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Abstract— Brain cancer is one of the deadliest diseases in the human community. Early detection is
widely preferred to offer better treatment in order to save the patient. In the literature, considerable
procedures are proposed and implemented by the researchers. In the proposed work, heuristic approach
assisted automated procedure is proposed to segment and analyze the tumor region from the brain Magnetic
Resonance | mages (MRI). Combination of the Bat Algorithm and Kapur’s Entropy is chosen asthe initial processing
section to improve the visibility of tumor region and the Active Contour (AC) isthen chosen as the final processing
section to extract the tumor of brain MRI image. Simulation test was executed on the gray scaled brain images
obtained from the literature. The reputation of the proposed approach is confirmed against the ground truths
supplied by the expert members. The eminence of the proposed procedure is confirmed by computing the image
likeliness measures and the area measures. From the results of the experimental work, it can be noted that, the
proposed approach offers better result on the gray scaled brain MRI image. Finally, the clinical significance by
contributing superior values of image similarity and statistical measure values.
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I. INTRODUCTION

In recent years, computed assisted approaches are widely adopted to automate the industrial and medical
industry [1-4]. The computer assisted procedures are considered due to its accuracy, simplicity and adaptability.
In medical field, these approaches are normally considered to assist the doctors in disease examination,
treatment planning and surgery. In medical field, imaging technique is widely considered to analyse the internal
body parts and its infections. Cancer is one of the life threatening disease widely affects the internal body organs.
Such as brain, bone marrow, lungs, etc.

The main aim of this paper is to propose an automated tool to examine the tumor sections from the brain
Magnetic Resonance Image (MRI) database. The image processing literature confirms that, heuristic algorithm
approach is efficient in analysing the traditional and medical images [5-10]. Previous works also confirms that, a
number of image processing techniques are proposed by the researchers to investigate the cancer with the help
of clinical images [11].

In the proposed work, a most successful heuristic approach, known as the Bat Algorithm (BA) is considered
to analyse the brain MRI dataset. The heuristic approach based image processing is widely discussed due to its
simplicity and lenience in implementation [12-16]. Kapur’s entropy is one of the procedures, widely used
because of its dominance and elasticity. Kapur’s entropy based multi- thresholding was largely discussed by the
researchers to extract the important information from the RGB / gray scale test images [17-21].

This paper proposes a computer assisted technique to segment and analyze tumor from the brain MRI dataset.
Initially, bi-level thresholding based on the Kapur’s entropy is implemented to improve the cancerous division of
the brain image. Kapur’s approach was initially proposed in 1985 [17]. The combination of Kapur’s function and
various heuristic algorithms has been presented over the past years for image thresholding applications [20,21].

In this work, recently developed heuristic procedure known as the BA [16] assisted work is employed to
enhance the tumor of brain MRI. Later, the Active Contour (AC) [22, 23] based segmentation is implemented to
extract the suspicious/enhanced region of brain MRI.

The capability of proposed segmentation task is then confirmed by means of a comparative assessment
among the segmented tumor region and the ground truth image offered by the expert member. The experimental
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results verify that, proposed approach is efficient in obtaining the better image quality [24-28] and similarity
index [29-31] values. Finally, the proposed approach is validated using the real time brain MRI database
obtained from the Bharat scans, Chennai [38]. The real time result also confirms the superiority of the proposed
approach. Hence the proposed technique is clinically significant and in future, this toll can be used to assist the
doctor to analyse the brain tumor images recorded with Magnetic Resonance technique.

II. METHODS PROPOSED

This section presents the details of the methodology proposed in this paper to extract and analyse the tumor
from the brain MRI.

A. Bat algorithm

In the literature, a considerable number of heuristic approaches are proposed to assist the multi-level
thresholding process.

The Bat Algorithm (BA) is based on the bio-sonar characteristics of microbats. BA was anticipated by
modelling the navigating and hunting potential of bats [12, 16]. A detailed examination on the BA algorithm can
be found in [14,15].

The BA was developed based on the following assumptions:
e All the bats use echolocation to sense distance, prey, and background barriers.
e The bats will fly with a velocity V;, at position X; with an emitted frequency f,,;,, varying wavelength 4
and a loudness A4,. During the search, the bats will automatically adjust the frequency, wavelength and

pulse emission rate » € /0, ] based on the target distance.

e Along with the above said parameters, the loudness also varies from a large 4, value to a constant 4,,,
value.
The Traditional BA (TBA) has three mathematical discrete equations, defining the velocity update, the

position update, and the frequency vector as given below:

V/(t+1)=V,(t)+(X.(t)~Gbes}F,

(1
X (t+1D)=X.(t)+V,(t+1) )
F; =Fmin +(F;nax_Enin)ﬂ (3)

where £ is a random integer in the range [0,1].
From eqn.1, it is noted that, the velocity update mainly depends on the frequency vector. During the

optimization search, a new solution for each bat is generated based on the following relation:

X=X ted 4)
where ¢ is a random numeral in the range [-1,1] and A is the loudness of emitted sound by bats during the
exploration of search space.

The minimum and maximum values of the loudness variable 4 is chosen as 4y = 10 and 4,,, =1 (which
decay in steps of 0.01). Other related mathematical representations for loudness adjustment are presented below:

A(t+1)=0d4,t) )
n(t+1)=5(0)[I-expt3)] (6)

where a and y are constants typically assigned with a numeral value of 0.75.

DOI: 10.21817/1jet/2017/v912/170902260 Vol 9 No 2 Apr-May 2017 1342



ISSN (Print) :2319-8613
ISSN (Online) : 0975-4024 S. Madhuvanthi et al. / International Journal of Engineering and Technology (IJET)

B. Kapur’s entropy

In image processing literature, variety of scheme is existing to perform the multi-thresholding process [32,
33]. In this paper, analysis is presented for Kapur entropy function based on Bat algorithm. In entropy based
approach, the segmentation process finds the optimal threshold, which maximizes the overall entropy.

Kapur’s entropy function was originally proposed in 1985 to segment the gray scale image by maximizing the
entropy of histogram [17]. In order to get the threshold using Kapur’s method; let, Th = [thy, thy, ..., the, ] is a
vector of the image thresholds.

Then, the Kapur’s entropy will be [10, 19 - 217;

k
Jmax = fkapur(Th) = ZHJC (7)
j=I

Generally, each entropy is computed independently based on the particular # value.

For multi-level thresholding problem, it can be expressed as;

m PhS ( PhS
H]CZZI: Cj li’l( / J,

o Wy af
my  PhS ( Ph¢
Hy= Y —XIn—%|,
j=thy+1 @y ) (8)

) C
j=thi+1 @y Wy,

L Ph¢ Ph¢
Hi Y —2 ln( ’J

where Phjc is the probability distribution of the intensity levels, C is unity (1) for gray level images and

o ,0f ,..of_, probability occurrence for k levels. The FA based search arbitrarily adjusts the values of
threshold until J,,,, is reached.

C. Active Contour Segmentation

In medical image processing, a class of approaches are available to extract the region of interest from the
gray/RGB images [34, 35]. This subdivision presents the necessary segmentation procedure to extract the
cancerous region from the thresholded brain MRI image. In this work, Active Contour Segmentation (ACS)
proposed in [22, 23] is considered to extract the image. This procedure has three essential steps such as,
boundary detection, initial active contour, and final active contour which offer minimized energy. In this work,
variable snake model is considered to track similar pixel groups existing in pre-processed image based on
energy minimization concept.

The energy function of the snake can be denoted as;

0B rel©= [ VI, | ©)

where ds is the Euclidean component of length and L(C) is the length of the curve C which satisfies
L(C)= .[OL “©ds . The parameter g is an edge indicator, which will disappear based on the object boundary defined
as;

B 1
1AV

where I, represents original image and f is an arbitrary constant. The energy value rapidly decreases based on
the edge value, based on gradient descent criterion'”.

g(|V1,|) (10)

This procedure is mathematically represented as;
9,C=(kg—(V,,N))N (11)
where d,C =dC/0t represents the deformation in the snake model, 7 is the iteration time, and k , N are the

curvature and normal for the snake ‘C’. In this procedure, the snake silhouette is continuously corrected till
minimal value of the energy; Eg ¢ is achieved.
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D. Analysis

The accuracy of the proposed approach is assessed used two procedures. The thresholding accuracy is
assessed using the image quality measures and the segmentation accuracy is assessed using the image area
measures.

The well known parameters, such as the Root Mean Squared Error (RMSE), the Peak Signal to Noise Ratio
(PSNR) and Structural Similarity Index Matrix (SSIM) are chosen to evaluate the quality of the segmented
image.

The mathematical expression is given below:

oLy -
RMSE ., = MSE,,, =\/M—N§;[X(u)—y(w)]2 (12)
PSNR,,,, =20log ,, _ 23 |48 (13)

JMSE, |
(2#x/1y + CI)(Zo-xy + CZ)
(ﬂxz +ﬂy2 - C1)(O-x2 + O-yz + Cz)

where x and y are original and segmented images; u,and u,are the average values, o’and ayzare the variance,
oy, 1s the covariance, and C;= (K 1L)2 and C»= (K ZL)2 stabilize the division with weak denominator, with L = 256,
K;=0.01, and K, =0.03 [15].

SSIM ., =

x.y)

(14)

The accuracy of medical image segmentation is commonly confirmed using a relative analysis with the expert
segmented image known as the Ground Truth (GT). During this procedure, the image performance metrics, such
as Jaccard Index (JI), Dice Index (DI), False Positive (FP) rate and False Negative (FN) rate are computed [28].
These metrics are mathematically expressed as follows;

ISC(Igt, L pm) =gt N pm [1gt Ul pm (15)
DSC(Ig,,lpm):z(lg,mpm)/|1g,|u|1pm| (16)
FPR( g, 1 ) =\Igt /1pm )| (Tgt Ul pm) (17)
FNR( gz, 1y ) =\Lpm [ 1g2 )/ (1t UL p) (18)

where, I, represents the Ground Truth (GT) and 1,,, stands for the segmented image with proposed method.

II1. RESULTS AND DISCUSSIONS

This section presents the results obtained with the proposed approach. All the simulations are implemented
using the MATLAB software. In this work, three types of the brain MRI datasets are considered for the studies:
1) Image dataset of the Osirix [36], 2) Brain database from the MICCAI [37] and 3) Real time clinical images
[38].

Initially the proposed approach is tested on the Osirix dataset presented in Table 1. This image is with the
skull region. In this work, three different views of the images, such as the back, mid and side views are
considered. Initially, the skull region is stripped using the method discussed in [11]. The bi-level thresholding is
executed on the skull stripped image using the BA and Kapur’s entropy. Later, the active contour segmentation
is applied to extract the tumor section.

The outcome of the proposed approach is clearly shown in Fig 1. Where Fig 1(a) shows the chosen test
image, (b) presents the skull stripped image, (c) and (d) depicts the outcome of the thresholding and
segmentation approaches respectively and (e) shows the extracted tumor. Similar results are obtained for the
other images shown in Table 1.

Table 2 shows the image quality measures obtained with the bi-level thresholded images and Table 3 presents
the geometrical measures obtained for the extracted tumor. From these results, it is noted that, proposed
approach works well for the Osirix brain MRI dataset.
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Table 1 Test images from Osirix image library

View Imagel Image2

Back
view

Mid
view

Side
view

(a) Testimage (b) Skull (c) Thresholded
stripped image image

Bs

(d) Segmentation (e) Tumor

Figure 1. Segmentation result obtained with the proposed method

Table 2 Image quality measures obtained during the bi-level thresholding

Image MSE RMSE PSNR NCC AD SC MD NAE

Back | Imagel | 16586 | 40.7263 | 159333 | 0.1691 | 187631 | 7.8751 | 111 | 0.8873
view

Image 2 2071.1 | 45.5090 | 14.9689 | 0.0010 | 21.6953 | 6.1165 188 0.9001

Mid | ™eeel | 18203 | 427701 | 155080 | 0.2491 | 16.5475 | 5.0466 | 140 | 0.8184

view Image 2 1733.8 | 41.6392 | 15.7408 | 0.3466 16.9427 | 3.7103 133 0.7369
Image 1 1997.6 | 44.6945 | 15.1257 | 0.3002 | 20.4638 | 4.1236 129 0.7790

Side
view | Tmage2 | 90155 | 44.8945 | 15.0869 | 0.2959 | 20.5790 | 4.1750 130 0.7834

Table 3 GLCM measure for the extracted tumor region

Auto Ener Entro Sum Sum Sum
Image correlation gy py average | variance | entropy
Back 35.2932 0.4957 0.7436 9.6661 127.858 | 0.7374
view
36.0650 0.7971 0.7490 9.8416 130.627 | 0.7418
35.5560 0.4963 0.7441 9.7258 128.826 | 0.7378
Mid view
36.0565 0.4973 0.7482 9.8408 130.626 | 0.7412
35.7504 0.4962 0.7491 9.7762 129.488 | 0.7420
Side view

35.7439 0.4962 0.7485 9.7713 129.474 | 0.7415

The proposed image is then tested on the Flair modality based MICCALI brain MRI dataset shown in Table 4.
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From this table, it is observed that, proposed heuristic algorithm and active contour technique is efficient in
extracting the tumor section from the Flair modality dataset. In order to confirm the efficiency, the extracted
tumor is then compared with the ground truth offered by the expert member. During this comparison work, the
image similarity measures, such as Jaccard, Dice, False Positive Rate (FPR) and False Negative Rate (FNR) are
recorder as depicted in Table 5. From the average values of Table 5, one can confirm that, proposed approach is
very efficient in extracting the tumor from the Flair modality based brain MRI.

Table 4 Test images considered from MICCALI dataset

Threshold

Test image
Image

Segmentation Tumor Ground truth

—
N

Table 5 Image similarity obtained with the MICCAI dataset

Image Jaccard Dice FPR FNR
1 0.8155 0.8984 0.0666 0.1302

2 0.8718 0.9315 0.1112 0.0313

3 0.8121 0.8963 0.1123 0.0968

4 0.8616 0.9257 0.1495 0.0096
Average 0.8402 0.9130 0.1090 0.0670

Finally, the clinical significance of the proposed technique is confirmed against the brain MRI images
obtained from the imaging centre. Compared to other datasets, this image is a complex image, since the patient
details and the modality are implanted inside the brain image. Hence, the tumor section is enhanced using the
bi-level thresholding and the required tumor section is extracted using the Active Contour approach. From Table
6, it is noted that, the proposed procedure in this paper is efficient in extracting the tumor. In future, this tumor
can be validated using the expert member. From this research work, a Matlab based tool is developed to assist
the decision making process of brain tumor and the tool is tested against the benchmark image datasets and the
real time clinical images.
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Table 6 Result obtained for the real time clinical images

Brain MRI Thresholded Extracted
image Image Tumor

IV. CONCLUSION

This work proposes an automated tool to mine and analyze the abnormal region of the brain MR image. The
work implements the Bat algorithm and Kapur’s entropy based procedure to enhance the tumor section and the
Active Contour based approach to segment the tumor from thresholded image. The proposed approach is
initially tested on well known image datasets existing in the literature. The performance of the proposed
technique is confirmed by measuring the image quality measures and image shape measures based the GLCM.
The experimental result demonstrates that, proposed approach is very efficient in extracting the tumor section
from the chosen test images. The result obtained with the MICCALI dataset confirms that, the proposed approach
is efficient in providing better values of the image similarity index, such as the Jaccard, Dice, FPR and FNR..
Finally the clinical significance of the proposed approach is tested by implementing the proposed procedure on
real time clinical brain MR images. The results confirmed that, proposed approach offers better result on the
clinical images, hence in future, it can be used to analyse the clinical brain MRI to support the decision making
and the treatment planning process.
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