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Abstract

Brain tumour can be defined as the continuous and uncontrolled growth of the cells in the regions of brain. Analysis and detection of brain
tumours from the computed tomography images can be performed by various image processing algorithms. Edge detection is special type
of image processing technique, which uses operators for functioning. The Computed Tomography images are obtained from the standard
data-base which undergoes pre-processing technique. Contrast adjustment is performed to enhance the region of brain tumour. Edge oper-
ators of different types are applied to the images for identification of the boundary of the brain tumour region. Appropriate edge operator
for de-termination of the boundary is defined by comparing the image quality and accuracy parameters. These parameters illustrate that
canny oper-ator is described to be more definite for the detection and analysis of the boundary and region of brain tumour in Computed

Tomography images.
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1. Introduction

Imaging technology in Medicine helps the doctors to diagnose and
detect the interior portions of the body easily. Imaging acts as a
keyhole for surgeries in reaching the interior parts. CT scanner, Ul-
trasound and Magnetic Resonance Imaging replace x-ray imaging
by making the doctors to visualise the body's elusive third dimen-
sion. Different image processing techniques are used for analysis of
internal structures. There are various advantages of digital imaging
techniques such as information is not changed when it is reproduced
again and retains the originality and enhancement of images makes
diagnosis easier for physicians and also to obtain quick comparison
of images [1].

Edge detection is a special type of technique used for defining the
edges and boundaries of the anatomical structures of the human
body. Edge detection includes a variety of mathematical ap-
proaches that aims at identifying points in a digital image. The
points at which image brightness changes sharply are typically or-
ganized into a set of curved line segments said to be edges [4]. Edge
detection is a fundamental tool in image processing, machine vision
and computer vision, especially in the areas of feature detec-
tion and feature extraction. Edge detection can also be used for de-
tection of tumour edges or discontinuities, which is helpful during
surgeries [9].

Brain tumour is an abnormal growth of cells within the brain, which
can be cancerous or non-cancerous (benign). It is generally caused
by abnormal and uncontrolled cell division primarily occurs either
in the brain (neurons, glial cells (astrocytes, oligodendrocytes, ep-
endymal cells), lymphatic blood vessels), cranial nerves (myelin-
producing Schwann cells), in brain envelopes (meninges), skull, pi-
tuitary and pineal gland or may be spread from cancers primarily
located in other organs (metastatic tumours).

Tumours can be classified into benign and malignant based on the
structural appearance and functioning. Benign brain tumours usu-
ally have an obvious border or edge and don't spread to other parts

of the body. However, benign tumours can supress sensitive areas
of the brain and cause serious health problems. Malignant brain tu-
mours are defined to be a serious threat to life. They are likely to
grow rapidly and crowd or invade the nearby healthy brain tissue.
Cancer cells may break away from malignant brain tumours and
spread to other parts of the brain or to the spinal cord. Symptoms of
brain tumour include headache, muscular weakness, dizziness, re-
duced sensation to touch and abnormal cognitive functioning. Brain
tumour can be treated either through surgery, radiation therapy or
chemotherapy which is based on the type, grade and size of the tu-
mour [7].

With a surge in the brain related ailments in the world, every year
over 2,500 of the Indian children suffer from medulloblastoma, a
paediatric malignant primary brain tumour which spreads through
the cerebrospinal fluid (CSF) and frequently metastasize to differ-
ent locations along the surface of the brain and spinal cord. Accord-
ing to World Health Organisation (WHO) in India, every year
40,000-50,000 persons are diagnosed with brain tumour. Of these
20 percent are children. The physicians say that if the cases are de-
tected early, then 90 percent of the medulloblastoma cases are cur-
able, provided the treatment protocol is followed correctly.

In this paper, CT images of brain tumour are derived from the au-
thorised database for which different edge detection techniques are
applied and compared. Based on this comparison, effective method
in edge detection process is identified for the detection of the
boundaries of brain tumour. This process is defined for the easy di-
agnosis and detection of brain tumour structures.

2. Literature review

Mamta Juneja (2009) defines the comparison of various edge de-
tection techniques using normal images. Performance evaluation of
edge detection operators is obtained based on the statistical features.
Relative frequency of the first order and second order edge opera-
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tors are calculated after removing the noise. The statistical parame-
ters are calibrated using the relative frequencies of the different op-
erators.

Shrivakshan.G.T (2012) describes the shark fish classification with
the help of various edge detection techniques. The edge detection
operators considered for comparison and classification are Roberts,
Prewitt, Sobel, Laplacian and Laplacian of Gaussian. The ad-
vantages and disadvantages of the operators are defined for analysis
and classification. Operators are compared in this paper based on
the statistical features such as mean and standard deviation [5].
Ed-Edily Mohd Azhar (2014) defines the algorithm for localisation
and segmentation of brain tumours from Magnetic Resonance Im-
aging (MRI) images. MRI images are subjected to pre-processing
and edge detection for isolation of the brain tumour. Modified His-
togram clustering is performed in the paper for accurate localisation
of the brain tumour. Comparison features such as pixel area and
mean of HSV plane are determined for the images to identify the
brain tumours structures. Optimization of the brain tumours in more
than 100 neuroimages is carried out with this algorithm. In this pa-
per, edge detection operators are used for the analysis and detection
of brain tumour from Computed tomography images [6].

3. Methodology

In this methodology, detection of boundaries of brain tumour in
Computed tomographic (CT) images is performed using edge de-
tection techniques. Computed Tomographic (CT) images of the
brain tumour are obtained from the standard database for analysis.
Pre-processing of the database images are carried out to enhance
the regions of brain tumour. Different edge detection operators are
applied for the brain tumour images. The suitable edge operator for
brain tumour detection is analysed by comparing the parameters
such as mean square error, root mean square, peak signal to noise
ratio and F-measure. This algorithm is mainly for early diagnosis
and detection of definite boundaries of brain tumours using edge
detection techniques.

3.1. Contrast adjustment

Contrast can be defined as difference in brightness of the regions in
an image. Contrast adjustment is mainly used to enhance the re-
gions of interest for further analysis. Contrast adjustment is used to
remap the intensity values for the complete display range in the im-
ages. Images with high and good contrast possess accurate differ-
ences between all ranges of colour. In this algorithm, brain tumour
region in the CT image is enhanced with the help of contrast adjust-
ment.

3.2. Edge operators

Edge detection is a special type of technique used for defining the
edges and boundaries of the anatomical structures of the human
body. Edge detection includes a variety of mathematical approaches
that aims at identifying points in a digital image. In Edge detection
process, operators are used in defining the edges or boundaries of
the specified region of interest. Four types of edge operators are
used for detection of brain tumours. They are sobel, prewitt, canny
and Roberts operator.

3.2.1. Sobel operator

Sobel operator can be defined as sobel filter which is used in image
processing particularly for determination of edges of a region.
Technically, sobel operator is a discrete differentiation operator
providing an approximation of the gradient of the image intensity
function. Sobel operator is described below where * denotes the two
dimensional signal processing convolution operation [2].

+1 0 -1 +1 +2 +1
G, = [+2 0 —2] *Aand G, [ 0 0 0 l*A
+1 0 -1 -1 -2 -1
3.2.2. Prewitt operator

Prewitt operator is used in the image processing particularly within
edge detection algorithms. This operator is based on convolving the
image with a small, separable and integer valued filtered in hori-
zontal and vertical direction. Therefore relatively used in expensive
in terms of computation like sobel operators. Prewitt operator is de-
fined below where * denotes one dimensional convolution opera-

tion.
-1 0 +1 -1 -1 -1
GX:I—I 0 +1|*Aand Gy: 0 0 0 l*A
-1 0 +1 +1 +1 +1

3.2.3. Robert’s operator

Roberts operator is used in image processing and computer vision
for edge detection. This Operator can be defined as one of the first
edge detector. Roberts operator is mainly used to approximate the
gradient of an image through discrete differentiation which is
achieved by computing the sum of the squares of the difference be-
tween diagonally adjacent pixels [3].

ox= [Jz)l —01] Gy = [—01 J;)l]

3.2.4. Canny operator

Canny operator is used in the multi stage algorithm to detect a wide
range of edges in images. Canny algorithm uses four filters to detect
horizontal, vertical and diagonal edges in the blurred image. Canny
operator is shown below where * represents one dimensional con-
volution operation [10].

B=—|5 12 15 12 5]|*A
12 9 4
2 4 5 4 2

3.3. Image quality and accuracy parameters

Image quality and accuracy parameters such as mean squared error,
root mean square, Peak signal to noise ratio and F -measure are de-
termined for analysis and identification of the accurate edge detec-
tion operator for detection of brain tumours in CT images [2,11].

3.3.1. Mean squared error

Mean squared error (MSE) or mean squared deviation (MSD) of an
estimator measures the average of the squares of the errors or devi-
ations that is the difference between the estimators. MSE is a meas-
ure of the quality of an estimator which is always non-negative and
it is better when the values are closer to zero. In this, equation (1)
describes the mean squared error.

1 -
MSE = —¥iL, (- §)? @
3.3.2. Root mean square

Root Mean Square is defined as the square root of mean square. The
RMS is also known as the quadratic mean and is a practice case of
the generalized mean with the exponent. RMS can also be defined
for continuously varying function in terms of an integral of the
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squares of the instantaneous value during a cycle. Root mean square
is defined in the equation (2)

’ 24 22
RMS = % @)

3.3.3 PSNR (peak signal to noise ratio)

PSNR is an engineering term for the ratio between the maximum
possible power of a signal and the power of corruption noise that
affects the fidelity of its representation. Because many signals have
a very wide dynamic range, PSNR is usually expressed in terms of
the logarithmic decibel scale. PNRS is most commonly used to
measure the quality of reconstruction of lossy compression codecs.
(Example: Image compression). Peak signal to noise ratio is de-
scribed in the equation (3)

2
PSNR = 10X log (%) 3)

3.3.4. F-measure

F-measure defines the accuracy of the test performed. This measure
considers precision and recall as the primary factor. These two fac-
tors compute the accurate nature of the test. F-measure of all the
four edge detectors is determined using the precision and recall
sample values. Accurate edge detection method can be defined with
the help of this measure [12]. F- measure is described below in the
equation (4)

F — measure = 2. Prec'is'ion.Recall (4)
Precision+Recall

Detection of brain tumour from the CT images using edge detection

algorithm. Various edge operators are used from which the absolute

operator for brain tumour detection is obtained by comparing the

image quality parameters.

4. Results and discussion

In this paper, methodology depends on the identification of accurate
edge operator for the detection of brain tumours in CT images.
Computed tomographic images from an authorised database are
considered for analysis. CT brain tumour images undergo pre-pro-
cessing technique, contrast adjustment to enhance the brain tumour
region. After pre-processing, edge operators are applied to the im-
ages for segregation of brain tumour regions in the image. Original
and pre-processed Brain tumour images are shown in the figure 1(a)
and 1(b) respectively.

Fig. 1: A) Brain Tumour CT Image. B) Pre-Processed Image.

Edge operators such as sobel, prewitt, canny and Roberts are ap-
plied for the pre-processed images. These four different operators
are used for detection of boundaries of the brain tumour in CT im-
ages. Each edge operator produces a specific result with variations
in the discontinuties of the pixels in boundaries. These variations

can be compared with the image quality parameters from which the
accurate edge operator for brain tumour detection can be deter-
mined. The resultant images of four different operators applied after
pre-prcoessing for identifciation of brain tumour is shown in the
figure 2.

(A) Sobel

(B) Prewitt

D)Roberts

Fig. 2: Edge Operator Results for Brain Tumour CT Images.

Comparison of edge detection operators are carried out with the
help of certain image quality parameters such as mean squared er-
ror, root mean square, Peak signal to noise ratio and F-measure. In
this all the parameters are compared based on which canny operator
is defined to be more accurate for the detection and identification
of the brain tumour regions in the CT image. Image quality and ac-
curacy parameters of the four operators are compared and illus-
trated graphically in the figure 3, 4, 5 and 6 respectively.
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Fig. 3: Graphical Representation of Comparison of Mean Square Error.

Comparison of Root Mean Square
(RMS)values

0.3510

0.3500

0.3490

Root Mean Square

0.3480 -

0.3470 -

Sobel Prewitt Canny Roberts HRMS

Fig. 4: Graphical Representation of Comparison of Root Mean Square.
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Fig. 5: Graphical Representation of Comparison of Peak Signal to Noise
Ratio.
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Fig. 6: Graphical Representation of Comparison of F-Measure Values.

Edge detection algorithm with different operators is applied to brain
tumour CT images for determination of the region of brain tumour.
For identification of accurate operator for detection of the brain tu-
mour region is carried out by comparing various quality parameters.

5. Conclusions

Brain tumour is a type of uncontrolled growth of cells in the brain
regions which can be diagnosed using different imaging modalities
especially computed tomographic (CT) images. Analysis of brain
tumours in the CT images can be obtained by various image pro-
cessing techniques. One among them is edge detection process
which is simple and effectively carried out with the help of opera-
tors. Four different operators are applied to the CT images after pre-
processing. In pre-processing, contrast adjustment is performed to
enhance the images specially the region of brain tumour. With the
process of edge operators, the boundary of the brain tumour region
is detected. The operator effective for the detection of the boundary
is identified by comparison of the image quality parameters such as
mean square error, root mean square, peak signal to noise ratio and
F-measure. These parameters are graphically represented which de-
fines canny operator to be more appropriate for defining the bound-
ary of the brain tumour region from the computed tomographic im-
ages. Thus canny operator can be used for analysis of brain tumours
in computed tomography (CT) images.
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