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Abstract
Brain tumor is one of the most life scowling diseases which need 
urgent and accurate detection. Various automated techniques have 
been designed to detect the tumor efficiently from MRI imaging. 
The aim of this paper is to propose a new method for increasing 
the efficiency of tumor detection. The proposed technique involves 
the integration of Hybrid Roundness Metric with the existing 
techniques called Modified Texture Based Region Growing 
and Cellular Automata Edge Detection. The two segmentation 
techniques perform well in collaboration but when Hybrid 
Roundness Metric is implemented along with the above two, 
results achieved are much more effectual. The detection of tumor 
is made easier and accurate with the proposed work.
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I. Introduction
A tumor is an abnormal growth of cells within any region of 
the body and the brain tumor is that within the brain or central 
spinal canal. They are formed by the unchecked division of cells 
generally in the brain itself, but can also be found in blood vessels, 
lymphatic tissues, nerves, skull or pineal gland. In case of brain 
these are neurons or glial cells. Brain tumors can also result from 
cancers in other organs (also called metastatic tumors). Any kind 
of brain tumor is serious and 

lethal due to its interfering and deteriorating nature that too in 
limited space of intracranial cavity. The onset of symptoms in the 
development stage depends not only on the nature of tumor but also 
on the transformation of neoplasm from benign to malignant.

Fig. 1: Anatomy of Brain 

A. Classification of Tumor- There ismainly three kinds 
of tumors namely-

1. Benign Tumor
As the name says it is an inactive type of tumor, which does not 
expand in a crude manner. Neither does it affect its surrounding 
healthy tissues nor does it expand to its non-adjoining tissues. The 
most common example of benign tumors is moles. 

2. Pre-malignant Tumor
It is primarily considered as a pre-cancerous stage also called 
a disease. If it is not treated properly and on time, may lead to 
cancer. 

3. Malignant Tumor
This is the serious type of tumor that cultivates with time and 
conclusively leads to a person’s death. The term malignant itself 
the meaning i.e. a disease that maturates with the progression 
of time. 
The level of threat produced by them depends upon factors like 
its location, type of tumor, its size and development state. As 
the skull encloses the brain, so the detection of brain tumor at 
early stage is only possible if the diagnostic tools are aimed at 
noting the intracranial activity. So the detection is usually achieved 
in advanced stages when tumor presence has led to unexplored 
symptoms.

B. Symptoms of Brain Tumors
Headache • 
Variations in hearing, speech or vision• 
Problem faced during walking or in balancing• 
Nausea/ vomiting• 
Mood swings, change in ability to concentrate• 
Memory problem• 
Seizures or convulsions• 
Numbness in arms or legs• 

C. Risk Factors For Brain Tumors
These are the factors that may increase the chance of a person 
being defiled by the disease. Studies are being done by researchers 
whether the development of brain tumor varies from person to 
person depending upon the risk factors. Two main risk factors 
are- 

1. Ionizing Radiation
When human body is exposed to high ionization radiations like 
high X-rays, the cells get damaged to large extent leading to brain 
tumor ( such as brain exposed to high radiations). 

2. Family Background
It is rarely possible that multiple members down the generation 
in a family have brain tumor. 
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D. Tests to Diagnose Tumor
It is not sure that person undergoing the above mentioned 
symptoms is suffering from brain tumor. For proper detection 
and treatment one must visit a doctor as righteous treatment can 
only be provided by doctor. Some common tests conducted for 
tumor diagnosis are-

Physical Exam: 1. It involves checking of general health 
signs.  
CT scan: 2. A computer is linked to an X-ray machine that 
takes series of pictures of the head. The doctor may give the 
patient an injection of a certain medicine that helps to show 
up the brain more clearly in images. Tumor can be detected 
with the same. 
MRI: 3. A magnet is associated with a computer develops 
elaborate pictures of body from inside. These pictures can 
be witnessed on the monitor and can be printed as well. An 
exclusive dye is infused into the body of the patient helps 
differentiate among the tissues of brain, due to which detection 
of tumor is possible. 
Angiogram: 4. A dye is interjected into the blood stream 
which ultimately effuses into the blood stream making it 
show on X-ray. The presence of tumor is then identified in 
the X-ray.
Biopsy: 5. a tissue is removed in search of tumor cells. This 
tissue when observed under the microscope shows the 
abnormal cells. It is also capable of showing tissue changes 
that may result in cancer. The best way to diagnose brain 
tumor is biopsy.

II. Image Segmentation
Segmentation is a process of portioning the image into different 
regions, where each region has pixels that are of equal attributes. It 
has the capability of identifying the region of significance from a 
scene. The objective of segmentation is to simplify the illustration 
of an image so that it becomes more meaningful and simpler to 
interpret. Every element in the image is credited a label, such that 
pixels that have same label share firm characteristics. 

Fig. 2: Upper: Original Images; Lower: Segmented Image

MRI images are not capable enough to locate the position of 
brain-tumor, so in order to find the precise position of tumor in 
the MRI image; the image is passed down through the techniques 
like preprocessing, segmentation, morphologicaloperation and 
subtraction, which gives the explicit location and shape of the 
tumor. 
The result of segmentation process is a set of segments that 
cover the entire image or a collection of areas obtained after 

segmentation process. Every element in the area has some features 
like color, intensity or composition that is similar to some other 
element. The adjoining regions have different properties. When 
segmentation process is applied to a set of images specifically in 
medical imaging, 3D reconstructions can be created from resulting 
areas by applying interpolation algorithms. 

A. Brain Tumour Detection Techniques
There are five classifications of the techniques used for the 
detection of brain tumor. 

Detection of tumor using Active Contours• 
Detection of tumor using Region Growing• 
Watershed Segmentation • 
Detection using neural network• 
Brain Tumor Detection and Segmentation Using Histogram • 
Thresholding

1. Tumor detection using Active Contour
The phenomenon lies on active time deriving contours. The 
emerging contours rift and fuse, thus leading to concurrent 
detection of many elements in addition to interior and exterior 
boundaries.

2. Based on Region Growing
Another easy image segmentation based method is Region growing. 
Since, it includes the selection of starting seed points, it also 
comes under the classification of pixel-based image segmentation 
method. The method aims to determine surrounding pixels of 
initial “seed points”, which are later examined if they need to be 
added to the region.

3. Using Watershed Segmentation
A landform that looks like a basin and is illustrated by highpoints 
and ridgelines that plunge into lower heights and valleys is what 
defines a watershed. The grey level image is considered similar to 
a topographic relief where the altitude is depicted by grey level. 
Various lines of watershed can be examined in image processing. 
These lines may be exemplified either on the nodes, or on the 
edges or on both.

Fig. 3: [7] Left: Original Image; Right: Segmented Image Using 
Watershed Segmentation

4. Using Neural Network
As compared to other traditional model oriented methods, an 
Artificial Neural Network (ANN) is non-linear data directed self-
modifying approach. Artificial neural networks are a strong tool for 
modification in special cases such as when relationship between 
the data is not known.The specialty of these networks is their 
adaptability that is “they learn from examples” which replaces 
the need of “programming” to solve problems. The adaptability 
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of neural networks is what makes them most appealing when 
one does not know anything about problem but the training data 
is available in abundance. Network extracts features from the 
image such as intensity, the deformation of shape and texture 
features etc. 

Fig. 4: [7]- Left Side Shows Original Image; Right Shows 
Segmented Image

5. Using Histogram Thresholding
The phenomenon relies basically on three points that issymmetry 
of the brain, intensity of pixels of image and binary conversion of 
image. An assumption has been made regarding the positioning 
of the tumor i.e it is located either is about its axis. Different 
sub-regions of the brain like white element, grey element, blood 
cells and cerebrospinal fluid are easily recognized because of the 
divisions of the brain into sub-regions. The fusion of blood cells 
at some specific point is what makes up a tumor.
The brain image in MRI is illustrated with the help of concentration 
of pixels. The range of gray scale images is 0-255 where o 
represents black and 255 is appointed for white color. The pixel 
keenness of blood cells is 255 and the gray matter has magnitude 
that is less than 255.
If each inch constitutes 86 pixels, then each pixel has vertical 
dimension of 1/86 inch. Likewise, the horizontal dimension 
calculated comes out to be 1/86 inch. Area is calculated as-
A= (1/86)*(1/86) sq. inch
Area of tumor=A*total

III. Literature Survey
Various brain tumor detection and segmentation techniques 
have been studied providing insight into their advantages and 
disadvantages of these methods on brain tumor detection [1-3]. 
Computer- based technique has been proposed that firstly classifies 
brain as healthy or one containing tumor and if tumor is detected, 
it is classified as benign or malignant [4]. Thresholding operation 
can also be performed for brain tumor detection [5] which consists 
of preprocessing, image enhancement followed by segmentation 

process that is thresholding. Use of symmetry analysis as a 
fully automatic detection technique involves detection of tumor 
followed by segmentation and finally area calculation of tumor 
[6]. A method of edge detection based on Cellular Automata gives 
better results as compared to other edge detection techniques 
for cancerous cells in brain by giving exact location and size of 
tumor [7]. Another edge detection method makes use of canny 
algorithm that detects the weak edges then labeling these weak 
edges by different numbers. The histogram segmentation process 
detects the only weak edge thus detecting the abnormal edge of 
tumor [8]. Region growing is an efficient image segmentation 
technique. Region growing requires the determination of threshold 
for region growing and initial seed collection which can also be 
considered a drawback [9]. Brain tumors being blunt, faint and 
non-homogenous structures differ in intensity from the neighbor 
pixels which can be detected through modified Texture based 
region growing. This technique can considerably increase the 
performance as it takes both intensity and texture constraint into 
account [10]. Attempts were made to detect the tumor by neural 
network approach which makes use of back propagation for 
classification [11] and histogram equalization, image adjustment 
and thresholding operations for detection. Probabilistic Neural 
Network (PNN) with the use of learning vector quantization 
(LVQ) along with analysis of image and data accompanied by 
manipulation techniques has been proposed to classify the tumor 
from MRI images [12]. Deshmukh et.al. reviewed another method 
that inputs the features extracted from MRI image to the Artificial 
Neural Fuzzy Interface system (ANFIS). The overall set of features 
and fuzzy rules help to segregate irregular images to the respective 
tumor type [13]. In order to improve the accuracy of detection 
process, combination processes have been broached. In one such 
technique, two segmentation processes have been associated that is 
modified texture based region growing and cellular automata edge 
detection resulting in the increase in tumor detection probability 
[14]. 

IV. Proposed Work
The most significant application of medical image processing is 
brain tumor detection. Most of the methods studied till now do 
not take into consideration poor image quality that means the 
image containing noise and with low brightness. The research 
work processed aims to present an efficient technique for brain 
tumor detection that is the combination of Hybrid Roundness 
Metric, Region growing and Cellular Automata Edge detection. 
To enhance the tumor detection rate further we have integrated the 
proposed Hybrid roundness metric, Region Growing and Cellular 
Automata Edge Detection based tumor detection with the decision 
based median filter.
Objective: The overall objective of this research work is to 
increase the accuracy of the brain tumor detection. Following 
are the various objectives of this research work:-

To evaluate the performance of existing brain tumor detection 1. 
algorithms like neural network based tumor detection, 
segmentation base etc.
To propose new Hybrid roundness metric, Region Growing 2. 
and Cellular Automata Edge Detection for efficient brain 
tumor detection.
To integrate the proposed object based tumor detection with 3. 
the decision based median filter. 
To draw comparison among the proposed and the available 4. 
algorithms based upon the following parameters:-
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Accuracy rate• 
Error rate• 
F-measure• 
Bit error rate• 
Peak signal to noise ratio• 

V. Methodology

 Image Acquisition 

Pre-processing 

Modified 
Texture Based 

Region 
Growing 

Cellular 
Automata 

Edge 
Detection 

Integrating Modified Texture Based Region 
Growing and Cellular Automata Edge Detection 

Hybrid Roundness 
Metric 

Detect exact size of tumor 

Fig. 5: Flow Chart for Proposed Method

Modified Texture Based Region Growing + Cellular Automata 
Edge Detection + Hybrid Roundness Metric:
Region growing is a similarity criterion based segmentation 
technique while edge detection utilizes discontinuity. Texture 
based region growing takes both texture and intensity limitation 
into consideration thus exhibiting the greatest advantage of not 
being affected by the in-homogeneity of the tumor. The efficiency 
remains the same, except being affected by threshold values. On 
the other hand, cellular automata edge detection accurately detects 
the boundaries. The only limitation of this technique is that if the 
intensity difference between the tumor and normal cells is less, the 
tumor might not be detected. If detected, the exact size of the tumor 
shall be demonstrated by this technique. Lastly, hybrid roundness 
metric locates the tumor among other brain matter and precisely 
gives the size and location of the tumor in brain. The addition of 
roundness metric to the above combination not only increases the 
overall efficiency and precision of detection but also helps doctors 
in proper diagnosis and treatment. The detected tumor is finally 
added to the input MRI image for further analysis. 

VI. Conclusion
The proposed method is expected to give followingoutcomes:

Detect the tumor’s exact location and size.• 
Increase the overall efficiency of the method. • 
Reduce the chances of error occurrence to a great extent and • 
thereby giving precise results. 
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