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Abstract: It is important to know about the ovarian status for fertility related treatments. Ultrasound imaging of ovaries 
gives the important information about shape, position, size, no of follicles and presence of cysts etc.  In this paper a method 
is proposed to identify whether the ovary is normal or cystic ovary. In preprocessing stage the Gaussian low pass filter is 
applied for image denoising. Region based active contour without edges is used for the segmentation, then morphological 
operations are applied for removing unwanted regions. The geometrical features extracted from the segmented image are 
applied for the k-NN classifier to classify whether the image is normal ovary or cystic ovary. 
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I. INTRODUCTION 
 
Ultrasound comes from a machine that creates an 
image of the inside of our body. Ultrasound pictures 
are made from sound waves which are too high 
pitched to hear by the human ear. The sound waves 
travel through the skin and are focused on a certain 
part of our body by a scanning device called a 
transducer. Ultrasound is different from X-rays 
because it does not use radiations, this makes it safer 
for the human body. 
 
Ultrasound image has a wide array of clinical 
applications. In gynecology medicine frequent 
observation of ovarian follicles is necessary for the 
diagnosis of ovarian dieses like cystic ovarian 
syndrome and infertility treatments etc. The 
symptoms of infertility are ovulation disorders, 
improper secretion of FSH (Follicle Stimulating 
Hormone) and LH (Luteinizing Hormone), Cessation 
of menstrual cycle in early stages, failure of 
implantation and defects in fallopian tube etc.  The 
first step in the treatment of infertility is to determine 
status of ovarian growth. 
 
The ovaries are two small organs about the size of a 
thumb, which are attached to the uterus. The ovarian 
follicles are fluid filled structures, the outcome of 
ovarian evaluation gives three types of ovaries 
namely normal ovary, cystic ovary and polycystic 
ovary. Normal ovary consists of maximum of 5 to 10 
follicles of size 2mm to maximum 28mm diameter. A 
cystic ovary also consists of fluid filled structures but 
these follicles are of size 3 to 4 inches some time 
more than 4 inches. A polycystic ovary consists of 
more than 10 follicles with the size less than 8 mm 
diameter. 
In, the authors have proposed detection of cysts in 
ultrasonic images of ovary. Original ultrasound image  
 

 
is used as input. Ultrasonic images may be affected 
by noise in different stages of image processing. 
Therefore image denoising is performed using a soft 
thresholding in wavelet domain. Using Contrast 
enhancement technique, the edges of the follicles are 
easily identified and sharpened. Fuzzy C means 
clustering algorithm is applied to the contrast 
enhanced image. A finite collection of pixels in an 
image are partitioned into a collection of “C” fuzzy 
clusters with respect to a given criterion. Based on the 
feature values, segmentation is performed. This 
algorithm makes the detection of cysts easier and less 
time consuming. They can reduce the burden of 
experts. Within a small period of time, ultrasonic 
images of a number of suspected patients can be 
screened. In, the authors have proposed ovarian 
ultrasound image analysis follicle segmentation. In 
this paper follicle, the ultrasound image of mature 
follicles and manual tracing of the follicular wall 
inner, outer boundary sub images are considered for 
the study. This method utilizes a priori information 
about follicle wall structure for detection of the strong 
follicle inner wall and weaker wall outer border. This 
method involves 4 steps: 1) Watershed segmentation. 
2) Interactive selection of the follicle of interest. 3) 
Inner border detection. 4) Outer border detection. 
These multistep automated methods facilitate 
accurate inner and outer border detection with 
minimum user interaction. The automated method 
demonstrates good accuracy when compared with 
manual method.  
 
In, the authors have proposed follicle detection and 
ovarian classification in digital ultrasound images of 
ovaries. The method uses Gaussian low pass filter for 
preprocessing, canny operator for edge detection and 
segmentation, the 3σ-intervals around the mean for 
the purpose of classification. The experimentation has 
been done using sample ultrasound images of ovaries. 
It yields better classification results. In authors have 
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proposed computer assisted detection of polycystic 
ovary morphology in ultrasound images? The method 
involves three steps: 1). Automatic segmentation of 
follicles using a mathematical methodology called 
steriology, 2) Storing the follicle attributes as feature 
vectors and 3) The classification of the feature 
vectors into two categories i.e. PCO present/PCO 
absent. The accuracy of follicle segmentation is 
measured by comparing manual segmentation 
generated by human expert. The results of this 
method offer the promise of deploying a robust 
automated screening system for PCO which will 
improve the rapidity of the diagnosis.  
 
In, the authors have proposed automatic detection of 
follicles in ultrasound images of ovaries using active 
contours method. The ultrasound image of the ovary 
with follicle was considered for the study. The 
method consists of 4 stages, preprocessing, 
segmentation, feature extraction and classification. In 
preprocessing stage authors have used the more 
efficient speckle reduction method based on the 
contourlet transform for denoising medical ultrasound 
images.  In the segmentation stage, authors use the 
active contour without edges method. In feature 
extraction stage seven geometric features are 
extracted. The experimentation is done using the 90 
sample ultrasound images of ovaries, out of which 45 
images are used for training phase and 45 for testing 
phase. They performed 10 fold experiments for the 
classification and the average follicle detection rate is 
computed. In, the authors have proposed automated 
analysis of ovarian ultrasound images segmentation is 
done on ultrasound images based on optimal 
thresholding but does not give optimal results. In, the 
authors have proposed segmentation of ovarian 
ultrasound images using cellular neural networks. 
They employed cellular automata and cellular neural 
networks for segmentation, but the drawback of this 
method is the difficulty in determination of required 
parameters for the segmentation. In, the author has 
proposed automated ovarian classification in digital 
ultrasound images using Support Vector Machine 
(SVM). Original ultrasound images of ovary are 
considered for the study. Contourlet transform was 
used in preprocessing, active contour without edge 
for segmentation and SVM for classification. The 
experiment was done on 70 samples and the results 
are compared with medical expert.  
The algorithm presented in this paper detects the 
boundaries of all dark regions in the ultrasound image 
using active contour without edge segmentation 
method. Further seven geometrical features are 
extracted, then k-NN classifier is used to classify the 
medical ultrasound image as normal or cystic ovary.                          
 
II. PROPOSED METHODOLOGY 
 
It is important to know about the status of the female 
reproductive system for addressing fertility problems 

and age related family planning. Now a days these 
fertility related incidences in our emancipated society 
is steadily increasing. Monitoring follicles is 
especially important in human reproduction. Today, 
the monitoring of follicles is non-automatic, i.e. with 
human interaction. This work can be very demanding 
and inaccurate. The main goal of the study is 
determination of ovarian status to detect cysts in the 
ovaries. The Fig.1 shows proposed method for the 
detection of cysts in ultrasound images of the ovary. 

 
Fig.1 Overview of the methodology. 

 
Medical Ultrasound image of ovary: Abdominal and 
transvaginal ultrasound imaging of the follicles in the 
ovary gives important information about the ovarian 
aging, i.e. number of follicles, size, position and 
response to hormonal stimulation. Original ultrasound 
image of the ovary is considered as input.  
 
Preprocessing: Ultrasonic images are affected by 
noise in different stages of image processing due to 
air gap between transducer and body part or a 
disturbing type of noise is the speckle noise. 
Therefore in preprocessing stage image denoising is 
performed by filtering, three different filters namely 
Gaussian low pass filter, Sobel, Prewitt and Laplacian 
filters. Denoised image is used as input for histogram 
equalization for the contrast enhancement of image. 
This process brightens the appearance of image. 
Further, we apply negative transformation on the 
histogram equalized image to increase intensity 
values of regions of interest. 
 
Segmentation: The negative transformed image is 
used as input for the segmentation. For segmentation 
active contour without edges method is used. The 
method begins initializing every pixel in the mask 
with local interior and exterior statistics. The result of 
the segmentation consists of region of interest. Later 
any unwanted regions are removed by the 
morphological operation. The regions in segmented 
image having smaller area than threshold are 
removed and holes are filled.  
 
Feature extraction: The segmented image is used for 
the feature extraction. The feature extraction is 
necessary because they provide useful region 
descriptors for the classification of ovaries. Since the 
follicles resemble like circular/ellipse they can be 
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characterized by the seven geometric features 
namely, the ratio R of major axis length to minor axis 
length, minor axis length M, compactness C, 
circularity Cr, Tourtocity T, Centroid C=(Cx,Cy), and 
the Extent Ex. 
 
Classification: The classifier used here is k-NN (K-
nearest neighbor) classifier. The k-nearest neighbor 
algorithm is a non parametric method used for 
classification. The input consists of the K-closest 
training examples in the feature space. In k-NN 
classification, the output is a class membership. An 
object is classified by a majority vote of its neighbors, 
with the object being assigned to the class most 
common among its k-nearest neighbors (k is positive 
integer, typically small) then the object is simply 
assigned to the class of that single nearest neighbor. 
The training phase of the algorithm consists only of 
storing the feature vectors and class of the training 
samples. During classification phase all the geometric 
features are extracted, these features are used as a 
knowledge base for testing phase. 
 
2.1 Feature extraction 
Follicles or cysts in ovary are nearly spherical 
structures. These structures can be characterized by 
the geometrical features. There are different 
geometrical features. For the proposed method we 
consider minimum seven geometrical features, 
namely the ratio R of major axis length to minor axis 
length, minor axis length M, compactness C, 
circularity Cr, Tourtocity Tr, Centroid C=(Cx,Cy), 
and the Extent Ex. The ratio gives useful region 
descriptor for the follicle regions. Since follicles are 
spherical structures they have low compactness value 
(14 to 50). As the follicles resemble like 
circular/elliptical shape, the circularity also is one of 
the region descriptor (0.4 to 0.8). Tourtocity can be 
defined as ratio of majoraxislength to perimeter, 
which varies from 0.2 to 0.4. The extent is ratio of 
pixels in the region to the pixels in the region of total 
bounding box i.e. area of follicle region divided by 
area of bounding box of the follicle region, the extent 
varies from 0.5 to 0.8. The centroid is required 
because follicles or cysts are likely to occur at the 
center of the fan area. Since follicles or cysts are 
circular/elliptical, the minor axis length gives 
diameter information. 
We denote, 
 
Ratio(R) =majoraxislength/minoraxisLength.         (1)                                           
Tortoucity (Tr) = majoraxislength/perimeter.          (2)                                     
Circularity (Cr) = (4*3.142*Area)/ (permeter)2.      (3)                                                                                                                                       
Compactness (Com) = (permeter)2 /area.                 (4)                                                       
Centroid (Cen) = (Cx, Cy).                                      (5)                                                                    
Extent= pixels in the region/pixels in the total 
bounding box.                                                          (6) 
M= majoraxislength.                                                (7)                                                                                           
2.2 Region based active contour method (ACM):  
Image segmentation is a fundamental problem in 

image processing. There are many techniques, among 
which the region based ACM is one of the most 
successful methods. The basic idea of ACM to extract 
the desired object based on some constraints. Region-
based ACMs have the following characteristics. 
1.Region- based models uses the statistical 
information about the interior and exterior of the 
contour, which are less sensitive to noise. 2. They are 
significantly less sensitive to the location of initial 
contour and then can efficiently detect the exterior 
and interior boundaries simultaneously.  
 
One of the most popular region-based models is the 
Chan Vase(C-V) model. The C-V model has the 
global segmentation property to segment all objects 
in an image. For a given image I in domain Ω, the C–
V model is formulated by minimizing the following 
energy functional: 
  
퐸  =휆    ∫ 푖푛푡푒푟푖표푟(퐶)|퐼(푥)− 퐶    |푑푥 +
                휆    ∫ 푒푥푡푒푟푖표푟(퐶)|퐼(푥) − 퐶  |푑푥 ,푥휖Ω                        (8)  
                                                                                    
Where c1 and c2 are two constants which are the 
average intensities interior and exterior of the 
contour, respectively. With the level set method, we 
assume 
 
          C= {x Ω: Φ (x)=0}, 
          Interior(C) ={x Ω: Φ(x)>0},                                            (9) 
          Exterior (C) = {x Ω: Φ(x) <0}.                                         
(10) 
 
The two constants C1 and C2  are defined as follows. 
 
           C1 ( )  =∫ ( ). ( )Ω

∫ ( )Ω
                                   (11) 

          C2 ( )  =  ∫
( ).( ( ))Ω

∫ ( ( ))Ω
                         (12)  

 

 
Fig.2 demonstration of contour 

 
In the Fig.2, the image domain is partioned into Ω 
and Ωb, the object areas are S and Sb. The contour is 
set around the object S, for a given contour C, 휙(x,y) 
is defined as the signed distance function from C, 
where outside C the sign of 휙(x,y) is negative. The 
signed distance function determines the distance of a 
given point x from the boundary of Ω, with the sign 
determined by whether x is in Ω. The function has 
positive values at points x inside Ω, it decreases as x 
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approaches the boundary of Ω and the signed distance 
function reaches zero. It takes negative values outside 
of Ω region.                                                     
The level set function is calculated as follows. 
 
 =  훿(휙)[휇∇ ∇

|∇ |
− 푣 − 휆 (퐼 − 퐶  )   + 휆  (퐼 − 퐶  ) ]      (13) 

 
where µ>= 0; v>= 0; λ1> 0; λ2 > 0 are fixed 
parameters, µ controls the smoothness of zero level 
set, v increases the propagation speed, λ1 and λ2 
control the image data driven force inside and outside 
the contour, respectively. ∇ is the gradient operator. 
 
The steps involved in the process of segmentation are 
represented by Algorithm 1 
Algorithm 1. 
Input: Preprocessed ultrasound image of ovary. 
Output: Image is classsified as normal or cystic 
ovary. 
Step 1. Initialize the level set function. 
            Given an image I, an initial level set function   
            ∅ , Set ∅= 0 using Eq.(8). 
Step 2. Compute c1(∅) and c2 (∅). 
            for k = 1: numIterations 
             compute c1 and c2 for the current ∅. 
Step 3. Update ∅ using the Chan-Vese iteration 
Step 4. Reinitialize ∅ to the signed distance function    
            to its zero contour. 
Step 5. Check whether the evolution of the level set  
             function has converged. If not, return to    
            Step 2.   
Step 6. Use segmented image for feature extraction. 
Step 7. Apply k-NN classifier with k=3 and distance   
            metric as ‘correlation’. 
Step 8. Stop. 
 
III. EXPERIMENTAL RESULTS 
 
The experimentation is carried out using medical 
ultrasound images of ovary. The proposed method is 
implemented on the Intel core i5 system with 4 GB 
RAM, 2.50 GHz processor and using MATLAB 7.9 
software. The images are obtained from publically 
available websites [www. Ultraso undimagegallary. 
com;www.sonoworld.com].The data set consists of 
26 normal ovary images and 28 cystic ovary images. 
Out of 54 images 44 images are used for training 
phase and 10 images are used for testing phase. The 
sample medical ultrasound image of normal and 
cystic ovary are shown in Fig. 3 (a and b). 

       
(a)                           (b) 

           Fig. 3(a) Normal ovary,(b) cystic ovary. 

Initially in the preprocessing stage, grayscale 
ultrasound image is considered as input. The log 
transform is performed on image for converting 
multiplicative spekle noise into additive noise. Then  
denoising is performed using various filters namely 
Sobel, Gaussian, Prewitt and Laplacian. The fig.4 
shows various filtering results. In the case of a 
Gaussian filter, the intensity at each pixel around the 
central one is weighted according to a gaussian 
function prior to performing a box average over the 
region. Sigma refers to the standard deviation of the 
gaussian with units in pixels. For the proposed 
method the filter size 5X5 and empirically 
determined standard deviation sigma   of 2 is used. 
From Fig.4 it is observed that, optimal despeckling is 
found using Gaussian filter Fig.4(c). After 
despeckling, the histogram equalization is performed 
for the contrast   enhancement. 
 

   
         (a)                        (b)                       (c) 

     
          (d)                          (e) 
       
Fig 4. (a) Original image,(b)Sobel,(c) Gaussian, (d) Prewitt, (e) 

Laplacian filter. 
 
 Fig.7 (b) and (g) shows the resultant images after 
histogram equilization. Further negative 
transformation is performed to increase intensity of 
the follicles regions. Fig.7 (c) and (h) shows negative 
transformed images. 
 
For the segmentation negative transformed image is 
used as input. The proposed method uses region 
based active contour without edges Chan Vese 
algorithm. The proposed model uses global image 
intensities interior and exterior of the contour and is a 
geometric active contour model which begins with a 
contour according to level set function. Level set 
functions are the tools that perform contour evolution. 
We define function ∅=(x,y)  as level set function, 
where (x,y) are coordinates in the image plane, the 
level set function defines contour and image 
segmentation. Segmentation is given by the two 
regions {∅>0 and ∅<0}. ∅>0 inside the contour ∅<0 
outside the contour.                                                                              
 
Further, in each step, we need to reinitialize Φ(x) to 
be the signed distance function to its zero level set. 
This procedure prevents the level set function from 
becoming too "flat"(blurring).  The fig.4 shows the 
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experimental results of proposed segmentation 
method. Fig.5 (a) shows the negative transformed 
input image having the size 229X143 pixels. The 
Fig.5 (b) is the initial contour, with the object is 
surrounded by the contour. The white region shows 
the contour 휙>0 and black region shows contour 
휙<0. Fig.5(c) shows the corresponding segmentation, 
the evolution of the level set function converges in 
200 iterations. Many unwanted spurious regions are 
removed by the morphological erosion. Fig.5(d) 
shows recognized region outlined in white as cystic 
ovary.   
          

      
       (a)                            (b) 

     

       
              (c )                              (d) 

Fig.5 (a)Negative transformed image,(b) Initial contour,(c) 
&(d) segmetation results 

 
Further the following geometric features are 
extracted. The geometric features, ratio R of major 
axis length to minor axis length, minor axis length M, 
compactness C, circularity Cr, Tourtocity Tr, 
Centroid C= (Cx,Cy),  and the Extent Ex are 
computed for each segmented region of input image. 
The k-NN classifier is used to classify ovary as 
normal or cystic ovary. The number of nearest 
neighbors used in the classifier is k=3, and distance 
metric ‘correlation’ is used. The images after 
classification are as shown below. 
 

 
(a)                      (b) 

Fig.6 (a) Cystic ovary (b) Normal ovary 
 

 
(a)                     (f) 

 
(b)                    (g) 

 
(c)                      (h) 

 
(d)                       (i) 

 
(f)                        (j) 

Fig.7(a) and ( f) original ultrasound image of cystic ovary and  
normal ovary, (b)and (g) Histogram equalized images, (c) and 

h)negative transformed images, (d and i) segmented image 
after applying active contour without edges method and 
unwanted regions are removed,  (e and j) Super imposed 

images. 
 
The experimentation shows, the percentage of 
accurate classification as 80% for the normal ovary 
and 83% for cystic ovary. The Table1 shows the 
comparison of experimental results of the proposed 
method in consultation with the medical expert. 
However the false acceptance rate (FAR) is 20% for 
normal ovary and false rejection rate (FRR) is 17% 
for cystic ovary. The rate of accuracy obtained for 
classification of medical ultrasound image of the 
ovary is found to be better compared to literature. 

 
Table 1.Experimental results for classification accuracy of the 

proposed method. 
Ovary 
type 

No.of 
test 
images 

No.of 
correctly 
classified 

Manual 
detection 
by expert 

Type 1 
error 
(FAR) 

Type 2 
error 
(FRR) 

Normal 
ovary 05 04 05 20% - 

Cystic 
ovary 06 05  - 17% 

 
*Type 1 error- ovary is normal ovary but recognized as cystic  
(20%). 
**Type 2 error- ovary is cystic ovary but recognized as normal 
(17%). 
 
CONCLUSION 
 
A method is proposed for the classification of normal 
ovary and cystic ovary in ultrasound image of 
ovaries. The method employs Gaussian low pass filter 
for denoising, histogram equalization and negative 



International Journal of Advances in Electronics and Computer Science,   Volume-1, Issue-1, Oct.-2014 

Finding Of Cysts In Therapeutic Ultrasound Images Of Ovary 
 

25 

transformation for contrast enhancement, active 
contour without edges method for segmentation and 
morphological erosion. The k-NN classifier is used to 
classify image as normal or cystic ovary. Within a 
small period of time the proposed method detects 
cysts and reduces the burden of medical experts. 
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