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Abstract. In the female reproductive system, ovary plays a major role. The diseases
caused by ovaries are ovarian cysts, ovarian cancer, menstrual cycle disorder and
polycystic ovarian syndrome(PCOS). PCOS in women mainly causes infertility. The
method of analyzing a polycystic ovarian image varies with every individual patient and
a great deal for the image analyst to segment the cyst. This paper reviews several
segmentation algorithms like Level set algorithm, K-means clustering and Adaptive
thresholding segments the ovarian cyst from the ultrasound images exactly. The four
parameters such as accuracy, jaccard coefficient, precision, and sensitivity are used for
the evaluation of segmentation processes.
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1. Introduction

In the field of medical science, image processing plays a dynamic role. Polycystic
Ovarian Syndrome is a medical disorder that affects the ovary. It appears after the
puberty stage in women [1]. If this condition persists for a longer period, it leads to
severe complications. Various Imaging modalities like CT, MRI, and Ultrasound
imaging are the source tools to diagnose and study the various types of diseases [2].
Ultrasound imaging is the applicable imaging modality for the diagnosis of PCOS,
due to its high sensitivity and moderate specificity. Ovarian cyst ultrasound images
has to be segmented accurately because it contains multiple follicles combined. Before
segmenting the follicles, the ultrasound images are pre-processed for the enhancement
and removal of noise [3]. Next, ovarian cysts are segmented using a Level set
algorithm, K-means clustering, and Adaptive thresholding method. The performance
of these algorithms is evaluated by using accuracy, jaccard coefficient, precision,
sensitivity [4]. Finally, this paper ends with the conclusive comment that the best
segmentation is achieved using the Adaptive Thresholding technique.
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2. Segmentation

In medical image processing segmenting an image is a crucial process, as these
images will be in digital form and they are separated into various pixels. The
characteristics of each pixelcan be categorized based on texture, intensity, colour,
regions [5-6]. Many researchers came up with various segmentation algorithms. But
the segmentation of ultrasound Polycystic Ovarian images is still a difficult task.
Commonly used segmentation algorithms are discussed below:

2.1 Level set algorithm

2.2 K-means clustering

2.3 Adaptive thresholding

2.1 Level Set Algorithm

Several level sets are generally used in segmentation. It governs the topological
change with greater computational ability (Qian & Weng, 2016). The key idea of this
formula is expressed as a set of zero level function, then level determination function
is integrated into the expression of evolution of the curve [7]. Finally, the measure of
curve evolution is attained by changing its zero level set function.
A point on the curve is always satisfied by the following equation:

p(x,y,t) =0 ey
By differentiating this equation with respect to t, gives :

d d
Pt Pt Py =0 2)
By the chain rule, the expressions are attained below:
o — FlAp| =0 3)
By partial differential equation it is concluded as follows:
p(x,y,t) = td (4)

F — speed of the curve at every point. F contains on-board information images C (X,
Y). When the border object is nearer to the curve, C (X, Y) makes F to be zero, and
finally, at the edge of the object the curve will be terminated.

The velocity function F:

F = C(x,y)(Fo + F(k)) )
1

CEY) = i ©)

k=A22 7)

Fy = +1.0 - basic speed expansion rate of reduction.

F = positive, then the contour will get reduced.

F = negative, the outline will shrink.

F (K) = - €K — curvature velocity and the corresponding speed ¢ is related to the
smoothness of the contour. If the value of € increases, will get a smoother outline.

Gy * I(x,y) - convolution of the image, the Gaussian Filter and size of ¢ must be
selected according to image position. To complete the curve border, M must have
greater value. If the value of m is too small, the curve will terminate at the edge or a
local maxima of the gradient.
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2.2 K-Means Clustering

K-means is a clustering algorithm that works on the grouping or classification of the
substances by their attributes in K number where K is a positive integer (Sarpe, 2010).
The algorithm mainly concentrates to minimize the objective function:

J =5 v xk? = ¢ )

; 2
9 — of || is the distance measure

Where, ||x;
x;0) is data
¢j is cluster
The distance measure by Euclidean is given by,

Y/
d(xi' xj) = (Z%:l (xiK - ij)) ? ©
This algorithm undergoes certain steps. They are pointed below:
Fix the number of clusters as K;
Then, randomly select K pixels representing the initial groups of centroids;
The group which has closer centroid will be assigned with a pixel value;
All the pixels will get allocated only after the centroids are calculated again.

2.3 Adaptive Thresholding

Adaptive thresholding is a segmentation technique done on the basis of histogram,
which calculates the threshold value without any external assistance. According to the
range of histogram multiple thresholds values are fixed(Upadhyay et al., 2016). But
only one threshold value is required to separate two regions. In image processing, the
images can be represented with pixel values and their intensity. If the level of intensity
lies below the threshold value then it has to be assigned again.
Mathematical equation for thresholding is given by,
_ LIG,y) > T(x,y)

fey) =] 0, otherwise (10)
Where, f (x,y) is the binary input image I (x,y) and threshold T (x, y)
of the image is determined from the histogram values. The pixel above the threshold is
set to 1 otherwise 0.

3.Image Assessment Parameters

During the segmentation of the ovarian cyst, there is a chance of merging two cysts as
they are smaller in size. In the medical field, it is important to segment the images
accurately for proper analysis and early detection of PCOS[8].

Evaluation parameters like Accuracy, Jaccard co-efficient, Precision, Sensitivity

(Prabha & Kumar, 2016) are determined using following expressions,
TP+TN

Accuracy = m (11)
__|AnB|
Jaccard = \Aus| (12)
.. TP
Precision = TPFP) (13)
Sensitivity = TP (14)

(TP+FN)
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where, A= Ground truth image, B= Segmented image
TP= True positive, TN= True negative, FP= False positive, FN= False negative

4. Importance Of Segmentation Techniques

As the region of interest and background having similar grey levels in the ultrasound
images, it will be a tedious process for the physicians to segment the cyst accurately.
If the count of follicles is not calculated correctly then the doctor may misdiagnose the
patient. To overcome this issue segmentation has to be done precisely [9-11]. The
following figure-1 shows the overall segmentation process.
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Figure 1. Segmentation Process

5. Result And Discussion

The entire image processing work is carried out in Intel Core i3-7020U CPU
@2.4GHz and the simulation results are observed using MATLAB R2019b. The
sample image of size 150X200 pixels is segmented. The performance of various
segmentation algorithms are compared quantitatively using Accuracy, Jaccard
coefficient, Precision, Sensitivity. The output values obtained for this image are
presented in the following Table-1. The plot for the estimation of parameters is shown
in Figure-2.

Table 1. Performance analysis of segmentation algorithms

SEGMENTATION ANALYSIS

ALGORITHM ACCURACY | JACCARD | PRECISION | SENSITIVITY
ADAPTIVE THRESHOLDING 0.7084 0.7731 0.4883 0.9796
K-MEANS CLUSTERING 0.674 0.5868 0.2665 0.9392
LEVEL SET 0.5377 0.2382 0.0146 0.0099
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Figure 2. Comparison of segmentation methods

6. Conclusion

In this paper, various segmentation techniques have been analyzed. This paper has
been written on the observation of accurate segmentation of ultrasound PCOS images.
From this comparative study, it is concluded that the adaptive thresholding method
segments the ovarian cyst exactly from the ultrasound images.
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