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Foreword to the Annual 
Academic Awards 2020

This year has been unprecedented year in the history of Eindhoven University of Technology due to the ongoing 
COVID-19 pandemic. In March, we instigated a wholesale lockdown of the campus in response to COVID-19 that 
was implemented with precision and understanding by all parts of the TU/e community. These restrictions served 
to protect the key component of our wonderful campus – TU/e staff and students. 

These restrictions impacted the work and progress of countless TU/e researchers, which was unavoidable 
considering the severity of the situation. Nevertheless, our researchers rose to the challenge, showing incredible 
resilience and fortitude, implementing measures to facilitate their gradual continuation of research on campus, 
and excelling in their research endeavors. On behalf of the Executive Board, I want to express my sincere 
appreciation for the efforts of the TU/e research community during this testing time. Despite curtailments, you 
have still managed to produce astounding research, which impresses myself and the TU/e community.

As stated in the TU/e Strategy 2030, one of our priorities is to recognize excellence in research at TU/e. Therefore, 
our Annual Academic Awards is an opportune moment to celebrate achievement at all levels of research at TU/e, 
and we are here today to acknowledge great research achievements. Traditionally these awards would take 
place as part of our MomenTUm event, but current restrictions have prevented this. As a result, we find ourselves 
here today in this abridged format. Nonetheless, we are here together to rightfully acknowledge your and our 
commitment to the best in research. 

Similar to previous Academic Awards, we are presenting awards for the best BSc thesis, MSc thesis, PDEng 
thesis, and PhD thesis. All nominees were selected within their own department or from their bachelor/graduate 
program from an extensive pool of outstanding theses. Undoubtedly the finalists represent the very best in terms 
of hard work, commitment, and innovation at TU/e. Their work serves as an example to others, and their work 
could have a significant positive impact on our future society. 

This year, the nominees for the MSc, PDEng, and PhD awards were also asked to record a short 30-second 
personal pitch video summarizing their work. These videos were then used as the basis for our first ever Audience 
Award, where the winner was selected by public vote. As the nominees are introduced and presented on stage 
here today, you’ll get the chance to see their personal pitch on screen.

I am very happy to be here today to meet all of the nominees at this specially adapted version of the awards 
ceremony. The nominees for all of the awards are the embodiment of TU/e excellence in research. You have been 
undeterred by these unprecedented times to continue on the path of innovation in research. Today is a day for 
the celebration of TU/e research. 
 

Prof.Dr.Ir. Frank Baaijens
Rector Magnificus
Eindhoven University of Technology
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Bachelor College
Learn the fundamentals, explore the possibilities, and innovate 
to solve problems. Success is a process. Eindhoven University of 
Technology (TU/e) offers a first-rate learning environment that 
allows you to excel. Together with your own drive and ambition 
this will be your road to success.

Second, the four research papers that were accepted for the SRC were independently assessed by the TU/e 
jury members on the following criteria:
- Quality of the research
- Originality and/or novelty of the results or research
- Relevance of the research within the field of study, across the boundaries of disciplines and in a broader 

sense for society
- Awareness of the state of the art in the field of study
- General quality of writing

The nominees and their projects show that this university really contributes to the solution of major societal 
challenges in areas like energy, health and smart mobility. We provide the high-tech solutions. Moreover, 
many of the research projects have been carried out in cooperation with partners from outside the university.
The close link between science, high tech industry and government here in the Brainport Region, the  
so-called triple helix, is very much visible from the projects.

Prof.Dr.Ir. (Lex) A.M.C. Lemmens
Dean Bachelor College
Eindhoven University of Technology

TU/e contributes to the advancement of engineering and the development of technological 
innovations with quality education and research. With the academic annual awards, we 
showcase the best bachelor project.

BSc Thesis Award
The TU/e BSc Thesis Award 2020 consists of a certificate and an amount of € 1,250,- awarded 
to the best Bachelor project in one of the TU/e Bachelor’s programs, completed in 2019.

For the TU/e BSc Thesis Award a two-stage process was used. First, students should enter 
a national completion with peers by submitting their BSc thesis as a paper for the Student 
Research Conference 2019. The SRC aims at providing BSc students in the Netherlands and 
Flanders with the opportunity to present their research at an academic conference. Since the 
SRC covers a wide range of disciplines, an explicit requirement for acceptance of a paper is 
readability and comprehensibility for a non-expert audience.

Those who pass the selection procedure for acceptance are the nominees for the TU/e BSc 
thesis award.
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Graduate School
Learn the fundamentals, explore the possibilities, and innovate  
to solve problems. Success is a process. Eindhoven University of 
Technology (TU/e) offers a first-rate learning environment that 
allows you to excel. Together with your own drive and ambition 
this will be your road to success.

PDEng Thesis Award
The TU/e PDEng Thesis Award 2020 consists of a certificate and an amount of € 5,000,- awarded to the best 
design project in one of the TU/e design programs, completed in 2019.
The design can be a product, a process or a system.

The jury assessed the design project on the basis of the design report, using the following criteria:
-  execution within the demands and wishes of the external client
-  thorough problem analysis, clear description of the solution strategy
-  methodological approach and application of knowledge and technology from multiple disciplines
-  clear documentation of the design process and a description of the results that is also comprehensible  

to non-specialists
-  usable end result with a positive effect on the practical situation of the client

PhD Thesis Award
The TU/e PhD Thesis Award 2020 consists of a certificate and an amount of € 5,000,- awarded to the best  
TU/e doctoral project, completed in 2019.

The jury assessed the doctoral project on the basis of the dissertation or -in the case of a doctoral project 
consisting of a technological design- the design project, using the following criteria:
-  sufficient innovative elements
-  scope of the research or design
-  comprehensibility of the dissertation or research report
-  social relevance
-  open access

The nominees and their projects show that this university really contributes to the solution of major societal 
challenges in areas like energy, health and smart mobility. We provide the high-tech solutions. Moreover,  
many of the research projects have been carried out in cooperation with partners from outside the university.
The close link between science, high tech industry and government here in the Brainport Eindhoven region, 
the so-called triple helix, is very much visible from the projects.

Prof.Dr. Paul M. Koenraad
Dean Graduate School
Eindhoven University of Technology

TU/e contributes to the advancement of engineering and the development of technological 
innovations with quality education and research. With the academic annual awards, we 
showcase the best graduation work, the best design project report and the best promotion 
project.

MSc Thesis Award
The TU/e MSc Thesis Award 2020 consists of a certificate and an amount of € 2,500,- awarded 
to the best final project in one of the TU/e Master’s programs, completed in 2019.

The jury assessed the final projects on the basis of the final report, using the following criteria:
-  sufficient innovative elements
-  theoretically well-founded
-  verifiably of adequate scientific quality
-  results could be published in a scientific journal
-  independence on the part of the student
-  well-written report, preferably in English
-  open access
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Naming of the winner of the award

HENOK ABADI BSc (Mechanical Engineering)

Thesis title: Locally resonant acoustic metamaterial panels: 3D versus 2D modelling approaches

Prolonged exposure to environmental noise can have adverse health effects. Locally resonant acoustic 
metamaterial (LRAM) panel designs have been regarded as potential solutions to attenuate waves in lightweight 
(mostly thin) structures. This research investigates the applicability of 2D simplification modelling of LRAM panels 
for faster simulations.

Laudatio
The paper of Henok Abadi, based on his Bachelor Final Project, deals with the development of metamaterials. 
These are a novel class of engineered materials, that are specifically engineered to exhibit certain exotic, 
unprecedented properties, not typically found in regular materials. In particular, the work of Henok Abadi was 
focused on metamaterials for attenuation of mechanical waves in light weight structures, e.g. trusses, plates 
and panels, which due to their high stiffness to mass ration are especially susceptible to low frequency flexural 
vibrations, causing environmental noise and jeopardizing the structural integrity. By introducing specially 
designed small locally resonant structures inside a beam or a plate the so-called band gap can be created, 
which prohibits the propagation of waves of certain frequencies, thus resulting in the attenuation and vibration 
protection of the structure. 

The design of such metamaterial structures is typically supported by the extensive numerical simulations, that may 
become computationally prohibitively expensive, especially when the analysis is performed in three dimensions 
(3D). The possibility to reduce computational costs by performing simulations in 2D is therefore preferred. In his 
work, Henok has investigated for which cases and under which conditions can this lower dimensional analysis can 
be performed leading to the results representative for the behavior of the actual 3D structure. 

During his work on the project, Henok has shown an outstanding scientific attitude, above the one expected from 
a BSc student. He has shown a remarkable ability to master novel subjects in an in-depth manner and in a short 
time and subsequently independently drove his project, while discussing his ideas with the supervisors. It was 
a real pleasure working with Henok on the project. We congratulate him with this award and wish him a lot of 
success with his current master study and future career. 

Dr.Ir. Varvara Kouznetsova
Supervisor

REPORT OF THE JURY

Brief description of the process
For the TU/e BSc Research Award a two-stage process was used. First, students could become 
a nominated candidate by submitting their BSc thesis as a paper for the Student Research 
Conference 2019 and by passing the selection procedure for acceptance. The SRC aims at 
providing BSc students in the Netherlands and Flanders with the opportunity to present their 
research at an academic conference. Since the SRC covers a wide range of disciplines, an 
explicit requirement for acceptance of a paper is readability and comprehensibility for a  
non-expert audience.
 
Second, the research papers that were accepted for the SRC were independently assessed on 
the following criteria:
-  Quality of the research
-  Originality and/or novelty of the results or research
-  Relevance of the research within the field of study, across the boundaries of disciplines and 

in a broader sense for society
-  Awareness of the state of the art in the field of study
-  General quality of writing

BSc
 

NOMINATED CANDIDATE

Henok Abadi BSc Mechanical Engineering
 “Locally resonant acoustic metamaterial panels:  
 3D versus 2D modelling approaches”
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Locally resonant acoustic metamaterial panels:  
3D versus 2D modelling approaches 

TU/e
BSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Supervisors:
Dr.ir. V.G. Kouznetsova and ir. L. Liu

Current Employment:
Master student Mechanical Engineering at Eindhoven 
University of Technology

Excessive noise harms human health and interferes with people’s daily activities. It can disturb sleep, cause 
cardiovascular and psychophysiological effects, reduce performance and change social behaviour. On the other 
hand, for environmental and economic reasons lighter but also stronger engineering designs at for example civil 
structures and machinery are constantly pursued. Consisting of thin structures of which the innate high stiffness to 
mass ratio leads to poor performance in the noise and vibration isolation aspects.

Locally resonant acoustic metamaterial (LRAM) panel designs have been regarded as potential solutions to 
attenuate flexural waves in lightweight (mostly thin) structures. Different LRAM panels have shown capabilities to 
open the band gaps (frequency ranges in which waves cannot propagate) for the subwavelength flexural waves, 
thus attenuating undesired vibrations.

2D simplification modelling is often adopted for reducing numerical analysis cost of 3D LRAM panels with 
consistent cross-sections along the width direction, based on the infinite width assumption. In this research, the 
applicability of such reduction strategy is evaluated. Comparative analyses between 3D and 2D modelling are 
carried out on a typical LRAM panel design. The results suggest that the unit cell width-to length ratio should be 
over 10 for the validity of the dimensionality reduction approach.

Bachelor Program:
MECHANICAL ENGINEERING

H. Abadi BSc

Figure 1: (a) Reduction from 3D to 2D modelling and (b) the 
dispersion spectrum of the infinitely long 2D LRAM panel by 
dimensionality reduction with the band gap highlighted in green, 
and localized mode shapes.

Figure 2: The transverse displacement frequency responses 
at 4/5 of the finitely long 3D and 2D LRAM/host panels. The 
band gap obtained from dispersion analyses is highlighted 
in green and (top) associated full-scale deformation modes 
of the 3D LRAM panel. The deformation is magnified by a 
factor 40.
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General comments about the works submitted
The jury was impressed by the quality of all submitted work, it was a real pleasure and inspiring to read the 
high quality work provided by students from all different programs. All nominees provided work of substantial 
innovative and scientific value, and quality differences were small. Most of the submitted theses also showed 
a remarkable quality in societal context and scientific impact in topics ranging from improved simulation 
techniques for plasmas to imaging of scaphoid fracture; from pedestrians interacting with autonomous vehicles 
to new 3d printing techniques. From a medical device for dealing with urine loss to machine learning-related 
topics. It suggests that students do not only engage in excellent master thesis projects but also are able to 
identify timely topics that are relevant for society and business. 

Naming of the winner of the award

IRIS A.M. HUIJBEN MSc (Graduate program Electrical Engineering)

Thesis title: Learning subsampling and signal recovery with applications in ultrasound imaging

The thesis introduces Deep Probabilistic Subsampling (DPS) for task-adaptive compressed sensing to optimize 
a task or process of a system involving sub tasks or processes. The framework is widely applicable and thus can 
have broader impact. The thesis is well structured and written in the form of a scientific article. Interestingly, the 
topic is presented in a very assessable and compelling way. The study combines a newly developed scientific 
method with results of high societal impact with multiple relevant applications in image processing (for example 
ultrasound imaging and MRI). The work has already led to a number of publications with Iris Huijben as first and 
even single author and an invited lecture.

Laudatio 
Iris graduated cum laude in the Signal Processing Group in a project collaboration with the Amsterdam Machine 
Learning Lab, UvA. Her multidisciplinary master thesis presents a new framework for intelligent compression 
and sampling of data. The work demonstrates that the deep learning paradigm can be extended to incorporate 
a subsampling scheme. Using this technique medical image acquisition systems can be optimized to extract 
relevant information while using limited data rates. In this system-wide machine learning technique irrelevant data 
is ignored while the system distills precisely the important data. The work has very high relevance as it contributes 
to the optimization of modern medical imaging techniques (ultra sound and MRI). Due to the data-driven nature 
of the framework, it is directly applicable to all real-world domains that benefit from sample rate reduction.

The project has already resulted in four publications and invited talks at conferences. Furthermore, the candidate 
has received a highly competitive 2-year technology scholarship including an intensive personal development 
program. 
Iris is currently following-up on her prior work by doing a PhD in TU/e’s Signal Processing Group on combining 
signal processing techniques with state-of-the-art machine learning algorithms, applied to the medical domain.

The jury was very impressed by this very successful application of fundamental method development to a 
societally relevant challenge. Beyond that, the jury wants to express its appreciation for the fact that, Iris was a full-
time board member and software architect for the student team Blue Jay, working on the navigation and control 
of the TU/e’s autonomous indoor drone.

REPORT OF THE JURY

Brief description of the process
Each jury member has independently read the reports and recommendations. Based on the 
provided material, the candidates have been assessed on the criteria: sufficient innovative 
elements, theoretically well-founded, verifiably of adequate scientific quality, results could be 
published in a scientific journal, independence of the student and well-written report. 

In an online meeting, the jury has compared their individual scores. There was immediate 
consensus on the top 3 candidates for the price. After a detailed discussion, the jury 
unanimously decided on the winner.

MSc
COMPOSITION OF THE JURY

Dr.ir. H.C. de Lange (chair)
Mechanical Engineering

Prof.Dr. E.J. Nijssen
Industrial Engineering & 
Innovation Services

Dr. S. Hofmann
Biomedical Engineering

LIST OF NOMINATED CANDIDATES

Sander Ackermans Innovation Sciences
Melissa Bevers Biomedical Engineering
rick Budé Applied Physics
Koen Classens Mechanical Engineering
Alex Donkers Built Environment
iris Huijben Electrical Engineering
Daan Matthijsse Industrial Design
romy Poorter Chemical Engineering and Chemistry
Nikki Theeuwes Industrial Engineering
Hilde weerts Computer Science 
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The effects of attitudes, autonomous appearance and  
intention communication in pedestrian interactions with 
autonomous vehicles

TU/e
MSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Dr.ir. P.A.M. ruijten (HTi), Dr.ir. r.H. Cuijpers (HTi),  
D. Dey (iD)

Current Employment:
Digital Transformation Consultant at iG&H

Traffic is a social phenomenon that requires interactions between all road users to ensure the safety of everyone 
involved. However, current interactions such as eye contact, posture, and gestures are difficult to achieve for 
automated vehicles (AVs) in the absence of a human driver. Therefore, we tested the effects of an external 
Human-Machine interface (eHMI), that communicates the AV’s driving intentions, on pedestrians’ road crossing 
behavior. Furthermore, we tested whether a sensor system on the rooftop of the AV would act as a visible 
reminder of its automated capabilities, and whether this had an effect on pedestrians’ behavior as well.

Our results suggest that an eHMI is highly effective in communicating the vehicle’s intentions, leading to more 
positive experiences and more efficient crossing decisions. Furthermore, the sensor system leads to strong 
impressions of its automated capabilities but has no effect on crossing behaviors. Participants stated that the 
eHMI made them feel seen, while an automated appearance would allow them to form the right expectations 
early and thus adjust their own behavior accordingly. Therefore, the results of this study contribute towards the 
effective design of future AVs, suggesting to include both an eHMI and externally visible cues of automation.

Graduate Program:
INNOvATION SCIENCES

S.C.A. Ackermans MSc

Figure 1: Pedestrians’ perceptions of the four different 
vehicle conditions that were used in the experiment. 
Questions included whether the interactions felt safe, 
comfortable and pleasant (Positive Experience), whether 
the vehicle appeared automated and whether pedestrians 
felt they could accurately judge the vehicle’s intentions.

Figure 2: Percentage of participants feeling safe to cross 
as a function of the distance between the pedestrian and 
the yielding vehicles. At 45 m (vertical reference line) 
the vehicle started braking and the eHMI (when present) 
changed states. The vehicle came to a full stop at 5 m.
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High-resolution peripheral quantitative computed tomography 
imaging in patients with a clinically suspected scaphoid fracture 

TU/e
MSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Dr.ir. B. van rietbergen, Dr. C.E. wyers,  
Prof.Dr. J.P. van den Bergh

Current Employment:
PhD Candidate at VieCuri Medical Center Venlo

Scaphoid fractures are the most common carpal fractures, and they are associated with serious complications 
when treated with delay. Early and accurate diagnosis is therefore important, but this remains challenging with 
current imaging modalities. The new high-resolution peripheral quantitative computed tomography (HR-pQCT) 
may be a potential alternative modality due its high resolution, but application to the scaphoid bone is new. 
Furthermore, the high resolution of HR-pQCT implies inspection of more than five hundred slices for fracture 
diagnosis.

This graduation project explored the applicability of HR-pQCT to the scaphoid bone in patients with a suspected 
scaphoid fracture. It was found that good-quality HR-pQCT scans of the scaphoid bone could be acquired when a 
cast was used during scan acquisition that immobilizes the wrist and thumb. The development of a both sensitive 
and specific automatic fracture detection algorithm to facilitate diagnosis-making appeared difficult but may have 
potential when further investigated. Additionally, the shape of scaphoid bone, quantified by a statistical shape 
model constructed from the HR-pQCT scans, appeared to be associated with fracture presence. Finally, automatic 
contouring of the scaphoid bone was possible, which allows for in vivo microarchitectural evaluations of the bone 
and conceivably also for research into scaphoid fracture healing. 

Graduate Program:
BIOMEDICAL ENGINEERING

M.S.A.M. Bevers MSc

A. A cast with removable thumb part was used during acquisition of the HR-pQCT scans; B. Example of a correctly automatic 
contouring of the scaphoid bone on the HR-pQCT scans; C. Example of a correct detection of a scaphoid fracture with 
the developed automatic fracture detection algorithm; D. A statistical shape model, constructed from the HR-pQCT scans, 
quantified the mean shape of the scaphoid bones as well as shape variance. In a regression model, two or five shape modes 
explaining shape variance could well classify scaphoid bones as fractured or non-fractured. 
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Accelerating Simulations of Electromagnetic Waves in Hot, 
Magnetized Fusion Plasmas 

TU/e
MSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Prof.Dr. r.J.E. (roger) Jaspers (TU/e)

Current Employment:
PhD student at Eindhoven University of Technology (TU/e)

Nuclear fusion is a candidate energy source for the future, that is carbon-free, always available, power dense and 
that produces no long-lived radioactive waste. Energy is created by fusing Hydrogen atoms together to form 
Helium, similar to how our sun obtains its energy. However, in order to “ignite” a fusion plasma, the fuel needs to 
be ten times hotter than the sun’s core. Ion Cyclotron Resonance Heating (ICRH) is one heating method that can 
bring the plasma to these temperatures using electromagnetic waves.
 
Unfortunately, extremely demanding computational models are required to accurately capture the relevant 
physics of electromagnetic waves inside a plasma. Until now, fast alternatives to these models suffered from 
reduced accuracy. Compare the results from the “slow” and the “fast” model, where damping of the short-
wavelength ripple is underestimated in the latter (Figure 1).
 
In this Master’s thesis a method is formulated and examined that significantly reduces the required computational 
time, while not sacrificing accuracy. The results are visually identical to the benchmark results from the slow, 
accurate model, but execution times lie close to the fast approach (Figure 2). Using this method, simulating a full-
size fusion plasma is predicted to be approximately 100.000 times as fast, possibly bringing real-time control and 
plasma optimization within reach, ultimately leading to a more efficient fusion reactor.

Graduate Program:
APPLIED PHYSICS

R.H.S. Budé MSc

Figure 1: A scale model of a section of the ITER fusion reactor 
vessel, under construction in Cadarache, France (Illustration: 
Kentzilla, Wikicommons). A comparison between the electric 
fields, calculated using the existing slow, but accurate 
approach (top) and the slow, but less accurate approach 
(bottom) is shown. 

Figure 2: Comparison of the time taken to complete a 
simulation for the existing slow, but accurate approach 
(yellow), the existing fast, but inaccurate approach 
(orange), and the new “hybrid” approach, which lies in 
between the two.

Illustration © EFDA-JET
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Multiphysical Modeling and Control of Photopolymerization  
for Additive Manufacturing

TU/e
MSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Prof.Dr. S. weiland, Dr.ir. J.J.C. remmers

Current Employment:
PhD Candidate at the Control Systems Technology  
research group, Department of Mechanical Engineering, 
Eindhoven University of Technology

Photopolymerization-based Additive Manufacturing (AM), a technique in which a product is built in a layerwise 
fashion by local curing of a liquid monomer, is increasingly being adopted by the high-tech sector. Nevertheless, 
industry still faces several challenges to improve the repeatability of product quality. It is commonly recognized 
that there is a need for an in-depth understanding, in-situ monitoring and real-time control of the curing process 
to work towards end-products of higher quality. This need motivates the investigation on closed-loop control of 
the curing process and the build-up of material properties. 
 
This pioneering research illustrates the potential of this new process control paradigm where material properties 
are controlled in closed-loop and in real-time. A control-oriented model is developed that describes the 
multiphysical photopolymerization process and connects curing kinetics, heat flow, strain and stress evolution. 
Moreover, an extension to existing control systems theory is proposed to anticipatively control the process 
through the quadratic tracking framework. 
 
The potential of this model-based control strategy is demonstrated by means of a theoretical-numerical 
framework that illustrates the material property build-up during photopolymerization processes such as 
stereolithography. The proposed framework is supported by experiments that validate the controlled monomer 
conversion at zero-dimensional scale. This work has been submitted for both journal and conference publication.Graduate Program:

MECHANICAL ENGINEERING

K.H.J. Classens MSc

Figure 1: Bottom-up roadmap, ranging from a 0D (sub-)voxel to a full 3D product, illustrating the different scales to control  
the photopolymerization process.
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Improving the range of Evs through urban data
The impacts of environmental variables, driving style and route choice 
on the energy efficiency of electric vehicles

TU/e
MSc
THESiS
AwArD
2020

Company:
Sweco Nederland

Promotor/Supervisor:
Prof.Dr.ir. Bauke de Vries (TU/e), Dr. Dujuan Yang (TU/e), 
Milos Viktorovic MSc (TU/e), ir. Jeroen Quee  
(Sweco Nederland)

Current Employment:
PhD Candidate on Digital Twins at the information Systems 
in the Built Environment group of TU/e

To reduce the negative externalities of mobility, Battery Electric Vehicles (BEVs) are expected to replace 
conventional vehicles in the near future. Gaps have been found in the academic understanding of how different 
factors influence the energy efficiency of BEVs.

To fill this research gap, microscopic traffic models and an energy prediction model have been combined to 
quantify the influence of different driving styles, weather scenarios, infrastructural designs and traffic intensities 
on the energy efficiency of BEVs. By using a VISSIM model, various scenarios have been tested in a real case in 
Nieuwegein (Utrecht, NL). This resulted in a quantitative insight into the energy consumption and travel times, 
which was validated by performing 30 driving tests and by using dynamometer data.

The results indicate that built environment variables have a significant influence on the energy efficiency of 
BEVs. An increasing traffic intensity has been found not always to increase energy consumption. Moreover, 
energy efficiency can often be improved by choosing an alternative route. The study is a necessary step towards 
sustainable driving strategies and could be used by drivers, traffic management, engineers, and policymakers.

Graduate Program:
BUILT ENvIRONMENT

A.J.A. Donkers MSc

Figure 1: An overview of the workflow to calculate a vehicle’s energy consumption.

Figure 2: Simulated energy consumption of multiple vehicles in the city center of Nieuwegein.
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Learning subsampling and signal recovery with applications  
in ultrasound imaging 

TU/e
MSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Dr.ir. r.J.G. van Sloun

Current Employment:
PhD at Eindhoven University of Technology

Physical signals are continuous and need to be sampled to enable their use in any digital system. To enable signal 
reconstruction, the sampling rate has for years been dictated by the Nyquist rate. This lower bound induces large 
amounts of data samples which, in this era of information technology, easily result in massive amounts of data 
which can hardly be transferred, stored, and/or processed anymore. The main question that we faced to solve 
these challenges is:
Can we sample below the well-known Nyquist rate, but still extract the information we need to fulfill the  
system’s task?
 
Medical applications are an example in which reduction of the sampling rate has major advantages. Sampling 
less diminishes the radiation exposure of a CT-scan, reduces the acquisition time for taking an MRI, and facilitates 
portable cheap ultrasound devices.
 
We developed a machine learning algorithm that is able to learn sub-Nyquist sampling patterns which extract the 
necessary information from the signal. We tested the algorithm on ultrasound acquisitions for different imaging 
tasks, and observed that learned task-adaptive sampling patterns did actually deviate from conventional uniform 
sampling schemes. While the system’s task failed for uniformly sub-Nyquist sampled data, our task-adaptive 
sampling schemes permitted fulfillment of this task.Graduate Program:

ELECTRICAL ENGINEERING

I.A.M. Huijben MSc

Figure 1: B-mode and motion-tissue (Doppler) ultrasound images created by our 
machine learning algorithm using data that have been sub-sampled by a factor 4.

Figure 2: Averaged mean-squared-
error for reconstructed Doppler images 
from data sampled with different sub-
sampling factors. Performance using a 
learned sub-sampling scheme learned 
by our algorithm (DPS), is much better 
than when using uniformly sub-sampled 
data.
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DryNights – A self-powered bedwetting alarm

TU/e
MSc
THESiS
AwArD
2020

Company:
Lifesense Group B.V.

Promotor/Supervisor:
Prof.Dr.ir. Panos Markopoulos (TU/e, industrial Design), 
Dr. Valer Pop (CEO, Lifesense Group B.V.)

Current Employment:
Chief Design Officer (CDO) at Lifesense Group B.V.  
High Tech Campus

Bedwetting (Nocturnal Enuresis) affects about 12% of all 5-10-year-olds, which equals more than 80 million 
children world-wide. Bedwetting alarms are seen as the most effective solution for nocturnal enuresis and have a 
success rate of 75-90%. However, most bedwetting alarms are bulky, use Bluetooth, consume lots of batteries and 
require special underwear, so they’re not very child-friendly.

During this research, which was executed at Lifesense Group B.V. (Eindhoven) under the supervision of  
Prof.Dr.Ir. Panos Markopoulos (TU/e) and Dr. Valer Pop (CEO, Lifesense Group B.V.) a new, innovative bedwetting 
alarm has been developed, called ‘DryNights’.

DryNights is a small, comfortable and self-powered bedwetting alarm for kids suffering from nighttime 
bedwetting. The unique DryNights sensors require no batteries as the sensors are powered by the urine itself 
using the principle of an electrochemical cell.

The small adhesive sensor can be easily attached to any underwear or pajama pants. During the night, when 
the child becomes wet, the sensor will send a (harmless) audio-based signal to the mobile device running the 
DryNights application. The app will then awaken the child and guide him or her to the toilet. Within 6-12 weeks, 
the DryNights routine will condition the child to wake up on their own and visit the toilet before wetting the bed.Graduate Program:

INDUSTRIAL DESIGN

D. Matthijsse MSc
Figure 1: The DryNights app helps to motivate the child by 
gamification and a rewarding system.

Figure 2: The self-powered DryNights sensors use 
the principle of an electrochemical cell (copper + 
magnesium + salt bridge (urine)) to generate it’s  
own power.
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Continuous Processes for Peroxyester Drying

TU/e
MSc
THESiS
AwArD
2020

Company:
Eindhoven University of Technology in collaboration  
with Nouryon 

Promotor/Supervisor:
Prof.Dr.ir. J. van der Schaaf

Current Employment:
Process Technologist at FrieslandCampina

Process intensification is a topic receiving high attention in the chemical industry. Reasons for this are the 
opportunities for a more efficient production process or legislations and regulatory constraints pushing towards 
smaller, cleaner, safer or more energy efficient technologies. One industry striving for a more efficient production 
mode is the peroxyester industry, by switching from a traditional series of batch operations to a continuous 
process. Peroxyesters are very effective initiators in the polymerization field. Furthermore, they find application 
as cross-linking, bleaching or oxidizing agents and pharmaceutical additives. The transition to a continuous 
peroxyester synthesis and purification requires a detailed understanding about how to carry out each batch 
operation continuously. Therefore, this study focused on the possibility for continuous operation of one of the 
purification steps: the drying of the peroxyesters.

In this research, a continuous process for peroxyester drying using concentrated salt solutions in a multistage 
spinning disc extractor was developed. With this novel technology, very high mass transfer rates could be 
achieved which enabled the drying within seconds and has the possibility to reduce the equipment size by a 
factor 100. These effects contribute to a higher productivity and a more safe production process of the highly 
explosive peroxyesters.

Graduate Program:
CHEMICAL ENGINEERING AND 
CHEMISTRY

R.G.H. Poorter MSc

Figure 1: Effect of rotational speed difference 
between casing and impeller on the volumetric 
mass transfer coefficient in the multistage spinning 
disc extractor.

Figure 2: Schematic representation of the three-stage spinning disc 
extractor design.
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Formalization and improvement of ambulance dispatching  
in Brabant-Zuidoost

TU/e
MSc
THESiS
AwArD
2020

Company:
GGD Brabant-Zuidoost (ambulance services)

Promotor/Supervisor:
Prof.Dr.Ir. Geert-Jan van Houtum

Current Employment:
Associate consultant at Boston Consulting Group

Throughout the last years, performance of ambulance services in the Netherlands has been consistently below 
the nationally-set target (an ambulance present within 15 minutes for 95% of highly urgent 112-calls). In an 
industry where performance improvements can literally save lives, but resources are very scarce, providers of 
emergency medical services are continuously looking for ways to deploy available resources more efficiently. 

In this thesis an alternative dispatch policy is developed with the objective to improve the on-time performance 
of highly urgent ambulance requests, given available ambulance capacity. Machine learning was used to capture 
current dispatch practices in the region ‘Brabant-Zuidoost’ by collecting historic data, extracting human decision 
rules, and refining them with domain knowledge in a unique post-processing phase. This resulted in a model that 
is both concise and able to accurately predict current dispatch decisions. 

Subsequently, the captured dispatch process was leveraged as a practically relevant basis to improve upon. The 
resulting alternative policy was evaluated in an advanced simulation developed for this research. Complementing 
the captured current dispatch policy with two enhancements (see Figure 1) yields a significant improvement of 
the on-time performance, without the need for increasing ambulance capacity, equivalent to the addition of  
7+ weekly eight-hour ambulance shifts. 

Graduate Program:
INDUSTRIAL ENGINEERING

N.B.J.M. Theeuwes MSc

Figure 1: Two proposed enhancement to the current dispatch policy: re-dispatching ambulances that are currently on its way  
to less urgent requests if they are closest and reevaluating active dispatch decisions upon service completion of an ambulance.
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Interpretable Machine Learning as Decision Support for 
Processing Fraud Alerts

TU/e
MSc
THESiS
AwArD
2020

Company:
rabobank

Promotor/Supervisor:
Prof.Dr. M. (Mykola) Pechenizkiy

Current Employment:
Artificial Intelligence Engineer at Eindhoven University  
of Technology

Black-box machine learning models are increasingly applied in real-world contexts. But how do we know when to 
trust a prediction, if we do not understand why it was made? In this thesis, we researched whether explanations, in 
the form of local feature importance, can be useful as decision support for fraud analysts at a major Dutch bank.

To understand whether explanations can be useful in our scenario, we performed a user experiment. As opposed 
to common intuition, we found no significant difference in performance between tasks for which an explanation 
was provided and for which it was not shown. It seemed explanations alone are not enough to estimate a 
prediction’s trustworthiness. Instead, it might be more useful to also know how often a particular rationale 
resulted in a correct prediction. Following this intuition, we developed a case-based reasoning approach 
that provides evidence on the trustworthiness of a prediction in the form of a visualization of similar previous 
instances. Different from previous works, we consider similarity of the model’s explanations rather than similarity 
of the cases. We showed empirically that our visualization can be useful for processing alerts. Furthermore, an 
evaluation with fraud analysts confirmed that our approach is perceived useful.

Graduate Program:
COMPUTER SCIENCE AND ENGINEERING

H.J.P. Weerts MSc

Figure 1: A visualization of cases in which 
cases with similar explanations are displayed 
closer together. It can be seen that cases that 
triggered a false alert, i.e. false positive (FP), 
are clustered together.

Figure 2: Example of the interactive dashboard for a model trained on 
a public dataset. The dashboard shows the selected case (left), local 
feature importance explanation (middle) and the case-based reasoning 
visualization of cases with similar explanations (right). The color of the 
case shows the performance of the model: TP (true positive), FP (false 
positive), FN (false negative).
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Naming of the winner of the award

SIDDHARTH KHALATE PDEng MSc (PDEng program Automotive Systems Design)

Thesis title: Locally resonant acoustic metamaterial panels: 3D versus 2D modelling approaches

We propose to give the award to SIDDHARTH KHALATE for his thesis entitled “Design of an experimental  
setup to validate ROP laser surgery device” (ASD Mechatronic Systems Design PDEng program). 
Mr. Khalate’s dossier was ranked 1st by all jury members in their individual rankings. The project tackles a 
significant real challenge in the field of high multi-disciplinary complexity, with excellent social and technical 
impact. The project supervisors clearly state that the design objective was met and exceeded, and are highly 
positive in their praise for all aspects of the project. The thesis clearly motivates and describes the problem, 
including its societal impact. The thesis presents an effective balance of modeling, experimental validation, and 
technical application. The explanation of the successful solution is excellent (as are the details of the instruments 
developed during the project), giving concrete guidelines for treatment and development of further advances. 
The work is an especially fine example of a successful multi-disciplinary study, bridging diverse fields such 
as mechanics, electronics, software and medical devices. The documentation is realistic and complete, well-
grounded in feasibility. The writing is clear, as are the technical descriptions and diagrams. The design process 
is grounded in appropriate theory, and the system modules (mechanical, electric, software) are treated in a clear 
and well-documented detail. The report itself is accessible to non-specialists, providing a comprehensive end- to-
end package for the reader. Mr. Khalate delivered a concrete device, which clearly can be put into practical use, 
as the supervisors clearly attest. This important aspect gives his work special distinction.

Laudatio
The control of vision loss of preterm babies, retinopathy of prematurity (ROP), is considered as a high priority 
within the World Health Organization Vision 2020. Indeed, ROP is a major cause of childhood blindness around 
the world, especially in developing nations where the majority of at-risk premature babies are born. In his 
thesis “Design of an experimental setup to validate ROP laser surgery device”, Mr. Khalate has directly worked 
to address this global problem, with the design of an experimental setup to validate hand-held laser surgery 
devices for ROP diagnosis and treatment. In this highly multi-disciplinary project, involving mechanics, medical 
devices, software, and electronics, Mr. Khalate successfully collaborated with an ecosystem of partners worldwide 
– ROP surgeons in India, engineering partners in the Netherlands, and suppliers in Europe and North America 
- to develop a solution which is mature enough to start pre-clinical engineering tests. The thesis report itself is 
complete and easy to read, and gives concrete guidelines for treatment and development of further advances. 
Overall, this is an excellent example of the highest quality and highest impact PDEng project.

REPORT OF THE JURY

Brief description of the process
The jury received for their review the dossiers of all candidates on the 8th of May 2020. Each dossier 
consisted of the candidate’s thesis, CV, nomination letter, and additional supporting materials. After 
independently reading and carefully assessing each dossier, each jury member made a private ranked list of 
their top 3 candidates. The jury then met on the 25th of June to combine their rankings and discuss in detail 
the ranked candidates. After identifying the top candidate, the jury then collaboratively wrote the jury report 
based on their individual assessments of the candidate.

General comments about the works submitted
The jury was greatly impressed by all nominated theses, which were all of the highest quality and 
demonstrating the rich variety of exciting impactful projects in all of our PDEng programs. In their reports, 
all candidates demonstrated solid grounding in the relevant scientific communities and the current state 
of the art, as well as direct coupling to and impact on important and timely challenges faced in society and 
industry. The TU/e community can take pride in the fantastic work being done by our PDEng students.
 

PDEng
COMPOSITION OF THE JURY

Dr. G.H.L. Fletcher (chair)
Mathematics and Computer Science

Prof.Dr. J. Gomez rivas
Applied Physics

Prof.Dr.ir. H.J.H. Brouwers
Built Environment

LIST OF NOMINATED CANDIDATES

Lars van der A Clinical Informatics
Joep van den Bogaert Data Science
Sophie Cramer Qualified Medical Engineer 
Anne Grave Smart Building and Cities
Siddharth Khalate Automotive Systems Design
Ani Megerdoumian  Software Technology
Edwin Nam Chun Mui Design of Electrical Engineering Systems 



20

Waardecreatie; van data naar informatie 
De ontwikkeling van een clinical dashboard 

TU/e
PDEng
THESiS
AwArD
2020

Company:
Ziekenhuisgroep Twente 

Promotor/Supervisor:
Prof.Dr. r.J. Kusters (TU/e) / Dr. J.w.M. weggelaar MCM (TU/e)
Ir. J. Geerdink (Ziekenhuisgroep Twente) /  
Dr.Ir. M.D.I. Lansbergen PDEng (Ziekenhuisgroep Twente) /  
Drs. O.L.W.B. van Balen (Ziekenhuisgroep Twente)

Current Employment:
Klinisch informaticus at Ziekenhuisgroep Twente

Digitization of healthcare results in a large amount of digital (medical) data. This data can be reused to gain 
insights in the quality of care and therefore meet the growing information needs of healthcare professionals.

A clinical dashboard for prostate cancer was developed iteratively and incrementally. Data was collected through 
smart computer algorithms such as text mining. Data from free texts such as results, letters, documents and 
files (unstructured data) and from lab results, operations and admissions (structured data) were collected. Data 
collected has been turned into information and visualized in a way that encourages healthcare professionals to 
improve the quality of care.

As a second result of this project, the experiences (lessons learned) during this case study have been translated 
into a step-by-step plan that serves as an aid in the future development of clinical dashboards within and outside 
the Ziekenhuisgroep Twente.

PDEng Program:
CLINICAL INFORMATICS

L. van der A PDEng MSc
Figure 1: Clinical dashboard prostate cancer. Figure 2: Step-by-step plan clinical dashboard.
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The Data-Driven Fire Department

TU/e
PDEng
THESiS
AwArD
2020

Company:
Fire Department Amsterdam-Amstelland

Promotor/Supervisor:
Dr.ir. S.J.L. (Stef) van Eijndhoven (TU/e)
G.A.G. (Guido) Legemaate, MSc (FDAA)
Prof.Dr.ir. J.J. (Jack) van wijk (TU/e)

Current Employment:
Freelance Data Scientist (self-employed)

In case of fires or other incidents, a quick response of the fire department is often paramount to reduce the risk of 
severe damage or injury. We enabled Fire Department Amsterdam-Amstelland to make data-driven decisions to 
reduce response times, by providing three decision-support tools.

To facilitate strategic and tactical decisions, we developed simulation software. It allows the user to change, for 
example, fire station locations, vehicle and staff allocations, and incident rates to see the effect on response times. 
We verified and validated the software through several tests and statistical experiments and applied it to real-life 
cases.

We also prepared a dataset with demographics information of different locations in the region and used it to 
train Machine Learning models to predict incidents at those locations. We showed that this reduces potentially 
dangerous underestimation of incident rates in certain areas compared to the current practice of using historic 
incidents as indication of future incidents.

Finally, major incidents require a response of several fire trucks that are deployed from nearby stations, leaving 
the surrounding region uncovered for potential future incidents. We developed several approaches based on 
Deep Learning and Reinforcement Learning to suggest relocations of the remaining vehicles that minimize the 
response times. The most practical result provides decision makers with multiple alternatives and unique insights 
into the effects of each option (Figure 1).PDEng Program:

DATA SCIENCE

J. van den Bogaert PDEng MSc

Figure 1: Example of decision support for dynamic vehicle relocation. The left plots show the current situation. Large dots 
represent stations with available vehicles, while the small ones are empty. The plots to the right show the best obtainable  
states after 1, 2, and 3 relocations respectively. The proposed relocations are from the orange stations to the green ones.  
The distribution plots in blue show the learned or simulated response time distributions corresponding to the proposed states, 
while the orange distributions mirror the situation one plot to the left for easy comparison.



22

The design of an automatic tactile stimulation device to treat 
Apnea of Prematurity - the BreatheBuddy

TU/e
PDEng
THESiS
AwArD
2020

Company:
Leiden University Medical Center 

Promotor/Supervisor:
Dr.ir. i.M.M. Lammerts, Prof.Dr. A.B. te Pas, Dr. J.J. Baalbergen, 
ing. A.S.N. Vernooij PDEng, Prof.Dr.ir. E.J.E. Cottaar

Current Employment:
PhD student and Qualified Medical Engineer at the Neonatal 
intensive Care Unit at Leiden University Medical Center

Very preterm born infants are not yet fully developed and need intensive medical care for a long period to 
survive. Due to the immaturity of the respiratory center in their brains, most of these infants forget to breathe 
frequently; a phenomenon that is called apnea of prematurity. Adequate response to these apnea’s it vital as 
frequent or prolonged episodes can cause permanent damage to the brain, which has a negative effect on 
the neurodevelopmental outcome. Nurses act on apnea by gently touching or rubbing the skin of the infant 
to stimulate breathing. However, high workload on the ward can influence the response time of the nurse and 
prolong the duration of apnea. 

We hypothesized that automated mechanical tactile stimulation can improve the treatment of apnea by enabling 
a direct response. After reviewing the literature and conducting interviews, focus group sessions, experimental 
studies and clinical studies an automated tactile stimulator is developed. The innovative working principle of 
our ‘BreatheBuddy’ has been successfully evaluated in a pre-clinical trial and a patent has been filed. Clinical 
evaluation of the BreatheBuddy in preterm infants is now planned in the Neonatal Intensive Care Unit of Leiden 
University Medical Center. 

PDEng Program:
QUALIFIED MEDICAL ENGINEER

S.J.E. Cramer PDEng MSc
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The Guiding Environment 
The design of a supporting and stimulating environment for  
older adults with early-stage dementia

TU/e
PDEng
THESiS
AwArD
2020

Company:
Stichting KiEN 

Promotor/Supervisor:
Prof.Dr.ir. M. Mohammadi, Dr. w.S. Kruijt

Current Employment:
researcher Smart Architectural Technologies at  
Eindhoven University of Technology 

Dementia has a severe impact on quality of life of not only older adults diagnosed with this condition, but also 
their family. Every year there are 10 million new cases of dementia worldwide. 

In this PDEng-project, as a part of the research program Empathic Environments, an early prototype of an 
interactive home system has been developed to enable older adults with early-stage dementia to live longer 
independently at their homes. The prototype of the Guiding Environment has been developed in co-creation with 
several companies, care organizations, and universities. Using sensor and projection technologies, this product 
guides older adults with early-stage dementia to perform their daily activities and helps them maintain their 
circadian rhythm. Through close collaboration with healthcare professionals, this study made a start with mapping 
the needs of different user groups (older adults with dementia, healthcare professionals and informal caregivers) 
who have been involved throughout the entire design process. In this way, the user needs are identified and 
incorporated into the design of this prototype. This has been translated into a practical tool for designers and 
electrical installation technicians to provide them insights into the actual needs of this target group.

PDEng Program:
SMART BUILDINGS AND CITIES

A.J.J. Grave PDEng MSc

3D concept model of the Guiding Environment showing the different system components embedded into the  
home environment of older adults with dementia.
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Design of an experimental setup to validate  
ROP Laser Surgery Device 

TU/e
PDEng
THESiS
AwArD
2020

Company:
Eindhoven Medical robotics

Promotor/Supervisor:
Prof.Dr.ir. Maarten Steinbuch, Anupam Nayak MBA,  
ir. Anton van Dijsseldonk, Dr. Peter S.C. Heuberger

Current Employment:
Mechatronic Systems Designer at  
Eindhoven Medical robotics

Retinopathy of Prematurity (ROP) is a disease associated with the vision loss of premature babies and is a major 
cause of childhood blindness globally. Unfortunately, the severity of ROP not only depends on the neonatal care 
but also on the socioeconomic status of the country. 

As a result, 60% of the premature babies born each year belong to the developing countries; naturally, these 
babies have a higher risk of developing severe ROP. In India there are approximately 100 surgeons for 3.5 million 
premature babies born per year, hence a vast majority of infants remain untreated.

The existing solution to treat ROP is depicted in Figure 1. To perform ROP 
treatment the surgeon delivers laser through a pupil of diameter less than 
4 mm while rejecting the disturbances due to his (a) head rotation, (b) hand 
held lens motion, and (c) eyeball motion of the baby. Hence the existing 
process affects the treatment accuracy, causes high fatigue on the surgeon 
and the patient, and eventually less number of patients can be treated.

To perform pre-clinical trials for ROP treatment a novel experimental 
setup was designed and developed to replicate the disturbances created 
due to the eye movements, Figure 2 shows the realized eyeball motions. 
Additionally, significant improvement has been achieved in the performance 
of the visual servo feedback system for laser delivery.

PDEng Program:
AUTOMOTIvE SYSTEMS DESIGN

S. Khalate PDEng MSc

LASER

Pupil opening < 4mm

Total headset weight 500 - 900 grams 

Aiming laser: 635nm
Treatment laser: 532nm

Surgeons handheld lens motion
disturbances

Surgeons head
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disturbances

Premature babies
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Retinal
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Figure 1: Existing ROP treatment – Laser Indirect Ophthalmoscopy.

Figure 2: Realized eyeball motion 
from the ROP validation setup.
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From informal TWINSCAN machine diagnostics data to  
reliable formal customer interface

TU/e
PDEng
THESiS
AwArD
2020

Company:
ASML Netherlands B.V.

Promotor/Supervisor:
ir. Patrick Peeters, PDEng (ASML), Dr. A.C. Jalba (TU/e)

Current Employment:
Development Engineer at iNG

As the complexity of any system grows, the need for diagnostics becomes essential. In this sense, the data 
produced as an input for any complex system, like the high-tech machine of ASML is critical. During the wafer 
production cycle in TWINSCAN, the measurement, modeling, and applied corrections are logged to a diagnostic 
file called MDL (Machine Diagnostic Log). MDL contains essential data that helps designers (as well as support 
engineers) to understand the behavior of the machine. Over the years, customers have started using informal 
MDL data as well. By design, MDL does not protect itself from incompatible changes. 

This project is initiated to analyze the possibility of converting all needed data to official XML-based files at low 
cost. As a roadmap, the current intention is to provide formal data to the customers. This, however, comes at a 
high cost if conversion is done manually.

As a result of this project, a support tool, with mappings of the log file content to XML-based file is delivered. 
Besides, an iterable pipeline and corresponding prototype for producing the grouping of the tags is delivered, 
based on application of artificial intelligence. Finally, a prototype which provides an XML-based report for aiding 
the human resources in designing the XML-based formal reports is submitted.

PDEng Program:
SOFTWARE TECHNOLOGY 

A. Megerdoumian PDEng MSc

Figure 1: Project Overview.

Figure 2: Component Diagram  
of Project Design Solution in  
Three Steps.
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fvision - virtual reality (vR) headset for healthcare

TU/e
PDEng
THESiS
AwArD
2020

Company:
Medintec BV 

Promotor/Supervisor:
Prof.Dr.ir. A.A. (Twan) Basten, Dr.ir. Sander Stuijk

Current Employment:
Software Designer in Philips Medical Systems  
international BV

Virtual reality (VR) is a computer-generated environment in which users interact through visual, audio and body 
gestures. VR is typically implemented in the form of a wearable headset consisting of an LCD/LED display and 
headphones. With a growing number of users each year, VR has found uses in various industries, including the 
medical sector.

This PDEng project is hosted by Medintec, a startup based in both the Netherlands and Germany. The founders 
of the company aspire to create a VR headset which can provide an immersive experience to subjects undergoing 
medical procedures such as MRI scans, surgeries and radiotherapies. This VR headset is called the fvision. 

As a system architect, Edwin Mui oversees the design and implementation of both the embedded hardware and 
software of the fvision. Various design methodologies are also applied to ensure quality attributes like simplicity, 
manufacturability, scalability and testability are imbued into the product. 

The fvision runs on the Android operating system. As an Android device, VR contents can easily be installed 
on the headset as apps. This allows the fvision to cover a large number of medical use-cases. At the end of the 
project, a prototype of the fvision was successfully realized and demonstrated to the stakeholders.

PDEng Program:
DESIGN OF ELECTRICAL ENGINEERING 
SYSTEMS

E. Mui PDEng MSc

Figure 1: Artistic impression of the fVision  
VR headset.

Figure 2: Software architecture of the fVision VR headset.
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Naming of the winner of the award

Dr.Ir. ROGIER WILDEBOER

Title: Multiparametric and Multidimensional: A three-dimensional and multiparametric approach to ultrasound 
imaging of prostate cancer

Prostate cancer is the most prevalent cancer among men, but its diagnosis is still invasive, requiring many 
unnecessary biopsies. This PhD research focused on the development of a new computer-driven 3D approach to 
detect the disease by cost-effective ultrasound imaging. First clinical studies show encouraging results.

Laudatio 
The jury for the best PhD thesis 2019 anonymously decided to give the award to Rogier Wildeboer from the 
Electrical Engineering department. His thesis is impressive, both in quality and quantity, with 21 journal papers 
in top ranked journals (both in the Engineering and medical domain), three book chapters, and 7 international 
awards, including the prestigious Young Investigator Award from the European Federation of Societies in 
Ultrasound and Medicine in Biology. Rogier has received his PhD cum laude in June 2019. His work has an 
enormous potential for making an impact both in the clinical and industrial community. 

REPORT OF THE JURY

Brief description of the process
All thesis where read by the jury members and scored/rated on a number of criteria. Based upon this 
each jury member selected a “top-3”. The “Top-3” lists were compared and discussed. In this case there 
as a unanimous agreement on the number one candidate. Although all thesis were of a very good quality 
our joint number one candidate was considered to stand out from the rest.

General comments about the works submitted
All thesis were, academically, of a high quality. The number one candidate was able to combine impact of 
the work, both scientifically and societally in an exceptional and well balanced manner.

PhD
COMPOSITION OF THE JURY

Prof.Dr.ir. A.C. Brombacher (chair)
Industrial Design

Prof.Dr.ir. A.B. Smolders
Electrical Engineering

Prof.Dr.ir. E.J.M. Hensen
Chemical Engineering and Chemistry

LIST OF NOMINATED CANDIDATES

Thomas Arends Mechanical Engineering
Emiel van Disseldorp Biomedical Engineering
Pauline van Dongen Industrial Design
Alessandro ianiro Chemical Engineering and Chemistry
Sándor Kisfaludi-Bak Mathematics and Computer Science
Gosia Perz Industrial Engineering and Innovation Sciences
rogier wildeboer Electrical Engineering
rob wolfs Built Environment
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Dynamic moisture-induced bending of oak boards:  
an experimental study 

TU/e
PhD
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Prof.Dr.ir. D.M.J. Smeulders, Dr.ir. L. Pel

Current Employment:
Design engineer at ASML

All kinds of wooden objects are affected by relative humidity fluctuations: not only floors and doors may warp 
when the weather changes, but also precious wooden panel paintings in the museum deform continuously. 
These paintings may ultimately damage, which is why museums tend to strictly limit humidity fluctuations in 
the exhibition halls. This is often achieved using expensive climate control systems, leading to high energy 
consumption and operational costs. Substantiated experimental backing justifying these conservative guidelines 
is often lacking, 

In this thesis, we have addressed this deficiency by investigating various aspects related to the moisture-induced 
deformation of panel paintings. We have conducted a variety of experimental studies to analyze the response 
of mock-ups to relative humidity variations, as for example shown in Figure 1. In addition, we have designed 
a tailored MRI set-up, displayed in Figure 2, to simultaneously image moisture penetration into the board and 
assess its deformation. The whole process is captured in an analytical model, which allows us to forecast which 
fluctuations are safe and which are potentially harmful, depending on the painting’s composition. The results 
indicate that current climatic guidelines are often too stringent; this thesis may therefore serve as a motive to 
loosen the limits.

Department:
MECHANICAL ENGINEERING

Dr.Ir. T. Arends

Figure 1: Deformation of a mock-up panel 
painting over time when exposed to fluctuating 
relative humidity in an office environment.

Figure 2: The MRI system in the Darcy Lab with the specialized set-up 
inside.
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Mechanical analysis of aortic aneurysms using 3D ultrasound: 
towards patient-specific risk assessment 

TU/e
PhD
THESiS
AwArD
2020

Company:
Eindhoven University of Technology
Catharina Hospital Eindhoven

Promotor/Supervisor:
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The abdominal aorta tends to dilate in individuals over the age of sixty. This dilated aorta, known as aortic 
aneurysm (AAA), can result in a life-threatening hemorrhage when ruptured. Rupture of the aneurysm can be 
avoided by preventive surgery, however this is not without risk. Current guidelines for surgery are only based on 
the diameter and population statistics, which do not always apply for the individual patient. For some patients the 
aneurysm ruptures before surgery is recommended, 
while other aneurysms can remain stable and are 
currently exposed to unnecessary surgical risks. 
Therefore, a more personalized approach is required.

In this thesis, a method is developed that assesses the 
mechanical state of the AAA, rather than its size, using 
3D ultrasound. Similar to a balloon that is overinflated, 
an aneurysm will rupture once the stresses in the wall 
outweigh the local strengths. The stiffness indicates to 
what extent the aneurysm can elastically deform, and 
the peak wall stress indicates the location and amount 
of stress that acts on the aneurysm wall. Major steps 
towards clinical applicability were made. First results 
from a large clinical study suggest that these metrics 
might have diagnostic value and provide alternative 
metrics to assess rupture risk. 
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Figure 2: Peak wall stresses for aneurysm patients and healthy volunteers as function of the maximum aortic diameter (left). 
Patients are identified with low peak wall stress (green circles), while other patients have an elevated peak wall stress (red 
circle). Large differences are observed in aortic stiffness when aneurysm patients are compared with healthy volunteers (right).

Figure 1: Example of a 3D ultrasound acquisition of a healthy 
aorta (top left) and an aortic aneurysm (bottom left) with the 
representative aortic wall stresses (right) and the location of 
the peak stresses (blue circles).
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This dissertation examines how wearables – garments that bring together electronics and digital materials 
with textiles – can become integral to the everyday reality of fashion. It does so by reflecting on my practice 
as a fashion designer informed by the concept of ‘material aesthetics’. By combining design research with 
postphenomenology (a strand of philosophy of technology) I aim to reframe the understanding of technology in 
the context of fashion to better inform the practice of designing wearable technologies and their role in everyday 
life. This reframing is explained through three different analyses, each of which presents another perspective, 
namely of my design process (designer’s perspective), 
my design exemplars (perspective of the artefact) and the 
experiences of wearers and observers with the artefact 
(wearer’s/observer’s perspective). Based on a synthesis of 
the three perspectives, I offer a holistic view of the mediating 
role of technologies in fashion. It shows how human-
technology relations are constituted through the complex 
dynamics between designer’s inscriptions, the emergence 
of the artefact and the interpretations and appropriations of 
wearers and observers. I then suggest a ‘material aesthetics 
sensibility’ for designers and illustrate how they can 
anticipate mediations by presenting an iterative designer-
artefact-wearer/observer loop that shows the relation 
between the three ‘sources’ of mediation in design. 
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Figure 1: The iterative designer-garments-wearer/
observer loop.

Figure 2: Material-aesthetics analysis of the Solar Shirt.

Solar Shirt, 2015 (photo credits: Liselotte Fleur)
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Amphiphilic molecules are everywhere, from the soap we use to wash our hands to the building blocks of our 
cells. The chemical structure of these molecules, composed of water-soluble and water-insoluble parts, confers 
on them the unique ability to spontaneously form supramolecular structures with well-defined shapes and 
sizes in aqueous systems. Amphiphilic block copolymers (BCPs) are a particular class of amphiphilic molecules 
composed of soluble and insoluble polymer chains. They are similar to natural amphiphiles, but their associative 
behaviour can be remarkably more complex. Despite their ubiquity, in fact, several fundamental aspects of BCP 
assembly are still unresolved. Understanding these aspects is of key importance to efficiently (and reliably) use 
BCPs in medicine and high-tech applications.

So far, most of the efforts dedicated to understanding the fundamental principles of BCP self-assembly 
have focused on the role of their chemical structure. This thesis approaches the problem from a different 
perspective, looking at BCP association “from the solvent’s point of view”. The experimental and theoretical 
results demonstrate that the formation of BCP supramolecular structures in solution is richer and more complex 
than previously thought. This structural organization comprises of three different mechanisms: self-assembly, 
crystallization and phase separation. Solvency plays a key role in determining the dominant mechanism, and it 
can be tuned to create complex associative pathways where the different mechanisms operate simultaneously. 
This offers unprecedented opportunities to design materials with unique architectures and smart functions, such 
as capsules for the controlled delivery of anticancer drugs.Department:
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Figure 1: Schematic representation of possible 
pathways of a block copolymer dispersion. Red arrows 
represent associative-dissociative processes while 
grey arrows represent reorganizational processes. 
Rectangular blocks identify possible mixed states.

Figure 2: Schematic representation of a drug-loaded block 
copolymer micelle and theoretical prediction of the drug loading 
efficiency (ΣG) as a function of the drug solubility (ϕG*) at a fixed 
drug concentration (ϕG). The condition ΣG=1 indicates that all 
drug in solution is loaded inside the micelles.
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Networks for communication, transportation, finance and energy form the backbone of modern society, and the 
optimal usage of networks leads to many challenging algorithmic problems. A typical example is the Traveling 
Salesman Problem (TSP), one of the most famous problems in all of computer science: what is the shortest 
roundtrip visiting all the nodes in a given network? Most optimization problems on networks are NP-hard, 
meaning that efficient algorithms to solve these problems are unlikely to exist. Fortunately, many real-world 
networks have special properties that can be leveraged to obtain faster algorithms. In particular, networks are 
often spatial, that is, they are embedded in a 2- or higher-dimensional space. 
This thesis presents novel techniques to design algorithms for several fundamental problems in various types 
of geometric networks. A highlight is a new algorithm for the Euclidean Traveling Salesman Problem, which is 
faster than all existing exact algorithms. The thesis also develops a lower bound framework to show that, under 
a widely-accepted complexity-theoretic hypothesis, the running times of the presented algorithms are optimal. 
The thesis was awarded the EATCS Distinguished Dissertation Award of the European Association of Theoretical 
Computer Science.
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Figure 1: Construction used in the lower bound proof for Euclidean TSP.  
The same construction applies for the Hamiltonian Cycle problem in  
grid graphs.

Figure 2: Embedding into the graph of a 
hyperbolic plane tiling to prove lower bounds. 
Hyperbolic space is a naturally occurring 
geometry that is very different from Euclidean 
space. Most of the algorithms presented 
in the thesis have extensions to hyperbolic 
space, and become even faster there. 

Figure 3: Illustration of the new separator theorem that is the 
basis of the divide-and-conquer algorithms developed in  
the thesis.
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The work described in this dissertation was performed within the framework of the strategic joint research 
program on Intelligent Lighting between Signify and TU/e.

Over the past decades the use of the light emitting diodes (LEDs) have become prevalent in general illumination 
applications (homes, offices), not only because of their positive environmental impact, but also because the 
versatile control of their emission properties brings entirely new functionalities to lighting systems. Notably, 
the rapid response of LEDs to the changes in the driving current allows for easily control of the light output 
intensity and color. However, visual perception of rapidly changing light can be unpleasant or even irritating 
when producing flicker or the stroboscopic effect, and exposure to such lighting can have negative impact on 
our physiology, leading to fatigue or triggering headaches. These can be prevented by suppressing the light 
modulation, however solutions to do so typically require a trade-off with cost, size, lifetime and/or efficiency  
of LEDs. 

Through a series of psychophysical experiments we developed 
and validated measures that can be used to objectively quantify 
the visibility of flicker and the stroboscopic effect, and as such 
to support the design of LEDs that balance good temporal 
light quality with optimal other aspects. One of the measures, 
the SVM, has been implemented is several, commercially 
available devices. It is also recommended by the International 
Commission on Illumination (CIE) to quantify the stroboscopic 
effect visibility, it is standardized by the National Electrical 
Manufacturers Association (NEMA), and it is used by the 
European Commission’s regulation of light sources under the 
Ecodesign Directive.  
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Figure 2: (left) A disk with a black surface and a white spot used as stimulus in the experiments (middle) an impression of the 
appearance of the rotating disk under non-modulated light, giving rise to the perception of a blurred image, and (right) the 
rotating disk under modulated light, resulting in a visible stroboscopic effect.

Figure 1: Illuminance (lx) as a function of time (s) 
for three commercially available LED sources, 
showing different levels of light modulation.
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One in six men is diagnosed with prostate cancer in his life time, and about one in two men is confronted with 
prostate cancer diagnostics. Due to the lack of reliable imaging solutions, prostate-cancer diagnostics is based on 
twelve needle biopsies that are taken blindly. This research proves the feasibility of an ultrasound-based strategy 
for more accurate imaging, enabling image-guided targeting of substantially fewer biopsies and, ultimately, 
paving the way for non-invasive, reliable and cost-effective diagnostics.

Novel multidimensional algorithms were introduced to generate a 3D map of cancer (micro)vascular markers by 
analysing the transport of ultrasound contrast agents as a 3D convective-dispersion process. A 3D approach is 
technically more accurate and facilitates the clinical workflow enabling efficient investigation of the full prostate. 
To further enhance the imaging accuracy, multiple complementary markers of cancer, related to tissue stiffness, 
structure, along with (micro)vascular architecture and flow, were combined in a multiparametric fashion. 

Automatic combination of these physics-driven parameters through artificial intelligence substantially increased 
the diagnostic accuracy. Moreover, in collaboration with the AMC and the Martini Clinic in Hamburg, we proved 
doctors to locate significantly more tumour hotspots using the proposed multiparametric approach compared to 
individual ultrasound parameters. Further clinical testing is underway.
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Figure 1: A selection of meaningful parameters derived from three-
dimensional contrast-enhanced ultrasound scans. Multiparametric 
combination of these parameters helps to better distinguish of prostate 
cancer (arrow). The results were obtained in a 43-patient study at the 
Second Affiliated Hospital of Zhejiang University, China. 

Figure 2: Technical framework to 
automatically analyze different ultrasound 
techniques and generate single 
multiparametric images that highlight 
potential prostate cancer sites. The method 
was developed in a study with 50 patients 
at the Martini Clinic, Hamburg. 

40
20 40

200
y [mm] x [mm]

ultrasound parameters

prostate
cancer

32

Contrast US
A

1

Segmentation

a

Calcification
Detector

c

Motion 
Compensation Registration

Radiomic
Extraction

f

input
D

ata Segm
entation

D
ata

Registration
Feature

Extraction
M

achine
Learning

Random
Forest

g

output

CUDI

e

4

B
SWE

d b

5



35

Experimental characterization and numerical modelling of  
3D printed concrete  
Controlling structural behaviour in the fresh and hardened state

TU/e
PhD
THESiS
AwArD
2020

Company:
Eindhoven University of Technology

Promotor/Supervisor:
Prof.Dr.ir. Theo Salet and Prof.Dr.ing. Patrick Teuffel

Current Employment:
Assistant professor at Eindhoven University of Technology

3D Concrete printing provides the potential to enhance the productivity and to reduce the environmental impact 
of the construction industry. New design solutions with increased functionality are illustrated by a rapidly growing 
number of showcase projects appearing in practice.

The adoption of this new technique comes with an added complexity compared to traditional manufacturing. 
Due to the absence of formwork, the freshly extruded concrete should be sufficiently strong and stable 
throughout the printing process. Moreover, because of the layerwise nature of 3D printing, the final product is 
composed of multiple layers which should adhere sufficiently. 

This research was performed to remove the added complexity, by controlling the structural behaviour in the 
fresh and hardened material state. A 3D concrete printing facility was realized to study the printing process on 
both small and large scale. Numerous experimental procedures were developed to characterize the essential 
mechanical properties of printed concrete. These were used as input for a custom developed numerical model, 
to analyse the structural behaviour during 3D printing.

The numerical and experimental methods were applied in large scale 3D printing projects. They were used to 
facilitate the design process, provide input for structural analyses, and successfully optimize the printing strategy.Department:
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Figure 1: Experimental testing of a 3D printed 
concrete sample, to assess the bond strength 
between layers.

Figure 2: A numerical simulation of the 3D concrete printing process of 
a cylindrical object. The simulations show if and how an object may fail 
during 3D printing.


