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Abstract: In today’s world many engineers have been 

concentrating in developing various tools for detection of tumor 

and processing its medical images. The extraction of brain tumor 

and analysing it is a very challenging task in the field of 

healthcare. Segmentation’s introduction solves the complexity to 

medical imaging and in turn “MRI (magnetic resonance 

imaging)” proves to bea very useful diagnostic tool for the 

detection of brain tumorin MRI’s. Here we have performed a 

comparative study between various clustering and segmentation 

algorithms. In healthcare field, detection of brain tumor from 

MRI of the brain, is the current most favourable and seeded area 

of research. Detecting tumors is one of the major focus areas of 

the system, it plays a critical role in extraction of details from 

graphic generated contents of the healthcare. MRI’s with brain 

scans are used in the processes. We have implemented “k-means, 

fuzzy-c means and watershed segmentation”with various soft 

computing image processing techniques in various test case 

scenarios which allows us to compare and contrast between the 

stated techniques. This paper also focuses on enhancing the 

performance of the algorithms by setting up a suitable parallel 

environment for these three tumor detection techniques. This will 

allow multiple MRI’s being evaluated simultaneously. 

 

I. INTRODUCTION 
 

Brain tumor has been a major reason for the increased 

mortality rate among the adults as well as the children. Tumor 

is referred as anunusual growth of cells and tissues without 

any significant use but this growth could be harmless or 

harmful based on the tumor. Brain tumor is a very serious 

disease. Many researches have been conducted which 

showed that the death among people because of brain tumor 

has greatly increased, speaking in numbers, as much as 300 in 

the past 3 decades. The most important area and principal 

regarding medical image processing of tumor and other 

images of the human body is the pictorial information 

provided by the processed image. The bio-medical images of 

the human body are different for different parts of the body. 

For example, a MRI scan is used for studying the soft tissues 

of the human body like the brain, liver but for studying hard 

tissues such as cartilage or bones, x-ray scans are used. These 

two methods are not only different for different parts of the 

human body but also differ in the manner in which the image 

is processed. In other words, we can say that the method used 

for processing x-ray images is very different from the method  

 

used for processing MRI scanned images. Tumor in the brain 

is a specific portion, where an outgrowth is seen. Brain scans 
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for the brain tumor can be done by, “Computer tomography 

(CT) scan, magnetic resonance image (MRI) scan, 

Ultrasound”, etc. In our implementations, MRI’sare utilised. 

Variousmethodshave been seen for detection of the brain 

tumorlike a method using connected component analysis. 

The method presented by Lo Hall required image cropping 

for the exact result of the tumor region but is not obtained. 

Walters suggested using K-means Clustering. Kaur presented 

using soft computing method. Therefore the process would 

cause faulted detection in observing the scans. In our 

experiment we have used and reviewed “K-means 

clustering”, “Fuzzy-c means” and “watershed segmentation” 

techniques to detect brain tumor. The k-means clustering is 

done on brain-mri images for clustering which in turn 

segregates the tumor region as cluster in whole. Whereas 

fuzzy-c means allows multiple points to lie in multiple 

clusters thus allows working with clusters with more 

details.The tumor region gets classified into the tumor 

category, while the rest are inserted into the non-tumor 

category. This will be the serial execution of the code, to 

make the more much efficient we have introduced the 

concept of parallelization. Suppose the user wants to detect 

tumor regions from various perspective or he want to detect 

tumor in more than one MRIs using the proposed concept 

then the user will have to go through the whole code 

individually of individual MRIs thus will consume a lot of 

time as the serial execution of the code in itself is very 

computationally intensive, thus by introducing parallelism in 

the code we have drastically reduced the time required for the 

computation of more than one MRIs thereby not only making 

the algorithms handle load easily but also very efficient. 

 

II. BRAIN TUMOR DETECTION 

 

Prof. Dinesh D. Patil(2013), has expressed the outline of 

different segmentation approach implemented for medical 

imaging has been briefed. The paper likewise goes around the 

examination on different research techniques connected for 

image segmentation and different research issues in this field. 

This research expects to give a basic manual for the scientist 

for those performed their exploration contemplate in the 

image segmentation. Image segmentation has a promising 

future as the general division calculation and it has turned 

into the focal point of contemporary research. 

Notwithstanding a very long while of research up to now to 

the learning of creators, there is no all-around acknowledged 

technique for image segmentation, as the consequence of 

segmentation is influenced by bunches of elements, for 

example, homogeneity of pictures, spatial attributes of the 

picture progression, surface, picture content.  
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In this way there is no single technique which can be 

viewed as useful for neither all kind of pictures nor all 

strategies similarly useful for a specific sort of picture. 

Because of every above factor, medical image segmentation 

remains a difficult issue in picture handling and PC vision is 

as yet a pending issue in the world of healthcare. 

Maoguo Gong (2013), exhibited an enhanced fluffy 

C-means (FCM) calculation for image division by presenting 

a tradeoff weighted fluffy factor and a kernel metric. The 

tradeoff weighted fluffy factor relies upon the space 

separation of every neighbouring pixel and their gray level 

contrast at the same time. The new calculation adaptively 

decided the portion parameter by utilizing a quick 

transmission capacity choice manage dependent on the 

separation change of all information focuses in the 

accumulation. Moreover, the tradeoff weighted fluffy factor 

and the portion remove measure are both parameter free. 

Trial results on engineered and genuine pictures demonstrate 

that the new calculation is powerful and productive, and is 

generally free of this sort of noise. 

Bhagwat et al (2013) they demonstrated that DICOM 

pictures create better outcomes when contrasted with non 

medical pictures. They found that time prerequisite of 

hierarchical clustering was minimum of three and that for 

Fuzzy C means it was most elevated for recognition of 

cerebrum tumor. K-means calculation delivers more precise 

outcome contrasted with Fuzzy c-means and hierarchical 

clustering.13] 

A.Sivaramakrishnan and Dr.M.Karnan(2013) proposed a 

novel and an effective recognition of the brain tumor district 

from cerebral picture was finished utilizing Fuzzy C-means 

clustering and histogram. The histogram adjustment was 

utilized to compute the power estimations of the dark level 

pictures. The decomposition of pictures was finished 

utilizing guideline part examination which was utilized to 

lessen dimensionality of the wavelet co - effective. The 

aftereffects of the proposed Fuzzy C-means (FCM) clustering 

calculation effectively and precisely separated the tumor 

district from cerebrum MRI mind images[11] 

Jaskirat kaur et al (2012), depicted clustering calculations 

for picture segmentation and completed a survey on various 

types of picture division techniques. They likewise proposed 

a system to order and measure diverse grouping calculations 

dependent on their consistency in various applications. They 

portrayed the different execution parameters on which 

consistency will be estimated. 

Roy et al (2012) computed the tumor influenced region for 

symmetrical investigation. They demonstrated its application 

with a few informational indexes with various tumor size, 

force and area. They demonstrated that their algorithm can 

naturally identify and section the brain tumor. MR pictures 

gives better outcome contrast with different systems like CT 

pictures and X-rays. Picture pre-processing incorporates 

change of RGB picture into grayscale picture and afterward 

passing that picture to the high pass filter with the end goal to 

expel noise present in image.[14] 

B. Sathya et al (2011), proposed four clustering algorithm; 

k mean, enhanced k mean, c mean and enhanced c mean 

calculation. They completed a test investigation for huge 

database comprising of different pictures. They dissected the 

outcomes utilizing different parameters. 

Hui Zhang et al (2008), thought about abstract and 

administered evaluation approach for image division. 

Subjective assessment and supervised assessment, are 

infeasible in numerous vision applications, so unsupervised 

strategies are important. Unsupervised assessment empowers 

the target examination of both distinctive division techniques 

and diverse parameterizations of a solitary method.[6] 

Military Heber et al (2005), exhibited an evaluation of two 

prevalent segmentation algorithms, the mean move based 

division calculation and a chart based division conspire. 

Padmakant Dhage(2015),presented a research where 

watershed has been a proactive techniques to detect brain 

tumors, they specified why watershed is a good technique to 

be implemented using MATLAB as it can be used to segment 

the MRI images quite efficiently. 

Priyanka Shah(2017), reviewed and compared multiple 

clustering and segmentation techniques and suggested why 

watershed segmentation is a better and an accurate algorithm 

and they have shown how and why which algorithm lacks 

behind in certain aspects. 

 

III. ALGORITHMS WORKED UPON: 

 
Fuzzy C means 

 

FCM (fuzzy c means) can be considered a modern 

technique used for clustering allowing the single data point 

be into clusters, thus using the fuzzy algorithm creating 

certain fuzzy sets in which a data point also lies into various 

other fuzzy sets. This technique is known and has proven 

successful for pattern matching and recognition. The 

algorithm assigns partial values of pixel to each data point 

and hence allowing them to be in multiple fuzzy clusters. The 

fuzzy member values are calculated and assigned using the 

below function and also lies under the algorithm for the same.  

 
Figure 1. Fuzzy Member Function 
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Algorithm 1. Fuzzy-C Means 

 

K Means: 

 

Km(K means algorithm) can be considered as the most 

basic learning algorithm that is unsupervised in nature and is 

used to take care of notable issue of grouping. This method 

pursues simple and very basic idea for a provided or known 

informational index characterization via bunches that are 

fixed in number (k groups) fixed beforehand. Principle 

process can be specified as the k focuses characterization, 

one belongs each group. On various different areas causing 

distinctive outcomes accounts these focuses are supposed to 

be put shrewdly. It is always preferred or considered better to 

put them as far as expected from each other along the 

lines(these lines). The stage that follows is partnering of each 

point to the focus that is closest and that is having a place 

towards or to a known informational index. When pending 

status of all points are over, marks the end of initial step and 

thus finished early age of cluster. Re-computation of k new 

centroids as barycentre of the clusters that came to be because 

of previous steps or the steps before, is the next step. In the 

next stepagain coupling is to be done between closest focus 

that are new and similar centres, after the availabilityk new 

centroids. Creation of a circle comes into the scene. Due to 

this circle changes in the k focuses area that are well ordered 

until no changes takes place anymore is noticed. At last, this 

calculation proceeds for limiting a target work called squared 

error function which can also be explained as: 

 
Figure 2. Squared Error Function 

 

 
 

Algorithm 2. K-Means 

 

Watershed Segmentaion: 

 

The watershed segmentation uses the pixel map to 

generate a gradient map and then the technique is used for 

image segmentation and object separation.Representing a 2D 

image section in the form of 3D with the help of valleys and 

hills in the area of the working. This technique can be used 

efficiently with the suggested method in the paper, as the 

unique feature of the gradient can be used to get extra detail 

about the tumor. 

 

 
 

MODEL DIAGRAM 

 

 
 

Figure 3. Model Diagram for Parallel Execution 
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IV. SUGGESTED METHODOLOGY 

 

Here, we have proposed a method that not only increases 

the efficiency and accuracy of watershed segmentation but 

also enables us to extract tumor sections from the MRI of the 

brain without using any time consuming and compute 

intensive algorithm by using pre-processing and 

morphological operations combined with watershed 

segmentation, 

 

1.  Text removal 

 Covert the image to gray level. Thenconvertit to 

binary image. 

 After that fill the holes. Use 

ExtractLargestBlobs. 

 

   2.  Make Enhancement for the image 

 In this step we are making enhancement for the received 

image from previous step withthe following methods: 

 Sharpening: A version of the grayscale image that is 

enhancedwhere the features of image like edges are 

sharpened.  

 

 Image adjust: increase the contrast (separation between 

the dark and white colors) of the image and saturate the 

high and low intensities.  

3.  Applying noise removal filters 
 

In this step we try many Image processing filters like min, 

max, median and mean filters and the gray scale image 

obtained so as to obtain noiseless image. 

 

4.  Make thresholding and segmentation 

 

This step concerns with image analysis technique 

segmentation portioning the image into a foreground and 

background, so we can isolate the needed object by 

converting the image into black and white (binary image). 

 

5.  Watershed Segmentation 

 

This technique is used for image segmentation and object 

separation.Representing a 2D image section in the form of 
3D with the help of valleys and hills in the area of the 

working. 

 

6.  Morphological operations 

 

In this steps we will use opening which is consists of two 

operation erosion followed by dilation we selected the 

opening operation as it is spot and noise removal and less 

destructive, and after that apply Gaussian filter to smooth the 

final image.  

 

PARALLEL EXECUTION  

 

NOTE: In this project we have utilized the PARALLEL 

COMPUTING TOOLBOX i.e. an extension of matlab for 

the parallel execution. This toolbox assigns workers or 

cores available and they work in parallel. Thus parts 

specified under the parfor loop(a command to execute for 

loop in parallel with the help of the workers assigned to 

the code) is executed in parallel.  

7.Identification of areas that can be executed in Parallel 

 

Before this module morphological operations marks the 

end of the serial execution of the code i.e. the one time 

working of the code with the single MRI image available. 

Now in this module, the execution of this code is taken to 

area that requires more than 1 execution of MRI or execution 

of MRI from various angels etc. Single Serial execution 

being computationally intensive in itself makes the execution 

of more than one MRIs even more time consuming. Thus 

various regions in the code is identified that can be executed 
in parallel so as reduce the time taken by single execution of 

the code. 

 

8.  Applying the parallel execution. 

 

After the identification of regions in which parallel 

execution can be applied i.e. 

 

Executing the whole code in parallel as a function: 

 

This is the other and more efficient version of execution. 

Parallel computing toolbox allows two functions to be 

executed in parallel only and only if there is no connection 

between the two functions i.e. neither is dependent on the 

other in any case. Thus if we see, the whole code i.e. one time 
execution is complete in itself thus if the code is used to 

create functions then the functions will have no connection  

with each other thus neither is dependent on the other thus 

can be executed in parallel. Now setting different MRIimage 

as input for each function we can execute or compute or work 

with more than one MRIs at the same time in parallel, thus 

reducing the computation time of more than one MRIs 

drastically. 

 

V. EXPERIMENT DISCUSSION: 

 

The experiment that we have performed here for the 

purpose of brain tumor detection includes fuzzy c means 

algorithm, K-means algorithm, and Watershed Algorithm 

used along with various soft computing techniques. Each of 
the algorithm is examined and the time required by each of 

the algorithm along with the accuracy of each taken from the 

experiment as well as the published works [18] [19], also we 

have experimented with combination of algorithms i.e. fuzzy 

c means followed by watershed segmentation. Thereby we 

tried to suggest which algorithm will work the best in which 

conditions. 

We have also created a parallel environment for the 

execution of all these algorithms thereby allowing the use of 

increased resources for decreasing the time in case of 

multiple input images for all the algorithms. The environment 

is created in such a way that matlab assigns workers that will 
inturn handle section of code 

assigned to it in parallel. Here each 

algorithms will be used to create 
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an isolate functions, then these functions are provided with 

different inputs and thereby with the PARFOR loop which 

demands independent functions, these algorithms are 

executed on more than one image at a time in parallel. 

 

Fuzzy C-means: 

 

Since this algorithms tries to assign each point to more 

than one cluster thus is very complex and time consuming but 

also accurate. Here we noticed that the quality of the image 

changed the time taken for the clustering to increase 

drastically as the number of pixels present in an image to 

work with increases drastically with the increasing quality of 

the image. In sequential execution of the code the time taken 

for the normal quality brain MRI was very low and since the 

computation was not that intensive the time difference when 

running 2 images in sequential as well as parallel was almost 

absent. But as the input image quality increased the time 
required for the sequential execution increased drastically 

and it can be explained in this way to that increasing the 

quality increases pixels and fuzzy c means assigns each pixel 

to more than one cluster at a time thereby increasing its 

complexity drastically. Now the problem is very intensive 

thus significant difference was noted when 2 high quality 

MRIs were executed in sequential as well as when executed 

in parallel. 

Outputs of both the sequential as well as parallel are 

followed: 

 

Sequential:  

 

Normal Quality 

 

 
Figure 4. Output of Fuzzy-C means normal quality in 

sequential 

 

High Quality: 

 

 
 

Figure 5. Output of Fuzzy-C means High Quality 

 

 

Parallel (2 images simultaneously) : 

 

 
Figure 6. Output of Image 1 in parallel for Fuzzy-C means 

 

 
Figure 7. Output of Image 2 in parallel for Fuzzy-C means 

 

K Means: 

  

This algorithm as not as computationally intensive as the 

above algorithms thus there was almost no effect of the 

image’s quality was noted in this algorithm. Since in this 

algorithm each pixel only belong to one cluster at a time. The 

algorithm is able to segment the tumor region properly as that 

can be seen from the images below. Parallel execution of the 

code also witnessed a significant decrease in time required 

for executing 2 images in sequential as well as executing 2 

images in parallel with this algorithm. 
 

NOTE: For this algorithm we have not implemented any 

high quality image separately because time difference 

between K means and Fuzzy C-means is coming out to be 

very less as K means take 3.170s for a image size and fcm 

takes 4s for the same size image and fuzzy c means though 

takes more time but is much more accurate and efficient as 

compared to K means because of its property of assigning 

each data point to all the clusters as compared to k means 

which allows a data point to be a part of one cluster only thus 

if the wrong initial cluster is chosen chances of wrong output 
is there which is completely removed in case of fcm due to its 

optimal cluster centre selection. 

 
Figure 8. Time of Fuzzy c-means when executed for same 

image size as in K-means 
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Sequential: 

 
 

Figure 9. Output of K-means in sequential 

 
 

Parallel (2 images simultaneously): 

 

 
Figure 10. Output of Image 1 in parallel for K-means 

 
Figure 11. Output of Image 2 in parallel for K-means 

 

Watershed Segmentation with various soft computing 

image techniques for enhancement of image (suggested): 

 

Pre-processing used with watershed segmentation on the 

MRI image is one of the main important techniquethat 

smooth image and does noise removal. Stripping of skull and 
removal of text is done to avoid misclassification of 

non-brain and brain tissues.Following this, enhancement of 

image and thresholding is done. After this, with the help of 

marker-controlled Watershed segmentation image 

segmentation is done.From the image that is segmented the 

region having tumour is located with morphological 

operations and the tumour region that is calculated can be 

visualized. 

Thus here instead of using clustering algorithms for the 

detection of the tumor section, various soft computing image 

processing techniques are used i.e. pre-processing thereby 
highlighting the tumor section properly thereby allowing the 

proper application of watershed segmentation. This 

technique is very much time efficient as compared to other 

clustering algorithms as not clusters are created instead the 

tumor section is highlighted with the help of image 

processing techniques, and thus application of watershed 

segmentation is done properly thus somewhat increasing the 

accuracy of the algorithm as well. Thus with watershed we 

can have 3d representation of 2d MRIs.  

 

Sequential: 

 

 
Figure 12. Output of Watershed Segmentation in sequential 

 

Parallel (2 images simultaneously): 

 

 
Figure 13. Output of Image 1 in parallel for Watershed 

Segmentation 

 
Figure 14. Output of Image 2 in parallel for Watershed 

segmentation 

 
Fuzzy C Means with Watershed Algorithm: 

 

We have also testing the combination of Fuzzing C Means 

with Watershed Algorithm, since the accuracy of FCM is 

very high thus using this technique increases the accuracy of 

watershed as well but the time taken for execution of MRIs 

also increases drastically and that is a trade-off when using 

this techniques i.e. High time with very high accuracy. 
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EXPERIMENTAL RESULTS: 

 

 
 

Table 1. Execution time for the algorithms 

 

 
 

Figure 15. Speedup for Fuzzy-c means, Fuzzy-c means 

(Highquality) and watershed segmentation 

 
Figure 16. Speedup for K-means 

 
Figure 17. Efficiency for fuzzy-c means, fuzzy-c means 

(highQuality) and watershed segmentation 

 

 

 
Figure 18. Efficiency for K-means 

 
The above results (Ref. Table 1)are the time taken by the 3 

algorithms. The implementation has been done in three stages 

sequential environment, parallel environment and 

implementation with a very high resolution image. The 

parallel execution as you takes lesser time to compute two 

images when sequential takes up almost the same amount of 

time for a single image this is achieved by creating parallel 

functions which enhances the performances of all the 

algorithms above thus making it a better way to detect 

tumors. 

Fuzzy-c means showed an evident difference in 

performance with high resolution, to which our inference is 
that the algorithm allows multiple points to in multiple 

clusters but as the resolutions increases the pixels increases 

and hence number of points to cluster increase and this in turn 

increases the time taken to evaluate as it has to cluster many 

points in many clusters thus making the whole process 

complex and compute intensive.But when 2 images of high 

resolution were run in parallel the performance of Fuzzy-c 

means boosted to a significant level as mentioned in the 

Table 1. 

We have further calculated speedup as well as efficiency 

of all the algorithms for up to 4 processors when executed in 
parallel. Where,  

Speedup=Time(1)/Time(p) 

i.e. time taken by 1 processor to execute the program by 

time taken by ‘p’ processors to execute the same 

program. 

Efficiency=Speedup/p 

Where p is number of processors. 

 

After the calculations we have plotted graphs of speedup 

and efficiency for 1,2 and 4 processors as shown in figure 

15-18.  

Form the graph we can see that speedup is noticed in each 
and everyalgorithm when executed in parallel environment. 

Watershed being one of themore efficient one and fcm being 

the most accurate. Here K means is showing high speedup but 

the case is algorithm is reducing the size of images along 

withlesser complexity as compared to fcm thus though higher 

speed but not muchefficient. 

The efficiency graphs depict that there is a rise in the 

efficiency for 2 processors but as we increase processors the 

efficiency is reduced which is due to improper load 

balancing, background processes and system idle time but we 

can observe that the least reduction of efficiency is in 
watershed segmentation followed by fuzzy-c means and then 

K-means which shows a big dip in efficiency as observed 

from the graphs. 
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VI. RESULT AND CONCLUSION 

 

In, this paper we have reviewed and implemented three 

of the known and famous algorithms for brain tumor 

detection and segmentation in a sequential as well as in a 

parallel environment. Our observations helps us to conclude 
that among the three algorithms watershed algorithm has an 

edge with the time efficiency and accuracy, thus when 

combined with the morphological image processing 

techniques it, gives us an edge over the orthodox clustering 

and segmentation algorithms for brain tumor detection as it 

also helps us in detecting the tumor as well as identifying 

which tumor sections are deeper in the brain as compared to 

other sections of the tumor.  When it comes to accuracy   

when fuzzy-c mean along with the watershed algorithm is 

implemented, it possess higher accuracy but with a trade-off 

i.e. higher time consumption. Based on our observation we 

can also conclude that when these algorithms are 
implemented in a parallel environment their performance and 

efficiency increases drastically when it comes to evaluating 

multiple MRI’s 
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