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Technical compulsory modules

Enrolment: All modules

Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Neuroanatomy for Engineering students

Objectives:

= Basic knowledge of anatomy and physiology of the central and peripheral
nervous system

= Basic knowledge of anatomy and physiology of the human cardio-vascular
system

= Basic knowledge of the anatomy and physiology of the human musculoskeletal
system

= Knowledge about the biomechanical properties of the structures/organs
discussed

= Knowledge about the resulting consequences and requirements for medical
devices and implants

Content:

» The microscopic and macroscopic structure and function of the nervous system,
the cardiovascular system and the musculoskeletal system

= Main focuses are the biomechanical properties and the functionality of the
discussed structures and the links and application in biomedical engineering

= Relevant examples are: The elastic properties of blood vessels, haemodynamics,
pulsatile flow, rigidity and plasticity of the bones and the kinematics of joints.

Lecture, Tutorial

Master program
participation certificate, written examination 120min

4 CP =120 h (42 h time of attendance + 78 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: Preparation of the Lectures and Tutorials, Learning of the
respective structures and functions

Every summer semester
One semester

Prof. Dr. Martin Skalej (FME-ZRAD-INR)

a Table of contents
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Biological Statistics

Objectives:
The student will

» understand the fundamentals of statistics and probability theory
* have an overview about the standard methods of statistics
= Jearn to understand and interpret statistical results correctly

» be able to communicate statistical results
®» and to transfer them back to real world problems

Content:

Central concepts of statistics and probability theory, insofar as relevant to medical
systems engineering:

= descriptive statistics

probability
inferential statistics

estimation and hypothesis testing

analysis of variance

correlation and regression
general linear models
non-parametric methods

Lecture, Tutorial

Master program

written examination 120min

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Every summer semester

One semester

Prof. Dr. rer. nat. habil. Rainer Schwabe (FMA-IMST)

a Table of contents
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Module

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Sub-Module

Objectives and content

Literature
Teaching
Work load
Frequency
Duration

Responsible person

Medical Physics and Diagnostics
(consist of 2 Sub-Modules)

Mathematics, Physics, Fundamentals in Electrical Engineering, Basic
understanding of medical terms

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 3 SWS Lecture, 1 SWS Tutorial

Every summer semester

One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)

Introduction into Medical Imaging

Objectives:
The student will:

= get on overview about modern medical imaging modalities

= understand the functional principle of the different technologies

= get to know to the most important medical applications of imaging

= discuss the pros and cons of the particular modalities with respect to image
quality and patient safety

* have an overview about the required data and image processing

Content:
» Radiography
= Computed Tomography
» Nuclear medicine imaging (PET, SPECT)
= Sonography
= Magnetic Resonance Imaging

Lecture, Tutorial

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial
Every summer semester

One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)
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Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Module

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Radiological Diagnostics

Objectives:

= Knowledge on the fundamental functions of common medical imaging methods
from a medical point of view

= Knowledge of the characteristics of human tissues and their visualisation by
imaging techniques

= Knowledge on the specufic problems of different techniques

» Understanding for the role of different techniques

= Knowledge on the demand for future medicine

Content:

The functioning of commonly used medical imaging techniques from a medical
doctor’s point of view are addressed and related to specific characteristics of
human tissues (X-ray density, relaxivity, water content...). Thus, the different
imaging of diverse tissues by the respective imaging techniques are explained. The
limitations odf the different methodological approaches are demonstrated.
Demands for future medical imaging techniques with respect to still unanswered
medical issues are addressed.

Lecture

Time of attendance: 1 SWS Lecture

Autonomous work: Preparation of the Lectures and Tutorials, Learning of the
respective structures and functions

Every summer semester
One semester

Prof. Dr. Martin Skalej (FME-ZRAD-INR)

a Table of contents

Medical Measurement Technology
(consist of 2 Sub-Modules)

Compulsory module for the Master “Medical Systems Engineering”
oral examination

6 CP =180 h (56 h time of attendance + 124 h autonomous work)
Time of attendance: 4 SWS Lecture

Every summer semester

One semester

apl. Prof. Dr. rer. nat. habil. Ralf Lucklum (FEIT-IMOS)
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Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Chemical and Biological Sensors

Objectives:

The students gain knowledge in fundamentals of chemical and biological sensors
and their application in medicine. After finishing the module they will understand
modern principles of chemical and biochemical sensors, including signal sources,
signal propagation and detection. The students will be able applying chemical and
biochemical sensors in hospital practice, point-of-care medicine, ambient assisted
living and interdisciplinary science. They will further achieve basic knowledge in
the design of sensors and sensor systems.

Content:

1. Basics of chemical sensor and systematization

2. Thermodynamics, kinetics, sensitivity and selectivity
3. Electrochemical sensors and ISFETs

4. Catalytic principles

5. Resonant, MEMS, NEMS, MOMS sensors

6. Selected sensor systems applications

Watson, J., Chemical Sensors 1-6, Momentum Press 2010.
Lecture

Time of attendance: 2 SWS Lecture
Autonomous work: Post processing of lectures, preparation of exam

Every summer semester
One semester

apl. Prof. Dr. rer. nat. habil. Ralf Lucklum (FEIT-IMOS)
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Sub-Module

Objectives and content

Literature

Teaching
Work load

Frequency
Duration

Responsible person

Ultrasonic Sensors for Imaging

Objectives:

The students gain information on the fundamental concepts and principles of
ultrasonic sensors and the characteristics and requirements of ultrasonic sensors for
imaging. At the end of the module they are able to engineer ultrasonic sensors and
apply the physics behind signal analysis for ultrasonic imaging. They will be able
to join interdisciplinary groups working on ultrasonic imaging, develop new
sensors and imaging schemes.

Content:

1. Principles of generation and detection of ultrasound

2. Fundamentals of acoustic wave propagation

3. Methods of signal optimization and signal extraction

4. New trends in ultrasonic sensor development and imaging principles

Sanches, J.M., Ultrasound Imaging: Advances and Applications, Springer 2012
dx.doi.org/10.1007/978-1-4614-1180-2.

Scabo, T.L., Diagnostic Ultrasound Imaging, Elsevier, 2007.
Lecture

Time of attendance: 2 SWS Lecture
Autonomous work: Post processing of lectures, preparation of exam

Every winter semester
One semester

apl. Prof. Dr. rer. nat. habil. Ralf Lucklum (FEIT-IMOS)

a Table of contents ~
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Medical Informatics

Objectives:
The student will:

= Jearn the different application fields of medical computer science
» understand data structures in medicine

» have knowledge about the storage of medical data

» have an overview about neuroimaging using functional MRI

®» analyse data using spm

Content:

» Medical Computer Science: Basic knowledge and fields of application
= Clinical Information systems, standards of data, privacy protection

= Basic knowledge about Neuroimaging

= Neuroanatomy and physiology

= Statistical analysis

= Data structures in spm

Lecture, Tutorial

Master program

written examination 90min

4 CP =120 h (42 h time of attendance + 78 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: independent solution of exercises and post processing of the

lectures
Every summer semester
One semester

Prof. Dr. rer. nat. Dr. med. Johannes Bernarding (FME-IBMI)

a Table of contents ~
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Microsystems- and Nano-Technologies for Medical Solutions

Objectives:

The students gain knowledge in fundamentals of microsystems technologies as
well as knowledge about medical products by means of MEMS and Nano
technologies and future trends. After finishing the module they will understand the
production technologies for MEMS- and Nano-devices and will be able applying
these technologies for the conceptual development of miniaturized medical
components (e.g. micropumps, microvalves, pressure sensors). They will further
achieve basic knowledge about the requirements of medical MEMS products like
sensors, actuators and microsystems. By means of exercises they learn to deepen
their knowledge for further research and to apply it to solve complex problems.

Content:

= MEMS and Nano: definition, technologies, markets

= Materials for MEMS and Nanotechnologies

= Cleanroom and vacuum techniques

= Thin film technologies: PVD, CVD

» Lithography: resists, optical lithography, e-beam and x-ray lithography
» Etching

» Bulk-micromachining, surface-micromachining, LIGA principles,

= Selected examples of medical micro- and nanosystems

Fundamentals of microfabrication : the science of miniaturization; Marc J. Madou.
- 2. ed. - Boca Raton: CRC Press, 2002, ISBN: 0-8493-0826-7

Lecture, Tutorial
Bachelor in Electrical Engineering or related studies

Master program
tutorial certificate, written examination 120min

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: Post processing of lectures, preparation of exercises,
preparation of exam

Every summer semester
One semester

Prof. Dr. rer. nat. Bertram Schmidt (FEIT-IMOS)

a Table of contents ~
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Human Factors Engineering

Objectives:

The aim of this seminar is to provide an overview about Human-Machine
Interaction in medicine. In addition, students can train and improve their skills in
scientific reading, presentation and discussion.

Content:

= Human-Machine Interaction in Radiology

= Human-Machine Interaction in Surgery

» Usability Engineering for Medical Devices

= Clinical Evaluation of Human-Machine Interfaces

Seminar

Master program
oral examination

4 CP =120 h (28 h time of attendance + 92 h autonomous work)
Time of attendance: 2 SWS Seminar

Every summer semester

One semester

Jun.-Prof. Dr. Christian Hansen (FIN-ISG)

a Table of contents ~
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Mathematical foundations

Objectives:

The student will be able to use basic mathematical tools to study problems in
Medical Systems Engineering. After attending the lecture, he/she will also be able
to extend their mathematical skills by studying on their own.

Content:

= n-dimensional Euclidean space

= Matrix algebra

» Solving linear equations

» Eigenvalues and -spaces

= Complex numbers

» Simple examples of ordinary differential equations
* Functions in several variables

= Optimization of functions in several variables

Lecture, Tutorial

Master program

written examination 90min

6 CP = 180 h (56 h time of attendance + 124 h autonomous work)

Time of attendance: 2 SWS Lecture, 2 SWS Tutorial

Autonomous work: Preparing for tutorials and solving homework assignments
(40h), preparing for exam (20h), reading lecture notes and additional material (70h)

Every winter semester
One semester

Prof. Dr. rer. nat. habil. Norbert Gaffke (FMA-IMST)

a Table of contents ~
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Module name

Objectives and content

Literature
Teaching

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Digital Information Processing

Objectives:

= The participant has an overview of basic problems and methods of digital signal
processing.

= The participant understands the functionality of a digital signal processing
system and can mathematically explain the modus of operation.

= The participant can assess applications in terms of stability and other markers.
He / She can calculate the frequency response and reconstruction of analogue
signals.

» The participant can perform these calculations and assessments as well on
stochastically excited digital systems.

= The participant can apply this knowledge in a field of specialization, e.g.
Medical Signal Analysis

Content:

. Digital Signals and Digital LTI Systems

. Z-Transform and Difference Equations

. Sampling and Reconstruction

. Synthesis and analysis of such systems

. Discrete and Fast Fourier Transformations

. Processing of Stochastic Signals by LTI-Systems: Correlation Techniques and
Model-Based Systems (ARMA)

7. Selected Specialization Topics, e.g. Medical Signal Analysis

AN N AW -

Lecture, Tutorial

Bachelor in Electrical Engineering or related studies
Knowledge of signals and systems, Analog Fourier transformations

Master program

tutorial certificate, written examination 120min

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial
Autonomous work: postprocessing of lectures preparation of exercises and exam

Every winter semester
One semester

Prof. Dr. rer. nat. Andreas Wendemuth (FEIT-IESK)

a Table of contents ~
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Methodical and social compulsory modules

Enrolment: All modules

Module

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Sub-Module

Objectives and content

Literature
Teaching
Work load
Frequency
Duration

Responsible person

Scientific working
(consist of 2 Sub-Modules)

Master program
thesis, seminar paper

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 3 SWS Seminar

Every winter semester

One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)

Scientific Ethics

Objectives:

= Knowledge of key problems in philosophy of science

= Practice of the methods in philosophy of science

= Knowledge of classical philosophy of science views and authors
= Knowledge of main problems of ethics of research and science

= Valuation of ethical conflicts of interest of scientists

= (Classification of intellectual properties

Content:

= Types of scientific reasoning (inductive, deductive, abductive)
= Laws of nature and causality

= Syntactic and semantic conception of scientific theories, models
» Theory-ladenness of observation

= Holism, underdetermination, conventionalism

= Theory reduction, multiple realizability

= Scientific realism, instrumentalism, empiricism

= Basic issues of the philosophy of biology and neuroscience

= Basic issues of normative ethics

= Science and research ethics

= Rules of good scientific practice

Seminar

Time of attendance: 2 SWS Seminar
Every winter semester

One semester

Prof. Dr. Holger Lyre (FHW-IPHI)
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Sub-Module

Objectives and content

Literature
Teaching
Work load
Frequency
Duration

Responsible person

Journal Club

Objectives:
The student will:

= learn to do literature research

» make references and assistance accessible

= practice communication within groups

= Jearn to handle his emotions during presentations and discussions

» deal with an international audience and an intercultural communication
* have to describe and express complex context

= practice oral and graphical communication

Content:

The students have to present a recent Paper of a reputable Journal, selected by
them. Beside the introduction into the specific topic and the work of the author, the
students have to assess the quality of the paper and try to answer back in the final
discussion.

Seminar

Time of attendance: 1 SWS Seminar
Every semester

One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK) / Prof. Dr. rer. nat. Andreas
Wendemuth (FEIT-IESK)

a Table of contents
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Entrepreneurship: Business Planning

Objectives:

The objective of this course is to teach students how to transform creative ideas
into business concepts and to develop a business plan. Students will

» understand the nature of a business opportunity and learn how to recognize and
create opportunities

= Jearn analytical methods for opportunity and market analysis

® Jearn the basics of financial planning

® learn how to develop different forms of a business plan

Content:

= Proactive Planning

= Opportunity Analysis

» Business Models

= Blue-Ocean Strategy

= Social Entrepreneurship
» Financial Planning

» Growth and Crises

= Chwolka, A., Raith, M. (2012): The Value of Business Planning Before Start-up
— a decision theoretical perspective, Journal of Business Venturing, 27, 385-399

= Osterwalder, A., Pigneur, Y. (2010): Business Model Generation, Self
Published

= Kim, W.C., Mauborgne (2005): Blue Ocean Strategy, Harvard Business Scholl
Press

= Allen, K. (2010): New Venture Creation, Cengage Learning

= Kawasaki, G. (2004): The Art of the Start, Portfolio

= Nalebuff, B., Ayres, 1. (2003): Why Not?, Harvard Business School Press

Lecture, Tutorial

Master program
written examination 120min

6 CP = 180 h (42 h time of attendance + 138 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Every summer semester

One semester

Prof. Dr. Matthias Raith (FWW)

a Table of contents
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Research Project within Research Track

Enrolment: All modules

Module name

Objectives and content

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Responsible person

Research Project

Objectives:
The student will:

= Learn to handle and solve a scientific project with the guidance of a supervisor

= Learn to acquire expertise and the identification of interdependencies within a
scientific problem

= Obtain the qualification for autonomous research work

= Get an expert in the writing of a scientific report

= Practice speaking skills by the presentation of the final results and preliminary
work

Content:
= Up-to-date research problem defined together with the supervisor

Research Project

Master program
proposal, research project

20 CP = 600 h autonomous work
Time of attendance: individual decision

project supervisor

a Table of contents ~
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Elective modules

Enrolment - regular curricululum: Choice of two deepenings. Choice of modules with a total number of 15
CP per deepening. Choice of modules with a total number of 5 CP from the entire range in addition.
Enrolment - Research Track: Choice of modules with a total number of 15 CP from the deepening "Imaging
and Intervention". Choice of modules with a total number of 11 CP from the entire range in addition.
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Deepening '"'Imaging and Intervention"

Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Computed Tomography

Objectives:
The student will:

= understand the system theory of imaging systems
® Jearn the functional principle of the computed tomography
» understand the mathematical principle of tomographic reconstruction
» have an overview about the current research work in the area of tomographic
imaging
Content:

Starting with the system theory of imaging systems, the first part of the module is
focused on the physical properties of x-rays and it’s interaction with manner. The
second part deals with X-ray based standard radiography. The third and final part
brings the mathematical methods of tomographic image reconstruction into focus.
The particular content is:

= System theory of imaging systems

» Basic principle of underlying physics

= X-ray tubes and detectors

» Radiography

= Reconstruction: Fourier-based principle, Filtered back projection, Algebraic

approach, statistical methods

» Beam-geometry: Parallel-, Fan- and Conebeam

= Implementation

= Artefacts and Adjustment

Kak, Slaney: Principles of computerized tomographic imaging; Kalender:
Computed Tomography

Lecture, Tutorial
Digital Signal Processing, Fundamental Physics

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial
Autonomous work: Rework of lectures and tutorial, preparation of excersices

Every summer semester
One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)

a Table of contents ~
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Module name

Objectives and content

Literature

Teaching

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Module

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Methods of MRI

Objectives:

» Understanding of magnetic resonance principle

= Knowledge of spatial encoding in MR

= Knowledge of different MR measurement methods

= Understanding of MR reconstruction principles

» Understanding of physical and technical possibilities and limitations

= Ability to apply knowledge for simple modifications of MR sequences

Content:

= MR signal generation

= MR signal evolution (Bloch equation)
= MR measurement parameters

= Spatial encoding

» MR measurement methods (sequences)
= MR reconstruction

Magnetic Resonance Imaging: Physical Principles and Sequence Design; Haacke,
Brown, Thompson, Venkatesan; Wiley-Liss

Handbook of MRI Pulse Sequences, Matt Bernstein, King, Zhou; Elsevier
Lecture, Tutorial

Bachelor in Electrical Engineering, physics or related subjects, Basics of physics,
mathematics and imaging systems

Master program
tutorial certificate, oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial
Autonomous work: recapitulation of courses, preparation of exercises and exam

Every winter semester
One semester

Prof. Dr. rer. nat. habil. Oliver Speck (FNW-IEP)

a Table of contents

Intraoperative Imaging
(consist of 3 Sub-Modules)

Master program
lab certificate, thesis

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 2 SWS Seminar, 2 SWS Lab Project

Starts every winter semester

Two semesters

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)
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Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Medical Imaging in Interventional Endovascular Therapy

Objectives:
The students will:

= gain knowledge of basic interventional procedures

= understand the techniques of interventional treatment

» have an overview about imaging tasks and modalities for interventions
= Jearn about issues related to interventional treatment

Content:

The course is meant to provide a basic knowledge of the medical imaging
techniques that are used in the endovascular interventional therapy of the vessel
disease. The pathological conditions and the characteristics of the image guided
therapy applied to treat the diseases will be also briefly elaborated.

The course is consist of the following teaching blocks:

» Vascular disease

* Interventional

= Interventional imaging vs vascular surgery

* Interventional suite

» Preinterventional scanning in acute patients

= Interventional X-ray based 2D and 3D techniques
» Endovascular therapy of intracranial

» Endovacular therapy of AVM’s

» Endovascular therapy of intracranial tumors

» Endovascular therapy of spine disease

* Functional imaging

= Post-interventional check up

= New technical developments in endovascular interventional imaging
» Pre-interventional virtual therapy planning

= New endovascular therapies on the horizon

Seminar

Time of attendance: 1 SWS Seminar
Autonomous work: Post processing of lectures, preparation of exam

Every winter semester
One semester

Dr. Drazenko Babic (Philips)
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Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Interventional X-Ray Imaging

Objectives:
The student will
» understand the principle of interventional X-ray imaging in 2D and 3D
* have an overview about clinical applications of interventional angiography
= Jearn new developments in functional imaging in the angiolab
Content:
Basics of x-ray Imaging
» X-ray generation

= Detector Systems
» Image Quality and Dose
Clinical x-ray Imaging Applications
= 3D Interventional Imaging
= Cardiology
= Neuroradiology / Neurology
= Interventional Radiology & Oncology
» From structural to functional imaging

Team Exercise / Project

» Image Quality and dose and basics of Flat-Panel Computed Tomography
= Short presentations

Demonstration at the zeego

Seminar

Time of attendance: 1 SWS Seminar
Autonomous work: Team exercise

Every winter semester
One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)
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Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Angio-lab

Objectives:
The student will:

* have an overview about the approach of endovascular interventions
» understand the general functions of x-ray imaging for interventions
= Jearn methods to analyse the image quality of c-ray based imaging systems
* have a basic knowledge about radiation protection
Content:

= Basic function of the Artis zeego

* Fluoroscopic Imaging

= Digital Subtraction Angiography

= 3D Imaging

» Image quality assessment using phantoms

Lab Project

Time of attendance: 2 SWS Lab Project
Autonomous work: Analysis of acquired data

Every winter semester
One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)

a Table of contents
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Module name

Objectives and content

Literature
Teaching

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Selected Topics in Image Understanding

Objectives:

= Algorithmic solution of advanced Digital Image Analysis topics
» Project execution in a scientific-analytical environment
= Communication of scientific contents in English

Content:

= Advanced segmentation techniques

= Feature generation, feature mapping and feature reduction
» Geometric a priori models for image understanding

= Classification techniques

Lecture, Tutorial

Basic Computer Science and programming skills, basic knowledge in image
processing

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial
Autonomous work:

= Project preparation and performance in small work groups
= Preparation of a project presentation
= Preparation and postprocessing of the subject matter

Every summer semester
One semester

Prof. Dr.-Ing. Klaus Tonnies (FIN-ISG)

a Table of contents
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Deepening "Biomedical Signals"

Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Digital Information Processing Lab

Objectives:

= The participant has an overview of basic methods of applied digital signal
processing.

= The participant can transform physiological knowledge into technical digital
signal processing methods.

» Selected Feature Space transformations and their applications are known.

= Gaussian Production System Architectures are being estimated under
Maximum-Likelihood Assumptions

Content:

1. Digital Signals and Digital LTI Systems

2. Synthesis and analysis of such systems

3. Discrete and Fast Fourier Transformations
4. Selected Feature Space transformations

5. Gaussian Production System Architectures
6. Characteristics of Human Speech

Seminar
Credits obtained in the Course ,,Digital Signal Processing™ (Wendemuth)

Master program
experimental work

5 CP =150 h (28 h time of attendance + 122 h autonomous work)

Time of attendance: 2 SWS Seminar
Autonomous work: Pre- and postprocessing of course, preparation of exam

Every summer semester
One semester

Prof. Dr. rer. nat. Andreas Wendemuth (FEIT-IESK)

a Table of contents
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

EMC of Medical Systems

Objectives:

The students gain information on the fundamental concepts, principles and
measurement techniques of Electromagnetic Compatibility (EMC). At the end of
the module they are able to understand and apply measures to improve EMC. They
will be able to analyze the EMC of systems and know standard measurement
procedures. The students know specific EMC demands of medical systems.

Content:

= EMC regulation

= EM coupling, shielding, filtering

= EMC analysis

= Interference models for special applications
= EMC measures in electronic circuits

= Radiation hazards

= Measurement techniques

Lecture, Tutorial

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Every summer semester

One semester

Prof. Dr.-Ing. Ralf Vick (FEIT-IGET)

a Table of contents

Master Medical Systems Engineering - Module descriptions 27



Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Tomographic Imaging in Medicine

Objectives:
The student will

» understand the theoretical and experimental fundamentals of Tomographic
Imaging

* have an overview on relevant medical tomographic techniques

» gain knowledge about the technical parameters that control the quality of
medical images

= get acquainted with selected software packages used for the graphical
representation of medical images

Contents:

* Introduction

» Theoretical and practical fundamentals of tomographic imaging

» Measurement sensitivity and dynamic range

= Acoustic Tomography

= Magnetic-Spin-Resonance Tomography

* Microwave Imaging

= Ultra-Wide-Band Imaging

= Selected software package for graphical representation of medical images

Lecture, Tutorial

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: post processing of lectures, preparation of exercises, research

report and exam
Every winter semester
One semester

Prof. Dr.-Ing. Abbas Sayed Omar (FEIT-IESK)
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Functional Safety for Medical and Technical Systems

Objectives:

The lecture provides methods for risk assessment Failure Probability according
IEC 61508 as well as principles for risk minimisation. This gives the students skills
for functional safety assessments. The studends are able to understand and apply
features like probability of failure on demand (PFD), hardware fault tolerance
(HFT) and safe failure fraction (SFF)). Probability of malfunctions is characterised
and influencing factors are discussed. The Common Course is introduced. The
students get skills in analysis medical or general technical systems to identify
safety critical behavior and features and how to meet the requirements to design
functional safety designs.

Content:

= Basic concepts of functional safety (safety, risk and risk assessment) according
to IEC 61508

= Probabilistic approaches for the determination of probability of malfunctions
and failures control

= Concepts of failure avoidance and software safety

» Functional safety is detailed using medicine and specific technical system
examples

» Standards in this area and their application (IEC 61508 and EN 60601)

Josef Borcsok: Funktionale Sicherheit. Grundziige sicherheitstechnischer Systeme.
VDE-Verlag. ISBN-10: 3800733056

Lecture, Tutorial
Bachelor in Electrical Engineering or related studies

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: Post processing of lectures, preparation of exercises,
preparation of presentation, preparation of exam

Every winter semester
One semester

Prof. Dr.-Ing. Christian Diedrich (FEIT-IFAT) / Dr.-Ing. Peter Eichelbaum (FEIT-
IFAT)
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Deepening ""Medical Microsystems"

Module name

Objectives and content

Literature

Teaching

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Development of Bio-MEMS for Medical Engineering

Objectives:

The students gain knowledge in the interplay of design, technology, process- and
production techniques within the development and manufacturing of Bio-MEMS
for medical applications. After finishing the module they will understand the
production technologies for Bio-MEMS and will be able to apply the technologies
for the conceptual development of miniaturized medical components (e.g.
micropumps, microvalves, pressure sensors). Within the practical course they work
in the MEMS-cleanroom laboratory and make a Bio-MEMS-device. By means of
exercises they learn to deepen their knowledge for further research and to apply it
to solve complex problems.

Content:

= MEMS design and simulation

= Mask design

= MEMs technologies and process flow

» Device manufacturing in the cleanroom
= Packaging issues

Fundamentals of microfabrication : the science of miniaturization; Marc J. Madou.
- 2. ed. - Boca Raton: CRC Press, 2002, ISBN: 0-8493-0826-7

Lecture, Tutorial, Lab Project

Bachelor in Electrical Engineering or related studies; Module in the Master studies
Medical Systems “Mikrosystemtechnik und Nano-Technologien in der
Medizintechnik”

Master program
oral examination

10 CP =300 h (84 h time of attendance + 216 h autonomous work)

Time of attendance: 2 SWS Lecture, 2 SWS Tutorial, 2 SWS Lab Project

Autonomous work: Post processing of lectures, preparation of exercises,
preparation of practical course, preparation of presentation, preparation of exam

Every summer semester
One semester

Prof. Dr. rer. nat. Bertram Schmidt (FEIT-IMOS)
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

MEMS-Packaging for Medical Solutions

Objectives:

The students gain basic knowledge in electronic and MEMS packaging
technologies for medical solutions. They learn about materials, processes and
technologies for packaging with special attention to medical solution. After
finishing the module they will understand the importance of packaging for medical
solutions, microelectronics and MEMS. They gain knowledge in packaging
methods, thermal management and restrictions for medical solutions. They will be
able to select an appropriate packaging solution for a given medical application. By
means of exercises they learn to deepen their knowledge for further research and to
apply it to solve complex problems.

Content:

= Introduction to electronic and medical electronic packaging
= Basic semiconductor packaging

= Substrates and their technologies

» Packaging for medical devices

= Reliability and test

= Medical requirements, biocompatibility

Integrated Circuit Packaging, Assembly and Interconnections ISBN 978-0-387-
33913-9; Fundamentals of Microsystems Packaging ISBN 0-07-120301-X,
Advanced Electronic Packaging ISBN 0-471-46609-3

Lecture, Tutorial
Bachelor in Electrical Engineering or related studies

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: Post processing of lectures, preparation of exercises,
preparation of presentation, preparation of exam

Every summer semester
One semester

Prof. Dr. rer. nat. Bertram Schmidt (FEIT-IMOS)
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Deepening ""Biomechanics and Haemodynamics"

Module

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Simulation and Numerical Methods in Biomechanics and
Medical Engineering
(consist of 2 Sub-Modules)

Basics in engineering mechanics

Master program
thesis, oral examination

10 CP =300 h (70 h time of attendance + 230 h autonomous work)
Time of attendance: 3 SWS Lecture, 1 SWS Tutorial, 1 SWS Seminar
Starts every winter semester

Two semesters

Prof. Dr.-Ing. habil. Dr. h. c. Ulrich Gabbert (FMB-IFME)

Computational Biomechanics

Objectives:

The lecture is aimed to provide the students with knowledge and skills in
computational mechanics to solve engineering problems (statics, strength of
materials, dynamics). The lecture provides an introduction into the mathematical
modeling and the computational analysis of engineering problems. The students
receive the ability to solve simplified technical problems with a reference to
biomechanical and medical engineering.

Content:

= Overview about modern computational methods in mechanics
» and there application in biomechanics and medical engineering
= Introduction in mathematical modeling
» Discretization methods:

o Finite difference method (FDM)

o Energy Methods (Ritz, Galerkin)

@ Finite element method (FEM)

@ Multi body dynamics (MBS)
= Computational analysis of selected problems in biomechanics

Lecture, Tutorial

Time of attendance: 3 SWS Lecture, 1 SWS Tutorial

Autonomous work: re-working of lectures, autonomous execution of exercises,
preparation of the exam

Every winter semester
One semester

Prof. Dr.-Ing. habil. Dr. h. c. Ulrich Gabbert (FMB-IFME)

Master Medical Systems Engineering - Module descriptions

32



Sub-Module

Objectives and content

Literature
Teaching
Work load

Frequency
Duration

Responsible person

Simulation in Medicine and Medical Engineering

Objectives:

= This course is intended to teach students about simulation methods and systems
in medical and medical engineering applications.

» Taking methods for the generation and representation of medical models
(organs, patients and instruments) as the starting point, methods for the real-
time simulation of surgical procedures shall be treated.

» Fundamental principles of methods of immersive visualization (virtual and
augmented reality) shall be taught in the context of medical applications.

= Independent study of topics shall teach students practical skills to solve specific
problems in the field of simulation.

Content:

= Presentation of selected medical engineering systems (e.g. minimally invasive
diagnostic and therapy systems)

* Model representations and overview of methods of modeling

» Methods of real-time simulation and visualization of properties of biological
objects/organs for training simulations (interaction, collision detection,
deformation modeling, topological modifications, visual effects, camera
simulation)

= Haptic systems in medical simulation environments (systems overview,
parameters, connection to a simulation)

= Methods of immersive visualization (types of stereoscopic representation,
augmented reality 3-D model overlay, tracking methods, camera equipment,
camera calibration)

= Presentation of current research studies on the use of virtual and augmented
reality in medicine/medical engineering

» Independent practical study (autonomous work): Assignment of topics related to
simulation, visualization and tracking for medical engineering applications
(academic research and programming)

Seminar

Time of attendance: 1 SWS Seminar
Autonomous work: independent practical study

Every summer semester
One semester

Dr.-Ing. Riidiger Mecke (Fraunhofer-Institut IFF, MD)
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Rheology and Rheometry

Objectives:

The majority of fluid substances surrounding us have non-Newtonian properties
(pharmaceutical and medical equipment, cosmetics, food processing,
petrochemical, building materials industry, ceramic industry, paint industry,
polymer production ...). The flow behavior of these substances plays a central role
in the production and application engineering, quality assurance, materials research
and development.

Starting with rheological phenomena, the physical properties such as viscosity,
elasticity and plasticity are discussed. This is followed by a classification, and the
mathematical description of the rheological equations of the media. Simple
rheological laminar flows are treated, before turbulent properties are discussed.

Current measurement methods and derived models are in the focus of the course.

After participating in this module, the students master all the basic concepts that
are necessary for the description of complex fluids. They know the characteristics
of non-Newtonian fluids, as well as their economic importance and the most
important areas of applications. They are able to identify complex material
behavior, characterize, interpret and incorporate into theoretical / numerical
models. Students are also guided through practical exercises in order to carry out
tests with rheometers and to interpret results.

Content:

= Basics of rheology, subdivisions, rheological phenomena (concepts and
definitions, behavior due to stress, elastic and viscous media)

» Physical principles, conservation laws

= Simple forms of deformation

= Rheological measurement principles, tools and methods (stationary methods,
transient methods, type of rheometers, measurement of other rheological
parameters)

= Classification: ideal body: Newton, Hooke, St. Venant body; non-Newtonian
viscous liquids: viscoelastic liquids.

= Methods of establishing the flow curve (approximation of the yield curve, semi-
theoretical approaches, molecular kinetic approaches, mechanical models)

= Effect of temperature, pressure, composition

» Technical engineering applications (gap flow, pipe flow, annular gap flow, slot
die, agitator, extruder design)

= Rheology of biological and biomedical fluids

C. Macosko, “Rheology”, VCH Wiley Publishers
Lecture, Research Project
Fluid mechanics, Thermodynamics, Mechanics

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Research Project
Every summer semester

One semester

Prof. Dr.-Ing. habil. Dominique Thévenin (FVST-ISUT)
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Computational Fluid Dynamics

Objectives:

Numerical flow simulation (usually called Computational Fluid Dynamics or CFD)
is playing an essential role in many modern industrial projects. Knowing the basics
of fluid dynamics is very important but insufficient to be able to learn CFD on its
own. In fact the best way of learning CFD is by relying to a large extent on
“learning by doing” on the PC. This is the purpose of this Module, in which
theoretical aspects are combined with many hands-on and exercises on the PC.

By doing this, students are able to use autonomously, efficiently and target-
oriented CFD-programs in order to solve complex fluid dynamical problems. They
also are able to analyse critically CFD-results.

Content:

» Introduction and organization. Historical development of CFD. Importance of
CFD. Main methods (finite-differences, -volumes, -elements) for discretization.

= Vector and parallel computing. How to use supercomputers, optimal computing
loop, validation procedure, Best Practice Guidelines.

» Linear systems of equations. Iterative solution methods. Examples and
applications. Tridiagonal systems. Realization of a Matlab-Script for the
solution of a simple flow in a cavity (Poisson equation), with Dirichlet-
Neumann boundary conditions.

» Choice of convergence criteria and tests. Grid independency. Impact on the
solution.

* Introduction to finite elements on the basis of COMSOL. Introduction to
COMSOL and practical use based on a simple example.

» Carrying out CFD: CAD, grid generation and solution. Importance of gridding.
Best Practice (ERCOFTAC). Introduction to Gambit, production of CAD-data
and grids. Grid quality.

= Physical models available in Fluent. Importance of these models for obtaining a
good solution. Introduction to Fluent. Influence of grid and convergence
criteria. First- and second-order discretization. Grid-dependency.

» Properties and computation of turbulent flows. Turbulence modeling.
Computation of a turbulent flow behind a backward-facing step. Dispatching
subjects for the final project.

Ferziger and Peric, Computational Methods for Fluid Dynamics, Springer
Lecture, Research Project
Fluid mechanics

Master program
research project

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Research Project
Every summer semester

One semester

Priv.-Doz. Dr.-Ing. Gabor Janiga (FVST-ISUT) / Prof. Dr.-Ing. habil. Dominique
Thévenin (FVST-ISUT)
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Deepening '""Medical Computer Science"

Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Advanced Security Issues in Medical Systems

Objectives:
The student will

= work on selected current topics on technical, organizational, judicial, social and
ethical topics in IT security on the example of security considerations in
medical sciences

» be enabled to understand and devise application field specific IT security
strategies

Content:

Selected current topics on technical, organizational, judicial, social and ethical
topics, e.g.:
= Medical information systems
= Secure data storage and processing for person related and medical data
= Security in medical IT infrastructures: system-, network-, and application
» Special considerations for digital signal (image and audio) processing for
medical records
= Security management in medical information systems
» Standardization, certification and evaluation of IT security for medical
application scenarios and systems
= Case studies on IT security mechanisms and problems in medicine

For literature see http://omen.cs.uni-magdeburg.de/itiamsl/lehre/
Seminar

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 3 SWS Seminar

= Presence at three scheduled times

» Topic presentation distribution and registration

= Milestone presentation with structure and first, preliminary results
» Final presentation containing all results

Autonomous work:

= Literature research
= Scientific work on the topic
= Slides and report preparation

Every summer semester
One semester

Prof. Dr.-Ing. Jana Dittmann (FIN-ITT)
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Bayesian network

Objectives:
The student will
= Jearn basic concepts and methods of Bayesian Networks and related topics in
the field of uncertainty
= understand and apply techniques to create Baysian Networks
» understand and apply data analysis methods to solve given problems
» have an overview of showcases applications and understand the basic
functionality

Content:

= Modeling of uncertainty and vagueness in expert systems

= Representation of uncertain information in probabilistic networks (Bayesian
networks / Markov networks)

» Evidence propagation in such networks

» Quantitative and structural induction of probabilistic networks from data

= Other uncertainty calculi (Dempster-Shafer)

= Applications

= R. Kruse, C. Borgelt, F. Klawonn, C. Moewes, M. Steinbrecher, P. Held
(2013). Computational Intelligence: A Methodological Introduction. Springer,
New York.

= C. Borgelt, M. Steinbrecher und R. Kruse (2009). Graphical Models -
Representations for Learning, Reasoning and Data Mining, 2nd Edition. J.
Wiley & Sons, Chichester, United Kingdom

Lecture, Tutorial

Master program
tutorial certificate, oral examination

5 CP =150 h (56 h time of attendance + 94 h autonomous work)
Time of attendance: 2 SWS Lecture, 2 SWS Tutorial

Every winter semester

One semester

Prof. Dr. rer. nat. habil. Rudolf Kruse (FIN-IWS)

a Table of contents ~

Master Medical Systems Engineering - Module descriptions 37


http://www.springer.com/978-1-4471-5012-1

Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Image Coding

Objectives:

Learn about methods and techniques of image coding as essential part in image
communication. Problems of image acquisition are treated as far as relevant for
image coding. Applications of image coding algorithms in image compression

standards and their use in selected fields such as medical imaging are discussed.

At the end of the course the students are able to assess existing coding methods for
still images and video. They know relevant problems of image acquisition and
representation, how the information content in images can be estimated and learn
principles in the design of encoders for image and video compression. Students are
able to apply image coding methods in medical applications.

Content:

= Acquisition and representation of images
= Human perception

» Image forming systems

= Information theory

= Quantisation

= Data compression

= Lossy coding

» Video compression

» Transform coding

= Content based and semantic coding
» Standards and applications

Many literature on image and video compression is helpful but doesn’t replace
necessity of being present at classes, e.g. John W. Woods: Multidimensional signal,
image, and video processing and coding, Academic Press, 2012, (Online available),
material for lecture and exercise is provided by e-learning system

Lecture, Tutorial
Modules typical for Bachelor in Electrical Engineering or related courses

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial

Autonomous work: Post processing of lectures, solving tasks of exercises,
preparation of presentation, preparation of exam

Every winter semester
One semester

Dr.-Ing. Gerald Krell (FEIT-IESK)
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Machine Learning for Medical Systems

Objectives:
The student will

» understand the basics of Learning Theory
= get an in-depth understanding for problems and concepts in the area of Machine
Learning
= Jearn data structures and algorithms of Machine Learning
* be enabled to apply these methods to real-world medical data analysis problems
Content:

= Concept Learning and Version Space

» Learning Decision Trees

= Neural Networks

» Bayesian Learning

= Instance-based Learning and Cluster Analysis
= Association Rule Learning

= Reinforcement Learning

» Hypothesis Evaluation

Lecture, Seminar

Master program
tutorial certificate, oral examination

5 CP =150 h (56 h time of attendance + 94 h autonomous work)

Time of attendance: 2 SWS Lecture, 2 SWS Seminar
Autonomous work:

Every winter semester
One semester

Jun.-Prof. Dr.-Ing. Andreas Niirnberger (FIN-IWS)
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Deepening ""Neuro-Biology"

Module name

Objectives and content

Literature

Teaching

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Theoretical Neuroscience I

Objectives and content:

Based on Chapters 5-6 and Chapters 1-4 of Dayan & Abbott. Electrochemical
equilibrium and Nernst Equation, equivalent circuits for single-compartment
model, leaky integrate-and-fire model, Hodgkin-Huxley and Connor-Stevens
models of action potential, cable equation and neuron morphology, characterizing
neuronal responses with tuning curves and receptive fields, signal-detection theory
and psychometric function, comparision of neuronal and behavioural responses
with neurometric function, population coding, statistically efficient decoding with
maximum likelihood and maximum a posteriori likelihood, Fisher information,
introduction to Shannon information, application of Shannon information to neural
responses.

To develop a deeper understanding and to acquire applied and practical skills,
students perform weekly homework assignments with Matlab programming. A
passing grade on all assignments is required for admission to the final exam.

The tutorial is open to all students and provides an opportunity for more extensive
questions and discussions of the lecture material. It is particularly recommended
for students with a weaker background in mathematics and physics.

= Dayan & Abbott, “Theoretical Neuroscience”, 2001
= Sterrat, Graham, et al., “Principles of Computational Modelling in
Neuroscience”, 2011

Lecture

First degree in physics, mathematics, or engineering, or self-study of Gabbiani &
Cox, “Mathematics for Neuroscientists”, 2010.

Master program

tutorial certificate, written examination 180min

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 3 SWS Lecture
Every winter semester

One semester

Prof. Dr. Jochen Braun (FNW-IBIO)
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Module name

Objectives and content

Literature

Teaching

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Theoretical Neuroscience 11

Objectives and content:

Based on Chapters 7-10 of Dayan & Abbott. Rate models of network dynamics,
synaptic plasticity, reinforcement learning, and generative models. Linear models
of neural networks, dynamic analysis of state-space, eigenvalue analysis of steady-
states, models of activity-dependent plasticity, associative learning with neural
networks, modern theories of reinforcement learning (Rescorla-Wagner, temporal-
difference, actor-critic models), and abstract approaches to representational
learning and generative models (expectation maximization, principal components,
independent components).

To develop a deeper understanding and to acquire applied and practical skills,
students perform weekly homework assignments with Matlab programming. A
passing grade on all assignments is required for admission to the final exam.

The tutorial is open to all students and provides an opportunity for more extensive
questions and discussions of the lecture material. It is particularly recommended
for students with a weaker background in mathematics and physics.

= Dayan & Abbott, “Theoretical Neuroscience”, 2001

= Wilson, “Spikes, Decisions, Actions: the Dynamical Foundations of
Neuroscience”, OUP 1999

= Sutton & Barto, “Reinforcement Learning: an Introduction”, MIT Press, 1999

Lecture

First degree in physics, mathematics, or engineering, or self-study of Gabbiani &
Cox, “Mathematics for Neuroscientists”, 2010.

Master program

tutorial certificate, written examination 180min

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 3 SWS Lecture

Every summer semester

One semester

Prof. Dr. Jochen Braun (FNW-IBIO) / Prof. Dr. rer. nat. Andreas Wendemuth
(FEIT-IESK)
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Module

Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Sub-Module

Objectives and content

Literature

Teaching
Work load

Frequency
Duration

Responsible person

Analysis and modeling of Physiological Systems
(consist of 2 Sub-Modules)

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)
Time of attendance: 2 SWS Lecture, 1 SWS Lab Project

Starts every winter semester

Two semesters

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)

Mathematical Modeling of physiological Systems

Objectives:
The student will

= Jearn methods for mathematical modeling of physiological systems

= from Ist principles based on fundamental physical and chemical relations

= Jearn different methods and tools for computer simulation of physiological

= system with application to selected subsystems

= gain a fundamental understanding of the dynamics of the considered subsystems
by means of targeted simulation experiments

= be able to transfer the methodology to other physiological systems in the frame
of future research projects

Content:

= cardio vascular system

= control of cell volume and electrical properties of cell membranes
® signal transduction in nerve cells

= signal transduction in the retina

= signal transduction in the ear/ ear implants

= population balance modelling of cellular systems

= Hoppensteadt, F.C.; Peskin, C.S.:. Modeling and Simulation in Medicine and
the Life Sciences, Springer, Berlin, 2002.
= Keener, J.; Sneyd, J.: Mathematical Physiology, Springer, Berlin, 1998.

Lecture

Time of attendance: 2 SWS Lecture

Autonomous work: post processing of lectures and preparation of computer
exercises

Every winter semester
One semester

Prof. Dr.-Ing. habil. Achim Kienle (FEIT-IFAT)

Master Medical Systems Engineering - Module descriptions 42



Sub-Module

Objectives and content

Literature
Teaching
Work load
Frequency
Duration

Responsible person

Analysing Neuronal Network Data from Microelectrode
Arrays

Objectives:
The student will

= gain a basic understanding of the functions of neurons with the focus on the
electrical communication

= Jearn the mean features of the breeding o neurons in a test tube

» understand the measurements of electrical signals of neurons

» become acquainted with the setup of micro electrode arrays

= Jearn the process of analysing the signals of a small neuronal united cell
structure

Content:

= Analysis of electrical signal of neurons by using microelectrode arrays
= Statistical analysis of the spike characteristics of neuronal networks
» Analysis of bursts and synchronous characteristics

Lab Project

Time of attendance: 1 SWS Lab Project
Every summer semester

One semester

Prof. Dr. rer. nat. Georg Rose (FEIT-IESK)
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Freely selectable Elective Modules

Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Selected topics from medical research

Objectives:
The student will:

» have an overview about the recent medical research topics

» understand the medical depiction of a clinical problem

= Jearn to convert a medical problem in to a technical one

= have the ability to discuss a clinical problem with a physician

Content:

In this series of presentations of different medical research fields and clinical
issues, the clinical and technical problems are presented by experienced physicians
and medical scientists.

The main focus is the microtherapy of tumors using MRI guidance, stereotactic
brain surgery, imaging neuroscience and cardiology.

Lecture, Seminar

Master program
seminar paper

5 CP =150 h (28 h time of attendance + 122 h autonomous work)
Time of attendance: 1 SWS Lecture, 1 SWS Seminar

Every summer semester

One semester

Prof. Dr. med. Jens Ricke (FME-ZRAD)
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Medical Visualization

Objectives:

* An understanding of medical diagnosis and treatment with 3D volume data

* An understanding of perceptual issues in interpreting medical volume data,
presented in 2D and 3D displays

» An understanding of user needs in selected diagnostic and treatment planning
tasks

Content:

= Introduction to medical image processing and analysis

» Surface rendering of medical volume data

» Web-based 3D visualization of medical volume data

* Volume rendering

= Advanced transfer functions

» Visualization of vascular structures

= Virtual endoscopy

= [llustrative medical visualization

= Interaction techniques with 3D visualizations of medical volume data
» Visual exploration of blood flow data

The individual lectures explain algorithms along with specific applications.
Diagnosis of (cardio-) vascular diseases and treatment of cancer patients are the
key applications discussed in most of the lectures.

Bernhard Preim, Charl P Botha. Visual Computing for Medicine, Second Edition:

Theory, Algorithms, and Applications , Morgan Kaufmann, 2013

Lecture, Tutorial

Master program

tutorial certificate, written examination 120min

6 CP =180 h (56 h time of attendance + 124 h autonomous work)
Time of attendance: 2 SWS Lecture, 2 SWS Tutorial

Every summer semester

One semester

Prof. Dr.-Ing. habil. Bernhard Preim (FIN-ISG)
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Module name

Objectives and content

Literature

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Computer-aided Diagnosis and Therapy

(in German)

Objectives:

» An understanding of stationary medical care

» An understanding of diagnostic processes, relevant stakeholders, diagnostic
methods

» An understanding of criteria to evaluate diagnostic methods

» An understanding of algorithms that support diagnostic tasks, such as object
detection and classification

» An understanding of treatment decisions, treatment plans and factors that
influence them

» An understanding of software systems that support treatment decisions

Content:

» An introduction into diagnosis including diagnostic guidelines and results from
epidemiology

= Cancer diagnosis in X-ray, CT and MRI data

= Computer-aided diagnosis for breast cancer, bronchial carcinoma and brain
metastases

» Diagnosis with perfusion data

» An introduction into treatment with radiation treatment, surgery and
interventions

= Computer-assistance in liver surgery planning

= Computer-assistance in neurosurgery planning based on multimodal image data

» CT- and MR-guided interventions

Bernhard Preim, Charl P Botha. Visual Computing for Medicine, Second Edition:
Theory, Algorithms, and Applications, Morgan Kaufmann, 2013

Lecture, Seminar
No

Master program
tutorial certificate, written examination 90min

5 CP =150 h (56 h time of attendance + 94 h autonomous work)
Time of attendance: 2 SWS Lecture, 2 SWS Seminar

Every winter semester

One semester

Prof. Dr.-Ing. habil. Bernhard Preim (FIN-ISG)
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Module name

Objectives and content

Literature
Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Frequency
Duration

Responsible person

Research in Space

(in German)

Objectives:
The student will:

» have basic knowledge about the conditions of biomedical missions and
experiments in space with zero gravity

= Jearn the main interactions between the environment in space with the
spacecraft and human-body.

= get an overview about the research opportunities in space

» have a basic knowledge about primar research topics in space medicine and
gravitation-biology

Content:

= Environment space (solar system, atmosphere, magnetic field, radiation, Van-
Allen-Belt)

= Basics about mission-planning

= Interaction between space-environment and spacecrafts

= Effects of the space-environment to the human (Immune system,
musculoskeletal system, cardiovascular system, psychology, choice and training
of astronauts)

= Research in space (ground based simulations, reduced gravity aircrafts,
speleology-rockets, probes and ISS)

Lecture, Tutorial

Master program
oral examination

5 CP =150 h (42 h time of attendance + 108 h autonomous work)

Time of attendance: 2 SWS Lecture, 1 SWS Tutorial
Autonomous work: Post processing of the Lecture, Preparation of exercises

Every summer semester
One semester

Prof. Dr. med. Dr. rer. nat. Oliver Ullrich (FME-1IM)
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Master Thesis

Module name

Objectives and content

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load
Frequency
Duration

Responsible person

Colloquium for Working-Methods and Intermediate Results

Objectives:
The student will:

= Develop the objectives of his thesis and creates a plan for his work with its
timing, goals and methods.

= Use control mechanisms for the timing and the evaluation of the content and
planning of his work

= Discuss his methods and results with his colleagues, answers questions in
scientific manner about his work and receives proposal for his work

= Sum up and present his preliminary results in a scientific way

Content:

= Methods for wording of objectives and the creation of a time plan

= Propagation of control mechanisms for the timing and content of the thesis

» Guidance for scientific discussions, the reasoning and structure of scientific
talks and reports

Seminar

Master program

seminar paper

6 CP = 180 h (56 h time of attendance + 124 h autonomous work)
Time of attendance: 4 SWS Seminar

Every winter semester

One semester

Supervisor of Master Thesis
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Module name

Objectives and content

Teaching
Prerequisites

Applicability of the
module

Certificates and
examination

Credit Points
Work load

Responsible person

Master Thesis

Objectives:
The student will:

= Create a research-oriented scientific dissertation
= Masters the writing of a scientific report in the extent of a Master thesis
= Be able to present his own work and to answer questions scientifically

Content:
= According to prior agreement with the supervisor

Research Project

Master program

thesis, seminar paper

24 CP = 720 h autonomous work
Time of attendance: individual decision

Supervisor of Master Thesis
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