

 

Index Terms— ANFIS, Brain Tumor, MRI Images, FCM. 
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I. INTRODUCTION 

 Brain tumor is one of theTmajor root causes for increased 

mortality rate amongTchildren and adults in today‟s scenario. 

Thus, brainTbeing the most sensitive and important part 

ofTour body must be treated very carefullyTby using efficient 

techniques if it is affected by anyTdisease. Therefore the 

motivation for this projectTwork is to overcome the difficulties 

faced by theTsurgeons in tumor detection using 

ImageTanalysis techniques. 

 In India, about 80,271 people are affectedTby different types 

of tumor.TSimilarly, all over the world accordingTto  

 

The National Brain Tumor Foundation (NBTF) many people 

lose their livesTevery year after having diagnosed with primary 

brain tumors.In order to make the tumor detection 

taskTeasierthere are some techniques using Artificial Neural 

Networks and some computerizedTtechniques.Nowadays the 

popularity of Artificial Intelligence has been increasing in the 

fieldTof research.  THowever, this area of understanding an 

image (ImageTAnalysis) is not very developed and still in its 

beginning stages in terms of research and development.  The 

advancement in this field of AI is quiteTslower that what is 

expected. It can be said that the area of understanding the 

image (Image analysis) lies between image processing and 

computerTvision. 

 There are variousTtechniques available to detect brain 

tumor. SomeTof them that are generally used are Ultrasound, 

Computer Tomography (CT scan) and MagneticTResonance 

Imaging (MRI) scan. The medicalTreports that are obtained 

from these techniques further needTsome detailed study and 

analysis forTtreatment. Hence, the area of computer vision 

plays an importantTrole for the detailed study of these reports. 

Further there are fields such as computer vision whose major 

goal is to make the machine (computer) capable enough to 

understand and extract information from the available 

sequence medical images. However,Tbranch 

ofArtificialIntelligence whose ultimategoal is to emulate 

human intelligence is in itsTearliest stages of research and 

development.  

 It is notTsurprising to say that images (either black or gray 

or color) play the most importantTrole in human perception as 

it is always believedTthat vision is the most advanced of 

humanTsenses. The field of science that deals with 

digitalTimage processing refers to processing images withTthe 

help of a digital computer. One of the mostTimportant 

characteristic required for the design ofTimage processing 

system is the significant level ofTexperimentation and testing 

beforeTarriving at an acceptable solution.For arriving at a 

viable system implementation, prototyping candidate solution 

plays an important role in cost and time reduction of the 

system.  

 The mainTobjective of this work is to develop and 

designTan automated tool for brain tumor quantification using 

MRI imageTdata sets. After completion, the proposed 

wholeTsystem will be able to visualize the inside of aThuman 

body, and make surgeons and experts‟ ableTto perform 

operations on a patient without anyTopen surgery. More 

specifically, the mainTaim for this work is to be able to 

segment a tumor inTa brain. This will make the experts to be 

able toTidentify the tumor to make the treatment easy.The 

techniqueTused in this project is Magnetic 

ResonanceTImaging (MRI). Three dimensional approaches for 

imageTsegmentation is a reliable source to achieve aTproper 

estimation of tumor volume. 

 Brain tumors occur whenTthere is abnormal growth of cells 

within a location inTthe brain. They can be categorized 

intoTbenign (non cancerous) ormalignant(cancerous), based on 

the tissues and cells involved and placement of the tumor in 

brain. 

A. Benign brain tumor 

 Benign as the word indicates are generally not very harmful 

in nature. Benign brain tumors do not consistof cancerous 

cellsTand can be removed with propertreatment. They have 



2
nd

 International Conference on Emerging Trends in Engineering & Applied Science (ICETEAS' 19)                                    ISSN: 2454-4248 
Volume: 5 Issue: 1                                                                                                                                                                                       23 – 27 

_______________________________________________________________________________________________ 

24 
IJFRCSCE | January 2019, Available @ http://www.ijfrcsce.org (Special Issue)                                                                 

_______________________________________________________________________________________ 

anTobvious border or edge and do not spread to the adjacent 

cells or parts in the human body. EvenTthough they do not 

spreadTto other parts of the body, they canTsometimes cause 

serioushealth problems if left untreated.  

B. Malignant brain tumor 

 Unlike benign brain tumors, theseTtypes of cells are fast 

growing in nature and can affectTsurrounding healthy cells. 

The cells are cancerousTin nature and hence are also called as 

brainTcancer. Malignant brain tumors are threat for life and 

need toTbe treated at an earlier stage. Depending on the 

typeTof cells of the tumor and the location, medicalTexperts 

have grouped brain tumors into fourTgrades as grade I to grade 

IV. Cells from low-gradeTtumors i.e. grades I and II look more 

normal, lessTharmful and generally grow slower than cells 

fromThigh-grade tumors i.e. grades III and IV respectively. 

II. FCM & ANFIS TECHNIQUES 

 In our research work,we have used fuzzy logic & Neuro 

fuzzy techniqueTto segment brain tumor and to calculate 

itsTvolume. There are many performancemeasuresTavailable. 

Here, on the basis of Dice Scoremeasure, bestTtechnique is 

observed. 

A. K-Means Clustering 

K-means clustering belongs toTthe category of 

unsupervisedTcluster analysis algorithms. It is one of the hard 

clusteringTalgorithms. In case when „n‟ number of readings is 

given,thisTalgorithm classifies these 

observationsintoTdifferent groups called clusters. The 

collection of data that are supposed to belongto sameTgroup or 

cluster are found to be alike in natureTwhereas those part of 

distinct group orTclusters are not very much same in nature. 

However, the number ofTclusters „k‟ is presumed to be fixed. 

Each group or cluster has a principal value or converging point 

which is called as „centroid‟. Cluster centroidsare 

thenTinitialized with indiscriminate values. The Euclidean 

distance between observation andTcluster centroid is 

minimizedTiteratively. The mean of all objects is then 

computed again till we achieve convergence. 

B. Fuzzy C-Means Clustering 

Fuzzy C-meansTclustering is considered to be one of the 

soft clustering techniques which allow the conceptTof partial 

association of pixels into distinct clusters [15]. These biased 

associations of the pixels can beTcalculated using a concept 

known as membership functions grades. It is observed that the 

values of membership functions of all data points ranges from 

0 to 1 but the sum of all these value must be equal to on one. 

They have better application in segmentation when compared 

to hard clustering techniques. They involve aTconcept of 

minimizing the objective function. The algorithm finds „c‟ 

clustersTby minimizing the objectiveTfunction given by 

equation  

 

𝐽𝐹𝐶𝑀 =    𝑢𝑖 ,𝑘 
𝑞𝑐

𝑖=1 𝑑2 𝑥𝑘𝑢𝑖 
𝑛
𝑘=1                                    (1) 

 

where,𝑥𝑘= { 𝑥1, 𝑥2 ……. 𝑥3 } are thedata points, n is the 

number of data items, cTrepresents the number of clusters, the 

degree ofTmembership of 𝑥𝑘 in the 𝑖𝑡ℎ  cluster is representedTas 

𝑢𝑖𝑘 , q is the weighting exponent on eachTfuzzy membership, 

𝑣𝑖  represents the center ofTcluster i, 𝑑2(𝑥𝑘 , 𝑣𝑖) is the distance 

between dataTpoint 𝑥𝑘and cluster center 𝑣𝑖 . 

C. ANFIS Technique 

 An Adaptive neuro fuzzysystem is a combination of both 

neural networks and fuzzy systems in aTsingle framework. 

They integrate the principles of both artificial neural networks 

and fuzzy logics. One of the most important aspects of the 

ANFIS is that the system should be able to interpret itself in 

terms of the inference rules also called fuzzy if-then rules, 

because it is based on vague knowledge presented by the fuzzy 

inference system.  

 Sugeno type Fuzzy Inference System isTused along 

withback propagation learning algorithm to train the system.  

As the name suggests ANFIS techniques are adaptive in nature 

and use their self learning capabilities for determining the 

parameters of fuzzy inference system. 

III. PROPOSED METHODOLOGIES 

 In our research work, the proposed system introducesa 

mechanism by which brain tumor could bedetected and 

segmented with maximum perfection. Apart from achieving 

accuracy, the proposed system is believed to overcome the 

drawbacks of the existing system. It is said to consist of mainly 

four modules: 

 Pre-processingand Feature extraction. 

 NeuralTnetworkclassification 

 Segmentation 

 Tumor size calculation 

A. Pre-processing and Feature Extraction 

 Pre-processingis considered to be the initialstep which 

provides the input image (in theTrequired format) for the next 

stage. Several pre-processing algorithmsare applied to MR 

images of the brain for intensityTnormalization and 

enhancement, background removal. This step also performs 

filtering of noise andother artifacts in the image and sharpens 

the edges which make the task of edge detection easier in the 

image required for segmentation. 

 Preprocessing is followed by featureextraction. Here, the 

features of the trainedTimages like intensity, co-variance, 

entropy etc. areTextracted and stored in the database. The 

imagesTused in the following steps of extraction are 256*256 

gray levelTimages with intensity value rangesTfrom (0 to 255). 

Therefore, the MR images obtained are normalized toTgray 

level values from (0 to 1) usingTnormalization techniques. 

Sincenormalization reducesthe dynamic range of theTintensity 

values, segmentation step and theTprocess of feature extraction 

are made muchTsimpler. Any type of unwanted background 

noise present in the image is removedTat this stage. 

B. Neural Network Classification 

 The preprocessed input image is then used by the artificial 

neuralTnetwork to classify whether the image is tumorousTor 

non-tumorous. The Neural network like architecture is trained 

using learning algorithms efficiently. 
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C. Segmentation and tumor size calculation 

 Brain tumor segmentation processTdeals with the separation 

of tumor regions from the medical images of brain obtained 

from MRI scan. Here, we propose two algorithms: K-

meansclustering algorithm and Fuzzy-C MeansTalgorithmfor 

better accuracy of the system. K-means isTefficient in 

classifying large data sets andTFuzzy-C-Means algorithm 

considers thefuzziness of the data and thereforeproduces 

amuch more natural representation of the tissues. Next is the 

process of extractingTthe cluster of data which depicts the 

predicted tumor region, byTapplying morphological 

operations. AndTfinally, the area and volume of tumor is 

calculated inTthe final step, using mathematical equations. 

The following figure gives an idea of the flowchart for the 

proposed algorithm: 

 

 
Fig. 1. Flowchart of proposed algorithm 

 

 The performance of neuralTand Neuro fuzzy is measured 

using some standard measures like Jacard score, 

PrecisionTrate, recall rate and dice score. For each of 

theTtumor regions we obtained a binary mapTwith algorithmic 

predictions and the experts‟consensus truth T, and 

weTcalculated the well-knownTDice score as follows: 

 

Dice (P,T) = 
 𝑃1∩𝑇1 

  𝑃1+ 𝑇1   2 
              (2) 

 

where ^ is the logical ANDToperator and P1 and T1 represent 

the set ofTvoxels where P = 1 and T = 1, respectively. The 

Dice scoreTnormalizes the number of true positives to 

theTaverage size of the two segmented areas. It is not very 

different from the Jacard Score and can be calculated easily. It 

isTidentical to the F score (the harmonic mean of the precision 

recallTcurve) and can be transformed monotonouslyTto the 

Jacard score. Given the Dice Score S, the Jacard score J can be 

calculated  using equation    

 

𝐽 = 𝑆/(2 − 𝑆)                  (3) 

 Recall Rate measure how many of theTpositives does the 

model. It is the proportion ofTpositive cases that were correctly 

identified, calculatedTas 

 

𝑅𝑒𝑐𝑎𝑙𝑙 = 𝐴/(𝐴 + 𝐵)               (4) 

 

 Precision Rate is howTmany of the returned documents are 

correct PTis the proportion of thepredicted positive casesTthat 

were correct & calculate as 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 𝐴/(𝐴 + 𝐶)              (5) 

IV. SIMULATION & RESULT 

In our work we have used 12 samples of multimodal MRI 

Scans of patients with brain tumor which are a part 

ofTmultimodal Brain Tumor Segmentation (BRATS) 2015 

challenge from the Virtual Skeleton Database (VSD). The 

proposed work is carried out on these 12 samples and the 

results are compared to that of the ground truth. 

In our research, we have to take images from database, then 

analyze with fuzzy logic & Neuro fuzzy techniques. The 

resulted images are given below. 

 

 
Fig 2 Detection of Tumor Image ID 1 using Fuzzy Logic 

 

 
Fig 3 Detection of Tumor of Image ID 1 person using Neuro 

Fuzzy 
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Fig 4 Detection of Segmented of 40yrs (Image ID 1) person 

using Neuro Fuzzye not italicized). 

 

A general IEEE styleguide is available at 

www.ieee.org/authortools. 

 

 
Fig 5 Detection of Filtered Intensity Tumor of 40yrs person 

using Neuro Fuzzy 

 

 
Fig 6 Final Detection of Tumor of 40yrs person using Neuro 

Fuzzy 

V. CONCLUSION 

Nowadays due to the growing cases of brain tumor among 

the population medical imaging techniques have gained 

much importance in the field of medical science. Computer 

aided diagnosis techniques improves the chances of 

information that are available for medical images for the 

treatment of brain tumors.  Brain tumors can be not harmful 

or malignant in nature. The cells of malignantTtumors are 

unusual and split up numerously, causing irreparable 

damage to nearby. It becomes very difficult to segment 

theTbenign and malignant tumor cells using 

automatedTmethods. Existing methods for 

segmentationTmedical images include primitive operations. 

However, more, an advanced technique makes it easier to 

segment MRI images toTdistinguish the normal from 

abnormal tissues.  

In this work we have focused on an ANFIS 

basedTsegmentation algorithm using fuzzy c-means (FCM) 

clusteringTapproach and Neural Networks. WhereTFCM is 

a fuzzy unsupervised clustering method and Neural 

Networks are supervised training algorithm. The results how 

that the improved ANFIS based segmentation can 

easilyTsegment brain tissues in MR images of the 

brainThaving tumor.  conclusion section is not required. 

Although a conclusion may review the main points of the 

paper, do not replicate the abstract as the conclusion. A 

conclusion might elaborate on the importance of the work or 

suggest applications and extensions.  
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