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Abstract
Detection of Liver cancer from CT images is an exigent task due to the reason that cancer impression in CT images are of very low in
contrast and have indistinguishable edges. Indistinguishable edges are edges in which foreground and background are almost same.
Image segmentation is used to extract desired anatomical structure from image. Image segmentation is the process of dividing the
image into multiple regions. These regions are sometimes called region of interest (ROI). These ROI’s are used as informative inputs
to further image processing e.g. feature extraction, selection and ultimately the classification of a disease. Thus an effective image
segmentation is utmost important in medical images. In case of indistinguishable edges most segmentation techniques fails to detect
edges. Edge based and region based active contour methods are most prevalent for image segmentation. Edge based technique works
using gradient function and ultimately stopping function to detect edges , while region based uses average information inside and
outside regions to control evolution and termination at edges. In this paper comparative analysis of edge based and region based
active contour using level sets is done. When applying these methods on the CT images with an impression of liver cancer, it has been
found that the edge based contour able to locate the desired edges more accurately. The quantitative and qualitative results
comparison between two techniques has also been done. Results shows that edge based methods performs comparatively better than

region based active contour using level set if number of iterations are controlled properly.

Index Terms: Level Sets, Gradient, Stopping function, Active contours and Liver cancer.

1. INTRODUCTION

Cancer diseases accounts for approximately one sixth of death
worldwide but as per WHO report liver cancer contributes
heavily to overall deaths caused by all types of cancer [1].
Recently it was concluded that fifty percent of cancer diseases
are curable if detected early and accurately. Also in the
prognosis and diagnosis of a cancer it is necessary to know
beforehand the size and area of spread of cancer. In this the
studies related to medical imaging plays an important role in
the early diagnosis of cancer. The medical imaging has now
emerging as a non invasive tool for disease diagnosis [2].
Many medical modalities related to imaging are being used
like X-rays, Ultrasound, CT scan, MRI etc. The CT and MRI
are the latest and best of all due to their better resolution and
contrast. Now with respect to CT scan the MRI scan is more
expensive in nature; it is difficult for patient to hold breath for
couple of seconds and is not congenial for patients having
claustrophobia. In comparison to this the CT scans are less
expensive, patient friendly, takes less time to scan as
compared to MRI [3]. CT scan is perhaps the oldest and first
technology developed by Hounsfield in 1970, which makes
possible to take tomography images [4]. Thus, in general the
CT images are now becoming more and more popular in

disease diagnosis and prognosis. Now days as volume of data
increases manifolds and it is not possible for a radiologist or
an oncologist to diagnose the disease manually and sometimes
this may leads to misdiagnosis of a disease. Thus, computer
aided diagnosis system attracts a great amount of interest [4]
for detection of diseases to improve accuracy and efficiency.
According to the recent statistics , liver cancer is one of the
dangerous cancerous disease and in this work our main stress
is on detection of cancer in the CT images of a liver.
Therefore, designing and developing CAD system for liver
cancer is of great interest. The most important part of
computer aided diagnosis system is automatic image
segmentation.

Image segmentation is the process of dividing the image into
multiple regions. These regions are sometimes called Region
of Interest (ROI). These ROI’s are used as informative inputs
to further image processing e.g. for feature extraction,
selection and ultimately the classification of a disease. Thus an
effective image segmentation is utmost important not only in
detecting the location of cancer in liver but also equally
imperative to observe the extent to which cancer spread across
liver. In addition, it also gives information that how much
damage has been done to nearby organs or to liver itself. This
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information becomes very critical in deciding the line of
treatment to be followed by the oncologist/surgeon i.e.
chemotherapy or surgery etc. If image segmentation is not
proper and gives incorrect information regarding the location
and extent of spread of cancer by not detecting desired
boundaries of ROIs i.e. either the ROI is over segmented or
under segmented, then CAD system may gives false
diagnostic report. Thus segmentation method needs to be
sensitive enough to detect correct location and area of cancer
tissues so that faithful diagnosis can be done.

Extensive studies have done is past on image segmentation
and many methods have been proposed for the same. Sezgin
and Sankur [4] perform a quantitative comparison of various
thresholding techniques for image segmentation. Weszka,
Nagel and Rosenfeld [5] proposed a technique for the
selection of a threshold value for image segmentation.
Yenwan and Higgins [6] proposed symmetric region growing
method, in which extraction of region is based on some
predefined criteria and concentrates on selection of seed point.
Coleman and Andrew proposed clustering for image
segmentation and is an unsupervised method of segmentation
[7], Dunn [8] proposed fuzzy c-means clustering, Bezdex [9]
improves fuzzy clustering algorithm and Sewchand [10]
proposed expectation maximum algorithm for image
segmentation. Dzung, Jerryprince and Chenyang Xu [11]
reviewed various methods of image segmentation like
thresholding, region growing clustering and deformable
contours. Kass [12] proposed deformable contours named as
snakes. Caselles [13] introduced geometric curves for
representing the deformable or active contours for image
processing. Level set is to represent and embed interface to

higher dimension function known as level set function ¢ and

devise the movement of contour as the evolution of level set
function. Based on the stopping criteria the contours were
divided into two categories: Region based and Edge based
.The edge based active contours used a stopping function,
computed using the gradient of an image for stopping the
curve at edges. In images where the edges are vague, the
contour is unable to terminate. This problem of spreading of
contour out of desired region is commonly named as leakage.
In order to overcome this problem of leakage region based
contour has been proposed by Chan and Vese

In CT images, with an impression of cancer in liver, the
intensity of infected region of liver is almost same as that of
non infected regions as shown in Fig. (1). It has been found
that most of the methods which were used in past for image
segmentation of such images do not perform well. This may
give the radiologist wrong information about the extent of
spread of cancer across the liver.

So two active contour methods i.e edge based and region
based active contour models using level sets are compared to
find out which one segments tumor better.

In this paper, to determine which segmentation method would
provide the best results in locating the cancer region in liver in
CT images comparative performance evaluation of these
methods has been statistically evaluated using (i) Correlation,
(i) Variation of Information (VOI), (iii) Global Consistency
Error (GCE), (iv) Rand Index (RI). Tests are performed on 10
CT images.

The outline of this paper is as follows: Section 2 consists of
edge based model Section 3 consists of region based model.
Section 4 consists of review of level sets. Section 5 includes
results and comparison. Last section concludes this paper.

2. EDGE BASED ACTIVE CONTOURS

In medical imaging Edge based active contours [18] uses an
edge detector based stopping function for terminating the
contours at edges. This stopping function can be defined by a
positive and decreasing function g, depending on the gradient

image 1(x,y) , such that
1

1+ | VG(X, Y)® 1 (X, ) |

of the
glVI(xy)]) =

(1)

Where g is the stopping function, G(x y)®1(x,y) is the

smoother version of image 1(x,y) .

In general the gradient is defined as a measure of change in
intensity and in context of medical imaging an edge is also
defined by the same i.e. change in intensity. So the location in
the image where value of gradient is high there is a possibility
of an edge.

In edge based active contours when curve evolves and comes
closer to an edge, the gradient value approaches maximum and
in turn the stopping function approaches close to zero and
finally at edge the curve which is evolving attains a zero speed
and stops at desired edge.

This method works well for only distinct edges but does not
provide satisfactory results when it comes to indistinguishable
edges.

This was due to the reason that at indistinguishable edges the
gradient value is not high enough to make stopping function
close to zero for the curve to terminate at edges and is shown
in fig. 1
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Fig-1: Level Sets applied on Indistinguishable Edges
3. REGION BASED ACTIVE CONTOURS

As edge based active contours suffers from the drawback of
not terminating at indistinguishable edges. The region based
active contours are proposed [21]; using global information of
an image for evolution and termination of curve at edges. In
this method the contour divides the image into two regions i.e.
inside and outside or foreground and background regions, and
calculates the energy based on the mean value of intensity.
This method is based on the principal of energy minimization
and utilizes the statistical information inside and outside the
contour to control the evolution. For a given image | in
domain (2, the energy function is formulated by minimizing
equation (3)

EY =2 J.|I(x)—cl|2 +2, J.|I(X)—CZ|2dX,X€Q
INSIDE OUTSIDE

()

Where C1 and C2 are mean intensities inside and outside the
contour.

4. LEVEL SETS

The level set method has now become well known and has far-
reaching impact in various applications, such as computational
geometry, fluid dynamics, and image processing and computer
vision . In image segmentation, the level sets along with active
contours are being used for detecting indistinguishable edges
and shapes.

The basic idea of level set method is to represent a contour as
the zero level set function of higher dimension called level set
function and thus formulate the motion of contour as evolution
of this level set function

The movement of contour as the evolution of level set

function under the influence of Force 'F' is defined using
level set equation (5)

¢ +F|V|=0 @)

1 n, . . - -
Where ' F'is force and is a function of various arguments like
curvature, normal direction and gradient

During evolution of level set function it is expected that this
function behaves like signed distance function but in practice
the level set function is not been able to maintain its signed
distance profile and this may leads to numerical errors and
eventually destroys the evolution of level sets.

C Li et al. [18] proposed Distance Regularized Level Set
Evolution (DRLSE), using an edge based active contour
method for eliminating the need of re-initialization.

Advantages of level sets are that they inherited with the
property of topology change like region merging and splitting
naturally. Secondly the numeric calculation can be done on
Cartesian grid which leads to the simplification in calculations
and making algorithm less complex.

In this work by looking into the merits of active contours level
set models, firstly for segmenting the cancerous region in liver
using CT images edge based Distance Regularized Level Set
Evolution (DRLSE) method and region based active contour
level set methods has been used.

5. EXPERIMENTAL RESULTS

In order to evaluate the performance of two methods pictorial
and quantitative comparison is done with closely related
algorithms DRLSE [18] and Region based active contour [21]
models. MATLAB 2010 was used in implementation of
methods.

To verify the accuracy of proposed method quantitative
comparison is carried using four parameters. The comparison
is done to show the effectiveness of edge based method over
other technique.

5.1 Rand Index:- Rand Index is the measure of similarity of
data partitions. Consider two sets R and R’ having N points i.e
X={x1,x2........xN) [27].

Rand Index measures the similarity in these two data sets by

taking ratio of number of pairs of points having the similar
relationship by using (4).

Bt nd
e _% 4)

Rand Index measures the similarity ranging from 0 tol.
Where 0 means no similarity and 1 means maximum
similarity. Higher the value better segmentation.

R(s,s')=1-
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5.2 Variation of information (Vol): Meila [28] gives
another metric called Variation of information which is the
measure of information gain or loss changing from one
cluster to another. Clusters can be viewed as ROI in this case.
VOI is calculated on the basis of entropy and mutual
information using (5) [28]

VoI (X,Y)=H(X)-21(X;Y) ©)

5.3 Correlation: Correlation is the comparison of a
template of an image with an actual image .The template
image is superimposed on the actual image of an object to
generate the correlation image to display match or disparity.
Mathematically correlation is calculated using (6)

N N
F*I(xy)= > D F(@, D)I(x—i,y-i)
j=—Ni=-N (6)
Where F is original Template and | is segmented template.
Correlation value ranges from 0 means no match or maximum
disparity to 1 perfect match or no disparity.

54 Global Consistency Error (GCE): Global
consistency Error is measure of the extent to which one
segmented region is refinement of other. Lower the value of
GCE better is segmentation.

Experiments were performed on 10 images, but seven
cases are used for comparative analysis.

Fig-2: From Top Left to bottom right a) Original CT image
cancer marked as ROI b) Segmented output by edge based c)
Segmented output by Region based

Fig-3: - From Top Left to bottom right a) Original CT image
cancer marked as ROI b) Segmented output by edge based ¢)
Segmented output by Region based

Fig-4: - From Top Left to bottom right a) Original CT image
cancer marked as ROI b) Segmented output by edge based c)
Segmented output by Region based
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Fig-5: - From Top Left to bottom right a) Original CT image Fig 6: - From Top Left to bottom right a) Original CT image
cancer marked as ROI b) Segmented output by edge based c) cancer marked as ROI b) Segmented output by edge based c)

Segmented output by Region based Segmented EUtpgt by Region
ase

Fig -7: From Top Left to bottom right a) Original CT image
cancer marked as ROI b) Segmented output by edge based c)
Segmented output by Region based
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Fig-8: From Top Left to bottom right a) Original CT image
cancer marked as ROl b) Segmented output by edge based c)
Segmented output by Region based.
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Fig-9: (a) RI (b) GCE (c)VOI (d) Correlation

6. DISCUSSION OF RESULTS

This section demonstrates the results as shown in Fig 2a
shows liver cancer in circle. Fig 2b shows the results of edge
based active contour model, fig 2c shows result of Region
based it is evident that contour reaches far away from desired
boundaries in case of region based as compared to edge based.
So this gives wrong input to the later stages of computer aided
system which in turn gives false result to radiologist for
diagnose. This is misleading to the radiologist as he might
comprehend wrongly the extent of spreading of cancer in
liver. This argument is supported by taking Quantitative
parameters and using these parameters for comparison of two
techniques. Quantitative Comparison confirms that edge based
works better for all types of images taken. Similarly for
Figures 3,4,5,6,7 and 8 it is amply clear that while region
based methods go beyond the desired region as compared to
edge based active contour model, hence giving wrong
information about the whereabouts of cancer and also wrong
information about the spread of cancer.

CONCLUSIONS

To conclude we compared two methods of image
segmentation based on level sets i.e edge based and region
based active contours. Results show that if iteration are
controlled then edge based can able to locate ROl more
accurately as compared to other method. Region based either
go far beyond cancer periphery or confined within periphery
gives false information regarding the spread of cancer in body.
Quantitative comparison is also done which shows that edge
based is giving far more accurate idea of location and spread
of cancer.

REFERENCES:

[1] “Burden of non-communicable disease in India” report by
Cameron Institute, 2010.

[2] Erkonen, W.E. Smith, The Basics and fundamentals of
imaging, Philadelphia Wolters, 2010.

[3] E. Chen and P. Chung, “An automatic diagnostic System
for CT liver image classification,” IEEE Trans.
Biomedical Engineering, pp. 783-794, vol. 45, 1998.

[4] M. Sezgin and B. Sankur, “Survey over image
thresholding techniques and quantitative performance
evaluation,” Journal of Electronic Imaging, vol. 13, pp.
146-165, 2004.

[5] Weszka, R.N. Nagel and A. Rosenfeld, “A threshold
selection technique,” IEEE Trans. Computing, vol. 23,
pp. 1322-1326, 1974.

[6] S. Wan and W.E. Higgins, “Symmetric region growing,”
IEEE Trans. Image Processing, vol. 12, pp. 1007-1015,
2003.

[71 G. B. Coleman and H.C. Andrew, “Image segmentation
by clustering,” in Proc. IEEE, 1979, vol. 67, pp. 773-85.

Volume: 02 Issue: 04 | Apr-2013, Available @ http://www.ijret.org

571



IJRET: International Journal of Research in Engineering and Technology

ISSN: 2319-1163

[8] J. C. Dunn, “A fuzzy relative of the ISODATA process
and its use in detecting compact well-separated clusters,”
Journal of Cybernetics, vol. 3, pp. 32-57, 1973.

[9] Bezdek, Pattern recognition with fuzzy objective function
algorithms, Plenum Press, New York, 1981.

[10] T. Lei and Sewchand, “Statistical approach to X ray CT
imaging and its applications in image analysis A new
stochastic model-based image segmentation technique for
X-ray CT image,” IEEE Trans. Medical Imaging, vol. 2,
pp. 62-69.

[11] L. Pham,C. Xu and J. Prince, “Current methods in image
segmentation”, Annual Review Biomedical Engineering,
vol. 2, pp. 315-37, 2000.

[12] M. Kass, A. Witkin and D. Terzopoulos, “Snakes: active
contour models,” International Journal of Computer
Vision, vol. 1, pp. 321-331, 1988.

[13] V. Caselles, F. Catte, T. Coll, and F. Dibos, “A geometric
model for active contours in image processing”,
Numerical Math, vol. 66, pp. 1-31, 1993.

[14] S. Osher and R. Fedkiw, Level set methods and dynamic
implicit surfaces, Springer, New York, 2002.

[15] V. Caselles, R. Kimmel and G. Sapiro, “Geodesic active
contours,” in Proc. IEEE International Conference on
Computer Vision, 1995, Boston, MA, pp. 694—699.

[16] S. Osher and J. Sethian, “Fronts propagating with
curvature-dependent  speed: algorithms based on
hamilton-jacobi formulations,” Journal of Computer and
Physics, pp. 12-49, Nov. 1988.

[17] V. Caselles, R. Kimmel and G. Sapiro, “Geodesic active
contours,” International Journal of Computer Vision, pp.
61-79, 1997.

[18] C. Li, C.Y. Xu, C.F. Gui and M.D. Fox, “Distance
regularized level set evolution and its application to
image segmentation,” IEEE Trans. Image Processing,
vol. 19, pp. 3243-3254, 2010.

[19] Sethian, Level sets methods and fast marching methods,
Cambridge university press, Cambridge U.K, 1999.

[20] L.A. Vese and T.F. Chan, “Active contours without
edges,” IEEE Trans. Image Processing, vol. 10, pp. 266—
277, 2001.

[21] K Zhang, L Zhang, H. Song and W. Zhou, “Active
contours with selective local or global segmentation: a
new formulation and level set method,” Image and Vision
Computing, vol. 28, pp. 668-676, 2010.

[22] C. Li, C.Y. Xu, C.F. Gui and M.D. Fox, “Level set
evolution without re-initialization: a new variational
formulation,” in Proc. IEEE Conference on Computer
Vision and Pattern Recognition, San Diego, 2005, pp.
430-436.

[23] Mumford and J. Shah, “Optimal approximation by
piecewise smooth function and associated variational
problems,” Communication on Pure and Applied
Mathematics, pp. 577-685, 1989.

[24] P. Kovesi, “Phase congruency detects corners and edges,”
in Proc. DICTA, pp. 309-318, 2003.

[25] Morrone and Owens, “Feature detection from local
energy,” Pattern Recognition Letters, vol. 6, pp. 303-
313, 1987.

[26] Rand, “Objective criteria for the evaluation of clustering
methods,” Journal of the American Quantitative
association, vol. 66, pp. 846-850, 1971.

[27] Unnikrishnan and M. Hebert, “Measures of similarity,”
IEEE Workshop on Computer Vision Applications, pp.
394-400, 2005.

[28] M Meila, “Comparing clustering - An axiomatic view,” in
Proc international conference on Machine learning,
2005, pp. 577-584.

[29] H. Y. Chai, “Performance metric for active contour
models in image segmentation,” International Journal of
Physical Sciences, vol. 6, pp. 6329-6341, 2011.

[30] D.Dogra, A.K. Majumdar and S. Sural, “Evaluation of
segmentation techniques using region area and boundary
matching information,” Journal Vision Communication
and Image, vol. 23, pp. 150-160, 2012.

[31] D. Martin, C. Fowlkes, D. Tal and J. Malik, “A database
of human segmented natural images and its application to
evaluating segmentation algorithms and measuring
ecological statistics,” in Proc ICCV, 2001, pp. 416— 425.

[32] Tsai, A. Yezzi and A.S. Willsky, “Curve evolution
implementation of the Mumford-Shah functional for
image segmentation, denoising, interpolation, and
magnification,” IEEE Trans. Image Processing, pp.
1169-1186, 2001.

[33] L.A. Vese and T.F. Chan, “A multiphase level set
framework for image segmentation using the Mumford—
Shah model,” International Journal of Computer Vision
,vol. 50, pp.271-293, 2002..

[34] Ronfard, “Region-based strategies for active contour
models,” International Journal of Computer Vision, vol.
13, pp. 223-247, 2002.

[35] N. Paragios and Deriche, “Geodesic active regions and
level set methods for supervised texture segmentation,”
International Journal of Computer Vision,vol. 46, pp.
223-247, 2002.

[36] C. Xu and J.L. Prince, “Snakes, shapes, and gradient
vector flow,” IEEE Trans. Image Processing, pp. 359—
369, 1998.

[37] G. Aubert and P. Kornprobst, Mathematical problems in
image processing: partial differential equations and the
calculus of variations, Springer New York, 2002.

[38] Malladi, J. A. Sethian and B.C. Vemuri, “Shape modeling
with front propagation: A level set approach,” IEEE
Trans. Pattern and Machine Intelligence, pp. 158-175,
Feb. 1995.

[39] C. Li, C. Kao, J.C. Gore, Z. Ding, “Minimization of
region-scalable fitting energy for image segmentation,”
IEEE Trans. Image Processing, vol. 17, pp. 1940-1949,
2008.

[40] C. Li, C. Xu, K. Konwar and M. D. Fox, “Fast distance
preserving level set evolution for medical image

Volume: 02 Issue: 04 | Apr-2013, Available @ http://www.ijret.org 572



IJRET: International Journal of Research in Engineering and Technology

ISSN: 2319-1163

segmentation,” in Proc. 9th International Conference on
Control and Automation, 2006, pp. 1-7.

[41] A. Belaid, D. Boukerroui, Y. Maingourd and J. Lerallut,”
Phase based level sets for ultrasound images,” IEEE
Trans. Information Technology In Biomedicine, vol. 15,
pp. 138-147, 2011.

[42] Viola Thomasson, “Liver Tumor Segmentation Using
Level Sets and Region Growing,” Ph.D. dissertation
Linkopings universitet Sweden. 2011.

[43] Haralick and L.G. Shapiro, “Image segmentation
techniques,” in Proc. Computer Vision Graph. Image
Processing, 1985, pp. 100-32.

[44] J. Sethian, Level set methods: evolving interfaces in
geometry, fluid mechanics, Computer Vision, and
Materials Science, 1996.

[45] J. Sethian, “Evolution, implementation, and application of
level set and fast marching methods for advancing
fronts,” Journal of Computational Physics, pp. 503-555
2001.

[46] A. Hoover, G. Jiang, P. Flynn, H. Bunke, D. Goldgof, K.
Bowyer, D.W. Eggert, A. Fitzgibbon and R.B. Fisher,
“An  experimental comparison of range image
segmentation algorithms,” IEEE trans. pattern analysis
and machine intelligence,vol. 18, pp. 673-689, 1996.

[47] K. 1. Chang , “Evaluation of texture segmentation
algorithm,” in Proc CVPR, 1999

[48] F. Ge, S. Wang and T. Liu, “New benchmark for image
segmentation evaluation,” Journal of Electronic Imaging,
vol. 16, 2007.

[49] P. Luckas, R. Hudec, M. benco, P. Kamencay, Z.
Dubcova and M. chariasova,” Simple comparison of
image segmentation algorithms based on evaluation
criterion,” in Proc IEEE, 2011.

[50] C. Grigorescu and N. Petkov, “Distance sets for shape
filters and shape recognition,” IEEE Trans. Image
Processing, vol. 12, pp. 1274-1287, 2003.

BIOGRAPHIES:

Barjinder S. Saini was born in Jalandhar,

India, in 1970. He received his B.Tech

and M.Tech. degrees in Electronics &

Communication Engineering in 1994 and

1996 respectively. He then obtained his
. PhD degree in Engineering on “Signal
* Processing of Heart Rate Variability” in
2009 from Dr. B. R. Ambedkar National Institute of
Technology, Jalandhar. He is working as Associate Professor
in Electronics & Communication Engineering Department at
NIT Jalandhar since 1997. He supervised more than 20
M.Tech dissertations and presently guiding 06 Ph. D research
scholars. He has published more than 20 research papers in
internationally reputed Journals and Conference proceedings.
He has accomplished research projects from government
departments. He has also conducted several courses,
workshops and international conferences for the benefit of

faculty and field engineers. His areas of interest are Medical
Image Processing, Digital Signal Processing and Telemedicine
and embedded systems. Dr. Saini holds membership of many
professional bodies. He is a life member of the IETE.

Gaurav Sethi was born in Jalandhar, India,
in 1979. He received his B.Tech From
B.C.E.T, Gurdaspur, India in 2002 and
M.Tech from DAVIET, Jalandhar in 2007.
He is currently working towards Ph. D in
biomedical Image Processing from Dr. B. R.
Ambedkar National Institute of Technology,
Jalandhar. His Research Interest includes biomedical image
processing, computer vision, pattern recognition.

Volume: 02 Issue: 04 | Apr-2013, Available @ http://www.ijret.org 573



