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Abstract

Objectives: The objective of this work is to study denoising and segmentation methods to extract brain
tumor area from the MRI image, implemented using MATLAB2013b and to examine its performance metrics.
Methods/Statistical Analysis: As preprocessing stage is essential for better segmentation as it removes noise that
makes images having similar qualities so that tumor area can be shown and extracted with great accuracy. An anisotropic
diffusion filter with 8-connected neighborhood is employed for noise removal and Fast Bounding Box (FBB) for exactly
showing tumor area on MRI images. Finally Support vector machine classifies the boundary and extracts the tumor from
the MRI image. Findings: Brain tumor is the major cause of cancer deaths in human which is due to uncontrollable cells
growth in brain portion. Prior detection, diagnosis and accurate healing of brain tumor are the primary work to prevent
human death. Image segmentation can also be done in several approaches like thresholding, region growing, watersheds
and contours. Specialists with their basic knowledge do manual segmentation, which is time consuming process, where
this limitation can be overcome by our fully automatic proposed method. Employing of an isotropic diffusion filter with
8-connected neighborhood compare to 4-connected neighborhood results in considerable improvements in terms of
lower identical error rates. Our proposed Fast Bounding Box (FBB) method is applied that exactly shows tumor area
on MRI images and its central region is selected judiciously to have sample points required for functionality of one
class SVM classifier training. To achieve optimal classification level there is necessity of SVM with optimum efficiency,
so that we adapted Support vector machine that immediately stops its operation once all the points are separated.
Application/Improvements: Segmented tumor obtained with precision are very useful for radiologists and specialists to
had good idea of estimating tumor position and size with great dealt with ease and without any prior information.
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1. Introduction diagnostic and therapeutic usages like CT images, MRI

images, are two imaging modalities that assist researchers
and medical practitioners to gain knowledge about the

Brain has a very difficult structure and is viewed as a
kernel section in the body. Nature has tightly preserved
the brain within a skull that hinders the study of its
function as well as makes the analysis of its diseases more
complex. Brain tumors either include in the significant
spinal canal or throughout the skull. Computerized
defect detection in MRI is really priceless in several
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brain through watching noninvasively. Noise elimination
or denoising is an essential task in image processing
applications. As per image enhancement we define it as
a gathering of events that emphasize the acceptable study
for the specified image which makes targeted elements of
the image less complicated to peer or lowering the noise.
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Regularly, noise removal is having resilient influence
on the major elements of the image processing system.
In present days major constraint in biomedical field is
noise, which is termed as a random signal produced by
electronic instruments. But today’s electronic equipment
is designed to reduce the noise certain extent. Regularly
in order to study the noise we require prior knowledge
for judging the characteristics of a desired signal and
undesired noise present in the MRI images.

Recent MRI imaging technique can provide complete
information about human body internal view. It is
completely secured and free from any kind of injury due to
radiation, since there is no drug injecting into the human
bodyﬂ. Likewise Positron Emission Tomography (PET)[H,
Computer Tomography (CT) is the other techniques
available for medical imaging applications. In traditional
methods even experienced doctors also taking more time
to identify the diseases. So for this reason inevitability
of clear-cut and fully automatic process that can make
available detailed evidence to the doctor is imperativeﬂﬂ.

Similar works previously undertaken by authors
mainly rely on the manual and automatic natured
segmentation on MRI brain tumors, that are broadly
categorized into two types non-intelligent and intelligent
based. Inﬂ the author presented image denoising using
Haar and Daubechies Transforms. It is found to be
Daubechies3 (db3) wavelet seems to be more efficient
than Haar wavelet for reducing a certain level of speckle
noise in the medical images and also it enhances the
visual quality of the medical image a lot. Inﬂ the author
states that there are numerous noise reduction techniques
had been developed for removing noise and conserving
edge details in images. Each technique has its own
suppositions, benefits and restrictions. Finally the idea
behind these techniques is to acquire better results in
terms of quality and in removal of different type of noises.

Inﬂ the author presented a technique to improve the
image quality with the help of denoising and resolution
enhancement. Here the paper concentrates on the average,
median type of filter and Wiener type filtering for image
denoising purpose and an interpolation based Discrete
Wavelet Transform (DWT) method for resolution
enhancement. Inﬂ the author presented work where it
improves Signal to Noise Ratio (SNR) of CT images
utilizing wavelet transforms. It analyzed signals and the
entire set of wavelet share some common properties but
each wavelet has a certain unique properties of Image
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decomposition, denoising and reconstruction which
provide difference in PSNR. Inﬂ the author proposed
Symlets wavelet technique using 2-D DWT in image
processing. The scope of the effort comprises compression
and denoising, image clarity and being in quench of the
decomposition and phases of threshold and to discover
energy retained (image recovery) and misplaced.

In spite having major constraints and challenges in
case brain tumor segmentation in terms of irregular shape
and location, among those one severe challenge is how to
inspect the real data nonlinear distribution. Likewise the
main job of one class classification inﬂ is to pick the data
that belongs to target class or not. Additionally one-class
Support Vector Machines (SVMs) is employed in such
cases of brain tumor segmentation inﬂ that have learning
nonlinear distribution of real data is considered without
prior knowledge.

As we summarized the rest of this paper as follows:
Section 2 describes the methods and materials used in
the algorithms. Section 3 elucidates the simulation results
and its discussion. Finally, conclusions in the last section.

2. Proposed Method and
Materials

Our main intension in current work is brain image
denoising and segmentation algorithms  using
FBB and SVM for improved performance. Brain
tumor segmentation on brain MRI images which is
unconditionally automatic and thus no requirement of
human involvement. Figure 1 shows the block diagram of
the proposed approach explained as follows below.

2.1 Pre-Processing

The pre-processing phase has two folds:

o During the first step useless parts of skull present
outside are to be eliminated, for doing this boundary
of skull is identified with the aid of automatic global
thresholding techniqueﬂ, which can generate binary
mask image thus it is becomes very easy to eliminate
the useless parts of the skull that present outside to it.
Therefore by following likewise required calculations
in further steps and segmentation computation can
greatly reduce.

o In this step noise in brain MRI images are removed
where these noises are present in random nature in
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image to be eliminated before segmentation process
without disturbing the edges and reduce the image
clarity. So therefore an anisotropic diffusion filter
with 8-connceted neighborhood is used in order to
eliminate the noise with ease.

IGe,y.£) = Iy(x y) = G(x. . £) (1)
I(x,y.t) is filtered image

Iy(x, ¥) is original image

G{x, v, t) is Gaussian kernel with different scale parameter t

In this filtering technique treated to be iterative
process of heat diffusion equalization method where
I(x,y. £} =Iy(x. ¥)is the initial condition, and it is alike
to time ‘t. Here the authors Perona and Malik presented
a determination for the prior indicated problem that
documents space variant (anisotropic) obscuring
appropriate to trace edges with more accuracy. I
authors employed the 4-connected neighborhood for
calculation purpose where here we used for calculations

8-connected neighborhoo.

[ Input: original MRI image }

AR

L

[ Preprocessing J

Locating bounding box around
tumor with FBB algorithm

W

L4

Applving a one-class SVM for
classification

Figure 1. Block diagram of the proposed approach.

2.1.1 FBB Procedure

Basically presence of tumor in brain contains right and
left symmetry which is in dissimilar symmetry. Here
FBB technique is applied to know the similarity of gray
scale intensity histograms, then by using Bhattacharya
coefficient calculation the tumor portion is marked by
rectangle bounding box automatically.

2.1.2 SVM Classification
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In one class SVM classifier the tumor pixels are considered
as training set. When we detect tumor of different shapes
in MRI image those parts are extracted with bounding
box without affecting healthy part in brain image and to
overcome this type of catastrophe, only the central part
is considered as sample points. Moreover to simplify the
job kernel RBF with SVM is taken into consideration thus
feature extraction process also completes during training
step of SVM only, thus results in elimination of feature
extraction process in this technique.

As extension work our proposed technique embedded
with the algorithm having capability of finding the
tumor at different locations of the brain, by this means
the output comprises of oblong pack around the brain
tumors. Further symmetrical axis line isolates brain into
two equilibrium regions one being test image and other
being reference.

The output for the input image it takes the input as
MRI image then finds the boundary of the brain and
axis of symmetry In order to detect the tumor precisely
horizontal and vertical score values must plotted contrary
to the number of days and growth rate, when the plots
shows dissimilar it indicates presence of tumor. The
similarity among two normalized intensity histograms
can be obtained by coeflicient of Bhattacharya by
considering horizontal and vertical score function. By
using the centroids of the border marker method the
unsupervised mean shift clustering is instigated to catch
the prevalent cluster successive in MR slices. MR images
are taken as input for the simulation.

2.2 Pre-processing

By reducing noise and enhances some of the image
features for further processing stages. It is evident that
every MRI images contains noise and must be removed
without affecting the useful portion like weak edges of
image. It is the initial stage of every image processing
application where its main job is to improve the image data
and diminishes the quality of MRI images. For reducing
this type of noise several methods are employed like
Gaussian filtering techniqueﬁ, thresholding techniqueﬁ,
medial filtering, wavelet transforms and also anisotropic
diffusion filtering.

As mentioned earlier an anisotropic diffusion
filtering technique that greatly removes noise present in
MRI images by smoothing out images without affecting
valuable date in edges and structures of image. Here to
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regulate level of smoothing in particular areas on edge
structure in local is to be motivated. Finally enormously
smoothing on homogenous areas and barely smoothing
on strong edge areas to hold the structure in MRI images.

2.2.1 Fast Bounding Box Algorithm

Here the input brain MRI slice (axial view) have axis
of symmetry that segments brain in to two halves one
half treated as test image and other as reference image.
Now in order to know the dissimilarity that is necessary
for locating the tumor region, novel score function is
employed that can search rapidly in two directions of
brain region one along horizontal and other in vertical
direction. This novel score function Bhattacharya
Coeflicient (BC) which is similarity measurement to
detect rectangle between two normal histograms of grey
scale intensity. It is evident that two grey scale intensity
normalized histograms seems to be same the BC between
them is 1and if not BC value is OHH

2.2.2 Support Vector Machine based Algorithm

As SVM is widely used technique in several fields of
image processing like classification, segmentation to yield
optimized results. Since it is capable of treating linear
and nonlinear separation it is well-intentioned to apply
for classification in the confined space. So the separation
operation field f(x) is formulated as

Where, x; designates the trainings, ¥; €{+1,-1}
embodies class label with S as a set of support vectors.

The dual formulation of the above is formulation (2)
is prearranged as;

: 1
psazeW =2 % 0:Qy0 — Lia + b L vig; (3)

where the term a; are supposed to be the coeflicients
of vector and whereas b treated to be offset value.

Qi = wmy K (xj, x): Designates symmetric kernel
matrix and C embodies parameters of error points.

As well-known Karush-Kuhn-Tucker (KKT) is
employed to achieve an optimal point in this work as it
possesses to solve constrained problems with great ease
whic}'l‘ui;s formulated as:

g =5 =L Qua +yb—1=yflx)-1 (4)

P
Cg.

L
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“* As stated above to there is necessity of speed up
the processing , so revised kernel function with SVM
converges rapidly as it having great ability of storing
complete vector sets at once also starts initialization
from reverse classes . In addition this method having the
iterative style of summing up all the given candidates by
means of feature violation either misclassified or else left
unclassified and immediately stops its operation once all
the points are separated. The further support vectors are
delivered to C for the present or initialized help vector
S. If no present SV block is incorporated in C to S, then
all of the S vectors are support vectors. If the value of o
is not up to zero, then the classification of C to S is just
not needed. The violator is the pixel which is categorized
incorrectly or not regarded as part of segment the place
it’s supposed to be. To achieve optimal classification level
there is necessity of SVM with optimum efﬁciencyﬁ.

2.2.3 Performance Metrics

Peak Signal to Noise Ratio (PSNR) is generally utilized
for the quality measure of recovery of image. The signal
in this case is the original data, and the noise is the
error introduced by segmentation. When comparing
segmentation, PSNR is an approximation to human
perception of reconstruction quality. By having higher
PSNR values shows higher quality reconstruction. Also
PSNR in most cases defined via the MSE (Mean Squared
Error).

MSE = —EIgt T2-31G, ) — KG. /)] (5)

2.2.3.1 Mean square error

MAX]
PSNR =10.10g,, (—L) (6)
Here, MAX is the maximum possible pixel value of
the image. Generally as image pixels are denoted with 8
bits per sample, this is 255 and if it were denoted with
linear PCM with B bits per sample, MAX is 2°-1.

2.2.3.2 Structural content

It is coined to be correlation based measures. It means the
closeness between two images which can be quantified in
terms of correlation function.
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In order to examine the proposed work of denoising and
segmentation algorithms, we use the MRI database that
contains images with different noise factors are performed
and results corresponding to techniques are shown in

Figures 2, 3 and 4. Also to quantitatively evaluate the
denoising algorithm, the performance metrics like Peak
Signal to Noise Ratio (PSNR), Mean Square Error (MSE)
and Structural Content (SC) are used. Table 1 delineates
the simulation results for the proposed algorithm.

SWM Classifier Segmented Tumor

Table 1. Performance metrics of proposed algorithm

on the MRI database
IMAGE PSNRIn (dB) MSE In(dB) SC Figure 3. Pre-processing stage, Fast Bounding Box (FBB)
and one class SVM classifier of second image.
12.42 3.71 0.58 ) Figure 2 CEX)
File Edit “iew Insert Tools Desktop Window Help »
DEde R UPRA-S|0E @
Input Image Locating Bounding box
11.50 4.59 0.94
SWM Classifier Segmented Tumor
11.35 4.75 0.96 ( .

<} Figure 2 E@EJ

File Edit View Insert Tools Desktop Window Help
3 = 2, & B2 o . . .
Qddse & Uo9EL-a|l Q@ Figure 4. Pre-processing, Fast Bounding Box (FBB) and
DELLimece LocetingBeuneing bo one class SVM classification of third image.

Since the brain skull mask image shown in Figure
5(a),(b) is divided into two regions one is left and other is
right considered to be test image and reference in order to
examine Approximate Line Of Symmetry (ALOS).

Figure 6(a) and 6(b) depicts the vertical and the
horizontal score function plots contrary to the distances
from the top and left of the image, correspondingly.

As depicted in Figure 6(a) and 6(b) we notice the rising
and falling situation of score plots that are supportive us
to know the severity of intensity levels in the bounding
box of brain image.

Segmented Tumor

Figure 2. Pre-processing, Fast Bounding Box (FBB) and
proposed one class SVM classification of the first MRI
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Figure 5.  (a)Tumor on the left side of the brain on a
T1C (enhanced T1) MR slice. (b) Skull boundary detected
by automatic global thresholding and subsequent post-
processing.

From Figure 7 we aim to know the presence of
tumor location on the image by examining the average

Score plot for vertical direction
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intensity levels of bounding boxes on either sides of image
and tumor existence can be known easily having mean
intensity level at higher value at tumor location inside

bounding box.
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Figure 7. Segmentation with score plots.

5. Conclusion

In current work a fully automatic method for brain tumor
segmentation of MRI images that has three folds, first
phase is a pre-processing stage in which unusable parts
of human brain are detached and anisotropic diffusion
filter is applied to remove noise present in MRI images
by embedding 8-connected neighborhood. In the second
phase to know the tumor location we used FBB (Fast
Bounding Box) process, and one class SVM is opted for
substantial training sample set usage. Finally by opting
the one class SVM classifier involving the Radial Basis
Function (RBF) kernel is employed for locating exact

Score plot for horizantal direction

0.3
02} 1
01} |
D L 4
IR / R
40 &0 a0 0 120 140
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Figure 6. Vertical and the horizontal score function plots contrary to the distances from the top and left of the image,

correspondingly.
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tumor portion and isolates it from useful healthy texture
region in MRI images.
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