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Introduction

Young and new talent is essential for a learning, searching and innovating organisation like 
KU Leuven. Annually many professors start their career at our university. This 26th brochure 
continues a long tradition: it offers new coming professors and young faculty members of 
the Science, Engineering and Technology (SET) Group of KU Leuven the opportunity to 
present themselves and their research areas to the broader academic community.

In the past these short descriptions have proven to be a very interesting and quick way 
to get to learn each other. Read the contributions, contact and meet each other, drink a 
coffee or have lunch together, etc. Often such informal discussions lead to opportunities 
for mutual collaboration and support in the different research domains and education 
programmes of the Group. In this way this brochure can contribute to strengthening 
the cross-fertilisation between the different departments, units and research centres, as 
well as to building bridges between application-oriented and curiosity-driven research. 
We hope that this brochure may be helpful to you and your co-workers and we take this 
opportunity to wish you full success with your academic endeavours and assignments.

Georges Gielen
Vice-rector Science, Engineering and Technology

Inleiding

Jong en nieuw talent zijn essentieel voor een lerende, zoekende en innoverende 
organisatie zoals de KU Leuven. Jaarlijks starten vele nieuwe collega’s aan onze 
universiteit. Deze 26e uitgave van de Arenbergbrochure zet een jarenlange traditie 
verder: het geeft nieuwe professoren en jonge academici van de Groep Wetenschap & 
Technologie (W&T) van KU Leuven de kans om zichzelf en hun onderzoeksgebied aan 
u voor te stellen.

In het verleden is al gebleken dat deze korte teksten een interessante en snelle weg zijn 
om met elkaar kennis te maken. Lees ze door, neem contact op, maak kennis, drink 
samen een kof�e of neem samen een lunch, enz. Vaak ontstaan hierdoor kansen tot 
wederzijdse samenwerking en ondersteuning in de verschillende onderzoeksdomeinen 
en onderwijsprogramma’s binnen de Groep. Zo kan deze brochure nog meer 
bijdragen tot kruisbestuiving tussen de verschillende departementen, afdelingen 
en onderzoekscentra en kan het bruggen slaan tussen toepassingsgericht en 
nieuwsgierigheidsgedreven onderzoek. Wij hopen dat deze brochure nuttig kan 
zijn voor u en uw medewerkers en wensen u via deze weg heel veel succes in uw 
academische activiteiten en opdrachten.

Georges Gielen
Vicerector Wetenschap & Technologie
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Rob Ameloot was born in Hasselt (Belgium) on April 13, 1985. He obtained 
his PhD in Bioscience Engineering/Catalytic Technology at KU Leuven 
in 2011. Afterwards he moved to the USA for a postdoc at UC Berkeley. 
In October 2014, he was appointed tenure-track research professor 
(BOF-ZAP) at the KU Leuven Centre for Surface Chemistry and Catalysis 
(Department of Microbial and Molecular Systems).

Rob Ameloot is passionate about pushing the envelope in porous materials 
technology, with a healthy disregard for traditional subject boundaries. 
Based on a fundamental understanding of material properties, His research 
group aims to build bridges between the established uses of porous 
solids, as adsorbents and catalysts, and the worlds of microelectronics, 
diagnostics and additive manufacturing.

More info at http://amelootgroup.org/ 
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Thin �lms of porous materials: the whole story

Porous solids have been strategic materials for a long time. As claimed by 
some authors, they contribute to some 20% of the Gross Domestic Product 
(GDP) of industrialised countries through their applications in catalysis and 
selective separations.1 Metal-organic frameworks (MOFs) are a rapidly 
growing class of materials with uniform pores in the nanometre range. At the 
molecular scale, a MOF crystal lattice consists of metal-containing nodes 
connected by organic linkers (Figure 1). 
 

Figure 1. Schematic representation of a metal-organic framework. Adapted from 
reference 2.
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Because of their unique properties, including record-breaking internal 
surface areas and a functionalisable pore interior, there is tremendous 
potential for integrating MOFs into microelectronics,2 e.g., as active 
sensor coatings,3 low-k dielectrics4,5 and tuneable conductors.6,7 A 
key enabling step in leveraging MOFs in microelectronics will be the 
development of robust thin film deposition methods.8 

Thus far, all reported procedures for MOF thin �lm deposition involve 
the combination of linkers and metal salts in an organic solvent, often 
under solvothermal conditions. However, this approach is incompatible 
with microelectronic fabrication processes since contacting preformed 
circuitry with a MOF synthesis solution leads to corrosion and chemical 
contamination. 

MOF particles formed as a result of nucleation in solution pose a further 
contamination risk. In contrast, Chemical vapour deposition (CVD) is 
a cornerstone technology in microdevice fabrication. CVD is based on 
the reaction of vaporised substances on or nearby a substrate to form 
a uniform thin �lm of precisely controlled thickness. Attempts have 
been undertaken to deposit MOFs using vapour-phase precursors or via 
physical vapour deposition, but without exception they resulted in dense 
and/or amorphous materials.

When I started my independent career at KU Leuven, I decided to 
combine my knowhow of porous materials with my fascination for 
miniaturized devices. Our efforts, in collaboration with imec and several 
international partners, has recently resulted in the demonstration of a 
CVD approach for depositing ZIF-8, a well-known MOF material.9 The 
‘MOF-CVD’ method consists of two steps: a metal oxide deposition step 
and a vapour-solid reaction step (Figure 2). 

This result is the first vapour deposition process for any crystalline 
porous network solid. Importantly, MOF-CVD is not limited to 
ZIF-8. Exploratory experiments with different metals and linkers 
demonstrate the more general applicability of the MOF-CVD approach. 
The compatibility of MOF-CVD with existing and scalable 
fabrication infrastructure will dramatically facilitate MOF integration in 
microelectronics and related applications. 
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Figure 2. Chemical vapour deposition of MOF thin fi lms. (a) MOF-CVD consists 
of a metal oxide vapour deposition (Step 1) and a consecutive vapour-solid reaction 
(Step 2). Metal, oxygen and ligand sources are labelled as M, O and L, respectively. 
(b), X-ray diffraction pattern of a ZIF-8 CVD � lm and simulated pattern for ZIF-8. (c) 
3D rendered AFM topograph. Scale bar: 2 µm. (d-e) Scanning electron microscopy 
images showing a MOF-coated pillar array. (f-g) High-magni� cation images 
displaying the homogeneous MOF coverage. Scale bars: 50 µm for panel d, 5 µm for 
e-f and 1 µm for g. (h) Kr adsorption isotherms for the zinc oxide coated pillar array 
(grey) and after 15 min (red crosses), 30 min (blue) and 45 min (yellow) vapour-solid 
reaction. (i) Single-pulse Kr adsorption kinetics for an 85 nm thick high aspect ratio 
ZIF-8 � lm (green) and a 2500 nm thick � at � lm (dashed, grey). 

Solvothermal transformation of metal oxides had previously been used 
to generate MOF patterns. However, in addition to the issues outlined 
above, the dif� culty in using solvothermal oxide-to-MOF transformations 
for � lm growth lies in precisely matching the oxide dissolution and MOF 
crystallisation rates. Due to slight local differences in dissolution rate, 
coupled with fast diffusion of the released metal ions, the solvothermal 
transformation approach risks the formation of rough � lms, pinholes and 
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even homogeneous nucleation of MOF particles in solution. In MOF-
CVD such issues are avoided since metal ions remain localised, within 
a nanometre-range diffusion radius, which allows the transformation of 
ultrathin oxide precursor �lms with high �delity. 

Atomic layer deposition (ALD) was selected to control the deposited 
oxide layer thickness with nanometre precision. In addition to excellent 
control over thickness, ALD permits highly conformal coatings, even 
on high aspect-ratio features. To illustrate similar conformality in MOF-
CVD, ZIF-8 was deposited on 25:1 aspect ratio silicon pillars (Figure 2). 
A Krypton physisorption methodology was optimised to directly measure 
the resulting ZIF-8 porosity after different vapour-solid reaction times. The 
shape of these isotherms (Figure 2) shows adsorption in the low pressure 
range, corresponds to �lling of the MOF micropores. The MOF-CVD coating 
enhanced the accessible surface area of the pillar array by two orders 
of magnitude. Moreover, depositing conformal MOF-CVD coatings on 
high-aspect ratio features enables a dramatic improvement in adsorption 
kinetics compared to conventional MOF �lms on a �at substrate. Figure 
2i shows a comparative adsorption experiment between �at and pillar 
array substrates. Even though both MOF-coated substrates have identical 
adsorption capacities, equilibrium is reached within 5 min for the MOF-
CVD- coated high-aspect ratio sample but not within several hours for the 
�at �lm deposited via a conventional solvothermal procedure.

MOF-CVD will dramatically facilitate the integration of MOF materials 
in microelectronic devices by routes that were previously not accessible. 
As a �rst demonstration case, we selected lift-off patterning, an essential 
method in manufacturing organic and large area electronics. In lift-off 
patterning, a lithographically patterned photoresist is used as a mask during 
vapour-phase material deposition and subsequently removed, leaving 
patterned features of the deposited material. Since photoresist removal in 
the last step of the lift-off process is typically performed in a polar organic 
solvent, it is hard to keep suitable resist materials from swelling and/or 
dissolving in typical MOF synthesis solutions. In contrast, since MOF-CVD 
is completely solvent-free, there is no risk of distorting the photoresist 
and losing pattern reproduction fidelity. The compatibility of MOF-CVD 
with existing microfabrication processes and infrastructure will expedite the 
integration of MOF materials in microelectronics and related applications 
requiring e.g., state-of-the-art low dielectric constant, low refractive index or 
low density/high surface area materials. 

References / further reading
1. Curr. Opin. Solid State Mater. Sci. 1, 55–56, 1996
2. Nature 520, 148–150, 2015
3. Chem. Rev. 112, 1105–1125, 2012
4. ECS J. Solid State Sci. Technol. 4, Y1–Y4, 2015

5. Chem. Mater. 25, 27–33, 2013
6. Science 343, 66–69, 2014
7. Angew. Chem. Int. Ed. 54, 4349–4352, 2015
8. Chem. - Eur. J. 17, 11372–11388, 2011
9. Nat. Mater. 2015 doi:10.1038/nmat4509
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Alexander Bertrand was born in Roeselare (Belgium) in 1984. He is happily 
married to Eline Coenegrachts, and since October 2015 father of Charlotte. 

In 2007, he obtained his master’s degree in Electrical Engineering at KU 
Leuven, with a specialisation in signal processing. In 2011, he obtained 
his PhD degree in Engineering Science at KU Leuven, with a thesis on 
distributed signal processing algorithms for sensor networks. Afterwards 
he continued his research at KU Leuven as a postdoctoral fellow of the 
FWO Vlaanderen. He was a visiting researcher at University of California, 
Los Angeles, at Holst Centre/imec-NL (Eindhoven), and at University of 
California, Berkeley.

Since 2014, he is assistant professor at the STADIUS division of the 
Electrical Engineering Department (ESAT) at KU Leuven. His research 
involves multi-channel signal processing algorithm design, with a focus on 
biomedical applications, such as electroencephalography, neural implants, 
hearing prostheses, and distributed algorithms for body sensor networks.
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Monitoring the brain around the clock: energy-
ef�cient multi-channel signal processing algorithms 
for chronic neuromonitoring

Our research activities concentrate on the design of multi-channel signal 
processing algorithms with a focus on biomedical multi-sensor or multi-
electrode arrays. Such arrays are often used to analyse physiological 
signals from, e.g., the muscles, the heart, or the brain, where the spatio-
temporal correlation between the channels allows to extract signal 
components that are impossible or dif�cult to extract from each individual 
channel. We particularly focus on signal processing algorithm design for 
long-term or chronic neuromonitoring arrays.

The applications
Electroencephalography (EEG) allows to record the synchronous electrical 
activity of large neuron populations by deploying an electrode array onto the 
scalp (Fig. 1(a)). Chronic EEG could be used in several applications such as, 
e.g., epilepsy monitoring, neonatal monitoring, and low-rate brain-computer 
interfaces (BCIs). We currently focus on the use of EEG for so-called neuro-
steered hearing prostheses, i.e., hearing aids or cochlear implants that 
simultaneously analyse acoustic and neural signals. In particular, we use EEG 
to decode auditory attention, i.e., to detect which speaker a listener is attending 
to in a so-called ‘cocktail party’ scenario with multiple speakers. This allows the 
acoustic noise reduction algorithm in the hearing prosthesis to suppress the 
interfering speech and improve intelligibility of the attended speaker.

In other applications, it is sometimes necessary to monitor the brain with a 
much higher resolution, possibly up to individual neuron cell activity. This is 
only possible with invasive techniques, e.g., by inserting a neural probe into 
the brain cortex, consisting of a needle-shaped electrode array that records 
electrical potentials generated by the neuron cells in its neighbourhood 
(See Fig. 1(c)). Using source separation techniques, the neural patterns 
generated by a single neuron can be separated from the others to analyse 
each neuron individually. Such high-resolution techniques allow to better 
understand neural coding, and may lead to new therapeutic technology in 
the form of high-performance BCIs or neuro-prosthetic control for patients 
suffering from debilitating neurological conditions. 

The challenges
EEG sensors are non-invasive and miniaturisable, and could therefore 
be used in chronic neuromonitoring systems. However, collecting EEG 
chronically during everyday activities yields signals with poorer quality 
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compared to traditional EEG data collection in well-controlled lab-conditions 
with high-end equipment. For example, EEG also picks up large interfering 
electrical potentials due to eye blinking, face muscle activity, and head 
motion, which can be avoided in controlled conditions, but not in daily life. 
Therefore, we develop algorithms to remove such signal artifacts by exploiting 
the spatio-temporal correlation structure over the different EEG channels.

Furthermore, chronic neuromonitoring systems will necessarily rely on 
highly miniaturised wearable or implanted devices with limited energy 
resources, where a wireless within-body or on-body communication is 
preferred to further facilitate miniaturisation and increase �exibility. We 
develop novel signal processing algorithms for future-generation modular 
EEG recording platforms in which a multitude of wireless EEG mini-arrays 
are deployed on the head in a sensor network-like architecture (see Fig. 
1(b)). Such EEG sensor networks would enable to perform chronic high-
density EEG recordings at multiple positions on the scalp, while at the same 
time allowing for an extreme miniaturisation and a high �exibility, due to 
their modular wireless architecture. On the other hand, several new signal 
processing challenges appear due to the inherent power and bandwidth 
constraints in such systems.

Similarly, there is an ongoing trend in neural probe design towards modular 
high-density electrode grids and modular multi-shank grids (see Fig. 1(d)). 
However, the full exploitation of such electrode grids is currently hampered 
by bandwidth and wiring constraints within each shank, which only allows 
to read out a subset of the channels. Furthermore, additional power and 
bandwidth constraints appear when the neural data has to be wirelessly 
communicated through the skull, or even through cortical tissue in the case 
of untethered free-�oating probes.

Scalable and distributed signal processing algorithm design
High-density EEG arrays easily generate 500Mb of data per hour, and 
a multi-channel neural probe produces the same amount per minute. In 
wearable or implanted devices, there will be largely insuf�cient bandwidth 
and power to transfer and process all these raw data in real time with 
conventional techniques. An intelligent signal processing algorithm design 
can make the difference. 

To bypass this ‘data deluge’, the neural signals can be locally (pre-)
processed at the sensor side to reduce the data transfer, relying on 
tailored low-complexity neural signal processing algorithms. However, in 
a modular architecture as in Fig. 1(b) and Fig. 1(d), such local processing 
at each module would hamper the exploitation of the spatial correlation 
structure across modules. Indeed, each module contains a local subarray 
with which it can only observe the local correlation structure, whereas 
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the correlation structure over the full electrode grid can only be observed 
and exploited if all the channels are centralised and jointly processed 
(see Fig. 2 (a)). To avoid such data centralisation, we focus on the design 
of distributed algorithms, in which only nearest-neighbour, low-rate data 
transfer is necessary between modules. Nevertheless, we aim to optimally 
exploit the full spatio-temporal correlation structure, as if all modules would 
have access to all electrodes, but without effectively sharing all the data. 
Furthermore, we aim for scalable algorithms, where the amount of data 
transmitted per module does not depend on the electrode density. 

These seemingly paradoxical goals are indeed possible because the spatio-
temporal coherence function of the neural signals has a low-rank structure. 
We design adaptive, data-driven fusion rules that exploit this low-rank 
structure. Based on this, each module fuses its locally observed neural 
signals with pre-fused signals received from other modules into a new 
signal, which is then again shared with nearby modules (see Fig. 2 (b)). The 
fusion is ‘lossless’ for the BCI task that is to be solved, but at the same time 
extremely ‘lossy’ in the sense that a reconstruction of the original neural 
data will be impossible. Due to the inherent divide-and-conquer approach 
and the reduced communications, substantial energy savings are possible 
when compared to centralised multi-channel algorithms. 
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Nikolay Bobev was born in So�a, Bulgaria on April 14, 1982. He is married 
to Elena Bobeva and is the proud father of Dara (2013) and Boyan (2010).

He received his master degree in Physics from So�a University, Bulgaria in 
2005. Then he moved to the United States and obtained a PhD in theoretical 
physics from the University of Southern California in 2010 with a thesis 
on string theory and black holes. From 2010 to 2013 he was a research 
assistant professor at the Simons Center for Geometry and Physics in Stony 
Brook, New York. After that he spent a year as a postdoctoral fellow at the 
Perimeter Institute for Theoretical Physics in Waterloo, Canada.

Since October 2014 Nikolay is an assistant professor at the Institute for 
Theoretical Physics in the Department of Physics and Astronomy at KU 
Leuven. His research focuses on string theory in order to understand 
quantum gravity and strongly coupled quantum �eld theories.
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Holography, black holes and quantum �elds

Quantum �eld theory (QFT) and General Relativity (GR) are the two frameworks 
most of our knowledge about modern theoretical physics is based upon. However, 
there are deep puzzles posed by these theories which still evade theoretical 
description and challenge our understanding of the Universe. The two biggest 
problems are the description of the dynamics of strongly interacting quantum �eld 
theories at low energies and the understanding of the puzzles in black hole physics, 
in particular the information paradox and the entropy of black hole horizons. These 
questions may sound esoteric but physicists have to address them if we are to 
understand the dynamics of the strong nuclear force, the behaviour of strongly 
coupled condensed matter systems, or the black hole in the centre of our galaxy. 
My research is focussing on developing novel methods and techniques to answer 
these hard questions using novel ideas developed and inspired by string theory.

Black holes are one of the earliest predictions of GR. It is sad that 100 years after 
the discovery of the Schwarzschild solution we still do not understand their physics 
in detail. As demonstrated in the work of Bekenstein, Hawking and others in 1970s, 
black holes possess thermodynamic properties. Most notably, their entropy is 
proportional to the area of the horizon and can be expressed by a unique formula 
in physics, which relates thermodynamics and geometry, and combines four of 
the fundamental constants in science, namely the Planck constant, the Boltzmann 
constant, Newton’s constant and the speed of light. Understanding this formula 
has been the main driving force behind research in quantum gravity over the past 
40 years. The challenge arises because the laws of statistical mechanics dictate 
that every system with some entropy should have an exponentially large number of 
microstates. This vast number of states cannot be accounted for in classical GR and 
points to the theory’s own demise. String theory is a consistent theory of quantum 
gravity and as such should provide a framework for understanding and accounting 
for black hole microstates. Indeed, progress has been made and after the work 
of Sen, Strominger and Vafa in the mid-1990s it became clear how to count the 
microstates of some black holes and successfully reproduce the Bekenstein-
Hawking entropy. This is certainly one of the success stories of string theory. 
However, there are many black holes, including the Schwarzschild solution itself, for 
which we still do not know how to count the microstates. For the microstates where 
this counting was done successfully we are yet to understand what the microstates 
really are, in order to gain a better idea about how quantum gravity works.

Despite the success of the Standard Model of particle physics as a scienti�c theory 
the fundamental structure of QFT has yet to be explored and understood. The 
conventional paradigm of perturbation theory has been an important calculational 
tool in QFT, however there is clear evidence that there are phenomena in Nature 
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for which this approximation scheme is not applicable. Examples of such strongly 
coupled physics are con�nement, chiral symmetry breaking, as well as many 
quantum critical points arising in condensed matter physics. In view of this one of 
the key objectives in modern theoretical physics is to understand the properties 
of strongly coupled systems and I try to address this important question in my 
research. This state of affairs calls for novel nonperturbative tools to study QFTs 
and extract quantitative predictions with the hope of understanding better the 
fundamental interactions in Nature. When faced with such a hard question it is useful 
to study and understand simpli�ed models of QFTs with additional symmetries like 
supersymmetry and conformal symmetry. The large amount of symmetry in these 
theories makes them ideal testing ground to understand better the structure of QFT. 

The problems with black hole physics and strongly coupled QFTs are deeply related 
through the holographic principle. This duality between a gravitational system in 
(D+1)-dimensions and a QFT in D-dimensions is one of the most profound insights 
in theoretical physics discovered in the past 20 years. It was initially proposed 
in the work of ‘t Hooft, Susskind and Polyakov and found a concrete realisation 
in string theory after the seminal paper of Maldacena in 1997. Holography has 
evolved into a general tool that can be used, in principle, without any reference to 
string theory. Indeed over the past several years there have been many toy models 
of strongly coupled systems studied with holography and a number of important 
universal results were achieved. However this approach is limited in its applicability. 
Without a high-energy completion of the gravitational physics and a detailed 
understanding of the dual �eld theory it is hard to describe the microscopic physics. 
The situation is analogous to the way in which Landau-Ginzburg (LG) theory is used 
in physics. The LG approach is powerful and one can extract universal results of 
phenomenological and experimental relevance, but real understanding and further 
progress necessitate the development of a microscopic model of the system 
at hand. A classic example of this is the BCS theory of superconductivity. My 
approach to holography, which can be dubbed ‘top-down’, aims at understanding 
concrete examples of the duality in a microscopic way and is thus closer in spirit to 
the BCS rather than the LG theory. To achieve this I utilize the techniques developed 
in string and M-theory to construct novel examples of the holographic duality and 
understand in detail the physics of both the gravitational and QFT systems.

Figure 1. A schematic illustration 
of the AdS/CFT correspondence 
between gravitational theories 
and QFTs. The QFT can be 
thought of as living on the 
boundary of the curved AdS 
space. The extra direction 
of space is encoding the 
dependence of the QFT physics 
on the energy scale.
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Jeroen Boydens was born in Ostend (Belgium) on June 16, 1966. In 
1992 he married Caat Devroedt who gave birth to Jonathan in 1996 and 
Laura in 1999. In 1988 he graduated as ‘industrieel ingenieur in de elektro-
mechanica’ at KIHWV with a master thesis in software. In 1989 he received 
a masters’ degree in computer science at VUB. In 1990, after his military 
service as an of�cer based in Germany, he joined KIHWV to perform applied 
research and tutor future ‘industrieel ingenieurs’.

In 2003 he started his PhD research at KU Leuven whilst continuing his 
lectures in computer science courses. He graduated in 2008 with a thesis 
on ‘Location Transparency and Transactions as First-Class concepts in 
Object-Oriented Programming Languages’.

Till now he is lecturing at the university college and is exploring research 
opportunities in close cooperation with mechatronics industry. His �rst 
IWT granted project in 2009 on embedded software allowed him to recruit 
his �rst two engineers in a group he started from scratch. In 2010 a third 
engineer joined the group. In 2011 he was appointed ‘docent’ at the 
university college and another IWT project allowed him to recruit a fourth 
and �fth engineer. In October 2014 Jeroen Boydens became a professor in 
the Computer Science Department of KU Leuven at the technology campus 
of Ostend.

At the moment he is teaching a number of courses in computer science 
in the Faculty of Engineering Technology (FET). For years, he has been 
introducing students to the basics of programming in a �rst year bachelor 
course, starting in typical structured programming languages like Pascal 
and C, later on in Java, still being taught by his colleagues. Currently he 
is focusing on students in the upper years of their studies, e.g. third year 
bachelor and master students. Topics are advanced object-oriented and 
structured programming, operating systems, software engineering, software 
testing and embedded software engineering. In his courses information 
from projects realized in close cooperation with industry is incorporated. It 
is by staying in close contact with industry that a number of PhD studies in 
the FET are now running under his supervision in Ostend.
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On the growing importance of embedded 
software engineering

My research is focussing on embedded software: to say it in simple words 
this is software that is installed inside machines. Since this type of software 
is becoming more important, amongst others through the new industrial 
revolution of cyber physical systems where everything gets connected, 
data are exchanged and decisions are made by programmable controllers. 
The companies I work with all have the same characteristics: they do not 
develop general purpose software that is run on PCs, instead they create 
machines or appliances where programmable parts are integrated. There 
is an expression stating that in comparison for every computer sold, 
1000 to 10000 embedded systems are sold. These embedded systems 
are becoming ubiquitous. Hence the main objectives of my research on 
embedded software:

(1) developing this software faster, shortening the lifecycle
(2) making sure this software is correct and safe
(3) increasing its code quality

These objectives are all founded by the empirical law of Barry Boehm as 
illustrated in Figure 1. Boehm mentioned this trend already in the eighties. 
The further in the lifecycle an error is detected, the more it costs to correct 
it. When you look at the graph, it shows an exponential increase. Think 
for instance of companies like car or agriculture equipment or loom 
manufacturers, who sell thousands machines worldwide. When errors are 
detected once the equipment is in production and sold to clients it is very 
hard to correct them, in some situations even impossible. 

My researchers know that the focus of our group is always on development 
strategy, automated software testing and design patterns. Both in our 
research and in our support to industry we focus on agile development 
strategies and on how to integrate these strategies in environments where 
traditionally waterfall development was being used. By validating software 
to multiple types of test benches, even before the effective hardware is 
produced, errors in code are detected quickly. Different types of simulation 
strategies are being explored ranging from emulated hardware, over 
remotely accessible hardware to hardware-in-the-loop con�gurations.

Functional safety is one of the domains we explore in the context of 
embedded software. Making the software correct, seems to be a logical 
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property of these components. Making software safe, so it does not 
harm its users or its environment when an unexpected event happens, 
is challenging and new to our industrial partners. Some research in this 
area already exists, but it has not been approved in real scenarios. In an 
engineering faculty it is important that we bridge the gap between the 
domain knowledge on functional safety and its implementation in industry.

Finally, since software nowadays is more read than it is written, code quality 
is important. Although analysis tools for code quality are mostly based on 
the numbers of comment lines that are inserted into the code, there is still 
room for further exploration in this domain. In embedded software legacy 
code has become the standard, meaning that most of the time the software 
in a new product is based on the previous version of the product or on a 
closely related product. The ideal software life cycle of starting code from 
scratch is rarely used. Having a code base that can be used as a base in 
many different products while keeping it maintainable, is a challenge we 
currently face. We have to assure new developers are educated with this 
awareness in mind. 

To conclude, computer science is an ever moving technology � eld, 
challenges stays high, change is always around. This is why it is such an 
interesting � eld of education and research.

Figure 1. Law of Barry Boehm.
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Jan Cappelle was born in Menen (Belgium) on March 5, 1976. He is 
married to Ann De Graeve and father of Douwe (°2004), Noah (°2006) and 
Merijn (°2010). 

He graduated in 1999 at KU Leuven as ‘burgerlijk werktuigkundig-
elektrotechnisch ingenieur’ with a master thesis at the National Technical 
University of Athens (Greece). He started his professional career by teaching 
power engineering at the KaHo Sint-Lieven school for industrial engineers 
in Gent. In 2008 he successfully defended a PhD on the performance 
analysis of electric bicycles at the Vrije Universiteit Brussel. Later that year 
he started his own research group E&A that integrated into the cluster of the 
KU Leuven Department of Electrical Engineering (ESAT) and steadily grew 
to a staff of 20 people today. In 2014 he became an associated professor 
at the Faculty of Engineering Technology. His research interests include 
stand-alone power systems, light electric mobility and photovoltaic energy 
measurements.



24 25

Tackling the energy challenge

Energy and growth 
Our economic model based on growth highly challenges the energy world. 
The last 30 years, the world’s electricity generation had an average growth 
rate of 3%. So we have to double energy production every 25 years. 
Every production increase makes it more dif�cult to reach the international 
climate targets. The latest EU targets state to cut GHG emissions by 40% 
(compared to 1990), and to reach a share of 27% of renewable energy as 
well as to save 27% energy (compared with the business-as-usual scenario) 
by 2030. 

I am convinced that we will have to rethink every process at the electricity 
production level as well as at the electricity consumption level, if we ever 
want to get close to these targets. I hope to contribute with my research to 
the tackling of this huge challenges. According to the nature of the Faculty 
of Engineering Technology, my research activities are rather close to the 
application side. Some practical results are shown in the photo collage below.
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Stand-alone power systems
In spite of a widespread electrical grid, the use of stand-alone electric 
power generators or gensets in Europe is very common on remote 
sites, construction sites, festivals, mobile phone send masts, … Most 
of the temporary gensets are based on diesel engines which may 
reach a maximum of 35% energy efficiency at nominal load. This 
efficiency dramatically decreases to less than 10% at loads below 
a quarter of full load. A metering campaign in one of our research 
projects showed that much of the gensets used in practice constantly 
operated in this inefficient area, which revealed the potential for 
energy saving. 

Three energy saving solutions were worked out in test set-ups of E&A at 
the KU Leuven Technologiecampus Gent. 

The �rst prototype built was the conversion of a diesel genset of 27kVA 
into a hybrid power system by adding a big battery pack. Low loads are 
supplied by the batteries while the combustion engine stays turned off. A 
thought-out control strategy for the hybrid system is applied to minimize 
fuel consumption as well as the impact on the lifetime of the batteries. 
Field tests reported fuel reductions up to 80%. 

The second solution was the building of a prototype of 50kW that 
was able to turn at variable speeds by the use of power electronic 
converters. Making the speed dependent of the power demand resulted 
already in higher ef�ciencies at steady state, but the prototype is still 
being dynamically optimized in an ongoing PhD at our group. 

The third prototype was ordered by the Flemish mobility organization 
VAB to charge electric vehicles with empty batteries on the spot. For the 
prototype a CNG van was equipped with a hybrid (genset-battery) power 
system enabling ef�cient energy injections for electric vehicles with slow 
as well as fast charging possibilities. For a typical breakdown cover 
service day, the prototype turned out to be 12% faster, consumed 41% 
less energy and reduced emissions by 68% in comparison with towing 
the client to his garage. 

Electric mobility
The demand for cleaner alternatives in the transportation sector is 
resulting in an expanding supply of electric vehicles. Various actors 
have been working to the set-up of a network of public charging 
points. However, for everyday trips, electric vehicles can be simply 
and cheaply charged at home or at work. In essence, a properly 
secured household outlet suffices to recharge at reduced speed. 
But take care, there is quite a difference between charging a mobile 
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phone and an electric car! The amount of energy to be transported 
through the cables in the latter case is never seen before in household 
applications. Research of E&A, together with VUB and NIKO, has 
shown that the charging current for mode 2 charging (via household 
outlet) is best limited to 10A. To safely charge at higher charging 
speeds, the mode 3 charging protocol has been developed. It uses 
sockets and plugs that are specially designed for the charging of 
electric vehicles. During the THEO research project, E&A and partners 
brought together all interested parties to define the good practices 
to charge electric vehicles in Flemish households and translate 
international standards into practical directives. As electricians 
are believed to be the first point of contact for the general public 
concerning home charging, workshops were organized for this 
stakeholder group in all Flemish provinces.

As electric cars are almost twice as energy ef�cient as conventional 
cars, we are also looking to other more ef�cient mobility means. Now 
we are investigating fast electric bicycles that only consume 13Wh grid 
electricity per passenger kilometre while reaching 35 km/h average 
speed over travelling distances of 30 km. For comparison: the Belgian 
railways state that the average grid electricity use for a passenger km by 
train is about 107Wh. A Tesla model S car, based on numbers mentioned 
by owners, uses about 160Wh for a passenger km.

These so-called speed pedelecs are very promising for commuting 
but they suffer from two major problems: legislative uncertainty and 
quality problems. Firstly E&A took part in the motorcycle working 
group of the EU commission that tries to eliminate the uncertainties 
for speed pedelecs in the type-approval directive EN168/2013 and its 
amendments. Secondly, The TGVelo research project of E&A rolled out a 
quality control system for e-bikes. The project had a double goal: forcing 
manufacturers to reach a certain quality level by claiming scores on 
several quality parameters, and enabling comparison between different 
e-bikes. 

Outdoor PV measurements 
Photovoltaic solar panels are power rated in the laboratory by arti�cial 
calibrated light sources. Test �elds, however, learn that not always the 
PV panels with the highest power rating have the highest energy yield. 
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The discrepancy between standardized short-term measurements of 
photovoltaic modules to express the power rating and the energy rating 
which is of interest to users has not yet been resolved. At the rooftop 
of the Technologiecampus we have built a � exible, fast and accurate 
outdoor measurement set-up to better understand the in� uences of 
wind, temperature, temperature inhomogeneity, shadow, installation 
practice… on the energy yield of solar installations. 
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Johan Claes was born on 16 March 1970. He married Ruth Stoffelen and is 
father of Jonas, Ester and Bram.

After his secondary school at the Sint-Jan Berchmanscollege in Mol, 
Johan Claes graduated in 1994 as a bio-engineer with specialisation 
in food technology. He started as a researcher at KU Leuven on an 
industrial research project together with SeghersEngineering. After one 
year, he obtained an IWT scholarship about optimal adaptive control of 
the fed-batch baker’s yeast fermentation. He completed his PhD in 1999, 
and started at the same time in the Katholieke Hogeschool Kempen, as 
professor in the master programme in biosciences (industrieel ingenieur 
biowetenschappen). Since October 2014, Johan Claes is professor at KU 
Leuven, Technology Campus Geel. He teaches courses on food chemistry 
and technology, and food safety. He is also head of the research group 
Lab4Food, with a focus on applied food research. 
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Food quality and safety

Food texture and rheology, including sensory research
The texture of food products is an important quality parameter. It 
describes all the properties that are experienced with tactile senses 
(mouth and hands), and with ears and eyes. Examples include the 
softness of breadcrumb, ripening of fruit, toughness of meat, melting 
of chocolate, … . Texture is also part of rheology, in which the relation 
between �ow and deformation is studied. Besides the human perception, 
there is also a technological importance for the food industry to study 
rheology and texture, e.g., related to pumping of �uids with a higher 
viscosity. 

In my research, texture and rheology have found applications from different 
perspectives. 

Development of new and improvement of existing analytical methods
In a joint project with food companies, the applicability of the Foodtexture 
Puff Device, a new measurement device for rheological properties of 
food products, was studied. With this device, an air puff is applied to the 
surface of a product, and the corresponding deformation is measured. 
We showed that this deformation correlates well with classical rheological 
analyses and/or with differences in product composition or processing. 
The combination of the high number of degrees of freedom and the very 
rich measurement signal turns this device into a promising technique for 
(industrial) applications. In addition, it is easy to use and requires no or only 
limited sample preparation.

In a number of bilateral cooperations with industry we have developed 
and optimised speci�c methodologies for very different products (e.g., 
mashed potatoes, bread, fruit and vegetable purees, …). In these 
projects, the texture-related questions of the companies are answered 
based on our expertise in a step-by-step approach. We often start with a 
small literature search, followed by an oriented trial-and-error study and 
a concluding validation.

Relating processing to functionality
The composition and/or processing conditions has/have a large 
in�uence on the textural properties of food products. Studying these 
relations gives the opportunity to optimise the product or the process. 
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Typical projects include the texture improvement of vacuum infused 
strawberries, the optimisation of the cutting process of cheese by using 
�nite element modelling, structure-texture relationships for bread and 
cake, …

Product development for speci�c target groups, especially elderly people
Malnutrition of elderly people is an important problem in our Western 
society. This malnutrition is due to a lower food intake or an unbalanced 
nutrient intake. We tackle this problem by developing new food products 
that suit more the needs of this group. Demented people often suffer from 
dysphagia (swallowing problems). Therefore, they need products with an 
optimised consistency. By developing so-called Shake recipes, which are 
nutritionally well-balanced breakfast recipes and an adapted consistency, 
the swallowing problems were lowered, resulting in an increased food and 
nutrient intake. 

This product was in a �rst stage developed and tested in elderly houses 
under well-controlled lab conditions. In a second stage, this product was 
brought to a commercial product, by upscaling it to an industrial scale 
in cooperation with a food company. Also this commercial product was 
successfully evaluated both from a rheological point of view and tested in 
elderly houses. 

Also active elderly people might experience problems with food and nutrient 
intake. Currently, together with ingredient suppliers and food producers, 
nutritionally adapted products are developed and tested with a consumer 
panel selected from the target group. Also for these products, texture 
evaluation is of primary importance.

Food safety and legislation
Product development with new matrices, and their food safety
Due to an increased world population, sustainable food production, 
delivering all essential nutrients becomes increasingly important. We 
therefore search for new food matrices, with a focus on insects, that deliver 
all nutrients, combined with a lower impact on the environment. For the 
insects, the whole production chain is covered by our research group in a 
number of projects (PhD research, bilateral cooperations and joint projects 
with industry). The rearing of insects is optimised from two points of view: 
optimal substrate selection (sustainability, substrate conversion ratio, 
in�uence on insect composition, …) and good hygiene practices during 
rearing (impact on possible microbiological and chemical contaminants). 
After rearing the insects, the downstream processing is optimised (e.g., 
drying, heating, packaging) for shelf life and product characteristics. In the 
last step, new insect based food products are developed and �nally brought 
to the market in cooperation with industrial partners. 
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Small food companies
Food legislation is quite complex and there is a large variety of related food 
safety systems. Especially for smaller companies, it is not easy to comply 
with legislation regarding food safety. We develop in our lab systems that 
can be implemented more easily by smaller companies, with special focus 
to farm-made products as mentioned earlier. In addition, we develop tools 
(e.g., test kits) with which the small companies can verify the application 
of their system: surface control, easy product analyses, … This allows to 
establish a proper shelf life for the products, to optimise the production 
process and in particular the hygiene, and it is a veri� cation of the 
implemented procedures. 

Multidisciplinary research, dual valorisation and relation with education
In all my research projects, there is a strong cooperation with 
microbiologists, nutritionist and specialists in health care. This is essential 
to realise a successful application, because most of the applied research 
questions require a multidisciplinary approach.

In a number of these applications, I could realise the dual valorisation that 
is typical for research in engineering technology: (bilateral) cooperation with 
industry and at the same time publications in peer reviewed journals and at 
international conferences. Often students are involved, which bridges the 
gap between research and education. 

It is my ambition to realise in this way the threefold task of academic staff 
of the university: scienti� c research, academic education and delivering 
services to the community.
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Frederik Desplentere was born in Izegem on September 19, 1975. He is 
married to Stephanie De Sutter and father of Maxim (°17/01/2006), Emma 
(°21/11/2007) and Marie (°26/10/2010).

He graduated as industrial engineer at KHBO in Ostend in 1997. In 1999, 
he obtained his master degree in mechanical engineering at KU Leuven. 
In September 1999, he started working at KHBO in Ostend, nowadays 
KU Leuven - Technologiecampus Ostend. During the �rst years, he was 
teaching courses related to mechanical engineering. In the meantime, he 
was also collaborating to the startup of the new programme on polymer 
processing. The focus on both teaching and research shifted more and 
more towards polymer processing. In 2007, he obtained his PhD with 
the thesis entitled ‘Multiscale modelling of stochastic effects in mould 
�lling simulations for thermoplastic composites’. In October 2014 he 
was appointed assistant professor at the Technology Cluster Materials 
Engineering of KU Leuven.
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Processing of long short �bre reinforced 
thermoplastic polymers

As Belgian citizens, we have to be aware that we are producing and 
processing the highest amount of polymers per capita per year. Polymer 
products are used everywhere and do not have the best reputation in 
several domains. Using these materials already allowed to realise thousands 
of applications where design �exibility is required often combined with a 
weight restriction. 

Customer and hence industry demands are increasing day by day. 
For a lot of applications, it is not suf�cient to combine the appropriate 
material with an accepted structural design. To overcome this problem 
for high volume production techniques as there are injection moulding, 
extrusion and thermoforming, one can apply short �bres (length <15mm) 
as reinforcement within the thermoplastic materials. Applying �bres 
within polymer products (short or long �bre reinforced polymer products) 
is already widely known within processing for the automotive industry, 
but not within many commodity products. The processing for short �bre 
reinforced products is completely different compared to un�lled materials. 
There is much more interaction between the design and the processing 
parameters resulting in a strongly anisotropic material behaviour changing 
all over the location within the �nal product. On top of this, there is also 
an increasing interest in applying natural �bres as reinforcement within 
thermoplastic material which leads to a need for a stochastic approach to 
the mechanical performance.

Within the research group of Frederik Desplentere, the whole 
development chain from a selection and/or generation of an appropriate 
material to a well performing product is covered. To realise this, the 
following steps are covered:

• Selection and characterisation of appropriate matrix material and if 
necessary adding �bres and compatibilisers through compounding. To 
facilitate this research, the following material characterisation has to be 
performed:

 Ö rheological characterisation (different �ow properties important 
during the processing)

 Ö thermal characterisation (thermal properties are important to 
calculate the cycle time for a discontinuous process within polymer 
processing)
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• Based on an given design for a new product, �nite element 
simulations are performed to check and adapt the design according 
to the mechanical and or thermal boundary conditions to be applied 
to the part

• Numerical simulations for the appropriate processing technique for the 
new part

 Ö Autodesk Mold�ow is used to do the virtual processing for the 
different kinds of injection moulding processes

 Ö Virtual Extrusion Laboratory is used for the modelling of the 
different steps within the single-screw extrusion process

 Ö T-Sim is used to describe the different steps within the 
thermoforming process

 Ö Siemens NX is used to check the heat transfer phenomena during 
different kinds of processing, mainly in case of trouble shooting 
problems

• If new materials (matrix material + �bres + additives) are processed, 
some reference processing is performed and monitored to control 
the correlation between the numerical simulation results and the 
experimental data. To generate the experimental data, a double screw 
compounder, two injection moulding machines, one instrumented 
extrusion line and an industrial thermoforming machine are available.

• A next step in the development process is to control the performance. 
This can be done in a mechanical or thermal environment. The 
product performance is compared with the already available numerical 
simulation data. (Figure 1 and 2)

• Finally, also some research is performed on the recycling of 
(�bre reinforced) thermoplastic materials, and more speci�c the 
characterization and processing of this type of material.

Next to the processing of polymer materials, also multiscale modelling of 
new (combinations of) materials is covered. These can be realised both from 
a mechanical or thermal point of view. 

All the research, carried out in the research group of Frederik Desplentere, 
is complementary and necessary for the other research present at KU 
Leuven - Technologiecampus Ostend. The research is also complementary 
to the research group CMG located at the Department of Materials 
Engineering.
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Figure 1. Mechanical performance of the flax fiber reinforced pallet.
 

Figure 2. Numerical simulation for the mechanical performance of flax fiber 
reinforced pallet.
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Jan Genoe is born in Leuven on May 19, 1965. He married Karen 
Vanoverschelde and is father of Sarah (1999), Thomas (2001) and Lauren 
(2005). 

He received a master’s degree in electrical engineering and a PhD both from 
KU Leuven, in 1988 and 1994, respectively. After his PhD, he joined the 
High Magnetic Field Laboratory in Grenoble (France) as a Human Capital 
and Mobility Fellow of the European Community. In December 1997, he 
became assistant professor (docent-OP) and in September 2000 associate 
professor (hoofddocent-OP) at the KHLim in Diepenbeek, Belgium.

In September 2003, he became also in charge of the Polymer and Molecular 
Electronics group in imec (part-time). His subsequent carrier steps in imec 
have been principal scientist, senior principal scientist and (since November 
2015) chief scientist in the LAE department in imec. His activities on 
Campus Diepenbeek continued in parallel, as a member of the Embedded 
Systems and Security research group. In January 2006, he became part-
time professor (hoogleraar-OP) and after the integration in the KU Leuven, 
he got appointed part-time professor (hoogleraar-ZAP) in October 2014.



42 43

Design of circuits on �exible foils

Silicon technology is a mature technology and enables the most complex 
integration of functionalities at superb performance and its continuous 
performance increase is not going to stop soon. However, there are 
still some applications that cannot be done in silicon. A circuit in silicon 
can never be larger than the size of the wafer. Some distributed sensor 
applications (e.g., X-ray imagers) need more area. Also large area actuators 
and displays typically need an area that is substantially larger than silicon 
dies can be. Moreover, silicon is rigid, which prevents the realisation of 
truly �exible and stretchable circuits. For those applications amorphous 
transistor technologies have been developed: in the past amorphous silicon 
transistor technology and more recent the organic semiconductors and the 
InGaZnO circuit technologies on foil.

However, designing for those technologies is challenging, for multiple 
reasons. The intrinsic performance (mobility of the carriers) is at least a 
factor 100 lower, compared to silicon. They cannot be scaled in the same 
way, due to the dimensional stability of the substrates and they are subject 
to huge parameter variations. Moreover, in most technologies on foil, it is 
dif�cult to integrate devices of both polarities, i.e., the organic devices are 
typically only p-type and the oxide devices are typically only n-type.

As a consequence, a completely different design approach is required for 
these technologies. New (unipolar) circuit topologies have to be elaborated 
to progress the state of the art.

In the domain of digital circuits, we have already been able to demonstrate 
this progress. Landmarks of this progress are: the organic and oxide RFID 
tags on foil and the �rst organic 8 bit microprocessor on �exible foil (see 
photo 1). 

Also in the �eld of displays, we have recently been able to show truly 
�exible AMOLED displays. (see photo 2 below). They are not yet on the 
market, but remember next time you drop your mobile phone: if the glass 
will be replaced by a thin foil, it will no longer break and your phone will lose 
even more of its weight.

These �exible AMOLED displays are in a certain way the �rst analog 
actuators distributed on large area foil. The display industry is doing a lot of 
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work in managing the parameter variation of the amorphous transistors on 
glass and to a lesser extent (due to the present challenges ) also to manage 
the even larger variations on �exible foil. The state of the art shows steady 
progress, but further innovations combining technology and design are 
de�nitely needed. The ever increasing demand for higher display resolution 
limits the number of transistors that can be used in the pixel and hence limit 
the opportunities for design innovation in the pixel itself. Therefore, I focus 
on technology innovation in the pixel, combined with design innovations in 
the external driving logic, such as analog calibration methods for parameter 
variations combined with digital driving methods (see amongst others 
ISSCC 2014).

We even see more opportunities for innovation in other actuators on large 
area foil (such as e.g., matrixes of ultrasound sources) and large area 
sensors on foil (such as distributed EEG sensing, X-ray imaging, ...). Several 
new approaches for high-quality analog-to-digital convertors on foils with 
huge parameter variations are currently under investigation. 

I am looking forward to collaborate further with all of you on new, variation 
robust, design methodologies for technologies on foil combined with 
the implementation of new sensing and actuator concepts that we can 
distribute over large area. By making various sensors and actuators broadly 
available at limited cost, we contribute a contribution to the future Internet 
of Things.

Photo 1: The first organic 8-bit microprocessor on flexible foil.
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Photo 2. Flexible AMOLED display using an amorphous InGaZnO transistor 
technology on polyimide foil.
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Philipp Geyer is assistant professor at the Department of Architecture at 
KU Leuven. His research �eld is sustainable building design, construction 
and technology supported by intelligent computation, modelling, and 
simulation. He holds a diploma and a PhD from Technical University of 
Berlin. In his doctoral research, which he partly conducted as visiting 
scientist at Massachusetts Institute of Technology (MIT), he developed a 
method for applying Multidisciplinary Design Optimization (MDO) to building 
design. As a postdoc fellow at Technische Universität München (TUM) and 
Swiss Federal Institute of Technology Zurich (ETH) he conducted research 
on performance-oriented and strategic design by systems engineering for 
the built environment. He is committee member of the European Group 
for Intelligent Computing in Engineering (eg-ice), founding member of the 
research spin-off Watergy GmbH, management committee member of the 
COST action Smart Energy Regions and has more than 40 publications in 
international journals, books and proceedings and coedited three scienti�c 
peer-reviewed publications.
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System engineering and intelligent computation 
for designing and planning a sustainable built 
environment

In view of climate change and resource sparseness, the realisation of a 
sustainable built environment is currently one of the major challenges for 
designing and planning in the building domain. As the built environment 
is largely responsible for environmental impact, it is essential to develop 
the future built environment so that it is compatible with a long-term 
liveable future regarding its environmental, economic and social aspects. 
Requirements such as energy-ef�ciency, resource economy, reduction of 
emissions, social and economic factors etc. with their discipline-integrating 
and sector-crossing character cause complexities that never occurred 
before in design and planning. Architectural design, construction and urban 
planning lack appropriate assistance, models and tools, since this challenge 
calls for a close integration between designing and engineering in early 
design phases. To address this complexity, computer modelling, simulation, 
systems engineering and computational intelligence have high potential to 
support designers and planners as decision assistance to manage these 
complexities and to develop sustainable solutions.

Smart data and information modelling
The availability of data through technologies of smart cities and regions 
provides an important basis for the novel methods of such decision 
assistance. Sensors, smart meters, surveys etc. provide a valuable source 
of data to predict the behaviour and performance of the built environment 
and its users. Furthermore, databases and consistent information modelling, 
such as developed recently by Building Information Modelling (BIM) and in 
Geographic Information Systems (GIS) plays an important role. The challenge 
I am tackling in this area, is to derive strategic knowledge for design and 
planning from the information sources as they are expected to be available 
in the near future. This information forms a highly valuable foundation for 
developing smart and sustainable strategies for the built environment.

Performance simulation
An important means to derive such strategies that has recently rapidly 
evolved is building and urban performance simulation. Many disciplines 
use models and simulation to analyse the behaviour of design and planning 
solutions. Simulation is able to predict energy �ows, daylight, air �ows, 
acoustics etc. However, models are too detailed and too sluggish and 
simulation is too slow and computationally too costly to serve design 
and planning well. This situation aggravates in case of Design Space 
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Exploration (DSE) - a method, which is part of systems engineering, that 
not only applies a manual change of parameters of a design but performs 
a systematic algorithm-based scan of the design space, i.e., the solution 
space de�ned by the combinations of given design parameters. To improve 
this situation, my second research focus develops analysis and simulation 
methods tailored for design and planning. Especially, the application of 
metamodelling that provides simpli�ed, mathematical or machine-learning-
based surrogate models for expensive simulations already delivered 
promising results. For the case shown in Figure 1, a metamodel predicts 
the heating and cooling demand dependent on six design variables with not 
more than 7% deviation from simulation results in less than one millisecond, 
which allows very accurate real-time feedback in design sessions.
 

Figure 1. Retrofit case of a building at ETH to that design space exploration has 
been applied and for that a quick-responding performance metamodel has been 
developed.

System engineering and computer intelligence
To tackle the complexity which arises through the interconnection of 
information and models from different disciplines in sustainable building, my 
third research focus uses systems engineering and computational intelligence 
as very effective means. Tools of systems engineering serve to analyse and 
to organise disciplinary dependencies, to identify key variables for the control 
of a design and to structure and explore the design space. These tools have 
the ability to manage the complexity and to support designers and planners 
in discovering how to steer the design to a well-performing solution. Methods 
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of computational intelligence enhance the approach of systems engineering. 
For instance, together with colleagues from ETH Zurich, I used clustering and 
fuzzy reasoning for building stock management to develop energetic retro�t 
strategies. Figure 2 shows results for a speci�c building stock. The strategy, 
which was derived by clustering, is able to reduce GHG emissions from 
building operation by 80% until 2050 whereas retro�tting following business 
as usual reduces them only by 20% in the same period. Even doubled 
investments perform by far not so well. This illustrates that we need such smart 
strategies to achieve the energy transition in the context of sustainable building.

Figure 2. Development of intelligent retrofit strategies based on algorithmic 
clustering.
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Innovative technologies based on systems engineering
Studies have shown that the waste heat from industry can cover the whole 
heat demand of residential and tertiary sector buildings. This would reduce 
Europe’s GHG emissions to a large degree. The problem to be solved is 
transport and storage. The Berlin research spin-off Watergy develops a 
technology based on thermo-chemical absorption and desorption that 
has high potential for this problem. Based on this technology, I therefore 
initiated and coordinate the EU project H-DisNet that deals with thermo-
chemical district networks. The basic idea is to replace water in district 
networks by thermo-chemical �uids. This has the potential to increase the 
transport capacity by 3 to 5 times and reduce thermal losses drastically. 
Further available services, such as cooling and drying within the same 
network structure, make such district networks more economic. For this 
development, besides laboratory development, systems engineering, 
modelling and simulation will serve to analyse the potential and to optimise 
this innovative technology.
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Tara Grauwet is born in Edegem (Belgium) on February 14, 1983. She is 
happily married to Arnoud Bruwiere and proud mother of Elynne (2012) and 
Hannah (2014). 

In 2003, she received a degree in applied bio-engineering sciences at 
Universiteit Antwerpen. In 2006, she obtained her undergraduate degree 
in bioscience engineering (main subject: food technology) at KU Leuven. 
Immediately after graduating, she started her PhD entitled ‘From protein 
to indicator – Towards temperature uniformity mapping in high pressure 
processing reactors’ at the Laboratory of Food Technology, KU Leuven. 
This PhD work, defended in 2010, was part of the European research 
project ‘NovelQ’. In 2011, she became a postdoctoral researcher �nanced 
by the FWO Vlaanderen investigating the potential of ‘Fingerprinting and 
pro�ling of processed fruits and vegetables: integration of an untargeted 
and targeted approach to study process-induced chemical changes’. In 
this context, she performed an intersectorial secondment of six months at 
Unilever R&D, Vlaardingen, The Netherlands.

Since October 2014, she is an assistant professor at the Department of 
Molecular and Microbial Systems (M2S) of KU Leuven. Tara Grauwet and her 
team study food digestion as in�uenced by processing and structure using 
an engineering approach. 

Until today, she co-authored more than 40 international peer reviewed 
publications. 
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An engineering approach to study the process-
structure-digestive function relation of plant-
based foods

State of the Art
To rationally design foods, it is essential to develop an underpinning 
knowledge and understanding how food components and structures are 
transformed and absorbed during digestion. Different methods to study 
the human gastrointestinal tract have been described in literature, ranging 
from ‘in vivo studies’ over ‘in vitro’ to ‘in silico models’. Historically, �rst 
insight has been obtained by in vivo studies. Since the 1990s, a series 
of in vitro systems has been developed. Despite the fact that in vitro 
systems allow a more swift study of food digestion under fully controlled 
environmental parameters, con�icting results have been obtained and/
or in vitro models have been oversimpli�ed. In addition, many researchers 
followed a qualitative approach rather than approaching food digestion as 
a multi-response kinetic engineering problem. This mechanistic approach 
would enable quantitative understanding which is also an indispensable 
input for reliable computer simulation (i.e., in silico). More recently, the 
potential of in silico modelling of food digestion problems has been stressed 
and demonstrated in literature. Besides kinetic models and parameters 
on biochemical changes and absorption phenomena during digestion, 
comprehensive in silico models should include the transport phenomena as 
can be simulated by computational �uid dynamics. 

Research objective
The general research objective of me and my research team is to study 
food digestion following an engineering approach relying on in vitro and 
in silico modelling. Given the recent awareness that food structure largely 
impacts food digestion and the fact that food processing can be used 
to tailor food structure, we believe that fundamentally documenting the 
process-structure-digestive function relation of plant-based foods will 
result in an improved exploitation of the endogenous nutritional potential 
of plant-based foods.

Research strategy
The gastrointestinal tract consists of a series of specialised organs 
and glands, each of them playing a speci�c role in the digestion and/
or absorption of the meal. Within my research group, for fundamental 
understanding, the complexity of digestion problems is �rst scaled 
down and afterwards step-by-step increased from biochemical and 
absorption phenomena along the gastrointestinal tract to digestion 
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including mechanical disintegration and transport phenomena. The 
complexity of foods is gradually increased by starting from single-
component food systems with limited food structural complexity towards 
multi-component and real food systems with high structural complexity. 
Particular case-studies (such as lipid digestion, starch digestion, protein 
digestion etc. including the variable ‘food structure’) are studied in 
parallel by in vitro and in silico models. In this context, two research 
lines have been established linked to this work. The interplay between 
those two lines is strong and two-way: studying digestion using in vitro 
systems delivers quantitative kinetic information which is indispensable 
for realistic in silico modelling; in silico models using available in vivo 
and in vitro data (kinetics as well as �uid dynamics) enable intelligent 
design of in vitro systems.

1. Study of the process-structure-digestive function relation using in vitro 
modelling
As a �rst research focus, simpli�ed existing in vitro models (for example, 
only mimicking biochemical changes in the stomach and small intestine) 
are applied to study the kinetics of digestion of low-complexity food 
systems. Biochemical degradation products of, for example, lipid, starch 
and/or protein digestion are quanti�ed at a range of time moments within 
the digestion process (e.g., end-point measurement per digestive phase as 
well as kinetic studies as a function of the digestive phase) by advanced 
analytical methods such as gas-chromatography and liquid chromatography 
coupled to an appropriate detector (e.g., mass spectrometry, �ame 
ionization detector). 

At �rst, the digestive extract can be screened for major differences by 
a �ngerprinting approach after which full quantitative information of the 
�ngerprint markers can be obtained. Multi-response kinetic modelling 
will be used for quantitative data analysis. The effect of structure on 
food digestion will be included. In this context, processing (e.g., mixing, 
blending, high pressure homogenisation, thermal processing, high pressure 
processing) will be used to generate a range of different structures. To 
elucidate the causal impact of structural changes on digestion phenomena, 
the kinetics of structural changes along the gastrointestinal tract are studied 
as well. Structural parameters are investigated by methods such as laser 
diffraction analysis, (confocal) microscopic analysis and methods for 
fundamental rheological characterisation. 

As a second research focus, more complex in vitro models will be 
implemented or developed including more stages of the digestive tract (e.g., 
mouth phase) as well as including relevant mechanical breakdown (e.g., 
relying on in vivo mastication studies in the context of oral processing) and/
or hydrodynamic �ow. 
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2. Study of the process-structure-digestive function relation using in 
silico modelling
In this research group, the implementation and development of in silico 
models start from simulating kinetic biochemical food conversions in the 
stomach and small intestine, including absorption. Relying on existing 
kinetic information of in vivo and in vitro digestion, a reaction network 
representing (the simpli�ed) digestion will be built as a basis for in silico 
modelling. At �rst instance, the possible effect of mechanical disintegration 
and transport phenomena (�uid dynamics) is neglected. The suitability of 
the in silico model simulation will be evaluated by confronting the prediction 
to in vitro data obtained through the corresponding (low-complex to 
complex) in vitro models. 

The complexity of the in silico model is gradually increased by simulating 
not only kinetic biochemical conversions occurring in stomach and small 
intestine, but also including the digestive effects of mouth. Besides multi-
response kinetic information on conversions and absorption, �uid dynamics 
information will be included in the in silico model in order to cover transfer 
and disintegration phenomena within the simulations. 
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Simon Kuhn was born in Speyer (Germany) on December 13, 1977. He 
studied chemical engineering at TU Munich and received his diploma 
in 2004. In 2008 he received a PhD from ETH Zürich. From 2008-2010 
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and from 2010-2012 as post-doctoral fellow at the Massachusetts 
Institute of Technology (MIT), USA. He joined the Department of Chemical 
Engineering at University College London, UK, as assistant professor in 
2012, and in October 2014 he was appointed associate professor in the 
Department of Chemical Engineering at KU Leuven. His research interests 
lie in the characterisation of transport processes in complex �ows using 
experiments and modelling, scaling-up microchemical systems, and the 
design of advanced �ow reactors for process intensi�cation and �ow 
chemistry applications.
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Transport phenomena and multiphase systems

The aim of chemical engineering and its unit operations is to transform 
raw materials into products (e.g., commodity and specialty chemicals like 
pharmaceuticals). However, motivated by the awareness of the world’s �nite 
resources, it is desirable that these products are obtained in a sustainable 
and ef�cient fashion minimising environmental impact, resource and energy 
use, and making increasingly use of renewable raw materials. To address 
this important challenge novel and ef�cient manufacturing technologies are 
needed, and �ow chemistry together with microreaction systems will have 
an important contribution to these technologies. 

Most of the relevant chemical transformations involve multiphase �ow, 
either gas-liquid, immiscible liquids, or solid-liquid, and as such a detailed 
understanding of these systems and the underlying physics of the transport 
processes is needed to successfully design these novel continuous reaction 
systems. Therefore, we are focusing on the quanti�cation of interfacial 
transport processes using experiments and predictive multiphase �ow 
models for computational �uid dynamics (CFD), and to use these tools to 
develop novel multifunctional reactors (Figure 1). 

Figure 1. Combined experimental and numerical approach to develop novel 
flow reactors.
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In our research we speci�cally focus on the development of integrated 
microreaction systems and the scale-up of continuous �ow reactors. 

Integrated microreaction systems
Microchemical systems are widely used for rapid experimentation 
and shortening product development cycles. The advantages of these 
microstructured devices over conventional, and mostly batch, reaction 
systems used in chemical engineering are: (i) enhanced heat and mass 
transfer due to the decrease in length scale and thus increased surface-to-
volume ratio, (ii) safer handling of hazardous materials due to the typically 
small volumes, and (iii) increased product quality due to the better control of 
the chemical reactions. 

To further improve these existing systems and to increase the accessible 
reaction space we develop integrated microreaction systems by 
implementing alternative energy sources, e.g., ultrasound, light, electrodes.
The increased surface-to-volume ratio in micro�uidic devices leads to 
dif�culties in the handling of particulate matter. This is especially problematic 
when solid particles are formed as a by-product of a particular chemical 
reaction, as the amount of solid matter gradually increases along the axial 
extent of the microchannel. Integrating micro�uidic reactors with ultrasonic 
actuators has been proven successful to mitigate clogging and ensure long-
term operation (Figure 2). The required ultrasound power depends e.g., on the 
particle size and the agglomeration rate, thus we also develop a predictive 
simulation framework to model �ow systems containing �uids and particles 
in micro-scale geometries. With these tools we are designing micro�uidic 
systems that can tolerate particulate matter and synthesise solid materials 
according to their speci�cations (e.g., size, purity). 

 

Figure 2. Assembly of 
a microfluidic device 
integrating ultrasound 
actuation (Kuhn et 
al. Lab Chip (2011), 
11:2488-2492).
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The use of visible light energy to induce chemical transformations 
constitutes an interesting and green activation mode of organic molecules. 
However, implementation of this energy source in organic synthetic 
methodologies and in the industrial production of �ne chemicals has 
been challenging. This is mainly related to the increased complexity of 
photochemical systems and reactors. The reactor material needs to allow 
for ef�cient photon transport from the light source to the reaction medium, 
the light source itself needs to provide light of a speci�ed frequency and 
intensity. This often leads to complex reactor designs imposing restrictions 
on the geometry and involving re�ectors and cooling systems to avoid 
superheating of the light source. Large scale applications are hampered 
by the limited penetration depth of light irradiation due to absorption 
of the media. Microreaction technology offers the potential to address 
these issues, as the small length scales are bene�cial to provide a more 
uniform light intensity. This allows to develop a scalable �ow technology 
for photochemical transformations and thus support the implementation of 
this energy source in organic synthetic methodologies and in the industrial 
production of �ne chemicals.

In a similar manner, the direct use of electrical energy to induce chemical 
transformations constitutes another ef�cient and green activation mode of 
organic molecules, which in addition avoids reagent waste as the chemical 
reaction is induced by electrons. Traditional electrolytic methods suffer from 
a number of limitations such as heterogeneity of the electric �eld, thermal 
loss due to heating and obligatory use of supporting electrolytes. The 
combination of electrosynthesis and microreactor technology can effectively 
overcome some of the present dif�culties and achieve higher product 
selectivity and purity, lower number of oxidation steps, less by-products and 
a lower energy consumption. By developing a novel integrated microreactor 
we can unlock the potential of organic electrosynthesis in continuous 
�ow and considerably increase the application range of electrochemical 
synthetic methodology.

Scale-up of continuous flow reactors
In terms of economical production, microsystems lack suf�cient throughput 
which might not be solved by scaling-out (numbering up) due to �uid 
maldistribution issues and the resulting distribution of residence times 
across devices. Thus it is desirable to develop continuous mini reaction 
systems on the millimeter scale, which combine the advantages of 
microreactors with the throughput of conventional batch reactor systems. 
One promising approach for such novel milli-scale reactors involves the 
integration of micro-structured porous media, which then allows the 
translation of the bene�ts from the micro-scale to production scale for 
multiphase reactions. We use a rational design approach for the porous 
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media by combining experimental characterisation with multi-scale 
modelling. In addition, these novel designs are fabricated using rapid 
prototyping techniques to facilitate ef�cient testing and design revision. 
This research will bridge the gap between the micro- and milli-scale, and 
will directly impact the efforts in process intensi�cation and sustainable 
advanced manufacturing.
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Luc Labey was born in Vilvoorde (Belgium) on June 18, 1965. He is married 
to Hilde Wyndaele and father of Elien. 

He received his master’s degrees in materials engineering in 1988 and 
in biomedical technology in 1990, both from KU Leuven. He obtained 
his PhD degree in engineering from KU Leuven in 2003 for research on 
the mechanical aspects of bone-implant systems. As a post-doctoral 
researcher in the division of Biomechanics and Engineering Design at KU 
Leuven, he investigated foot and ankle biomechanics and he was heavily 
involved in teaching mechanics to the bachelor students in engineering.

In 2006, he became project manager of experimental kinematics at 
Smith and Nephew’s European Centre for Knee Research, where he 
was responsible for all experimental research projects regarding knee 
arthroplasty. Since October 2014, he is associate professor at KU Leuven, 
Faculty of Engineering Technology, Campus Geel.

His research focus then shifted from implants towards external (medical) 
devices. The overarching theme is the mechanical interaction of such 
devices with the human body, often with soft tissues. This interaction is in 
fact vital to their function. Therefore, relative motion, stress transfer and 
pressure distribution must be analysed and optimised using a combination 
of in vivo measurements, in vitro tests and computer simulations.
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The mechanical interaction between medical 
devices and the human body

Medical devices, by their very nature, interact with the human body. If they play 
a role in the locomotive system, this interaction is largely mechanical. 
Hip and knee implants for example take over the task of the native hip and 
knee joint, which is to simultaneously transmit forces while allowing smooth 
mobility. To perform well, they need to respect the tissue envelope within 
which they reside. This is obviously true in a chemical and biological sense: 
the devices should be biocompatible. But it is also true in a mechanical sense, 
which is an aspect that has long been underestimated or even neglected. 

A similar situation exists in the �eld of external prostheses. Those devices may for 
example be connected to the patient’s limb by means of a socket which �ts on a 
stump. Body weight and inertial forces are transmitted by a combination of shear 
and compressive stresses. A geometric or stiffness mismatch between socket 
and stump will lead to high stresses and this can cause discomfort or pain.

Orthopaedic implants
More than 25.000 total knee replacements (TKR) are performed per year in 
Belgium, a number which has been steadily growing since the introduction of 
modern knee implants in the early seventies. Today, TKR is indeed considered 
as the standard of care for osteoarthritis of the knee. The same is true for 
osteoarthritis of the hip joint and the numbers and the growth rates in total hip 
replacement (THR) are comparable to those of TKR. 

Belgium is no exception. In the OECD countries, 160 hip and 135 knee 
implantations are performed per year and per 100.000 inhabitants on average. 
The number is continuously rising partly because of demographic reasons 
(aging of the population) but also for other factors (such as the rise of obesity 
and expanding indications for the procedure). The OECD countries showed 
annual growth rates of THR and TKR in the �rst decade of this millennium 
between 5.3% and 12.8%. 

This has led to orthopaedics currently being the fourth largest medical 
technology �eld (in economic terms, 9.3% market share representing $34.8 
billion per year), only surpassed by in vitro diagnostics (13.3%, $49.9 billion), 
cardiology devices (11.2%, $41.9 billion) and diagnostic imaging (9.5%, 
$35.6 billion). Moreover, the �eld is forecast to grow over the next �ve years 
(cumulative aggregated growth rate of 3.2%) and taking the third rank by 2020. 
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It is thus in the best interest of patients, surgeons and society at large to 
improve the design of orthopaedic devices as well as the results of orthopaedic 
surgery. However, despite their popularity, the outcomes of TKR and THR 
show that there still is some progress to be made in this respect. Knee and hip 
replacements show quite good survival rates (14 years or more in more than 
90% of the patients), but 10% to 20% of patients complain of lasting pain 
and functional limitations. In absolute numbers, this means that on average 
eight revision surgeries are needed for every hundred primary replacements 
performed annually. For Belgium, it amounts to somewhat more than 2.000 
TKR revisions per year. Outcomes are worse in other, less often performed 
types of joint replacements (for example in the ankle): more patients are 
dissatis�ed after surgery and survival rates are signi�cantly lower. 

One of the reasons for these disappointing results may be the fact that the 
development of new medical devices relies almost entirely upon standardised 
mechanical tests with loading frames and wear simulators, where the implant is 
tested in isolation, without surrounding bone and soft tissues. Also, computer 
simulations which are used during the process (typically �nite element 
analyses), suffer from the same drawback.

While this approach may have been acceptable in the past, when designing 
safe and long lasting devices were the main considerations, it has now 
become clear that this approach has reached its limits and that the impact 
of orthopaedic medical devices on the joint should be more thoroughly 
investigated before they are introduced.  

Figure 1. The native knee 
is characterised by a given 
anatomy and mechanical 
properties (top left). This is 
reflected in its mechanical 
behaviour (bottom left). By a 
surgical intervention, these 
characteristics are inevitably 
changed (top right) and, thus, 
also its mechanical behaviour is 
(bottom right).

Orthopaedic surgery on a joint inevitably leads to mechanical changes in that 
joint. This is very clear in the case of joint replacements, when an arti�cial 
device is inserted: the implant never really recreates the shape of the native 
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articular surface and is also manufactured from materials which are many times 
stiffer than native cartilage and bone. The changes which are imposed will have 
consequences regarding the force distribution, kinematics, strains, … �rst of all 
within the joint (as illustrated in Figure 1 for the case of knee replacement) but 
also in other joints of the body. This may lead to malfunction or even failure of 
the implant or of the surgery and patients may suffer from lasting pain or need a 
reoperation. Thus, validation of the design of a new implant really needs a more 
integrated approach which takes these effects into account.

Three methodologies are commonly used to investigate the biomechanics of 
human joints and should be combined to arrive at better designs for orthopaedic 
implants (Figure 2). In vivo techniques, when one measures kinematics and 
kinetics of the joint in a living subject are closest to reality but suffer from the fact 
that not everything can be measured, that the measurements are not always very 
accurate and they do not allow a comparison between the (healthy) pre- and 
post-operative situation. Computer simulations on the other hand are much 
more complete in terms of the amount of information that can be retrieved (even 
parameters which cannot be measured can sometimes be calculated), but still 
suffer from our lack of knowledge about (soft) tissue material properties. They are 
quite slow (certainly if one also takes into account the time required to build and 
validate a suf�ciently realistic computer model) and they have dif�culties with the 
combinations of very stiff arti�cial materials and very �exible biological materials 
typical for medical device applications. In vitro techniques are somewhere in 
between: they are not as realistic as in vivo measurements but more realistic 
than computer simulations and they can provide more information than in vivo 
techniques but less than computer simulations. Typically, these systems combine 
cadaver specimens with actuated rigs and measurement instruments. The rigs 
used for such experiments are machines that enable the simulation of loaded, 
functional motions of joints, for example gait or squatting, in a dynamic fashion, 
while motions, forces, stresses and strains are recorded. Thus, the mechanical 
behaviour of a joint can be measured before and after a surgical procedure and 
effects of different parameters (such as implant design, but also alignment, joint 
balancing, surgical mistakes, …) on biomechanical behaviour can be assessed.  

Figure 2. 
Integration of 
in vivo, in vitro 
and computer 
simulation 
techniques to 
evaluate and 
optimise new 
implant designs.
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External medical devices
Orthoses and prostheses are external medical devices which are used to 
support the body and, by doing so, remedy a functional limitation of the 
musculo-skeletal system. There is a large variety of such devices in (clinical) 
use, from those that support or replace a single joint (for example ankle-
foot orthoses) up to systems which support the full body (for example 
exoskeletons). By their very nature, these devices interact mechanically with 
the human body on several levels and in several ways, but this interaction is 
currently not fully understood. In fact, the interaction between these devices 
and the human body is even more complicated than in the case of implants. 
Our lack of understanding currently hinders the development of better 
designs as well as the achievement of an optimal �t to individual patients.

First of all, contact forces and moments exist in the connection between the 
device and the body, usually through soft tissues such as skin, muscle, fat, …. 
These give rise to stresses and strains in the tissues which are typically not 
present or certainly not as large in a healthy subject. It goes without saying 
that increased stresses and strains in the tissues can have deleterious effects. 
In most cases, they will lead to discomfort, eventually pain and, ultimately, the 
development of ulcers and other pathologies. Secondly, the body will react to 
the presence of these devices by adapting its normal motion pattern which 
leads to different reaction forces from the environment (mainly changes in 
ground reaction forces) and, thus, different contact forces than those which 
would be present in case of a normal motion pattern. 

While the �rst effect is purely mechanical and obeys the fundamental laws of 
mechanics and elasticity, the second effect is quite complex, since it is linked to the 
neurological pathways that govern body motion. Currently, we cannot yet predict 
the stresses and strains, even if we would know contact forces and moments, 
because there is a lack of knowledge about material properties of biological 
tissues. We cannot even predict contact forces and moments either, because we 
do not understand the basic rules that lead to changes in motion patterns.

Consequently, designing and manufacturing assistive devices as well as 
�tting them to the individual patient is currently more of a craft than a science. 
Orthopaedic technicians learn this craft by doing it and gaining ever more 
experience. In practice, optimal design and correct �tting are achieved by a process 
of trial and error and little knowledge about the (bio)mechanical effects of different 
determining parameters is available in the form of explicitly formulated rules. 

It is our conviction that the development of a more scienti�c approach and 
the resulting knowledge base, would be bene�cial, not only for the patients 
who need assistive devices, but also for society at large. Indeed, ageing of 
the population will lead to a compound annual growth rate of the market of 
braces and orthoses which is estimated at 4.6% for the next six years (from 
2.56 billion dollars in 2014 up to 3.5 billion in 2021).
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Bart Lievens, born in Herentals (Belgium) on June 4, 1975, is head of the 
Laboratory for Process Microbial Ecology and Bioinspirational Management 
(PME&BIM) at the KU Leuven Technology Campus De Nayer. Having roots 
in the education of industrial engineering students (formerly Hogeschool 
De Nayer) his research group has a tradition in applied, valorisation-driven 
research. During the last few years, Bart Lievens has worked intensively 
on several aspects considering the microbiology and microbial ecology 
of industrial (man-made) and natural environments. He is especially 
experienced in using next-generation sequencing (NGS) to unravel microbial 
communities and members thereof without resorting to cultivation and has 
more than 80 publications in international peer-reviewed journals. During 
his career so far he has been awarded twice for his research activities. He 
received the IOF ‘L(euvense) da Vinci award 2010’, recognizing market-
promising research and was awarded as ‘Researcher of the year’ in 2011 at 
Campus De Nayer (‘Willy Asselman award’).
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Analysing complex microbial communities using 
novel sequencing technologies

The Laboratory for Process Microbial Ecology and Bioinspirational 
Management (PME&BIM; www.kuleuven.be/pme-bim) focuses on applied 
microbiology. More particularly, PME&BIM studies the structure and 
functioning of microbial communities and members thereof in natural and 
man-made processes in order to better understand, manage and control 
these processes. PME&BIM belongs to the Cluster for Bioengineering 
Technology (CBeT) from the Department of Microbial and Molecular 
Systems (M2S) and is currently integrated into the research infrastructure 
of Scientia Terrae Research Institute (Sint-Katelijne Waver, Belgium), 
nearby Campus De Nayer. PME&BIM has positioned itself at the interface 
between the academic world and the industry to translate fundamental 
science into practical solutions. 

PME&BIM conducts its operations to actively address the needs of 
industry, government, consumers and society for high quality results, 
expert information, robust analyses, and utilisation of cutting-edge, 
sustainable technologies in agriculture, food production and environmental 
health. Examples of studied processes include food production 
and processing, focusing on biological pest and pathogen control, 
bioethanol production and water treatment and distribution. Additionally, 
PME&BIM aims at exploiting microbial diversity for industrial purposes 
(biotechnology) such as bioethanol production or production of high-value 
compounds (e.g., biosurfactants, insect semiochemicals, …). 

After obtaining his PhD in 2006, Bart Lievens became scienti�c director at 
Scientia Terrae, a non-for-pro�t research organisation for the horticultural 
sector. Fascinated by technological developments and scienti�c research 
in general he joined the research group of Kris Willems (now PME&BIM) 
in 2008. From 2011 on Bart Lievens became head of PME&BIM, where 
he closely collaborates with Hans Rediers, who has ample expertise in 
functional molecular biology. Currently PME&BIM counts 12 employees, 
including staff members, postdocs, PhD students and technicians. 

His main research interests are: 

• Applied microbiology and microbial ecology, with emphasis on 
studying microbial interactions and characterisation of microbial 
communities in industrial, agricultural and diverse natural 
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environments. To this end, state-of-the-art technologies such as 
next-generation sequencing (NGS) are used (Fig. 1). Knowledge 
gained in this regard should lead to a better understanding of 
the structuring and functioning of microbial communities in both 
natural and man-made environments. Over the years Bart Lievens 
has established a huge culture collection of microbial strains from 
diverse hosts, habitats and geographic origins, including bacteria and 
yeasts, which are currently exploited and evaluated for agricultural 
and biotechnological applications. Promising microbes have been 
identi�ed for attraction of bene�cial insects, including pollinators 
and natural enemies, bioethanol production and production of 
biosurfactants.

Figure 1. Microbial ecology has undergone a profound change in the last 20 
years with regard to methods for the analysis of microbial communities. 
Molecular techniques have provided alternative approaches to overcome 
the problems associated with culture-dependent analysis of complex 
microbial communities. Currently, different molecular techniques, among 
which next-generation sequencing is currently the most efficient method, 
are increasingly used to study the diversity and/or activity of microbial 
communities. Using these techniques the research group focuses on 
microbial community ecology of both natural and engineered ecosystems. 
Here, DNA samples are loaded on an agarose gel to check DNA 
amplification prior to sequencing.

 

• Plant pathology, focusing on the epidemiology, diagnosis and 
management of plant pathogens and pests. Regarding the latter, he 
is especially interested in the role of microorganisms (bacteria, fungi, 
yeasts) in multitrophic interactions (e.g., between insects and plants 
(Fig.2), between pest insects and their natural enemies, …). 



74 75

Figure 2. Experimental site to study the impact of nectar microbes on 
ecosystem services such as pollination and biological control of insect 
pests. Here, several flower species that farmers use to attract predatory and 
parasitic insects were studied. Some of the plants were covered with bags 
while others were allowed to bloom freely. The insect species visiting the 
flowers were counted and molecular techniques were used to identify the 
microorganisms deposited. It was found that open flowers had nectar full of 
microbes, and the sugars glucose and fructose. In nectar from the bagged 
flowers, sucrose was much more common, and total sugar concentration 
was higher. Amino acids also varied, changing the nectar’s taste. Insects 
deal with this contamination in a wide range of ways, often with species-
specific responses to microorganisms and plants: honey bees avoid flowers 
spiked with specific bacteria, whereas some wasps like to feed on nectar 
fermented by bacteria and fungi. 

• Molecular diagnostics, with emphasis on the development of novel 
molecular tools for rapid and ef�cient detection, identi�cation and/
or quanti�cation of diverse pathogens (or microbes in general). In 
collaboration with De Ceuster NV, a company specialised in contract 
work for horticulture and sports, he developed and successfully 
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conducted the valorisation track of DNA Multiscan® (www.
DNAmultiscan.com), an innovative diagnostic tool for multiplex 
detection and identi�cation of several plant pathogens. This 
technology has been licensed to multiple laboratories providing 
diagnostics services in plant disease diagnosis and has recently been 
adapted to other target sectors (aquaculture, water industry) as well. 
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Edwin Reynders was born in Antwerp on May 25, 1981. He is happily 
married to Eveline and the proud father of Elisabeth and Maarten.

After graduating as a civil engineer from KU Leuven in 2004, he started 
his doctoral research at the Department of Civil Engineering. He defended 
his PhD, which focused on system identi�cation and modal analysis, in 
2009. He was then awarded a Postdoctoral Fellowship from the Research 
Foundation - Flanders (FWO), specialising in numerical modelling and 
uncertainty quanti�cation in building acoustics. In 2010-2011, he spent 
one year at the University of Cambridge as a Visiting Research Associate 
of the Department of Engineering and as a Postdoctoral Associate of 
Clare Hall college.

Since 2014, Edwin is assistant professor at the Department of Civil 
Engineering. His research expertise is in structural mechanics and 
building acoustics, and current research interests include numerical and 
experimental assessment of sound insulation, signal processing and system 
identi�cation, and structural health monitoring.
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Building acoustics

Building acoustics deals with noise control and acoustic functionality in buildings 
and the built environment. A distinction is made between problems involving 
sound propagation within a single enclosed space and problems involving 
sound transmission. The acoustic character of an enclosed space is primarily 
controlled through the sound absorbing properties of the �nishing materials. 
For example, reducing noise in a large production hall or improving speech 
intelligibility in an auditorium usually require reducing the reverberation and 
therefore increasing the overall amount of sound absorption in that space, while 
enriching the sound in a relatively compact concert hall requires a reduction 
of sound absorption. The study of the sound absorbing properties of building 
materials and elements is therefore a �rst important aspect of building acoustics.

The second important aspect is limiting the noise transmission between 
building units and between buildings and the outdoor environment. Many 
people are affected by noise coming from traf�c, industrial and construction 
activities or neighbours. This may result in activity disturbance, social 
tensions and health problems such as sleep deprivation, damage to hearing 
and cardiovascular diseases. The European Environmental Agency considers 
noise pollution a major environmental health problem and the Word Health 
Organization estimates that at least one million healthy life years are lost every 
year from traf�c-related noise alone in Western Europe. Figure 1 illustrates the 
sound transmission problem in building acoustics for a school building.
 

Figure 1. The general 
problem statement 
in building acoustics, 
illustrated for a school 
building [B. Shield 
and C. Hopkins, 
editors, Acoustic 
design of schools, 
Building Bulletin 93, 
The Stationary Office, 
London, UK, 2003].
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Ensuring a suf�cient overall sound insulation of buildings and building 
units is very challenging since small details can have a large effect, noise 
propagates through multiple transmission paths and acoustic performance 
requirements often con�ict with structural and thermal requirements. At 
present, achieving a suf�cient overall sound insulation is possible for new, 
relatively heavy buildings and under a strict quality control, yet renovation 
and built-up, lightweight wall and �oor systems are often acoustically 
problematic. Furthermore, variations in geometry, material properties and 
connection details have a large effect, so the uncertainty on the nominal 
sound insulation performance is important, especially at low frequencies. 
Research leading to an improved understanding and prediction of the 
vibro-acoustic behaviour of buildings and their components and materials is 
therefore very important. 

The frequency range of interest in building acoustics (often 50-5000 Hz) 
spans several wavelength scales. At low frequencies (typically below 100 
Hz), the wavelengths are of the same order of magnitude as the dimensions 
for all structural and acoustic subsystems such as rooms, walls and �oors. 
In this frequency range, general numerical modelling techniques such 
as �nite element or boundary element analysis can be employed, since 
the large wavelengths imply that relatively coarse meshes still lead to 
suf�ciently accurate predictions. The main problem in this frequency range 
however is that the transmission of sound through walls and �oors is heavily 
in�uenced by individual resonances of the walls and �oors themselves and 
by those of the adjoining room volumes. This results in large variations in 
the sound insulating performance at low frequencies when the same wall 
or �oor system is applied in different situations. This is even the case when 
the sound insulation is experimentally assessed in standardised, yet slightly 
different, testing facilities.

Recently, a probabilistic framework has been developed for quantifying the 
combined effect of uncertain parameters in the experimental sound insulation 
assessment of wall or �oor systems, such as test sample dimensions, 
room properties, and loudspeaker positions. The method relies upon the 
construction of the joint probability distribution of all uncertain parameters 
from the available information by means of a maximum entropy approach. 
The resulting sound insulation predictions are then fully compatible with 
the available information but otherwise maximally conservative, so that the 
robustness of the predictions is guaranteed. Fundamental insight in the 
inherent uncertainty of the standardised measurement procedure for airborne 
sound insulation has been obtained by combining the method with detailed 
numerical simulations of the measurement procedure for single and double 
walls. The resulting uncertainty levels are very large, especially in the lowest 
frequency bands, and agree with experimental results.
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In the mid-frequency range (typically between 100 Hz and 1000 Hz) and 
the high-frequency range (typically above 1000 Hz), general element-
based numerical modelling techniques become inef� cient, because a 
very � ne element mesh is necessary for capturing the short wavelengths 
with suf� cient accuracy. In the high-frequency range, the wavelengths 
are short in all subsystems. Simplifying assumptions on the nature of the 
structural velocity � elds and the acoustic pressure � elds may then lead to 
computationally ef� cient and suf� ciently accurate prediction models for the 
transfer of vibro-acoustic energy between the subsystems. The ef� cient 
analysis of sound insulation problems in the mid-frequency range on the 
other hand has been an important open problem.

However, recently a rigorous hybridisation between low-frequency element-
based modelling and high-frequency energy-based modelling has been 
achieved, so that accurate yet ef� cient vibro-acoustic predictions can be made 
in the important mid-frequency range (typically between 100 Hz and 1000 Hz). 
Fig. 2 illustrates this for a double glazing. High-frequency modelling approaches 
underestimate the airborne sound insulation in a wide frequency range, in this 
case because the modal behaviour of the double glazing and the intermediate 
air layer are physically not correctly modelled. A low-frequency approach leads 
to accurate results but it has a considerable computational cost. A hybrid mid-
frequency approach allows combining a deterministic model of the glazing with 
a diffuse � eld model of the adjoining acoustic room volumes, resulting in more 
ef� cient predictions without a negligible loss of accuracy.

Figure 2A.
Airborne sound insulation (sound transmission loss) of a double glazing: 
measurements (blue) vs. predictions with the hybrid mid-frequency 
approach (red), with a semi-analytical high-frequency approach (black) 
and with a more computationally expensive full deterministic model of the 
transmission suite (green).
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Figure 2B.
The experimental setup in the Acoustics Laboratory of KU Leuven. 
[E. Reynders, R.S. Langley, A. Dijckmans, and G. Vermeir. A hybrid 
� nite element - statistical energy analysis approach to robust sound 
transmission modelling. Journal of Sound and Vibration, 333(19):4621-
4636, 2014].
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Energy ef�cient lighting and luminance based 
lighting design

Light&Lighting Laboratory of KU Leuven, Technology Campus Ghent
The Light&Lighting Laboratory of KU Leuven, Technology Campus Ghent 
supports SMEs with the implementation of innovative developments in 
lighting. The main research items are:

• indoor lighting and energy ef�ciency;
• optical design of secondary optics using ray-tracing software;
• perception of light and colour;
• light sources: OLEDs, remote phosphor technology for LEDs.

Wouter Ryckaert is responsible for the topic ‘indoor lighting and energy 
ef�ciency’. The laboratory is equipped with the appropriate measurement 
instruments for optical characterisations: spectral intensity, spectral radiant 
�ux, spectral radiance, luminous intensity distributions, colour and colour 
temperature, specular and diffuse re�ectance and transmittance, spectral 
BSDF, spectral response. The laboratory is an active member within CIE 
(Commission Internationale de l’Eclairage) and cooperates with several 
universities and more than 70 companies, especially SMEs. The laboratory 
combines research activities (PhD research) with activities of industrial 
support (characterisations, optical design, seminars, . . .) in each of the four 
research items. 

Lighting Cluster Groen Licht Vlaanderen (Green Light in Flanders) 
The Light&Lighting Laboratory is used to work in strong cooperation 
with industrial partners, which resulted in tens of bilateral contracts. 
In 2004, the lab founded the cluster Groen Licht Vlaanderen (Green 
Light in Flanders). Today, there are 65 cluster members organised in 
a regional Thematic Innovation Partnership and the project is partially 
(80%) funded by the government agency VLAIO, Flanders Innovation & 
Entrepreneurship (former IWT). Since 2011 the focus lies on facilitating 
the transition from conventional light sources to solid-state lighting and 
on the strategic support of innovations in and by lighting technology. 
The activities of the partnership are realised and managed by four 
partners: KU Leuven Light&Lighting Laboratory (3.5 FTE, 1.7.M€), the 
Belgian Building Research Institute BBRI-WTCB, the organisation for 
the electro-technical sector Volta-Tecnolec and UHasselt. The cluster 
is involved in the SSL-erate project (part of the Seventh EU Framework 
Programme for Research and Technological Development) that aims to 
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accelerate the uptake of high-quality Solid State Lighting technology 
in Europe by supporting open innovation and bringing validated 
information to all relevant stakeholders. Groen Licht Vlaanderen is 
recognised as a member cluster of ELCA, the European Lighting 
Cluster Alliance. ELCA’s target is to promote sustainable growth and 
development within the lighting and photonic sectors, creating new 
workplaces as well as contributing to solve societal challenges within 
the energy and climate sectors.

Groen Licht Vlaanderen has many different one-to-
one and one-to-many actions concerning lighting 
knowledge, perception, visual comfort and health, 
standards, optical design, intelligent control, 
daylight usage, sustainability: 

• applied research, e.g., new glare rating, new colour rendering index, 
lighting design based on visible contrast;

• demonstration projects, e.g., colour difference tolerance, colour 
rendering, glare, OLED;

• yearly lighting conference and exhibition with an attendance of 350 
mainly from the lighting value chain;

• participation most often with a booth and an invited presentation (30/
year) at all types of lighting events.

In the framework of ‘Groen Licht Vlaanderen’, an alternative criterion to 
assess the energy ef�ciency of an indoor lighting installation has been 
developed. The alternative approach is broadly applicable and easy to use 
as only quite common parameters of the lighting design have to be known. 
Taking into account basic lighting comfort requirements, the maximum 
allowable lighting load for a given application can be predicted. The key 
parameter of the criterion is the analytical expression for the utilance as a 
function of known parameters such as task areas, room dimensions and 
re�ectance values. The utilance is the ef�ciency of directing the luminous 
�ux from the luminaires to the task area(s). Nowadays, this methodology is 
used by the Flemish Energy Agency (Vlaams Energieagentschap VEA) as 
the evaluation criterion to assign grants for relighting projects in Flanders.

Luminance based lighting design
Most of the existing indoor lighting standards and guidelines focus on 
some quantitative aspects of light and lighting conditions, de�ning some 
minimum requirements for the (maintained) illuminance, glare and colour 
rendering. Complying with the standard does not guarantee an attractive 
or personal lighting scene, but tends to result in rather ‘indifferent’ lighting 
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concepts. However, it will eliminate lighting designs which do not reach the 
minimum threshold of lighting quality. To achieve good lighting and visual 
comfort, new methods and metrics must be developed to bridge the gap 
between indifferent and good quality lighting by using more daylight, giving 
individuals control of their own lighting and new procedures for lighting 
design. It is common knowledge that a balanced, well-designed luminance 
distribution in the room has a major impact on the perception of the lit 
environment. 

Perception can be described in terms of brightness, uniformity, complexity, 
transition from dark to bright (gradients) and contrast,… It is clear that 
subjective descriptors (cosiness, liveliness, tenseness, whiteness, rhythm, 
transiency, tranquillity, diffusion,…) correlate to objective descriptors 
(spatial contrast variation, mean luminance, uniformity,…) obtained from 
e.g., luminance maps. These correlations are however not established 
nor well understood and form the primary objective of PhD research 
projects in the Light&Lighting Laboratory. An ongoing project focusses 
on glare perception/prediction of non-uniform light sources since the 
applicability of traditional glare metrics for non-uniform light sources is 
under discussion. With a growing market share of highly non-uniform LED 
luminaires for interior and exterior lighting, a valid assessment of visual 
discomfort becomes essential. Current discomfort glare models and 
extensions are merely phenomenological, based on � tting of empirical data 
and lack any physiological or psychological justi� cation. In our approach, 
a psychophysical model for the human visual perception system based on 
receptive � elds has been developed. 
 

Figure 1. Visual discomfort is determined by applying a receptive fi elds model 
on high resolution luminance maps with promising results for assessing visual 
discomfort of non-uniform LED luminaires. 
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Flexible interaction with recommender systems

Recommender systems have been researched extensively over the past 
decades. A well-known example is Amazon.com’s ‘Customers who bought 
product X, also bought products Y and Z’. Several recommendation 
techniques, such as content-based, knowledge-based, collaborative �ltering 
and their hybridisations are discussed in several state-of-the-art surveys.

Whereas these algorithms have been developed and deployed to suggest 
relevant items to a user on a large scale, there are still several challenges 
that need to be resolved before recommender systems can realise their 
full potential. Several recommendation algorithms suffer from cold start 
issues, i.e., they cannot make effective recommendations for new users or 
for new items that have no explicit or implicit relevance indicators yet. In 
addition, recommender systems often appear as a “black box”, i.e., they 
do not offer the user any insight into the system logic or justi�cation for the 
recommendations. This black box nature of recommender systems prevents 
users from comprehending recommended results and can lead to trust issues 
when recommendations fail. In addition, the approach does not enable users 
to provide feedback. As the predication of the current interest of the user is 
often a challenging task, there is a need to develop mixed-initiative approaches 
that enable users to help steer this process. Such mixed-initiative approaches 
are also promising to address other issues of recommender systems, such as 
increasing diversity and novelty of recommended results, and their deployment 
in high-risk application domains such as health-care and �nancing.

In recent years, researchers have become more aware of the fact that 
effectiveness of recommender systems goes beyond recommendation 
accuracy. Thus, research on these human factors has gained increased 
interest, for instance by combining interactive visualisation techniques with 
recommendation techniques to support transparency and controllability of 
the recommendation process. Visualisation leverages visual representations 
to facilitate human perception, while interaction stresses user involvement 
through dialogue with the system.

We have presented an interactive visualisation to support exploration, 
transparency and controllability of recommendations at the ACM 
Conference on Intelligent User Interfaces (IUI) in 2013. This work was 
conducted during a research visit at Carnegie Mellon University and the 
University of Pittsburgh in 2012 and was the start of a new research line on 
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interactive recommender systems. The key idea is to combine interactive 
visualisation techniques with recommendation techniques to explain the 
provenance of recommendations and to enable end-users to steer the 
recommendation process, as illustrated in Figure 1. 

A �rst interface that we developed uses a cluster map visualisation to 
represent relations between recommendations and items bookmarked 
or tagged by other users as a basis to support transparency. Whereas 
we were able to show that the approach has an impact on effectiveness 
of recommendations, i.e., there is an increase of acceptance of 
recommendations when users can explore these relations, the interface 
turned out to be challenging to understand by a general audience.

A second interface, SetFusion, uses a simpler Venn diagram to examine 
and �lter items recommended by multiple recommendation techniques. 
The interface is separated into three parts: 1) the recommendation 
techniques, represented by different colours and sliders to adjust their 
importance, 2) a Venn diagram represents relationships between the 
recommended items and the techniques that suggested them, i.e., the 
user can see which items are recommended by which techniques and 
3) a list with details of the recommended items. Colour cues are used to 
connect the three parts. For instance, the colour cues next to an item in the 
recommendation list are consistent with the colours of the recommendation 
techniques. The approach enables users to understand the inner logic of 
a hybrid recommender system. That is, a user can see which items are 
recommended by which recommendation techniques and the importance 
or weights of each of the techniques in the recommendation process. These 
weights can also be adjusted by the user to change their importance. 

 

Figure 1. Combining recommendation with visualisation techniques to open up 
the black box of recommender systems and to enable end-users to steer the 
recommendation process.
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In our ongoing work, we focus on the use of more scalable set-based 
visualisation techniques to support user interaction with recommender 
systems, using the UpSet visualisation technique that was presented 
at IEEE VIS in 2014. The technique represents relations between sets 
in a matrix and enables to scale to a large number of recommendation 
techniques. Figure 2 presents the interface. The user can see which items 
are recommended by multiple techniques, represented as agents in the 
interface. The �rst line in the matrix represents for instance items that 
are recommended by three different recommender agents. The user can 
also see which other users have bookmarked these items. The approach 
is researched to enable users to �lter out potentially more relevant 
recommendations, and to increase user trust in recommendations.  

Figure 2. IntersectionExplorer visualises relationships between 
recommendations generated by multiple recommendation techniques (agents) 
and bookmarks of users as a basis to increase relevance and meaning of 
recommendations and to increase user trust.

This work is part of a broader research agenda on enabling �exible 
interaction with intelligent systems. The longer-term objective is to extend 
this research beyond the area of recommender systems to decision 
support systems in general. In an ongoing research project supported by 
the FWO, we are researching how visualisation techniques can be used 
to communicate uncertainty of information mining techniques to non-
expert users as a basis to enable these users to make informed decisions. 
In addition, user interaction with these visualisations is researched to 
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steer the information mining process with user input and feedback. The 
approach is particularly promising to advance research in the digital 
humanities research �eld. The overall objective of our research in this 
�eld is to enable researchers in the humanities to make effective use of 
computing technologies. 

A potentially interesting approach is to combine information mining with 
information visualisation techniques to enable a scholar, with possibly 
limited knowledge of the underlying information mining technologies, to 
make effective use of the techniques and to help her steer this process with 
domain knowledge. 
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Biosensors for medical applications

Since I was a child, I was very much puzzled by ordered structures and 
started collecting minerals, completely unaware of the ordering principles 
behind these cubic or hexagonal crystals. Later, as a student, I became 
especially interested in transport in all its forms such as electrons in metals, 
holes in oxides, propagation of heat and, not in the least, in �uid dynamics. 
Hence, it was evident to do a master’s project on high-temperature 
superconducting oxides, which were very ‘fashionable’ at that time; many 
ones believed that superconductivity would soon solve all energy problems 
of the future. This was naïve in retrospective, but working on complex 
oxides brought me in touch with chemical synthesis and I developed at 
that time my �rst sputtering system for the physical vapour deposition of 
oxide- and metal thin �lms. Is this important or interesting? Maybe not, but 
the ‘sputtering know-how’ was the entry ticket for a postdoc project at the 
Laboratory for Solid State Physics and Magnetism and I did never regret the 
‘big step’ of moving from Bavaria to Belgium in 1995. 

Once at KU Leuven, I could diversify my activities towards magnetic 
materials, got access to new and fancy techniques such as SQUID 
magnetometry and pulsed magnetic �elds, and started with teaching 
exercise classes and lectures. This was certainly in Dutch ‘met heel veel 
haar op’ but never mind, teaching is a passion just as designing home-
made scienti�c instruments. The most important results of that period were 
the development of the ‘spin-depending hopping transport’ in manganese 
perovskites together with Victor Moshchalkov and the delineation of Hall 
voltages into their ‘ordinary’ and ‘anomalous’ contributions. Although this 
was a pleasant time, there was no realistic chance to get a permanent 
position at KU Leuven for several years and therefore I moved in 2001 to 
Universiteit Hasselt where I was asked to start up a new research group 
specialising in biosensors. My knowledge in this �eld was rather limited, 
but medical issues are always interesting and, 15 years ago, research into 
biosensors was still quite a novelty. After all, biosensors rely for a good 
part on materials science and electronic conduction in electrolytes. When 
thinking for instance of a glucose sensor, the underlying readout principle 
resembles very much an ampere-meter or voltmeter.

Together with an enthusiastic team of doctoral students, we developed 
a rather wide variety of chemical and biological sensors. This includes, 
amongst others, the detection of single-nucleotide polymorphisms in DNA, 
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the detection of small molecules such as neurotransmitters, capturing 
cells with high selectivity (e.g., breast-cancer and leukemia cells), and the 
selective detection of proteins. This could only be managed thanks to a 
rather interdisciplinary approach and my former (and also current) group 
members were only for a smaller fraction physicists while the others were 
engineers, chemists, biomedical scientists and even veterinarians. It is just 
the combination of all input from different directions that makes a biosensor 
functioning. Unlike many other biosensing concepts that can operate only 
under clean lab conditions in pure buffer solutions, we took very early the 
step to develop sensors capable of working with ‘real-life samples’. This 
includes e.g., whole blood and blood plasma, urine, saliva, intestinal �uids 
and even �sh- and peanut-butter samples.

Initially, the sensing techniques were mainly impedance spectroscopy (an 
electronic method) and quartz-crystal microbalances, measuring the change 
of the vibration frequency of a thin quartz disk upon binding of molecules 
or cells to its surface. Both techniques are well established while it is still 
challenging to integrate them into a user-friendly and pocket-sized microlab, 
a topic in which especially imec has considerable expertise. In 2011-2012, 
we discovered more or less accidentally a third biosensor technique, which 
we call now the ‘heat-transfer method HTM’. A PhD student had noticed 
that the thermal resistance of the interface between a sensor chip and the 
liquid above is different when we compare a chip covered with double-
stranded DNA to a chip carrying single-stranded DNA. What looked �rst 
like an experimental mistake turned out to be a very useful concept for 
mutation detection and we could transfer the idea also to the detection of 
cells, proteins, and a variety of small molecules. This resulted in a series of 
publications and several patents and patent applications, although I would 
like to mention that the origin of these thermal-resistance effects is still not 
understood from �rst principles.

Since my appointment at KU Leuven in 2014, I feel very well embedded 
in the Department of Physics and Astronomy and within the novel Soft 
Matter Physics and Biophysics Section. There are two major research 
lines. First, we are working on rather fundamental issues in order to 
clarify the mechanisms of heat transfer at the nanoscale from solids via 
mono-molecular interlayers to liquids. Maybe, this heat transport shows 
an asymmetry similar to the recti�cation effect of diodes for electrical 
currents? Also, we are trying to unravel the origin of the strong and 
cell-type dependent adhesion forces between cells and cell-imprinted 
polymers. This is not yet understood, but it could open the way towards 
novel and especially cheap cell-detection and separation techniques. 
On the applied side, we have started cooperating with UZ Leuven for the 
development of a catheter-based sensor system to serve in the diagnosis 
of gastroenterological disorders. Another example are portable sensors for 
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the detection of biogenic amines and bacterial contaminations, a project 
that was initiated by the Institute of Agricultural and Fisheries Research 
ILVO in Oostende. I see these interdisciplinary interactions as a bene� t 
for all parties and, not in the least, as a ‘fast lane’ to turn results from the 
lab into solutions for real needs in medical diagnostics, food safety, and 
environmental monitoring.

Figure 1. Schematic representation of the heat-transfer method HTM. A sensor 
chip is heated from its backside to a given temperature T1 (e.g., 37°C) while 
the temperature T2 in the liquid is measured. The transport of thermal energy 
depends sensitively on the properties of the interface between the solid chip 
and the supernatant liquid. Examples of HTM applications include (from left to 
right): i) detection of mutations in DNA, ii) selective binding of cells by surface-
imprinted polymers, iii) detection of neurotransmitters by molecularly imprinted 
polymers, and iv) monitoring of structural phase transitions in lipid vesicles.
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Sedimentary systems

The basic task of sedimentary geology is to reconstruct the geological 
history of our planet’s surface from the remains of ancient sediment-routing 
systems. A sediment-routing system comprises an area in which sediment 
is generated by weathering and erosion, and a sedimentary basin which 
acts as long-term repository (sink) of sediments. The two are connected 
by a transitional zone in which sediments are intermittently deposited and 
remobilised, a geological conveyor belt. Persistent plate-tectonic forces 
cause uplift of source areas and subsidence of basins. Sedimentary 
geology aims to reconstruct the transfer of mass from the source to the 
sink, so as to pave the way for dynamic reconstructions of the evolution 
of Earth’s geography, topography, and climate. Because most geological 
processes are extremely slow from mankind’s perspective, and we have 
only recently begun to measure Earth-surface processes, reconstructions 
of sediment-routing systems based on the principle of mass balance are 
dif�cult to establish, even in cases where the whole system is accessible. 
Reconstruction of system dynamics in the distant geological past (‘deep 
time’) is even more dif�cult, because large parts of sediment-routing 
systems have been destroyed owing to plate-tectonic recycling of crustal 
materials. Within this theatre of titanic forces, the �ll of sedimentary basins 
has the highest probability of preservation, and is quite often the only 
remaining evidence of past conditions at the Earth’s surface. Although 
in principle, the processes governing the evolution of sediment-routing 
systems may be described with the sciences of physics, chemistry, and 
biology, the conditions under which they operated and their rates can only 
be constrained by extracting information from their product: the sediments. 
Hence, a sedimentary geologist is akin to a detective who goes through the 
rubbish bins of suspects in order to infer how they spent their lives. What 
kind of information about ancient system dynamics is stored within the 
geological record of sedimentary basins?

Basin-fill geometry 
One source of information is provided by the large-scale geometry of 
basin �lls, which tells us something about the regime which governed 
the supply of sediments from their source area(s) and the accumulation 
of sediments in the receiving basin. Typical geological reconstructions 
describe time-averaged net results of a series of competing forces. 
A convenient way of summarising this is in the form of dimensionless 
numbers, e.g., ratios of rates. Such ratios are comparatively easy to 
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measure using geophysical data such as seismic surveys, even though 
the absolute rates involved cannot be constrained from geometry 
alone. Figure 1 shows three vertical cross sections through a basin �ll 
perpendicular to the coast line. In this simple 2-D example, deposition 
occurred under three scenarios: one in which the rate of sediment supply 
(S) exceeds the rate at which space is created for accommodation (A), 
one in which the situation is opposite, and one in which the two rates are 
equal. Corresponding values of the dimensionless regime variable A/S are 
indicated for each of these scenarios.

Figure 1. Basin-fill geometry as a function of the ratio of sediment supply to 
accommodation.

How do we turn this geometrical description into a quantitative model 
of basin �lling? The only way to link this geometric reconstruction to 
the instantaneous physics of sediment transport is by assuming a set 
of initial and boundary conditions, followed by upscaling of the physical 
equations over a large area and a long time interval (usually of unknown 
duration). It is clear that this approach is fraught with dif�culty, and 
unique solutions are rarely attained. Quantitative sedimentary geology 
thus requires a probabilistic framework, much like weather forecasts.
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Sediment properties
Alternatively, we may use the physical properties of the sediment grains 
themselves. The joint size-shape-density distribution of grains determines 
under which conditions they are entrained, transported, and deposited. 
Hence, any process description which links these properties to the relative 
mobility of grains in the sediment-routing system provides the opportunity 
to predict how bulk sediment properties will evolve along the pathway from 
source to sink. The same principle applies to other forms of modi�cation 
of bulk properties by breakage of grains (mechanical weathering), or 
dissolution (chemical weathering). 

The model shown below is designed to examine whether two samples 
of sediments (all grains are of approximately the same sizes and shapes) 
could have been derived from the same source. The two samples are of 
very different composition: one represents the average beach sand of the 
Nile delta, whereas the other provides an example of a sand in which grains 
(minerals) of high densities are strongly enriched relative to grains (minerals) 
of low densities, a so-called placer sand. The equations used to analyse this 
problem relate density contrasts to relative transport ef�ciency. Application 
of the model illustrates that the two types of sand are likely to have been 
derived from the same parent material, because their compositional 
differences are almost fully explained by density fractionation. It should be 
added that in this particular case, a common source for the two types of 
sand (the river Nile) is also the simplest possible explanation, which does 
not require any assumptions beyond those of selective transport. 

Figure 2. Density fractionation of sands from the Nile delta.
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Age structure
A third source of information pertains to the ages of sedimentary units. 
There are various ways of estimating ages, ranging from microfossil content 
of deposits to radiometric clocks inside individual minerals. Application 
of dating methods permits chronostratigraphic correlation, by which 
changes in basin-�ll geometry or sediment properties can be placed within 
a common time frame. Changes which occurred at a particular location 
may or may not have coincided with changes elsewhere. Such inferences 
provide valuable clues as to the possible existence of causal relationships 
between phenomena across the system.

Research topics
The fundamental questions pertaining to the reconstruction of Earth history 
from sediments have spurred many research efforts which are directly 
relevant to various �elds of application, such as geo-engineering, the 
search for resources (minerals and hydrocarbons), storage of CO2 and 
nuclear waste, geothermal energy, and geohydrology. Numerical-statistical 
modelling of sedimentary basins has become an increasingly important tool 
for tackling these questions and providing probabilistic predictions of the 
spatial structure of the subsurface. Current simulation models tend to focus 
on geometry of basin �lls, whereas much less research has been conducted 
with the speci�c purpose to predict sediment properties. My main research 
interest lies with the development of integrated models of sedimentary 
systems which are capable of predicting sediment properties as well. This is 
the main topic I would like to develop further at KU Leuven.
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From geometry to algebra and back

Geometry and spaces
Dimension is something for which we all have an intuitive understanding. 
For instance, each of us would agree that the space in which we live is 
three-dimensional. Or that the surface of the earth is two-dimensional. 
The dimension is one of the main properties of a space, and is by no 
means suf�cient to describe space in a satisfactory way. There are many 
other properties of spaces that are used to study and characterise them. 
Differential geometry is the part of mathematics that studies ‘smooth 
spaces’, and is my main �eld of research.

In modern mathematics, spaces can have arbitrarily high dimension (even 
in�nite!), re�ecting not only the strive for abstraction and generalisation that 
characterises pure mathematics, but also the needs of applications and other 
sciences. For instance, Einstein’s theory of relativity takes place on a four-
dimensional space (in which one of the dimensions corresponds to time), and 
some modern physical theories even predict that it should have ten dimensions 
(of which six are so small that they are not visible to the naked eye). 

Algebraic structures arising from geometry
Both in mathematics and physics, one often encounters spaces endowed 
with an additional geometric structure. A simple example is a structure that 
allows to measure the distance between two points on the space: it can 
be a Riemannian structure, or a somewhat more exotic such as a Finsler 
structure, in which the distance from a point x to a point y is different from 
the distance from y to x (think about the work needed to move between 
two points in a riverbed, which varies according to whether one moves 
upstream or downstream).

It turns out that some of these geometric structures induce subtle algebraic 
structures, which can be used to understand the geometry. One of the 
leading principles of my research is precisely to unravel the �ne algebraic 
structure that hides behind certain natural geometric objects. In the 
following I present two instances that my research addresses.

The case of foliations and groupoids
Foliation theory is a �eld of mathematics that exploded in the 1940s and 
1950s. A foliation on a space is a smooth partition of the space into a family 
of spaces (called leaves) of smaller dimension. A classical question is: does 
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the sphere of dimension 3 admit a foliation by leaves of dimension 2? This 
was answered af�rmatively by Reeb in 1948, who exhibited a foliation which 
today carries his name. 

Lie groups are spaces which are simultaneously groups. The latter are 
objects that actually originate from a different area of mathematics, namely 
algebra. Groups are closely related to the notion of symmetry: whenever we 
�x a mathematical object, its symmetries (the transformations preserving 
it) form a group, since we can compose two symmetries to obtain a third 
one. For instance, given a square in the plane, there are exactly eight 
rigid motions of the plane that bring the square to itself, and they can be 
composed to form a group. A typical example of Lie group are the invertible 
matrices of a �xed size. Remarkably, there is a correspondence between Lie 
groups and their in�nitesimal counterparts, called Lie algebras. The latter 
are easier to study, since their geometry is very simple. 

We now go back to foliations. The space of leaves of a foliation is usually 
not a smooth space: take for example the foliation on the two-dimensional 
torus (a ‘doughnut’) by lines with irrational slope, as in the picture. There 
have been many efforts to describe the structure of the space of leaves. 

This is where the algebra comes in, in an unexpected way: it turns out 
that the space of leaves can be described by a smooth space endowed 
with an additional group-like structure. One then speaks of Lie groupoid, a 
close relative to Lie group. This provides a way to describe certain singular 
spaces - the spaces of leaves of a foliation - in terms of perfectly smooth 
spaces, the Lie groupoids.

Figure 1. A line on a two-dimensional torus. The line never closes up since its 
slope is an irrational number.
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Figure 2. ‘Circle limit III’, by Dutch artist Escher. Clearly geometry and symmetry 
are closely related.

The case of deformations and L-infinity algebras
Classical mechanical systems have been studied within physics for 
centuries, but it is only in the 19th century that the mathematical framework 
describing them has been identi�ed and formalised: this is symplectic 
geometry, or more generally, Poisson geometry. The observables of 
the system carry a Lie algebra structure, which is nowadays called 
Poisson bracket, and which allows to recover the symplectic structure. 
Multisymplectic spaces, which are partially also motivated by physics, also 
carry an algebraic structure. It is quite surprising that the latter was only 
recognized around 2010: it is an L-in�nity algebra, a notion that generalises 
Lie algebras.
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It turns out that L-in�nity algebras appear also when one considers 
deformations of spaces preserving some additional structure. For instance, 
�x a symplectic space and a so-called coisotropic subspace. Not all 
subspaces nearby the given one are themselves coisotropic, and we call 
coisotropic deformations those which are. The equation that determines 
when a subspace is a coisotropic deformation is very involved (it contains 
an in�nite number of terms), and remarkably it is the equation associated to 
an L-in�nity algebras, that was constructed around 2003. More generally, 
virtually all deformation problems are governed by an L-in�nity algebra. The 
latter helps understand the deformation problem, for instance determining 
which deformations are equivalent.

From algebra back to geometry
Superspaces originally arose in physics. A peculiarity is that coordinates 
on a superspace are of two kinds, namely even and odd ones. Unlike for 
ordinary spaces, these coordinates do not always commute: if x and y are 
both odd coordinates, then xy and yx are negatives of each other. 

We saw above that sometimes geometry gives rise to algebraic structures, 
such as L-in�nity algebras. It is a remarkable fact that these algebraic 
structures can be described by superspaces endowed with a so-called 
homological vector �eld. The advantage of this approach is that on 
superspaces one can do geometry, exactly as on ordinary spaces, providing 
an intuition that a purely algebraic approach does not deliver. We hence see 
that not only geometry gives rise to algebra, but sometimes algebra also 
induces geometry. 
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