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PREAMBLE
Dear friends of the Lab MST,
This year we celebrate the 15th birthday of the laboratory and chair of Measurement and Sensor Systems
Technique (chair MST). The universal control of coherent waves with computational metrology is the main
topic of the chair MST. The progress of digital programming of optical and acoustic fields enables novel measurement systems. The chair MST is supported by a Reinhart Koselleck project, which allows investigating
particularly innovative and risky projects. In addition to outstanding results in adaptive flow measurements,
new research directions were explored. The control of the scattering processes with modern wavefront shaping techniques opens up new approaches to stem cell research, contactless mapping of mechanical cell properties and tissue phenotyping using Brillouin scattering, and physical layer security cryptography. With deep
learning, the time reversal virtual array technique was improved. For the first time, an aberration correction
up to the diffraction limit could be achieved with an adaptive lens, which was demonstrated with fluorescence measurements in zebrafish studies. Using deformable mirrors, imaging through fluctuating phase
boundaries was accomplished. A lensless fiber endoscope with needle diameter has been realized, allowing
three-dimensional measurements with minimal invasiveness for future applications in optogenetics.
These innovations can contribute to the Cluster of Excellence Physics of Life (PoL) – The Dynamic Organization
of Living Matter, where our chair is an Affiliate. The purpose of PoL is to discover new paradigms for understanding life and deepen our knowledge of living biological matter. A further highlight is the commercial
success of the laser velocity profile sensor, which was developed in cooperation with the company ILA R&D
GmbH, Jülich. This innovation has been awarded with the 2008 Berthold Leibinger Innovation Award.
At MST we follow the idea of Humboldtian education ideally to combine research and studies. Students are
actively involved in research, e.g. by attending conferences already in their undergraduate studies. Regular
excursions to companies in the region, such as SICK Engineering GmbH, Ottendorf-Okrilla, are offered. Also
networking with other research centers in Dresden is an important element of our teaching. We aim at transferring research results into current lectures and the creation of new courses.
The chair MST is funded by 14
projects of the DFG (German Research Foundation) and several
projects of other funding organizations and the industry. Due to
the steadily increasing number of
employees and students, we have
a constant demand for new
rooms. Fortunately, we can use
three additional optical tables in a
fully equipped new optical laboratory (BAR 062). To handle genetically modified organisms, we
have established a level 1 genetic
laboratory (S1 Lab, BAR 10). Since
this year, the chair MST is owner
of a Femtosecond Laser (Coherent Monaco).
New femtosecond laser is arriving (Nov 2019).

In the faculty of electrical and computer engineering (EE) of the TU Dresden, the measurement systems technique plays a crucial role. Without measurements, the control of systems is not possible and therefore it is
an essential part of the study AMR (automation, measurement and control technique). The chair MST is an
integral part of the studies in electrical engineering and mechatronics. Starting with the 4th semester, basics
in measurement data capture and analysis as well as sensor techniques are introduced. In the 5th semester,
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the approaches in digital measurement techniques, measurement system theory and further sensor techniques are discussed. Further lectures are offered in the higher semesters for the specialization in computational metrology for technical processes and biomedicine. Since this year, the chair MST offers a lecture on
“Biomedical Systems and Optogenetics”, 9th Semester, “Studium Generale”. E-Learning plays an important
role in modern lecturing. In the lecture Measurement Systems I, 4th Semester, the chair MST offers a digital
bonus examination. In the lecture Measurement Systems II, 5th Semester, a Python programming task is
scheduled online. In total, the chair MST conducted more than 16,000 exams and over 170 defenses of Bachelor and Master Theses (“Studienarbeiten, Diplomarbeiten”) within the last 15 years. An extraordinary research-oriented lecturing was established with the SPIE student chapter to foster students in optics and photonics. This year the faculty EE awarded the president of the SPIE chapter for his commitment.
Besides lecturing, research and translation of techniques to industry are the main goals of the chair MST.
Within the Reinhart Koselleck project digital adaptive optics and computational metrology were applied to
flow measurements for the first time, e.g. in order to improve the energy efficiency of cleaning processes
and material transport. Furthermore, the chair of MST contributed to progress in optogenetic for understanding the human brain, in multimode fiber transmission for physical layer security (MIMO, IoT, Industry 4.0) and in ultrasound measurement techniques for hot fluids. The output can be measured with over 500
publications at conferences and in journals and over 20 patents. Several patents were transferred to companies and a successful commercialization of a measurement system (Laser Doppler Velocity Profile Sensor)
was achieved based on a ZIM-AIF project. The students and staff members of the chair MST have received
more than 60 honors, prizes and awards. On behalf of the entire team, Prof. Czarske has been awarded the
Joseph Fraunhofer Award and Robert M Burley Prize of OSA – The Optical Society this year.
Next year, the world congress of International Commission for Optics (ICO) and International Society for Optics in the Life Sciences (OWLS) will be in Dresden, see https://www.ico25.org. The ICO is an umbrella organization on optics and photonics with 7 scientific member organizations (OSA, SPIE, IEEE, EOS, etc) covering all
major topics of optics and photonics around the entire world. The theme of the ICO-OWLS congress is "Progress of society with light", see www.ico25.org.
Finally, I would like to thank the faculty EE of the TU Dresden for support, the students and staff members of
the chair MST for the committed research and teaching and our partners for the efficient and effective cooperation.

Best regards,
Jürgen Czarske
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STAFF
Bürkle, Florian

M. Sc.

Bilsing, Clemens Matthias

Scientist
Bachelor Student

Büttner, Lars

Dr. rer. nat.

Assistant. Head of Department „Ultrasound and
Laser Measurement Techniques“

Czarske, Jürgen

Prof. Dr.-Ing. habil.

Full Professor, Head of Chair MST

Dremel, Jakob
Gao, Zeyu

Bachelor Student
B. Sc.

Full-Time Visiting Scientist

Gerrit Bücken

Student Assistant

Gloßemeyer, Tom

Bachelor Student

Göhlert, Sandy

Team Assistant, part-time, third party funding

Grabbert, Franz

Diploma Student

Grüter, Lars

Diploma Student

Gürtler, Johannes

Dipl.-Ing.

Scientist

Hanel, Janet

Team Assistant

Herold, Matthias

Bachelor Student

Jansky, Mario

Diploma Student

John, Cathleen

Senior Executive Team Assistant

Klaß, Arne Henrik

Student Assistant

Klose, Lukas

Student Assistant

Koukourakis, Nektarios

Dr.-Ing.

Krug, Benedikt

Scientist, Head of Department “Biophotonics and
Laser Metrology”
Scientist

Kupsch, Christian

Dipl.-Ing.

Scientist

Kuschmierz, Robert

Dr.-Ing.

Scientist, Head of Group “Laser Metrology”

Lich, Julian

M. Sc.

Scientist

Matzke, Jessica
Nauber, Richard

Team Assistant, part-time, third party Funding
Dr.-Ing.

Scientist, Head of Group “Ultrasound Metrology”

Oliver Rothkamm

Diploma Student

Pascal Bolten

Student Assistant

Philipp, Katrin
Pohl, Dennis

M. Sc.

Scientist
Bachelor Student
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Pohle, Bianka
Radner, Hannes

Team Assistant, Third Party Funding
Dipl.-Ing.

Scientist

Roßberg, Thomas

Bachelor Student

Rothe, Stefan

Scientist

Schaller, Ludwig

Bachelor Student

Scharf, Elias

Dipl.-Ing.

Scientist

Schmieder, Felix

Dipl.-phys.

Scientist

Schröder-Brosche, Patricia

Diploma Student

Stange, Johannes

Diploma Student

Stärker, Leon

Diploma Student

Stock, Tilo

Diploma Student

Stolba, Friedrich

Diploma Student

Thümmler, Martin

Diploma Student

Wang, Wenjie

Full-Time Visiting Scientist

Weik, David

Dipl.-Ing.

Scientist

Weiß, Robert

Diploma Student

Wendler, Florian

Diploma Student

Zhao, Long

Diploma Student

Zhang, Hao
Zhang, Qian

M. Eng. (Dr.-Ing.)

Scientist
Bachelor Student

Development of MST – number of employees
(without technicians and central adminstration, including long-term students)
Foundation: December 15, 2004
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Social Activities


29.05.2019 Rewe-Teamlauf 2019



12.07.2019 Sommersemesterabschlussgrillen – Summer Barbecue



07.08.2019 Teamausflug: Paddeln auf der Elbe – Team excursion: paddling on the Elbe river



04.12.2019 Weihnachtsmarktbesuch – Visit of Christmas Market



06.12.2019 15 Jahre Professur Mess- und Sensorensystemtechnik –
15th Anniversary of MST



12.12.2019 Weihnachtsfeier – Christmas Party
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The SPIE student chapter of TU Dresden is a group of undergraduate and graduate students in Dresden, Germany, with an interest in Optics and Photonics. Since September 2017, we belong to a worldwide network
of student chapters supported by SPIE.
Our objective is to establish and intensify the contact between students and faculty at different optics-related
groups and institutes in the Dresden area. Therefore, we host a monthly public lecture series with speakers
from research groups and institutes relevant to optics and photonics. Besides that, we are organizing excursions to nearby companies.
Last year activities
Lecture series:
 Prof. Hampel, “Multiphase Flow Imaging – From Fundamentals to Applications“
 Dr. Sandner: ”Micro Scanning Mirrors an Enabling Technology for Applied Optics”
 Dr. Simmchen: “Light induced motion at the microscale”
 Prof. Zalevsky: “Breaking the bounds of imaging in label-free nanoscopy, micro-endoscopy and biomedical sensing”
Excursions:
 Excursion to the “Helmholtz Zentrum Dresden Rossendorf”
 Visit of the Photonics West in San Francisco
 Excursion to Jena (Fraunhofer IOF, Leibniz IPHT, meeting Friedrich-Schiller Univ. Jena Chapter)
 PhD Students Workshop: Connecting PhD students from different institutes in Dresden
Outreach:
 “Lange Nacht der Wissenschaften” - Night of Sciences: presentation of optical experiments which
were related to recent detection of gravitational waves.

SPIE Student Chapter
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Conferences

SPIE Photonics West

02. – 07.02.2019

San Francisco / USA Prof. Czarske,
Dr. Kuschmierz,
Dipl.-Phys. Schmieder

OSA Biophotonics Congress

12. – 19.04.2019

Tucson / USA

Prof. Czarske,
Dr. Koukourakis

OSA Digital Holography and
Three-Dimensional Imaging

19. – 24.05 2019

Bordeaux / France

Dr. Koukourakis

Euspen`s 19th International
Conference & Exhibition

03. – 07.06. 2019

Bilbao / Spain

Hao Zhang

120. Jahrestagung der DGaO

11. – 16.06. 2019

Darmstadt

Sensoren und Messsysteme 2019

25. – 26.06. 2019

Nürnberg

Prof. Czarske
Dipl.-Ing. Krug
J. Stange
Dr. Nauber

SPIE Optical Metrology

24. – 27.06. 2019

München

Prof. Czarske
Dipl.-Ing Scharf
Julian Lich,
Shengyu Shi

OAS Imaging and Applied Optics

24. – 27.06. 2019

München

Dipl.-Ing. Rothe

icOpen

16. – 20.07. 2019

Phuket / Thailand

Prof. Czarske

ISPIV

22. – 24.07. 2019

München

Dipl.-Ing. Gürtler
Dipl.-Ing. Radner

ICO & IUPAO-C17

04. – 07.09. 2019

Tunis / Tunesien

Prof. Czarske

27. GALA-Fachtagung “Experimentelle Strömungsmechanik”

03. – 05.09. 2019

Erlangen

Dr. Büttner
M. Sc. Bürkle

International Congress on Ultrasonic

03. – 09.09. 2019

Brügge, Belgien

Dipl.-Ing. Kupsch

AHMT Symposium 2019

12. – 13.09. 2019

Erlangen

Dipl-Ing. Weik

OSA Conference

15. – 19.09. 2019

Washington D.C. /
USA

Prof. Czarske
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3rd Biobrillouin Meeting

25. -27.09. 2019

Porto / Portugal

Prof. Czarske

IEEE International Ultrasonics Symposium

06. - 09.10. 2019

Glasgow / UK

Dr.-Ing. Nauber
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TEACHING

V: Prof. Czarske
Ü: Dipl.-Ing. Rothe, Dipl.-Ing.
Gürtler
V: Prof. Czarske,
V: Dr.Nauber
Ü: Dipl.-Ing. Gürtler, Dipl.Ing. Kupsch, Dipl.-Ing. Rothe

Grundzüge des Messens
4. Sem.
Mess- und Sensortechnik
5. Sem.

WS 19/20

SS 19

20

200

98

38

140

18

Praktikum Mess- und Sensortechnik
5.+6. Sem.

P: Dr. Koukourakis,
Prof. Czarske

Messsystemtechnik
6. Sem.

V: Prof. Czarske
Ü: Dipl.-Ing Krug,
Dipl.-Phys. Schmieder

-

45

Lasermesstechnik
8. Sem.

V: Prof. Czarske
Ü: Dr. Büttner

-

20

Mechatronische Lasersensoren
8. Sem.

V: Dr. Büttner,
Prof. Czarske

-

20

Lasermesssysteme für die Fluidtechnik
9. Sem.

V: Dr. Büttner,
Prof. Czarske

5

-

Digitale Holographie und Bildverarbeitung
9. Sem.

V: Dr. Koukourakis,
Prof. Czarske

12

-

Biomedizinische Systemtechnik und Optogenetik

Prof. Czarske
V: Dr. Koukourakis,
Dr. Kuschmierz

12

-

Praktikum Lasersensorik

V: Prof. Czarske
P: Dipl.-Ing E. Scharf

-

9

Hauptseminar AMR

Dipl.-Ing E. Scharf
Dr. Kuschmierz, Prof. Czarske

5

-

292

350

Sub-Total:
Total:

642

Total Number of 15 years: 16135
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2500
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1500
1000
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INVITED TALKS

Datum Referent
08.01. Prof. Thomas Lenarz
ENT Clinic, German Hearing Center,
MHH, Hannover

Thema

13.05.

Dr. Mike Karl
Deutsches Zentrum für Neurodegenerativer Erkrankungen

Deciphering Neuronal Degeneration and Regeneration in
Human Retinal Organoids

20.05.

Studying Embryo Development by interactive microcopy
Prof. Ivo Sbalzarini
MPI-CBG, the mosaic group: scientific and computer simulation
computing for image-based systems biology and faculty of computer science

27.05.

Dr. Mariana Medina-Sanchez
Medical Microrobotics: Imaging and Control Challenges
Institut for Intergrative Nanosciences,
Leibniz Institute for Solid State and Materials Research ,IFW Dresden e.V.

17.06.

Dr. Ronny Grunert
3D printing-technologies for patient-specific surgical care
Universität Leipzig, Clinic and Polyclinic
for Neurosurgeery; Phacon; Frauenhofer-Institut für Werkzeugmaschinen
und Umform-technik IWU

28.10.

Prof. Xinyang Li
Chinese Academy of Sciences,
Chengdu/CN

Progress on adaptive optics of Institute of Optics and Electronics, Chinese Academy of Sciences

13.11.

Prof. Zeev Zalevsky
Bar-Ilan University, Israel

Breaking the bounds of imaging in label-free nanoscopy, micro-endoscopy and biomedical sensing

26.11.

Dr. Rouhollah Habibey
Zentrum für Regenerative Therapien
(CRTD) der TU Dresden

Optical manipulation of the 2D-engineered neural circuits in
microfluidic devices

10.12.

Dr. Caroline Murawski
Kurt-Schwabe-Institut für Mess- und
Sensortechnik e.V. Meinsberg

Organic LEDs as neuronal interfaces

19.12.

Prof. Christoph Bruecker
BAE Systems Sir Richard Olver Chair in
Aeronautical Engineering and Royal
Academy of Engineering Research
Chair, City, London, UK

Aspects of signal conditioning for natural and bioinspired
flow sensing

Function, deafness and their treatment
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Zeev Zalevsky

Fltr: Jürgen Czarske, Zeev Zalevsky, Stefan Rothe

Fltr: Zeyu Gao, Chao Geng, Jürgen Czarske, Xinyang Li, Lars Büttner, Hannes Radner
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Awards

Prof. Jürgen Czarske

Joseph Fraunhofer Award/Robert M. Burley Prize for his promising contributions in the field of computer-based adaptive laser metrology

Dipl.-Ing. Arne Klaß

Franz Stolze Award 2019 for his diploma thesis "Ultrasonic-based flow imaging of a hot metal melt through a multimode waveguide"

Dr.-Ing. Richard Nauber

SICK-faculty prize 2018 for Sensors and measuring system technology for
his Dissertation "Investigation of imaging ultrasonic measurement technology for transient flow processes in magnetohydrodynamics"

Dipl.-Ing. Stefan Rothe

SICK-faculty prize 2018 for Sensors and measuring system technology for
his diploma thesis "Investigation of Information Security on the Transmission Layer in Multimode Fibre Communication Systems"

Dipl.-Ing. Benedikt Krug

Hans-Pundt-Preis 2018 of VDE Dresden for his diploma thesis "Investigations on Brillouin elastography using a pulsed laser for biomedical applications".

Dipl.-Ing. Johannes Stange SICK Young Talent Awards 2018 for Measurement and Sensor System
Technology for his student research project "Design and Testing of an
Adapted Controller for a Wavefront Correction System".
Dipl.-Ing. Elias Scharf

SICK Young Talent Award 2018 for measurement and sensor system technology for his diploma thesis "Construction of a holographic endoscope using coherent fiber bundles with self-calibration".

Dipl.-Ing. Christian Kupsch R.W.B. Stephens Preis (Elsevier) beim 2019 International Congress on Ultrasonics, Brügge, Belgien für den Beitrag ”Superresolution ultrasound flow
imaging of suspensions in narrow channels”, 6.9.2019
Dipl.-Ing. Stefan Rothe

Förderpreis der Freunde und Förderer der Fakultät Elektrotechnik und Informationstechnik der TU Dresden e.V.
Mit dem Förderpreis würdigt der Verein „Freunde und Förderer der Fakultät Elektrotechnik und Informationstechnik der TU Dresden“ e.V. Mitarbeiterinnen und Mitarbeiter der Fakultät Elektrotechnik und Informationstechnik, die sich durch besonderes Engagement hervorgehoben haben,
08.11.2019

Fltr: Ronald Tetzlaff, Martin Mittelbach, Stefan Rothe, Jörg Tanzmann
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Dipl.-Ing. Benedikt Krug

Johannes-Görges-Preis 2019 für seine Diplomarbeit "Untersuchungen zur
Brillouin-Elastographie unter Nutzung eines gepulsten Lasers für biomedizinische Anwendungen", 08.11.2019

Fltr: Markus Huber, Benjamin Mößner, Benedikt Krug, Ronald Tetzlaff

Accomplishments & Achievements
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Total number of honors, prizes and awards: over 60
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Juergen Czarske of TU Dresden received 2019 OSA Joseph Fraunhofer Award/Robert M Burley Prize for Optical Engineering in Washington D.C.
On 16 September 2019, The Optical Society (OSA) honored
Prof. Czarske of TU Dresden, Germany with the Joseph Fraunhofer Award/Robert M Burley Prize. The award ceremony
was accomplished during the OSA/APS Conference “Frontiers
in Optics and Laser Science (FiO+LS)” in Marriott Wardman
Park and Carnegie Institution of Science, Washington D.C.,
USA. Renowned scientists participated in the conference, including two Nobel Prize winners, Prof. Donna Strickland (Nobel prize in Physics 2018) from the University of Waterloo,
Canada and Prof. William D (Bill) Phillips (Nobel prize in Physics 1997) from the National Institute of Standards and Technology (NIST), USA.

Bill Phillips and Juergen Czarske at FiO+LS
In the laudation the innovations of Prof. Czarske in optical engineering and computational metrology were highlighted by the chair of the selection committee
Prof. Yoshio Hayasaki, Utsunomiya University, Japan. Prof. Hayasaki emphasized
the outstanding work in theory, experimentation and market launch of a developed product. Particularly impressive is the wide range of applications from production technology, process engineering, environmental protection and energy
saving to biomedicine. He presented the certificate and Fraunhofer medal to Prof.
Czarske, who accepted on behalf of the entire team. “Czarske’s achievements in
optical engineering have led to significant innovation across several fields, including important biomedical applications,” said 2019 OSA President Ursula Gibson.
“The Fraunhofer Award/Burley Prize is an appropriate recognition for his pathbreaking scientific contributions.” Prof. Czarske is extremely pleased about the
recognition of his scientific work: "It is a great honor and a confirmation of the
path we have taken for the entire team. Given the previous winners, it is also an
obligation for future research.”
The Silver Fraunhofer Medal of OSA
For 30+ years, Prof. Czarske has made pioneering innovations in metrology. These include paradigm shifts in computeraided metrology, which are important for technical processes and biomedicine, for example see
https://www.osa.org/en-us/about_osa/newsroom/news_releases/2019/fio_tiny_lensless_endoscope/.
His findings enable to study neurodegenerative diseases and to better understand how the brain works on the basis of
optogenetics with human-induced pluripotent stem cell-derived neural networks. Contactless feeling with light towards
cancer diagnosis, digital real-time holography for imaging inside of tissue, needle-size lensless fiber endoscopy for keyhole access and aberration-corrected adaptive lens-based smart microscopy for studies in zebrafish are other important
topics of his research. His scientific contributions find applications in physical layer security of fiber-based internet,
production metrology (industry 4.0), noise reduction of aircrafts, low-emission combustion and lightweight materials
for aerospace (green photonics). Paradigm shifts were shown for digital interferometry better than the diffraction limit,
which was applied in process technology, where now energy savings potentials can be better understood, for example
at flow processes in fuel cells.
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2019 OSA President Ursula Gibson and Juergen Czarske

Prof. Czarske studied physics and electrical engineering at the Leibniz University of Hannover. He was supported with a
scholarship from Siemens AG in Munich and has worked also at this company. After receiving the Ph.D. degree in engineering and applied physics he was based at Laser Center Hannover (LZH) for 9 years. He also has conducted short-term
scientific missions at Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig, at NTT in Japan and several institutions in the USA. Since 2004 he is full professor at the TU Dresden, heads the Department of Measurement and Sensor
System Technology at the Faculty of Electrical and Computer Engineering. He is Fellow of OSA, EOS, SPIE and IEEE senior
member. Prof. Czarske is an elected member of Saxon Academy of Sciences, Scientific Society for Laser Technology,
board of German Society of Applied Optics (DGaO) and board of German Association for Laser Anemometry (Gala),
Czarske has received the Berthold Leibinger Innovation Prize, the Reinhart Koselleck Project of German Research Foundation, the Measurement Technique Award of AHMT (Association of University Professors of Metrology), and many
other honors. He has published about 200 journal articles, has over 20 patents and has delivered over 100 invited lectures.
First presented in 1982, the Joseph Fraunhofer Award recognizes significant research accomplishments in the field of
optical engineering. The prize was added in 1992 in memory of Robert M. Burley, who exemplified many of the highest
attributes of the optical engineer and was the first recipient of the award. The award and prize are endowed by the
Baird Corporation, the Burley Family and Prof. Shin-Tson Wu. The Joseph Fraunhofer Award/Robert M Burley Prize is
generally considered as one of the most important honors in optical engineering.
About OSA
Founded in 1916, The Optical Society (OSA) is the leading professional organization for scientists, engineers, students
and entrepreneurs who fuel discoveries, shape real-life applications and accelerate achievements in the science of light.
Through world-renowned publications, meetings and membership initiatives, OSA provides quality research, inspired
interactions and dedicated resources for its extensive global network of optics and photonics experts. For more information, visit www.osa.org.
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RESEARCH PROJECTS
Preproject

Focusing light through scattering tissue

Staff:

N. Koukourakis, J. Czarske

Aim:

Targeted light-delivery through scattering tissue is strongly limited by light scrambling. However, the technological improvement in hardware, computational power and methodology
in recent years made it possible to control light inside or behind scattering media, by shaping
the wavefront using a spatial light modulator before the light enters the scattering media.
The main hurdle is to determine an adequate mask that allows pre-scrambling the light, so
that the desired light pattern is delivered to the region of interest after scrambling. These are
for example iterative optimization of the wave front, measurement of the transmission matrix, and digital optical phase conjugation (DOPC). DOPC has the advantage that it does not
require time-consuming iterations or time-consuming calibration measurements, but instead
enables direct shaping with a single measurement.
Commonly guide stars are used to probe the light scrambling. The phase of the guide star
light is recorded by quantitative phase measurements, e.g. performed by digital holography,
and a phase mask of the phase conjugate is displayed on the spatial light modulator. This
approach enables to time reverse the scrambling effects and to recreate the guide star.
We applied DOPC for example, to focus light through 400 µm thick part of a mouse skull.
While without DOPC strong scattering is observable (Figure, left), DOPC allows focusing
through mouse skull with high quality (Figure, right). Such an approach is important for the
optogenetic stimulation.

Partner:

Max Planck Institute of Molecular Cell Biology and Genetics, Dr. M. Kreysing

Without DOPC

With DOPC

Focussing through mouse skull, (left) without digital optical phase conjugation and (right) with digital optical phase conjugation.

N. Koukourakis, M. Kreysing, J. Czarske, "Wavefront shaping method to focus through mouse skull", OSA Imaging and
Applied Optics, Contribution OW2J.3, 25.–28.6.18, Orlando/USA
N. Koukourakis; M. Kreysing; J. Czarske, „Focusing Through Mouse Skull Using Wavefront Shaping”, OSA, Biophotonics
Congress: Biomedical Optics, 03.-06.04.2018, Hollywood, Florida, USA

18

Preproject

Volumetric hybrid illumination microscopy

Staff:

N. Koukourakis, K. Philipp, J. Czarske

Aim:

Wide field microscopy is well-established in biological and medical applications. But its reduced depth sectioning capability leads to background signals originating outside the depth
of interest that degrade the contrast and limit the usability. To solve this limitation, a variety
of microscopic techniques offering adequate depth sectioning have been introduced, the
most prominent one being confocal microscopy. However, although confocal microscopy is
advantageous, it is a pointwise technique and thus requires scanning in three dimensions to
obtain 3D information.
Hybrid illumination microscopy enables to record optically sectioned wide field images by
analyzing the spatial frequency content of the recorded image. As the maximum spatial frequency bandwidth is transported through the system for in-focus sample parts, high-spatial
frequencies that inherently occur from the specimen, already lead to an optical sectioning.
To get access to the low spatial frequency part of the focal region, a speckled illumination
can be used, to artificially introduce high spatial frequencies. Thus, the combination of an
uniform and a non-uniform illumination bears the potential to record optically sectioned images, with a strongly reduced scanning requirement. Just one axial scan is required. Using
adaptive lenses allows to circumvent any mechanical scanning and to implement fast axial
scanning without moving parts enabling rapid volumetric recordings. We use this technique
to analyze fluorescence of transgene zebrafish larvae

Partner:

Helmholtz Zentrum für Umweltforschung, Leipzig, Dr. Stefan Scholz

Wide field

optical section by hybrid illumination

Left: Wide field fluorescence measurement of a zebrafish larvae. Right: After spatial frequency analysis, the strong auto fluorescent
background is removed.

N. Koukourakis, K. Philipp, M. Stürmer, F. Lemke, M. Wapler, U. Wallrabe, J. Czarske, “Adaptive lenses for axial scanning
in HiLo microscopy”, Optics in the Life Sciences Congress, OSA, 2-Page-Paper: BoTu1A.2, San Diego, CA, USA, 02.04.05.04 (2017).
J. W. Czarske, K. Philipp, N. Koukourakis, „Structured illumination 3D microscopy using adaptive lenses and multimode
fibers”, SPIE Digital Optical Technologies, Proceedings pp. [10335-44], Munich, Germany, 26.06. – 28.06.2017 (2017).
K. Philipp, A. Smolarski, N. Koukourakis, A. Fischer, M. Stürmer, U. Wallrabe, and J. W. Czarske, „Volumetric HiLo microscopy employing an electrically tunable lens,“ Opt. Express 24, No 13, 15029 (2016).
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Preproject

Investigations on Brillouin elastography using a pulsed laser for biomedical applications

Staff:

Benedikt Krug, N. Koukourakis, J. Czarske

Aim:

The measurement of the elasticity of cells and tissues plays a major role in the investigation
of pathological processes. Since the first report on non-contact, three-dimensional in-situ
measurements of the elasticity of biological tissue using the spontaneous scattering between
light and sound waves, great attention has been paid to Brillouin microscopy. Spontaneous
Brillouin scattering is used, which allows locally high-resolution measurements but requires
long integration times for each measuring point. The related technique of Impulsive Stimulated Brillouin Spectroscopy (ISBS) allows the measurement of the same tissue properties
with a significantly increased time resolution. Imaging in real-time video resolution is therefore conceivable.
With ISBS, a standing acoustic wave is excited by a pulse laser in the measuring volume. The
superposition of the pulse laser, which is divided into two beams, produces an intensity
striped pattern which generates a force effect via electrostriction and thus the standing
acoustic wave. By this standing wave a second continuous wave laser is reflected and evaluated on a detector. The reflected beam is modulated according to the frequency of the standing wave. The strip spacing d given by the geometry, the frequency of the intensity of the
reflected beam f and the speed of sound in the material v are related as follows: v = 0.5 f d.
Thus, the measured frequency can be used to determine the speed of sound and therefore
the modulus of elasticity of the material. For initial measurements and the characterization
of such a measuring system, measurements on reference liquids such as methanol, ethanol
and water were successfully carried out. Measurements on biological reference samples, e.
g. hydrogels were also accomplished. Brillioun-microscopy based on impulsive stimulation is
particularly promising for scanning imaging but also high-speed measurements such as in the
field of cytometry.

Partner:

BIOTEC, Dresden, Prof. Jochen Guck

Left: Geometry for stimulated Brillouin. Right: Measurement at Methanol.
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Preproject

High-precision measurement of the spindle error with P-LDD sensors and error separation
techniques

Staff:

S. Shi, R. Kuschmierz, J. Czarske

Aim:

Spindles are essential subsystems in various electromechanical systems, like machine tools,
hard disk drives, etc. For a traceable improvement of the spindle precision, a prerequisite is
establishing a metrological foundation. Conventionally, the spindle precision is determined
by measuring the surface position of a rotating high precision reference rod. Unfortunately,
due to the inevitable roundness error of the reference rod, the conventional spindle error
measurements are always subject to a systematic measurement uncertainty. In order to cancel this effect for zero-error measurements, several Error Separation Techniques (EST) have
been proposed and extensively studied, which are capable of recovering the spindle error
and the roundness error from composite probe signals. However, up to now, ESTs have rarely
been applied in industry, because the propagation mechanism of measurement uncertainty
within ESTs has never been reasonably revealed. As a consequence, the uncertainty in the
final measurement the uncertainty propagation. Ultimately, by employing the P-LDD sensor,
EST-based instruments for spindle error measurement will be developed. In theory, the ESTbased instruments are free from systematic error and offer great potential to be the next
generation of instruments for spindle error and roundness error measurements.

Period:

11/2017 – 05/2019
Sensor 3
Sensor 2



Rod

Sensor 1

Spindle
(a) Photo of test apparatus

(b) Three probe method

S. Shi, R. Kuschmierz, J. Czarske, J. Qu, H. Zhang, J. Lin “Investigation of the propagation of measurement uncertainty in
two-step method”, euspen’s 18th International Conference & Exhibition, Venice, IT, June, 2018.
S. Shi, H. Zhang, J. Qu, G. Jin, R. Kuschmierz, Jürgen Czarske, “Measurement uncertainty propagation in spindle error
separation techniques - Investigation by means of stochastic spectral method”, IJMTM, Vol 141, 2019, 36-45
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Preproject

Quantitative phase imaging using partitioned aperture wavefront sensing

Staff:

Wenjie Wang, Katrin Philipp, Nektarios Koukourakis, Jürgen Czarske

Aim:

Quantitative phase imaging (QPI) has become a very important tool in metrology and biomedical applications. Commonly digital holography is applied for QPI. However, as it is an
interferometric technique it requires coherent illumination, an additional reference beam
and the recordable spatial frequencies are strongly limited by the pixel size of the camera.
Shack-Hartmann sensor (SHH) is a non-interferometric alternative, but it suffers of limited
resolution and allows recording only wavefront tilts of small degree.
We apply the partitioned aperture wavefront (PAW) sensing technique to combine the advantages of both approaches, having a technique that records the phase at high spatial resolution, at high wavefront tilts non-interferometrically. PAW uses an array of four off-axis
lenses, which divides a beam of light into four separated intensity images on the camera.
Then, two phase gradients can be obtained from the four intensity images by the PAW algorithm. Finally, the quantitative phase can be calculated by integrating the phase gradients
and inverse Fourier transform.
We use PAW to measure the phase of light transmitting through an adaptive lens with high
speed and high resolution. Driving complex adaptive lenses is often a difficult task. PAW is
perfectly suited to characterize the lens behavior in a closed feedback loop.

Partner:

University of Freiburg, Prof. Ulrike Wallrabe

PAW imaging device in a Köhler illumination (left), the reconstructed phase shift induced by a simulated lens (middle) and the reconstructed phase shift of a fix lens in experiment (right).

W. Wang, K. Philipp, N. Koukourakis and J.W. Czarske, “Characterization of Adaptive Lenses using Partitioned Aperture
Wavefront Imaging”, EOSAM 2018, TOM 6 S04, (2018).
K. Philipp, F. Lemke, M.C. Wappler, U.Wallrabe, N.Koukourakis, J.W. Czarske,“Spherical aberration correction of adaptive lenses,” (2018).
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Preproject Lensless holographic endoscopy with self-calibration
Staff:

E. Scharf, R. Kuschmierz, J. Czarske

Aim:

Flexible endoscopes are used in medicine and industrial applications for minimal invasive imaging. They employ miniaturized optics in the probe tip and a coherent fiber bundle (CFB)
with 10,000 to 100,000 fiber cores for transferring the image outwards. The working principle
and setup result in a pixelated image due to the limited core number as well as a fixed image
plane. Furthermore, the optics in the probe tip limit the minimum diameter of the probe tip
to several millimeters. With the approach of the lensless holographic endoscope, it is possible
to eliminate or greatly improve the disadvantages of pixilation, fixed image plane and limited
minimal diameter. The holographic endoscope does not use the single fibers to transfer single image points out of the sample. They are used to transport light from a laser into the
interior of the sample. Due to the multitude of fibers and the wave character of light, the
lensless probe tip can be regarded as a phased array. Using a Spatial Light Modulator (SLM)
outside of the CFB it is possible to control the phase through each fiber core individually.
While a new calibration is needed after each movement of the CFB, we found a way to calibrate continuously and in-vivo, without access to the probe tip. One single fiber core acts as
a guide star through a semi-reflective plane (see Fig. 1). Such that, the relative phase delays
between neighboring cores are determinable via holography. The SLM is used to compensate
distortions within the CFB and to shape the out coming beam. Thus, it is possible to create a
free-moving focus to scan the object. Like the functionality of a scanning microscope, an image can be assembled from the backscattered light of the individual focus positions. The approach enables setups with sub-millimeter diameters, sub-micron resolution and 3D imaging
capability. In addition to its use as an endoscope, this technology can also be used for laser
surgery, optogenetics and optical tweezers.

Fig. 1 Scheme virtual guide star calibration

Fig. 2 Scan of fluorescent particle with diam. 1 µm

R. Kuschmierz, E. Scharf, N. Koukourakis, and J. Czarske, “Self-calibration of lensless holographic endoscope using programmable guide stars”, Opt. Lett. 43, 2997-3000 (2018).
R. Kuschmierz, E. Scharf, J. Czarske, “Fresnel guide star based self-calibration of holographic multicore-fiber endoscopy”,
Proceeding paper 10886-15, Adaptive Optics and Wavefront Control for Biological Systems V, SPIE Photonics West, 2 –
7 February 2019, San Francisco, USA
E. Scharf, R Kuschmierz, J. Czarske, “Holographic lensless fiber endoscope with needle size using self-calibration”, Technisches Messen, 2019,
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DFG

Novel three dimensional shape measurement technique for fast rotating objects

Staff:

H. Zhang, R. Kuschmierz, J. Czarske

Aim:

The measurement of shape and position of fast rotating workpieces with sub-micron precision enables important advances in process technology, for instance in metal cutting lathes.
The interferometric P-LDD sensor system employs the simultaneous measurement of the lateral surface velocity and the axial surface distance, in order to measure the absolute shape
and position of the rotation axis with keyhole access. The P-LDD sensor system was integrated into a lathe (cooperation with PTB in Braunschweig) and the shape of a workpiece was
measured with a standard deviation of 300 nm at high lateral surface velocities. However,
speckle noise and thermal drifts of the calibration functions currently limit the total measurement uncertainty for this novel system. Camera based signal detection with coherent fiber bundles and novel signal processing algorithms are investigated, in order to overcome
these limitations and miniaturize the sensor. It was shown, that evaluating individual speckles
reduces the total shape uncertainty below 100 nm, enables an in-situ calibration and increases the lateral resolution. Thus, micro-geometric features of free form parts can be resolved additionally to the shape in-situ with submicron uncertainty. A novel in-situ vibration
measurement approach in CNC machines with a single sensor was proposed, which enables
measuring the vibrations in two vertical directions simultaneously.

Period:

08/2016 – 07/2019

Partner:

PTB Braunschweig – Prof. Bosse, WA-TU Dresden – Prof. Ihlenfeldt

P-LDD Sensor measuring shape inside a lathe (left), in-situ vibration measurement inside of a CNC machine (right).

R. Kuschmierz, A. Davids, S. Metschke, F. Löffler, H. Bosse , J. Czarske, A. Fischer “Optical, in situ, three-dimensional,
absolute shape measurements in CNC metal working lathes“, The International Journal of Advanced Manufacturing
Technology, Volume 84, Issue 9, pp 2739-2749 (June 2016).
H. Zhang, R. Kuschmierz, J. Czarske, “Miniaturized interferometric 3-D shape sensor using coherent fiber bundles”,
Optics and Lasers in Engineering, 107, 364-369 (2018).
H. Zhang, R. Kuschmierz, M. Löser, S. Ihlenfeldt, S. Shi, J. Czarske, "Optical tip vibration measurement in CNC milling
machines", euspen’s 19th International Conference & Exhibition, Bilbao, ES, June 2019
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DFG

Tomographic refractive index measurement using Adaptive fiber-optical cell ROTation
(TAROT)

Staff:

E. Scharf, N. Koukourakis, J. Czarske

Aim:

The three-dimensional refractive index (RI) distribution of biological cells contains rich information on the metabolism, health and on intracellular structure. An important biophysical
parameter that can be accessed without invasive cell staining by quantitative phase imaging
(QPI). As QPI techniques are sensitive to integral path-length information the reconstruction
of the three dimensional refractive index requires a multitude of projections under varying
angles to enable 3D reconstruction using tomographic approaches. Changing the illumination
angle via rotation of the specimen bears maximum spatial frequency coverage and is therefore advantageous compared to variation of the illumination angle.
In this project, we aim to realize a versatile adaptive optical platform based on a novel dualbeam trap that enables for the first-time targeted cell-rotation about arbitrary axes in all
spatial dimensions. The unique feature of our dual-beam trap is that light-delivery is accomplished by multi-core fibers (MCF) as key components of the system. Using an in-situ calibration by digital optical phase conjugation allows tailoring any desired light field distribution.
To rotate the cells about the optical axis at least one beam has to have an asymmetric intensity profile to break the trap symmetry. Adaptively rotating this intensity profile results in a
cell-rotation. The full light-field control further enables to induce additional targeted rotation
by misaligning the traps or by illuminating with tailored intensity-gradients, enabling rotation
in three dimensions. Quantitative phase imaging with full cell-rotation about two perpendicular axes will be realizable for the first time.

Partner:

BIOTEC, Dresden, Prof. Jochen Guck

Rotated asymmetric intensity profile.
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DFG

Adaptive scanning particle image velocimetry through complex shaped interfaces with
aberration correction

Staff:

H. Radner, L. Büttner, J. Czarske

Aim:

For high-resolution measurement of flows behind interfaces, Micro Particle Image Velocimetry (µPIV) systems are used. The microscope objective is usually designed to correct the
aberrations of a defined cover glass between the objective and the measurement volume in
a fixed working distance. When the interface is complex shaped and the measurement plane
is varied for scanning through the flow field, the changing aberrations significantly enlarge
the measurement uncertainty.
Our research project approaches the measurement task by a new µPIV system with an additional adaptive optical element for the analysis of the flow in a cylindrical tube. The 17-channel micro-machined deformable-membrane mirror is used to scan the measurement plane
through the tube and to correct the optical distortions generated by the interface of the tube.
For the correction of the distortions a calibration of the voltages applied to the deformable
mirror with a calibration target is developed.
With the experimental data and the simulation expertise of our cooperation partners from
the Helmholtz-Zentrum Dresden-Rossendorf new high-resolution flow phenomena at boundaries behind cylindrical interfaces are investigated.

Partner:

Helmholtz-Zentrum Dresden-Rossendorf, Abteilung Experimentelle Thermofluiddynamik,
Prof. Uwe Hampel

17 channel micromachined deformable mirror
by co. OKOtech

Schematic overview of the new adaptive scanning µPIV system

M. Teich, J. Grottke, H. Radner, L. Büttner, J. W. Czarske “Adaptive particle image velocimetry based on sharpness
metrics”, Journal of the European Optical Society-Rapid Publications (2018).
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DFG

Adaptive laser systems with wave front correction and phase conjugation for fluid flow
measurements compensating refractive index effects

Staff:

H. Radner, N. Koukourakis, L. Büttner, J. Czarske

Aim:

The aim of the project is the investigation of new adaptive measurement system concepts to
compensate for distortions caused by refractive index effects. E.g. in the case of flow measurements in a thin film flow or a droplet on an opaque surface, the fast (up to 200 Hz) fluctuating interface significantly distorts the optical access and increases the measurement uncertainty. Therefore, we aim to develop modern feedback control methods, for example the
Fresnel guide star technique in combination with specialized SoC CPU & FPGA based hardware and a fast deformable mirror to compensate the distortion. This unique SoC approach
splits the low level computational tasks e.g. the evaluation of a Hartmannogramm into the
FPGA and all the high level controlling tasks into the CPU. This enables a high control rate of
up to 1642 Hz, which is well sufficient to suppress the distortion of a fluctuating interface of
a droplet.
The technique enables for the first time turbulence investigation of film flows and the flow
inside of droplets with a free dynamic surface. It is aimed to give a contribution to the improvement of the energy efficiency of procedural sites.

Period:

07/2014 – 07/2019

Partner:

Dr. S. Burgmann, Bergische Universität Wuppertal

PIV image, distorted and corrected by the wavefront correction system

Schematic overview of the in-house developed adaptive optical PIV system

L. Büttner, M. Thümmler, N. Koukourakis, J. Czarske, “Transmission of Structured Light through a Multimode Fiber using Digital Optical Phase Conjugation”, OSA Digital Holography and Three-Dimensional Imaging, Th3A.33, Bordeaux,
France, 19.5.-23.5.2019
H. Radner, L. Büttner and J. Czarske, "Interferometric velocity measurements through a fluctuating interface using a
Fresnel guide star based wavefront correction system", Optical Engineering, 2018.
N. Koukourakis, B. Fregin, J. König, L. Büttner, J. Czarske “Wavefront shaping for imaging based flow field measurements through distortions using a Fresnel guide star”, Opt. Express 24(19), 22074-22087 (2016).
M. Teich, M. Mattern, J. Sturm, L. Büttner, J. W. Czarske “Spiral phase mask shadow-imaging for 3D-measurement of
flow fields”, Opt. Express 24(24), 27371-27381 (2016).
H. Radner, L. Büttner, J. Czarske “Flow measurements through fluctuating interfaces with dynamic wavefront correction” ISPIV, Session 1.2.B, #61, July 21st- July 24th, Munich, 2019
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DFG

Physical Layer Security of Multimode Optical Fiber Transmission Systems

Staff:

S. Rothe, H. Radner, N. Koukourakis, J. Czarske

Aim:

Optical networks are the backbone of our information and communication society. The data
traffic includes not only user data but also mission critical communication services, which are
sensitive to eavesdropping and jamming attacks. This project studies the fundamental limits
of physical layer security for data transmission through optical multimode fibers (MMF). In
contrast to cryptographic security whose security is derived from the computational complexity of a cryptographic algorithm, in our project we are looking at the information theoretic security of the system, which guarantees secrecy regardless of the computation power
available at the eavesdropper. Hence, this project concentrates on the fundamental limits of
the secure goodput of MMFs between two legitimate nodes.
Experiments will be conducted at the Chair of Measurement and Sensor System Technique
(MST) to determine the relationship between input and output modes of the MMF, i.e. the
transmission matrix, to obtain reliable channel information, which will help the Communications Theory Chair (TNT) setting up and optimizing channel models, with the aim to maximize
the confidelity of communication and prohibit that the eavesdropper gains any valuable
knowledge of the transmitted data. To prohibit that the eavesdropper gains any information
of the channels during calibration, a public key method will be initially used. Finally, a demonstration of the feasibility of physical layer security using MIMO-SDM will be conducted.

Period:

08/2018 – 08/2021

Partner:

Technische Universität Braunschweig, Institute for Communications Technology (IfN), Prof.
E. Jorswieck, M. Sc. A. Lonnstrom

Optical network. In this project together with our partner, the physical layer security for a single MMF connection between two
network nodes is investigated.

S. Rothe, H. Radner, N. Koukourakis, J. Czarske, “Transmission matrix measurement of multimode optical fibers by
mode-selective excitation using one spatial light modulator”, Issue on Liquid Crystal on Silicon Devices: Modeling and
Advanced Spatial Light Modulation Applications; Applied Sciences, 9(1), 195, 2019;
S. Rothe, N. Koukourakis, H. Radner, A. Lonnstrom, E. Jorswieck, J. Czarske, "Physical Layer Security in Multimode Fiber Optical Networks." arXiv preprint arXiv:1909.08535 (2019).
J. Czarske, D. Haufe, N. Koukourakis, L. Büttner “Transmission of independent signals through a multimode fiber using
digital optical phase conjugation”, Opt. Express 24(13), 15128-15136 (2016).
D. Haufe, N. Koukourakis, L. Büttner, J. Czarske, “Transmission of multiple signals through an optical fiber using wavefront shaping”, Journal of Visualized Experiments, e55407, doi:10.3791/55407, (2017)
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DFG

Aberration correction for real-time measurements in adaptive confocal microscope

Staff:

M. Sc. K. Philipp, Dr. N. Koukourakis, Prof. J. Czarske

Aim:

Microscopic techniques with high spatial and temporal resolution are required for measuring
biological cells and tissues. Confocal microscopy is an established technique, which is based
on a pinhole detection that introduces optical sectioning abilities. The usage of microscope
objectives with high numerical aperture allows achieving high spatial resolution, but simultaneously increases the impact of systematic aberrations. These aberrations add to sample induced aberrations and limit the achievable resolution of a confocal microscope. Aberrations
can be addressed by using adaptive optical elements. Furthermore adaptive elements allow
for fast scanning. In the preparatory work we successfully verified, that two adaptive lenses,
one in the illumination and the second in the detection path, allow for the first time, to create
axial scans with homogeneous axial resolution over the whole depth-range. The aim of the
proposal is to create a fully-adaptive confocal microscope, which enables both fast scanning
and high spatial resolution due to aberration correction. For this purpose novel adaptive
lenses with integrated aberration correction will be developed and used to create the axial
scanning. These lenses enable to compensate for both symmetric (spherical, defocus) und
asymmetric (astigmatism, coma)-aberrations our confocal microscope. Integrated pressure
sensors allow controlling the focal length of the adaptive lens. For lateral scanning adaptive
prisms are used, which promise to create fast lateral scans with less aberrations and compact
setup. Using the novel adaptive devices opens up the possibility to miniaturize the confocal
setup and to create a compact and hand-held microscope. As a first test paradigm, the new
confocal microscope will be used to identify thyroid gland disruptors in Zebrafish embryos.

Period:

03/2015 – 02/2018

Partner:

Universität Freiburg, Prof. Wallrabe; UFZ Leibzig, Dr. Stefan Scholz

Fluoreszenzaufnahmen der Schilddrüse von transgenen Zebrabärblingsembryonen ohne (a) und mit (b) Korrektur sphärischer Aberrationen. Aufnahme des gesamten Embryos, Dimensionen sind ca (1.5x5) mm2 (c). Intensitätsprofile entlang spezifischer Zeilen (d). Die Aufnahmen erfolgten 110
Stunden nach der Befruchtung.

K. Philipp, A. Smolarski, N. Koukourakis, A. Fischer, M. Stürmer, U. Wallrabe, J. Czarske “Volumetric HiLo microscopy
employing an electrically tunable lens”, Opt. Express 24(13), 15029-15041 (2016).
Philipp, Katrin, Florian Lemke, Stefan Scholz, Ulrike Wallrabe, Matthias C. Wapler, Nektarios Koukourakis, and Jürgen
W. Czarske. "Diffraction-limited axial scanning in thick biological tissue employing an aberration correcting adaptive
lens." arXiv preprint arXiv:1811.11457 (2018).
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DFG

Laser System for Optogenetic Stimulation for the Subcellular Investigation of neural Networks

Staff:

F. Schmieder, L. Büttner, J. Czarske

Aim:

The young research field of optogenetics focuses on the highly specific investigation and control of cell characteristics like signaling. Cells, e.g. neurons, are genetically altered to express
light-gated ion channels in the cell membrane, which allow for the control of the cell´s electrical activity by optical means. This offers the opportunity for experiments with higher spatial resolution and specificity compared to electrical stimulation, which is most commonly
used. As of today, many experiments on larger samples such as neural networks in vivo often
lose this spatial specificity by simply illuminating the whole cell culture. In cooperation with
the Busskamp Group of TU Dresden, new experiments on induced human stem-cell-derived
(iPSC) neural networks are conducted in this recent project using holographically shaped illumination.
One of the aims of this project is to analyze the time-dependent structure and plasticity of
said neural networks by simultaneously exciting and inhibiting multiple cells at different locations. Long-term experiments spanning 110 days post induction employing excitation only
in planar random networks were already conducted, and are currently under evaluation.
They will be followed by similar studies in structured networks with defined pre- and postsynaptic neurons. Further experiments will aim at targeted subcellular stimulation and inhibition
of single neurons processes, e.g. to elucidate the signal summation and to create an “excitation map”.

Period:

07/2018 – 08/2021

Partner:

Center for Regenerative Therapies Dresden, Dr. R. Habibey, Dr. V. Busskamp

Left: Schematic of holographic illumination setup for single cell stimulation. Middle: Fluorescence image of human iPSC-derived neurons expressing wild-type Channelrhodopsin2-EYFP cultured in a 60 electrodes micro electrode array. Right: User Interfaced programmed in MATLAB unifying most experiment steps like selection of neurons, calibration and determination of stimulation pattern
paramters.

F. Schmieder, S. D. Klapper, N. Koukourakis, V. Busskamp, J. Czarske, "Optogenetic Stimulation of Human Neural Networks Using Fast Ferroelectric Spatial Light Modulator-Based Holographic Illumination", Applied Sciences 8, Special Issue Applications of Digital Holographic Microscopy, 2018
F. Schmieder, R. Habibey, L. Büttner, J. Czarske, V. Busskamp, „Optogenetic investigation of in vitro human iPSC-derived
neuronal networks,” Proceeding Paper 10866-19, Optogenetics and Optical Manipulation 2019, SPIE Photonics West, 2
– 7 February 2019, San Francisco, USA
F. Schmieder, L. Büttner, J.W. Czarske, S.D. Klapper, V. Busskamp „ Analysis of connectivity of in vitro human iPSC-derived neuronal networks using holographic illumination”, SPIE Photonics Europe, 22.-26.04.2018, Strasbourg, France
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DFG

Full-Field Laser Vibrometry for Combustion Diagnostics

Staff:

J. Gürtler, R. Kuschmierz, J. Czarske

Aim:

Full-field measurements of transient flow behavior in harsh environments are a demanding
task in industrial development, e.g. regarding the reduction of pollutant and sound emissions
of jet engines by means of lean combustion. This lean combustion behavior is achieved by
using swirl-stabilized flames. Such processes can exhibit instabilities based on flame oscillations due to thermo-acoustic fluctuations of pressure and heat release rate, which potentially
result in failure of the device. Therefore, the task of this project is the characterization of the
combustion by non-invasive measurements of the heat release rate inside the flame and the
flow velocity at the combustor outlet.
Simultaneous, seedingless, optical measurements of these quantities can be achieved using
multiple laser vibrometers and signal correlation. The measurement is based on the linear
relation between the heat release rate and the change of the refractive index, which can be
detected integral along the laser beam. Using multiple laser vibrometers it is furthermore
possible to measure the flow velocity due to the phase delay between two vibrometer signals
and the known distance between the measurement positions. However, simultaneous field
measurements have to be accomplished in order to detect the transient spatio-temporal flow
behavior of the combustion and to enable tomographic reconstruction of the instable process. In order to overcome these limitations, a high-speed camera-based laser vibrometer
(CLIV) is designed for non-invasive seedingless measurements of the flow velocity and heat
release rate inside premixed flames. The system offers high data rates up to 2.5 GHz.

Period:

02/2016 – 01/2019

Partner:

TU Graz, Prof. Woisetschläger

Swirl-Stabilized Flame

Spatially resolved heat re lease rate
measured in a swirl-stabilized flame

J. Gürtler, A. Ramos, J. Woisetschläger, R. Kuschmierz, F. Greiffenhagen J. Czarske, “Simultaneous measurements of
velocity and density of transient flows using high-speed camera technique”, SPIE Photonics Europe, 22.-26.04.2018,
Strasbourg, France
F. Greiffenhagen, J. Woisetschläger, J. Gürtler, H. Scholz, R. Kuschmierz, J. Czarske, „Comparison of flame transfer
functions measured with locally resolved full-field-vibrometry and OH*-chemiluminescence”, ASME Turbo Expo 2018:
Turbine Technical Conference and Exposition, 11.06.-15.06.2018, Lillestrøm, Norway F.
Greiffenhagen, J. Peterleithner, J. Woisetschläger, A. Fischer, J. Gürtler, J. Czarske, „Discussion of laser interferometric
vibrometry for the determination of heat release fluctuations in an unconfined swirl-stabilized flame“; Combustion
and Flame, 201, 315-327, 2019
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DFG

Monochromatic flow profile sensor with time division multiplexing and calibration models for fluids

Staff:

F. Bürkle, F. Schmieder, L. Büttner, J. Czarske

Aim:

The aim of highly spatially resolved flow profile measurements even at large working distances can be achieved by means of the laser Doppler velocity (LDV) profile sensor, whose
properties have been investigated within a research project funded by German Research
Foundation. The sensor is based on the utilization of two superposed interference fringe systems distorted by defined wavefront curvature. Using a two-channel measurement, which so
far has been generated by means of two laser wavelengths, the position of particles carried
with the flow can be determined with micrometer spatial resolution. Measurements in the
proximity of walls can be performed using fluorescent scattering particles, however, a sensor
employing only one laser wavelength is necessary to this end. Hence, a monochromatic profile sensor based on time division multiplexing is to be investigated and realized until a demonstrator within this transfer project.
Beside measurements in wall proximity, one key aspect of this project will be the development of a model for sensor calibration. Since the geometries of the interfe-rence fringe systems depends on the refractive index of the surrounding medium, any change of the working
fluid would demand a new calibration. Especially in liquids, a calibration based on rotating
velocity references is impractical, so that a deep penetration of the market cannot be expected. This problem will be solved by developing a calibration model.

Period:

01/2017 – 06/2021
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LDV with Nd:YAG-Laser of the ILA R&D GmbH and measured Blasius-profile (dots) as laminar solution of the NavierStokes-equations for a semi-infinite plate compared to theory (solid line) in arbitrary units.

K. Shirai, L. Büttner, J. Czarske, „Development of a New Calibration Method for Laser Velocimetry toward Establishing
Traceability in Flow Measurements”, The Review of Laser Engineering 42(5):404-411, 2014
M. Bermuske, L. Büttner, J. Czarske, S. Heitkam “Phasenaufgelöste Strömungsgeschwindigkeitsprofilmessungen in
Grenzschichten an ansteigenden Luftblasen”, GALA Fachtagung “Experimentelle Strömungsmechanik”, Karlsruhe, Germany, 05.09 – 07.09.2017
A. E. Ramos Ruiz, C. Schober, F. Schmieder, F. Moyon, L. Feierabend, M. Dues, J. W. Czarske, L. Büttner „Hochaufgelöste
Strömungsmessungen in den Mikrokanälen einer Brennstoffzelle mittels Zeitmultiplex-Laser-Doppler-Geschwindigkeitsprofilsensor“, 26. GALA-Fachtagung “Experimentelle Strömungs-mechanik”, S. 17.1–17.8, 4. – 6.09.2018, Rostock
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DFG

Investigation of damaged fibre-reinforced high speed rotors using in-situ measurement
systems

Staff:

J. Lich, R. Kuschmierz, J. Czarske

Aim:

In contrast to classical monolithic materials, fibre-reinforced composites offer excellent properties such as very high specific strength and stiffness as well as high freedom of design due
to their anisotropy and gradual damage behaviour. Therefore, they are predestined for new
high-performance rotors, for example in turbomachinery or centrifuges. Currently, problemoriented design tools for the reliable prediction on durability, reliability and energy efficiency
of the rotor are still lacking, however. The aim of the project is to find the fundamental relationship between damage state and dynamic behaviour of fast rotating fibre-reinforced rotors. This requires the development of novel measurement systems that allow the simultaneous and in-situ measurement of damage state and dynamic behaviour. For this purpose
our unique Multipoint-Laser-Doppler-Distance measurement system is to be extended to allow for a simultaneous measurement of the global, damage-induced expansion of the rotor
and the Eigen frequencies during rotation at our partner “Institut für Leichtbau und Kunstofftechnik”. Furthermore, measurement techniques for the volumetric measurement of local deformations and damages will be qualified and applied for the first time at fast rotating
structures together with our partner “Klinisches Sensoring und Monitoring”.

Period:

08/2016 – 07/2019

Partner:

Institut für Leichtbau und Kunstofftechnik - TU Dresden, Prof. Gude
Arbeitsgruppe Klinisches Sensoring und Monitoring – TU Dresden, Prof. Koch

.
LDD Sensor measuring the in-plane FRP rotor deformation
at 300 m/s with submicron uncertainty (left). OCT images of
internal FRP rotor structure, showing delamination (b) and cracks (e) (right) due to overload.
K. Philipp, A. Filippatos, R. Kuschmierz, A. Langkamp, M. Gude, A. Fischer, J. Czarske, “Multi-sensor system for in situ
shape monitoring and damage identification of high-speed composite rotors”, Mechanical Systems and Signal Processing, Volumes 76–77, August 2016, Pages 187-200
M. Gude, A. Filippatos, A. Langkamp, W. Hufenbach, R. Kuschmierz, A. Fischer, J. Czarske, “Model assessment of a
composite mock-up bladed rotor based on its vibration response and radial expansion”, Composite Structures
124:394-401, 2015.
K. Philipp, N. Koukourakis, R. Kuschmierz, C. Leithold, A. Fischer, J. Czarske, “Optical dynamic deformation measurements at translucent materials”, Optics Letters 40(3):514 - 517, 2015, (DOI: 10.1364/OL.40.000514)
R. Kuschmierz, A. Filippatos, P. Günther, A. Langkamp, W. Hufenbach, J. Czarske, A. Fischer , “In-process, non-destructive, dynamic testing of high-speed polymer composite rotors”, Mechanical Systems and Signal Processing 54–55:325335, 2015.
Julian Lich, Tino Wollmann, Angelos Filippatos, Maik Gude, Jürgen Czarske, Robert Kuschmierz, “Diffraction-grating
based in situ displacement, tilt and strain measurements on high-speed composite rotors”, Applied Optics, 58(29),
8021-8030, (2019)
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DFG

Laser based tomographic measurement of the local acoustic impedance of overflowed
liners (TOMLIM)

Staff:

J. Gürtler, R. Kuschmierz, J. Czarske

Aim:

The increasing growth of air traffic demands highly efficient noise reduction measures especially addressing the noise emitted from aero-engines. Common applications for noise attenuation are acoustically lined surfaces, called liner, placed along the flow pass in the engine
nacelle. Liners consist basically of perforated walls with a cavity structure behind. Up to now
the design of these liners for an optimal performance under flow conditions is based on heuristic and empirical methods due to the lack of sufficiently describing, fully analytical models.
In previous projects it was shown that under certain circumstances lined surfaces can even
contribute to noise generation instead of attenuation. This demonstrates the need for improved liner model descriptions which allows a liner design optimization with robust prediction ability.
A key quantity in describing the liner performance is the acoustic impedance, the ratio of the
pressure fluctuations to the wall-normal velocity fluctuation of the sound field. In order to
understand those complex flow phenomena a novel non-intrusive impedance measurement
technique with high spatio-temporal resolution is needed. Therefore, a combination of tomographic acoustic pressure measurements and Doppler Global Velocimetry based acoustic
particle velocity measurements, will be developed, validated and applied on liner setups under realistic grazing flow conditions. The optical setups as well as the post-processing algorithms need to be developed to facilitate the application with limited optical access to the
liner section in a flow duct test rig at the DLR in Berlin.

Period:

11/2018 – 10/2021

Partner:

TU Berlin, Prof. L. Enghardt; DLR Berlin, Dr.-Ing. F. Bake

D. Haufe, J. Gürtler, A. Schulz, F. Bake, L. Enghardt and J. Czarske, “Aeroacoustic analysis using natural Helmholtz–
Hodge decomposition”, J. Sens. Sens. Syst., 7, 113-122, https://doi.org/10.5194/jsss-7-113-2018, 2018.
A. Ramos Ruiz, J. Gürtler, R. Kuschmierz, J. Czarske, “Non-invasive measurement of the local sound pressure using
high-speed holography”, tm - Technisches Messen, 85(s1), pp. s2-s6, doi:10.1515/teme-2018-0028, 2018.
A. Ramos Ruiz, J. Gürtler, R. Kuschmierz, and J. Czarske, “Measurement of the local sound pressure on a Bias-flow liner
using high-speed holography and tomographic reconstruction”, IEEE Access (2019)
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DFG

Ultrasound measurements through multimode-waveguide based on time reversal for im
aging in hot metallic melts

Staff:

C. Kupsch, R. Nauber, J. Czarske

Aim:

In industrial processes, such as continuous steel casting, the quality of the end pro-ducts depends on the melt flow and structure. Therefore, in situ imaging of opaque melts under harsh
conditions is important. Conventional ultrasound measurement systems, which are usually
suitable for imaging in opaque fluids, cannot be operated at temperatures beyond Curie temperature of the ultrasound transducer.
An approach is to use a multimode waveguide as a temperature gradient, which spatially
separates the sensor from the hot measurement fluid. To overcome the complex ultrasound
propagation through the waveguide the time reversal method is used. The time invariance
of the wave equation in an unknown, linear and nearly lossless medium allows spatiotemporal refocusing to the initial point. However, the planar imaging would require costly in situ
calibration, because each point of interest need to be calibrated with a beacon.
A reduced, non-invasive, ex situ calibration can be achieved by applying the time reversal
virtual array method. Therefore only a limited set of precalibrated points at the waveguidemeasurement volume interface are needed, which form the virtual array. The virtual array
can be conceptually treated as a phased-array for the imaging behind the waveguide. This
allows the application of conventional signal processing strategies, such as transmit and receive beamforming to increase the resolution of an image and ultrasound Doppler velocimetry for flow estimations.

Partner:

Helmholtz-Zentrum Dresden-Rossendorf, Dr. Eckert

Principle of time reversal virtual array method for reduced, ex situ calibration (green stars to calibrate)
compared to classical time reversal imaging (yellow starts to calibrate).

M. Kalibatas, R. Nauber, C. Kupsch, J. Czarske, “Flow Field Imaging with Ultrasonic Guided Waves for Exploring Metallic
Melts,” IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, no. 99, DOI:
10.1109/TUFFC.2017.2771525, 2017.
R. Nauber, C. Kupsch, J. Czarske, „Modern Ultrasound Flow Metrology using Time Reversal Virtual Arrays“, invited by
Erdal Oruklu, IEEE Int. Ultr. Symp. (IUS): Sensors, NDE and Industrial Application, 06-09 October 2019, Glasgow, UK,
Invited Talk
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DFG

Ultrasound instrumentation with adaptive beam shape for investigating turbulent liquid
metal flows

Staff:

D. Weik, R. Nauber, L. Büttner, J. Czarske

Aim:

Investigating magnetically influenced flows in liquid metals and semiconductors is increasingly important for optimizing industrial processes as steel casting and photovoltaic silicon
production. Especially the characterization of turbulent flows is highly relevant in that context. Turbulent flow behaviour can be described by two-point correlation functions, which
are determined by measuring the velocity at two locations at the same time with a high spatial resolution for varying distances of those two points. At the moment no available flow
instrumentation for liquid metals provides this measurement modality.
We developed a modular ultrasound research platform [1] to perform measurements using
the ultrasound phased array principle. This allows a simultaneous velocity measurement at
two different locations with high spatial resolution and enables the measurement of turbulence characteristics in liquid metal flows. This measurement system will be applied to a convection experiment (Rayleigh-Bénard convection) to answer fundamental question on the
occurrence and onset of turbulent flow regimes. To investigate these transient and instationary flows, new signal processing techniques will be applied in this research project. Compressed sensing is used to decrease the measurement data rate and to increase the measurement time and temporal resolution. A coherence weighted beamformer and correlation
based velocity estimation will be used to increase the spatial resolution.

Period:

10/2018 – 9/2021

Partner:

Helmholtz-Zentrum Dresden-Rossendorf, Dr. Eckert

Application of two independent sound fields to measure the two-point correlation in a flow. a) spatial f-correlation, b) spatial gcorrelation, c) temporal correlation

Mäder, K., Nauber, R., Galindo, V., Beyer, H., Büttner, L., Eckert, S., & Czarske, J. (2017). Phased array ultrasound system
for planar flow mapping in liquid metals. IEEE transactions on ultrasonics, ferroelectrics, and frequency control, 64(9),
1327-1335.
D. Weik, C. Kupsch, R. Nauber, L. Büttner, and J. Czarske, “Uncertainty comparison of velocity estimators for ultrasound flow imaging in narrow channels,” AHMT Symposium 2019, tm-Technisches Messen, vol. 86, no. s1, pp. 7–11

36

AiF

Ultrasound and simulation for highly laden particle suspensions on the example of Znslurry batteries

Staff:

C. Kupsch, R. Nauber, L. Büttner, J. Czarske

Aim:

Particle suspensions appear in many technical processes, e.g. as suspension electrode in zincair flow batteries or as raw materials as well as products in the food industry. Knowledge of
the complex multiphase flow phenomena raises possibilities of optimization and increased
efficiency of these technical processes.
In this research project, a new ultrasound measurement technique is developed, characterized and applied to measure the suspension flow inside of an operational zinc-air flow battery. The main flow channel of the battery has a height of 4 mm. Hence a high spatial resolution is required for the flow measurement, which is normally done by applying high ultrasound frequency. This is not possible for this fluid, since the scattering and attenuation of
ultrasound at the zinc particles increase drastically with frequency.
To achieve a sufficient resolution at a low ultrasound frequency, non-linear ultrasound imaging and super-resolution techniques are combined and particle tracking velocimetry is applied. As a result super-resolved flow measurements in an operational zinc-air flow battery
were performed and compared to the electrical performance of the flow battery for different
rheological properties and compositions of the suspension as well as working points in terms
of flow rate and fluidic cell design. This allows optimizing the performance of the zinc-air flow
battery.

Period:

04/2016 – 04/2019

Partner:

Zentrum für Brennstoffzellentechnik GmbH (ZBT)

Explosion view of a zinc-air flow battery. The electrical performance of the cell depends on the local flow conditions in the anodic
flow channel (flow field) of the battery. Optimizing the flow, which requires knowledge of the flow, results in an improved
performance of the battery.

C. Kupsch, D. Weik, L. Feierabend, R. Nauber, L. Büttner, J. Czarske, "Vector Flow Imaging of a Highly Laden Suspension
in a Zinc-Air Flow Battery Model," in IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 66,
no. 4, pp. 761-771, April 2019
Christian Kupsch, Lukas Feierabend, Richard Nauber, Lars Büttner, Jürgen Czarske,
“Flow investigation of complex suspension electrodes for battery applications using ultrasound imaging velocimetry”,
Experimental Thermal and Fluid Science, Volume 109, 2019, 109886, ISSN 0894-1777,
https://doi.org/10.1016/j.expthermflusci.2019.109886.
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AiF

Development of a flow-optimized HT-PEM fuel cell stack using a novel high-resolution
flow sensor and efficient simulation schemes

Staff:

F. Bürkle, F. Schmieder, L. Büttner, J. Czarske

Aim:

Due to positive characteristics like slow degradation, higher efficiency and better handling,
high-temperature polymer electrolyte membrane (HT-PEM) fuel cells are already established
in many areas as back-up systems, remote power supply or combined heat-and-power systems. The coupling of several fuel cells for higher voltages still poses a challenge, as it introduces flow distribution inequalities, which lead to significantly lower overall efficiency. Compensating this inequality is a complicated task, as the state of the flow is generally unknown
and hard to measure. Based on a previous cooperation (project 407 ZBG), this project addresses several issues of HT-PEM fuel cell stacks.
A novel flow sensor based on the Laser Doppler Flow Profile Sensor has been set up. It uses
an electro-optical modulator for time-division multiplexing in the 10 MHz range to enable the
investigation of near-wall flows in confined spaces < 1 mm with high spatial resolution using
fluorescing particles. Measurements in a fuel cell stack model were conducted to determine
the volume flow distribution. Within our measurements we achieved relative velocity uncertainties of <0.3 % important to resolve the low deviations between the channels of the stack.
A second measurement was performed after putting an inset into the inlet manifold to reduce the flow maldistribution. The global volume flow deviation was reduced from 10 %
down to 4 %. This result shows that the volume flow can be enhanced by controlling the
channel inlet sizes which results in a higher fuel cell stack efficiency.

Manifold-inlet improving the volume flow distribution
Enhanced Volume flow distribution

Period:

12/2016 – 11/2019

Partner:

Lukas Feierabend, Zentrum für Brennstoffzellentechnik ZBT, Duisburg

F. Bürkle, F. Moyon, L. Feierabend, J. Wartmann, A. Heinzel, J. Czarske, L. Büttner, “Investigation and Equalisation of
the Flow Distribution in a Fuel Cell Stack”, accepted for publication in Journal of Power Sources, 2019
F. Bürkle, F. Moyon, L. Feierabend, M. Dues, J. Czarske, L. Büttner „Strömungsverteilungsmessungen an einer Brennstoffzelle mit einem hochauflösenden Zeitmultiplex-Laser-Doppler-Profilsensor“, 27. GALA-Fachtagung “Experimentelle Strömungsmechanik”, S. 47.1–47.8, 3. – 5.09.2019, Erlangen
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GRADUATE THESES

Katrin Philipp
“Investigation of aberration correction and axial scanning in microscopy employing adaptive
lenses”
Abstract:
Adaptive lenses allow for compact, fast and inertia-free axial scanning and therefore are increasingly employed in numerous microscopic techniques, such as confocal microscopy, two-photon microscopy, structured illumination microscopy and
light sheet microscopy. However, these complex optical systems can only be dimensioned for one specific focal length of the tunable lens. When the lens is used
for axial scanning, not only the focus position is axially moved, but additional aberrations are induced leading to a deteriorating spatial resolution due to focal spot
broadening. The placement of the tunable lens into the optical system in a nonimaging way, which is often done either by geometrical constraints or to increase
the axial tuning range, magnifies this effect even further. In the scope of this thesis,
methods to model, minimize and actively compensate these induced aberrations were investigated with a focus on confocal
microscopy. As an example of a camera-based
microscope, additionally a novel hybrid illumination microscope
employing a tunable lens for fast volumetric measurements was
developed and characterized. In a confocal microscope, the use
of a second tunable lens in the detection path to compensate
aberrations due to the non-imaging placement of the tunable
lens for axial scanning of the focus is discussed. To demonstrate
the procedure in biological specimens, the bi-actuator lens was
used for spherical aberration correction at measurements of
zebrafish embryos with reporter-gene-driven fluorescence in
the thyroid gland resulting in increased contrast and enhanced fluorescence signal. Due to the improved
optical sectioning, substructures of the thyroid follicles were observable, which were not visible without the
spherical aberration correction.While the presented methods for aberration correction employing the biactuator adaptive lens were realized at the example of a confocal microscope, they can be employed in several microscopic techniques. In particular, point-scanning techniques such as twophoton and Brillouin microscopy are expected to benefit from this approach. Spherical aberration correction employing the bi-actuator adaptive lens promises to bridge a gap in the currently available adaptive optics toolset.

Date of defense: 09.08.2019
Chairman:
Prof. Dr.-Ing. K. Jamshidi
Examiner of Rigorosum:
Prof. J. Czarske, TU Dresden
Prof. H. Lakner, TU Dresden
Referee of Disputation:
Prof. J. Czarske, TU Dresden
Prof. Dr.rer.nat. habil. M. Hofmann
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Hao Zhang
"Laser Interference Sensor for 4D Shape and Vibration Measurement with Camera Based Uncertainty Reduction"
Abstract:

Absolute shape and vibration measurements of rotating workpieces
and cutting tools in CNC machines are significant for machine operation
optimizations and thereby for improving the machining accuracy. Simultaneous position and velocity measurements enable absolute 3D
shape measurements of fast rotating workpieces for instance for monitoring the cutting process in a lathe. Laser Doppler distance sensors
(PLDDS) enable simultaneous position and velocity measurements with
a single sensor head by evaluating the scattered light signals. However,
superposed speckle signals, temperature drifts or mechanical scanning
result in an increased velocity, distance and shape uncertainty.
To overcome above drawbacks, in this work a novel camera based PLDDS is realized. It can separate the speckle
signals for the Doppler frequency and distance evaluations to reduce the speckle noise. A fringe spacing calibration method that can be conducted in-situ is realized to
eliminate the fringe spacing uncertainty resulting from
temperature drifts. Coherent fiber bundles were employed for the first time to forward the scattered light towards the cameras. This removes the cameras from the
sensor head and therefore enables a compact and passive
sensor head with keyhole access. Furthermore, the flexible applications of 4D shape measurement without sensor scanning and bi-directional tool tip vibration measurements with only one sensor head were achieved which can be used for the machine
operation optimization in the industry.
Date of defense: 27.11.2019
Chairman:
Prof. K. Wolter, TU Dresden
Examiner of Rigorosum:
Prof. J. Czarske, TU Dresden
Prof. H. Lakner, TU Dresden
Referee of Disputation:
Prof. J. Czarske, TU Dresden
Prof. P. Lehmann, Universität Kassel
Prof. H. Lakner, TU Dresden
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Diploma and Master Theses – Diplom- und Masterarbeiten


Robert Weiß
Entwicklung eines bildgebenden Messsystems mit Aberrationskorrektur für die Untersuchung von Taylorblasen, März 2019



Patricia Schröder-Brosche
Dreidimensionale Strömungsmessung im Wassertropfen unter Verwendung eines adaptiven Flächenlichtmodulators zur Generierung spiralförmiger Wellenfronten,
März 2019



Leon Stärker
FPGA-basiere Wellenfrontregelung mit adaptiver Optik für die Aberrationskorrektur einer
fluktuierenden Tropfenoberfläche, März 2019



Martin Thümmler
Untersuchung der Lichtmusterübertragung durch Multimode-Wellenleiter mittels digitaler
optischer Phasenkonjugation, März 2019



Friedrich Stolba
Entwicklung eines optischen Messplatzes zur präzisen und hochdynamischen Bestimmung
des zweidimensionalen Kippwinkels von 2D-Mikrospiegeln als Referenzmesssystem einer
Echtzeitregelung, Juli 2019



Franz Grabbert
Charakterisierung und Anwendung von Ultraschall Particle Tracking zur Strömungsbildgebung in Suspensionen und flüssigen Metallen, Juni 2019



Mario Jansky
Untersuchungen zur Temperaturmessung mittels lumineszenter Partikel mit einem LaserDoppler-Profilsensor, Juli 2019



Johannes Stange
Untersuchung einer adaptiv-optischen Korrektur von Grenzflächenstörungen in der Strömungsmesstechnik, Oktober 2019

Bachelor Theses – Studienarbeiten


Tilo Stock
Robuste Ultraschallstrukturbildgebung durch einen Multimode-Wellenleiter mittels Deep
Learning, März 2019



Thomas Roßberg
Prädiktion des Übertragungsverhaltens akustischer Multimode-Wellenleiter mittels Deep
Learning, Juni 2019



Dennis Pohl
Entwicklung eines Deep Learning Netzes zur intensitätsbasierten Auswertung eines komplexwertigen Lichtfeldes, Oktober 2019
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Qian Zhang
Entwicklung eines Deep Learning Netzes zur Bildrekonstruktion bei einer
Multimodefaser, Oktober 2019



Tom Glosemeyer
Untersuchung zu adaptiv mit einem Flächenlichtmodulator generierten Spiralphasenmasken für die dreidimensionale Strömungsmesstechnik, August 2019



Matthias Herold
Nichtinvasive Messung turbulenter Dichteschwankungen mittels kameraba-sierter Hochgeschwindigkeits-Holographie, Oktober 2019



Clemens Matthias Bilsing
Entwurf und Erprobung einer Vor- und Nachkompensation von optischen Störungen an
stark gekrümmten Grenzflächen, August 2019



Jakob Dremel
Charakterisierung verschiedener Faserbündel für die Anwendung in einem optischen Zellrotator, Oktober 2019



Ludwig Schaller
Charakterisierung einer hochintegrierten Ultraschallansteuerungselektronik,
November 2019

Studien- und Diplomarbeiten
20
18
16
14

12
10
8

SA Bachelor Thesis
DA Master Thesis

6
4
2
0

Total 15 years: 92 SA (Bachelor Theses), 85 DA (Master Theses)

42

PUBLICATIONS AND TALKS
Publications and talks 2019
SCI-Publications in journals with peer review process
E. Scharf, R Kuschmierz, J. Czarske, “Holographic lensless fiber endoscope with needle size using selfcalibration”, Technisches Messen, 2019, DOI: https://doi.org/10.1515/teme-2018-0087
J. Lich, T. Wollmann, A. Filippatos, M. Gude, R. Kuschmierz, J. Czarske, „Optical strain measurements on fast
moving fiber reinforced polymer rotors using diffraction gratings“, Technisches Messen, 2019, DOI:
https://doi.org/10.1515/teme-2019-0010
S. Rothe, H. Radner, N. Koukourakis, J. Czarske, “Transmission matrix measurement of multimode optical
fibers by mode-selective excitation using one spatial light modulator”, Issue on Liquid Crystal on Silicon
Devices: Modeling and Advanced Spatial Light Modulation Applications; Applied Sciences, 9(1), 195, 2019;
https://doi.org/10.3390/app9010195
C. Kupsch, D. Weik, L. Feierabend, R. Nauber, L. Büttner, J. Czarske, "Vector Flow Imaging of a Highly Laden
Suspension in a Zinc-Air Flow Battery Model," in IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control, vol. 66, no. 4, pp. 761-771, April 2019
F. Greiffenhagen, J. Peterleithner, J. Woisetschläger, A. Fischer, J. Gürtler, J. Czarske, „Discussion of laser
interferometric vibrometry for the determination of heat release fluctuations in an unconfined swirlstabilized flame“; Combustion and Flame, 201, 315-327, 2019
K. Philipp, J. Czarske, "Axial scanning employing tunable lenses: Fourier optics based system design," OSA
Continuum 2, 1318-1327 (2019)
F. Lemke, Y. Frey, B. Poyyathuruthy Bruno, K. Philipp, N. Koukourakis, J. Czarske, U. Wallrabe, M. Wapler,
“Multiphysics simulation of the aspherical deformation of piezo-glass membrane lenses including
hysteresis, fabrication and non-linear effects", Smart Materials and Structures, 28, 055024, 2019
S. Shi, H. Zhang, J. Qu, G. Jin, R. Kuschmierz, Jürgen Czarske, “Measurement uncertainty propagation in
spindle error separation techniques - Investigation by means of stochastic spectral method”, International
Journal of Machine Tools and Manufacture, Volume 141, 2019, Pages 36-45,
https://doi.org/10.1016/j.ijmachtools.2019.03.006
K. Philipp, F. Lemke, S. Scholz, U. Wallrabe, M.C. Wapler, N. Koukourakis, J.W. Czarske, “Diffraction-limited
axial scanning in thick biological tissue employing an aberration correcting adaptive lens”, Nature Scientific
Reports 9, 9532, 2019
N. Thieme, M. Keil, D. Meier, P. Bönisch, K. Dadzis, O. Pätzold, M. Stelter, L. Büttner, J. Czarske, “Directional
solidification of gallium under time-dependent magnetic fields with in situ measurements of the melt flow
and the solid-liquid interface”, Journal of Crystal Growth 522, 221-229, 2019
C. Kupsch, L. Feierabend, R. Nauber, L.Büttner, J. Czarske,
“Flow investigation of complex suspension electrodes for battery applications using ultrasound imaging
velocimetry”, Experimental Thermal and Fluid Science, Volume 109, 2019, 109886, ISSN 0894-1777,
https://doi.org/10.1016/j.expthermflusci.2019.109886.
J. Lich, T. Wollmann, A. Filippatos, M. Gude, J. Czarske, R. Kuschmierz, “Diffraction-grating based in situ
displacement, tilt and strain measurements on high-speed composite rotors”, Applied Optics, 58(29), 80218030, (2019), https://doi.org/10.1364/AO.58.008021
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A. Aziz, M. Medina-Sánchez*, N. Koukourakis, J. Wang, R. Kuschmierz, H. Radner, J. Czarske and O. G.
Schmidt, “Real-time IR tracking of single reflective micromotors through scattering tissues,” Advanced
Functional Materials, 1905272, (2019), https://doi.org/10.1002/adfm.201905272
B. Krug, N. Koukourakis, and J. Czarske, "Impulsive stimulated Brillouin microscopy for non-contact, fast
mechanical investigations of hydrogels," Opt. Express 27, 26910-26923 (2019)
A. E. Ramos Ruiz, J. Gürtler, R. Kuschmierz, and J. Czarske, “Measurement of the local sound pressure on a
Bias-flow liner using high-speed holography and tomographic reconstruction”, IEEE Access (2019),
https://ieeexplore.ieee.org/abstract/document/8873569
F. Bürkle; F. Moyon; L. Feierabend; J. Wartmann; A. Heinzel; J. Czarske; L. Büttner; Investigation and
Equalisation of the Flow Distribution in a Fuel Cell Stack, Journal of Power Sources, 2019
W. Wang, K. Philipp, J. Czarske, N. Koukourakis; Real-time monitoring of adaptive lenses with high tuning
range and multiple degrees of freedom; Optics Letters, 2019

Editorials
J. Czarske (Editor), Issue “Mechatronic Laser Measurement Systems”, TM-Technical Measurement, 2019

Invited talks at conferences (with proceedings)
J. Czarske, “Digital Holography in Optogenetics: A New Window to the Brain”, invited by Pietro Ferraro, SPIE
Optical Metrology, World of Photonics: Optical Methods for Inspection, Characterization, and Imaging of
Biomaterials IV, 24-27 June 2019, Munich, Invited Talk
R. Nauber, J. Czarske, „Modern Ultrasound Flow Metrology using Time Reversal Virtual Arrays“, invited by
Erdal Oruklu, IEEE Int. Ultr. Symp. (IUS): Sensors, NDE and Industrial Application, 06-09 October 2019,
Glasgow, UK, Invited Talk
J. Czarske, “Paradigm Change of Dynamic Digital Holography in Biomedical Microscopy”,
International Conference on Optical and Photonic Engineering, icOPEN, 16 - 20 July 2019, Phuket, Thailand
(invited by Prof. Anand Asundi and Prof. Qian Kemao, School of Computer Science and Engineering at
Nanyang Technological University, NTU, Singapore), Opening Lecture of the Conference and Plenary Talk
Juergen Czarske, Benedikt Krug, Andrés Lasagni and Nektarios Koukourakis, “Perspectives of Stimulated
Brillouin Scattering for Biomedical Applications”, ICO & IUPAP-C17 Topical Meeting on OPTIcs and
Applications to SUstainable Development (OPTISUD), invited by Mourad ZGHAL, University of Carthage Engineering School of Communications of Tunis, Tunisia, 4-7 September 2019, Keynote Talk

International conferences (reviewed, with proceedings)
F. Schmieder, R. Habibey, L. Büttner, J. Czarske, V. Busskamp, „Optogenetic investigation of in vitro human
iPSC-derived neuronal networks,” Proceeding Paper 10866-19, Optogenetics and Optical Manipulation
2019, SPIE Photonics West, 2 – 7 February 2019, San Francisco, USA
J. Czarske, B. Krug, N. Koukourakis, J. Guck, “Investigation of impulsive stimulated Brillouin microelastography,” Proceeding Paper 10880-45, Optical Elastography and Tissue Biomechanics VI, SPIE
Photonics West, 2 – 7 February 2019, San Francisco, USA
44

J. Czarske, F. Lemke, M. Wapler, U. Wallrabe, N. Koukourakis, K. Philipp, “Axial scanning and spherical
aberration correction in confocal microscopy employing an adaptive lens, Proceeding paper 10886-13,
Adaptive Optics and Wavefront Control for Biological Systems V, SPIE Photonics West, 2 – 7 February 2019,
San Francisco, USA
R. Kuschmierz, E. Scharf, J. Czarske, “Fresnel guide star based self-calibration of holographic multicore-fiber
endoscopy”, Proceeding paper 10886-15, Adaptive Optics and Wavefront Control for Biological Systems V,
SPIE Photonics West, 2 – 7 February 2019, San Francisco, USA
R. Schlüßler, S. Möllmert, S. Abuhattum, G. Cojoc, K. Kim, P. Müller, J. Czarske, J. Guck, “Viscoelastic
mapping of biological samples using Brillouin microscopy,” Proceeding paper 10890-53, Quantitative Phase
Imaging V, SPIE Photonics West, 2 – 7 February 2019, San Francisco, USA
J. Czarske, E. Scharf, R. Kuschmierz, „Ultrathin Lensless Fiber Endoscope with in Situ Calibration for 3D
Imaging”, OSA Biophotonics Congress: Optics in the Life Sciences, 15.-17. April 2019, Tucson, USA
N. Koukourakis, J.W. Czarske, “Adaptive Hybrid Illumination Microscopy for Zebrafish Screening”, OSA
Biophotonics Congress: Optics in the Life Sciences, 15.-17. April 2019, Tucson, USA
K. Forouhesh Tehrani, N. Koukourakis, J.W. Czarske, l. Mortensen, “Characterization of memory effect in
juvenile mouse skull for imaging through intact bone”, OSA Biophotonics Congress: Optics in the Life
Sciences, 15.-17. April 2019, Tucson, USA
H. Zhang, R. Kuschmierz, M. Löser, S. Ihlenfeldt, S. Shi, J. Czarske, "Optical tip vibration measurement in
CNC milling machines", euspen’s 19th International Conference & Exhibition, Bilbao, ES, June 2019
N. Koukourakis, W. Wang, K. Philipp, J. Czarske, “Quantitative phase imaging for in-situ monitoring of
adaptive lenses”, OSA Digital Holography and Three-Dimensional Imaging, M4B.5, Bordeaux, France, 19.5.23.5.2019
L. Büttner, M. Thümmler, N. Koukourakis, J. Czarske, “Transmission of Structured Light through a
Multimode Fiber using Digital Optical Phase Conjugation”, OSA Digital Holography and Three-Dimensional
Imaging, Poster Th3A.33, Bordeaux, France, 19.5.-23.5.2019
S. Rothe, H. Radner, N. Koukourakis, and J. W. Czarske, "Fast Transmission Matrix Measurement System for
Multimode Optical Networks", OSA Imaging and Applied Optics CTh2C.3, Munich, Germany (2019)
S. Shi, H. Zhang, J. Qu, G. Jin, R. Kuschmierz, J. Czarske, “Roundness measurement by employing laser
Doppler distance sensor and error separation techniques”, SPIE Optical Metrology, Optical Measurement
Systems for Industrial Inspection XI, Munich, Germany (2019)
J. Lich, T. Wollmann, R. Kuschmierz, A. Filippatos, M. Gude, J. Czarske, „ Spatially resolved optical strain
measurements on high-speed fiber reinforced polymer rotors“, SPIE Optical Metrology, Optical
Measurement Systems for Industrial Inspection XI, Munich, Germany (2019)
E. Scharf, R. Kuschmierz, J. Czarske, “ Video rate scanning endomicroscopy through a coherent fiber bundle
using a galvo scanner”, SPIE Optical Metrologie, Munich,
24-27 June 2019
J. Czarske, E. Scharf, R. Kuschmierz, “Fast 3D Imaging With Lensless Holographic Endoscopy Employing
Coherent Fiber Bundles”, Spectral and Endoscopic Diagnosis on Cells and Tissues, Optics in Biology,
Medicine, Vision, and Color, Fiber optic and endoscopic sensors in biology and medicine, OSA Conference
Frontiers in Optics/Laser Science Conference (FiO/LS), Washington, D.C., 15.–19.9.2019
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Newsroom of OSA: Tiny Lensless Endoscope Captures 3D Images of Objects Smaller than a Cell: Researchers
presenting at FiO + LS have developed a new self-calibrating endoscope that produces 3D images of objects
smaller than a single cell. Added: 15 Aug 2019, https://www.osa.org/enus/about_osa/newsroom/news_releases/2019/fio_tiny_lensless_endoscope/
C. Kupsch, L. Feierabend, R. Nauber, L. Büttner, J. Czarske “Super-resolution ultrasound flow imaging of
suspensions in narrow channels”, International Congress on Ultrasonics, 3.9.-6.9.2019, Bruges, Belgium
F. Moyon, F. Bürkle, L. Feierabend, J. Wartmann, L. Büttner, J. Czarske, “Optimization of the flow
distribution in a high temperature PEMFC Stack”, CARISMA, Duisburg, 27.-30. August 2019
J. Czarske, B. Krug, A. Lasagni and N. Koukourakis, “Impulsive Stimulated Brillouin Scattering Microscopy for
Biomedical Applications”, 3rd Biobrillouin Meeting, COST-EU, WG 3 Instrument Design & Data Analysis, 2527th September 2019, Porto, Portugal
H. Radner, L. Büttner, J. Czarske “Flow measurements through fluctuating interfaces with dynamic
wavefront correction” ISPIV, Session 1.2.B, #61, July 21st- July 24th, Munich, 2019

National conferences (reviewed, with proceedings)
B. Krug, N. Koukourakis, J. Czarske, J. Guck, “Impulsive stimulierte Brillouin-Streuung zur Erfassung von
mechanischen Messgrößen in der Biomedizin“, 120. Jahrestagung der DGaO, Darmstadt, 2019
J. Czarske, K. Philipp, N. Koukourakis, “Adaptive speckle illumination microscopy”, 120. Jahrestagung der
DGaO, Darmstadt, 2019
J. Stange, H. Radner, L. Büttner, J. Czarske, „FPGA based wavefront correction for measurements through
optical disturbances”, 120. Jahrestagung der DGaO, Darmstadt, 2019
C. Schober, L. Büttner, J. Czarske, „Kamerabasierte Messung durch gekrümmte Grenzflächen mit variabler
Messebene und Aberrationskorrektur“, 120. Jahrestagung der DGaO, Darmstadt, 2019
M. Thümmler, L. Büttner, N. Koukourakis, J. Czarske, „Übertragung und Nutzung von strukturierten
Lichtmustern durch Multimodefasern“, 120. Jahrestagung der DGaO, Darmstadt, 2019
L. Büttner, M. Thümmler, J. Czarske, “Laser Doppler measurements through a multimode fiber using digital
optical phase Conjugation“, 27. Fachtagung “Experimentelle Strömungsmechanik“, Beitrag 2, Erlangen, 3.–
5. September 2019
M. Dues, S. Burgmann, J. Kriegseis, L. Büttner, J. Czarske, U. Janoske, „Profilsensormessungen in einem
Kanal mit poröser Wand, 27. Fachtagung “Experimentelle Strömungsmechanik“, Beitrag 6, Erlangen, 3.–5.
September 2019
F. Bürkle, F. Moyon, L. Feierabend, M. Dues, L. Büttner, J. Czarske, “Strömungsverteilungs-messungen an
einer Brennstoffzelle mit einem hochauflösenden Zeitmultiplex-Laser-Doppler-Profilsensor“, 27.
Fachtagung “Experimentelle Strömungsmechanik“, Beitrag 47, Erlangen, 3.–5. September 2019
R. Nauber, A. Klass, J. Czarske, „Characterization of the imaging properties of an ultrasound-Doppler
velocimeter using a multimode waveguide”, Sensoren und Messsysteme 2019, Nürnberg, 25-26th of June
2019
D. Weik, C. Kupsch, R. Nauber, L. Büttner, and J. Czarske, “Uncertainty comparison of velocity estimators for
ultrasound flow imaging in narrow channels,” AHMT Symposium 2019, tm-Technisches Messen, vol. 86, no.
s1, pp. 7–11
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Workshops (without proceedings)
J. Czarske, “Computergenerierte Hologramme in der Hirnforschung - Computer Generated Holograms in
Brain Research“, Vorlesung für Schülerinnen und Schüler der 9. Klasse - Lecture for Class 9, 14.01.2019
J. Stange, H. Radner,L. Büttner,J. Czarske, „FPGA based closed loop wavefront control”, Tag der Fakultät,
AMR-Leistungsschau, 8. November 2019
L. Grüter, R. Nauber, J. Czarske, "Adaptive Ultraschallsysteme für die Biomedizin", Tag der Fakultät, AMRLeistungsschau, 8. November 2019
M. Thümmler, L. Büttner, N. Koukourakis, J. Czarske, „Übertragung und Nutzung von strukturierten
Lichtmustern durch Multimodefasern“, Tag der Fakultät, AMR-Leistungsschau, 8. November 2019
L. Büttner, J. Czarske, „Kamerabasierte Messung durch gekrümmte Grenzflächen mit
Aberrationskorrektur“, Tag der Fakultät, AMR-Leistungsschau, 8. November 2019

Invited talks (at seminars/workshops)
J. Czarske, “Optogenetik: Computergenerierte Hologramme in der Hirnforschung - Optogenetics: Computer
Generated Holograms in Brain Research“, Dresdener Industriegespräche der Deutschen Physikalischen
Gesellschaft, DPG, 17.01.2019, Max Planck Institut für Physik komplexer Systeme (invited by Dr. A. Ehrlich,
Sick AG)
J. Czarske, “Holographic Optogenetics: A New Window to the Brain“, Plenary Talk, Sächsische Akademie der
Wissenschaften, 8.03.2019 (invited by Prof. H. Wiesmeth)
J. Czarske, “Novel Methods in Biomedicine: Holographic Optogenetics and Brillouin Microscopy - Neue
Methoden für die Biomedizin: Holographische Optogenetik und Brillouin-Mikroskopie” Seminar Talk, KSIMeinsberg, 14 August 2019 (invited by Dr. Caroline Murawski)
R. Kuschmierz, E. Scharf, J. Czarske, „Linsenlose Endoskopie-Lensless Endoscopy“, F.O.M.-Konferenz 2019,
06.11.2019, Berlin
C. Kupsch, L. Feierabend, R. Nauber, L. Büttner, J. Czarske, „Ultraschallbasierte Messung von
Suspensionsströmungen in kleinen Geometrien“, Institutskolloquium, Fakultät für Maschinenbau Institut
für Thermo- und Fluiddynamik, TU Ilmenau, 16.10.2019, Ilmenau (invited by Prof. Cierpka)
N. Koukourakis, „Perspectives and applications of wavefront shaping“, Laser Colloquium, Photonics and
Ultrafast Laser Science, Ruhr-Universität Bochum, 18.11.2019, (invited by Prof. C. Sarraceno).

Patent Application
Richard Nauber, Jürgen Czarske: "Kalibrierverfahren von Multimode-Wellenleitern zur Bildgebung mit
Ultraschall-Endoskopen - Calibration method of multimode waveguides for imaging with ultrasound
endoscopes", 2019
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ACTIVITIES
Prof. Czarske:
Work in program committees include (TPC, technical program committee):
OPTO / Sensor Conferences (AMA), Nürnberg
ITG / GMA-Fachtagung „Sensoren und Messsysteme“, Nürnberg
IMEKO Symp. Laser Metr. for Precision Meas. and Inspection in Industry
SPIE Photonics Europe, Photonics, Optics, Lasers, Micro- and Nanotechn. (Optical Micro- and Nanometrology), Strasbourg, France
SPIE Photonics West, San Francisco
Conference of DGaO, Deutsche Gesellschaft für angewandte Optik e.V.
OSA conference on Optical Sensors, Barcelona, Spain
International Symposium on Optomechatronic Technologies, Seattle, USA
SPIE Opt. Meas. Syst. for Industr. Inspection
icOPEN, Singapore
Organization of a conference in Dresden: International Commission for Optics (ICO) and Optics Within Life
Sciences (OWLS), Progress of Society through Light, ICO-25-OWLS-16, 2020, www.ico25.org
Memberships include:
Verband der Elektrotechnik, Elektronik und Informationstechnik (VDE), Fellow of International Society of Optical Engineering (SPIE); German Physical Society (DPG); Fellow of European Optical Society (EOS); Fellow of
Optical Society of America (OSA), Arbeitskreis der Hochschullehrer für Messtechnik eV. (AHMT), Senior Member of IEEE, Forschungsgesellschaft f. Messtechnik, Sensorik u. Medizintechnik e. V. (fms), Board of Trustees
of GALA (German Association of Laser Anemometry), Board of German Society of Applied Optics (DGaO)
Service as Reviewer - Granting Agencies (partial list)
German Research Foundation (DFG: Individual Grants Programs, Priority Programs, Research Training
Groups, Collaborative Research Centers, Core Facilities, Research Units, etc.), BMBF, AIF, The Nether-lands
Organization for Scientific Research (NWO), Israel Science Foundation (ISF), King Faisal Foundation Saudi Arabia, National Science Foundation US
Service as Consultant and Advisor includes
Member Program Committee Sensor and Measurement Systems; Member Review Board System Engineering
DFG (since 2012); Member of review committee at Nanyang Technological University Singapore
Review of journal contributions (peer-review):
“Measurement Science and Technology”, “Applied Optics”, „Opt. Engineering“, „Pure Opt.“, „Opt. Letters”,
“Opt. Express”, “Opt. Communications”, “Experiments in Fluids”, “Journal of Physics D: Applied Physics”,
“Optics and Lasers in Engineering”, “Review of Scientific Instruments”, “Mechanical Systems and Signal Processing”, “Journal of the Optical Society of America A”, “IEEE Transactions on Instrumentation & Measurement”, „Flow Measurement and Instrumentation“, etc.
Member of the Editorial Board:
tm - Technisches Messen, Open Journal of Fluid Dynamics, Journal of the European Optical Society - Rapid
publications, etc.

Dr. Büttner:
Memberships: German Association for Laser Anemometry – GALA e. V., German Physical Society – DPG e.V.,
OSA – The Optical Society
Supporting an MST key topic on computational metrology, especially the translation research in cooperation
with renewable energy systems (C. Kupsch, …, L. Büttner, J. Czarske, "Vector Flow Imaging of a Highly Laden
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Suspension in a Zinc-Air Flow Battery Model," in IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control; F. Bürkle,…, L. Büttner; “Investigation and Equalisation of the Flow Distribution in a Fuel Cell
Stack”, Journal of Power Sources) and magnetohydrodynamics (N. Thieme, …, L. Büttner, J. Czarske, “Directional solidification of gallium under time-dependent magnetic fields with in situ measurements of the melt
flow and the solid-liquid interface”, Journal of Crystal Growth)
Speaker at the VDI Wissensforum
Reviewer activities include journals (Flow Measurement and Instrumentation, Optics and Lasers in Engineering, Optics and Laser Technology

Dr. Koukourakis:
Member of OSA, Member of SPIE, Member of DGaO, German Physical Society (DPG)
Supporting an MST key topic on computational adaptive microscopy, translation research in cooperation with
mechanical engineering (B. Krug, N. Koukourakis, … "Impulsive stimulated Brillouin microscopy for non-contact, fast mechanical investigations of hydrogels," Opt. Express), nanotechnology (A. Aziz, M. MedinaSánchez, N. Koukourakis, … “Real-time IR tracking of single reflective micromotors through scattering tissues,” Advanced Functional Materials) and biomedicine (K. Philipp, …, N. Koukourakis, J.W. Czarske, “Diffraction-limited axial scanning in thick biological tissue employing an aberration correcting adaptive lens”, Scientific Reports)
Reviewer activities include journals such as Optics Express, Optics Letters, Applied Optics, Applied Physics
Letters, Applied Physics B, Optics Communications

Dr. Kuschmierz:
Membership in the German Physical Society (DPG), VDI, SPIE
Reviewer activities include “technisches Messen", "Optics Express".

Dr. Nauber:
Member of IEEE
Reviewer of Journals includes IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control
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SECOND CALL FOR PAPERS
The 25th Congress of the International Commission on Optics (ICO-25) and the 16th International Conference
on Optics in the Life Sciences (OWLS-16) will take place from August 31 to September 4, 2020 at the TU
Dresden, Germany. After 30 years and continuing the success of the recent previous general congresses, it is
our great honor to host the General Congress and General Assembly of ICO in our country again. The ICO,
“the Place where the World of Optics and Photonics Meets”, is an affiliated commission of the International
Union of Pure and Applied Physics (IUPAP), and a scientific associate of the International Council of Science
(ICS). Its objective is to contribute, on an international basis, to the progress and diffusion of knowledge in the
fields of optics and photonics. The ICO has the missions to foster advanced laser science and technology and
to promote the development of science and technology in developing countries. The ICO is an umbrella
organization with more than 50 territorial committee members and seven international academic societies: OSA
(The Optical Society), SPIE (The International Society for Optics and Photonics), EOS (European Optical
Society), IEEE (Institute of Electrical and Electronics Engineers), OWLS (International Society on Optics Within
Life Sciences), LAM (African Laser, Atomic and Molecular Physics Network), and RIAO (The Iberian American
Network on Optics).
The main theme of the congress ICO-25-OWLS-16-Dresden-Germany-2020 is "Progress of Society with Light",
highlighting the importance of optics, photonics and laser technology to society in a variety of fields including
medicine, communications, metrology, and manufacturing. Optics and photonics will contribute greatly to
solving issues on global energy and the environment. The United Nations Educational, Scientific and Cultural
Organization of the UNO provides with the International Day of Light on May 16 an annual focal point for the
continued appreciation of light and the role it plays in science, culture and art, education, and sustainable
development, and in fields as diverse as medicine, communications, and energy. The use of LEDs for the
lighting in our cities will save energy. In everyday life we frequently benefit from advanced light technology, as
backbone of internet, in smart phones and for human health care. Light has the potential to recognize the origins
of diseases, to prevent them, or to cure them early and gently. This is one of the central topics of OWLS, which
was founded at the ICO-15 Congress in Garmisch-Partenkirchen in 1990. Therefore, a special commemorative
event of the 30 years anniversary of the foundation of OWLS in Germany will be organized. Let yourself be
inspired with the congress ICO-25-OWLS-16-Dresden-Germany-2020 for new ideas, their translation into
progress for society and to foster developing countries. On behalf of ICO-25-OWLS-16-Dresden-Germany2020, I hope everyone will have an exciting, fascinating and memorable time at this general congress.

Important Dates
Deadline for papers
January 31st 2020
Abstract acceptance / grants application
April 2020
Programme issue
June 2020
Early bird registration deadline
July 31st 2020
General Chair
Juergen Czarske
Int. Program Committee Chair
of ICO-25
Wolfgang Osten
Int. Program Committee Chair
of OWLS-16
Alexander Heisterkamp
Honorary Chair
Gert von Bally
Fundraising Committee Chair
Frank Hoeller

Juergen Czarske
General Chair of ICO-25-OWLS-16-Dresden-Germany-2020, Professor and Director at TU Dresden, Fellow of
OSA, Fellow of SPIE, Fellow of EOS, Senior Member of IEEE, Member of Saxon Academy of Sciences, Board
Member of German Society of Applied Optics (DGaO) - The German Branch of the European Optical Society
(EOS)

E-Mail: ico-office@mailbox.tu-dresden.de
Website: www.ico25.org

ABSTRACT / PAPER SUBMISSION
Contributed summaries are limited to 2 pages, including an abstract with 35 words. Authors and affiliations
will be submitted online.

Sponsors:

TOPICS
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Optical Engineering, Material Processing, Design and Lithography
Display and Vision
Optical MEMS and Micro-Optics
Optical Sensing
Computational Metrology
Optical Information Processing and Imaging
Quantum and Nonlinear Optics
Ultrafast Phenomena and Ultrafast Optics
High Power Lasers, X-Ray and High-Energy Optics
Nano-Optics, Plasmonics and Metamaterials
Photonic Crystals, Nano Structures and Functions
Fiber Optics
Optical Communications and Photonic Network
Optoelectronics, Terahertz Photonics and Silicon Photonics
Microscopy, Biomedical Spectroscopy and Advanced Imaging
Biomechanics, Optical Elastography and BioBrillouin
Biomedical Optics
Nanobiophotonics, Optogenetics and Nanosensing

Co-Sponsors:

PLENARY SPEAKERS

Prof. Dr. Karsten Danzmann
Director, Max Planck Institute for Gravitational Physics (Albert Einstein Institute) and Director,
Institute for Gravitational Physics, Leibniz Universität Hannover
„Gravitational Wave Astronomy: Listening to the sounds of the dark universe!“

Prof. Dr. Stefan Hell
Director, Max Planck Institute for Biophysical Chemistry, Göttingen, and Max Planck Institute
for Medical Research, Heidelberg, Germany
Professor at University of Göttingen and Heidelberg University
„Optical microscopy: the resolution revolution“

Prof. Dr. Margaret Murnane
Director, JILA, Distinguished Professor of Physics at the University of Colorado, and Fellow
of NIST, Boulder, USA
„Harnessing Quantum Light Science for Applications in Materials Science“

Technical Co-Sponsors:
Prof. Dr. Didier Queloz
Professor at the University of Cambridge, UK and Professor at the University of Geneva,
Switzerland

REGISTRATION
Early Bird before
Aug 01 2020
560 €
360 €

Regular after
Aug. 01 2020
650 €
450 €

Registration Fee
Student */Emeritus* (with uploaded
document)
Reduction for Society Members of Co510 €
Sponsors (DGaO, ICO, OWLS, OSA, SPIE,
IEEE)
Student*/Emeritus* (with uploaded document)
310 €
incl. Reduced Fee for Society Members of
Co-Sponsors (DGaO, ICO, OWLS, OSA,
SPIE, IEEE)
* A copy of the Student ID / Emeritus Status will be required to validate the registration.

600 €

400 €

The registration fee includes:
- Participation in regular sessions
- Conference material
- Coffee breaks
- Get together (Monday, incl. visit of Frauenkirche Dresden / Church of Our Lady)
The registration fee does not include:
- Award ceremony with conference dinner (Wednesday)
Cost: 50,00 € per Person
Support of Developing Countries:
- Scholarships for Students paid by Sponsors
- Grants for Young Scientists
ACCOMODATION
A list of available hotels with special congress rates can be found on the congress homepage:
https://ico25.org/?s=accommodation
AWARDS
- Best Poster Prizes DGaO
- Best Paper Prizes OSA-SPIE
- Best Paper Prize OWLS

ICO-25 | OWLS-16 | 31 August - 04 September 2020 | Dresden, Germany

PARTNERS (SELECTION)
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Laboratory of Measurement and Sensor System Technique (MST)
Head:

Prof. Dr.-Ing. habil. Juergen Czarske

Secretary:

Mrs. Janet Hanel

Mail address:

Technische Universität Dresden
Fakultät Elektrotechnik und Informationstechnik
Professur für Mess- und Sensorsystemtechnik
01062 Dresden

Visitor address:

Helmholtzstraße 18
Barkhausenbau, room 22

Phone:

+49 (0)351 463 37657

Fax:

+49 (0)351 463 37716

E-Mail:

janet.hanel@tu-dresden.de

Internet:

https://tu-dresden.de/ing/elektrotechnik/iee/mst/
http://lasermetrology.de

