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THE FUTURE OF 
SMART OPTICS SYSTEMS

To celebrate the opening of a new and expanded smart optics laboratory, 
and the installment of an extra professor, the Delft Center for Systems and 
Control organised an international event. This included a one-day school 
on smart optics technologies and a symposium, with renowned 
researchers who gave the audience a look into groundbreaking 
developments, and involved them in some futuristic thinking. 
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One of the spearheads at the Delft Center for 
Systems and Control (DCSC) is the research 
on smart optics systems, work which was 
awarded with an ERC Advanced Grant to 
undertake the daring project “Integrated 

Real-time Feedback Control and Processing for Image 
Restoration (iCON)”. To celebrate the official opening of 
the Smart Optics Lab at DCSC under the supervision of 
Prof. Michel Verhaegen, and the inauguration of Prof. Gleb 
Vdovin, which signals another expansion, an international 
symposium was held at Delft University of Technology (TU 
Delft), the Netherlands, on 3 and 4 March 2016 (Figure 1). 

The symposium, “Open Window on the Future of Smart 
Optics Systems”, aimed to:
•  identify basic principles and strategies for the 

development of smart optics systems in the 
multidisciplinary and international environment formed 
by universities, industries and public bodies;

•  introduce industry representatives and young scientists 
to the main principles of building smart optics systems, 
based on the integration of the mechanical, optical, 
electronical and control subsystems;

•  share the latest achievements in the technology 
and applications of smart and adaptive optics, with 
presentations delivered by scientists from the UK, the 
USA and the Netherlands.
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1  The symposium 
was held in the Aula 
Conference Centre of  
TU Delft.
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The Smart Optics Lab that was opened is a breeding 
environment for the development (by the DCSC Smart 
Optics team, Figure 2) of new optics and imaging 
instruments that make better trade-offs between 
performance on one hand and cost, complexity and 
maintenance on the other hand. The key in optimising this 
trade-off is to integrate systems and control methodologies 
from the onset of the instrument design. 

Smart Optics Technologies school
The event started on a small scale with the One-day School 
on Smart Optics Technologies, chaired by Prof. Gleb 
Vdovin. He is the founder of OKO Technologies, a company 
that develops and produces adaptive optical components 
and solutions, and will be chairing research on “Integrated 
Design of High Resolution Imaging Systems”. 

The school was fully booked with industry and academia 
participants from across Europe, and some internal 
participants, not lucky enough to have a chair inside 
the classroom, were standing in the corridor, just to 
be able to listen to the lectures. The opening word was 
presented by the 2011 president of the Optical Society 
of America, Prof. Chris Dainty, one of the pioneers in 
the field of adaptive optics (Figure 3). He commented 
that Gleb Vdovin was one of the key people who made 
adaptive optics technologies widely accessible, also to the 
Ph.D. student who does not have the multi-million dollar 
budget that space agencies have. 

In the next lecture, Dr Oleg Soloviev, senior researcher 
and lecturer at DCSC and senior associate at OKO 
Technologies, outlined the principles of wavefront 
correction and sensing, and gave practical examples 
of devices to perform these tasks. Then Prof. Vdovin 
delivered a lecture on deformable mirrors and other types 
of wavefront correctors including defocus correctors, 
adaptive lenses and Alvarez lenses. 

After a tasty Dutch-style lunch, Prof. Verhaegen instructed 
the audience about optimal methods of predictive control 
in adaptive optics (Figure 4). The afternoon programme 
was continued by a lecture on ophthalmic adaptive optics, 
delivered by Prof. Chris Dainty, and on the design of high-
density micromachined wavefront correctors, delivered 
by the director of the Boston University Photonics Center, 
Prof. Thomas Bifano, who is also co-founder and CTO 
of Boston Micromachines. The school was concluded 
by the practical demonstration of a working adaptive 
optical system, operating in either optimisation or phase-
conjugation modes. 

2  The DCSC Smart Optics 
team, headed by Prof. 
Michel Verhaegen.

3  Prof. Chris Dainty (right), 
the 2011 president of 
the Optical Society of 
America and one of the 
pioneers in the field of 
adaptive optics, opened 
the School on Smart 
Optics Technologies 
and took part in the 
discussions.

4  Prof. Michel Verhaegen 
of DCSC teaching 
methods of predictive 
control for adaptive 
optics.
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Symposium
Prof. Verhaegen chaired the open symposium on 4 March, 
attended by around 150 participants, and delivered a 
short welcome address. After that, Prof. Dainty gave 
a speech devoted to the development of smart optics 
technologies from the fifth decade of the past century to 
our days. Adaptive optics began as a military technology, 
to track satellites, and to observe the defects in the 
protection tiles of the space shuttle during its flight. The 
ability to see these defects was crucial for the safety of the 
space exploration. 

Then, Prof. Bifano delivered a lecture on wavefront 
compensation, that allows to achieve a wide field of 
view. The usual problem in adaptive optics is the limited 
field of compensation: the image can be made very 
sharp, but only over a very limited area. Using the new 
approach that moves the compensation place from the 
pupil to the object, the Boston scientists solved the 
problem. Professor Bifano reported on microscopic 
images with adaptive optics compensation, using 
microelectromechanical mirrors (Figure 5), covering the 
whole field of view. 

The third speaker, Dr Ivo Vellekoop from the University 
of Twente, explained how adaptive control allows to 
obtain images through scattering biological tissues. This 
new technology has numerous applications in biomedical 
imaging, medicine and biology. 

The last speaker, Dr Volker Sorger, director of the 
Nanophotonics Labs at George Washington University, 
delivered a speech about applications of nano-optics and 
nanomaterials for the optimisation of optical information 
interconnects (figure 6). The smaller the number of 
photons spent to transfer one bit of information, the 
faster is the line and the higher is the efficiency. His 
research would allow to reduce the number of photons 
per bit from millions and hundreds of thousands, to 
hundreds, promising an impressive progress for the 
future internet. 

The morning session was concluded by the dean of the 
Faculty of Mechanical, Maritime and Materials Engineering, 
Prof. Theun Baller, who pushed the symbolic button, 
celebrating the official opening of the Smart Optics Lab 
within DCSC. 

Lunch time was devoted to poster presentations of the 
diverse imaging-centred projects carried out at DCSC  
(see the box on the left). 

Imaging-centred DCSC projects
A short video on the DCSC website gives a quick and personal impression of some 
of the imaging-centred projects.

Hans Verstraete: “I studied control systems at Imperial College in London, and I am 
now a Ph.D. candidate working on wavefront-sensorless algorithms for aberration 
correction in optical coherence tomography (OCT). OCT is a 3D imaging technique 
often used to image the human retina and its layers. With adaptive optics and a smart 
optimisation algorithm that performs very well under noisy conditions we can 
maximise the quality of the OCT image without using a wavefront sensor.”

Dean Wilding: “I studied physics at Cambridge University followed by photonics at 
Imperial College London, and now I am a Ph.D. candidate working on adaptive 
light-sheet fluorescence microscopy. My research is to use controllable optical elements 
to both correct for the effects of optical inhomogeneity scattering and absorption, but 
also modify the properties of light so the microscope operates better than it could 
before. I have been working on extending the field of view in the light-sheet microscope, 
with my ultimate goal for the whole project being the complete correction of the 
illumination and the detection in the microscope.”

Paolo Pozzi: “I did my Ph.D. in Italy, where I worked on both the technical aspects of 
microscopy and some neuroscience applications. I am here to accept the challenge to 
make high-tech which should be simple to use. In particular I am making this set-up, 
which is a completely digital microscope with no moving part, and it uses a cheap and 
harmless LED instead of an expensive and dangerous laser. It can make images inside a 
thick sample in three dimensions, and it uses adaptive optics to keep the images sharp, 
no matter how deep inside the sample you are looking. This will be really useful for our 
collaboration with the neuroscience department in Rotterdam.”
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Accepting every challenge, always wanting to find the best answer. 
That ambition is characteristic of the technicians at Ter Hoek. Staying ahead 
by always wanting to go the extra mile. Based on that philosophy, Ter Hoek 
produces precision components for the high-tech manufacturing industry. 
What sets us apart from the competition? We support customers in developing 
high-quality, custom solutions subsequently be series-produced with 
unparalleled accuracy. Day after day. 
It is in that combination of innovative 
customisation and repeated precision 
that we find our passion. 

Tomorrow’s innovation, today’s inspiration www.terhoek.com

Technicians make the difference!INFORMATION
WWW.DCSC.TUDELFT.NL

5  Prof. Thomas Bifano of the Boston 
University Photonics Center teaching on 
micro electromechanical mirrors. 

6  Dr Volker Sorger of George Washington 
University giving an overview of current 
research on applications of nano-optics 
and nanomaterials for the optimisation of 
optical information interconnects.

7  Prof. Gleb Vdovin of DCSC doing a live 
demonstration in his inaugural lecture.

Inaugural speech
In the second part of the symposium, Prof. Gleb Vdovin delivered 
his inaugural speech, devoted to the integration of optics, mechanics, 
electronics and control into a single technology of smart optics. Such a 
synthetic approach allows to drastically improve the quality of optical 
systems, and make them smaller and cheaper at the same time. The 
speech included a live demonstration (Figure 7). 

The reception that closed the symposium was a last and well-received 
opportunity to take advantage of this smart integrated event. The 
organisers at DCSC plan to host such events more often in the future. 
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