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Abstract- Accurate liver and tumour segmentation on computed Tomography is a challenging task, due to the high-intensity 
similarity between liver tissues and nearby organs of liver, different shapes of the liver, and presence of severe pathologies. 
This paper presents automated method to segment liver and tumour from abdominal CT scans and liver tumour features to 
classify into two benign and malignant tumour. First, the CT images are pre-processed by Gaussian filter to remove noise 
from the image. Then the liver is segmented using region growing method and then post-processing is done by 
morphological operations. The tumour is segmented from Liver image by performing thresholding operations. In this 
method, the tumour burden is computed to monitor the evolution of disease. After tumour burden analysis, tumour feature is 
calculated to classify into benign and malignant tumour.  
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I. INTRODUCTION 
 
Liver cancer is the fifth most frequently diagnosed 
cancer and third highest death cause cancer in the 
world. Mostly liver cancer are malignant tumour 
which grow on the surface or inside the liver. The 
leading cause of liver cancer is viral infection with 
the hepatitis B virus (HBV) or hepatitis C virus 
(HCV). India has lower global average cancer 
incidence per 1,00,000 people. Incidence of HCC in 
India occurs at two peaks, one at a young age 
between 40 to 55 years and another above 60 years. 
Eighty per cent of all HCCs occurring in India occur 
with cirrhosis of liver in the background and 60 
percent of all these cases are hepatitis B positive 
carriers. The estimated number of cases per year in 
India is approximately close to 22,000 with a similar 
mortality. Global burden rises to 14.1 million new 
cases and 0.8 million liver cancer deaths in 2012.The 
American Cancer Society’s estimates for primary 
liver cancer and intrahepatic bile duct Cancer in the 
United States for 2014 are about 33,190 new cases 
(24,600 in men and 8,590 in women) will be 
diagnosed and about 23,000 people (15,870 men and 
7,130 women) will die of these cancers. 
 
Various Imaging techniques were adopted to 
diagnosed Liver pathologies such as such as cirrhosis, 
Liver cancer, and Fulminant hepatic failure. The 
imaging techniques are Computed Tomography (CT), 
Magnetic Resonance Imaging (MRI), or 
PositronEmission Tomography (PET).With the help 
of the above imaging technique accurate anatomical 
information about the visualized structures are 

provided which cannot be obtained by any other way. 
Among above imaging techniques Computed 
Tomography (CT) standard instrument is commonly 
adopted for imaging abdominal organs for diagnosis, 
preoperative planning and Three-dimension 
rendering. This imaging technique helps radiologists 
and surgeon for organ measurement and 3-D 
visualization. The Computed Tomography (CT) 
imaging technique is fully automated technique 
which is readily available, faster, safe, comfortable 
and can perform operations without interrupting 
human presence. 
 
Segmentation is an essential step in medical imaging 
analysis. Accurate Liver and Tumour segmentation is 
an issue in analysing liver pathologies. The first and 
most fundamental step for the automatic liver and 
tumour segmentation is a challenging task, due to 
various reasons which are like image containing 
noise, overlaps which cause in gaps, large variations 
in human geometric properties like liver size and 
shape, intensity value of the nearby organ such as 
right kidney, stomach, and spleen abdominal wall 
have similar intensity value as of liver tissues. These 
are various reasons which makes it difficult for liver 
and tumour segmentation. 
 
II. RELATED WORK 
 
Researcher developed their different approaches for 
liver segmentation. They can be classified into four 
groups: Intensity based approaches: In this approach 
threshold is applied so that the regions with intensity 
outside the liver is discarded but thresholding method 
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affects the result and very difficult to determine the 
liver region range. Priori Knowledge approaches: In 
this approach, anatomical study based on regions, 
emphasizing the relations between various 
structuresnearby liver such as heart, nerves and 
arteries are commonly used in this approach. This 
approach is always combined with the other 
approaches to get better estimation. Statistical based 
approach: In this approach statistical model 
discriminations of the liver is obtained from the data 
set and then this model is used for pre-processing to 
get liver likelihood image. But this approach is time 
consuming and could not respond for the different 
patients. Active Contour Model: This approach is 
most common method used in liver segmentation 
using different method. But this approach is useful 
only when a good initial estimate is present for the 
data set. 
 
Various different methods are used for tumour 
segmentation, tumour feature and classification. 
Nader et al. proposed a method that first contrast 
enhancement is applied to the slice of the segmented 
liver and then adding each image to itself to get 
tumour as a dark gray spot after applying Gaussian 
smoothing, Isodata threshold.Vinita dixit et al. 
describes the various image processing techniques for 
automatic detection of tumour in human liver. The 
chances of survival having liver tumour highly 
depends on early detection of tumor and then 
classification as malignant (cancerous) and Benign 
(non-cancerous) tumour. Dipak et al. propose a 
method which is capable of detecting hepatic lesions 
automatically from CT scans using spatial fuzzy C 
means segmentation technique, flood fill algorithm, 
Erosion, masking and binary threshold to finally 
detect the lesion then separation of the area of liver 
and the detection and size measurement of the lesions 
was done. This technique detect the presence of 
lesions in the liver, count the distinctly identifiable 
lesions and compute the area of liver affected as 
tumorous lesion. Sajith et al. proposed a simple and 
clinically useful system for segmenting the liver 
tumour from CT images. Fuzzy C means algorithm 
followed by fine delineation using level sets system 
for segmenting the liver tumour from CT images. The 
method could clearly segment the tumour regions and 
their boundaries are well defined. Xing et al. 
proposed method that by using interactive method 
liver tumour segmentation was done from   Computed 
Tomography (CT) Scans. After pre-processing 
operations, CT volume is partitioned into a large 
number of catchment basins under watershed 
transforms carried out along with liver parenchyma 
segmentation and liver contrast enhancement. After 
that by using SVM classifier used to extract tumour 
from liver parenchyma. Next by using morphological 
operations on the whole segmented binary volume to 
refine the rough segmentation results of SVM 
classification.  

III. PROPOSED METHOD 
 
The liver and tumour segmentation workflow consists 
of the following steps: 1) Pre-processing:- Gaussian 
filter is remove the noise 2) Region growing method 
is used to find the region of interest that is liver 
region 3) Refined segmentation using Morphological 
operations 4) Liver segmentation 5)Thresholding 
Method 6) Tumour Segmentation 7) Tumour Burden 
analysis and 8) Tumour feature and its classification 
as benign and malignant tumour from its Texture, 
Area, Shape. 
     
The Liver and Tumour Segmentation steps is as 
shown in below figure (1).   
 

 
Figure 1: - Liver and Tumoursegmentation Steps 

 
A. Pre-processing 

Gaussian filter is used in this process in order to 
remove noise and get the region of interest that is 
liver more homogenous. Gaussian smoothing is used 
as in formula (1) where x is distance from the origin 
in the vertical axis and y is distance from the origin in 
the horizontal axis with standard deviation as a 
parameter of the Gaussian distribution [16]. 
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Let I be the liver likelihood image which contains the 
primal intensity information of the liver and reduces 
the effect of non-liver regions. S, it can be computed 
as:- 
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Where, 
I  = Liver likelihood image. 
 =Average intensity of liver region 
 =Standard deviation of corresponding intensity of 
liver Region. 
 

B. Region Growing Method 
It is a region based Segmentation consists on 
partitioning of an image into a set of connected 
regions which find homogeneous regions according 
to a specific criterion (intensity value, texture, area, 
shape).The aim of region detection is to provide the 
possibility to characterize the detected object by 
parameter analysis (shape, position, size...). Region 
growing method based on the clustering of 
neighbouringpixels of a region that verify a specific 
assumptions. 
 
For the fast and better result for liver and tumour 
segmentation this method is used. This method 
concern with two important points that is 1) Seed 
point 2) Similarity constraints. Region is grown from 
the seed point by adding neighbour pixels. 
 
Region growing method performs asegmentation of 
an image with respect to a point which is known as 
seed. Considering a seed point the region will grow 
by adding neighbour pixels that have properties 
similar to the seed. Let Qbe the set of unallocated 
pixels which border at least one of the regions which 
can be expressed as: 

Q = x ∈ A |N(x) A

≠ ∅                                 (3) 

Where, 
A Is the set of iterative seed points 
N(x) is the set ofimmediate neighbours of the pixel x    
For x ∈Q, N(x) meets justone of the A  using 4-
connected neighbours to the pixel x. Then, i(x)∈{1, 2, 
3,...,n} is defined to be that index such that 
N(x)∩Ai(x) ≠φ . The minimum difference between 
N(x) and the region mean, µ is used as a measure of 
similarity constraints denoted as δ(x) in this method 
should be less than threshold value. 
 
δ(x) = |Q(x) − µ[g(x)]|

< threshold                           (4) 
 
Where, 
g (x) is the grey value of the image point x 
µ is mean of the region [17] 

 
The above equation give Liver likelihood image. 
After finding liver image next step is towards to find 

out tumour in liver. After extracting tumour from 
liver region, percentage of total tumour in liver region 
can be calculated by Tumour Burden. 

 
C. Refined segmentation using Morphological 
operations 

The liver and tumour segmentation by region 
growing methods may contained holes, protrusion, 
gaps, and connected neighbour tissues. So to remove 
this, mathematical morphological operations is 
performed. Mathematical morphological operations 
such as opening, dilation, filling. 

 
Opening: - Opening is the dilation of the erosion of a 
set A by a structuring element B given in equation 
(4):- 

BBABA  )( (5) 
Where   
And denote erosion and dilation, 

respectively. 
Opening removes small objects from the foreground 
of an image, placing them in the background, 
eliminates protrusion, and smoothens the contour. 
These techniques can also be used to find specific 
shapes in an image. Opening can be used to find 
things into which a specific structuring element can 
fit [9]. 
 
Dilation: - Dilation is used for expanding an element 
A by using structuring element B. Dilation helps in 
clearing the border of the image. Dilation of A by B 
and is defined by the equation (5):- 

   ABBzBA s )(| (6) 
 
Where, B  denotes the symmetric of B, that is 
 

 BxExB s  |           (7) 
 
Filling: - Filling is used to fill the gaps, holes present 
in the binary image. Filling is defined by the following 
equation:- 
 

F(x, y)

= 1− I(x, y),  if (x, y)is on the border of I
0,  otherwise  

               (8) 
Where, I is a binary image  F is a marker image [18] 
 

D. Tumour Segmentation 
Having segmented the liver structure in the CT 
image, next is the proposed automatic method to 
detect the tumor from the liver part. As the tumor in 
the liver having different intensity other than a liver 
part. Therefore the threshold is set to find out the 
tumor part from the liver part. The threshold value is 
set different for different images. If the area which 
exceeds above the threshold value it indicate as a 
tumor region in the liver part.  
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E. Tumour Burden 
The tumor burden is the percentage of the total 
tumour present in the liver. Tumor burden helps in 
monitoring the evolution of disease. Tumour burden 
helps in distinguishing whether the tumour is 
cancerous or non-cancerous. It is calculated by the 
equation (7): - [19] 

Tumour Burden

=  
Sum of the area of total tumour in Liver

Area of the Liver ∗ 100 
          (9)  

The tumour burden helps in calculating the severity 
of the cancer of liver by using the following 
equations: 

Severity of liver cancer
= tumour burden
∗ 10                                (10) 

 
F. Tumour Feature based on Texture(GLCM) 

Tumour feature were automatically computed to 
characterize the detection. It includes size, 
enhancement, shape, texture. Texture analysis is a 
technique for evaluating the intensity of the pixels, 
and their grey-level intensity in the digital image. 
 
Tumour analysis of the tumour can be calculated 
using Grey Level Co-occurrence Matrix (GLCM) 
Method. It is a statistical method of examining 
texture that considers the spatial relation of pixels. It 
is also known as the grey level spatial dependence 
matrix. It allows the extraction of statistical 
information from the image regarding the distribution 
of pairs of pixels. Texture parameters determined are 
as follows: 
 

1. Contrast:- It is a measure of the intensity 
contrast between a pixels and the neighbor 
over the whole image. That is, the ratio of 
the luminance of the brightest color (White) 
to that of the darkest color (Black) in an 
image. A higher contrast ratio is desired for 
the better visualization of the image. It is 
calculated by the equations:- 
 

P , (i, j)
,

 

2. Correlation: - It is a measure of how 
correlated a pixel is to its neighbor over the 
whole image. It provides a correlation 
between the two pixels in the pixels pair. 
The correlation is expected to be high if the 
grey levels of the pixels pairs are highly 
correlated. It can be calculated by the 
following equations:- 
 

P , (
(i − µ ) j− µ

(σ ) σ
)

,

 

3. Energy: - It measures the repeated pairs. The 
energy is expected to high if the occurrence 
of repeated pairs of pixel pairs is high. It is 
also called as uniformity. It can be 
calculated by the equations:- 

P ,
,

 

4. Homogeneity: - It measures the closeness of 
the distribution of the elements in the 
GLCM to the GLCM diagonal. It can be 
calculated by the equations:- 

P ,

1 + (i − j)
,

 

G. Tumour Feature based on Shape(contour 
signature) 

Shape of an object is nothingbut distances of all the 
points on its boundary from some reference point. 
This reference point is a centroid (centre of mass) of 
an object Centroid of object does not change though 
object is rotated. For circle, distance from the 
centroid to its boundary is equal but for irregular 
shape distance is different. So, to find the distance 
between centroid to its boundary, contour signature is 
applied for the irregular shape such as for liver 
tumour. 
 
A signature is a method that represents a contour 
using a one-dimensionalfunction. A signature consists 
of a vector, where each element contains the 
distancefrom the centroid of the region to the pixels 
in the boundary. 
 
In our proposed method we have considered those 
points on the boundary of the object which are 
separated by angle of 10 degrees. All the angles are 
measured from centroid of the object. Thus we have 
calculated 36 distances corresponding to 36 different 
angles separated by 10 degrees. 
 

H. Classification of Liver tumour 
Liver tumour is classified as benign and malignant 
tumour. So it is classified based on feature of the 
tumour based on the texture, shape by using GLCM 
and Contour Signature. In this proposed work we do 
experiment on the various image which gives the 
distinct result so we set the threshold value for the 
benign and malignant tumour. In GLCM, energy 
parameter gives distinct results.  
 
The graph shown by using contour signature gives the 
clear idea between benign tumour and malignant 
tumour. Likewise, distinct value shown by the texture 
feature gives the clear idea between the benign and 
malignant tumour.  
 

Along with energy parameter from GLCM, plot from 
contour signature, standard deviation also gives 
distinct results between benign and malignant 
tumour.  
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IV. RESULTS 
 
The datasets were acquired from EMS Memorial Co-
operative Hospital & Research Centre, Kerala. We 
performed our experiments on a variety of CT images 
stored as jpeg image 630 by 630 pixels on 32 bit 
desktop PC (1.80 GHz Core2 2GB of RAM). The 
results shown in the images had fast and reliable 
segmentation by our method as shown in below 
figures. 
 

 
Figure 2. (a):- Original CT image; Figure (b):- Preprocessed 
image; Figure(c):- Liver Segmentation Image; Figure (d):- 

Tumour Segmentation Image. 
 

Serial No. Images Tumour Burden 
(%) 

1 Image 1 6.131 

2 Image 2 No tumour found 
3 Image 3    7.05234 

4 Image 4 No tumour found 

5 Image 5    3.20578 
6 Image 6    4.52737 
Figure 3:- Tumour Burden Analysis 

 

 
Figure 4:- Statistical Parameters from GLCM 

Serial 
No. 

Images Tumour Standard 
Deviation 

1 Image 
1 

Tumour 
1 

Tumour2 

0.2728 
0.1348 

2 Image 
2 

_____ ______ 

3 Image 
3 

Tumour 
1 

Tumour 
2 

0.361 
0.1608 

4 Image 
4 

______ ______ 

5 Image 
5 

Tumour 
1 

Tumour 
2 

0.513 
0.3370 

6 Image 
6 

Tumour 
1 

0.0975 

Figure 5:- Standard Deviation of the Tumour in the Liver 
 
From the above three table classification can be done 
through two parameters because it gives distinct 
results 

Image
s 

Tumou
r 

Standard  
Deviatio
n 

Energ
y 

Malignan
t/ 
Benign 

Image 
1 

Tumou
r 1 

Tumou
r 2 

0.2728 
0.1348 

0.282
7 
0.304
7 

Malignan
t 
Malignan
t 

Image 
2 

No 
tumour 

_____ ____ Healthy 
Liver 

Image 
3 

Tumou
r 1 

Tumou
r 2 

0.361 
0.1608 

0.244
0 
0.239
6 

Malignan
t 
Malignan
t 

Image 
4 

No 
tumour 

_____ ____ Healthy 
Liver 

Image 
5 

Tumou
r 1 

Tumou
r 2 

0.513 
0.3370 

0.341
5 
0.238
2 

Benign 
Malignan
t 

Image 
6 

Tumou
r 1 

0.0975 0.305
9 

Malignan
t 

Figure 6:- Two parameters are used to distinct the tumour as 
malignant and benign  

 
CONCLUSION 
 
The proposed method to segment Liver from 
abdominal CT image is based on region growing 
method gives an effective and efficient results. The 
tumour segmentation from Liver is done by applying 
thresholding. Besides, morphological operation is 
applied to get a fast and accurate Liver and tumour 
segmentation. Tumor burden helps in monitoring the 
evolution of disease. Texture and shape feature is also 
find by using GLCM and Contour Signature method 
respectively. From proposed method two parameters 
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gives distinct result which distinguish into malignant 
and benign tumour and they are standard deviation 
and energy. 
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