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International Fellowships

There are several international fellowships for about three to six months duration for the master
students or master graduates at Chair for Multicomponent Materials, Institute of Materials Science,
Kiel University (CAU, Christian-Albrechts-Universitat zu Kiel, Germany).

Within the CRC 1261 highly sensitive magnetoelectric sensors for biomedical applications are
developed in a cross-disciplinary team of scientists from materials science, electrical engineering,
physics and medicine. In 15 research projects topics concerning magnetoelectric sensor
development and fabrication (mainly materials science), sensor characterization and signal
processing (mainly electrical engineering), sensor modeling and sensor analysis as well as
(medical) applications are covered. The fellows receive 1125 € compensation per month. We
cannot pay additional costs for travels or accommodation.

More info you can visit:

https://biomagnetic-sensing.de/index.php/jobs-and- rograms/international-fellowships

or contact with khodaei@kntu.ac.ir

1. Investigation of Magnetoelastic Effects on Exchange Bias for Magnetoelectric Sensors
Contents

Magnetoelectric sensors often rely on exchange bias through antiferromagnetic layers coupled to
magnetostrictive ferromagnetic layers for magnetic domain stabilization. Whereas the
magnetization response of the ferromagnetic layer is well understood, data on the effect of stress
and strain on the antiferromagnet layer is absent. The aim of the project is to investigate
magnetoelastic effects on the antiferromagnetic layer mediated exchange bias strength and stability
relevant for magnetoelectric sensor applications.

The project will involve magnetometry and magnetic domain investigations of exchange biased
ferromagnetic or antiferromagnetic layer stacks under stress and strain.
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2. Respiration Monitoring based on ME Sensors
Contents:

Magnetoelectric (ME) sensors are a cost-effective and robust alternative for measuring magnetic
fields. The high resonant frequency and physical design allow operation in a noisy environment,
such as a moving car.

In this fellowship, you will design and build a real-time system to monitor a driver's respiration.
The idea is to place one or more ME sensors behind the driver's seat and a coil in the seat belt. By
emitting a known magnetic field across the coil and measuring it with one or more ME sensors, the
distace between the coil and the belt can be estimated. One way to take advantage of the high
bandwidth of the ME sensor is to emit a pseudorandom sequence across the coil and then use a
matched filter to recover the signal. This distance signal is then used to estimate the respiration of
the driver. Because there are other processes, such as leaning forward or driving over a rough road,
that can potentially affect the distance signal, additional signal processing techniques are needed
to adequately estimate the respiration. You will need to determine for yourself which techniques
are best suited for this purpose. One possible way would be to define a model for the process and
then use a Kalman filter to estimate the driver's breathing.

Programming is mainly done in C and C++ using an existing real-time framework. Building on a
variety of already implemented signal processing modules, you will implement your own ideas to
extend our existing framework and visualize your results in a C++ GUI. If you have any further
questions about this fellowship, please do not hesitate to contact us. We look forward to receiving
your application!

Tasks:
e System setup using ME sensors, readout hardware and signal generation
« Implementation of appropriate detection mechanisms (e.g. matched filters)
o Evaluation of the system using phantoms

Requirements:

e Very good programming skills in C/C++
o Good knowledge of digital signal processing
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3. Wearable Motion-tracking Platform based on ME Sensors
Contents:

Neurological diseases with pathologic movements (NDPMS) such as Parkinson’s disease (PD) are
highly relevant in our ageing society. Analysis of human movement patterns is well established as
a valuable tool in both diagnosis and therapy. Home assessment based on wearable sensors offers
many advantages in comparison to lab-based stationary motion analysis. Magnetoelectric (ME)
sensors from CRC 1261 offer the potential to augment common Inertial Measurement Units
(IMUs). Therefore, multiple sensors and actuators (excitation coils) are placed on the human body
to provide additional position and orientation data.

While the actual sensor and coil setup works in principle, it would benefit from a wireless interface
between the wearable platform and a lab-based PC. Your task is focused on the setup of a prototype
single-board computer platform (such as Raspberry Pi) to handle multiple in- and outgoing analog
signals. This will require additional ADC/DAC hardware (such as HifiBerry). You will then set up
a wireless interface (WIFI using WebAudio, Bluetooth or similar) to transmit recorded signals to
a PC for processing and receive signals to drive coils.

Tasks:

o Setup of a prototype wearable computer platform with multiple analog input/output
channels

e Concept for a real-time wireless interface based on common audio techniques

« Implementation of the actual interface for wearable and lab PC

o Validation of performance in comparison to wired setup

Requirements:

Good programming skills in C/C++

Experience in design, implementation and testing of hardware (and electronics) projects
Experience with Raspberry Pi or similar platforms using Linux

Ability to work independently in an interdisciplinary team
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4. Hybrid Motion Capture, Combining the Best of Wearables and Pptical Motion Systems
Contents:

Movement analysis within sports biomechanics and clinical applications has made considerable
progress over recent decades. However, developing a motion analysis system that collects accurate
kinematic during combined inside and outside sessions remains an open challenge.

This project aims to overcome problems in movement analysis by combining optical motion
capture technology with inertial-measurement units (IMUs). The combination of both systems
should allow to calibrate the segments of the human body and to analyze joint kinematics without
the risk of losing information due to camera occlusions or 3D capture volume limitations. As a use-
case, one could imagine a patient starting the clinical examination in the laboratory with a hybrid
system containing optical markers and IMUs and when asked to perform specific tasks such as a
long walk outside, the optical markers are removed. Once back in the laboratory the markers can
be put on a second time to re-calibrate both systems and the joint kinematics can be evaluated. A
hybrid motion capture would allow making classical clinical movement analysis more relevant for
clinical decision making!

Because of the complexity of clinical movmement assessment, high risk of marker occlusions occur
making additional signal processing techniques necessary to adequately estimate the joint
kinematics. You will need to determine for yourself which techniques are best suited for this
purpose.

Programming is mainly done in Matlab and Python building on a variety of already implemented
signal processing modules, you will implement your own ideas to extend our existing framework
and visualize your results. If you have any further questions about this fellowship, please do not
hesitate to contact us. We look forward to receiving your application!

Tasks:

o Generate a human rigid body mode

o Implementation of appropriate sensor fusion algorithms

« Evaluation of the system by simulating marker occlusionsp
Requirements:

e Very good programming skills e.g. Matlab / Python

o Good knowledge of digital signal processing.
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5. Developing a Magnetorelaxometry System Using ME Sensors
Contents:

In Magnetorelaxometry, magnetic nanoparticles are aligned by a Magnetic field, and after turning
off the field, the decay of the magnetic signal as a function of time is analyzed. Mobile magnetic
nanoparticles relax through the Brownian mechanism, whereas immobilized nanoparticles relax
via the Néel mechanism. Thus, bound and unbound magnetic particles in a biosystem can be
distinguished by their different relaxation times and time dependencies. Magnetorelaxometry
measurements are carried out by using magnetometers based on induction coils or superconducting
quantum interference devices combined with alternating magnetic fields, where the biosensing of
small samples is difficult to perform. Since the magnetoelectric sensors developed in our project
are fully integrable and possess high sensitivity at low frequencies, they are suitable for point-of-
care testing. This project aims the design and constructs a Magnetorelaxometry setup using a self-
bias Magneto-Electric sensor. Among the challenges to overcome, the improvement of data
acquisition and signal processing is essential.


http://www.uni-kiel.de/

