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Abstract— Abdomen/Liver cancer is the rapid creation of
abnormal cells that grow beyond their usual boundaries and
spread to other organs. Computer aided technique helps to
identify the shape and the distribution of cells of tumor
automatically without human intervention resulting in early
diagnosis. The work in this paper presents an image processing
pipeline, consisting of noise reduction, feature extraction by
image segmentation, morphological operations to extract the
region of interest i.e. tumor. Two segmentation techniques,
namely, region growing and Otsu segmentation are
implemented to extract the area of abdomen/liver containing
tumor from the CT images. The performance of both the
methods performed on local data set of CT liver images is
compared with the ground truth and it has been observed that
the region growing segmentation technique yielded better
results. An accuracy of 87.5% with specificity and sensitivity of
66.66% and 94.44 respectively has been observed for region
growing method.
Index Terms— Region growing and Otsu segmentation
methods.

I. INTRODUCTION
Image segmentation is the process of partitioning an image
into regions. It is the most essential and crucial process for
facilitating the delineation, characterization and
visualization of regions of interest in medical imaging. The
main goal of segmentation is to represent an image to be
more meaningful and easier to analyze. The result of image
segmentation occurs as a set of regions that collectively
covers the entire image [1]. Despite intensive research,
segmentation remains a challenging problem due to diverse
image content, cluttered objects, occlusion, image noise,
non-uniform object texture and other factors [2,3]. Numerous
algorithms and techniques have been proposed in the
literature for image segmentation [4]. In particular,
histogram based method, edge based method, artificial
neural network based segmentation method, physical model
based approaches, region based methods ( region splitting,
growing and merging) and clustering method (fuzzy c-means
clustering, k-means clustering, Means shift and Expectation
Maximization techniques) are adopted in medical image

segmentation [5-8]. Medical image segmentation is difficult
and challenging problem due to poor, contrast, complex
nature of medical images and image

segmentation methods. Image segmentation methods are
depends on imaging modality, image feature and dimension
[9-11].
In this paper, we explore the two popular
segmentation techniques, namely, region growing and Otsu
for detection of tumor from CT liver images and compare
their performance with the ground truth [12-16].
When healthy cells change and grow out of control, they
form a mass called a tumor. A tumor can be malignant or
benign. The cancerous tumor is malignant, meaning it can
grow and spread to other parts of the body. A benign tumor
means the tumor can grow but will not spread. Liver cancers
can be categorized as Hepatocellular Carcinoma (HCC),
Cholangiocarcinoma and Angiosarcoma. Approximately, in
80% of adults, primary liver cancers are of Hepatocellular
Carcinoma (HCC) and 10 to 20% are of Cholangiocarcinoma
[17]. Many treatments are available depending on tumor
type, size and location, age and medical health of the person
[18, 19]. In India, eighty percent of all Hepatocellular
Carcinoma (HCC) occur with cirrhosis of liver and sixty
percent of all cases are hepatitis B positive carriers [20].
Ultrasonography (US), Computed Tomography (CT),
Magnetic Resonance Imaging (MRI) are the most common
medical imaging techniques used for acquiring CT
abdomen/liver images for study. Computed Tomography
(CT) is the most widely used technique for diagnosing cancer
to conform the presence and size of tumors. By examining
CT images, radiologist can plan and decide the proper
treatment. Analysis of computerized Tomography (CT)
medical images is advantages over human interpreters such
as speed, large knowledge base and non-sensitivity to fatigue
[21].
The aim of this paper is to segment out the tumor from
abdomen/liver image using two popular techniques, namely,
Region Growing and Otsu techniques, and compare their
performance by experimenting on liver and abdomen CT
scan images of local database collected from PRISM
Diagnostic Center, Solapur. Section II presents the related
work. Section III describes the methodology i.e. Region
Growing and Otsu image segmentation techniques in brief.
Section IV focuses on the experimental results of
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segmentation algorithms. Finally, section V presents
conclusion.
II. RELATED WORK
Few of the related work with respect to region growing and
Otsu method available in the literature, is given below.
Chang et. al. [22] presented analysis and comparison of
various threshold based segmentation techniques. Threshold
based image segmentation method differentiate regions on
the basis of intensity value difference between pixels. The
main objective of region growing method is to map
individual pixels called seeds in the input image to a set of
pixels called regions. It was first introduced by Rolf Adams
and Leanne Bischof in 1994 [23]. Wonkai Deng et al. [24]
used region growing method based on gradients and
variances along and inside of the boundary curve. Selection
of initial seed plays an important role in region growing
method because it decides the overall segmentation. To select
initial seed, watershed algorithm was adopted by Jun Tang
[25] to segment the image to calculate no overlapped regions
and then used centroid of region as initial seed. Weihong Cui
et.al.[26] studied the Harris corner detector to calculate
initial seed. But it increases the computation overhead.
Region growing method is based on clustering of
neighboring pixels of a region that specify a specific
assumption [12].
Otsu method selects the threshold value by minimizing the
within class variance of the two groups of pixels which is
separated by the thresholding operator [16]. Otsu method is
mainly used for the reduction of a grey level image to a binary
image [27]. In Otsu method, image contains two classes of
pixels following bimodal histogram. It calculates the
optimum threshold by separating two classes so their inter
class variance is minimal or equivalently.

Otsu method searches for the threshold that minimizes the
inter-class variance, defined as a weighted sum of variances
of the two classes-------------------- 1
weights
are the probabilities of the two classes
separated by a threshold and
are variances of these
two classes.
The class probability
is computed from the
histogram of the image.
and
------------ 2
Minimizing the inter-class variance is equivalent as
maximizing inter-class variance [15].
------------------------------------------------------------------------3
=
------------------ 4
Where,
--------------------------------- 5
------------------------------------- 6
------------------------------------------ 7
Let
be the mean intensity, then
---------------------------------- 8
------------------------------------------- 9
Using discriminant analysis, Otsu method defines the
between-class variance of the thresholded image [15].
Algorithm:
1) Compute histogram and probabilities of each
intensity level.

2) Set up initial
3) Step
through
a) Update

and
all

.
possible

thresholds

and

b) Compute
III. METHODOLOGY

4) Desired

Segmentation techniques include the following stages, in
general.
A) Preprocessing of the image.
B) Segmentation on the preprocessed image.
C) Post processing applied on segmented image.
The two segmentation techniques employed in this paper are
described below. Median filter is used to eliminate the noise
while preserving the tumor edges.
A) Otsu Method
Otsu method was proposed by Scholar Otsu in 1979. It is a
global thresholding method, which is widely used because of
simplicity and effective [15]. Otsu method has better
threshold selection method for real world images with regard
to uniformity and shape measures [28]. Otsu method is
mainly used for the reduction of a gray level image to a binary
image [14]. It assumes that the image contains two classes of
pixels (foreground pixels and background pixels) following
bimodal histogram. It calculates the optimum threshold for
separating the two classes so their inter-class variance is
minimal or equivalently their inter-class variance is
maximum [15-16, 29].

maximum

threshold
.

corresponds

to

the

Otsu method is implemented using greythresh function of
MATLAB, a threshold value is found. Since tumor region is
highly illuminated region, a value of 0.3 is added to the
threshold value computed to correctly identify the tumor
area. The final threshold value obtained is used to convert the
preprocessed image into a binary image. The image is
segmented and is ready for post-processing to obtain final
tumor image which involves repeated use of dilation and
erosion operation [30].
B) Region Growing Method
Region growing is region-based image segmentation method
[23]. It involves the selection of initial seed points. This
segmentation method examines neighboring pixels of initial
seed points and determines whether the pixel neighbors
should be added to the region. The process is iterated on. The
main objective of this method is to partition an image into
regions.
The selection of seed points is based on some user criteria
such as pixels in a certain grayscale range, pixels evenly
spaced on a grid, area, shape, and texture etc. The initial
region begins as the exact location of these seeds. The
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regions are grown from these seed points to adjacent points
depending on region membership criteria such as pixel
intensity, grayscale texture or color [31]. The region growing
algorithm is presented below.
Algorithm:
1) An initial set of small areas are iteratively merged
according to similarity constraints.
2) Select an arbitrary seed pixel and compare it with
neighboring pixels.
3) Regions are grown by adding in neighboring pixels
that are similar from the seed pixel and increasing
the size of the region.
4) If the growth of one region stops then we choose
another seed pixel which does not belong to any
region and start again.
The above steps are repeated until all pixels belong to some
region.
IV. EXPERIMENTAL RESULTS
A) Qualitative Results
MATLAB 8.3 software has been used for implementing the
segmentation techniques. Experiments are performed on
local dataset of CT liver images collected from PRISM
Diagnostic, Solapur, Maharashtra. The results drawn by
respective methods are compared with the images containing
manually segmented tumor regions (Fig. 1). Region growing
technique yielded better results in terms of accuracy for
extracting tumor compared to Otsu technique. Manually
segmented image (the ground truth) is overlaid over the
segmented image output by both the methods. It is observed
that the results produced by region growing are in agreement
with manual segmentation. Sample output images are shown
in Fig.2.

Fig. 2 Sample images of segmented regions obtained
using Otsu and Region growing methods.

B) Quantitative Results
The performances of both the methods are computed in terms
of sensitivity and specificity statistical measures.
a) Specificity:
Specificity computes the proportion of negatives that are
correctly identified as such. It relates the test to detect the
absence of characteristics in someone without the
characteristics. It can be stated as,
------------------ 10)
A highly specific test rarely misses negative outcomes.
Therefore, it is reliable when their result is positive [32].
b) Sensitivity:
Sensitivity computes the proportion of positives that are
correctly identified as such. It relates the test to detect the
presence of a characteristic in someone with the
characteristics [32]. It can be stated as,
------------------ 11)
c) Accuracy:
Accuracy is the proportion of correctly diagnosed cases from
the total number of cases. It can be calculates as,
------------------- 12)
Table. 1 Confusion matrix of prediction level for
Region growing method

Fig. 1 Segmented regions obtained using Otsu and
Region growing methods.

Test
images:24

Condition
Present

Absent

Positive

17 (TP)

2 (FP)

Negative

1 (FN)

4 (TN)

Table.2 presents the values of performance measures
obtained for Region Growing and Otsu techniques,
respectively.

116
All Rights Reserved © 2017 IJARCET

ISSN: 2278 – 1323
International Journal of Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 6, Issue 1, January 2017
Table. 2 Performance measures for test images
Total test images: 24
True Positives (TP)
True Negatives (TN)
False Positives (FP)
False Negatives (FN)
Sensitivity
Specificity
Accuracy

Region Growing
Method
17
4
2
1
94.44 %
66.66 %
87.5 %

Otsu Method
16
3
2
3
84.21 %
60 %
79.16 %

Region growing method yielded better results in terms of the
measures considered compared to the Otsu method. Also, the
percentage accuracy of 87.5% is observed for region growing
method. Below table presents the accuracy presented by
authors in the literature for the methods implemented.

Table. 3 Comparison of methods implemented in
this paper with other authors
Sr.
No.

1
2

3

4

Author

Classification
technique
is
used

Chang et.
al. [23]
Aminah
Abdul
Malek et.al.
[13]
Sheenam
Bansal, Dr.
Raman
Maini [17]
Proposed
Method

Region Growing

%
of
accuracy of
overlaid
images
not available

Region Growing

not available

Otsu
Region Split &
Merge

83.33 %
64 %

Region Growing
Otsu

87.5 %
79.16 %

V. CONCLUSION
Two popular segmentation techniques, namely, region
growing and Otsu are implemented on CT liver/abdomen
images for tumor detection. Experimental results, both
qualitative and quantitative, shows that Region Growing
segmentation technique performs better in extracting the
tumor as compared to Otsu segmentation technique in terms
of test statistic considered. Other parameters, namely
standard deviation and tumor burden are employed in our
previous work [33] showing the significance of region
growing method for tumor detection from CT liver images.
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