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Chapter 1 
 

Introduction. Scope 
 
 

1.1 Introduction 

 

With the advances in imaging technology, diagnostic imaging has become an 
indispensable tool in medicine today. X-ray angiography (XRA), magnetic resonance 
angiography (MRA), magnetic resonance imaging (MRI), computed tomography (CT), 
and other imaging modalities are heavily used in clinical practice. Such images provide 
complementary information about the patient. Due to increased size and volume in 
medical images, automation of the diagnosis process is required and the latest advances 
in computer technology and reduced costs have made it possible to develop such systems.  

Computed Tomography (CT) has been rapidly established as the non-invasive modality 
of choice for imaging the heart. In spite of technical advances, cardiac CT is the most 
challenging of all CT applications. The heart is continuously moving and the optimal 
cardiac phases have to be selected for reconstruction. Image characteristics are heavily 
influenced by patient variability in cardiac morphology and individual patient’s anatomy. 
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Good quality images require careful patient preparation and accurate timing of the 
contrast injection. 

Magnetic Resonance Imaging (MRI) is a computer-based imaging modality, which 
displays the body in thin tomographic slices. MRI is based on a safe interaction between 
radio waves and hydrogen nuclei in the body in the presence of a strong magnetic field. It 
produces images, which are often better than those of CT. This reflects not only better 
contrast between a lesion and its background but also the ability to display the lesion in 
multiple planes of projection. In MRI, one is able to acquire images directly in any plane, 
that is, the usual axial, sagittal, coronal, or any degree of obliquity. 

Robust automatic segmentation of various vessels of the cardiac anatomy is a key way for 
improving clinical work. Segmentation refers to the identification of the various 
anatomical structures present in the image, with delineation of the boundaries. Blood 
vessel delineation on medical images forms an essential step in solving several practical 
applications such as diagnosis of the vessels (e.g. stenosis or malformations) and 
registration of patient images obtained at different times. Segmentation methods vary 
depending on the imaging modality, application domain, method being automatic or 
semi-automatic, and other specific factors [LONCARIC 2001]. Some methods employ 
pure intensity-based pattern recognition techniques such as thresholding followed by 
connected component analysis, some other methods apply explicit vessel models to 
extract the vessel contours and depending on the image quality and the general image 
artifacts such as noise, some segmentation methods may require image preprocessing 
prior to the segmentation algorithm. On the other hand, some methods apply post-
processing to overcome the problems arising from over segmentation.  

 

1.2 Scope 

 
The scope of this project is to present a semi-automated vessels segmentation algorithm, 
to describe its usage and results. This will be achieved combining several segmentation 
algorithms to get proper vessel segmentation and visualization. Consequently, automatic 
segmentation can significantly reduce the scan-to-diagnosis time, thus helping the 
clinicians to reach the fundamental goal of efficient patient management. 
 
In order to complete our project, we can identify different phases: 
 

� Correct reading of CT and MR images and extraction of data needed for 
the post-processing. 

 
� Processing of these images using the most appropriate segmentation 

techniques to get the desired contour. 
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� Visualize the contour obtained. 
 

1.3 Methodology 

 
We can split the execution of this project into four main categories aligned with the 
different phases mentioned above: 

 
�  CT/MR images study, including the understanding of this technology 

principles and its usage. 
 
� Research on the existing segmentation methods for medical images in 

order to select the suitable ones for our study. 
 

� Implementation of a tool which can combine both, visualization and 
segmentation of CT images. 

 
Following this split, this thesis is organized in the following chapters: Chapter 2, which 
gives a brief summary of CT and MR techniques together with the heart structure. 
Chapter 3 enumerates the most significant segmentation methods. The description of the 
project, including all algorithms used and the implementation chosen, can be found in 
Chapter 4. Evaluation of the tool implemented and results for images segmentation is 
explained in Chapter 5. And Chapter 6 lists the conclusions reached after this project with 
several proposals for further improvements. 
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Chapter 2 
 

Computed Tomography and  

Magnetic Resonance Images 
 

 

The quality of cardiac images acquired with different techniques has improved 
significantly. The interpretation of such images requires efficient post-processing tools to 
isolate the vessels from other structures, such that they can be properly analyzed 
quantitatively or visually. For the timely diagnosis of pathologies of coronary blood 
vessels, cardio-vascular imaging is, next to other diagnostic means, essential. 
Unfortunately, imaging of the heart is an extremely challenging task. 

Especially in this project we have worked with cardiac Computed Tomography (CT) and 
Magnetic Resonance (MR) images which allowed us to explore the cardiovascular 
system with some advantages over the classical echocardiography analysis. With both 
techniques internal anatomy of cardiac structures is shown. 

In this chapter we will give an overview of heart anatomy and CT and MR fundamentals. 
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2.1 Cardiovascular system 

 
The vascular system is one of the most important and challenging organ systems in the 
human body. It ensures circulation and distribution of oxygen, nutrients, hormones, and 
cells of the immune defense system through all parts of the body. While doing so, it 
regulates fundamental physiological measures, such as body temperature, hormonal and 
acid base balance. The centerpiece of the vascular system is the heart, which pumps 
blood through the vascular system. Any disturbance of this system can have a significant 
impact on body functions. In particular disorders of coronary blood vessels which supply 
the heart muscle can lead to destructions of the respective muscle areas. The resulting 
malfunction of the heart muscle can cause severe disturbances of the heart rate, which 
influences the ejection rate of the heart, in particular of the left ventricle. 
 

2.1.1 Structure and function of the heart 

 
 
The human heart is divided into four chambers; the left and right atrium and the left and 
right ventricles, whereas the left and right sides of the heart are not directly connected 
with each other. The right part of the heart, right atrium and right ventricle, are connected 
through the atrioventricular valve (or tricuspid valve). The atrium receives the venous 
blood through the venae cava from the body, whereas the ventricle pumps that blood 
through the pulmonary valve and through the pulmonary artery to the lungs. After the 
blood is enriched with oxygen in the lungs, it is received through the pulmonary veins in 
the left atrium, which is connected through the left atrioventricular valve (or mitral valve) 
with the left ventricle. The ventricle pumps the enriched blood through the aortic valve 
into the aorta, which distributes the blood to the other body arteries. The (left and right) 
coronary arteries branch from the aorta and supply the heart muscle with enriched blood 
through a system of blood vessels that branch from the coronary arteries. They are 
complemented by the cardiac veins, which collect the blood and merge into a large vein 
(coronary sinus) that leads to the right atrium. 
 
The conducting system of the heart consists of the sinuatrial node (which generates the 
electric trigger of the heartbeat), the atrioventricular node (AV node), the AV bundle, 
which distributes the conduction of the impulse to the ventricles, and at the end, the 
Purkinje fibers. Due to this arrangement, the contraction of the heart starts at the apex and 
moves quickly towards the aorta and pulmonary artery, and thus pumps the blood from 
the ventricles to the respective arteries. A more detailed description of the heart can be 
found in anatomy text books. Cardiac problems often arise from a stenosis of a coronary 
artery, which is a stricture of this blood vessel that limits the possible blood flow through 
that part of the vessel and depending on its severity can cause serious cardiac problems, 
up to an angina pectoris, a temporary insufficient supply of oxygen to the heart muscle. 
Over time, it might even develop into an occlusion of the respective coronary arteries, 
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which causes a serious disturbance of the coronary blood flow. The resulting 
dysfunctional parts of the respective heart muscle jeopardize the synchronized 
contraction of the heart, lead to a completely uncoordinated partial contraction, and 
henceforth reduce the pumping performance of the heart dramatically. This is one of the 
major causes of heart failure. Other possible causes of cardiac problems are direct 
damages to the conducting system, which jeopardize the electrical function of the heart, 
or malfunctions of the numerous valves in the blood flow controlling heart. 
 

 
 

Figure 2-1: Reconstructed blood-filled cavities of the heart: (a) anterior (front) view, (b) 

sinister (left) view. 

 

2.1.2 Cardiac Cycle 

 
The cardiac cycle consists of two principal phases: diastole and systole. The phase of 
diastole is a period of relax for the myocardium where the heart is filling with blood. On 
the contrary, the phase of systole is the period of myocardium contraction where blood is 
expulsed from heart towards the arterial flow. This circle repeats approximately 70-75 
times per minute. Entering in more details: 
 
Diastole:  
 

During this period, the myocardium is relaxing. The aortic and pulmonary valves 
are closed and the mitral and tricuspid valves are open and the blood is flowing 
from the atriums to the ventricles. 

 
Systole:   

Atrium systole: It takes place after the diastole. The atriums contract forcing the 
blood to go through the ventricles. After a small pause starts the ventricle systole. 
Oblige  
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Ventricle systole: When pressure increases in the ventricles, the valves (mitral 
and tricuspid) are forced to close whereas the aortic and pulmonary valves open, 
starting the expulsion of blood to the heart. 
 

 
 
 

Figure 2-2: Heart structure 

2.2 CT and MR images 

Cardiac imaging methods such as Cardiac Magnetic Resonance Imaging (MRI) and 
Cardiac Computed Tomography (CT) are allowing physicians to take a closer look at the 
heart and great vessels at little risk to the patient. 
 
MRI uses large magnets and radio-frequency waves to produce high-quality still and 
moving pictures of the body's internal structures; no X-ray exposure is involved. The 
scan monitors energy changes in tissues reacting to magnetic forces. A computer 
analyzes these changes and creates a composite image of the tissues. The images can be 
shown in two or three spatial dimensions in either static or dynamic cine mode.  
MRI is especially useful for evaluating the cardiovascular system. In addition to being 
non-invasive (not requiring an incision) and risk-free, MRI can image a large portion of 
the body, such as the chest, in one session. Because it acquires information about the 
heart as it is beating; it can create moving images of the heart throughout its pumping 
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cycle. This allows MRI to display abnormalities in cardiac chamber contraction and to 
show abnormal patterns of blood flow in the heart and great vessels. Using MRI, 
physicians can obtain images of the chest and cardiovascular system from many angles. 
This allows better assessment of complex anatomic abnormalities than with other 
imaging techniques. Due to the development of new imaging techniques, MRI has the 
capability to identify areas of the heart muscle that are not receiving adequate blood 
supply from the coronary arteries. Aided by use of non-iodine-based enhancing agent 
(Gadolinium-DTPA), it can also clearly identify areas of the muscle that have become 
damaged as a result of infarction (heart attack).  
This combination of unique capabilities has made MRI a commonly used diagnostic 
imaging procedure for evaluating specifically: ischemic heart disease, "thick-wall" 
myocardial (heart muscle) disease, right ventricular abnormalities, pericardial (sac around 
the heart) disease, cardiac tumors, valvular disease, thoracic aortic disease, pulmonary 
artery disease, and congenital heart disease before and after surgical repair.  
 
A traditional CT scan is an x-ray procedure which combines many x-ray images with the 
aid of a computer to generate cross-sectional views of the body. Cardiac CT uses 
advanced CT technology with or without intravenous iodine-based contrast to visualize 
cardiac anatomy, including the coronary arteries and great arteries and veins. Cardiac CT 
is especially useful in evaluating the myocardium, coronary arteries, pulmonary veins, 
thoracic aorta, pericardium, and cardiac masses, such as thrombus of the left atrial 
appendage.  
 
 

2.2.1 Magnetic Resonance basis 

 
Unlike conventional x-ray examinations and computed tomography scans, MRI does not 
depend on radiation. Instead, radio waves are directed at protons, the nuclei of hydrogen 
atoms, in a strong magnetic field [UNDERWOOD 1987]. 
 
The magnetic field is produced by passing an electric current through wire coils in most 
MRI units. Other coils, located in the machine and in some cases, placed around the part 
of the body being imaged, send and receive radio waves. As you lie inside the MRI unit, 
radio waves are directed at the protons in the area of your body being studied. In the 
magnetic field, these protons change their position, producing signals that are detected by 
the coils.  
A computer then processes the signals and generates a series of images each of which 
shows a thin slice of the body. The computer compiles the images into a three-
dimensional representation of the body, which can be studied from many different angles 
on a computer monitor. 
 
Because protons are most abundant in water molecules, MR images show differences in 
water content between various body tissues. As a result, MRI is especially suited to 
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detecting disorders that increase fluid in diseased areas of the body, for example, areas 
affected by tumors, infection and inflammation. Overall, the differentiation of abnormal 
(diseased) tissue from normal tissues is significantly easier with MRI than with other 
imaging modalities such as x-ray, CT and ultrasound. 
 
In both CT and MRI, physical characteristics of a volume element or "voxel" of tissue are 
translated by the computer into a two dimensional image composed of picture elements 
or "pixels". It is useful to compare the determinants of pixel intensity in CT and MRI to 
demonstrate differences in the imaging methods [RADIOGRAPHY 2008]. The pixel 
intensity in CT reflects the electron density; in MRI it reflects the density of hydrogen, 
generally as water (H20) or fat. To be more exact, MR signal intensity reflects the density 
of mobile hydrogen nuclei modified by the chemical environment, that is, by the 
magnetic relaxation times, T1 and T2, and by motion.  
 
The hydrogen nucleus is a single proton. Since it is charged (positively) and since it 
spins, it generates a small magnetic field (a "magnetic moment"). Like a compass needle 
in the earth’s magnetic field, these magnetic moments align when placed in a larger 
magnetic field. This allows them to display the phenomenon of nuclear magnetic 
resonance (NMR).The equipment required to perform NMR consists simply of a strong 
magnet, a radio transmitter and a radio receiver . 

 
When NMR is used for imaging it is called MRI and the magnetic field across the body-
sized sample is intentionally made non-uniform by superimposing additional magnetic 
field gradients that can be turned on and off rapidly.  
 

 
Figure 2-3: Magnetic resonance equipment  
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Activation of these additional magnetic fields results in a net gradient in the strength of 
the magnetic field across the body which is necessary for spatial localization and 
imaging. Thus, the essential components of an MR imaging system include: 
  

� A large magnet which generates a uniform magnetic field, 
� Smaller electromagnetic coils to generate magnetic field gradients for imaging, 

and 
� A radio transmitter and receiver and its associated transmitting and receiving 

antennae or coils.  
 
In addition to these fundamental components, a computer is necessary to coordinate 
signal generation and acquisition and image formation and display. 
 
Very simply, this is how MRI works: When the body lies in a magnet, it becomes 
temporarily magnetized. This state is achieved when the hydrogen nuclei in the body 
align with the magnetic field. When magnetized, the body responds to exposure to radio 
waves at a particular frequency by sending back a radio wave signal called a "spin echo". 
This phenomenon (NMR) only occurs at one frequency (the "Larmor frequency") 
corresponding to the specific strength of the magnetic field. The spin echo signal is 
composed of multiple frequencies, reflecting different positions along the magnetic field 
gradient. When the signal is broken into its component frequencies (by a technique called 
a "Fourier Transform"), the magnitude of the signal at each frequency is proportional to 
the hydrogen density at that location, thus allowing an image to be constructed. Thus, 
spatial information in MRI is contained in the frequency of the signal, unlike X-ray-based 
imaging modalities such as CT.  
 
Immediately after being placed in a magnetic field, there is an equal number of protons 
pointing north and south or "parallel" and "anti-parallel" to the main magnetic field. 
Thus, initially the individual magnetic moments cancel each other out. Within a few 
seconds (in biological substances), a redistribution occurs such that a slightly greater 
number of hydrogen nuclei (one in a million) align parallel to the field and the body is 
said to be ‘magnetized’. Following placement in the magnet, magnetization increases 
exponentially with a first order exponential time constant known as the Tl relaxation time 
(which is the time it takes to recover 63% of the equilibrium magnetization). The 
magnetization ultimately plateaus at an equilibrium value that is dependent on the 
hydrogen density.  
 
Although at equilibrium the magnetization only points along the axis of the main 
magnetic field (defined as the z-axis), in general it can point in any direction. The 
magnetization is a vector quantity that can be represented by a "longitudinal" component 
along the z and by a second component perpendicular to the first called the "transverse 
magnetization", which is in the xy-plane. Only transverse magnetization produces signal. 
  
Transverse magnetization results when an RF pulse tips the longitudinal magnetization 
away from the z-axis toward the transverse (xy)-plane. A 90° RF pulse tips the 



3D Segmentation of great vessels using active contours and morphological image processing techniques  

16 

magnetization all the way into the xy plane (figure 8); a 180° RF pulse (twice as strong or 
twice as long as a 90° pulse), tips the magnetization so it’s pointing down, along the z-
axis. A 90° pulse converts all longitudinal magnetization to transverse magnetization. 
However, unlike a 90° pulse, a 180° pulse cannot generate transverse magnetization. The 
maximum transverse magnetization (and the maximum signal) results from a 90° flip 
angle; flip angles less than 90° do not cause a loss of all longitudinal magnetization, and 
therefore they also produce less transverse magnetization per flip. However, since less 
time is needed for longitudinal recovery, they can be repeated rapidly, and generate more 
transverse magnetization (i.e. more signal per unit time). This is the basis for gradient 

echo imaging [PONS 2000].  
Whenever transverse magnetization is present, it rotates or ‘precesses’ like a top about 
the z-axis at the resonance (Larmor) frequency, which is also the frequency of the spin 
echo signal induced in the RF coil. Only the transverse component of magnetization 
rotates and can be detected; longitudinal magnetization does not rotate and cannot be 
detected directly.  
 
Two types of MR signals can be produced by transverse magnetization. Immediately 
following an RF pulse, a signal is produced by the freely rotating, decaying transverse 
magnetization. This signal is called a ‘free induction decay’ or ‘FID’. Transverse 
magnetization decays rapidly due to non-uniformities in the main magnetic field that 
cause protons to resonate at slightly different frequencies at slightly different positions 
within the voxel. As these protons get out of phase (i.e., ‘lose phase coherence’) 
transverse magnetization (and induced signal) is lost exponentially. The time constant of 
this decay is T2*.  
 
When a 90° pulse and a 180° pulse are applied sequentially, a spin-echo signal is 
generated. The purpose of the 180° pulse is to refocus the phase of the protons, causing 
them to regain coherence and thereby to recover transverse magnetization, producing a 
spin echo. (Similar rephasing can be accomplished by symmetrically reversing the 
gradient fields, producing a ‘gradient’ or ‘field echo’.) Following the spin echo, 
coherence is again lost as the protons continue to resonate at slightly different frequencies 
due to non-uniformities in the main magnetic field. If another 180° pulse is applied, 
coherence can again be established for a second spin echo. In fact, multiple spin echo 
signals can be produced if the original 90° pulse is followed by multiple 180° pulses (or 
gradient reversals).  
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Figure 2-4: Spin Echo & Inversion Recovery sequences 

 

Although the 180° pulses cause some rephasing to occur (that are due to fixed non-
uniformities in the main field), complete rephasing is not possible due to randomly 
fluctuating magnetic fields within the substance itself. Thus, the maximum intensity of 
the spin echo signals in the echo train is limited by an exponentially decaying curve. The 
time constant of this decay curve is the second magnetic relaxation time T2. T2* is 
always less than T2 because the former includes non-uniformities in the magnet as well 
as randomly fluctuating internal fields in the substance. T2 decay is only due to the 
fluctuating internal fields in the substance.  
 
In general, one must be careful to distinguish terms used to describe MR signals from 
those used to describe MR pulsing sequences because sometimes they are the same. An 
FID signal results from a terminal 90° RF pulse. A conventional spin echo signal results 
from a terminal 90° -180° RF pulse pair. An inversion recovery (IR) sequence results 
from a 180° - 90° pulse pair. (Since the final RF pulse in this IR sequence is a 90° pulse, 
an FID signal is produced. By adding a terminal 180° pulse, i.e., 180° -90° -180°, an IR 
sequence can produce a spin echo signal.)  
 
A traditional spin echo signal results from rephasing both temporally (by the 180° pulse) 
and spatially (by reversal of the readout gradient). The latter is accomplished by initially 
dephasing the spins along the readout axis and then rephasing them, producing a 
gradient or field echo. In CT and MRI, the manufacturer fixes certain parameters, and 
other parameters are under operator control. In MRI, the parameters that are determined 
by the manufacturer at the time of purchase or upgrade include: 
 

� Field strength (in Tesla)  
� Gradient strength (in milliTesla per meter: mT/m)   
� Rise time (in m sec) 
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 Factors under operator control include choice of pulsing sequence, sequence parameter 
times, matrix size, slice thickness and gap between slices, field-of-view (FOV), number 
of excitations, orientation of imaging plane, type of receiver coil, use of cardiac gating, 
use of contrast, etc.  
 
Improved spatial resolution in CT is generally associated with increased radiation dose. 
Spatial resolution in MRI can be calculated from the number of pixels along the x and y 
axis (i.e. the "acquisition matrix") and the field-of-view. The field-of-view, in turn, is 
determined by the strength of the gradients and the specific range of frequencies 
("bandwidth") which is detected. For a given MR imaging system, increased spatial 
resolution (at a given signal-to-noise ratio, S/N) requires longer acquisition times but 
does not increase patient risk. 
 

2.2.2 Computed Tomography basis 

 
Computed tomography (CT) is the science that creates two-dimensional cross-sectional 
images from three-dimensional body structures. Computed tomography utilizes a 
mathematical technique called reconstruction to accomplish this task. It is important for 
any individual studying the CT science to recognize that CT is a mathematical process. In 
a basic sense, a CT image is the result of ‘breaking apart’ a three-dimensional structure 
and mathematically putting it back together again and displaying it as a two-dimensional 
image on a television screen. The primary goal of any CT system is to accurately 
reproduce the internal structures of the body as two-dimensional cross-sectional images. 
This goal is accomplished by computed tomography's superior ability to overcome 
superimposition of structures and demonstrate slight differences in tissue contrast. It is 
important to realize that collecting many projections of an object and heavy filtration of 
the x-ray beam play important roles in CT image formation. Each component of a CT 
system plays a major role in the accurate formation of each CT image it produces 
[RADIOGRAPHY 2008]. 
 
The first major component of a CT system is referred to as the scan or imaging system. 
The imaging system primarily includes the gantry and patient table or couch. The gantry 
is a moveable frame that contains the x-ray tube including collimators and filters, 
detectors, data acquisition system (DAS), rotational components including slip ring 
systems and all associated electronics such as gantry angulations’ motors and positioning 
laser lights. In older CT systems a small generator supplied power to the x-ray tube and 
the rotational components via cables for operation. This type of generator was mounted 
on the rotational component of the CT system and rotated with the x-ray tube. Some 
generators remain mounted inside the gantry wall. 
 
CT procedures facilitate the use of large exposure factors, (high mA and KvP values) and 
short exposure times. The development of spiral/helical CT allows continuous scanning 
while the patient table or couch moves through the gantry aperture. A typical 
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spiral/helical CT scan of the abdomen may require the continuous production of x-rays 
for a 30 to 40 second period. The stress caused by the constant build up of heat can lead 
to a rapid decrease of tube life. CT tubes utilize a bigger filament than conventional 
radiography x-ray tubes. The use of a bigger filament increases the size of the effective 
focal spot. Decreasing the anode or target angle decreases the size of the effective focal 
spot. Generally, the anode angle of a conventional radiography tube is between 12 and 17 
degrees. CT tubes employ a target angle approximately between 7 and 10 degrees. The 
decreased anode or target angle also helps elevate some of the effects caused by the heel 
effect. CT can compensate any loss of resolution due the use of larger focal spot sizes by 
employing resolution enhancement algorithms such as bone or sharp algorithms, 
targeting techniques, and decreasing section thickness.  In CT collimation of the x-ray 
beam includes tube collimators, a set of pre-patient collimators and post-patient or pre-
detector collimators. Some CT systems utilize this type of collimation system while 
others do not. The tube or source collimators are located in the x-ray tube and determine 
the section thickness that will be utilized for a particular CT scanning procedure. When 
the 
CT technologist selects a section thickness he or she is determining tube collimation by 
narrowing or widening the beam. A second set of collimators located directly below the 
tube collimators maintain the width of the beam as it travels toward the patient. A final 
set of collimators called post-patient or pre-detector collimators are located below the 
patient and above the detector. The primary responsibilities of this set of collimators are 
to insure proper beam width at the detector and reduce the number of scattered photons 
that may enter a detector. 
 

 
 

Figure 2-5: CT rotating tube 
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There are two types of filtration utilized in CT. Mathematical filters such as bone or soft 
tissue algorithms are included into the CT reconstruction process to enhance resolution of 
a particular anatomical region of interest. Inherent tube filtration and filters made of 
aluminum or Teflon are utilized in CT to shape the beam intensity by filtering out low 
energy photons that contribute to the production of scatter. Special filters called "bow-tie" 
filters absorb low energy photons before reaching the patient. X-ray beams are 
polychromatic in nature which means an x-ray beam contains photons of much different 
energy. Ideally, the x-ray beam should be monochromatic or composed of photons having 
the same energy. Heavy filtration of the x-ray beam results in a more uniform beam. The 
more uniform the beam, the more accurate the attenuation values or CT numbers are for 
the scanned anatomical region. 
 
Detectors: when the x-ray beam travels through the patient, it is attenuated by the 
anatomical structures it passes through. In conventional radiography we utilize a film-
screen system as the primary image receptor to collect the attenuated information. The 
image receptors that are utilized in CT are referred to as detectors. The CT process 
essentially relies on collecting attenuated photon energy and converting it to an electrical 
signal, which will then be converted to a digital signal for computer reconstruction. A 
detector is a crystal or ionizing gas that when struck by an x-ray photon produces light or 
electrical energy. The two types of detectors utilized in CT systems are: 
 

� Scintillation or solid state: 

Scintillation detectors utilize a crystal that fluoresces when struck by an x-ray 
photon which produces light energy. A photodiode is attached to the scintillation 
portion of the detector. The photodiode transforms the light energy into electrical 
or analog energy. The strength of the detector signal is proportional to the number 
of attenuated photons that are successfully converted to light energy and then to 
an electrical or analog signal. The most frequently used scintillation crystals are 
made of Bismuth Germinate (Bi4Ge3012) and Cadmium Tungstate (CdWO4). 
Earlier designs utilized Sodium and Cesium Iodide as the light producing agent. 
One of the problems associated with these elements was that at times it would 
fluoresce more than necessary. The after glow problems associated with Sodium 
and Cesium Iodide altered the strength of the detector signal which could cause 
inaccuracies during computer reconstruction. 

 
� Xenon gas detectors: 

The gas detector is usually constructed utilizing a chamber made of a ceramic 
material with long thin ionization plates usually made of Tungsten submersed in 
Xenon gas. The long thin tungsten plates act as electron collection plates. When 
attenuated photons interact with the charged plates and the xenon gas ionization 
occurs. The ionization of ions produces an electrical current. Xenon gas is the 
element of choice because of its ability to remain stable under extreme amounts of 
pressure. Utilizing more gas in a detector increases the number of molecules that 
can be ionized; therefore the strength of the detector signal or response is 
increased. The long thin tungsten plates of the gas detector are highly directional. 
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Ionization of the plates and the resultant detector signal rely on attenuated photons 
entering the chamber and ionizing the gas. If the xenon gas detectors are not 
positioned properly there is a chance that the ability of the detector to produce an 
accurate signal is compromised because the photons may miss the chamber. The 
xenon gas detectors are generally fixed with the position of the x-ray tube which 
occurs with 3rd generation scanner geometry designs. 

 

  
 

Figure 2-6: Detectors 

 
 
The path that an x-ray beam travels from the tube to a single detector is referred to as a 
ray. After the x-ray beam passes through the object being scanned, the detector samples 
the beams intensity. The detector reads each ray and measures the resultant beam 
attenuation. The attenuation measurement of each ray is termed a ray sum. A complete 
set of ray sums is referred to as a view or projection. It takes many views to create a 
computed tomography image. Obtaining a single view does not give the entire 
perspective of the object being scanned. Therefore, we can say that the detector is 
‘seeing’ an insufficient amount of information. The attenuation properties of each ray 
sum are accounted for and correlated with the position of each ray. At this point, the 
detector has "collected" the projection or raw data. The more photons collected, the 
stronger and more accurate the detector signal. This is essential for accurate image 
reconstruction. The detector accomplishes this task by adding together all the photon 
energy it has received. The detector receives all the projection data and subsequently 
generates an electrical or analog signal. The signal represents an absorption or attenuation 
profile. An attenuation profile is obtained for each view or projection. Every detector in 
the detector array is responsible for this task. Detector efficiency describes the percent of 
incoming photons that a detector converts to a useable electrical signal. The two primary 
factors that determine how well a detector can capture photons relative to efficiency are 
the width and the distance between each detector. It is important that detectors are placed 
as close to one another as possible. Scintillation detectors convert 99-100 percent of the 
attenuated photons into a useable electrical signal. Xenon gas detectors are less efficient, 
converting 60-90 percent of the photons that enter the chambers. The efficiency of the 
xenon gas detector is compromised by the absorption of some of the photons by the 
ionization plates. Additionally, photons may pass through the chamber without 
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interacting with the gas molecules. However, one advantage to this situation may be that 
some of the photons absorbed by the plates were scattered photons. As in conventional 
radiography scatter also adversely affects the CT image.  
 
Therefore, it is reasonable to conclude that the gas detectors have low scatter 
acceptability. Scintillation detectors convert almost all the information it receives 
including scattered photons therefore, the detectors have high scatter acceptability. The 
dynamic range describes how many levels of information a detector can detect. The 
dynamic range determines the ability of a detector to detect and differentiate a wide range 
of x-ray intensities. "Dynamic range of a detector describes the range of x-ray exposures 
at the detector to which the system can respond without saturation and produce 
satisfactory gray-scale images (Morgan, 1983)." Current CT systems have an 
approximate dynamic range of 1,000,000 to 1 and 1,100 views or projections a second. 
CT systems have the ability to respond to 1,000,000 x-ray intensities at approximately 
1,100 views per second. Unfortunately, display systems and human visual perception 
limits the full use of this massive amount of data. 
 
 
 

2.3 The Future of MR and CT  

MRI and CT are both being used more frequently to help diagnose disease of the heart 
and great vessels.  
 
Cardiac MRI has many potential applications, such as evaluation of coronary artery 
anatomy and flow and myocardial perfusion. In the future, it may be possible to use MRI 
to track progression of atherosclerosis in both the coronary and carotid arteries. Because 
of its non-invasive nature, repeated MRI examinations could be used to identify those at 
increased risk for heart attack or stroke. MRI is already being used to evaluate 
myocardial viability, as an alternative or adjunct to a stress echocardiogram and/or 
nuclear heart examination, in order to provide additional valuable information, such as 
the condition of the myocardium and wall motion. With high-speed MRI, the physician 
can evaluate left ventricular wall motion during physical stress. Last, studies looking at 
the ability of the MRI to assess myocardial metabolism are also underway [CHIEN 
2000].  
 
High-speed helical, non-contrast enhanced Cardiac CT scans are being used more 
frequently to detect calcium deposits found in atherosclerotic plaque in the coronary 
arteries before symptoms develop. Although the predictive value of coronary calcium 
score screening is not fully defined, more coronary calcium indicates more 
atherosclerosis, and a greater likelihood of arterial narrowing and future cardiovascular 
events.  
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Advanced helical CT is also being used more and more to allow the identification of both 
calcified and non-calcified plaque within the coronary artery walls or to exclude the 
possibility of significant stenosis due to atherosclerosis. When contrast-enhanced 3-
dimensional versions of this type of scanning are performed, early stages of 
atherosclerosis of the coronary arteries can be seen before the development of arterial 
narrowing. It allows early detection of potentially unstable "soft plaque" and non-
calcified plaque during a potentially reversible phase of development, making it possible 
to non-invasively monitor plaque regression with various therapies.  
 
Techniques are also being developed to combine the data acquired by Cardiac CT 
angiography of the coronary arteries and the data regarding myocardial viability acquired 
by Cardiac MRI. Based on the co-registration of the CT Angiography and MRI data, a 
spatial relationship can be directly established between the diseased coronary artery 
distribution and the myocardium at risk. With the advancement of these imaging 
modalities, patients may expect to realize improved pre-revascularization planning and 
reduced invasiveness of the diagnostic process.  
 
In the emergency department, helical CT scans are being used to look at blood flow 
through the carotid arteries and blood distribution in the brain. During an acute stroke, the 
doctor can see if the patient is actually having a stroke and if so, what vessel is affected, 
the amount of blockage, and what areas of the brain are not receiving enough blood. In 
addition, helical CT is providing an alternative to catheterization techniques for 
angiographic evaluation of the peripheral arteries of the arms and legs.  
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Chapter 3 
 

Image Segmentation Techniques 
 
 

The segmentation of structures from 2D and 3D images is an important first step in 
analyzing medical data. 

A basic task in 3-D image processing is the segmentation of an image which classifies 
voxels/pixels into objects or groups. 3-D image segmentation makes it possible to create 
3-D rendering for multiple objects and perform quantitative analysis for the size, density 
and other parameters of detected objects.  

Segmentation is therefore a very important task in medical imaging. However, manual 
segmentation is not only a tedious and time consuming process, it is also inaccurate. 
Segmentation by experts has shown to be variable up to 20%. It is therefore desirable to 
use algorithms that are accurate and require as little user interaction as possible. 

Because of the importance of identifying objects from an image, there have been 
extensive research efforts on image segmentation for the past decades [KIRBAS 2004]. A 
number of image segmentation methods have been developed using fully automatic or 
semi-automatic approaches for medical imaging and other applications. In this chapter we 
will present some of the image segmentation methods.   
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3.1 Introduction to medical images segmentation 

The segmentation of medical images in 2D, slice by slice, or directly in the 3D voxel 
dataset, has many useful applications for the medical professional: visualization and 
volume estimation of objects of interest, detection of abnormalities (e.g. tumors, polyps, 
etc.), tissue quantification and classification, and more. Also, technical advantages can 
result from segmenting (or isolating) anatomical structures. 

In this project we have worked with digital images, which make them suitable for 
computer processing. Digital images are composed of a group of discreet elements called 
pixels which represents the spatial position of one or several values like the colour. We 
can consider that our images had three dimensions (3D) even if they are flat, since axis Z 
is the third dimension (either space or time). 

All methods described in this section will refer to flat images but they can also be used 
for three-dimensional images.  

We can find several classifications for segmentation methods but the most common one 
is the one based on the type of technique used, that according to [SONKA 1993] is the 
following:  

� Thresholding 

� Edge detection 

� Region growing 

� Active contours 

� Clustering 

In this chapter we will follow this classification although it is not always possible to 
establish a clear difference among them. 

 

3.2 Thresholding 

Thresholding is a non-linear operation that converts a gray-scale image into a binary 
image where the two levels are assigned to pixels that are below or above the specified 
threshold value. It is the simplest technique and it can be based on local or global image 
information like the histogram of grey levels. In both cases we can consider only one 
threshold for the whole image (global thresholding) or on the contrary we can establish 
different thresholds for each sub-region of the original image. 
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Figure 3-1: Histogram 

We can make a differentiation between bi-level and multi-level thresholding:  in case of 
bi-level thresholding, image is divided into two regions, object and background. If image 
is composed of several objects with different characteristics, we need then several 
thresholds to perform the segmentation. This is known as multi-level thresholding. 

When working with medical images thresholding detection is not easy. Several 
algorithms, based mainly on statistic methods over histograms, have been proposed. The 
main drawback is that only histogram information is considered, ignoring any spatial 
detail. 

Segmentation by thresholding is based on the idea that the pixels of segment in an image 
typically have similar intensity values and numerous pixels with the same intensity value 
should be classified as their own segment. But this can not always be applied specially 
when the image contains noise, artifacts … In such cases even if object may be darker 
that background, one threshold is not enough to divide both regions. Then we need to use 
several thresholds depending on the region: adaptive Threshold. With this technique 
image is divided into blocks that can not be overlapping, so independent threshold can be 
used for each block. 

As a conclusion, grey based segmentation methods can provide useful information but 
they are limited to simple structures. For more complex images we need to handle huge 
amount of information. 
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3.3 Edge detection 

What is an Edge? An edge is the boundary between two regions of an image. The key 
component of edge-based segmentation approaches is edge detection. Edge detectors 
look for abrupt changes in grey scale value of the image. These changes will delimit the 
borders between regions. This edge detection technique is mainly used together with 
some other segmentation methods as it has happened in this project. 

We can find a huge variety of methods to detect edges which are classified into 
sequential and parallel. In sequential ones, the decision whether a pixel belongs or not to 
an edge depends on the result obtained from some other pixels previously analyzed. 
However in parallel methods, this decision is determined by the pixel currently analyzed 
and some neighbour pixels. Performance of sequential methods depends on the selection 
of the initial point and it is quite influenced also about the result of previous iterations 
[ESQUEDA 2002]. 

In this project we have used edge detection based on the gradient whose characteristics 
are described below. 

In order to find out the contours we must locate the places in the image where pixel 
intensity changes reasonably quickly, usually following some of these criteria: 

� Places where the first derivative (gradient) of the intensity is higher than a defined 

threshold. 

� Places where the second derivative (Laplacian) of the intensity crosses zero value. 

In the first case we will search for big peaks and in the second case for sign changes as it 
is shown in the next figures: 
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Figure 3-2: first and second order derivatives 

 

First derivative operator (gradient) 

 

Second derivative operator (Laplacian) 

Figure 3-3: Gradient and Laplacian operators 
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3.3.1 Gradient based techniques 

These techniques are based on an approximation to the derivative concept for discrete 
spaces. This is based on the calculation of differences among neighbour pixels which can 
lead to one-dimensional or bi-dimensional derivatives. Robert and Sobel ones are quite 
useful. 

The operator gradient G applied to an image f(x,y) is defined as: 

 

Gradient vector represents the maximum intensity change for point (x,y); its magnitude 
and direction are given by: 

 

where the gradient direction is perpendicular to the edge. To reduce computing load, it is 
applied usually as: 

 

Due to the continuity of digital images, we can conclude: 

 

which can be represented using the following masks: 
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These masks are not use in general due their low sensitivity to noise since only two pixels 
information is considered. Among the most used filters (operators) which allow also 
smooth gradients we have: Roberts, Prewitt, Sobel and Isotropic. In the following figures 
we can see the corresponding masks to each operator and one example using Sobel mask: 

 

Roberts operator  

Prewitt operator 

 

Sobel operator 

 

Isotropic operator 
 

Figure 3-4: Masks for gradient operators 

 

 

Figure 3-5: Segmentation using Sobel operator 
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3.3.2 Laplacian based techniques 

Laplacian is the second-order derivative of a function and it represents the derivative of 
this function with respect to all directions: 

 

We generally use the following masks for Laplacian: 

 

Figure 3-6: Laplacian operator masks 

Notice that central pixel gets the negative value of the sum of surrounding pixels so that 
the global pixel sum is zero. 

 

3.4 Region growing 

In this process we start with a single pixel and we try to expand from that seed pixel to 
fill a coherent region. A simple example very used in practice is the growing based on the 
absolute grey level difference. Using a fixed threshold value T, grey level difference is 
calculated for all neighbour pixels and decision is done whether to include or not the 
studied pixel into the segmented region. 
 
Main two problems in region growing are: on the one hand the selection of the seed or 
starting point which represents the ROI and on the other hand the selection of the criteria 
used to add more pixels to the ROI during growing process. 
 
The selection of starting points often depends on the image nature. That is, in military 
applications with infrared images, the target sheds heat, so these pixels have lower 
intensity than dark background. In such case white pixels are the natural selection for 
seeds. Without a priori knowledge of the problem, common successful process consists 
on the calculation of the criteria for all pixels which will be used during segmentation. If 
this calculation results in groups of pixels, then we can select seeds next to the centre of 



3D Segmentation of great vessels using active contours and morphological image processing techniques  

33 

such groups. For example pixels belonging to the maximum value of each grey level 
histogram mode could be the seed when grey level is used as criteria. 
 
The selection of similarity properties not only depends on the original problem but also 
on the kind of image available. In any case it has to be considered always the 
connectivity during the region growing in order to have a coherent result. 
 
 
 

 
 

Figure 3-7: Growing region process  

 

 

 
An additional issue is the stop condition. Basically, the growing ends when there are no 
more pixels in the neighbourhood fulfilling the similarity criteria. 
 
When working with medical images this technique is rarely used alone, usually it is 
complementary to something else which provides better and more accurate results. 
Nevertheless region growing can give a first estimation on the edges of the ROI. 
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3.5 Active contours 

Active contours, or snakes, are computer-generated curves that move within images to 
find object boundaries (note that the 3D version is often known as deformable models or 
active surfaces in the literature). They are often used in computer vision and image 
analysis to detect and locate objects, and to describe their shape. For example, a snake 
might be used to automatically find a manufactured part on an assembly line; one might 
be used to find the outline of an organ in a medical image; or one might be used to 
automatically identify characters on a postal letter.  
 
The mathematical model of deformable models represents the union of geometry, physics 
and proximity theory. Geometry is used to represent the object shape, physics imposes 
some restrictions to the shape variation in time and space and proximity theory provides 
the basis to adjust models to real data [McINERNEY 1996]. 
 
The most well know deformable model is the snakes, introduced by Kass et al. in 1988 
[KASS 1988]. Snakes, also called active contours, represent a particular case of 
multidimensional deformable models. They are generally used to trace the edges of an 
object. 
 
We can find in the literature several references to active contours to solve segmentation 
problems like: Surenda Ranganath [RANGANATH 1995] who uses snakes to extract the 
ventricular contour; Daniel Ruecckert  [RUECKERT 1997] who uses active contours to 
delineate the aorta contour using some initial circles; Sven Loncaric [LONCARIC 2001] 
who also uses deformable models to segment the aorta. In our case the selected method 
has been snakes due to the reasons explained below. 
 
Snakes scope is not to solve the problem of contour searching, but to do some fine tuning 
to an existing contour. So if we already have a contour close the real edges, it can evolve 
to the desired one by adjusting the snakes’ parameters. 
 
Snake can be also defined as a curve that minimizes the energy, made of several points 
that will attract some other points of our image. One point will attract more or less 
depending on the energy associated to it, such energies are defined according to the 
functions described next. We will only explain in detail the energies used in our project. 
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Figure 3-8: Initialized and balanced snakes 

 

Basic energy function integrates a combination of internal and external functions over the 
contour although originally only two energies were defined, contour (Econtour), also called 
elasticity energy and curvature (Ecurvatue), there are some others belonging to these 
equations. It can be defined like this: 

 

ETotal (s)=α (s)∫ Econtour (v(s))+β(s)∫ Ecurvatue (v(s))+γ(s) )∫ Eimage (v(s)) 

Where v(s)=[x(s),y(s)] is the parametric curve defined by its coordinates x and y and the 
domain of the curve is s є [0,1]. The rest of parameters appearing in the equations are 
α(s), β(s) and γ(s) which are physical parameters controlling the energies. 

In order to control the contour energy we can decrease α(s) and expand the contour or 
increase its value so that tension of the model is increased and longitude is decreased. 
About curvature energy, by decrementing β(s) we can see more corners or by 
incrementing it then rigidity is observed. Finally γ(s) controls the external energies by 
attracting the contour towards dark or bright areas depending on its sign [SCHNABEL 
1997]. 
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Description of both types of energies follows: 

Internal Energy (Eint): it defines both, the spatial relationship among snake’s points and 
the restrictions in the contour shape. 

� Contour Energy: This function minimizes the distance between snake’s points, 
making the model shrink during the optimization process when no external forces 
appear. This energy takes its value from the absolute value of average distance 
between points subtracted from the distance between neighbour points. 

 

 

Figure 3-9: Contour energy 

Where vi and vi-1 are snake’s points and xi and yi their coordinates.  

� Curvature Energy: this energy estimates the curvature over a point. Like this we 
can keep the shape restriction and eliminate any abrupt change without shrinking 
it. 

 

�  Continuity Energy: This is an extension of the contour energy. It tries to 
balance the negative effect of shrinking the contour. Without any other force, this 
energy pushes the contour to become a straight line. In presence of more forces, 
this energy makes a close contour similar to a circle. 
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� Balloon energy:  This is something relatively new [COHEN 1991] which tries 
also to push every point to the perpendicular direction to the contour. But it does 
not always reduce the curvature, depending on its sign it can shrink or expand it. 
This has the drawback of being sign dependant. 

 

Image Energy: this is also known as external energy, and it is defined in relation to the 
characteristics we want for our contour. It only depends on the pixels where control 
points are defined. 

� Brightness energy: it attracts the contour towards bright or dark areas depending 
on the sign. We must be careful since we may have very intense pixels which will 
prevent us from shifting properly our contour. 

 

� Gradient energy: this is based on the application of gradient masks to the 
original image. It can be expressed as: 

 

 

Were ∆I is the intensity gradient calculated for every single point of our snake. 
This energy decreases when the point of the snake is close to an edge. 

 

Through all these energies active contours are able to represent complex anatomic 
structure’s shapes. 

Techniques using deformable models are usually used for movement estimation in 
dynamic images. There are several ways of follow contours using deformable models, but 
the simplest one is snakes, chosen for our project, which is spread all over a sequence. 
Initialization is introduced by the user, so in the first image of the sequence all these 
algorithms apply and the resultant contour is used as initialization for the next image of 
the sequence. 
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3.6 Clustering 

In general this term refers to methods based on grouping of pixels according to some 
defined properties. These properties assigned to a pixel are defined as a vector inside a 
defined space. All sub groups contain pixel similar among themselves. Among clustering 
algorithms we can find Nearest Neighbour (NN) or K-Nearest-Neighbour (K-NN) 
[PELAEZ 2001]. 
 
Clustering is used when there is not enough knowledge about the classes that can define 
the ROI, like medical images. The success of these algorithms resides in their capacity to 
categorize a huge amount of pixels with small error probability [GALIC 2001]. 
 

3.7 Segmentation methods in cardiac CT and MRI 

Segmentation in medical images is not an easy task due to complexity and shape of the 
anatomical structures. In cardiac images the main obstacle is the movement of all 
structures (vessels in our case) during cardiac cycle, making this task even more 
complex. 
 
The most common method is active contours or snakes. Many times the initialization is 
given by the user, either by delineating a contour or by giving a starting point. There are 
several references to these applications in literature and among them [RANGANATH 
1995], [LONCARIC 2001] or [RUECKERT 1997]. 
 
Regarding the rest of segmentation techniques, we can state that they are not used alone 
since they are not accurate enough, but they are combined to obtain better results. This 
has been the philosophy for many researchers [GEEST 1995] and the reference for our 
work. 
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Chapter 4 
 

Implementation 
 
 

4.1 Design 

 
For the implementation of this project we have followed several steps starting with the 
study of the images characteristics (either RM or CT) and ending with the development 
of a new interface able to acquire user requested information. We have taken into account 
different criteria which have guided our implementation. 
 
The first phases have been mostly research, on the one hand to learn about the structure 
and format of the images given and on the other hand to find among literature some 
references to our main problem: segmentation of great vessels. 
 
After getting the necessary theoretical basis, second phase started: implementation. The 
following scheme shows in more detail all the steps followed: 
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Figure 4-1: Global implementation scheme. 

 

 

In the next sections all phases will be explained in detail followed by the implementation 
proposed. 
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4.2 DICOM reader 

All images used in our study and in the verification of our results are either from 
Magnetic Resonance or Computed Tomography. To get a clear display of these images 
here are the steps followed: 

 

Figure 4-2: Image reading 

 
The original MR images are one or several spatial planes acquired for different moments 
of the cardiac cycle, for CT images frames correspond to spatial slices acquired at one 
moment in time. All of them are in DICOM format so the first step is to get the 
parameters or tags which can deliver some information about the type of image, the order 
of the sequence…After this analysis we can start implementing our reader using these 
tags explained in detailed in next sections. 
 

  
Figure 4-3: Example of anatomic CT and MR image 
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4.2.1 DICOM data 

 
Format DICOM 3.3 (Digital Imaging Communication in Medicine) is a worldwide 
standard for storage and transmission of medical images (refer to Annex B for more 
details). Such format conveys the original image (without modifications) together with 
geographical and equipment related information. 

A single DICOM file contains both a header (which stores information about the patient's 
name, the type of scan, image dimensions, etc), as well as the image data (which can 
contain information in three dimensions) [BIDGOOD 1997]. DICOM image data can be 
compressed (encapsulated) to reduce the image size. 

The DICOM header describes the image dimensions and retains other text information 
about the scan. The size of this header varies depending on how much header information 
is stored. The image data follows the header information (the header and the image data 
are stored in the same file). In both parts the structure is the same: 

1) Numerical label identifying  the field 
2) Type of the stored data (e.g. UL=Unsigned Long) 
3) Value 

Example: 

 (0018, 0050)          DS             [8.000000]              # 8, 1 Slice Thickness 

      (1)         (2)        (3)      (4) 

The name under (4) is extracted by the application we have developed (dcmdump) from 
DICOM dictionary. 

After the investigation of all tags in the file we have selected the ones clearly related to 
our study. 

4.2.1.1 Study data 

There are several fields which gives data related to the study taking place, like the serial 
number or the date at which this study was performed. This data can be found under 
DICOM module General Study Module Attributes. 

 
0008,0020 StudyDate 

0008,0021 SeriesDate 

0008,0022 AcquisitionDate 

0008,0023 ContentDate 

0008,0024 OverlayDate 
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0008,0025 CurveDate 

0008,002A AcquisitionDatetime 

0008,0030 StudyTime 

0008,0031 SeriesTime 

0008,0032 AcquisitionTime 

0008,0033 ContentTime 

0008,0050 AccessionNumber 

0008,0060 Modality 

0008,0080 InstitutionName 

0008,0090 ReferringPhysiciansName 

0008,1030 StudyDescription 

 
 

4.2.1.2  Personal information 

Following data refers to the patient (name, age,…) and they are included inside module 
DICOM Patient Module Attributes. 
 

0010,0010 PatientsName 

0010,0020 PatientID 

0010,0030 PatientsBirthDate 

0010,0040 PatientsSex 

0010,1010 PatientsAge 

0010,1020 PatientsSize 

 

4.2.1.3  Acquisition data 

Here we can find the parameters used in the acquisition of the image like frequency, 
repetition time, … These attributes are included in DICOM NM Image Module Attributes. 
 

0018,0020 ScanningSequence 

0018,0021 SequenceVariant 

0018,0022 ScanOptions 

0018,0023 MRAcquisitionType 

0018,0024 SequenceName 

0018,0025 AngioFlag 

0018,0050 SliceThickness 

0018,0080 RepetitionTime 

0018,0081 EchoTime 

0018,0082 InversionTime 

0018,0083 NumberOfAverages 
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0018,0084 ImagingFrequency 

0018,0085 ImagedNucleus 

0018,0086 EchoNumber 

0018,0087 MagneticFieldStrength 

0018,0088 SpacingBetweenSlices 

0018,1050 SpatialResolution 

0018,1060 TriggerTime 

0018,1088 HeartRate 

0018,1090 CardiacNumberOfImages 

 
 

4.2.1.4  Characteristics of stored image 

 
There is another group of data which defines the real dimensions of our image, number of 
rows, columns, pixel spacing,… These parameters are stored either in DICOM Image 

Plane Module Attributes or in Image Pixel Module Attributes. 
 

0020,0010 StudyID 

0020,0011 SeriesNumber 

0020,0012 AcquisitionNumber 

0020,0013 InstanceNumber 

0020,0014 IsotopeNumber 

0020,0015 PhaseNumber 

0020,0016 IntervalNumber 

0020,0017 TimeSlotNumber 

0020,0018 AngleNumber 

0020,0019 ItemNumber 

0020,0020 PatientOrientation 

0020,0022 OverlayNumber 

0020,0024 CurveNumber 

0020,0026 LookupTableNumber 

0020,0030 ImagePosition 

0020,0032 ImagePositionPatient 

0020,0035 ImageOrientation 

0020,0037 ImageOrientationPatient 

0020,0050 Location 

0020,0052 FrameOfReferenceUID 

0020,0060 Laterality 

0028,0002 SamplesPerPixel 

0028,0003 SamplesPerPixelUsed 
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0028,0004 PhotometricInterpretation 

0028,0005 ImageDimensions 

0028,0006 PlanarConfiguration 

0028,0008 NumberOfFrames 

0028,0009 FrameIncrementPointer 

0028,000A FrameDimensionPointer 

0028,0010 Rows 

0028,0011 Columns 

0028,0012 Planes 

0028,0014 UltrasoundColorDataPresent 

0028,0030 PixelSpacing 

0028,0031 ZoomFactor 

 
 

4.2.2 Implementation 

 
There is an existing reader already integrated in PIA1 and implemented in IDL. This 
reader contains several options for image processing, thus this is the reason why this 
project has been also implemented using IDL. 
 
The reader has been slightly modified to be able to read cardiac images (MRI and CT) 
and new tags have been taken into use in this new version. 
 
 

Identifier  Value Name 

(1)  (0018,0050) DS  [8.000000]  # 8, 1 SliceThickness  

(2)  (0018,1088) IS  [49]  # 2, 1 HeartRate  

(3)  (0018,1090) IS  [30]  # 2, 1 CardiacNumberOfImages  

(4)  (0020,0013) IS  [ 1]  # 2, 1 ImageNumber  

(5)  (0028,0030) DS  [ 1.562500\1.562520]  # 18, 2 PixelSpacing  

(6)  (0018,1060) DS  [ 10.0000000]  # 10, 1 Trigger Time  
 

(1) Slice Thickness: This parameter shows the distance between two slices in mm. 

 (2) Heart Rate: it shows the heart rate, needed for cardiac stroke volumen 
calculations. 

(3) CardiacNumberOfImages: it shows the number of images acquired at each cardiac 
cycle.  

1PIA= Plataforma de Integracion de Aplicaciones. Platform for integrated applications. 



3D Segmentation of great vessels using active contours and morphological image processing techniques  

46 

 (4) ImageNumber: Numbering which allows us to calculate the acquisition order.  

 (5) PixelSpacing: it shows the real size in mm of a pixel in our image. 

 (6) TriggerTime: instant of time at which the image was acquired. 

 

The behaviour of the reader is basically the following: 

 

� Path for images file is given as an input 

� All parameters/tags are read 

� Data is ordered according to TriggerTime and ImageNumber 

 

The usual format of our images is a series of around 30 images, so the output of our 
reader is a 3D matrix where the first dimensions are spatial, i.e. X and Y and the third one 
may be is time or special Z. Once this data are stored we can start post-processing it. 

 

4.3 Segmentation 

The next phase of our project after reading the images consists of contour delimitation 
through all the sequence. To achieve this, we searched into the segmentation techniques 
which allow us to find the contour of a region of interest (ROI). There is a huge variety of 
algorithms (as explained before in Chapter 3) from which we have selected the most 
suitable ones concerning our initial problem. 

 

When dealing with medical images we can find in the literature several methods for MR 
and CT images [CAZORLA 1995], [RANGANATH 1995], [LONCARIC 2001]. After 
research on these existing algorithms we got an idea of which ones are used and which 
problems they are solving. 

 

The initial idea is to consider that great vessels, like the aorta, have an approximately 
circular contour which presents only small shape deviations along time. But although this 
deviation may be minimal, it is not obvious which segmentation technique to use since 
motion is significant. This is the reason why we have used several methods till reaching 
the final solution, starting with the simplest ones, e.g. thresholding or region growing, 
and ending at the more complex ones like active contours. 

 

Our initial scope is the implementation of an algorithm as automated as possible, 
reducing user interaction to its minimum extend. Thus, our segmentation will start with 
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an initial trigger given by the final user and from this point on, our algorithm will 
continue without further interaction. This initial trigger consists on placing a central point 
in the desired region. From this point, our algorithm will determine the edge of this area 
along the image sequence. In order to have a successful result, it is required that final user 
selects an initial image showing a clear delimited section. This is not always the fist 
image in a cycle/sequence which implies that user will have to search for such an image. 

 

4.3.1 Implementation 

 
To deal with our problem we decided to use basic techniques and study their results to 
decide about their validity. Steps followed till reaching final method were: 
 

a) Region growing. We started with the implementation of a region growing 
algorithm. Given the centre of the desired area (seed) we could create a region by 
adding pixels following some criteria. 

 

Around the initial seed, we built a 5x5 matrix (value obtained experimentally) 
containing the value of neighbour pixels in order to calculate its deviation. Using 
this value we defined the range of pixel intensities which might belong to this 
region. This range could be defined initially by using the grey level of the seed, 
having as maximum value the sum of seed intensity plus the calculated deviation 
and as minimum value their subtraction. 
 
Adding all points fulfilling this condition we got the desired region and from this 
we got the contour. 
 
The results obtained with this method were not fully satisfactory due to the fact 
that we were getting only good contours in those frames where the ROI was 
clearly defined, without artifacts that could blur the image or close structures with 
similar intensity. 

 
 

Figure 4-4: Region growing algorithm 

P0 

Matrix 5x5 

Neighbour pixels 

Standard 
deviation 
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b) Snakes. We decided to move onto a different kind of method and implement the 
snakes’ algorithm, taking into consideration that our contour would be circular. 

 
Snake was initialized using as a base the contour obtained with the region 
growing algorithm. This initial snake was used as initial contour of i+1 image. 
However motion problem was still present since in many frames our ROI was 
changing significantly its position so snake could not adapt to changes and region 
was growing indefinitely. We tried to limit the iterations by introducing a new 
force fixing the maximum size of our area. This prevented the snake from adding 
far away pixels to the initial contour but it was not suitable when vessels were 
growing. 
 

 
 

Figure4-5: Example of incorrect segmentation with region growing 

 
c) Finally we dealt with this problem from a different perspective: during a cardiac 

cycle the position and shape of a vessel cross-section may change due to heart 

beating and pressure changes in the arteries. In general, this change in shape is 

relatively small in comparison with the movement experimented by this cross-
section. Using this as a starting point we created our final algorithm, based on 
[GEEST 1995] proposal, which splits segmentation into two steps, isolating like 
this each problem, motion detection as a first step and shape detection as a 
second step. 
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Figure 4-6: Segmentation, motion and shape detection 

 

4.3.1.1 Motion detection 

 
Using a first contour which describes the vessels section in one of the frames of the 
cardiac cycle, we are able to estimate the position of the same vessel in another frame just 
by shifting the initial contour in a limited region. 
 
The designed algorithm shifts the contour from the previous frame inside a defined 
region and decides which is the optimal position of this contour into the new image by 
searching for the maximum gradient. As it is explained in the following paragraphs, the 
strategic research to find out the new position is an exhausted search since it tries all 
possible positions in a restricted area. This method can be easily applied to our problem 
since the region of movement is relatively small, otherwise system would be overloaded. 
 
In order to automate the system to its maximum extend so that final user does not have to 
delimitate the contour himself, we take advantage of the given central point to perform a 
region growing so as to get an approximate contour of our section in the original image. 
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Previously we have applied a opening morphologic filter of grey levels that smoothes the 
areas containing not homogeneous intensity. Like this the vessel section becomes 
smoother and we are able to get contours fitting more accurately to the real edges. This 
morphological operation consists of erosion followed by expansion which levels the 
maximum local values without disturbing the minimum ones. 
 
This first contour calculated in the initial image is exported to the next image. Matrix is 
defined to store the value of the gradient of the image calculated for neighbour pixels of 
the each point belonging to the contour. After studying in different sequences the 
maximum deviation between consecutive contours due to cardiac motion, we have 
limited the shift to 2 pixels in every direction, thus using a 5x5 matrix. 
 
The gradient algorithm used is Sobel since it fits (experimentally) more accurately to our 
needs. 

 
 

Figure 4-7: Gradient calculation 

 
Once we have filled our matrix for every pixel of our contour, we create another matrix 
with the same dimensions to store the sum of all gradients calculated for any possible 
shift of our contour. From this new matrix we will pick up the maximum value to shift 
the contour points to it. Finally we will get a contour approximately located in our ROI 
missing only small adaptation that will be provided by the snakes’ iteration.  
 
This algorithm can be easily interpreted as the creation of shifted contours (+2/-2 
positions), gradient calculation for all of them and selection of the highest one, see Figure 
4-8: 
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Figure 4-8: Gradient algorithm interpretation 

 

 

4.3.1.2 Shape detection 

 
Already having a contour quite close to the real limitations of our vessel, we can optimize 
small deviations by using snakes. 

Initial contour 

Contour with 
gradient G’ 

Contour with 
gradient G’’ 
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 Figure 4-9: Contour adjusted using snakes where region growing would not work 

 

Taking into account that for every image we already have a pretty good contour, there is 
only missing one small deformation of the snake to make the final adaptations. We must 
give values to the different energies or parameter that define the snake trying to partially 
keep the initial shape but allowing some deformation. 
 
These values have been experimentally determined through trials using different 
sequences. Having in mind the function of each of these parameters: 
 

� Our contour is nearly circular, so Continuity energy should be high in order to 
keep the curvature. The final value used is 80. 

� Balloon energy is not clearly defined since our contour may increase or decrease 
inside a sequence. Due to this we have consider for our algorithm that both effects 
can occur, so balloon can be positive if contour is expanded or on the contrary, it 
may be negative  if contour shrinks. For positive value we have used +50 and for 
negative -10. Our algorithm dynamically calculates gradient with both values, and 
selects them balloon for the value giving the maximum snake gradient. 

� Gradient energy has been experimentally determined and ending up with value 
25. 

� For Brightness energy we have found an optimal value of -40 (for CT images) 
although in some images region is surrounded by areas with both, higher and 
smaller grey intensity. For MR images, best value was 0. 

 
Variation of iterative process has been also introduced about how to choose pixels 
belonging to the snake (‘iteraAorta.pro’). Knowing a priori that our contour is circular, 
the new possible points are selected into the radial direction (‘EntornoRadialo.pro’).  
 This provides us with a more rounded contour easily and quicker which is also more 
robust to any noise or artifact. 
 
So as to sum up, our algorithm consists of the following steps: 
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1. Gets initial contour from the original centre given by the user in the selected 
image. 

2. Places this contour over the first image of the sequence by using gradients. 
3. Adjusts this contour using snakes algorithm 
4. Propagates this final contour into the next image starting again from point 2 till 

final image of the sequence is reached. 
 

4.4 Interface 

For this tool to be efficient we need to develop an interface able to extract all 
mathematical calculations and programs from the user facilities. Its design has taken 
place thinking about all possible user requirements in order to automate as much as 
possible all processes. Main characteristics of this design are: 
 

� Windows environment similar to “Windows” operating system 
 

� User friendly and intuitive process 
 
 

� Homogeneous interfaces so that all windows display keep the same format 
 
Following these principles we have designed our tool described in detail in section below. 
 

4.4.1 Design 

 
In this section we will describe the main characteristics of the interface implemented. 
First of all we will give a short description of the visual components showed in the tool 
and afterwards a detail description of usage steps will follow in Annex A of this memory. 
 
Following the design principles mentioned before, we have provided the interface with 
the necessary characteristics for the specialist (final user), like the possibility of choosing 
an adequate frame or the possibility of restarting the process if initial calculated contour 
is not satisfactory. 
 
The biggest window will display the anatomic image of the sequence selected. Above it, 
there is a tag showing from which institutions these images are and to which patient they 
correspond. This information is extracted from the respective DICOM files. 
 
Buttons found on the left side allow the user to perform several actions (start 
segmentation, reset, re-view all frames …).  
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4.5 Development of the program 

This section gives an overview of the main algorithm structure and its relationship with 
the rest of the needed interfaces in the application. 
 
This tool has been fully designed in IDL5.6 and all process are independently managed 
by the main program, ‘Interface.pro’ that defines all local and/or global variables and 
constants. Program ‘Interface_event.pro’ deals with the event management caused by 
user interactions through the XMANAGER process. Next we will split the main 
algorithm and the different modules included in it. 
 
The first task of this algorithm is the creation of all widgets (buttons, texts,…) and 
objects like tri-planar orthogonal viewer displayed in the screen. These tri-planar 
orthogonal viewers are created in PIA and they have their own graphical interface. They 
deal with their own events but they can also request any event towards the main program. 
There are three ways of defining it and in our case the most suitable one is MODE=2 
which show only one window with all characteristics of a tri-planar orthogonal viewer. 
Some of the data we can extract from it is: 

4.5.1 Main algorithm 

 
All three, interface description, segmentation process and display, are included in 
‘Interface.pro’. In the following scheme we can see the relationship among all functions 
and procedures used: 
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Figure 4-10: Relationship of main procedures 

 

 

The fist step of this algorithm is the creation of all widgets (buttons, texts,…) and objects. 
These tri-planar orthogonal viewers are objects created in PIA which have their own 
graphical interface and deal with the display of image sequences. They handle their own 
events and can work in different modes, in our case MODE=2 is the most suitable one. 
Some data that can be extracted from it are: 

Tri-planar orthogonal viewer Object  

 

Property  Description  IDL type 

POSICIÓN DE LOS EJES Y ZOOM  

AxisPosition  Position in millimeters  FLTARR(3)  

AxisPosPixel  Position en pixels ARRAY (3)  

Scale  Current Zoom factor  

 

DATA READING 
Read_Images_Objects.pro 

INITIAL 
SEGMENTATION 
Growing.pro 
Morph_Open.pro 
Search2D.pro 
Translate2Coord.pro 
Crest2Snake.pro 

MOTION 
DETECTION 
Gradient.pro 

SHAPE 
DETECTION 
CalculateSnake.pro 
IteraAorta.pro 
EntornoRadial.pro 

INTERFACE 
Interface.pro 
Interface_event.pro 
Orto1_events.pro 

New study 
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Associated Image Object  

 

Property  Description IDL type 

IMAGE REPRESENTATION DATA  

PixelData Image data matriz (pointer to an array of pixel 
value). It can be 2D or 3D  

Pointer to any 
array type  

Photometric Interpretation  0-Indexed 1-RGB  BYTE  

NumberOfDimensions  Number of image dimensions (2 or 3)  BYTE  

DimArray  Pointer to a dimension array  POINTER  

PixelSize  Pointer to an array of pixel sizes  POINTER  

SliceThickness  Thickness of the slice in 3D (tirad component of 
array Pixelsize)  

FLOAT  

PatientPosition,                                 STRING  

PatientData,  Patient Object corresponding to the image  Object Patient  

PatientId,  Patiente identifier  

PatientSize,  Size 

PatientBirthDate,  Birth data  

Name,  Name 

Sex,  Sex 

Age,  Size 

Weight,  Weight  

 

Figure 4-11 Parameters used in object tri-planar orthogonal viewer and its image associated 

object. 

 
Program ‘Orto1_events.pro’ will handle all events.  
 

4.5.2 File opening 

 
In order to read our MR or CT images we need to use the reader mentioned before so we 
call the program which returns an object containing an image and its data. 
 
So after this call we obtain an image object, from which we can extract the PixelData to 
get the matrix for all our sequence. We must convert this matrix into 3D matrix to store 
all 3 dimensions (x, y and t/z). From this point on we can extract any information 
contained in our images and that will be needed afterwards. 
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4.5.3 Segmentation algorithm 

 
Next phase tries to find out a first estimation of the vessel contour over the initial selected 
image. To get this contour we first use a morphologic filter over the image with an 
already implemented function in IDL, ‘Morph_Open’ and afterwards we apply the 
‘Growing’ process which returns a continuous contour. In order to get the coordinates of 
the extracted contour we use ‘Translate2coord.pro’. 
 
And the last part executes the algorithm all over the sequence. There the following 
processes are used: ‘Gradient.pro’ which uses the values of the previous contour and the 
new image to return a new contour placed approximately over the ROI (motion 
detection). After this ‘CalculateSnake.pro’ is executed in all images using the following 
energy values: 
 

� Continuity energy CCON = 80 
� Brightness energy CBRIG = -40 (CT images) / 0 (MR images) 
� Gradient energy CGRAD  = 25 
� Balloon energy CBALL  = -10 (to expand) 

= +50 (to shrink) 
The final snake is obtained verifying with which balloon value we got a higher snake 
gradient (shape detection). 
 
The sequence with the vessel segmentation can be displayed again either in cinema mode 
or image by image. 
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Chapter 5 
 

Tests and results 
 

 

 
After describing the theoretical aspects and the methods used and implemented for this 
project, we intend to show its usability and goal through tests and experiments together 
with their results. 
 
In the following sections we will give an overview of how the initial objectives presented 
at the beginning of this project have been reached. Moreover we will point out the main 
limitations of the application to describe some future improvements. 
 
Evaluation can not take place without previous references, which lead us to the 
comparison of our tool with an existing one to extract some conclusions about our job. 
 
 
 

 
 
 
 



3D Segmentation of great vessels using active contours and morphological image processing techniques  

60 

5.1 Tests description 

Tests performed have been divided into two phases. One phase which took place all 
along the implementation of the different stages of our project and which has been mainly 
focused on the validation of the accuracy for the selected algorithms. The second phase 
has been oriented to the final application, to the design of an easy-use tool with a proper 
display of the images selected and to verify the obtained results. 
 
 

5.1.1 Technical tests 

This kind of tests intends to show the robustness of the implemented tool. It must be 
checked that also with a non-usual sequence of steps coming from the user, our program 
is not crashed. This has been taken into account when explaining its usage in Annex A, so 
that user is easily guided through the application and his actions are limited to a specific 
sequence of steps. 

We have tried to develop a user friendly tool so that user is abstracted from all the 
mathematical and programming issues. 

As far as system resources are concerned, execution time has been checked with 
successful results although this parameter depends on the sequences’ size. Just as an 
example, time spent in a sequence whose size is 256x256x30, is approximately 20 
seconds. 

 

5.1.2 Validity tests 

 
These tests try to include two goals: on the one hand the verification of the results 
obtained with our algorithm in comparison with the existing one and on the other hand 
the validity of these results for a specialist. Following suggestions from final user, we 
have able to improve the application focusing mostly on user interests and getting really a 
useful tool. 
 
So as to verify that our algorithm provides with exact data/results we have preformed test 
over ten sequences of images (CT and MRI) and the obtained results are presented in the 
next sections. Not all images belong to sane patients, besides some of them show 
pathologies like heart failure. 
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5.2 Obtained results 

In this section we present the results obtained with the implemented tool where we can 
show the segmentation of the great vessels over some frames. All tests have taken place 
with different sequences’ size. 
 
In total ten tests have been performed and regarding segmentation done by our algorithm 
we can conclude that obtained results are satisfactory. On the other hand we have verified 
that results from our tool are quite similar to the ones delivered by MRI-flow, MEDIS@ 
which performs also segmentation but not fully automated through all the sequence. Next 
we can see some examples of our segmentation. 
 

 
 

Figure 5-1: Vessel segmentation of a sane patient showing frames 3,6,9,11 
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Figure 5-2: Vessel segmentation of a patient with cardiac pathologies 
 
 

5.3 Discussions. Limitations 

We must highlight that our algorithm has been designed for all kind of images, but it is 
obvious that each image/sequence could have more optimized parameters depending on 
its particular characteristics. In our design we have tried to limit the usage of parameters’ 
values since there is no need for our final users (mainly specialists) to know the values 
needed for an algorithm. That’s why some parameters have taken their value 
experimentally from all tests performed (like snakes energies). 
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Thus, one of the limitations of our algorithm is the restriction of the parameters 
eliminating the possibility of finding more precise values for each sequence. This can 
lead to the situation where segmentation is not as accurate as it could be and more trials 
are needed till the user finds a proper segmentation. 
 
Execution times are not excessively high and they have a direct dependency on 
sequence’s size although most of the analyzed sequences were 256x256x30. Nevertheless 
the tool is ready to read any possible size. With the tests performed we can estimate that 
maximum time spent in segmentation of the whole sequence is lower than 30 seconds. 
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Chapter 6 
 

Conclusions and Future Improvements 
 
 

6.1 Conclusions 

 
The application developed, intends to give a solution to the segmentation of great vessels 
in Cardiac Magnetic Resonance and Computed Tomography images. In this chapter 
conclusions are extracted about the effectiveness of the tool implemented testing if it 
fulfills or not the criteria posed at the beginning. 
 
The diagnostic techniques in cardiology demand a complex analysis of the image 
sequences obtained by the Cardio MR/CT and in many cases the correct segmentation of 
these medical images is a necessary step to obtain quantitative data. For the segmentation 
of big vessels, until now the implemented methods are semi – automatic, meaning that 
they require the supervision of the specialist so as to specify the contour wanted. In our 
case this condition is also necessary although our tool tries to improve the methods 
implemented by minimizing the interaction. 
 
Along this project we have seen the existence of a great variety of segmentation 
techniques; without doubt in the medicine field they produce worst results than in other 
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areas due to the image complexity. Nevertheless we have developed an algorithm which 
we consider reached our scope. 
 
The biggest drawback is the exact delimitation of the contour in the region of our interest. 
We have to highlight that although the delimitation does not seem to be precise, the 
difference in the final calculation is insignificant. 
 
Another difficulty is the level of automation of such applications in which is necessary to 
carry out a certain number of  tests until reaching the point where parameters have to be 
selected, which will provide us with the best results. In fact, for our work with cardiac 
MR and CT images, we cannot confirm having encountered from the beginning, the 
optimum value of all the parameters that provide the exact contour. What we did was, 
after having observed the results obtained, to adjust it step by step. 
 
We have gone through various stages, from the knowledge of this image processing 
technique until the elaboration of an algorithm capable of extracting a region of interest. 
Finally the tool we have designed, we consider it to be adapted to the foreseen objectives 
in the beginning of this project, mainly in the following aspects: 
 
 

• It allows the visualization of Cardiac Magnetic Resonance and Computed 
Tomography Images 2D+T/Z. 

• The contour delimitation is simple for the final user without the necessity of 
having lots of technical knowledge. It is capable of performing a precise 
segmentation and extracting a contour close to the real limits. 

• It gives the possibility of displaying the results of the segmentation along the 
whole sequence. 

 
 
The methods of image processing continue getting better basically due to fast technology 
advance and the development of 3-D high resolution graphics. These methods will prove 
to be very efficient at the time of diagnosing illnesses or following a therapy, but the 
clinical acceptance of all these computerized methods will depend mainly on the 
calculating velocity and their level of automation 
 
This project is not only a first solution to actual problems but also opens a future 
investigation line that improves the effectiveness of these tools and promotes is use in 
other cases where segmentation can be used. 
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6.2 Future Improvements 

 
After carrying out all the experiments and the obtained results and conclusions, we can 
propose some ideas for the improvement of the tool designed. It would be interesting the 
creation of additional functions for providing more options of the processed data or the 
improvement of some algorithms used in the application, such as: 
 

• Give to the user the option of not only selecting the reference center, but also to 
make a manual segmentation of the initial image so as to obtain the first contour. 
This would be of great help in case of having a sequence which the contour could 
not be seen with clarity. The user, manually, would give this initial contour so as 
to execute the algorithm. 

• Adjust the brightness and the contrast of the images so as to see clearer those that 
are difficult to be visualized. 

• As far as the used segmentation methods are concerned, particularly the snakes, 
more parameters of energy could be studied so as to provide us a better 
adjustment of the real contour. 

 
Apart from the above ideas we should also ask for a specialist analyzing the application 
so as to evaluate the level of utility and propose the necessary changes for improving it.  
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ANNEX A. User’s manual 

 
Once we have all elements for our application, we will give now a description of how to 
use this application from the user point of view. 
 

A.1 Installation and execution 

 
The usage of program ‘Interface.pro’ requires previously the installation of a RUN-TIME 
license from IDL. The appearance of this tool is shown in the next figure: 
 

 
 

Figure 1. Interface application 

 

A.2 Images load 

First step is to load the sequence of image we would like to process, for this we select 
from the menu ‘FILE’ and press the OPEN button. New window will appear where we 
will decide which images/files must be used. 
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Figure 2. Image selection 

 
This application allows only DICOM files. 
In the next figure we can see how it looks like after sequence has been loaded. 
 

 
Figure 3. Application appearance after file/image load. 

A.3 Segmentation 

 In case the first frame displayed is not appropriate to start the segmentation, we can 
select a more suitable one by scrolling the bar at the right side of the application. There is 
also the possibility of zooming in case we want to focus on one area. 
 
Once we have decided which will be our initial image we can start our segmentation by 
pressing SET CENTRE button which will allow us to have a mouse-click at the 
approximate centre of our vessel in the image. 
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By pressing START button we will see the contour created by the application. This 
contour will be used as an initialization for the rest of the sequence. If such contour is 
satisfactory them we can press CONTINUE so that segmentation starts all over the 
sequence. On the contrary, if contour is not good enough, we can select again an image 
and start the segmentation process again. 

 
 

Figure 4. Set centre 

 

 
 

Figure 5. Segmentation result 
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Once segmentation is over through the whole sequence, we can make a review of the 
contours created for each image individually. We can also display this as a cine view 
using the buttons on the up right corner of the application 

. 
Figure 6. Cine button 

A.4 Quit 

In order to quit from the application, button ‘Quit’ from file menu must be pressed and 
program will end. 
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ANNEX B. DICOM standard 

 
 

DICOM 3.3 format (Digital Imaging Communication in Medicine) is a standard for 
communication of medical images and their associated information. This format carries 
the original image acquired in the equipment together with demographic information, 
acquisition characteristics and equipment data. 
 
The American College of Radiology (ACR) and the National Electrical Manufacturers 
Association (NEMA) formed a committee around 1983 trying to develop some standard 
ways so that users of medical equipments (such as CT, MRI, NMR,…) could exchange 
some images between these machines. The mission commission was to standardize these 
communications. Apart from specifications to hardware connections, standard will be 
developed to include a dictionary of elements needed to interpret and represent these 
images. After several years and several versions, today we have the current DICOM 3.3 
 

 
 

Figure 1. Interconnection through different systems. 
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Their philosophy was to design a model where any application of medical images could 
communicate over any stack of any other hardware using the same model [HORI 2003]. 
 

 
Figure 2. DICOM protocol stack 

 

Focus will be given to objects, which will be the entities and the description of each 
entity which will be the attributes. For example, entity ‘patient’ will have attributes like 
‘patient’s name’ or ‘identification number’. DICOM calls the object according to their 
models ‘Information Objects’ and the attributes table ‘Information Object Definition’ 
(IODS) 
 
The design oriented object provides, not only with a way of writing but also information 
of what to do. DICOM uses this concept to define services like ‘Store image’ or ‘Get 
patient information’. These services are used by DIMSE, DICOM Message Service 
Elements. The configuration of these objects and services are called SOP, Service Object 
Pair. 
 
The SOP class represents the basic unit of functionality defined by DICOM. In order to 
specify a SOP whose implementation must be done by the equipment, it is possible to 
define exactly a subgroup of DICOM functionalities including the exchange messages, 
the transferred data and the context of these messages. 
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DICOM parts 

 
DICOM specifications are split into parts that can be expanded. The current DICOM 
version is composed of fourteen parts. The following figure shows the previous format 
with eleven parts: 

 

 
 

Figure 3. Parts of DICOM 3 

 

Part 1: Document that describes the whole standard like design principles. 
 
Part 2: Conformance Statement [BIDGOD 1997] with DICOM. This is an element that 
manufacturers should provide in order to clearly specify to which standards they are 
compliant to. Users will have access to this document so that they can determine 
interoperability between different implementations. 
 
Part3: description of information objects. 
 
Part 4: it contains information about SOPs.  
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Part 5: once a DICOM application assembles all data, this has to be encoded to be 
inserted as a message. This process is specified in this part. Its main function can be 
understood as the definition of the language that equipments will use to ‘speak’ to each 
other. 
 
Part 6: is the whole list of all data elements together with their labels, text names, 
representation, etc. 
 
Part 7: defines the construction of command sequences in the same way as part 5. 
Message build must be passed onto the different protocol layers. 
 
Part8: defines the network elements needed to exchange DICOM messages. Currently it 
supports TCP/IP and SIO/OSI protocols. 
 
Part 9: it defines the network elements needed to exchange message DICOM in a point 
to point communication. 
 
Part10: provides a frame which allows exchange of different types of medical images 
and their related information, stored in different locations. 
 
Part 11: it specifies the Application profile, mechanism needed to select different options 
from DICOM parts to support a specific application. 
 
Part 12: it facilitates the exchange of information among medical equipment dedicated to 
digital image processing. This exchange increases diagnostic through images. 
 
Part 13: specifies the needed protocol and services to support the application in charge of 
printing exchanged material among two machines. 
 
Part 14: specifies display function in grey scale. 
 
This standard describes an exchange protocol for digital images and a file structure for 
biomedical images. It defines the way and flow of messages carrying the images and their 
relative information. 
 
DICOM provides specialized information in detail which can be used to allow 
interconnectivity among networks. It also describes how to exchange medical images and 
their associated information (e.g. telemedicine, teleradiology). As time passes this 
standard evolves to be able to handle any kind of medical image, to support more 
applications and to insert new technology. 
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ANNEX C. IDL Program Headers 

 
CALCULATESNAKE.PRO  

;****************************************************************************  

;NAME:    CalculateSnake.pro  

;CALLING SÉQUENSE:   Snake=CalculateSnake(contorno,imagen,CCON=Ccon,CBAL=Cbal,  

;        CLUM=Clum,CGRA=Cgra,SNAKE=s)  

;PURPOSE:   Calculates the snake out of the contour and given energy parameters  

;INPUTS:    Contorno - contour  

;     Imagen - image  

;OUTPUTS:    Snake  

;KEYWORDS:    CCON - contour energy  

;     CBAL - balloon energy  

;     CGRA - gradient energy  

;     CLUM - luminance energy  

;     SNAKE - snake or Contour  

;AUTHOR:    Cristina Montejo 2008  

;*****************************************************************************  

CREST2SNAKE.PRO  

;***************************************************************************** 

;NAME:    Crest2Snake 

;CALLING SEQUENCE :  Estructura=Crest2snake(image, SPACE=space)  

;PURPOSE:    Transform a curve into a snake removing a certain number of points  

;     from the curve (space)  

;INPUTS:    Image - contour  

;OUTPUTS:   Structure - 't', array,  

;     'x', v_x,  

;     'y', v_y,  

;     'xy', v_xy,  

;     'img', imag_aux  

;KEYWORDS:    SPACE - space between points of the snake  
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;AUTHOR:    Cristina Montejo 2008  

;******************************************************************************  

RADIALCONTOUR.PRO  

;******************************************************************************  

;NAME:    RadialContour  

;CALLING SEQUENCE:   NewCord=RadialContour(Coor,Alpha)  

;PURPOSE:    Knowing the angle formed by the normal component and the X axis  

;     calculates the radial points the snake can have.  

;INPUTS:    Coor - Coordinates of the snake  

;     Alpha - Angle formed by the normal component and x axis  

;OUTPUTS:    Coordinates  

;KEYWORDS:    None  

;AUTHOR:    Cristina Montejo 2008 

;******************************************************************************  

GRADIENT.PRO  

;******************************************************************************  

;NAME: Gradient 

;CALLING SEQUENCE:   Contorno=Gradient(Contorno, Imagen, SNAKE=,MAXGR=maxgr)  

;PURPOSE:   Calculates the maximum gradient of all the points surrounding every  

;   contour point.  

;INPUTS:    Contorno - Snake  

;     Imagen - Image  

;OUTPUTS:    Contorno - New contour calculated  

;KEYWORDS:    SNAKE - Gradient calculated form a snake  

;     MAXGR - Maximum value of the gradient  

;AUTHOR:    Cristina Montejo 2008  

;*********************************************************************************
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GROWING.PRO  

;******************************************************************** 

;NAME:    Growing  

;CALLING SEQUENCE:   Region=Growing(subimagen, puntos, desv)  

;PURPOSE:    Carries out a region growing algorithm over an image given  

;INPUTS:    Subimage - Image  

;    puntos - Initial point so as to start the algorithm  

;     desv - Condition so as to join points to the region  

;OUTPUTS:    Region  

;KEYWORDS:   None  

;AUTHOR:   Cristina Montejo 2008 

;******************************************************************************  

ITERAAORTA.PRO  

;******************************************************************************  

;NAME:    IteraAorta  

;CALLING SEQUENCE:   IteraAorta,snakei,imagen,radio,Ccon,Cbal,Clum,Cgra,snakef,nomov  

;PURPOSE:    Iterates the initial snake so as to get one which fits more the image  

;INPUTS:    Snakei - initial snake  

;     Imagen - image  

;     Radio - radio of the coordinates where to search  

;     Ccon - contour energy  

;     Cbal - ballon energy  

;     Clum - luminance energy  

;     Cgra - gradient energy  

;     Snakef - final snake  

;     Nmov - number of points which have not change  

;OUTPUTS:    Final snake  

;KEYWORDS:   None  

;AUTHOR:    Cristina Montejo 2008  

;******************************************************************************  

TRANSLATE2COORD.PRO  

;******************************************************************************  

;NAME: Translate2cord  

;CALLING SEQUENCE:   Coord=Translate2coord( imagen, ESPACIO=espacio)  

;PURPOSE:    Calculates a matrix with the points taken out of a continuous contour.  
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;INPUTS:    Imagen - image with a contour represented in another colour  

;OUTPUTS:    Coordinates of a new snake  

;KEYWORDS:    ESPACIO - space between points of the contour so as to get the  

;     coordinates.  

;AUTHOR:    Cristina Montejo 2008 

;*****************************************************************************  

RELLENAHUECOS.PRO  

;*****************************************************************************  

;NAME:    RellenaHuecos  

;CALLING SEQUENCE:   B=RellenaHuecos(A)  

;PURPOSE:    Fills the possible holes inside an homogeneous region  

;INPUTS:    A - image  

;OUTPUTS:    B - image with uniform regions  

;KEYWORDS:    None  

;AUTHOR:    Cristina Montejo 2008  

;******************************************************************************  

INTERFACE.PRO  

;******************************************************************************  

;NAME:    Interface 

;CALLING SEQUENCE:   Interface,ev  

;PURPOSE:    Creates the main interface formed by widgets, detects any event  

;     generated on them and executes the corresponding actions.  

;INPUTS:   None  

;OUTPUTS:   Interface  

;KEYWORDS:    None  

;AUTHOR:    Cristina Montejo 2008  

;******************************************************************************  

READ_IMAGES_OBJECTS.PRO  

;******************************************************************************  

;NAME:    Read_images_objects  

;CALLING SEQUENCE:   ObjetoImagen= Read_images_objects (FILE=file,FLOW)  

;PURPOSE:    This procedure simplifies reading in a 3D set of images into a variable-
;INPUTS:    file  

;OUTPUTS:    Image Object  

;KEYWORDS:    FILE - file where the images are  

;    FLOW - Type of images you want to read  

;AUTHOR:    Cristina Montejo 2008  
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