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Figure 1: Control loop

At the Institute for Physics of CondensedMatter of the TU Darm-
stadt (Department of Physics), among others, self propelled
matter is investigated using theoretical and experimental ap-
proaches. As experimental techniques the Soft Matter at Inter-
faces group of Regine v. Klitzing employs dark field microscopy
to visualize self propelled µm-large spherical particles. A cam-
era digitizes the pictures of a single particle for a computer who
attempts to determine its center of mass in 2D as a function of
time. To keep the particle under observation inside the micro-
scope’s field of view, a control loop uses a piezo-driven 2D-table
to counter the particle movement. Obviously the control loop’s
delay limits the method’s sensitivity to observe faster moving
particles. Thus, a decrease in the delay increases the method’s
measurement range. In corporationwith the Control and Cyber-
Physical Systems Laboratory at TU Darmstadt we pinpointed the
camera read out and the employed particle tracking algorithm
as the setup’s bottleneck.

Figure 2: Captured particle

Scope of this project seminar is to create, optimize and charac-
terize a C++-based control loop for the aforementioned experi-
mental setup. In detail it comprises the following tasks:

• Implement, evaluate and optimize the communication
between camera and computer,

• determine and implement an algorithm for particle find-
ing and tracking (Sobel, Scharr, Canny, ...) in a computer
driven control loop using the existing setup,

• characterize the dynamical behaviour of the actuators and
sensors using experimental data and, finally,

• design a suitable controller for particle tracking and eval-
uate the closed control loop.

We offer a well defined, interdisciplinary and directly applicable project in a sophisticated laboratory at the interface between control
systems engineering, real time automated image analysis and application in basic science. The experimental work will take place in
the laboratories of the AG von Klitzing (S2|04).

We expect some basic knowledge of control theory (SDRT I). Within the project group some experience with C++ is necessary,
experience with image processing would be beneficial. The main language of this project is English or German.

For more information feel free to contact us!

• Eric Lenz: elenz@iat.tu-darmstadt.de or

• Olaf Soltwedel: olaf.soltwedel@pkm.tu-darmstadt.de
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