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Kurzfassung

Die 3D Ultraschall Untersuchung von schwangeren Frauen is heutzutage eine der Standard-
untersuchungen im Bereich der medizinischen Informatik. Es gibt einige Moglichkeiten,
die erhaltenen Daten zu verarbeiten. Eine davon ist es, die Daten mit einem 3D Drucker
auszudrucken. Das Problem dabei ist die Konvertierung der Volumsdaten in eine Struk-
tur, die ausgegeben werden kann. Die Drucker bendtigen Objekte, die eine verbundene
Oberfliache aufweisen. Die vorliegende Arbeit beschéftigt sich mit dem Problem, wie man
eine solche berechnen und passend speichern kann. Die Losung ist gegeben durch die
Berechnung der ,,Connected Component Analysis“ und der Ausfithrung des ,,Marching
Cubes Algorithm*® Der letzte Schritt der Bearbeitung besteht darin, die berechneten
Strukturen in einem STL File zu speichern. Das Ergebnis der Arbeit zeigt, dass es moglich
ist die 3D Ultraschall Daten zu drucken. Verschiedene Personen sind in der Lage das
Gesicht des Fotus in den ausgedruckten 3D Objekten zu erkennen.
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Abstract

The 3D ultrasound in prenatal diagnostics is nowadays a standard investigation in the
field of medical informatics. The acquired data can be used in lots of different applications.
One of them is to fabricate the fetus model using a 3D printer. The problem here is to
convert, the given volume data into a structure that can be printed. Current generation
of 3D printers expect as an input objects defined by closed surfaces. This work handles
the problem of how to calculate such surfaces. Our solution relies on the marching cubes
algorithm that extracts the surface out of the volume data. The extracted surface is then
refined. The last processing step is to save the data into an suitable data format. The
results demonstrate that it is possible to print the fetus model from the 3D ultrasound
data and that people are able to perceive the face of the fetus in the fabricated objects.

xiii






Kurzfassung
Abstract
Contents

1 Introduction

1.1 Problem statement . . . . .. .. .. ...

2 Fetus model print

2.1  Volume data filtering/ . . . . . . ... ...
2.2  Tissue classification/. . . . . . . . ... ..
2.3 Isosurface extraction/ . . . . . . .. .. ..

2.4 Data formats for 3D printers

3 Implementation details
4 Results

5 Conclusion

List of Figures

Bibliography

2.5  Smoothing before printing| . . . . . . . ..
2.6 3D printing technology|. . . . . . . . ...
2.7 Smoothing after printing/. . . . . . . . ..

Contents

xi
xiii

XV

.................. 2

17

19

25

27

31

XV






CHAPTER

Introduction

The 3D printing technology has tremendously improved in the last decades. In the past
3D printing has only been available for industrial prototyping or for making small batches.
The last years 3D printers, which are based on an additive technology, became affordable
for the private sector. This trend is described by Fasterman in his work "3D-Drucken:
Wie die generative Fertigungstechnik funktioniert" [IJ.

3D printers are getting more mobile and can be installed in a common household
or in offices. They can be used for scientific and university projects, rapid prototyping
needs and for example for the architecture and industrial design. 3D printers are one of
the major technologies to provide immediate data exploration in time-critical situations.
One of these is preparation for an operation on the human skull, where the surgeon has
to be very careful in order to prevent damaging the patient’s brain.

There is a lot of possibilities for users to fabricate models on their 3D printer. One
possibility is to design prototypes, spare parts or other objects in 3D sketching tools
like Autocad, Google Sketchup or Blender and then convert them into files that can be
processed by 3D printers.

This bachelor thesis focuses on the fabrication of fetus models from 3D ultrasound
data. Using the ultrasound technology the doctor is able to analyse the pregnant woman
on anomalies of the fetus, like missing or malformed limbs, deformations caused by loops
of umbilical cord or facial deformations. The specialist can also determine whether the
child is a boy or a girl and the expecting mother is able to see the unborn child. In order
to print the fetus model, we extract the skin surface of the fetus from 3D ultrasound
data. The fabricated model represents the fetus and enables the expecting parents to
see and "feel" their child even before it is born. Siebert [2] has already reported about a
project, where a blind woman was able to "see" her fetus for the first time.
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INTRODUCTION

1.1 Problem statement

The fabrication of objects with a 3D printer requires the object to be defined as one
closed surface. The given input data does not contain this information. Instead we
have to calculate the information. First, the data has to be classified into two classes,
namely data belonging to the fetus and data belonging to the mother. The purpose of
the classification is to remove mother tissues and amniotic fluid that enclose the fetus.
These tissues do not belong to the fetus therefore they can be removed safely. Ultrasound
investigations often have to cope with different noises, which disturb the image. In order
to cope with this noises different filters can be used, which are described later in this work.

Fetal tissues have a specific data value range in ultrasonic images. The surface of
the fetus can by found by analysing the regions where the values which belong to the
fetus and those which don’t are neighbouring. We define the surface of the fetus as the
surface that encloses all data points classified as belonging to the fetus. There are different
methods to compute this surface. Most commonly the Marching Cubes algorithm by
Lorensen [3] and Marching Tetrahedra algorithm by Doi [4] are used. The result of both
techniques is the surface of the fetus.

After the extraction, the resulting surface can be smoothed in order to remove bumps
and other distortions. The printing of the fetus can be done by using different printers.
The most common printer type is based on a technique called fused deposition modelling
explained by Gibson [5].
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Fetus model print

Input: Volume data
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Tizzue Classification
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Output: Fabricated Model

Figure 2.1: Fetus model print pipeline where black boxes are implemented and blue ones
are optional.
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FETUS MODEL PRINT

An outline of the fetus model print method is depicted in Figure 2.1. The black boxes
are implemented and used in this work and the blue ones are optional. The input data is
the volume information stored in voxels. Voxel comes from vox, which means volume
and el which stands for element [6]. Voxels are like Pixels but they are aligned in a three
dimensional grid instead of a two dimensional one. The data is stored in bytes, so the
value range is from zero to 255. We store them byte wise either. A typical dimension of
input data is 276 x 184 x 156.

2.1 Volume data filtering

According to Ambardar [7], ultrasound images have high diagnostic relevance. For
accurate analysis the image quality should be good. Usually, the ultrasound data contains
a specific type of noise called speckles. Dainty [§] states that speckle is a phenomena
where the intensity of the information in the data differs randomly. It can happen, when
a coherent light propagates through a medium with a high number of different scattering
particles. In our case it is the different tissue forms from the mother and from the
fetus and the amniotic fluid. Ultrasound images normally contain significant amount
of speckle, shadowing artifacts and also signal losses after passing through dense bones.
These things make it difficult to process the images automatically. In fabricated objects
these deficiencies manifest themselves as holes or cavities. Different filtering methods can
be used to reduce the speckle artefacts. Usually the Wiener filter is employed, however,
some authors suggest adaptive filtering. According to Zain [9] and Nadernejad [10], the
Wiener filter is a good choice for removing speckle noises, compared to the mean and the
anisotropic diffusion filters. This filter is also referred to as the minimum square error or
least square filtering by Ambaradar [7]. It performs the smoothing by computing the
local variance. The result of the Wiener filter is demonstrated in the Figures 2.2, and [2.3.

(a) (1)

Figure 2.2: Image of proximal humerus  Figure 2.3: Image of proximal humerus
shaft fracture [9] shaft fracture after Wiener filter [9]
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Rui [I1] describes an adaptive filter called Nakagami multiplicative adaptive filter (Na-
MAF). The NaMAF has a good performance in speckle reduction and it increases the
signal-to-noise ratio, which is a measure of signal strength in relation to the background
noise. Rui [I1] writes that this filter has a better performance in terms of speckle
reduction and edges and points preservation than the standard speckle reduction filters
like the median and Wiener filter. Looking at Figures 2.4, 2.5/ and 2.6/ the NaMAF has a
better filtering result, compared to the Wiener filter.

Figure 2.4: Image with Figure 2.5: Image after Figure 2.6: Image after
Speckle noise [11] Wiener filter [11] NaMAF filtering [11]

2.2 Tissue classification

The value, which separates the data into fetus tissue and mother tissue is the so called
threshold. Finding the exact one for extracting surface of the fetal skin is complicated due
to non-normalized nature of ultrasound data, significant amount of noise, and individual
variations between the patients. This task involves the user interaction, because only the
human operator can find the threshold value, which represents the skin surface of the
fetus. As a result, we need an interactive visualisation of the volume data coupled with
the control that sets the threshold value.

For this purpose we use MeVisLab, a tool developed by the MeVis Medical Solutions
AG in cooperation with the Frauenhofer MEVIS research institute [12]. In Figure 2.7
the network of used functions is depicted. It consists of three blocks. The Imagel.oad
block loads the volume data from the file. Another two blocks are the two different views.
The 2D view block displays the standard slice view that is also used by the doctors in a
normal ultrasound investigation. The last block creates 3D volume visualisation.

The impact of different threshold values is illustrated in the following pictures. The
Figure [2.8 shows the surface, when the value is selected too low. As a result, some mother
tissues remain, hiding mouth region of the fetus. In Figure [2.9 the ISO value is too high.
This is reflected by the big cavity at the left side of the nose and the missing tissues at the
mouth of the fetus. In Figure 2.10 the threshold value is just right. The lips are marked
with a blue ellipse and the nose with a green one, both can be seen very clearly and there
is no disturbance of other particles. The closed eye which is marked with a red ellipse can
also be seen clearly. If the doctors would use better modalities, like magnet resonance
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Figure 2.7: MeVisLab network used to display the data in order to find a good threshold

imaging the data could be tracked down to the skin surface of the fetus and noise and
other distortions of the ultrasound investigation would play no role. The problem is that
such investigations cost much more and maybe harm the development of the fetus.

Figure 2.8: Low thresh- Figure 2.9: High thresh- Figure 2.10: Good thresh-
old value leads to occlu- old value leads to missing old value, the nose, the
sion of the mouth region data at the nose and the eye and the mouth can be
by mother’s tissue mouth region seen very clearly

In our data mother tissue and tissue of the fetus can cause severeal connected components
in the data. We use the following heuristic: the fetus is the largest connected component
in the data. All other components are assumed to be mother tissues and subsequently
removed.

3D printing technologies need connected components in order to print one model and
not several disconnected ones. The algorithm is breadth-first search on graphs, where
each voxel is a vertex and the connections between neighboring voxels are edges and is

described in Algorithm

The connected component algorithm works with a queue Q and it marks each individual
component with a unique component ID. The largest component is then identified by
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Algorithm 2.1: Connected Component Analysis

1 Q - queue of voxel coordinates
M - array - input mask
R - array - boolean[] processed voxel flags, initialised with false
C - array - int[|, Component ID of voxel, initialised with 0
counterC - int, Component ID counter, initialised with 0

2 for vozel V € Volume do
3 if M[V] and !R[V] then
Q.enqueue(V);
R[V] «true;
while /Q.isEmpty() do
5 D +Q.dequeue();
C[D] «counterC;
for voxel F' eneighbourhood(D) do
if M[F] and !R[F] then
Q.enqueue(F);
R[F] +true;
8 end
end
10 counterC—++;
11 end
12 end
13 end

Figure 2.11: Data after threshold- Figure 2.12: After connected com-
ing contains several connected com- ponents analysis, the data contains
ponents the most of the fetal tissues.

summing up the number of voxels. Having identified the connected components, we
delete all components except the largest one. The results are illustrated in the Figure

and Figure
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2.3 Isosurface extraction

After filtering and classification of the data the isosurface can be extracted. Therefore
different algorithm are used. Two of them are described in this section.

Marching Cubes

Marching Cubes is an algorithm, invented in 1987 by William E. Lorensen and Harvey E.
Cline [3], which produces a polygonal representation of isosurface out of given voxel data.
The algorithm takes scalar volume data sampled at a grid as input. The isosurface of
a given isovalue is then constructed. Eight voxels are connected to each other to form
a cube. The cube moves (marches) through the data and produces the triangles that
represent the isosurface inside each cube location. Values below and above the isovalue
are considered to be on different half-spaces of the isosurface. Each vertex and each
edge inside the cube are numbered as shown in Figure 2.13| and Figure [2.14 respectively.
Chernyaev [L3] states, that there are 2% cases for the surface to intersect the cube, because
there are 8 vertices of the cube and for each vertex there are two possible values, higher
or the same as the isovalue and lower. Because there are eight vertices in the cube and
each one can be zero or one, the data used for the triangle calculation can be saved in
one byte. These cases can be rearranged into 15 unique configurations (see 2.15).

7 3 6
7 5
4 5 4
10
11
8 9
3 2 2
3 1
0 1 0
Figure 2.13: Figure 2.14:
Configuration of Configuration of
vertices in marching edges in marching
cubes (reproduced cubes (reproduced
from [14]) from [14])

One problem of the Marching Cubes algorithm is, that some configurations are ambiguous,
creating holes in the resulting isosurface. This behaviour is illustrated in Figure 2.16.
Chernyaev [13] states that the holes are occurring if two cubes, which have complement
cases are aligned side by side. Both cubes produce different triangles and do not care
about what the neighbour cube calculates. This behaviour can be fixed by letting the
cubes "know" what the neighbour cube does and close the holes. In this bachelor thesis
these ambiguous cases did not occur and therefore the fixing has not been implemented,
because it is not necessary and would slow down the calculation.
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0 1 2
3 4 5
6 7 8
P
..-"""-.
AN

Wl
—

Figure 2.15: 15 unique configurations inside the marching cube [3]

- AL

Figure 2.16: Cubes sharing faces with different triangulation [I3]
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Marching Tetrahedra

The Marching Tetrahedra algorithm, firstly announced by Doi und Koide [4] in 1991 works
with tetrahedral cells instead of cubes. According to Treece [I5] Marching Tetrahedra is
a variation of Marching Cubes that solves the ambiguity problem of the Marching Cubes
algorithm. When using Marching Cubes there are 256 possibilities for the isosurface to
cross the cube, in relation to that Marching Tetrahedra have only 16 possible triangulations
that can be reduced to three by symmetry. These three cases are illustrated in Figure
2.17

Case D Case 1 Case 2

Figure 2.17: Three cases of Marching Tetrahedra [16]

Marching Tetrahedra uses 5 tetrahedrons per cube that spans over eight voxels. The
tetrahedra can be aligned in severeal different ways in the given cube. Carneiro [16]
states that it is important that the tetrahedra of different cubes share the same faces
and edges. If every cube is filled up in the same way, the tetrahedra would not do so.
If the tetrahedrons are aligned in a "zig-zag" manner, like stated by Carneiro [16], the
given problem does not occur. The alignment is shown in the Figure 2.18

Figure 2.18: Zig Zag alignment of Marching Tetrahedra [16]

Carneiro [16] states that Marching Tetrahedra are simpler to implement, because of the
smaller number of cases. It does not have the ambiguity problem of Marching Cubes and
produces a more detailed representation of the surface. One problem of this algorithm
is that it produces a huge number of triangles which may lead to problems in the data
processing after the algorithm.
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Comparison of polygonization algorithms

In this bachelor topic it has been decided to implement the Marching Cubes algorithm,
because of the following arguments. The data is classified before calculating the isosurface,
by a thresholding process and a connected component analysis. The analysis works with
a six connectivity that means all six neighbours of each vertex are checked, if there is a
connection. The data only consists of one connected component before calculating the
isosurface. Marching Tetrahedra can produce up to 50 % more triangles which leads to a
more detailed surface. This fact is not relevant at this thesis, because the surface data is
smoothed before printing. The additional details, brought by Marching tetrahedra are
irrelevant. Looking at this facts and at the results Marching Cubes is a good choice for
this topic.

2.4 Data formats for 3D printers

Vatani [17] states that the stereo lithography (STL) file format is widely used in industry.
The STL file describes a triangle mesh that represents the surface of the modelled object.
STL files are widely used in the rapid prototyping industry, because computation of the
slices, which are needed for these technologies, out of the STL is easy, fast and accurate.
According to Grimm [I8] the STL file is not proprietary and designed as the standard
interface between CAD and rapid prototyping systems like 3D printers. According to
Venuvino [19] the STL format has been invented 1989 by 3D system and the specification
is shown in the following text part.

solid name
facet normal nl n2 n3
outer loop
vertex plx ply plz
vertex p2x p2y p2z
vertex p3x p3y p3z
endloop
endfacet
endsolid name

Each printer has a different setup and parts, which have to be controlled in order
to print an object. STL file format does not handle this task. Instead, the g-code file
format is used that specifies exact printing instructions in the form of assembler language.
This file format allows full hardware control of the 3D printer. However, the g-code is
printer-specific and as such is used to convert the surface information in STL file into
exact printing instructions for known 3D printer.

11
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2.5 Smoothing before printing

After the surface extraction the 3D model can be smoothed. Blender is a well known 3D
modelling software and therefore it is used for this task. In Blender there are different
operators, which can be used for smoothing the object. The corrective smooth modifier
smooths deformations like bumps, in order to reduce the number of distorted areas.
There are two most important factors to define, named the smoothing amount and the
number of smoothing iterations. The smoothing amount is given in a range between 0
and 1, the higher the value, the stronger the effect. A higher repetition number means
that there are more distortions from the original model, which can have a good effect on
the output but should be controlled. Another given parameter, which can be defined,
is the smooth type. There are two options, one is the "Simple" and the other option
is more complex and is called "Length Weight'. Blender is an open source program
therefore the sources are free to download from www.blender.com. In the source code
of the corrective smooth modifier the two smoothing types are described. The "Simple"
mode is an implementation of a weighted average smoothing. The surrounding vertices
of the vertex of interest are weighted with the smoothing amount and the average is
calculated. This value is taken for the vertex of interest. The "Length Weight" mode
does not only weight the surrounding vertices with lambda, it also takes the distance
of how fare the surrounding vertices are away into account. The bigger the distance to
the surrounding vertex, the smaller the influence on the vertex of interest. This method
delivers better results. The parameters which have been used to produce the illustrations
are the following: the smoothing amount is 0.8, 80 smoothing iterations. Figure 2.19
shows the original surface data, Figure 2.20 illustrates the fetus data after smoothing
with "Simple" smooth type. It can be seen that the bumps from the original data are
gone, but the face looks like it is swollen and details are missing when comparing to
Figure 2.21] where the "Length Weight" smoothing type has been used. Looking at this
illustration the nose and the mouth seem to have much more details.

Figure 2.19: Original sur- Figure 2.20: Corrective Figure 2.21: Corrective
face data without smooth- smoothing with "Simple" smoothing with "Length
ing smoothing type Weight" smoothing type
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2.6 3D printing technology

The 3D printer used in this bachelor thesis works with a technology called fused deposition
modelling. Gibson [5] states in his book that it works by pre-heating material in a chamber
till the temperature where it melts in order to flow through a delivery system. This
printing method uses a plastic filament, either ABS (Acrylnitril-Butadien-Styrol) or PLA
(Polylactide), which is available in different diameters, like 1.75 or 3 mm. The core part
of 3D printers is the extruder, which supports the material. It consists of a stepper motor.
The extrusion of filament works by combining different gears and bearings. The material
is then going through the hot end. There the filament melts and is squeezed through
the nozzle. The temperature of the nozzle has to be regulated. The nozzle has a specific
diameter typically 0.4 mm. This allows the printer to make very precise models. The
scheme of the extruder is given in Figure 2.22. 3D printers need three degrees of freedom
for printing 3D models. The different degrees are illustrated by the red arrows in the
Figure 2.23.

§ stepper motor
filament —

. small geal
) I o] i N

= -extruder

hotend

thermistor or
thermocouple

heater

extrusion width

Figure 2.22: Extruder Details [20] Figure 2.23: 3D printer diagram [21]

The printing process starts by placing the material onto the bed. After each printed layer,
the printer proceeds by extruding the next layer on top of the printed one. The fabricated
object is printed layer by layer. Each layer has to cool down before the next layer can
be printed on. The printer has to be very precise in order to place every layer exactly
above the before printed one. The layer thickness depends on the nozzle temperature
and the diameter of the nozzle. If the printer is not calibrated, the printing result will be
distorted. The printer cannot print in the mid-air. So if the fabricated model consists
of floating parts, the printer has to print support structures. The support structures
are removable after the printing process. Slicing software generates support structures
automatically. In Figure [2.24| the support structure and the product, after the removal
of the support structures is illustrated.

13
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Figure 2.24: Before and after support structure removal [22]

The printing result depends on the temperature of the nozzle, the filament extrusion
speed, the temperature of the printing bed, on the calmness of the air in the printing
room and other parameters. Some printers, which are able to print in a nano scale need
sterile and dust-free rooms, because they operate at the same size as dust particles. The
3D printing technology is not fully developed yet and therefore the deviation of these
parameters has a huge impact on the printing quality.

2.7 Smoothing after printing

The surface of a 3D printed object is often very rough, because the print is built up by
layers. The printer has a limited printing precision, like 0,1 mm per layer and therefore
the finished print has very little steps, which can be seen and sensed. There are different
methods how to get a smooth surface. One method is using sandpaper to sand down
the little rills, until the surface is smooth [23]. The fabricated product has to be sanded
evenly at all spots, otherwise it gets distorted. Figure [2.25| shows a printed model before
sanding and Figure 2.26] afterwards.

Figure 2.25: Before sanding [24] Figure 2.26: After sanding [24]



2.7. Smoothing after printing

The fabricated objects can also be smoothed by using acetone vapors [25]. Liquid acetone
applied to ABS printed products would melt it and deform it, but the vapour which
is produced by heating the chemical can be used in order to smooth the surface of the
printed products. The result is shown in Figure 2.27. The left owl object is before and
the right one is after the procedure.

Figure 2.27: Left owl object is before and the right one after the usage of acetone vapour

[26)

15
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Implementation details

This thesis focuses on the Marching Cubes algorithm in order to make volume data
printable. Therefore the data does not have to be visualized, so we decided to make
the computation on the central processing unit (CPU) of the computer. Marching
Cubes algorithm is computationally expensive. In order to improve the performance
of our software, the parallelization is done by QThreads. The Qt engine is also used
for the graphical user interface, so it was near to use the supplied threading engine as well.

In this thesis the ambiguous cases of the Marching Cubes do not occur, which means the
cubes are independent. Each cube can calculate its triangles on its own and does not
have to know anything about its neighbour cube. Looking at this fact the volume data
is separated by splitting it horizontally. The number of slices depends on the number
of used threads, in our case we use eight. We tried out different settings and the best
runtime has been reached by using eight threads, but this number could be dependent
on which CPU the computer has. The Marching Cubes algorithm works with a lookup
table, which is used from a project of Lewiner [14]. The threads have to be synchronised
as well. In our case the synchronisation is very simple. As mentioned before the cubes
are independent, so we are able to take the STL code from each cube directly and sum it
up to build the final output. We do not have to implement a special treatment for the
splitting areas.

The mentioned classification part delivers a three dimensional mask array where there
are zero values, if the information of the voxel behind it is not relevant and the value one,
if it is. The Marching Cubes algorithm should only calculate the surface of the voxels,
which are relevant. If the algorithm only takes the mask values and calculates the surface
it would be very cornered. In order to get a smooth surface the triangle points have to
be calculated by using linear interpolation of the real voxel values. Looking at a cube
there is for example one vertex inside the fetus and one outside, on the same edge. As
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3. IMPLEMENTATION DETAILS

an example one vertex has the value 180 and the other one has the value 10 and the
threshold value is 170. The point of the triangle will be really close to the vertex with
the value 180. If only the mask values would be taken, the surface would always cross in
the middle of the edge.

The GUI consists of a menu, a number selection field, a check box, a progress bar and
three buttons. The buttons are used to load the volume, save the data for finding the
best threshold value and for carrying out the main task, named the Marching Cubes
algorithm. The design can be seen in Figure 3.1. While the program is running the
progress bar shows how much work has already been done in percent, as Figure 3.2 shows.
The number selection field is used for the threshold. The check box determines whether
the program performs connected component analysis and removes connected components
except the largest one or not.
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CHAPTER

Results

This bachelor thesis aims to fabricate fetus models, therefore, the best way to present
the results is actual photographic images of the fabricated models. Four datasets from
ultrasonic examinations are used. Each dataset is presented with four images that show:

2D slice view of the original volume data from MeVisLab

3D rendering of the fetus in MeVisLab

¢ 3D rendering of the skin surface of the fetus in Cura prior to the printing

Photographic image of the fabricated fetus model

The fetus model print solution works very well. It can be seen clearly that the visualisation
in Cura is very similar to the fabricated model. The used 3D printer is a not that costly do-
it-yourself kit. Therefore the quality of the fabricated model is not the best. Unfortunately
no commercial printers were available to fabricate the models. The printing used to take
very much time and it was a little difficult to break out the supporting material. A better
solution would be to use a water-soluble support material which could be dissolved after
the printing and does not have to be removed manually.
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4. RESULTS

Dataset #1 shows both arms, as well as the nose and the closed eyes of the fetus. The

model has not been smoothed for printing and therefore is very rough.
i}

Panel GVROrthoView2D - oIl
Layout:  |Coronal -

(a) slice view in MeVisLab (b) rendering in MeVisLab

(¢) visualisation in Cura

(d) printed object

Figure 4.1: dataset #1

20



Dataset #2 is focused on the face of the fetus and is also not smoothed before printing.
The data quality is not very good, therefore the mouth and the left eye is not included
entirely.

i Panel GVROrthoView2D -

Layout: [ Axial ~

(a) slice view in MeVisLab

(b) rendering in MeVisLab

(¢) visualisation in Cura

(d) printed object

Figure 4.2: dataset #2
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4. RESULTS

Dataset #3 is also focused on the face of the fetus and is smoothed before printing. The
doctor used a different angle in the ultrasound investigation and therefore the mouth
and the nose is warped. Distortions like that can also occur, when the fetus is moving
during the investigation.

i} Panel GVROrthoView2D - =

(a) slice view in MeVisLab

(b) rendering in MeVisLab

(¢) visualisation in Cura (d) printed object

Figure 4.3: dataset #3
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Dataset #4 is also focused on the face of the fetus and is smoothed before printing. The
face can be seen very clearly, including the nose, the mouth and the closed eyes as well.
This dataset has the best quality because it is very good defined.

i} Panel GVROrthoView2D - =

(a) slice view in MeVisLab

(b) rendering in MeVisLab

(¢) visualisation in Cura (d) printed object

Figure 4.4: dataset #4
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CHAPTER

Conclusion

The goal of this bachelor topic is to print the given data from a 3D ultrasound investigation.
In the result section the fabricated models are illustrated and they have a high similarity
to the voxel data visualisation. When people are looking at the models, they are able to
perceive the nose, the mouth and the closed eyes. The surface data is smoothed before
printing in order to get very smooth models, which do not have to be reworked. The
models could be used when parents are not able to see the 3D ultrasound images for
example if they are blind or have very bad eyesight.

There is some part of the solution which could be refined in order to improve the usability.
The thresholding is done by the user and needs two different programs. It would be better,
if the visualisation of the data would be included in the fetus model print program, so
the user could adjust the threshold value “on-the-fly” without having to switch between
programs. Another topic, to make the solution work in a productive environment would
be to combine different volume datasets in order to make a model, which displays the
whole fetus and not only the face of it. This task is not easy going because the fetus
is moving during the investigation and the different angles used for the ultrasound
investigation make it difficult to put the datasets together automatically. Cura, the
program used for calculating the g-code is an open source program. It would be a good
solution, if the whole process described in this thesis would be integrated into Cura as
an add-on. The whole process would only need one program and not four.

There are also several future topics which could be linked to this work. One example
would be 3D printing for medical intervention planning. Organ models can be extracted
from MRI and CT data and fabricated. The surgeons than would gain a possibility to
plan the intervention in a real world simulation. The task could also be carried out with
an adapted version of the solution given in this bachelor topic. Parents maybe want to
know how the child will look like, after it is born. So one could possibly try to calculate
how the child will develop and print a version of how it looks like after it is born. There
are lots of possibilities for future work basing on this bachelor topic.
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