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Abstract
2D�3D reconstruction is the process of
creating a volume from a set of 2D im-
ages. This reconstruction process results
in an estimation of the unknown inten-
sity values of all the individual volume
elements. The estimation is done by pro-
cessing the original 2D images and uti-
lizing the information that can be found
in them.

The goal of this thesis is to de-
velop a method to create a 3D
model of the carotid artery from 2D
in-vitro ultrasound images without their
positional information. The carotid artery
was scanned in two orthogonal directions,
which resulted in the artery's transver-
sal and longitudinal 2D slices. These two
sets of slices are used in the reconstruction
process to �rst create two separate vol-
umes. These volume estimations are then
improved and fused into a �nal 3D estima-
tion. Registration is used in several steps
of the proposed method to compensate for
the lack of information about the slices'
position.

The proposed method is tested on both
real and arti�cially created data. The re-
sult of this thesis is a 3D visualization of
the created volume.

Keywords: registration, ultrasound,
medical imaging
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Abstrakt
2D�3D rekonstrukce je proces tvorby ob-
jemu z 2D obrázk·. Výsledkem rekon-
struk£ního procesu je ohad neznámých
intenzit jednotlivých element· vytvá°e-
ného objemu. Tento odhad je uskute£n¥n
zpracováním p·vodních 2D obrázk· a vy-
uºitím informací, které se v nich nachází.

Cílem této práce je vypracovat metodu
pro vytvo°ení 3D modelu karotidy z 2D
in-vitro ultrazvukových obrázk· bez in-
formace o pozici. Karotida byla nasní-
mána ze dvou ortogonálních sm¥r·. Vý-
sledkem tohoto snímání jsou její transver-
zální a longitudinální °ezy. Tyto °ezy jsou
v rekonstrukci pouºity nejprve k vytvo°ení
dvou samostatných objem·. Tyto odhady
objem· jsou poté vylep²eny a je z nich
vytvo°en �nální 3D odhad. Registrace je
pouºita v n¥kolika krocích navrhované me-
tody pro kompenzaci chyb¥jící informace
o pozici jednotlivých °ez·.

Pouºitá metoda je vyzkou²ena na um¥le
vytvo°ených i reálných datech. Výsledkem
práce je 3D vizualizace vytvo°eného ob-
jemu.

Klí£ová slova: registrace, ultrazvuk,
léka°ské zobrazování

P°eklad názvu: Rekonstrukce 3D
obrazu karotidy z 2D in-vitro
ultrazvukových snímk·
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Chapter 1

Introduction

Carotid arteries are two arteries located on the side of the neck. Their function
is to supply the head and neck area with oxygen. The arteries in the dataset
used in this project may contain arterial plaque, a buildup of calcium and fat
on the inner arterial walls. As this buildup grows, it causes a disease called
atherosclerosis (Figure 1.1). This disease results in hardened and narrow
arteries, through which blood passage is more complicated. The brain is the
most crucial organ that carotid arteries supply. When the blockage caused
by atherosclerosis becomes too severe, it can lead to stroke [1].

Creating a 3D model from 2D slices of this diseased area can fully capture
the state of the illness and better visualize the a�ected tissue. One 3D model
also provides an e�cient visualization method in comparison with a set of
several 2D slices that were used to create the model. This visualization
could better show the artery blockage location created by atherosclerosis.
With better visualization and more information about the diseased area, this
location and the severity of the illness could be estimated more accurately.

1.1 Task de�nition

The goal of this project is to create a 3D volume from 2D ultrasound images of
the carotid artery. The studied object was scanned in-vitro in two orthogonal
directions, which resulted in its transversal and longitudinal slices. The slices'
positions were not acquired during the scanning process, so they have to be
estimated in the reconstruction process. The 3D volume should be computed
using pixel values of the individual slices and the slices' estimated position in
space. The proposed method should be evaluated both on real and arti�cially
created data. The �nal volume representing the original scanned object should
be visualized in 3D.
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1. Introduction .....................................

Figure 1.1: Carotid arteries a�ected by atherosclerosis. The image shows the
left and right common (CCA) carotid arteries, which split into the internal (ICA)
and external (ECA) carotid arteries. Taken from [2].

1.2 Thesis structure

. In Chapter 2, the in-vitro data is presented, and the creation of arti�cial
data is described.. In Chapter 3, a theoretical background about ultrasound imaging and
the 2D�3D reconstruction process is given.. In Chapter 4, the proposed solution is described.. In Chapter 5, the results of the proposed method are summarised.
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Chapter 2

Data

Data used in this project is in the form of 2D images. There is no information
about the mutual position of the slices, only their order and the direction
in which they cut the artery is known. The missing positional information
makes volume reconstruction more di�cult but not impossible. Every set
of images contains data captured in two directions. This information can
be used in the reconstruction process to make the resulting volume more
accurate. For this project, both real and arti�cially created data was used.
The image positions in space were estimated and used to create a 3D volume.
How the images can be positioned in space is shown in Figure 2.2.

Figure 2.1: How a transversal slice (left) and a longitudinal slice (right) can be
positioned in space. A slice's position can be described by the plane the slice
lies in, and the slice's corner point.

2.1 Data Analysis

The in-vitro images were taken freehand by an ultrasound device with no
position sensor. Dataset from each patient contains images from two orthogo-
nal capturing directions. One direction creates transversal images, and the
other creates longitudinal images. One example from each capturing direction
is shown in Figure 2.2. The green triangles on the right side of the images
shown in Figure 2.2 represent the captured distance of 22 mm. They are 151
pixels apart. This gives the ratio of approximately 0.15 mm/pixel.
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