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Abstract 
 

Segmentation is challenging process in medical images especially on dental x-ray 

images. Level set methods have best result on medical and dental image segmentation. 

Initial Contour (IC) is the essential step in level set methods to initialize the efficient 

process. However, the main issue with IC is how to generate the automatic technique in 

order to reduce the human interaction and produce accurate result. In this paper a new 

region-based technique for IC generation, is proposed to generate the most suitable IC. 

We have utilized the statistical and morphological information inside and outside the 

contour to establish a region-based map function. This function is able to find the suitable 

IC on images to perform by level set methods. Experiments on dental x-ray images 

demonstrate the robustness of segmentation process using proposed method even on 

noisy images and with weak boundary. Furthermore, computational cost of segmentation 

process is reduced.  
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Abstrak 
 

Segmentasi merupakan proses yang mencabar dalam imej perubatan terutamanya 

pada pada imej x-ray pergigian. Kaedah level set memberi hasil yang terbaik ke atas 

segmentasi imej perubatan dan pergigian. Kontur awal adalah langkah penting dalam 

kaedah level set untuk memulakan proses yang efisien. Walau bagaimanapun, isu utama 

dengan kontur awal adalah bagaimana untuk menjana teknik automatik untuk 

mengurangkan interaksi manusia dan menghasilkan keputusan yang tepat. Dalam kajian 

ini, teknik berdasarkan rantau baru untuk penghasilan kontur awal dicadangkan untuk 

menjana kontur awal yang sesuai. Kami telah menggunakan maklumat statistik dan 

morfologi dalam dan di luar kontur untuk mewujudkan peta fungsi berdasarkan rantau. 

Fungsi ini mampu untuk mencari kontur awal yang sesuai pada gambar untuk diproses 

dengan kaedah level set. Uji kaji ke atas imej x-ray pergigian menunjukkan kemantapan 

proses segmentasi menggunakan kaedah yang dicadangkan walaupun pada imej-imej 

hingar dan dengan garisan yang pudar. Tambahan pula, kos komputasi bagi proses 

segmentasi dapat dikurangkan. 

 

Kata kunci: Segmentasi, x-ray pergigian, kontur awal, level set, binarization 

 

© 2016 Penerbit UTM Press. All rights reserved 
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1.0  INTRODUCTION 
 

Image segmentation is a significant and a 

challenging process in computer vision and image 

processing applications. Extensive researches have 

been done and many methods and approaches 

have been proposed in this regard [9, 26]. Active 

contour models (ACMs, also called deformable 

models or snakes) [1, 2, 9, 12, 22] are the most 

successful and accurate methods in image 

segmentation. Furthermore, in dental image 

segmentation many methods have been performed 

and implemented which researches proves that the 

level set segmentation method has accurate and 

efficient result [5, 21]. 

Active contours models presented by by Caselles 

et al. [2] and Malladi et al. [12]. The models are on 

the basis of curve development hypothesis [10] and 

level set method [6]. The principal goal is to 

designate contours in as the zero level set of an 

implicit function determined in a higher dimension, 

generally described as the level set function, and to 

develop the level set function under a partial 

differential equation (PDE). Level set method was 

introduced by Osher and Sethian [15] for front 

propagation. The existing geometrics active contours 

or level set methods [1, 12] are represented implicitly 

as level sets of a two-dimensional function that 

evolves in an Eulerian framework. Geometric active 

contours are independently introduced.  

The level set image segmentation has two main 

methods, region-based [3] and edge-based method 

[2]. To extract the Region of Interest (ROI) in region-

based method the prior energies of an object is 

required, while, in the edge-based method to specify 

the pixels in edge the gradient magnitude of each 

pixel of image is essential [19]. Nevertheless, the both 

methods may have some drawbacks. The region-

based method is very sensitive to the variation of 

intensities in object and also the lack of edges in 

edge-based method which affect the results. Zhang 

et al. proposed the method by combining the 

strength of both methods together to remove their 

drawbacks [27]. However, the segmentation of 

images still relies on the position of initial contour (IC) 

on the image. 

Xie [23] introduced the initial contour 

independency method for LS image segmentation. 

Xie [24], utilized the magnetostatic active contour for 

persuade the contour to move through the constant 

points of vector flow which is the drawback of 

Generalized Gradient Vector Flow [25]. However, the 

method, [23] to place the new contour, is depends 

on the boundary of object and edge detection 

processes from initiation. 

In most of the image segmentations using level set 

function the contour level zero or IC has been 

chosen by manually for all images [5, 7, 20, 21], and 

segmentation process is done without selecting the 

proper IC which has effect on segmentation the 

results. Selection of proper ICs by manually for each 

image also is time consuming process. Those images 

which are very noisy or need to segment the local 

regions will fail with using this method. As it shows on 

Figure 1 the global segmentation with manual IC 

selection and performed Chan and Vese (C-V) level 

set method [3] which is failed to fulfil the 

segmentation of ROI. C-V Level set model is most 

popular region-based image segmentation method 

which is based on Mumford-Shah segmentation 

approach [13]. C-V method claims that it is not 

dependent on initial contour to start and 

automatically can detect the all of the contours. 

However, result in this paper demonstrates that the 

method is more accurate and faster by using suitable 

algorithm to generate the IC. Comparatively, the C-

V model can extract the object more accurately 

when the IC is surrounds its boundary and accuracy 

reduces when IC is not covered the proper area on 

image. 

 

 

Figure 1 Predefined IC selection with corresponding 

segmentation result. 

 

 

In this paper, we propose a new local initial 

contour selection for level set method, which shares 

the advantages of active contour methods and 

morphological operations on dental x-ray image. We 

utilize the statistical and morphological information 

inside and outside the contour to establish a region-

based map function which is able to find the suitable 

IC on dental images to perform by level set method. 

Furthermore, the proposed method has no limitation 

on image conditions which can perfectly provide the 

IC and object boundary in segmentation process.  

This paper is organized as follows: In Section 2, we 

review the classic level set method. Section 3 

describes the formulation of our method and how to 

generate the initial contour. The numerical method 

of the proposed method is also summarized in this 

section. Additionally, we provide description about 

implementing our method to segment various 

objects with dissimilar intensities. The advantages of 

our method over the manual IC selection are also 

discussed. Section 4 evaluates our method by 

extensive experiments on dental x-ray images. 

Section 5 concludes the paper. 

 

 

2.0  LEVEL SET METHOD 
 

The level set method was proposed by Osher and 

Sethian [15] for “front propagation, being applied to 

models of ocean waves and burning flames”. Malladi 

[12] applied Osher [15] method for medical imaging 
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purposes. Level set methods have attracted more 

and more attention of researchers from different 

areas [4, 8, 14]. The concept of the level set method 

is to enclose a curve within a surface. Because of 

robust detection in image characteristics such as 

corners and topological changes, the level set 

method has been used extensively. The 

segmentation boundary can be defined as a part of 

the surface where the contour level is 0, i.e., the zero 

level set. Let φ represent the implicit surface such 

that 

 

( , )x t d      (1) 

  

Where x is a position in domain (the image), t is 

time, and d is the distance between position x and 

the zero level set. The sign in front of d is positive if x is 

inside the zero level set. Otherwise, the sign is 

negative.  

 

  

( , , ) ( , )

( , ,0) 0

( , , ) ( , )

d x y if x y inside the front

x y

d x y if x y outside the front










 


(2) 

 

The concept of level set method is to enclose a 

curve within a surface. To move the level set surface, 

let define velocity field F, which specifies how 

contour points move in time. Based on application-

specific physics such as time, position, normal, 

curvature, image gradient magnitude will be 

specifies. Then the initial value for the level set 

function, φ (x,y,t), based on initial contour will be 

computed. The value of φ will be adjust over the 

times and current contour defined by φ (x(t),y(t))=0. 

Then the iteration will be repeated until the 

convergence on the boundary of curve. The last 

obtained curve is the segmented area and final level 

in level set calculation. The algorithm of level set 

segmentation method is described as below:  

 

Step 1: Initialize the front (0) 

Step 2: Compute φ (x,y,0) 

Step 3: Iterate: 

φ (x,y,t+1) = φ (x,y,t) + ∆ φ (x,y,t) 

until convergence 

Step 4: Mark the front (tend) 

 

Ma and Manjunath [11] described that in 

implementation, under such a scheme, a front might 

stop evolving at a position of two equidistant edges. 

In this condition, even edge seems like a realistic 

option to evolve or stop moving. Moreover, if the zero 

level set is affected only by vectors of just one edge, 

situation will be worse and the whole set will fail into 

that edge. It might happen if the zero level set is very 

near to only one side of object in the image. In other 

word, generating the full vector field which covers 

the whole area and using only that is possible [18].  

However, effective level set methods cannot be 

used directly in all types of images due to several 

reasons: (1) vast of computation; (2) complexity of 

parameter settings; and (3) finding the initial contours 

which are very sensitive where (a) the speed of the 

level set method highly depend on the size and 

position of initial curves as well as the complexity of 

objects, and also (b) in some conditions, coupled 

level set functions cannot converge the some 

placements of the initial contours.  

 

 

3.0  INITIAL CONTOUR GENERATION 
 

Zero level is used to represent the initial contour and 

start point for expand or shrink in LSF.  As mentioned 

in [17, 28-31], the same initial contour or even in 

different embedded LS methods will produce the 

same final result. Therefore, with produce the suitable 

zero level the result will be more accurate on image 

segmentation. In implementation of traditional LS 

methods [2, 3, 6, 12, 17], the upwind techniques are 

used to provide the numerical stability.  

 

3.1  Binarization 

 

The digitized dental x-ray images are generally 

manipulated and represented as gray scale image. 

Background of images which is darker than teeth 

and gum regions can be eliminated using 

binarization. In this regard, the binarization algorithm 

has been employed using variation of threshold 

values. The suitable threshold value will prevent the 

wrong selection of initial contours and furthermore 

segmentation process. Therefore, with histogram 

based image thresholding and average of 

corresponding pixels in original gray-scale image, we 

can obtain the proper threshold value. Because of 

variety in image qualities and imaging difficulties 

using well-known thresholding methods such as 

Otsu’s algorithm [16] is not efficient. Proposed 

algorithm contains four classes of pixel ranges to 

converts the grayscale image to a binary image. The 

output image replaces all pixels in the input image 

with luminance greater than level with the value 1 

(white) and replaces all other pixels with the value 0 

(black). The four specify levels are in the range [0,1]. 

This range is relative to the signal levels possible for 

the image's class. The Equation 3 shows the threshold 

values and their pixel ranges. 

Suppose f(i,j) is the gray-level value of pixel (i,j), and 

T is the threshold level value for image. Where T has 

been selected by specified gray-level average 

value.  

After applying thresholding value to the image and 

obtain the binarized image, the white sections will be 

the most probable ROI area and black area consider 

as background. 
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(3) 

 

 

 

 

 

 
3.2  Remove Undesired Objects 

  

The binarized image may contain many objects 

which are not desire for our computation. The aim of 

this stage is to analysis the connected components 

based on geometric properties (area and dimension) 

and then remove the undesired objects. The 

morphologically open binary image technique 

applied to remove the all connected components 

(objects) that have fewer than Predefined Pixels 

Value (PPV) and produce another binary image. PPV 

value can be chosen based on the resolution and 

dimension of image. Summation of each small area 

compared to PPV and if it is lesser than that then 

definitely the object is undesired area and it might be 

the noises or unnecessary objects on images. Figure 2 

shows the process using morphologically open binary 

image technique on dental radiograph image by 

using disk structuring element and PPV=200 pixels of 

neighboring size. 

 

 
Figure 2 Refinement process; (a) Original image; (b) 

Binarized image; (c) Removed undesired objects 

 

 

3.3  IC Generation 

 

We assumed the rectangular area for generate the 

contour which is fast for implementing and has a 

better result in segmentation process. Therefore, to 

select the IC for each image, image is divided to into 

four areas (A). The scanning process will scan the 

regions and respectively labels the each connected 

regions in current areas. Let 
( , )n mf x y

be a subject 

image for segmentation, the divided four areas 

defined as follows:  

 

1 /2 1 /2

( /2) 1 1 /2

1 /2 ( /2) 1

( /2) 1 ( /2) 1

1: ( : , : )

2 : ( : , : )

3: ( : , : )

4 : ( : , : )

n m

n n m

n m m

n n m m

A f x x y y

A f x x y y
A

A f x x y y

A f x x y y





 





 


  (4) 

  

The first connected pixels in Ai will be labeled by a 

number and scanning trough the each connected 8 

neighbouring pixels in current area and labelling will 

be continued until all connected components 

finishes. Suppose if f(i,j) is our binary image then the 

first connected pixels of ones (white pixels) in position 

(i,j) will be labelled by number one as first connected 

region.  

In each area the biggest connected component 

must be kept and the other labelled connected 

components will be eliminated. The labelled region i 

in area Ai defined as:  

i iR region
 

And the actual number of pixels in each region or 

weight of region defined as:  

i iw R
 

The centroid of biggest labelled connected 

component or region Wi in each area considered as 

the desired point for initial contour of area Ai. The 

region selection defined as follows:  

 1 2 3, , ,..., nW w w w w
 

( )jr Max W
 

 Where W is set of all the regions in area Ai and jr
is 

the biggest area with position j.  

 

 
 

Figure 3 (a) The original gray scale dental x-ray image, (b) 

Four divided areas and labeled regions, (c) Enlarged area 

A2 which shows the labeled regions 

 

 

The Figure 3 demonstrates the original gray scale 

tooth image with four divided area and labeled 

regions. As it shows there are many regions in each 

area.  

After finding the connected pixels and labeling all 

the four areas of image, now we can measure the 

set of features of image such as: Mean Intensity, 

Area, Perimeter, Centroid and Diameter for each 

labeled region. For indicating the initial contour we 

can use the feature Area, Perimeter or Diameter. The 

0.30  if   20 ( , ) 65

0.35  if   65 ( , ) 90

0.45  if   90 ( , ) 140

0.55  if  140 ( , ) 220

i

T f i j

T f i j
T

T f i j

T f i j









  


  
 

  
   
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highest weight of each feature is the region with 

more connectivity pixel and most probable object 

area. The Table 1 and 2 shows the extracted features 

of area A1 and A2.   

 
Table 1 Extracted features of each region in area A1 

 

Region 

NO 

Mean 

Intensity 
Area Perimeter Centroid Diameter 

1 124.6 17534.0 749.4 84.9,23.2 149.4 

2 102.1 124.0 63.3 3.5,191.3 12.6 

 

 
Table 2 Extracted features of each region in area A2 

 

Region 

NO 

Mean 

Intensity 

Area Perimeter Centroid Diameter 

1 104.9 169.0 1673.1 71.7 108.4 147.0 
2 97.1 142.0 101.3 52.7   75.6 13.4 

3 96.0 98.0 61.4 57.0  28.6 11.2 

      

 

 

The centroid of region with biggest area is the initial 

contour point in current area. The Figure 4 shows the 

labelled regions and centroid of each selected 

region with biggest weight by subjecting to generate 

the initial contour. The selected IC is the image area 

which is taken into account in order to perform the 

segmentation with level set method. The Figure 5 

demonstrates IC selection and segmentation process 

using proposed method. 

 

 
 

Figure 4 Selected initial contours in four areas within 

threshold image and respectively generated initial contour 

on original image 

 

 
 

Figure 5 (a) IC selected on threshold image, (b) IC on 

original image, (c) segmented image, (d) domain surface 

of segmented image 
 

 

Nevertheless, during the thresholding process some 

divided areas of image may contain zero pixels and 

without any region. To overcome this issue the pixel 

values of each part will be verified and if the value of 

area is equal to zero, then the thresholding value will 

be reduced by 0.1. The process will repeat until the 

pixel value is greater than zero which means there is 

at least one region to select.  

 

 

4.0  RESULTS AND DISCUSSION 
 

Proposed method generates more suitable initial 

contour to employ in level set based function for 

dental x-ray image segmentation. The statistical and 

morphological information of each image has been 

extracted to establish a region-based map function. 

However, compare with traditional manual IC 

generation, the result demonstrates that the 

proposed method have more accuracy and faster 

which is also easy to implementation.  

Our algorithm is implemented on Matlab 7.12 on a 

2.0-GHz Intel Pentium IV PC. In each experiment we 

choose the level set (C-V) method [3] parameters as 

sigma= 5, μ= 3, Δ= 5, and time step Δt=1.  

The Figure 6 shows the result of a grayscale dental 

image with the ROIs inside the image, the Figure 6(a) 

demonstrates the original image with our proposed 

method for selection of initial contour which is inside 

the considered regions. The Figure 6(b) shows the 

corresponding segmentation result with using 

traditional method on IC selection respectively. By 

using our method, the result of level set function 

converges in 60 iterations and takes only 0.36 min, 

while the segmentation converges in 280 iterations 

and takes for 2.2 min using manual and predefined 

IC.   

Segmentation on noisy images is very challenging 

process which the level set method has an 

advantage on that but our experiments shows that 

segmentation of noisy images depends on accurate 

selection of IC. The Figure 7 demonstrates the IC 

selection using proposed method which covers inside 

the object on very noisy image. The result shows the 

segmentation process has accurately segmented 

the object. On second row the IC selection has been 

done pre-defined, result shows the object is 

segmented but there are many unwanted 

segmented objects which cause the problem in 

segmentation.  
 

 

 
 

Figure 6 (a) Segmentation process using predefined IC 

selection. (b) Segmentation using proposed method 
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Figure 7 Some segmentation result on noisy dental images, 

the first row using proposed method and second row using 

predefined IC selection 

 

 

The experiment show segmentation with using level 

set function is depends on proper IC selection. 

Iteration of level set and time of segmentation 

process will changes based on selection of IC. Even 

the size of images affects the segmentation time. 

Table 3 demonstrates results on three images with 

using proposed method and predefined IC selection 

method.  

 
Table 3 Some extracted segmentation process results using 

proposed method and predefined method 
 

 Methods 

Sample 

 

Propose 

Technique 
Predefined 

Figure 8 

Size: 

400×284 

Time 0.2 2.45 

Iteration 40 300 

Result Ok Failed 

Figure 10 

Size: 512 × 

522 

Time 0.42 2.5 

Iteration 70 300 

Result Ok Failed 

Figure 11 

Size: 542 × 

550 

Time 0.85 4.25 

Iteration 100 300 

Result Ok Failed 

 

 

5.0  CONCLUSION  
 

In this paper, we proposed a region-based IC 

generation for dental x-ray image segmentation with 

utilizing level set function. Most level set methods 

have quite dependency to selection of IC position on 

image to start the process of segmentation. 

Comparatively, the C-V model can extract the 

object more accurately when the IC is surrounds its 

boundary and accuracy reduces when IC is not 

covered the proper area on image. 

Proposed region-based initial contour generation 

method generates the most suitable IC for level set 

function. The method extracts the statistical and 

morphological information of image to produce the 

IC. Extensive experiments on dental x-ray images 

compared with predefined IC selection method and 

results demonstrates the more accuracy and higher 

speed with using proposed method for level set 

image segmentation process. Furthermore, proposed 

method is easy to implement and robust which can 

be used with any images as well as noisy and weak 

edge images and it has no limitation on image 

conditions. Furthermore, for future work, the 

proposed method can be performed with other level 

set and active contour methods with extensive 

medical standard datasets. 

 

 

Acknowledgement 
 

This research is supported by UTM-IRDA Digital Media 

Centre, Faculty of Computing, Universiti Teknologi 

Malaysia (UTM) using Fundamental Research Grant 

Scheme (FRGS) Vot No. R.J130000.7828.4F491. Special 

thanks to Ministry of Education and Research 

Management centre (RMC) for providing financial 

support for this research. 

 

 

References 
 
[1] Caselles, V., Catte, F., Coll, T., & Dibos, F. 1993. A 

Geometric Model For Active Contours In Image 

Processing. Numerische Mathematic. 66(1): 1-31. 

[2] Caselles, V., Kimmel, R., & Sapiro, G. 1997. Geodesic 

Active Contours. International Journal Of Computer Vision. 

22(1): 61-79. 

[3] Chan, T. F., & Vese, L. A. 2001. Active Contours Without 

Edges. Image Processing, IEEE Transactions On. 10(2): 266-

277. 

[4] Deng, J., & Tsui, H.-T. 2002. A Fast Level Set Method For 

Segmentation Of Low Contrast Noisy Biomedical Images. 

Pattern Recognition Letters. 23(1): 161-169. 

[5] Ehsani Rad, A., Mohd Rahim, M., Rehman, A., Altameem, 

A., & Saba, T. 2013. Evaluation of Current Dental 

Radiographs Segmentation Approaches in Computer-

aided Applications. IETE Technical Review. 30(3): 210. 

[6] Fedkiw, S. O. 2003. Level Set Methods And Dynamic 

Implicit Surfaces. 

[7] Gao, H., & Chae, O. 2010. Individual Tooth Segmentation 

From CT Images Using Level Set Method With Shape And 

Intensity Prior. Pattern Recognition. 43(7): 2406-2417. 

[8] Jeon, M., Alexander, M., Pedrycz, W., & Pizzi, N. 2005. 

Unsupervised Hierarchical Image Segmentation With Level 

Set And Additive Operator Splitting. Pattern Recognition 

Letters. 26(10): 1461-1469. 

[9] Kass, M., Witkin, A., & Terzopoulos, D. 1988. Snakes: Active 

Contour Models. International Journal Of Computer Vision. 

1(4): 321-331. 

[10] Kimia, B. B., Tannenbaum, A. R., & Zucker, S. W. 1995. 

Shapes, Shocks, And Deformations I: The Components Of 

Two-Dimensional Shape And The Reaction-Diffusion 

Space. International Journal Of Computer Vision. 15(3): 

189-224. 

[11] Ma, W.-Y., & Manjunath, B. 1997. Edge Flow: A Framework 

Of Boundary Detection And Image Segmentation. 

Computer Vision and Pattern Recognition. Proceedings 

1997 IEEE Computer Society Conference on. 744-749. 

[12] Malladi, R., Sethian, J. A., & Vemuri, B. C. 1995. Shape 

Modeling With Front Propagation: A Level Set Approach. 

Pattern Analysis and Machine Intelligence. IEEE 

Transactions on. 17(2): 158-175. 

[13] Mumford, D., & Shah, J. 1989. Optimal Approximations By 

Piecewise Smooth Functions And Associated Variational 

Problems. Communications On Pure And Applied 

Mathematics. 42(5): 577-685. 



7                              Mohd Shafry Mohd Rahim et al. / Jurnal Teknologi (Sciences & Engineering) 78:2–2 (2016) 1–7 

 

 

[14] Nilsson, B., & Heyden, A. 2003. A Fast Algorithm For Level 

Set-Like Active Contours. Pattern Recognition Letters. 

24(9): 1331-1337. 

[15] Osher, S., & Sethian, J. A. 1988. Fronts Propagating With 

Curvature-Dependent Speed: Algorithms Based On 

Hamilton-Jacobi Formulations. Journal Of Computational 

Physics. 79(1) 12-49. 

[16] Otsu, N. 1975. A Threshold Selection Method From Gray-

Level Histograms. Automatica. 11(285-296): 23-27. 

[17] Peng, D., Merriman, B., Osher, S., Zhao, H., & Kang, M. 

1999. A PDE-based Fast Local Level Set Method. Journal of 

Computational Physics. 155(2): 410-438. 

[18] Qu, Y., Wong, T.-T., & Heng, P. A. 2007. Image 

Segmentation Using The Level Set Method. In Deformable 

Models. Springer. 95-122. 

[19] Sethian, J. A. 2003. Level Set Methods And Fast Marching 

Methods. Journal of Computing and Information 

Technology. 11(1): 1-2. 

[20] Shuo, L., Fevens, T., Krzyzak, A., & Li, S. 2006. An Automatic 

Variational Level Set Segmentation Framework For 

Computer Aided Dental X-Rays Analysis In Clinical 

Environments. Computerized Medical Imaging and 

Graphics. 30(2): 65-74. 

[21] Shuo, L., Fevens, T., Krzyzak, A., Jin, C., & Li, S. 2007. Semi-

automatic Computer Aided Lesion Detection In Dental X-

Rays Using Variational Level Set. Pattern Recognition. 

40(10): 2861-2873. 

[22] Weickert, J., & Kuhne, G. 2003. Fast Methods For Implicit 

Active Contour Models. In Geometric Level Set Methods In 

Imaging, Vision, And Graphics. Springer. 43-57. 

[23] Xie, X. 2010. Active Contouring Based On Gradient Vector 

Interaction And Constrained Level Set Diffusion. Image 

Processing, IEEE Transactions on. 19(1): 154-164. 

[24] Xie, X., & Mirmehdi, M. 2008. MAC: Magnetostatic Active 

Contour Model. Pattern Analysis and Machine 

Intelligence, IEEE Transactions on. 30(4): 632-646. 

[25] Xu, C., & Prince, J. L. 1998. Generalized Gradient Vector 

Flow External Forces For Active Contours. Signal 

Processing. 71(2): 131-139. 

[26] Xu, N., Ahuja, N., & Bansal, R. 2007. Object Segmentation 

Using Graph Cuts Based Active Contours. Computer Vision 

and Image Understanding. 107(3): 210-224. 

[27] Zhang, Y., Matuszewski, B. J., Shark, L., & Moore, C. J. 2008. 

Medical Image Segmentation Using New Hybrid Level-Set 

Method. BioMedical Visualization, 2008. MEDIVIS'08. Fifth 

International Conference. 71-76. 

[28] Ehsanirad, A. 2010. Plant Classification Based On Leaf 

Recognition. International Journal of Computer Science 

and Information Security. 8(4): 78-81. 

[29] Rad, A. E., Amin, I. B. M., Rahim, M. S. M., & Kolivand, H. 

2015. Computer-Aided Dental Caries Detection System 

from X-Ray Images. In Computational Intelligence in 

Information Systems Springer. International Publishing. 233-

243. 

[30] Rad, A. E., Rahim, M. S. M., & Norouzi, A. 2013. Digital 

Dental X-Ray Image Segmentation and Feature 

Extraction. TELKOMNIKA Indonesian Journal of Electrical 

Engineering. 11(6): 3109-3114. 

[31] Norouzi, A., Rahim, M. S. M., Altameem, A., Saba, T., Rad, 

A. E., Rehman, A., & Uddin, M. 2014. Medical Image 

Segmentation Methods, Algorithms, And Applications. IETE 

Technical Review. 31(3): 199-213. 
 

 


