






Connie Nshemereirwe is now an independent science and 
policy facilitator, passionate about promoting science 
leadership. She currently serves on the steering commit-
tee of the Africa Science Leadership Programme, as well 
as the executive committees of both the Uganda National 
Young Academy and the Global Young Academy (GYA), an 
international society of young scientists. This allows her 
to share her message all over the world. ‘I applied to the 
GYA because I became very interested in merging the two 
worlds: of society and science. My personal mission is to 

show scientists that it’s important to communicate their 
work with the public, that it gives them influence. If you 
ignore this possibility, you give the influence to politicians, 
singers, actors… Scientists are held in high esteem, but 
people don’t know what we do. We are these mysterious 
beings in lab coats. I want to show scientists that it’s 
important to take up their leadership role.’ 

Uphill battle 
Although Nshemereirwe doesn’t have time for her own 
empirical research at the moment, she plans to pick it 
up again next year. ‘Co-chairing the GYA takes up most 
of my time, but my role there ends in June 2020. After 
that, I want to continue studying the educational gaps in 
students. We see what is missing but we don’t see why 
yet.’ She knows that continuing her research will come 
with challenges. ‘In Uganda, you need to persevere a lot 
to be a researcher,’ she says. ‘In the Netherlands there is 
much better access to experienced researchers, but not 
here. I was looking for people specializing in my field and 
I could only find two women in the entire Uganda who 
focused on what I do. It’s an uphill battle. You need to 
attract your own money and there is not a good access 
to papers. When I was writing a paper, I couldn’t see all 
the other papers written on the topic because they were 
behind a paywall, so I missed a lot. Life of a researcher is 
not easy here.’
The UT alumna has every intention to persevere. Her 
plan is simple: she wants to serve her community the 
best she can. ‘I hope to contribute to our conscious-
ness as Africans in general and as African scientists in 
particular. I want to stress the importance of engaging 
with society. As scientists, we are too divorced from our 
societies. We fail to harness the intelligence and skills 
of the people. That makes our science poorer. I want to 
increase our awareness and engagement with the world. 
But if it comes to a real plan for the future, I have given 
up on having a plan. I take life as it comes.’ 

ALUMNA

‘We are these 
mysterious beings 
in lab coats’ 
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Better movements 
for life and industry

Hinges based on leaf springs, so called flexure joints, are widely used in the precision industry. They 
can operate very accurately, but have a small range of motion. Professor Dannis Brouwer, Chair 
of the Precision Engineering Group of The University of Twente, is developing a new generation of 
flexure joints, that combine high precision with a much larger range of motion. These future joints 
have multiple uses: from applications in space and robotics to light-weight prosthesis.

PROFESSOR DANNIS BROUWER WORKS ON FLEXURE JOINTS
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‘T his is our brand-new hexapod that we use to test a 
next generation of flexure joints,’ Professor Dannis 
Brouwer says. The hexapod, a futuristic looking 

device called the T-Flex, resembles a giant, six-legged robotic 
insect turned upside down. Black plastic legs contrast with 
shining, stainless steel screws and bright orange joints. 
These allow the legs to move in all directions. When power 
is switched on, all legs start moving in a surprisingly si-
lent, smooth and flexible motion. The orange flexure joints 
Brouwer and his team are testing, function just like ball 
joints in the human body. They have a completely different 
design though and combine high precision of movement with 
the possibility to make large strokes. These features make 
this hexapod unique. 
‘Traditional ball joints that are used in industrial applica-
tions are able to make a similar large stroke, but lack the 
precision of flexure joints,’ Brouwer explains. ‘In contrast, 
current flexure joints are very precise, but only have a small 
range of motion.’ The T-Flex combines the best of both 
worlds: a large range of motion with precision movements 
as small as 50 nanometers. That is more than 1000 times 
smaller than the thickness of a hair and at least twenty 
times more precise than traditional ball hinges. Brouwer fo-
cuses his research on further improving the joint to make it 
suitable for a wide variety of applications. ‘The current joint 
design, as we use in the T-Flex, is suitable for micro- 
assembly due to its incredible accuracy,’ Brouwer says. ‘For 
example, when you need to pick up something and place it 
with great precision on a specific spot, like in the manufac-
turing of computer chips.’ The scientist aims for medical 
applications too, for example as more effective joints in 
light-weight prosthesis.  

Fine balance
A reason for the limited precision in common ball joints is 
the presence of friction and play. When looking at the roller 

bearings in the wheel of a bike, for example, there is a fine 
balance to reduce these opposing quantities. ‘It is crucial 
to tighten the bearings enough to minimize play,’ Brouwer 
explains. ‘But if you tighten the bearings too much, there is 
more friction, resulting in a hampered function.’ The same 
principle applies to other hinges and joints in, for example, 
the human body as well as the industry. The big advantage 
of flexure joints is that they operate without resistance or 
play at all. This is due to their design, using leaf springs. The 
movement of these joints is based on simply bending the 
leaf springs, resulting in a smooth operation. This idea is 
not new: the use of common leaf springs in flexure joints 
was already described in the early 20th century. The design 
allowed for precision measurements, for example to assess 
the power of an earthquake from a large distance: by plac-
ing a small weight on a plate that was resting on several 
leaf springs, the extreme subtle vibrations of a far-away 
earth quake could reliably be picked up by the springs and 
transferred to the small weight. Today, the precision indus-
try widely applies flexure joints, among others in machines 
used for the assembly of tiny elements, such as used in 
electronics.  

Precision work
However, the relatively small range of motion of these tra-
ditional flexure joints allows only small movements, making 
them perfect for precision work only. Brouwer demon-
strates how the joints in the T-Flex combine precision and 
big range of motion in a large metal joint prototype. It has 
a similar design as the bright orange joints in the T-Flex and 
moves just like a ball joint. Three blue and red metal rings 
of about 12 centimeters in diameter are attached on top 
of each other, using a construction made out of folded leaf 
springs. Between the rings there is about three centimeters 
of space left. Brouwer places the three-ringed joint on a 
table and with minimal effort, he moves the top ring in all 
directions, as if it was the ball joint of a shoulder. 
‘The movability together with the high precision creates 

 ‘There is a need to extend 
our horizon and optimize 
our current designs’
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applications outside the precision world and opens the 
possibilities to apply these joints in other fields, such as ro-
botics or even in prosthetic joints.’ Besides a higher preci-
sion, the new design also beats industrially used ball joints 
in maintenance. For example, the flexure joint doesn’t 
need any lubrication and is easy to clean. This makes it a 
potential candidate for use in the food industry machinery. 
And even in space flexure joints may prove more than use-
ful. Brouwer: ‘A ball joint doesn’t work in a vacuum, as we 
have in space: both metal parts will be pushed tightly on 
each other, impeding its function. Therefore, these joints 
can’t be used in space. But the friction-free flexure joints 
with a long stroke function perfectly in these conditions.’ 

Hand prosthesis
Also other types of flexure joints, such as hinge joints 
based on leaf springs, have large benefits over traditional 

hinge joints where different moving parts cause resistance. 
Besides their smooth, friction free movements, these flex-
ure joints can be made from light-weight materials using 
a 3D printer, keeping both weight and costs at a relatively 
low level. Brouwer shows a large, white hand, completely 
made from 3D printed plastic. Every finger moves just like 
in a real hand, thanks to many flexure hinge joints, also 
made out of plastic. This prosthesis functions just like 
a real hand and it weighs just 180 grams. That is a big 
difference compared to the roughly two kilograms in tra-
ditional hand prosthesis. Also the industry is interested in 
the new hand design. Brouwer: ‘We are currently running 
a project, together with Wageningen University, where we 
are developing an industrial hand, a so-called gripper. Such 
a device can be used to automate for example picking 
fruit.’ 

Withstand the forces
The newest flexure joint designs still have their limitations 
though: they are not strong enough to withstand the forc-
es required. This especially applies to models that move 
like a ball joint. According to Brouwer, the red and blue 
ringed prototype can sustain around 10 kilograms of pres-
sure, while a hip prosthesis needs to be able to sustain as 
much as 500 kilograms. In addition, a design suitable for 
a hip prosthesis should be a whole lot smaller. ‘So, there 
is a need to extend our horizon and optimize our current 
designs,’ Brouwer states. ‘For example, by including more 
supporting leaf springs in the joint. But a problem could 
be that more springs increase the internal tension in the 
different springs, affecting smooth movements.’ Another 
possibility is to attach the folded leaf springs to the metal 
rings using a more flexible, viscous material. This adds to 
the movement and reduces tension. For the flexure hinge 
joints in hand prosthesis things may go faster. Brouwer: ‘I 
expect we have a fully functional hand prosthesis within 
two years from now.’ 

‘I expect we have a fully 
functional hand prosthesis 
within two years’
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BACK TO HISTORY

Internet of Things, robotics, virtual reality and artificial intel-
ligence: these are all examples of disruptive technologies that 
have changed the world in which we live and work. Back in 2015, 
Klaus Schwab, chairman of the World Economic Forum, called 
it the fourth industrial revolution, because technology has ush-
ered in a new chapter of human history. For the first time ever, 
technology is changing people in a very literal sense. As Klaus 
said, ‘it is blurring the lines between the physical, digital and 
biological.’
This revolution – although the term ‘evolution’ is perhaps more 
fitting – harkens back to the period from 1760 to 1840 in Great 
Britain. James Watt’s invention of the steam engine and the 
improvements that were made in agriculture and industry 
facilitated the mass production of goods, food, machines, 
equipment and means of transport. At the same time, industri-
alisation uprooted life as people knew it. Factories, urbanisa-
tion, poverty and pollution became facts of life. The production 
of coal, for example, grew from circa three million tons around 
1700 to ten million tons by the end of the century. 
The fourth industrial revolution, as Klaus Schwab calls it, is rife 
with uncertainties. People are afraid that automation will take 
away their jobs. Economists like Erik Brynjolfsson and Andrew 
McAfee warn that the revolution may lead to vast inequali-
ty: the gap between the haves and the have-nots is at risk of 
widening even further. Schwab is positive, however: if policy 
makers, the public, the private sector, the scientific community 
and citizens all work together, it is possible to come up with an 
‘integral’ solution to the challenges of our new age. 
It is not surprising that people are uncertain about all these 

new technologies. Developments are happening at such a 
dizzying pace that it is virtually impossible to predict what the 
world will look like in ten years’ time. Humanity has to come up 
with answers to questions that have not even been asked yet. 
Politicians and decision-makers play a key role in this, Schwab 
argues. They must abandon their ‘linear thinking’ and get more 
in touch with daily events. 
Schwab certainly has a point there. During the first industrial 
revolution, there was an enormous gap between the rich and 
the poor. It marked the beginning of an impoverished urban 
working class: people with hardly any rights, toiling away under 
abominable conditions. Child labour was commonplace. It 
would not be until the early twentieth century that the excesses 
of industrialisation were largely made right. Compulsory educa-
tion for children and women’s suffrage became matters of law. 
There are other lessons to be learned from the past. The indus-
trialisation of our society also changed the way we fought our 
wars. World War I became a war of attrition between France 
and Germany, where the battles raged on until either side ran 
out of bodies to use as cannon fodder. Instead of soldiers en-
gaging in man-to-man combat, ‘anonymous’ machine guns and 
poison gas were deployed. 
History clearly illustrates the importance of carefully consider-
ing the opportunities and threats associated with new tech-
nologies. As Schwab puts it, that requires a broad coalition. 
Whenever scientists and businesses develop a new technology, 
policy makers and politicians are partly responsible for how 
that technology is utilised – whether it be for production or 
warfare. 

Text: 
Rik Visschedijk

Science is all about making choices. Some lines of research 
achieve great success, while others die unlamented deaths. 
Back to history delves deep into the archives looking for 
developments with historical relevance. This time, we look 
into the industrial revolutions and what we should learn 
from our past.

Learn from the past
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‘ I have had a few eureka moments 
over the course of my scientific 
career. Looking back, they always 

happened while I was working together 
with close colleagues, never while I was 
by myself.  In the eighties, for example, I 
worked as a postgraduate at Bell Labs, 
a renowned laboratory in the United 
States.  
At that time, it was believed that 
oxydic materials, such as connections 
between oxygen and other elements, 
were always isolators. However, some 
oxides can have metallic properties. In 
those metallic oxides, superconductivi-
ty – better known as high-temperature 
superconductivity – was discovered in 
1986. This discovery won the research-
ers a Nobel Prize and would revolution-
ise our technology, because being able 
to transport electricity without resist-
ance means you can develop extremely 
efficient engines and generators and 
transport energy without any losses 
along the way. 
While I was researching those materials 
at Bell Labs, I noticed that the resist-
ance of the metallic oxides in magnetic 
fields is actually not zero at all. I looked 
for an explanation for months, until 
we got a visit from Bertrand Halperin, 
a theoretical physicist from Harvard 
University, who casually told me to look 
at my theoretical models from a dif-
ferent perspective. I remember exactly 
where I was at that moment. Room 
MH-1E-318. He gave me an insight, 
based on theory, that allowed me to 

look at and analyse my own measure-
ments in an entirely new way. 
Suddenly, everything came together. 
We finally understood why these super-
conductors have a finite resistance in a 
magnetic field. As a result, I was able to 
explain the limitations of high-temper-
ature superconductivity. I demonstrat-
ed that the superconductors, despite 
their amazing potential, would only 
have a technological impact in specific 
circumstances and that the realisation 
of this impact would take much longer 
than we had previously imagined.
This was big news in the scientific 
community. A lot of people struggled 
to digest it. I gave a lecture in Japan, 
which had recently invested heavily in 
this field. After the lecture, I was not 
invited back to Japan for a few years. 
Another example is a conference with 
about a thousand people in the room 
where I would present my insights. I 
was told in advance by a colleague: if 
you reveal your model here, your career 
will not end well. I had to swallow for a 
moment. But I also thought: it is now 
or never.
Nevertheless, it worked out well for 
me. “If you are not afraid of stepping 
on that colleague’s toes, you are made 
of the right stuff,” my group leader at 
Bell Labs told me. As a postgraduate 
with only a year left at the laboratory, I 
was looking hard to find a new job. My 
eureka moment had a happy end after 
all: I was able to stay on at Bell Labs as 
a researcher for several years.

E!
E U R E K A

’

The eureka moment, the moment when you have a brilliant idea or a 
sudden discovery. We asked UT researchers about their eureka experience.
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Back to the ivory tower 
of mathematics

Stories about breakthroughs in the field of self-learning algorithms 
are fostering dangerously high expectations, professor Johannes 
Schmidt-Hieber recently warned in his appointment speech. They 
overshadow the hazards to which the field is exposed due to a lack 
of theoretical foundations. According to the professor, it is high 
time for mathematical reflection in the ivory tower.

Johannes Schmidt-Hieber is waiting with bated 
breath. Almost every week, the media write about the 
extraordinary capabilities of self-learning algorithms: 

computer programmes that can learn from the vast 
quantities of data they are being fed. They can recognise 
faces, distinguish tumours, speak new languages, decipher 
handwriting, engage in trade and so on. The possibilities are 
seemingly endless and the expectations are high – too high, 
if you ask Schmidt-Hieber. In early October, the government 
announced its plan to work together with businesses to 
invest two billion euros in artificial intelligence over the next 
seven years. Good news, you might think, yet the professor 
is worried. ‘No one is asking what the result of these 
investments should be. It is primarily being done because 
other countries are doing it too. That is not a very good 
reason.’ 
Schmidt-Hieber fears that the government has allowed 
itself to be swept away by lofty expectations that will 
eventually go unrealised. ‘These past five years, quite a 
few problems have been solved. People believe you can 

extrapolate that rising trend into the future, but it will 
probably level out instead. If the expectations are too high 
and go unrealised, no one will want to invest in the field 
anymore. The result will be an “AI winter”, just like we saw in 
the ‘70s and ‘90s.’ 

Deep learning
The breakthroughs in the field of deep learning are clouding 
our view of the problems that continue to plague the field. 
While computer scientists and tech companies from all 
over the world are working on myriad applications, no one 
can oversee the field as a whole. ‘Even experts cannot 
see the big picture. Too many articles are being published 
and it is impossible to keep up,’ he says in his office. ‘You’ll 
probably end up repeating someone else’s work. Doctoral 
candidates need time to conduct their research, but others 
may publish two or three articles about the same topic in 
the meantime.’
Developments occur so rapidly that peer review is often 
skipped over. This may compromise the quality of the 
publications. Schmidt-Hieber: ‘During a summer school 
on self-learning algorithms at Berkeley, a panel discussion 
between people at the very top of the field was held 
exclusively about this topic: how can we reduce the output 
and increase the quality of publications?’ 

The professor’s solution: statisticians must return to their 
ivory towers. That might come as a shock in a time when 

‘We must acquire 
knowledge at a higher, 
more abstract level’

JOHANNES SCHMIDT-HIEBER ON SELF-LEARNING ALGORITHMS
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valorisation and the social application of theoretical knowledge 
are key concerns of the scientific community. However, the 
problem his field faces is that there is no solid theoretical 
foundation yet. ‘We must acquire knowledge at a higher, 
more abstract level, which we can then impart on the next 
generation. After all, our descendants cannot read thousands of 
articles or explore five hundred different variations of a method. 
It has practical use too, because how can we hope to improve 
anything about our methods in five years’ time if no one can 
read even one percent of everything that is being published?’

Neural networks
Self-learning algorithms, also known as neural networks, are 
loosely based on the human brain. They contain several layers 
of ‘neurons’, countless units that solve sub-problems and share 
the results with each other. Although the result is visible, as are 
the data you put in, the computational process that occurs in 
between remains clouded in obscurity. Schmidt-Hieber does 
not, as is commonly done, compare the algorithms to black 
boxes. Instead, he likens them to croquettes: we can examine 
what is inside, but that mass of numbers does not tell us a 
whole lot. Nevertheless, the professor believes there are ways 
to assess the value of these algorithms. ‘At the moment, this 
is commonly done by feeding them new data and empirically 
assessing the method’s performance. We are doing just that, 
but then at the theoretical level. We do not have any real data, 
but we can predict in a theoretical manner how the data will be 
processed and how well a method will perform. That allows us 
to calculate the margin for error.’ To go back to the croquette: it 
is possible to predict how it will taste based on the recipe, even 
without actually trying one.  

Another matter that the professor would like to examine is why 
self-learning algorithms appear to circumvent a key principle of 
statistics. According to this principle, a mathematical method 
used to describe a phenomenon works better, the more varia-
bles are incorporated in it. Here’s the croquette again: if you try 
to make one with just some information about the frying fat 
and the cooking time, you won’t get very far. At the same time, 
using too many variables increases the number of errors. In 
other words, using a ten-page recipe needlessly complicates the 
process of making a croquette. Mathematicians are therefore 
always looking for the perfect balance. However, this principle 
does not seem to apply to self-learning algorithms. Once we 
get up to thousands or even millions of variables, more appears 
to be better. Mathematicians have no clue why that is, which 
makes this question all the more appealing to inquisitive minds. 
‘Scientists love new phenomena that cannot be explained with 
standard theories,’ the professor says enthusiastically. ‘This is a 
very exciting topic, especially for young people.’
Looks like things are about to get interesting in that ivory 
tower. 

RESEARCH
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Unrealistic
In hindsight, my expectations were a bit too high. The promise 

of not having to spend hours listening to and transcribing my 
interview fragments probably clouded my judgement. On top of 

that, my colleague was very enthusiastic. AmberScript, he tweeted, 
is self-learning software that can turn audio fragments into written 
text extremely quickly. Fantastic! I rushed over to the website, paid 
fifteen euros and excitedly uploaded a fifty-minutes-and-forty-four-
second conversation to the cloud. 
The result was astonishing. Until then, I thought I had talked to 
a professor about artificial intelligence, but it now became clear 
that they had said something else entirely: ‘You have to analyse the 
number of words by how well a method works. That is mainly the 
après ski. Places. And it. Can warn the condom.’ 
Many fragments reminded me of the secret messages some people 
claim to hear when they play the Beatles’ final record in reverse or of 
Dadaist poetry at its most recalcitrant: ‘That will toothache. Instead 
of something cat. But that does not mean it is difficult. And.’ 
I find that ‘and’ at the end of the sentence to be especially touching.  
I had been tasked with writing an article about the ideas of professor 
Johannes Schmidt-Hieber, which you can find elsewhere in this 
publication. Our conversation had been about the importance of 
mathematically assessing self-learning algorithms using comprehen-
sive theories. Furthermore, the professor warned against allowing 
expectations to become too high: sooner or later, that will only lead 
to bitter disappointment, after which no one in their right mind 
will want to invest in the AI technologies that are so popular at the 
moment. 
Something similar happened in the 1950s and 1980s, when the field 
experienced a cold ‘AI winter’. While Elon Musk predicts that comput-
ers will soon surpass human intelligence, people like Schmidt-Hieber 
are trying their best to keep everyone’s expectations in check – while 
getting their thermal socks ready just in case.  
That is what we talked about. I had hoped that AmberScript’s 
self-learning algorithm would make the transcription process a little 
easier. Perhaps it is for the best that it did no such thing. We scientific 
journalists play an important role in creating unrealistic expectations 
for the future. I am here to tell you that it will be a long time before 
a self-learning algorithm can make complete sense of spoken words. 
What it is good at, however, is spitting out a catchy phrase to end an 
article with. ‘This too a great opportunity together a next generation,’ 
the algorithm preached. ‘But also stood a Cactus Club.’

Enith Vlooswijk
Science journalist
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‘I love becoming 
an expert’
During her Technical Medicine Master’s research, Maaike Dotinga 
dug deep into the world of machine learning to predict whether 
someone has Parkinson’s disease. She was graded a 10 for her thesis 
and her work is being implemented at the Isala hospital in Zwolle.

During her study internships, Maaike Dotinga hopped from hospital to hospital: Nijmegen, 
Zwolle, Groningen and back again to the Isala hospital in Zwolle. In her third and final year 
as an MSc student, she worked on her master thesis project in Zwolle. ‘The goal was to 
investigate the application of machine learning in nuclear medicine, an entirely new field 
of research for the Isala hospital,’ explains Dotinga. ‘One of the specific projects I focused 
on, was to use machine learning technology to predict if a patient has Parkinson’s disease 
or not.’

Since there wasn’t much groundwork to begin with, a lot of Dotinga’s work came down to 
pioneering. ‘Which was a lot of fun! The original plan was to use deep learning instead of 
machine learning. But that proved to be too complex, since deep learning neural networks 
are basically a black box. Both the hospital and I lacked the technical know-how. So we 
took a step back and looked at more simple machine learning algorithms instead.’

This proved to be a very fruitful approach. Dotinga managed to develop a Parkinson’s 
model based on nuclear scan parameters, thereby eventually deriving one single formula. 
This formula proved to be as good as a nuclear medicine physician when diagnosing some-
one with Parkinson’s disease based on a nuclear scan. ‘Of course you still need a nuclear 
medicine physician, but the physician can use this model either as a basis to interpret the 
nuclear scan or as a second opinion. It works so well that Isala is currently investigating 
how to implement this method in clinical routine.’ Also, Dotinga recently won the Young 
Talent Philips Graduation Award for Biomedical Technology 2019 for  
her work.

Even before defending her Master’s thesis in August, Dotinga knew she wanted to 
continue as a researcher. ‘In May I already secured a job as a PhD student at the Leiden 
University Medical Center, where I’ve been working since September. I love researching, go-
ing in-depth and becoming an expert in a specific field of research.’ At the LUMC, Dotinga 
continues working multidisciplinary in both nuclear medicine and medical oncology.

Dotinga doesn’t have any concrete career plans. ‘I can now fully focus on interesting and 
complex cases. But since I grew up in the relatively rural Friesland, I always said I wanted  
to see technical medicine applied in the smaller, more local hospitals. Unfortunately, 
Technical Medicine isn’t that present in these hospitals yet. The cases are less complex,  
but you can help more people. Who knows, maybe this will be my next step.’

Using machine learning to predict Parkinson’s disease

Text: Rense Kuipers      Photo: Annabel Jeuring

M
Master Research
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Morphing helps 
criminals across 

the border 

Digitally altering your face is all the rage. Think of 
those popular ageing apps that you can use to find 
out what you will look like when you are old. Did you 
know that criminals use so-called face morph apps to 
illegally travel across the border? Luuk Spreeuwers, 
university researcher in the Data Science department, 
is researching this computer technology.

‘L et me show you something first,’ Spreeuwers says 
as he takes out his phone. ‘This is a face morph ap-
plication.’ On the screen of Spreeuwers’ iPhone are 

two passport photos of random people. At the press of a 
button, one image is superimposed over the other, creat-
ing an entirely new, completely unique face. ‘That’s how 
easy the morphing process is. Myriad apps like this one are 
available for free.’

Criminals
The application seems harmless enough at first glance. It 
looks like something you would try out with your friends 
for a laugh. However, the app has proven very useful to 

criminals. Here’s why: suppose a criminal knows the law 
is closing in on them and they want to leave the coun-
try. However, they have no chance of making it through 
customs without getting caught. Using someone else’s 
passport to be able to travel out of the country would be 
the perfect solution.  
That is where the face morphing process comes in, 
Spreeuwers explains. ‘First of all, the criminal has to find 
someone who looks like them. It can be a random person 
or a family member, as long as there is some physical 
resemblance. The criminal approaches them and asks 
them if they would like to make some extra cash on the 
side. If they say no, there is always the threat of violence 
to persuade them. The criminal then asks the person in 
question for a passport photo. The culprit’s picture and 
the criminal’s own are fed into one of these easy-to-use 
apps to create a morph.’
It is now time for step two. ‘The culprit is given a print-out 
of the manipulated picture and goes down to town hall to 

‘The problem might be 
much bigger than we think’
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apply for a new passport. The official behind the desk is 
tasked with making sure the passport photo matches 
the person standing in front of them. They are used to 
imperfect matches, because people tend to change over 
time. Someone might decide to grow a beard or get a 
new pair of glasses. The clerk cannot tell the difference 
between the fake image and the person at their desk. 
The culprit therefore has no trouble getting a new, valid 
and government-issued passport. They hand it over to 
the criminal, who looks enough like the morphed picture 
to make it through customs without getting caught. 
Thanks to their new identity, they have managed to 
leave the country after all.’

Facial characteristics
How is it possible that the fake passport arouses no sus-
picion at town hall or during the manual and automated 
customs inspections? ‘Human observers are hardly able 
to recognise a good morph,’ Spreeuwers explains. ‘The 
same goes for the automated passport check at air-
ports. Various studies have shown that morphs can pass 
any standard automated passport check. That is a scary 
thought, of course.’
‘As I mentioned, people are easily fooled by morphs. 
In general, only the centre portion of a face is used. 
Everything around it, such as a person’s hair and the 
background, are not usable. If you combine a thick head 
of hair and a bald pate, the effect looks very weird. We 
call that “ghosting”. Here’s what people do instead: they 
only use the centre portion of the face and paste that 
onto the face of someone else. If you do it well, it be-
comes almost impossible for humans to recognise that 
they are being deceived.’ 
Automated facial recognition technology also has trou-
ble identifying morphs, Spreeuwers explains. ‘During 
an inspection, this technology tries to detect facial 
characteristics. The technology is trained by being fed a 
vast quantity of data consisting of millions of passport 
photos. When you show a ton of faces to a self-learning 
system, it will extract the main characteristics of a face 
on its own.’
‘A good morph contains characteristics that match two 
different faces: there is a degree of overlap. That is 
exactly the problem. As a result of this overlap, the facial 
recognition technology cannot tell the fake image from a 
‘real’ face, because it looks a bit like both of the original 

faces that were used to create the morph. All it takes is 
a moderate degree of resemblance between the two in-
dividuals. Even an automated facial recognition system 
will let the criminal with their false passport through.’ 

Natural or unnatural 
The Netherlands and Germany have already called the 
attention of the European Commission (EC) to the topic 
of morphing. A research proposal entitled ‘State of the 
Art of Morphing Detection’ (SOTAMD) has been submit-
ted and approved, Spreeuwers says. ‘We want to gen-
erate a database filled with highly challenging morphs. 
In a way, we are putting ourselves in the criminals’ 
shoes. That is how the research team wants to develop 
a benchmark that poses a challenge to the morphing 
detection algorithms and can train them.’ 
‘We want to find out if morphs produce any unnatural 
distortions in faces. Are morphs fundamentally different 
from real pictures, or are they realistic images of non-ex-
istent individuals? In other words, does combining two 
pictures create a new person or is the result something 
unnatural? If any unnatural distortion occurs, that can 
be detected.’ 

‘The scope of this problem is not entirely clear yet. There 
is one documented case of a criminal who made it 
across the border with a morphed passport photo. In 
some other cases, journalists have tried to do the same. 
This tells us it is not impossible. Since detection is such 
a challenge, the magnitude of the situation is hard to 
guess at. The problem might be much bigger than we 
think. In any case, it is a serious threat.’ 

Text: Jelle Posthuma       
Photo: Shutterstock

Real face morph using photos of Florens de Wit and Luuk Spreeuwers.

‘Human observers are 
hardly able to recognise 
a good morph’
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‘It’s not all about 
achievements’

‘Sometimes I think I’d like to step out of my busy schedule, but I really enjoy what I do. I do 
plenty of challenging things,’ says Kees Venner and one can only agree. The UT professor rode his 
motorcycle to Israel right after the First Gulf War, he jumped out of an airplane and, as a daily 
challenge, he trains and walks five big dogs. He leads a research group. And he seems to handle 
it all with the precision and mindfulness of a karate ‘master’ – which he also happens to be. 

‘I t’s quite ironic. I didn’t want to work in fluid dynamics. 
I thought it was too difficult. Now I’m a full professor 
in this field,’ says the UT scientist. But let’s put a pin in 

that for now. Because as Kees Venner wisely remarks later 
on in the conversation: ‘You should not only look at where 
people are, but how they got there.’ 

Has academic career always been the dream?  
‘I wanted to be a fighter pilot, a surgeon… I considered 
many professions. But I met a girl and she lived in Enschede, 
so I ended up at the University of Twente, studying me-
chanical engineering.’

So you came here for love?
‘Yes, you could say that. Love changed, though. And I 
stayed.’ 

Right after graduation, you spent five years doing research 
at the Weizmann Institute of Science in Israel. What was it 
like to live there?

‘It was a very intensive way of living. I came there right after 
the first Gulf War, so it was still a bit stressful, but people 
there take care of each other. I felt very much at home. I 
loved living and travelling there. In the Netherlands no com-
pany wanted to insure my motorcycle for me, though.’

You actually drove your motorcycle from the Netherlands to 
Israel?

‘Yes. I drove there. My dog came there by plane.’ 

You are a dog person, I think.
‘I’m an animal person.’ 

Let’s back up a bit. What inspired you to pursue a career in 
fluids engineering?

‘During my studies I was inspired by one professor. I was 
really intrigued by the way he gave lectures. I met a PhD 
student who worked with him. He told me about the topic 
he studied and how difficult it was, so I thought I should 
give it a try. For my PhD research, I worked on developing a 
numerical method in lubrication. It was a very challenging 
problem and I wanted to solve it. I did it and I’m actually still 
using the method in research now, 28 years later.’

Was this the plan? 
‘Of course I considered doing something completely differ-
ent, but this was the path that opened. I came back to the 
UT and became a professor in 2014. I was honored to get 
the opportunity to lead and inspire a group.’

What do you enjoy about working in this field?
‘I enjoy solving problems that have practical applications. 

KEES VENNER, PROFESSOR OF FLUID DYNAMICS
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‘I do everything I 
do with my heart’
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Fluids dynamics is everywhere. In your cup of coffee, in our 
fight against the sea and living under sea level, in insects flying 
around. I try to understand physical phenomena related to a 
problem and translate it to a practical solution. For example, 
in my group we work on reducing the problem of aircraft noise 
and we contribute to medical applications. I might not be 
doing a lot of science myself in this job, but I do create open-
ings and possibilities for people. I initiate research and I am 
the bridge between physics and practical problems. That is 
why the title of my inaugural speech was “Crossing scales and 
bridging disciplines”. I think it’s important to do that. Talking 
to people from different backgrounds makes you realize how 
much you use the language of your own field. And we need to 
learn how to talk to each other.’

Since you returned from Israel, have you only lived in Enschede? 
‘Yes, I’ve lived on different spots in Enschede. For now I’m set-
tled near the campus. We have four kids - ages 16, 18, 21 and 23 

– and three of them still live at home. We have five dogs and 
three cats. And there is of course my partner. She is the most 
important one.’  

How did you meet?
‘We met eleven years ago. She was my neighbor. It all started 

because she knocked on my door and asked me if I wanted to 
jump out of an airplane with her. With a parachute. I said yes. 
We jumped and it developed from there. It was funny. When 
I told my colleagues that I jumped out of an airplane, their 
first response was “why? Was the plane broken?” Aeronautical 
engineers, you see? I just thought it was fun.’ 

You also do karate. 
‘Yes, I learnt it in Israel. Now I have a third degree black belt. 
Karate is not only about technical development, but also 
about personal development. It’s like a playground for real 
life. It teaches you to be calm in face of difficulties. It teaches 
you to be kind. It helps you develop many qualities. I still teach 
karate on Sundays.’ 

That sounds like you have quite a busy schedule.
‘Yes, I have a busy schedule and sometimes I think the work-
load is really high. I must admit that there was a lot of time 
I could have spent with my family that I spent for the uni-
versity instead. However, I do everything I do with my heart. 
Moreover, I’m lucky to be in a position where I can help others 
with their workload. As a professor, you can create an environ-
ment where people can grow.’
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You enjoy teaching, right? You even received the Brinksma 
Innovation Grant in 2019 for your innovative teaching method.  

‘I enjoy creating an environment in which we all learn. It is not 
about one direction teaching. I like to share my enthusiasm 
for the subject and I believe that education is an important 
part of development. It opens doors. The prize was awarded 
for the idea to introduce “twin teaching” method. It uses the 
presence of not one, but two teachers in the classroom – one 
is giving a lecture, as usual, and one is sitting in the audience 
together with the students. Having a teacher in the audience 
lowers the threshold for students. It creates a more inspiring 
environment in which students are less afraid to ask questions 

– they see that an expert, sometimes a full professor, is there 
but still doesn’t understand the topic and is asking questions. 
In science we are so focused on a small area of expertise. We 
are specialists that hardly talk to the specialists next door. 
However, in that sense, the UT is a good environment. This is 
not an academic snake pit. We have a good collegial atmos-
phere here.’ 

Is there anything you’d really like to accomplish or try in your 
lifetime?

‘Whatever you do, you should do it with full dedication. You 
should express yourself with full ability and with enthusiasm. 

The most important thing for me is to have a healthy and 
inspiring group of people doing good science and contributing 
to the world. I want to open doors to people who have diffi-
culties. When hiring people, we always look at their CV and 
their distinctions. What we should focus on is their potential, 
though. We should make our university inclusive also for peo-
ple who have had setbacks in life. We should create ways for 
people to develop themselves, also among supporting staff. 
And we actually need to do it, not just agree to it. We need to 
create opportunities for people with difficulties.’  

You seem very passionate about this topic. Where does this 
motivation come from? 

‘You see that you grow yourself if you create opportunities 
for others. You learn from every other human being. It is very 
rewarding. And it makes you aware of how lucky you are if you 
have had no setbacks in life. It’s not all about achievements. 
You get a lot from your parents, from your environment and so 
on. You should not only look at where people are, but how they 
got there. I cannot change the entire world, but if I hire one 
person with difficulties, then I already change the world for 
one person. We should not wait for big decisions from above. 
We should develop ourselves and inspire others. If you are 
aware of your role as a human being, you can change some-
one’s life without even realizing it.’

One last thing. I just have to ask: why do you actually have five 
dogs?
‘Kind of by accident. Sometimes we regret having so many, but 
it is so nice to see them all together as a pack. And it’s a good 
management exercise. In a way, it’s like managing a team. If 
you allow them space, they grow and you end up with a good 
team. Which doesn’t mean I’m comparing people to dogs!’ 

Kees Venner in a nutshell:   
1963	 Born in Eindhoven
1987	 MSc Mechanical Engineering, University of Twente
1991	 PhD Mechanical Engineering, University of Twente
1991 – 1994	� Postdoc, Applied Mathematics and Computer Science, Weizmann 

Institute of Science in Israel 
2002 – 2014	� Assistant and Associate Professor, Engineering Fluid Dynamics, 

University of Twente
2014 – now	 Full Professor of Engineering Fluid Dynamics, University of Twente
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‘You learn from every 
other human being’ 
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Detail of a wavefront shaping setup
One of the beauties of optics is its versatility. A huge range of experiments and appli-
cations that can be realized with standard building blocks: lenses, mirrors, lasers, beam 
splitters. In the last couple of years, a new standard building block has revolutionized 
optics: the spatial light modulator (SLM). An SLM is a computer programmable optical 
element that adds a whole extra dimension of versatility, truly leading optics into the 
digital age. The setup in the picture is used for focusing light through non-transparent 
tissue, a technique called ‘wavefront shaping’ that was pioneered in Twente in 2007 by 
Ivo Vellekoop and Allard Mosk. Thanks to the versatility of SLMs, the exact same setup 
is also used for measuring optical aberrations in brain tissue, identifying wave corre-
lations in scattered light, creating 3-D reconstructions of cells, and – by flipping one 
mirror – as a regular microscope.
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