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Abstract— The level set method which is a numerical 

technique for tracking interfaces and shapes. Sometimes 

image is affected by noise and so on. So a level set method 

(LSM) was used to segment the images, which can decrease 

the inflection of the noise and reduce the computation time. 

But the problem lies in its re-initialization task. Hence the 

proposed level set method with diffusion is implemented 

with two step splitting method (TSSM) is derived which is 

free of re-initialization process. Also the level set method 

could not perform well for the images highly affected by 

noise and high dimensional images by optimizing the 

computation time and number of iterations to get the exact 

contour. 
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I. INTRODUCTION 

There is a high demand of image processing in diverse 

application areas such as, remote sensing, biomedical 

applications, secured data communication.  Active contour 

has become a very important and meaningful approach in 

image segmentation and Active counter can be used in 

different applications. This active contour approach can be 

formulated mathematically using two models: snakes and 

level set. The early work on active contour was pioneered by 

Kass et al. (1988), who has introduced the snake model. A 

later development by Osher & Sethian (1998), introduced a 

new direction to active contour, which is referred to as level 

set based active contour (LSAC). LSAC is introduced to 

overcome some drawbacks of the snake model. Image 

segmentation plays a very curious role in image processing 

and mostly employed in many applications. 

Image   segmentation play a vital role in different 

areas   of  image processing like  object detection  and 

classification, action  classification,  scene  understanding,  

and other visual  information  analysis   processes.  Existing 

algorithms for image segmentation may be broadly 

classified into several groups. The criterion used is 

automatic segmentation vs.   user-assisted approaches, 

object  and  back-ground  segmentation  vs. multi-region  

segmentation,  types of  segmentation criteria, usage of   

prior data, such as  different segment  statistics  or  known  

shape priors, algorithms using  a discrete   optimization vs. a 

continuous  one, etc. 

Region boundaries are modeled by a (parametric) 

curve in the active contours approach. It minimizes the 

chosen type of segmentation     criterion modeled as energy 

functional. The active contours approach has the advantage 

of minimizing  arbitrary  energy  functional along with 

allowing  for accurate region boundary detection with sub 

pixel precision.  The active  contours  approaches  may  be  

loosely classified  into  edge- based  methods  [1],  [3],  [4],  

region based  methods,[ 7], and combined approaches to 

mention just a few   

The level set framework provides a significant 

amount of flexibility in the design of the segmentation 

criterion, and can be extended to accommodate various 

assumptions about the image and its structure.  

The   active  contour  evolution  is  commonly  

performed using  the  level  set  approach of [2] , as in [3], 

[5], Some methods associate a level set function with each 

image region, and derive these functions in a coupled 

manner, so that the resulting regions do not develop gaps or 

overlaps [6] 

II. LITERATURE REVIEW 

A lot of research has been carried out in the various 

techniques. In [1], different image segmentation techniques 

along with their merits and demerits are discussed. The [7] 

provides detailed study of different edge detection 

techniques for segmentation approaches with their 

advantages and disadvantages.  Image segmentation 

remained an old and important problem in recent times, so 

variety of image segmentation methods are explained in [8]. 

Numerous segmentation algorithms have been proposed in 

the literature but there is no single algorithm that works well 

for all types of images. . Some research has been explored in 

level set based active contour are categorized into edge-

based, region-based and hybrid methods in. In [3] 

parametric deformable models are represented explicitly as 

parameterized contours. Osher and Sethian discussed the 

level set method [2]. The level set approach is slightly 

different from the previous works and do not need to find 

explicitly the location of the interface in the space domain. 

The paper [7] describes the adapted curve evolution theory 

and level set method to model geometric active contour for 

shape recovery of objects in specially 2D and 3D images.  

DRLSE formulation was proposed to maintain the signed 

distance profile near the zero level set. 

A. Level Set Method 

 
Fig. 2.1: The inner circle is the initial curve and the outer 

curve is the boundary of the target object. 

The level set method has commonly been used in 

image segmentation since Malladi et al. first used it in [4] . 

In this section, the level set analysis for image segmentation 

is introduced with Malladi's work as the foundation.Initial 

curve.The first step in the level set method is to pick an 

initial curve.  Level set  method’s accuracy does not depend 

on the choice of the initial curve. However, the process 

would be faster if the chosen curve is close to the target 

object. Assume a circle, c1, of arbitrary radius (inner curve 

in Figure 1.2) is chosen as our initial curve. Then, a smooth 

implicit function (level set function, φ) is defined in three 
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dimensions such that its intersection with the z = 0 plane 

gives c1 (see Figure 1.3). Let us call this initial level set φ0. 

In level sets, the front propagation is stated as an initial 

value problem  is the constraint for the level set function φ 

with φ0 as its initial value. 

 
Fig. 2.2: (a) The initial curve and (b) the corresponding level 

set function. This function is used to initialize the level set 

function. 

The signed distance function, Φ, of c1 (or any curve for that 

matter) is defined as 

Φ(x) = d(x) 

where d(x) is the distance of the point x from its 

nearest point on c1. Points inside are assigned a negative 

distance while the points outside are assigned a positive 

distance. 

Because, partial differential equations are used to 

evolve the level set function, ideally, φ should remain 

smooth throughout the evolution. However, the level set 

function may develop points that are not differentiable, 

resulting in an erroneous output. Such errors may propagate 

and cause even more errors with time. Thus, before using 

any function (i.e., Φ) to initialize the level set, we need to 

make sure that any deviations from smoothness are gradual 

rather than sudden. A sudden deviation from smoothness 

will render this function ineffective. The level set 

function,φ, may also be reinitialized periodically to avoid 

the problem of non-differentiability. The usual way of doing 

this is to redefine the level set using the signed distance 

function after every n (say) steps of evolution. Note that the 

level set functions can also be defined using other functions,  

B. Initialize The Level Set Method 

Originally the level set method was proposed to track an 

evolving contour based on some numerical technique. The 

evolving contour deforms with a speed F that is based on the 

contour curvature and image features like gradient. We 

define the region where φ=0 as the contour C, where φ>0 

region as inside the contour and the φ<0 region as outside 

the contour as shown in figure. 

 
Fig. 2.3: Use Initial Level Set Function to represent 

Contour. 

From figure 1.4, we can easily know that when the φ value 

changes, the corresponding φ > 0 region and φ < 0 region 

will also change, therefore the boundary of φ > 0 region and 

φ < 0 region, i.e. φ = 0, will be different and thus the 

contours evolves. 

Defining the level set function 

φ( x(t), t) = 0 

x (t)=(x, y) 

Level set value of a point on the contour with motion x(t) 

must always be 0. 

φ( x(t), t) = 0 

By the chain rule, 

φt + ∇φ( x(t), t) . x’(t) = 0 

Since F supplies the speed in the inward normal direction 

x’(t) . n = F , where n =∇φ/|∇φ| . 

Hence evolution equation for is 

□(24&  □(24&dφ)/dt) + F. |∇φ|= 0                    

 level set evolution equation is the above.  

C. Applying Two Step Splitting Method To The Level Set 

In the proposed two step splitting method (TSSM) of level 

set method, the LSE is driven by the reaction functions  by 

iteratively solving the equation as under.  

 Step 1: Solve the reaction term till some time Tr to 

obtain the intermediate solution, denoted by φn+1/2 

=φn; 

 Step 2: Solve the diffusion term φt =εΔφ, φ(x,t=0) = 

φn+1/2 till some time Td , and then the final level set is 

φn+1 =φ(x,Td). 

III. CONCLUSION AND FUTURE SCOPE 

Image segmentation has played a vital role in image 

enhancements. Contour extraction is the key feature of all 

time for all researchers. This paper has proposed the new 

approach towards the contour extraction and two step 

splitting method. Here, LSM is studied in detail. The future 

aspect of the proposed method will be to make the method 

more robust and making it performs on live images taken 

from a video frame. 
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