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Abstract
Image segmentation is an important tool in medical Image 
processing as it provides information about an object clinically 
in terms of size and shape. Scintigraphy is thyroid diagnostic test 
done in nuclear department. The thyroid scintigraphy images helps 
to determine the size and shape of thyroid. In this paper, three 
segmentation algorithms namely Active contour without edges, 
localized active contour without edges, Distance regularized level 
set are discussed along with their comparison and results.

Keywords
Scintigraphy Images, Segmentation, Active Contour, Distance 
Regularized Level set.

I. Introduction
Thyroid gland is a butterfly shape organ. It is one of the endocrine 
glands. Many medical imaging techniques are used to diagnose 
the thyroid such as :  Ultrasonography, Scintigraphy, Computer 
Tomography (CT) and single- photon emission tomography. 
Among these ultrasonography and scintigraphy are the most 
popular techniques used in medical departments. Ultrasonography 
is a non-invasive and low cost technique preferred by doctors. 
Scintigraphy is diagnostic test which is done in nuclear department 
to calculate the volume of thyroid and to check the active part of 
thyroid. For this test, a radioiodine medicine is given to the patient 
before the test and then the test is conducted using gamma camera 
and only that part of thyroid responds that is in working condition 
and an 2-D image is then formed on the screen.
Segmentation algorithms to process medical images are 
continuously being developed. Several methods for segmentation 
such as Active contour without edges [1], localized region based 
active contour [2], Distance regularized level set (DRLSE)
[3], Variable background active contour (VBAC) [4], adaptive 
segmentation [5] and many more have been developed. These 
algorithms have their own advantages and disadvantages. Among 
these Active contour without edges, localized region based active 
contour, Distance Regularized Level Set (DRLSE) are presented 
in this paper with their application to thyroid. These segmentation 
algorithms are applied on thyroid Scintigraphy images and results 
are also shown along with their comparison. The images are not 
pre-processed or post-processed so as to show the performance 
of the algorithms.
The remainder of the paper is organized as follows: Section II 
discusses the 3 segmentation algorithms. Section III presents 
the results and discussions regarding the algorithms. Section IV 
concludes the paper.

II. Segmentation Algorithms

A. Active Contour without Edges
Active Contour Without Edges (ACWE) [1], is a region based 
method. It tends to separate the image into two homogeneous 
region according to a mean value. Active Contour without Edges 
is a sensitive to initialization. The initial curve can be anywhere 
in the image, and the interior contours are automatically detected. 

Active Contour without Edges detect objects whose boundaries 
are not necessarily defined by gradient or smooth boundaries. It 
seeks for minimum energy E(u, v, C):

  (1)
Where, I:   is an input image. u,v are the unknown  constants 
representing the  average value inside and outside curve. μ and λ 
u, λv > 0 are weights for  regularizing terms and fitting term.

   (2)

   (3)
where, ϕ  signed distance function and it is reinitialized at each  
iteration.
H heavside function.
The evolution equation for initial contour is-

   (4)
Where, 

B. Localizing Region-Based Active Contours
This algorithm is region based. In this method, the feature term 
is computed locally. Due to this property, the algorithm segments 
non homogeneous objects. The foreground and background is 
represented using smaller local regions. This method is sensitive 
to initialization and insensitive to noise. Three type of energies can 
be used with is algorithm namely Uniform Modeling Energy [1], 
Mean separation Energy [7] and Histogram Separation Energy. 
This local region based method detects the region automatically by 
specifying the initial contour. The minimum energy function is:

          

   (5)
B(x,y)→ radius of the ball and is used to mask the local region.
δ→ dirac function, ϕ→  signed distance function
F→ force function, I→ input image
u(x) and v(x) are the two functions updated at each iteration.

   (6)

  (7)

C. Distance Regularized Level Set Evolution
Distance Regularized Level Set (DRLSE) [3], is an edge based 
algorithm which is sensitive to noise. This algorithm has a 
unique effect called forward backward effect which maintains the 
desired shape of the level set function. This algorithm eliminates 
the need for reinitialization due to its distance regularized term 
and reduces the numerical errors. It also reduces the number of 
iterations required for segmentation. The algorithm first filters 
the image using a Gaussian kernel filter and then calculates the 
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energy function as:
  (8)

Rp → level set regularizing term 
   (9)

p is the potential energy [6].
   (10)

    (11)
Ag is used to speed the motion of level set function. Lg is minimum 
when the level set function is at the object boundary.

III. Results and Discussions
Thyroid Scintigraphy images were tested using Active Contour 
without Edges [1]. Localized region based Active contour [2] and 
Distance Regularized Level Set Evolution [3], algorithms. The 
synthetic images with certain specifications have been chosen 
so that they enable us to test the different characteristics and 
performance of the algorithm. The presented algorithms were 
implemented in MATLAB.
It is observed that the contour is converging towards the object 
boundary from iteration to iteration. The final result in terms of 
accuracy in converging to the object boundary is varying from 
one technique to another. It is observed that Distance Regularized 
Level Set Evolution algorithm depends on noise so the image 
should be filtered before applying the segmentation algorithm. The 
other two techniques do not depend on noise. No pre-processing 
or post-processing is done on the images so as to evaluate the 
performance. A comparison of these algorithms is made based 
on various  parameters. shown in Table 1. From the comparison 
it is evident that each algorithm has its own advantages and 
disadvantages. Active contour without edges [1], should be applied 
for homogenous images. Localized region based active contour [2]   
should be used for non homogeneous images as it uses local region 
for segmentation. Distance Regularized Level Set Evolution [3], 
should be used  when the  images are filtered and moreover there 
are less numerical errors using this method.

 
                    (a)              (b)

 
                  (c)        (d)
Fig. 1: (a). Shows The Input Image, (b). Shows The Results After 
ACWE, (c). Region Based Active Contour, (d). DRLSE

 
                 (a)     (b)

 
                (c)   (d)
Fig. 2: (a). Shows The Input Image, (b). Shows The Results After 
ACWE, (c). Region Based Active Contour, (d). DRLSE 

Table 1: Comparison of Segmentation Algorithm

Parameters

Segmentation Algorithms

Active Contour 
without Edges 
[1]

Localized region 
based Active 
contour [2]

Distance 
Regularized 
Level Set 
Evolution [3]

Nature Region based Region based Edge base
Iterations 200 400 260
Noise 
sensitivity No No Yes

Advantage

Detect 
objects even 
in smooth 
boundaries

Uses local 
region for 
segmenting 
images with 
variable 
background

Does not 
need re-
initialization  
and less  
numerical 
error

Disadvantage
 Segments 
homogeneous 
objects

Requires re-
initialization

Noise 
sensitivity

IV. Conclusion
In this paper, several algorithms for thyroid segmentation were 
presented such as Active Contour without Edges, Localized region 
based Active contour, Distance Regularized Level Set Evolution 
Furthermore, the results of thyroid scintigraphy images are 
presented and the algorithms were compared.  The best algorithm 
is localized based active contour as it segments non homogeneous 
images and does not depend on noise and accurately segments the 
thyroid based on local region properties rather than global region. 
The other two algorithms are also suitable for segmentation but 
Active contour without edges is suitable only for homogeneous 
images and Distance regularized level set method is suitable as 
provides less numerical errors and moreover it produces irregular 
boundaries in presence of noise. 
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