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ABSTRAKT

Prace se sklada ze dvou hlavnich ¢asti, ¢asti teoretické a realizacni. V teoretické &asti
jsou popsany jednotlivé segmentatni metody. Zejména jde o metodu Level Set.
V realizaCni ¢asti bylo za kol vytvofit java modul pro segmentaci medicinskych dat
pomoci metody Level set. Prace fe$i jednoduchého Gui pro ukazku dosaZenych
vysledkll. Vysledek musi byt otestovan na poskytnutych datech a ovetena jeho ptresnost

v porovnani s clovekem. Pri nedostatecné ptesnosti implementuje dalsi post-processing.

KLICOVA SLOVA

Level set, Java, ImageJ, Segmentace, Eclipse

ABSTRACT

This thesis contains two main parts, theoretical and implementation. In the theoretical
part, there are described the different segmentation methods. Mainly it is about
description method Level Set. The aim of practical part is creation of java module for
segmentation of medical data by using Level Set Methods. The work solves example
of GUI for the display of results. The results should be tested

KEYWORDS

Level set, Java, ImageJ, Segmentation, Eclipse
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Introduction

An achievement of modern medicine demonstrates how to use technological
progress in practice. Using medical imaging systems, for example Computer
Tomography (CT) or Magnetic Resonance (MR), doctors can investigate the problem
from the inside, without a single cut with a scalpel. These devices generate image data

describing the structure and properties in the investigated part of the human body.

Image segmentation is the task of splitting a digital image into one or more regions
of interest. It is a fundamental problem in computer vision and many different methods,
each with their own advantages and disadvantages, exist for the task. Image
segmentation is a particularly difficult task for several reasons. Firstly, the ambiguous
nature of splitting up images into objects of interest requires a trade o between making
algorithms more generalized or having many user specified parameters. Secondly,
image artifacts such as noise, inhomogeneity, acquisition artifacts and poor contrast, are
very difficult to account for in segmentation algorithms without a high level of

interactivity from the user.

In this thesis, segmentation by Level set Method is discussed in a medical imaging
context however the proposed algorithm could equally be used in general purpose
segmentations. Segmented images are typically used as the input for applications such
as classification, shape analysis and measurement. In medical image processing,
segmented images are used for studying anatomical structures, diagnosis and assisting
in surgical planning. Before computational algorithms existed, segmentation of medical
images was a tedious process, performed by hand by clinical experts. This was a fairly
accurate, yet slow process. These expert segmentations form the gold standard with

which to validate algorithmic segmentations.



1 IMAGE SEGMENTATION

Objects need to be separated from the rest of the image, this is the first step in image
analysis which is the task of “image segmentation”. Image segmentation is a long
standing problem in computer vision. Segmentation means organizing image content
into semantically related groups which are connected. In other words, to each pixel of
the picture is assigned an index of the segment which expresses a particular object in the
image.

Some of the practical applications of image segmentation are:

e Medical imaging

e Object detection

e Recognition Tasks

e Machine vision

e Content-based image retrieval

e Traffic control systems

Allocation of boundaries of different algorithms should lead to the same result, but
since segmentation affects by large number of different factors, none of the algorithms
does not provide sufficiently accurate information about the boundaries and areas.
Segmentation is usually not used alone, but as part of a system (for example, machine
vision systems), so the quality of the algorithm is evaluated on the basis of the work of
the whole system, the same segmentation algorithm may be good for one task and bad
for others.
Image segmentation f(x,y) is divided into sub images R, R,, R, ...., R, that perform
the following functions:
Uit R = f(x.y) (1a)
RiNR; = @,i #] (1.b)

1. Segmentation methods

» Thresholding and region growing:
% Thresholding
% Region growing



> variational methods:

«» Active contours or Snakes: The first work in this direction was the Snake in
Kass et al. [1988] which used an explicit type of curve representation.

% Level set methods: the first issue regarding curve parameterization,
approaches using the implicit level set method by Osher and Sethian in
1988.

++ Geodesic active contours
++ Active contours without edges
++ Active shape models
+ Direction of descent
» Combinatorial methods
++ Optimality of solutions
++ Dynamic programming and optimal paths
% Graph cuts



2 ACTIVE CONTOUR MODEL OR SNAKES

2. Zakladni definice

Active contour model or snakes are widely used in the problems of allocation of
contours, boundaries and image segmentation. For the detection of contours in the
image are used curves with a minimum energy. The first active contour algorithm
introduced in 1988 by Kaas in [1]. Active contour model is a variable circuit, which

consist of n points in two-dimensional space:

V= {Vl! """ 7Vn}1 Vi = (Xi!yi)yi = {1! """ 7n} (2)

The principle: the circuit is initialized as a simple line and then it is deformed to create a
region of the object. The points in the contour seek to the boundary of the object by

minimizing the energy of the contour. For every point v; exists the energy, which is:

Ei = aBjne(Vi) + BEeye (Vi) 3)
a and B - constants which provide energy correction.
Eint - energy function that depends on the shape of the contour

Eex(vi) - energy function, which depends on the type and properties of the image
gradient in the neighborhood of the point v;.

The values E;j, Ein(vi) and Eex(vi) are square matrices. The energy value at the center of
each matrix corresponds to energy in point vi. The remaining value of the energy in the
matrix corresponds to each energy point in the vicinity of the point v;. Each point v; can
potentially go to any point vi', which corresponds to the minimum value of the energy E.
If the energy function is configured correctly, then the contour vertices V iteratively
move and stop near the boundaries of the object. This process is depicted in Figure 2.
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Fig. 14. Visualization of the effect of selection the optimum point for the current
iteration of the set of points E[8]

The internal energy Ein calculates as follows:
a Eint(vi) =cC Econ(Vi) +d Ebal(Vi) (4)
Wherein: a, c, d - are the weight coefficients.

The internal energy Ein: (vi) consists of two components: the energy of the contour Econ
(vi) (smoothing component) and component Epy (vi) that is bursting energy of the

contour.

Smoothing energy of closed contour Ein (vi) can be calculated in this way:

2
(Vi) = 155 1P (Vi) = Vit + vian)| (5.2)
_ 1
V= o) (5:b)
1V) = 228 Vi = vill? (5.c)

Wherein: ey, - elements of the energy matrix,
n - the number of points in the contour,
Pik (Vi) — points ( x, y), which correspond to points on the image in the energy matrix.

This component E.,,(v;) pulls the contour and does not allow individual peaks to
separate from other peaks. If the object selection is rounded, the weight at this energy

should be increased in the relative importance of other factors. The minimum value in



the matrix of smoothing the energy E,,(v;) will correspond to the value pj,(v;), which
is as close to a perfect circle, passing through the two neighbor peaks of the contour

Vi_, and v;,. (fig.3)

Vi..

Vis

Vivt

Vi

Figure 15. Smoothing component[8]

Bursting energy Epa (Vi) makes the contour to deform in the same direction. Figure 4

shows the influence of the energy Epar (V).

Figure 16. The energy that deforms the contour in the same direction.[8]

The matrix elements of a given energy are calculated using the form:

e (i) =n; * (v — pj(v:)) (6)

10



Wherein: n; - the unit vector of normal to the contour V,
pjr(v;) - points ( X, y), which correspond to points on the image in the energy matrix.
ek - elements of the energy matrix/

n; vector can be found by turning the vector t; to 90 degrees:

— ViTVi1 Vi+1~Vi (7)
lvi—vioqll  Nlvig1—vill

i
The external energy is calculated as follows:
b * Epyt (Vi) = m * Epog(v;) + g * Egraa (v;) (8)
Wherein: b, m and g are the weight coefficients,
E g (v;) image energy and E,, o4 (v;) gradient energy are components of E,,, (v;).
The matrix of image energy consists of luminance values of image:
e = 1(pjr (v))) 9)
Wherein I(p;, (v;)) is a luminance function at p; (v;).
The matrix of gradient energy calculated as follows:
e (V) = VI (vy)] (10)
Wherein Vl(pjk(vi)) - the gradient function of the image (first derivative of
luminance)

Using the proposed algorithm to solve the problem of image segmentation can
show a number of restrictions imposed on the analyzed image. For example, if the
object has no clear boundaries, or the area is not homogeneous and contains smooth
gradients, the algorithm will not solve the problem of segmentation properly, leading to
the impossibility of further automated analysis. In addition, the discrete structure of the
source data (picture) distorts the value of the bursting energy (Epa (vi)) in the case of
significant changes. The normal vector of the tangent at the point can greatly vary in the
direction that could lead the merger of points. From this contour can get rough, and very

different from the boundaries of selected object[8].
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3 INTRODUCTION TO LEVEL SET
METHOD

This part will introduce the Level Set Method. The role of Level Set Method in

segmentation is will be discussed and will be defined mathematical construction

3.1. Description of Level Set Method

Level-sets are numerical computation method, which is very useful in many fields of
science. For example, nowadays, this method is very useful in computer science as the
segmentation of objects on video and images, medicine, aerodynamics, applied
mechanics and many other industries. The level set method was introduced by Osher
and Sethian in 1988.[2] The main distinguishing feature of the method is that the
method level set without problems segments objects that have a different shape, location

on image and the divided boundaries, also level set segments multiple objects at one

time.(fig.5)

Figure 17. Level set segmentation of multiple objects.[10]

The level set method works with a contour on two dimensions or surface in three
dimensions by manipulating a higher dimensional function, which called the level set
function ¢(x,t), which represents the interface:

@(x,t)=0ifx el

o(x, t) <0ifx € Ty, (11)

@(x,t) >0ifx €Ty

Where T';,, shows the area inside the interface and I',,,; shows the area outside (fig.6).

12



# <0

¢= 0 defines T"

Figure 18. The construction of level set function [6]

The evolving contour or surface has to be obtained from zero level set I'(x,t) =
{o(x,t) = 0}.

The hallmark of the method level set the model of active contours is that the contours
can divide or connect the contours during evolution. The evolution of the contours is

controlled by level set equation. The general form of the level set equation defined by

[3]:

0
= |Vl +F (12)

F velocity is term which describes the evolution of level set function. Manipulating F
may influence level set to different areas or shapes of the particular level set
initialization. The solution of partial differential equation (PDE), which calculates

iteratively updates ¢ in each time interval.
T =S5 Vp + V,|Vo| = bk|Ve| (13)
This kind of solution allows contours to discontinue or merge during the evolution.

The evolution can be described by convecting the ¢ with the velocity filed S on the
interface [4][9]:

Z—f+§*Vq) =0 (14)

The velocity in the normal direction to the curve:

13



Z—‘f+ V,|[Vp| =0,whenV, =1 (15)

The velocity based on twisting curve:

op _
Fr bk|Vo| (16)

The advantage of using this method is that topological changes such as merging and
splitting of the contour or surface are catered for implicitly, as can be seen below in

Figure 7.

b 4
Y

Figure 19. The relationship between the level set function (up) and contour (down) can
be seen.[3]

As mentioned before the Level Set method is a part of Partial differential equation

based methods

3.2. Segmentation using the Level Set Method

For applications in image segmentation level set equation F is dependent on the pixel
intensity or curvature values of the level set. The importance of having a curvature term
can be explained in this way: there cannot be force to smoothen high curvatures. This is
when the level set surface evolves through a boundary into another object that was not
intended to be segmented. This also makes segmentation difficult for objects which
have very high curvature as the curvature weighting term often needs to be set very low
in order to allow for these high curvatures, yet doing so may result in such leaking. Also
F can be dependent on an edge indicator function, which is defined as having a value
zero on an edge and non-zero, this causes F to slow the level set evolution when on an

edge.

14



F can be dependent on data and curvature functions only for the purposes of image
segmentation [4]. Therefore, will be adopt the same methodology which makes the level

set equation to:
of /0t = —|Vo|[aD(I) + (1 — a)V = Ve/|Vp]| ] 17)

Wherein D(l) is the data function aims the solutions targeted features and average
curvature of expression V. The expression (Vo/|Vo|) keeps the level set function smooth
and the weighting between these two is a.€[0,1], which is previously set free parameter

to control the contour to be smooth.

The function D(I) is the principal force, that drives the segmentation. When D is
positive in desired regions or negative in undesired region, the model will be tending to

the sought segmentation. A simple speed function that fulfills this purpose by[4]:
D) =€e—|I—-T| (18)

Wherein T is a central intensity value of the region to be segmented, € is intensity

deviation around T =+ €[5].

3.3. Signed distance function

The distance function allocated the value for each pixel, within a binary image that
contains the value of one or multiple objects, which represents the minimum distance
from the pixel to the nearest pixel on the boundary of the object.Mathematical definition
of the function os D: R"3 = R for S is [2]:

D(r,S) =min|r — S| forallr € R"3 (19)

Assigned distance function assigns the sign of distance values as positive for those
pixels outside the object and a negative for those inside the object. This is the sign rule,
which will be followed in the implementation, but can also be used as a rule of opposite
sign. It should be noted that the distance values depends on the selected metric for the
distance: some common metric distances are Euclidean distance, chessboard distance,
and the block distance. Many algorithms that compute the Euclidean distance transform
frequently compared for accuracy and efficiency characteristics that varying levels of

complexity.
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4 IMPLEMENTATION

There are a large number of ways to implement the details of these techniques. A
substantial amount of time has been spent on the implementation of the methods
presented prior. This chapter shall give an overview of the features and structure of the
code. The selling points of the code is that it has written in Java in Eclipse, is for 2D

images, using Level Set Algorightm.

4.1. Level Set Algorightm

Active contours evolve an initial contour in time according to multiple intrinsic
geometric measures of the image. In the plugin implementation the measures are an
edge based constraint, a grey value penalty and a curvature constraint which prevents
them from leaking the object boundary at areas of poor edges. During curve evolution
the active contours in this implementation can split and merge and thus be used to detect
even multiple objects. The algorithm in the plugin is based on a state-of-the-art very
memory efficient and fast sparse-field computation which can be easily extended to

other variations of the active contour/level set algorithms.[10]

() = ATg () (W, Fo [V + W F VD) (20)
(i) iso surface at current iteration i
W, advection weight
F, advection force
w, Curvature wight
E, Curvature force

4.1.1 The algorithm of automatic selection starting point and settings

parameters.

Automatically selecting a starting point to begin the function setseed which is in
LevelSetimpl.java. when the process starts the algorithm measures the image that was

download previously. By the function RGB, the algorithm finds the light part of the

17



picture, because the aim of this thesis is segmentation of medical data. After the

investigating the light part of the picture, for this algorithm was

4.2. Graphic GUI of the practical part

In this part of the work will be described in graphic part of the program, which was
written in Eclipse. When you run a program, the user has the option to upload a picture
function, which will be further segmented by Level Set. It also made a GUI file that has

special keys as
* File Selection
* Uploading files
* image processing

* Change processing settings

|| Level set dema . - - - . . |£|ﬂlﬂ
IC:\Users\Serik\Desktop\5.jpd| || choosefie || Loadimage |
| Process image | | Change settings |

Figure 20. main menu

18



@J Cpen file

- : E
Look In: | Desktop - E

[ 002-0024.jpg [} blablabla.jpa
i| bContourLevelSet[ ) 2.jpg [} blablabla.png |8
[ 3.po [} flag-kazakhs
[ 4ipg
[} 5.pg
ron [} 6.jpg |
1| I [ »

File Name: | 5jpg |

Files of Type:

Just Images | b |

Open file Cancel
= — —

Figure 21. Menu for choosing the file

L) Open file — .. =
Look In: ] Deskiop |"] D@

[ obrazek 3.JPG
' [ obrazek 4.JPG '
[ video call snapshot 4.png
[ video call snapshot 5.png

“] I I [ T» 'i
File Name:  |Dot_Blotjpg i
|
Files of Type: |Just Images l - ]

L |_openme || cancel Ir;

Figure 22. main menu

When using the Change Settings button opens a dialog box that allows you to select

parameters for image segmentation

19



-
| Level Set Segmentation
g

Grey value threshold

Distance threshold

¥ Use Fast Marching
50
0.50

il

Method  Active Contours

(Mot all parameters used in all methods)

Level set weigths (0 = dont use)

Advection |2,20
Propagation [‘T .
Curvature W 1
Grayscale tolerance IW

Level set convergence criterion

Convergence |0,0050

-

Region expands to  outside

OK I Cancell

Figure 23. Settings
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5 ACHIEVED RESULTS

Before the segmentation, all hardware testing was done, a single PC with Intel Core
2duo, processor clock speed 2.1 GHz, 4GB RAM, and the graphics hardware is standard
Intel(R).

In Figure 7 the example of human head segmentation is shown. The head data is not so
good contrast and dimension 400 x 400 pixels. The time has taken for 70000 iterations,

and more than 2 minutes and 45 seconds for this picture.

%] Segmentation progress of Zjpg [l =1 | [ 2] Segmentation of 2jpg [N

400x400 pixels;, RGE; 625K

400x400 pixels, B-bit, 156K

Figure 24. the segmentation of human head, on the right side the algorithm chooses

part of the head which will be segmented. On the left side is segmented part

On figure 8 we are able to see just a part of the brain. The time of segmentation was
about 7 minutes. As we can see i couldn’t reach the 100% segmented brain, it is about

91%, in this case post-processing will need figure 9.

Unfortunately, as much as I have tried, | could not 100% segment the brain. During the
launch of the post processing, it does not give the desired results, and improves the

segmentation of the area for a couple of percent
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| £ Segmentation progr_ess of 3.jpg ‘ﬂl&] | £ Segmentation of 3.jpg ‘ﬂlﬁ

400x400 pixels; B-bit, 156K

400%400 pivels, RGB; 625K

Figure 25 brain segmentation

| £| Segmentation progress of 3.jpg “:'—\Ellél | £| Segmentation of 3.jpg “:'—‘Ellél

400x400 pixels; RGE; 625K

400x400 pixels; 8-hit; 156K

Figure 26 result of post-processing

My algorithm doesn’t have the pre-processing algorithm such as blurring or de-noising.
Maybe if it pre-processing to shade the shadow part and make more lighter the brain
part would be helpful. The effect of different image size, the larger picture, then longer

goes segmentation.
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6 CONCLUSION

This thesis is divided into theoretical and implementation. The theoretical part
segmentation techniques, active contours (Snakes) and Level set techniques. The first
part is devoted to general knowledge about the segmentation of biomedical images. A
particularly images of medical data that are part of this thesis used for the purpose of
verifying a function of segmentation techniques Level Set. Another part deals with
methods of active contour (Snakes), which are used mainly in the failure of other
segmentation methods. There is a section designed for algorithms that describes how
develops active contour. The last theoretical part deals with the segmentation technique
Level set, which describes its general characteristics. The first part deals with the
realization of the creation of modules in Java in the Eclipse program. Ignominiously
describes how the program works, and how to create an executable plug-ins for image
processing. Since the assignment clearly implies that it should be made simple GUI.
Therefore it was necessary to insert in the program library of Fiji. For this reason, you
will not be needed before the GUI run a separate program. Another part is devoted to
independent java code that implements module method Level Set. There are all classes
and their associated methods. Mainly focuses on the segmentation of the cerebral
cortex. From methods it shows that very much depends on the setting of parameters and
the number of iterations to achieve an overall image segmentation. The algorithm
implemented in this project was considerably less complex than many existing versions
of the level set and fast marching methods. There are several known improvements to
the methods employed here that are outside the scope of this project. However, in order
to replace manual tracing with automated numerical identification of the shape

boundaries.

Level set method, which is one of the most advanced methods of image segmentation
requires more knowledge than previously described basic methods, thats why this idea

should be developed.

It is important to mention the method for segment the image, which is spelled correctly

but although compliance with the reference and segmented pictures is around 85-95

23



percent. When starting the post-processing it gives that same identity or a couple of

percent more.

I think that the work completed only for 80 percent, because i have never worked with
Level Set method for image segmentation before and also have never done such a things

in Java.
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LIST OF SYMBOLS, VALUES AND
GLOSSARY

Ebal (Vi)
Econ
D(I)
JPEG
BMP
GIF
TIF
JDK

JAVA

is a central intensity value of the region to be segmented

is intensity deviation around T+ €

velocity is term which describes the evolution of level set function
level set function

interface

image energy

gradient energy

elements of the energy matrix

vector can be found by turning the vector ¢t; to 90 degrees:

bursting energy

smoothing energy

the data function
Photographic Experts Group
Windows Btimap

Graphics Interchange Format
Tag image Format

Java Developmen Kit

programing language
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1) program Level Set

2) Java source code

3) original images before segmentation
4) the images after segmentation

5) mask

5) mask
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