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Abstract
In the field of Medicine, especially in the applications that are
used for diagnosis purpose, detecting a fault is a major task and
needs lots of attention of the radiologist. Early defect detection
is necessary to avoid the further complications. The most
actively developing field in the recent technology is the MRI
scanning. The size of the tumor in brain can vary differently for
different patients along with the minute details of the tumor, It is
a complicated and tedious job for the radiologists to diagnose
and classify the tumor from a large number of images.
Sometimes, cerebral fluid also seems to be seen as a mass of
tissue in the MRI image. The project aims to have an automated
system which plays a important role in assessing whether a
lump (mass of tissue) in the brain could be benign (clump
thickness) or malignant (marginal adhesion) by classification.
The proposed model uses machine learning algorithms in order
to improve the accuracy of classification. The system is carried
out in four steps that includes pre-processing for noise removal
using adaptive median filter, segmentation using Gaussian
Mixture Model (GMM) for finding the region of interest,
feature extraction using Grey Level Co-occurrence Matrix
GLCM for extracting the features of different types of tumors
and classification using Neural Networks (NN) to determine
and classify the tumor as benign or malignant.
The experimental results of the proposed model shows that
93.33% accuracy, 96.6% specificity, 93.33% sensitivity and
precision with 94.44%. From these results the proposed model
works better when compared with the classical machine
learning algorithms like Adaboost (Adaptive Boosting) which
classifies the image into different classes (Normal, Benign,
Malignant) with 89.90% accuracy.
Keywords: Adaptive Median Filter,
Segmentation, GLCM, Neural Networks,

K-means,

millions of cells, also from biology we understand that the cells
multiply, grow and divide to form new cells and tissues. Due to
some external factors the cells might grow uncontrollably
resulting in the tumor formation. Tumors are of two types,
Benign tumors are the cancerous cells and are less harmful as
they do not spread across the other cells. Whereas malignant
tumors are those mass of cells which are cancerous, harmful and
are more likely to spread across other cells and tissues. Tumor
is basically a gathering of cells forming a tissue which does not
the have control as of healthy cells and has unconditional
growth rate. In past decade, according to the statistics in most of
the developed countries shows that there are over 300 people
who die because of developing brain tumor, the count is
perhaps increasing year by year. Research about the
international statistics say that in the U.S the increasing growth
rate of tumor probability in a particular amount of time has 11%
– 12% people suffering from the cancer every year. Thus all
these scenarios lead us in developing the detection model for
the brain tumor. It is very important to diagnose the presence of
tumor in brain as early as possible. MRI technique is known for
the clarity of images it can scan. In MRI the appearance of the
tumor is very precise and high, for further treatment and
medications the help of the physicians is also needed. Most of
the time the medical diagnosis is done using the MRI scanning
as it produces better results. Thus MRI is gaining a significance
attention and has lot of scope in the future. With the advances of
computational intelligence and machine learning techniques,
detection of tumors in the early stage is possible. The image (fig
1) is taken from the hospital which shows the MRI image of the
brain.

GMM

INTRODUCTION
Brain tumor is known to cause major backdrop for the rapid
increase in the mortality among the children, adult and
especially in the old aged people. As human body is made of
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Figure 1. Brain Image obtained from MRI scanning
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LITERATURE REVIEW
Astina Minz [1] proposed a model in which the image
processing and machine learning techniques were used for
detection of the tumor, Median filters are used for cleaning the
images, by using the thresholding technique segmentation of the
brain is done, GLCM technique is used for extracting the
features, and finally adaboost technique is used for the
classification of the tumor. Their results show 89.90% accuracy
in classifying the tumor.
The artificial neural networks in classifying the tumors into
normal or astrocytoma type of tumor in the MRI images of
various patients gains a lot of attention. The paper [2] employs
GLCM as the feature extraction and trained the neural
networks. Their results show that few more diverse have to be
considered for having a efficient classification of the tumor into
pilocytic (grade1), low grade (grade2), anaplastic (grade3) and
glioblastoma multiforme (grade4)
The proposed system is based on the GLCM feature extraction
and applied feed forward neural networks on the MRI and CT
images, their results show that the proposed system is 97%
accurate. In this project [3] the pre processing is done to make
the data noise free, no segmentation is carried out and hence the
entire pre processed image has been used for the feature
extraction.

testing the system [8]. For each MRI image features like the
intensity, shape, deformation, symmetry and texture. These
features are fed to the Adaboost classifier. The simulated results
show that the system show the accuracy of 90.11%. The author
explains that no classification model would provide more
accurate classification unless the images are processed using
some techniques for the noise removal and segment the ROI out
of the image to have more accurate results. In this [9] system
median filter, max filter, min filters are used to maintain the
clarity of the image. For the segmentation two techniques are
used, they are thresholding and watershed for extracting the
region of interest.
The classification model that classifies the tumor into different
types using machine learning techniques. The proposed model
[10] uses different computational strategies like feedback pulse
coupled neural network for segmenting the tumor from the
brain, discrete wavelength transform for feature extraction and
PCA for reducing the dimensions and for classifying the image
into type1 or type2 tumor feed forward and back propagation
neural networks are used. The results shows that the system is
able to classify the tumors with a accuracy of 99% which is
significantly good.

PROPOSED METHODOLOGY

Artificial intelligence techniques like, neural networks and
fuzzy logic neural networks which has great impact in this work
[5]. The feature extraction is done using PCA and PNN. The
conclusions say that the the performace of PNN is quite
efficient and prominent for the diagnosing the tumor. The
accuracy of the system is between 73-80% depending upon the
training data.

Input MRI
Image
Step 1:
Pre-processing

The model that predicts the tumor into malignant or benign
based upon the features that is fed while training the algorithm,
the techniques used for the prediction in the proposed model are
the supervised learning techniques which comprises of Linear
Regression and Logistic Regression [6]. These algorithms
predict which type a tumor belongs to based upon the features
observation. The two features considered for the classification
are clump thickness and marginal adhesion. The proposed
system uses the sigmoid and cost function to minimize the sum
of errors. Gradient decendent function is used to find the global
minimal of the data and then classify the tumor.
The classification of the tumor form the MRI images using
machine learning concepts gains a lot of attention. The
techniques used in the proposed model [7] are the discrete
cosine transformation which is used for dimensionality
reduction of the images and cleaning the image to have noise
free and probabilistic neural networks for classifying the tumor
of its respective type. The network is trained for 20 data
samples of the brain tumor and has 100% accuracy in the
classification and has significantly less computational time.
The brain tumor detection model using the MRI images. This
system revolves around the multi-model framework for
detecting the presence of tumor in the brain automatically. In
this system different MRI modalities are used training and
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Input Brain MRI image
Image Acquisition is the first and foremost step of the process
as shown in the fig 2, in which the MR images of the brain
having tumor and normal brain images are taken. The images
used in this project are acquired form MS Ramaiah Memorial
Hospital Bangalore. Over 60 samples of the MR images have
been collected out of which 30 images are used of training and
30 images are used of testing purpose. The below figures(3)
shows the MRI images in dicom format.

while the median filter (fig 4) has faded the lines in the image
and causing blurriness

Figure 5

Figure 6

Processes using median filter processes using adaptive median

Step 2: Segmentation of ROI
Segmentation plays an important role in segmenting the image
into different parts and only the useful part can then be
considered. This process has to be carried out in order to reduce
the amount of work that is to be done in the further steps i.e.
feature extraction becomes easier when there is only tumor
region whose features need to be extracted over the entire
image.

Figure 3

Step1: Pre-Processing
It is always necessary to have improved image quality to
achieve better results in the preceding steps. Pre-processing of
the image plays an important role in delivering the improved
features of the image. In this proposed system to improvise the
clarity of the pictures of MRI, efficient adaptive median filter
technique is used. This is a very efficient way of filtering the
impulse data from the images. On the other hand, in the
conventional median filter method, all the pixels of the image
are filtered equally i.e. both noisy and noiseless pixels of the
image. Thus the pre processed image will result in having faded
corners, eliminated edges and blur image. Hence many
variations have been introduced [11].
One such variation is the adaptive median filter, in this method
the mechanism that is used is the filter which is bigger in size is
applied to the area of pixels having higher noisy resolution and
the filter in a smaller size is applied to the pixels having less
noise in the input image. The research [15] used this method by
considering the values of min, max and med intensity using the
window as the measure for size. Adaptive median filter consists
of two stages i.e. in the first stage the filter gets adaptive to the
image by differentiating noisy and noise-free pixels class. In the
next stage only noisy pixels are considered and taken into the
consideration by applying adaptive median filter to it. In the
further process no action is performed on the noise less pixels
and are copied the same to the processed image.

K-means is a iterative unsupervised clustering technique. Every
cluster is differentiated by its centroid which is placed
randomly, by k-means it finds a local minimum of the cost
function and converges. To find the distance between the
centroid and the data points the Euclidean distance is the
measure used. K-means is hard clustering technique which
means the data point can either belong to any one of the cluster.
Here assigning the data point to the respective cluster is based
on the only the distance between the data point and centroid
which is chosen randomly.
The proposed system uses Gaussian mixture model (GMM)
segmentation technique [12] for segmenting the tumor region
out of the brain from the image. GMM is the advanced
technique over K-means algorithm. In GMM it is a soft
clustering technique it means that the data point can participate
in both the clusters depending upon the probability which is
calculated by considering mean along with the co-variance.
GMM further uses Expectation Maximization (EM) technique
for clustering the brain into different regions and thus helps in
reducing the data set. The results of K-means and GMM
techniques are as in the figure (7,8). The fig (8) shows that only
the most brighter pixels are clustered and the tumor part is
extracted out, while the fig (7) shows that some other parts apart
from the tumor is also segmented. Since only the tumor is the
region of interest (ROI), GMM does better work

In the approach, adaptive median filer has been used - the
results of pre-processing using median and adaptive median
filter are as shown in the fig (5,6). As seen in the image (fig 5),
adaptive median filter is able to preserve the fine lines, edges
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there happens to be two such instance where the values (1,2)
occurs in horizontal manner. Similarly, the third value i.e. [1,3]
the value is 0 since the there is no [1,3] instance of values in the
input matrix in horizontal manner. This process is continued
until all the pixels of the input matrix undergo this function and
forming the graycomatrix at the end of the process.

Process Used to Create the GLCM
Figure 7
K-means Segmentation

Figure 8
GMM Segmentation

Step 3: Feature Extraction
Feature Extraction is necessary as it reduces the representation
of large data set. It is way of extracting the features from the
image in the form of vector. The features extracted are those
that differentiate the characteristics among the different class of
tumor it belongs to. Transforming the data(image) into the
useful features that are to be considered for the classification is
called feature extraction. The proposed model uses Grey Level
Co-Occurrence Matrix (GLCM) technique for the feature
extraction [2]. This technique is applied on the segmented
tumor region of the MR image thus extracting the textural
properties of the tumor. These features are extracted separately
for different types of tumor (benign and malignant) and normal
brain. Finding the textural properties also plays important role
in extracting the surface structural arrangements of the tumor.
GLCM is the statistical method of extracting the features [3].
To find the GLCM, matlab provides the function of determining
the GLCM matrix i.e. by using graycomatrix function. Once the
GLCM matrix is obtained using the above function, several
statistics can be derived from the matrix.

Figure 9. Process used to create GLCM matrix

There are totally 21 statistical features that are derived in this
proposed system. Few of them are shown in the below table 1
Table 1. Features extracted for a given input MR image
Statistics

Description

Contrast

Determines the difference in the intensity value
between the adjacent pixels of the resultant
graycomatrix

Correlation

It is one of the statistic measure used to
determine how mutual and strong a relationship
is between the pixels of the matrix

Energy

It identifies the sum of squared elements if the
graycomatrix which is known to be uniformity.

Illustration of GLCM:
GLCM matrix [14] is obtained using the graycomatrix function.
The function further determines how much frequently the pixel
with value i, appears to be in the same spatial area as of the pixel
with value j. To calculate the matrix of GLCM, the function
auto identifies the pixel that has to be processed along with the
pixels that is horizontally and is adjacent right to it. Matlab also
provides the feasibility for the user to define the pixels in spatial
relationship. Every pixel in the resultant graycomatrix has the
value i,j , which is nothing but the number that represent how
often the pixels with the same intensity value occurred in the
input matrix. In this way finding out the graycomatrix helps in
revealing the textural properties of the image.
The function is applied on the input image which converts into
matrix (initial matrix). From the fig (9) the resultant matrix of
graycomatrix function, the value in [1,1] is 1 since there is only
one such instance in the input matrix where two pixels that are
horizontal has 1 as their values respectively. The default
processing happens in a horizontal way, but it can also be
customized to the directions needed. The next value in resultant
matrix i.e. [1,2] contains the value 2 because in the input matrix

Homogeneity Determines the quality, how much close the
pixels of interest and adjacent are relatable to
each other in the graycomatrix.

Step 4: Classification
In the classification process where the brain MRI image has to
be identified as normal, benign or malignant, it analyses the
statistical properties of the input image and systematically
group the data into various categories. In the proposed system
Neural network is used for training the data (trained data) and
testing data (test data) thus it is 2 phase model. In the first phase
features of the image are isolated and a distinct description of
each classification category is created. In the second phase, test
data is taken and validated against the system. Hence verifying
if the images are correctly classified.
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The concept of Machine Learning Techniques in the proposed
system revolves around the concept of differentiating the MRI
scanned images of brain into either normal, benign or
malignant. The main goal of the machine learning is to auto
learn from the training and finally make a clever decision with
high accuracy. Neural Networks are used for classification
purpose. Neural networks are the supervised learning
algorithms which uses features of the images that are extracted
in the feature extraction process using GLCM. These features
acts as the input to the neural network. Neural networks [5] are
used to learn and based upon the learning they classify the
image into tumors or non-tumours category by detecting the
presence of tumor in the brain MR image. In the proposed
model the input layer of the network consists of 19 neurons
representing 19 statistical features which are extracted. The
output layer consists of 3 neurons indicating Normal, Benign,
Malignant. The hidden layer changes according to the rules that
give the best recognition rate for each group of features.

In the proposed model, an automatic recognition and
classification of the tumor is developed in order to classify the
input MR image into normal, benign and malignant. The
classification is carried out using the features that are extracted
using GLCM algorithm. Further the image is classified using
Neural Network. The entire proposed model is implemented
using different algorithms in each process. Adaptive Median
filter is used for pre-processing the image which yielded better
results when compared to median filter, the fig (5,6) shows the
experimental results of comparison. GMM technique is used for
segmentation purpose, GMM is an advanced method over
K-means clustering. The comparison of both the techniques are
as shown in the figure(7,8). For the feature extraction GLCM
technique is used. Finally, for the classification neural networks
are used for classifying the image into appropriate class.
The results as shown in the table 2, the proposed model shows
that 93.33% accuracy, 96.6% specificity, 93.33% sensitivity
and precision with 94.44%. From these results the proposed
model works better when compared with the classical machine
learning algorithms like adaboost which classifies the image
into different classes (Normal, Benign, Malignant) with 89.90%
accuracy (Table 2).

Figure 10. Example of neural network with single hidden layer

A typical neural network with a single hidden layer is as shown
in the figure (10). Generally in neural networks the output of
their respective layers are given as input to the next layers using
the activation functions. These activation function are used to
scale output of the neural network into correct ranges with
better accuracy. In the proposed model there are 3 activation
functions that are used:
1.

Sigmoid Function

2.

Hyperbolic Tangent

3.

Linear Function

EXPERIMENTAL RESULTS AND CONCLUSION

Figure 12. Brain MRI is loaded and Preprocessed

Table 2. Comparison of Adaboost and Neural Network
ML Algorithm

Total
Samples

Neural
Network

60

93.3%

93.33%

96.6%

Adaboost

50

89.90%

88.23%

62.5%

Figure 11. The GUI layout of the proposed system

Accuracy Sensitivity Specificity
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Figure 13. Tumor segmentation using GMM

Figure 14. Statistical features extraction using GLCM

Figure 15. Decision of the neural networks.
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