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Abstract - Image Segmentation is important problem in medical image processing fields. Segmentation of liver remains a 
challenging task in clinical applications due to high inter-patient variability in size, shape, volume and pathologies. In this 
paper, we proposed liver image segmentation based on Ant colony Optimization based K-means Clustering and levels sets. 
The MATLAB is used as a tool for performing this study. The ACO is used to optimize the results of K-Means Clustering 
algorithm. An Abdominal CT image is used to perform the segmentation process and obtain the results. 
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I. INTRODUCTION 
 
Image segmentation is a low level image processing 
task that aims at partitioning an image into regions so 
as that each and every region groups contiguous 
pixels sharing similar attributes (intensity, color, etc.). 
It's a very important process because it is the first step 
of the image understanding process, and all others 
steps, such as feature extraction, classification and 
recognition, depend heavily on its results. Image 
segmentation has been the topic of intensive research, 
and a wide variety of image segmentation techniques 
have already been reported in the literature. Liver is 
an important organ with several vital functions such 
as protein synthesis and detoxification. Additionally, 
it regulates biochemical reactions that include the 
synthesis or breakdown of complex and small 
molecules and produces bile, which is an alkaline 
compound supports digestion. Yet, no technique or 
device can compensate for the absence of the liver. 
The sole available option is liver transplantation, 
which is a major and risky surgery. Although 
transplantation from cadavers utilized to function as 
the first choice, transplantation from living donors has 
become a selection of treatment as a result of shortage 
of cadaver donation in recent years[21]. Ahead of the 
surgical procedure, the livers that fit in with the living 
donor and the recipient are evaluated: to spot the liver 
region, to determine the size mismatch, to measure 
liver volume, and to analyze the vascular structure. 
Knowledge obtained by the evaluation is required to 
decide perhaps the donor and recipient is a great 
match and once the transplantation should be 
performed.    The success of the surgical operation 
and reduced total of complications to minimum level 
is dependent upon accuracy of anatomic information 
of the portal and hepatic veins, compatibility of these 
vessels and liver volume. Numerous automated, semi 
automated and interactive methods for liver 
segmentation methods have been developed, 
including statistical shape model, deformable model, 
atlas based method, level set, graph cut and other  

 
hybrid methods according to users requirement. The 
technique of liver segmentation of diseased livers 
results from high patient variability in liver shapes, 
sizes and pathologies. 
 

 
Fig 1: (a) Abdominal CT Scan image 

(b) segmented liver image 
 
II. LITERATURE SURVEY 
 
Zhao Xiao Yuan et al. [1] presented an automatic 
liver segmentation algorithm centered on fast 
marching and improved fuzzy cluster methods, which 
can segment liver from abdominal MR images 
accurately. The developed method was composed of 
three major steps: first, fast marching method and 
convex hull algorithm are applied to roughly extract 
the liver's boundary and topology, which provides a 
basic estimation for the subsequent calculations; 
second, an improved fuzzy cluster method, combining 
with a multiple cycles processing, was designed to 
refine the segmentation result; third, based on the 
segmented results, the liver was visualized by 
Marching Cube method. There are two major 
difficulties in MRIs liver segmentation: one was that 
the boundaries between liver and adjacent tissues 
generally have uniform intensity distributions, which 
often lead to over segmentation of the liver; the other 
was that inner vascular inside the liver commonly 
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leads to segmentation leakage. In order to solve these 
two problems, a prior knowledge based fuzzy cluster 
method was proposed. 
Ahmed M. Mharib et al. [5] presented a survey on 
liver segmentation methods and techniques using CT 
images, recent methods presented in the literature to 
obtain liver segmentation are viewed. Generally, liver 
segmentation methods are divided into two main 
classes, semi-automatic and fully automatic methods, 
under each of these two categories, several methods, 
approaches, related issues and problems will be 
defined and explained. The evaluation measurements 
and scoring for the liver segmentation are shown, 
followed by the comparative study for liver 
segmentation methods, pros and cons of methods will 
be accentuated carefully. In this paper, they concluded 
that automatic liver segmentation using CT images 
was still an open problem since various weaknesses 
and drawbacks of the proposed methods can still be 
addressed. 
Shi Na  et al. [10] discussed the standard k-means 
clustering algorithm and analyzes the shortcomings of 
standard k-means algorithm, such as the k-means 
clustering algorithm has to calculate the distance 
between each data object and all cluster centers in each 
iteration, which makes the efficiency of clustering was 
not high. This paper proposes an improved k-means 
algorithm in order to solve this question, requiring a 
simple data structure to store some information in 
every iteration, which was to be used in the next 
iteration. The improved method avoids computing the 
distance of each data object to the cluster centers 
repeatedly, saving the running time. Experimental 
results show that the improved method can effectively 
improve the speed of clustering and accuracy, reducing 
the computational complexity of the k-means. 
Jeongjin Lee et al. [13] proposed a fast and accurate 
liver segmentation method from contrast-enhanced 
computed tomography (CT) images. They applied the 
two-step seeded region growing (SRG) onto level-set 
speed images to define an approximate initial liver 
boundary. The first SRG efficiently divides a CT 
image into a set of discrete objects based on the 
gradient information and connectivity. The second 
SRG detects the objects belonging to the liver based 
on a 2.5-dimensional shape propagation, which models 
the segmented liver boundary of the slice immediately 
above or below the current slice by points being 
narrow-band, or local maxima of distance from the 
boundary. With such optimal estimation of the initial 
liver boundary, our method decreases the computation 
time by minimizing level-set propagation, which 
converges at the optimal position within a fixed 
iteration number. They utilized level-set speed images 
that have been generally used for level-set propagation 
to detect the initial liver boundary with the additional 
help of computationally inexpensive steps, which 
improves computational efficiency. Finally, a rolling 
ball algorithm is applied to refine the liver boundary 
more accurately. Their method could be used for liver 

transplantation planning, which requires a fast and 
accurate measurement of liver volume. 
Chunming Li et al. [14] proposed  a new variational 
level set formulation in which the regularity of the 
level set function was intrinsically maintained during 
the level set evolution. The level set evolution was 
derived as the gradient flow that minimizes an energy 
functional with a distance regularization term and an 
external energy that drives the motion of the zero level 
set toward desired locations. The distance 
regularization term was defined with a potential 
function such that the derived level set evolution has a 
unique forward-and-backward (FAB) diffusion effect, 
which was able to maintain a desired shape of the level 
set function, particularly a signed distance profile near 
the zero level set. This yields a new type of level set 
evolution called distance regularized level set 
evolution (DRLSE). The distance regularization effect 
eliminates the need for reinitialization and thereby 
avoids its induced numerical errors. 
Shweta Gupta and Sumit Kumar [28], studied the 
amount set segmentation technique using Variational 
Level Set Formulation techniques without 
reintialisation with various filtering methods applied 
on biomedical images and analyzing the outcomes 
obtained after applying various filters to the segmented 
images. The many steps taken in the development of 
the program and then a testing of the simulation 
program with various biomedical are described and the 
test samples are obtained from set of CT images using 
MATLAB simulation programs. With the comparison 
of various filtering techniques on the images sets, it is 
available that maximum filter provides the most 
effective results on the types of the segmentation of 
CT images. 
Wenbing Tao et al.  [29] investigated the 
performance of the fuzzy entropy approach when it's 
put on the segmentation of different objects. The 
performance is in contrast to existing entropy based 
object segmentation approaches and superiority of 
fuzzy entropy methods is demonstrated. Additionally, 
Ant colony optimization is used to acquire optimal 
results.  
El-Khatib S.A.[27] provided reveal segmentation 
algorithm which uses an antcolony optimization 
algorithm (ACO) in conjunction with the clustering 
algorithm of k-means. Results of the images 
processing with various parameters (the quantity of 
ants, the number of clusters and numerical coefficients 
of the algorithm parameters) are presented. In 
conclusion the quality of the proposed algorithm is 
discussed.  
 
III. TECHNIQUES USED 
 
3.1 K-Means Clustering: K-means is one of the 
simplest unsupervised learning algorithms that classify 
confirmed data set into certain number of clusters 
(assume k clusters) fixed a priori [10]. The key idea is 
always to define k centroids, one for each cluster. 
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These centroids ought to be put in a cunning way, 
because different location causes different result [26]. 
So, the better choice is to put them around possible far 
away from each other. The next step is always to take 
each point belonging to confirmed data set and 
associate it to the nearest centroids. When no point is 
pending, the first step is completed and an early on 
grouping is done. Again re-calculate k new centroids 
of the clusters (resulting from the prior step). After 
having these k new centroids, a fresh binding has to be 
performed between the same data set points and the 
nearest new centroids. Repeat the method until 
centroids do not move any more. In the successive 
loops, the k centroids change their location step by 
step[20]. Eventually, a situation will be reached where 
the centroids do not move anymore. This signifies the 
convergence criterion for clustering. The pseudo code 
for the algorithm is explained below: 
 
Input: 
D = {d1, d2,......,dn} //set of n data items. 
k // Number of desired clusters 
Output: 
A set of k clusters. 
 
Steps: 

1. Pick K cluster centers, either randomly or 
based on some heuristic. 

2.  Assign each pixel in the image to the cluster 
that minimizes the  distance between the pixel 
and the cluster center 

3.  Re-compute the cluster centers by averaging 
all of the pixels in the cluster 

4.  Repeat steps 2 and 3 until convergence is 
attained (i.e. no pixels change clusters) 

5. Until convergence criteria is met 
 
3.2 Level Set Method: 
The level set method is initially proposed to track 
moving interfaces and has spread across various 
imaging domains. It can be used to efficiently address 
the problem of curve/surface/etc. propagation in an 
implicit manner. Level Set Methods are based on 
curve evolution theory. According to which, the 
deformation of a curve is written by a Partial 
Differential Equation [21]. The main advantage of 
Level Set approach is that the geometric properties of 
the contour can be obtained using a level set of the 
surface. The level set method is initially proposed to 
track moving interfaces and has spread across various 
imaging domains. It can be used to efficiently address 
the problem of curve/surface/etc. propagation in an 
implicit manner. The central idea is to represent the 
evolving contour using a signed function whose zero 
corresponds to the actual contour. Then, according to 
the motion equation of the contour, one can easily 
derive a similar flow for the implicit surface that when 
applied to the zero level will reflect the propagation of 
the contour. The level set method affords numerous 
advantages: it is implicit, is parameter-free, provides a 

direct way to estimate the geometric properties of the 
evolving structure, allows for change of topology, and 
is intrinsic. It can be used to define an optimization 
framework [28]. One can conclude that it is a very 
convenient framework for addressing numerous 
applications of computer vision and medical image 
analysis. Research into various level set data 
structures has led to very efficient implementations of 
this method [28]. The steps to perform level set are 
given below: 
 

1. Image acquiring and reading 
2. Processing the image through desired filter 
3. Select the region of interest of the input 

image 
4. Calculate Signed Pressure Force (SPF) 

Function 
5. Finding the gradient of the image 
6. Minimize the value of gradient 
7. Set the intensity of the image 
8. Segmentation of image by Level set method 

 
3.3 Ant Colony optimization 
In the natural world, ants (initially) wander randomly, 
and upon finding food return for their colony while 
laying down pheromone trails. If other ants find this 
kind of path, they're likely not to keep travelling at 
random, but to instead follow the trail, returning and 
reinforcing it should they eventually find food. As 
time passes, however, the pheromone trail starts to 
evaporate, thus reducing its attractive strength. The 
more time it takes for an ant to visit down the trail and 
rear, the more time the pheromones need to evaporate. 
A quick path, by comparison, gets marched over more 
frequently, and thus the pheromone density becomes 
higher on shorter paths than longer ones [29]. 
Pheromone evaporation even offers the advantage of 
preventing the convergence to a locally optimal 
solution. If there were no evaporation at all, the paths 
chosen by the initial ants would are generally 
excessively appealing to the next ones. In that case, the 
exploration of the perfect solution is space could be 
constrained[30]. Thus, when one ant finds a great (i.e., 
short) path from the colony to a food source, other ants 
are prone to follow that path, and positive 
feedback eventually leads to all or any the ants' 
following a single path.  
 
IV. PROBLEM FORMULATION 
 
Gaps in literature 

1. The k-means algorithm is limited to initial 
number of k- clusters. Wrongly selected k- 
clusters  lead to poor results. 

2. The absence of ant colony optimization to 
automatically select optimized k- clusters also 
lead to erroneous results and low accuracy. 

3. The use of level sets result in under-
segmentation or over-segmentation of the 
region to be analysed. 
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Problem Definition 
Accurate liver segmentation is an important 
component of surgery planning for liver 
transplantation, which enables patients with liver 
diseases a chance to survive. Spectral pre-saturation 
inversion recovery (SPIR) image sequences are useful 
for liver segmentation because vascular structures in 
the liver are clearly visible in these sequences. 
Although level set based segmentation techniques are 
frequently used in liver segmentation due to their 
flexibility to adapt to different problems by 
incorporating prior knowledge, the need to initialize 
the contours of each slice is a common drawback of 
such techniques. In this paper, a new fully automated 
approach is considered. The new approach will 
enhance existing one using ant- colony optimization 
based k-means clustering. This will reduce the issue of 
initial k- clusters of k-means algorithm. Therefore the 
proposed technique  
will always result n better performance due to 
optimised initial k- clusters.  
 
V. OBJECTIVES 

 
1. To study the effectiveness of ACO with K-

Means Clustering Technique. 
2. To evaluate the performance of K-means and 

level set based fully automated liver 
segmentation based techniques. 

3. To modify the K-Means clustering using ant-
colony optimization by using abdominal CT 
images. 

4. To compare existing and proposed technique 
based on following parameters: 

 Sensitivity 
 Specificity 
 Accuracy 
 Required time 
 F-Measure 
 Geometric Accuracy 

 
VI. TOOL USED: 

 
MATLAB is a tool for numerical computation and 
visualization. The basic data element is a matrix, so 
the user need a program that manipulates array-based 
data. It is fast to write and run in MATLAB as it 
provides interactive environment for design and 
problem solving. It provides vast library for linear 
algebra, statistics. Filtering, optimization and solving 
ordinary differential equations. 
Uses of MATLAB 
MATLAB is widely used as a computational tool in 
science and engineering encompassing the fields of 
physics, chemistry, math and all engineering streams. 
It is used in a range of applications including: 

 Signal processing and Communication 
 Image and Video Processing 
 Control Systems 
 Test and Measurement 

 Computational Finance 
 Computational Biology 

 
VII. METHODOLOGY 
 
The method to obtain the segmented liver image is 
explained below through flowchart: 
 

 
 
CONCLUSION AND FUTURE SCOPE 
 
Optimal Selection of initial clusters is a challenging 
task in image segmentation. Wrongly selected clusters 
lead to poor results. We have designed a technique for 
image segmentation using K-means clustering and Ant 
colony Optimization for Abdominal CT images to 
segment the liver region. This technique is much better 
in segmenting liver than the other models. Thus it is 
concluded that for abdominal CT images, ACO based 
K-means clustering is better than many other 
techniques. In Future work, we suggest to use other 
imaging modalities to perform the above mentioned 
model and use other evolutionary techniques for 
optimization of results.  
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