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Semester Title/ Module EN Title/ Module DE Type 
Lecturer/ 
Persons in 

charge 
ECTS Module description 

WiSe 
Laser Spectroscopy in Life 
Sciences 

Laserspektroskopie in Life 
Science 

Lecture Roth 5 

The aim of this lecture course is the introduction to the fundamentals and methods in 
laser spectroscopy 
for application in the life sciences. Apart from the basic principles of laser spectroscopic 
techniques and 
methods applied in various up-to-date areas of fundamental research also practical 
applications in the life 
sciences such as biology, chemistry, and medicine, will be taught. The students will also 
gain insight into 
modern measurement devices and methods which are broadly employed. The exercise 
course aims at 
consolidating the understanding of the basic principles given as well as at their 
application for practical 
examples. 

WiSe 
Business, Technology & 
Development of Vehicle 
Tires 

Business, Technology & 
Development of Vehicle 
Tires 

Lecture Wies 3 

Learning Objectives Completing this module, students will be able to 
•describe the role of a passenger car tire and its history 
•analyse the car tire market 
•explain the tire construction and its production 
•understand the tire's material properties and chemistry 
•set up mechanical models and understand simulation procedures with respect to noise 
and vibration 
•plan tire testing set-ups  Contents 
•History of Car Tires 
•Role of the Tire 
•Tire Market 
•Tire Construction 
•Tire Production 
•Material Properties & Friction 
•Rubber Chemistry 
•Basics of Tire Mechanics 
•Tire Testing 
•Tire Models, Simulation & Prediction Tools 
•Noise, Vibration & Harshness of Tires 
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Lecturer/ 
Persons in 

charge 
ECTS Module description 

WiSe 
Applied elasticity theory in 
the aviation 

Angewandte 
Elastizitätstheorie in der 
Luftfahrt 

Lecture Jacob 5 

Der Kurs Angewandte Elastizitätstheorie in der Luftfahrt vermittelt, neben den 
aerodynamischen und flugmechanischen Belastungen spezifischer Bauteile von 
Flugkörpern, vor allem die mechanische Berechnung der von den aerodynamischen 
Kräften und den beim Start- und Landevorgang auftretenden Kräften belasteten 
Strukturen von Flugzeugen. Hierbei werden solche Strukturen untersucht, die in der 
Luftfahrt häufig verwendet werden. Es handelt sich dabei um Membranen, Scheiben, 
Platten und Schalen, die auf ganz spezifische Arten belastet werden können. Auch Faser-
Verbund-Leichtbaustrukturen werden behandelt. Lokale und globale Spannungen und 
Dehnungen sind dabei ebenso im Fokus wie Schwingungen von Ein- und 
Mehrmassensystemen sowie Kontinuumsschwingungen (Aeroelastik). Der Kurs soll 
zudem vermitteln, wie der Anwender die physikalische Theorie bezüglich der in der 
industriellen Praxis vorkommenden Probleme umsetzen und nutzen kann. 

WiSe Combustion Technology 
Combustion Technology 

Lecture/ 
Practical work 

Dinkelacker 5 

This course conveys fundamentals of combustion technology and its applications. After 
successfully completing the course, students will be able to 
•differentiate between types of combustion and describe different types in detail, 
•make up the balance for combustion processes, 
•explain typical examples of applications for various types of combustion, 
•identify potentials for reducing emissions and to evaluate them.  Content: 
•Fundamentals, types and spread of flames 
•Balance of amount of substance, mass and energy 
•Chemical kinetics 
•Ignition processes 
•Characteristic numbers 
•Calculation and model approaches 
•Emissions 
•Technical applications 

WiSe 
Aspects of Process Design 
in Forming Technology 

Aspects of Process Design 
in Forming Technology 

Lecture 
Behrens 

 
5 

This module provides an insight into the process of metal forming.        Objectives: - 
Understanding of the basic principles for material characterisation and numerical 
simulation used for the analysis of forming processes 
Ability to apply digital design tools to solve problems related to forming technology. 
Content: After an introduction into the fundamentals of forming technology, the 
development of forming processes, the computer aided design process and the finite 
element analysis will be addressed. Experimentally determined parameters build the 
input for these analyses. The forming process takes place by use of various forming 
machines and peripheral devices. Subsequently, process-integrated quality assurance 
methods will be presented. 
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WiSe 
Laserscanning - Modelling 
and Interpretation 

Laserscanning - Modelling 
and Interpretation 

Lecture Brenner 5 

Aim of the module: This lecture imparts the basic principles about laser scanning and its 
respective application areas. After successful completion of the lecture, students are able 
to explain and apply selected techniques and algorithms for the low-, intermediate- and 
high-lever processing of laser scanning data. Lecture content: Airborne, terrestrial and 
mobile mapping laser scanning: scan geometry and technical characteristics. Low-, 
intermediate and high-level tasks. Representation of 3D rotations: matrix, angles, axis 
and angle, quaternions. Estimation of similarity transforms and the iterative closest point 
algorithm. Estimation and segmentation of lines and planes. Region growing, RANSAC 
and MSAC, Hough transform, scanline grouping. Scanning and segmentation in robotics 
applications. Decision trees and random forests for point cloud classification. Markov 
chains and Markov chain Monte Carlo methods and their use for high-level 
interpretation. In the exercises, selected algorithms will be programmed. 

WiSe Remote Sensing I Fernerkundung I Lecture Melsheimer 4 

Overview:Overview: 
- Fundamentals for measurements from satellites and their application for the acquisition 
of atmospheric processes 
- Remote sensing methods using satellite instruments. Derivation of temperature, cloud 
and trace gas measurements with remote sensing instruments from satellite and ground. 
- Derivation of radiation measurements from satellite data 

WiSe 
Photogrammetric 
Computer Vision 

Photogrammetric 
Computer Vision 

Lecture/ 
Exercise 

Heipke 5 

Lecture content Short introduction into aims, commonalities and differences of 
photogrammetry and computer vision, 3D image processing, projective geometry: 
transformation between image and object space, in linear models. Robust estimation 
(RANSAC). Different methods to represent 3D rotations (Euler angles axis-angle 
representation, quaternions). Structure from motion (sfm) from stereoscopic images and 
image sequences: interest operators (SIFT, SURF), sliding pose estimation, dense image 
matching, determination of object geometries. Methods for evaluation of results of 
image based approaches.  Aims of the lecture After studying the module the students 
have a good overview and detailed knowledge of some exemplary methods of 3D 
reconstruction from images and image sequences (structure from motion, sfm). They 
understand the geometric transformations between image and object space, the usual 
procedures for pose estimation of moving sensors and basics of signal theory as applied 
to image matching. Students can thus evaluate pros and cons of sfm. In the lab part, 
carried out in small groups, image sequences are captured using flying robots; these 
image sequences are being exploited using available software. In this way the students 
come to gain practical experience of digital image capture and geometric 3D 
reconstruction and can evaluate the obtained results. 
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WiSe 
Production of 
Optoelectronic Systems 

Production of 
Optoelectronic Systems 

Lecture Overmeyer 5 

Outcomes: This module gives basic knowledge about processes and devices that are used 
in production of semiconductor packages and microsystems. The main focus is on the 
back-end-process that means the process thins wafer dicing. After successful examination 
in this module the students are able to 
correctly use the terms optoelectronic system, wafer production, front end and back end 
and to give an overview of production processes of semiconductor packages 
explain the production processes beginning from crude material sand and to have an idea 
about process relevant parameters 
visualize different packaging techniques and explain the corresponding basics of physics 
choose and classify different package types for an application 
  
Contents: 
Wafer production 
Mechanical Wafer treatment 
Mechanical connection methods (micro bonding, soldering, eutectic bonding) 
Electrical connection methods (wire bonding, flip chip bonding, TAB) 
Package types for semiconductors 
Testing and marking of packages 
Design and production of printed circuit boards 
Printed circuit board assembly and soldering techniques 

WiSe Micro- and Nanosystems 
Micro- and Nanosystems 

Lecture Wurz 5 

Students gain knowledge about the most important application areas of micro- and nano 
technology. A microtechnical system has the following components: micro sensor 
technology, micro actuating elements, microelectronics. Furthermore, the active 
principle and construction of micro components as well as requirements of system 
integration will be explained.  
 
Nanosystems usually use quantum mechanical effects. An example will be the display of 
the employment of nanotechnology in various areas 

WiSe Image Analysis II 
Image Analysis II 

Lecture/ 
Exercise 

Rottensteiner 5 

Lecture content The first part of this module covers supervised and unsupervised 
methods for classification. This block starts with a discussion of Bayesian classification, 
including aspects of generative modeling of probabilities and the estimation of the 
parameters of these models. After that, there is a transition to discriminative classifiers, 
introducing logistic regression, Support Vector Machines, Boosting, and Random Forests. 
Artificial neural networks and the theory of Dempster-Shafer are also presented in this 
context. This is followed by an introduction into unsupervised techniques for an analysis 
of clusters in feature space. Graphical models, in particular Bayes networks and statistical 
models of context as provided by Markov Random Fields and Conditional Random Fields 
are also discussed. The lecture finishes with a block on active contours and their 
applications in image analysis.  Lab course: Analysis of scientific papers. Goals The 
students should get to know and understand modern statistical methods of pattern 
recognition, along with their theoretical foundations and current applications. By 
analyzing state-of-the art scientific papers in the lab, the students’ analytic and 
methodological skills should be strengthened 



Semester Title/ Module EN Title/ Module DE Type 
Lecturer/ 
Persons in 

charge 
ECTS Module description 

WiSe Internet GIS 
Internet GIS 

Lecture/ 
Practical work 

Feuerhake 5 

Aim of the module: This course teaches the key technologies and main concepts for 
performing typical GIS operations on spatial data in the Internet. Main topics are the 
processes allowing representation, storage, access, analysis and visualization of 
heterogeneous, distributed spatial data sets. The lectures focus on the technical/practical 
realization of these aspects. Practical exercises on current web technologies allow the 
students to flexibly adapt to a multitude of requirements in the larger context of web 
applications. The learned practical knowledge is applied in a compulsory software 
project, in which groups of 3-4 students will work on a real web GIS application. After 
successfully completing this course, students will be able to create their own web map 
applications including static and dynamic parts of a client-server-architecture with server-
side data storage and client-side data visualization and interaction. Lecture content: Data 
and service provider standards and implementations; data formats for internet 
applications; internet-based data provision and access; current web technologies: HTML, 
JavaScript, PHP, XML, WebMap APIs OpenLayers and Leaflet, SQL, PostgreSQL DBMS, 
OGC Web Map Services/Web Feature Services. 

WiSe 
Electrical Maschines and 
Drives 

Electrical Machines and 
Drives 

Lecture/ 
Practical work 

Ebrahimi 5 

Fundamental of electromagnetics, Maxwell equations, Biot-Savart Formulation, Faraday 
law of induction, Lorentz Force. Fundamental of electromechanical energy conversion. 
Magnetic equivalent circuit for flux calculation in magnetic structures, magnetomotive 
force law, permanent magnet Materials, Ferromagnetic materials, non-linear BH-curves, 
Hysteresis and eddy current losses. 
Permanent magnet DC motor, separately excited DC motor, series DC motors, Universal 
motors, equivalent circuits and load calculation, lap and wave winding, armature 
reaction. 
Fundamentals of rotating field theory, three phase synchronous motor, permanent 
magnet synchronous motor, BLDC motors. 
Basics of control of electrical machines, basics of power electronic devices, pulse width 
modulation, basics of gearing and mechanical components in mechatronic systems, basic 
of sensory systems. 
Design of a mechatronic device, Biomechanical calculation, electromechanical drive 
calculation, selection of motor, gearing, battery, power electronics and sensory systems. 

WiSe/ 
SoSe 

MOOC Aircraft Engines 
MOOC Aircraft Engines 

Lecture Herbst 3 

The module introduces basic engineering and physical understanding of the 
requirements, components and preliminary design of simple aircraft jet engines. After 
successful completion of the course, the students have knowledge of the thermodynamic 
changes of state taking place in the individual components of aircraft jet engines and are 
able to apply this knowledge to the calculation of the engine efficiency, the optimisation 
of the thermodynamic cycle and also stage theory and straight cascades. Furthermore, 
the students gain insight into phenomena such as rotating stall, surging, and engine 
aeroacoustics as well as the dynamic behaviour of jet engines and their control systems. 
Moreover, the students are able to determine and evaluate the losses, dimensionless 
quantities, and characteristic maps of aircraft jet engines and their individual 
components. 
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WiSe 
Aspects of Process Design 
in Forming Technology 

Aspects of Process Design 
in Forming Technology 

Lecture Krimm 5 

This module provides an insight into the process of metal forming.        Objectives: - 
Understanding of the basic principles for material characterisation and numerical 
simulation used for the analysis of forming processes 
Ability to apply digital design tools to solve problems related to forming technology. 
Content: After an introduction into the fundamentals of forming technology, the 
development of forming processes, the computer aided design process and the finite 
element analysis will be addressed. Experimentally determined parameters build the 
input for these analyses. The forming process takes place by use of various forming 
machines and peripheral devices. Subsequently, process-integrated quality assurance 
methods will be presented. 

WiSe Combustion Technology 
Combustion Technology 

Lecture/ 
Practical work 

Kuppa 5 

This course conveys fundamentals of combustion technology and its applications. After 
successfully completing the course, students will be able to 
•differentiate between types of combustion and describe different types in detail, 
•make up the balance for combustion processes, 
•explain typical examples of applications for various types of combustion, 
•identify potentials for reducing emissions and to evaluate them.  Content: 
•Fundamentals, types and spread of flames 
•Balance of amount of substance, mass and energy 
•Chemical kinetics 
•Ignition processes 
•Characteristic numbers 
•Calculation and model approaches 
•Emissions 
•Technical applications 

WiSe Power Electronics 
Power Electronics 

Lecture/ 
Practical work 

Friebe 5 

The lecture gives an introduction into the general topics of modern power electronics 
with a strong focus on the operation principle of power electronic circuits and their 
components. After participation the students will be able to explain the basic 
characteristics of power semiconductors, design passive components for typical 
applications and calculate and simulate converter stages. They will also be able to 
understand and characterize the interaction between one or multiple converters and the 
grid. 
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WiSe 
Audio and Speech Signal 
Processing 

Audio and Speech Signal 
Processing 

Lecture/ 
Practical work 

Nogueira-
Vazquez 

5 

Das Modul setzt sich aus drei Teilen zusammen. Eine Vorlesung (2 SWS), eine Übung (1 
SWS) und einer Laborübung (1 SWS). Das Modul vermittelt die Grundlagen der 
Sprachakustik. Nach erfolgreicher Absolvierung des Modulssind die Studierenden in der 
Lage, eine Methodik zur Analyse von Code, Erkennung und Synthese von Audiosignalen 
mithilfe von Signalverarbeitungstechniken zu entwickeln. Sie haben die theoretischen 
und praktischen Kompetenzen erworben in Bezug auf: Grundlagen der Akustik, 
Physiologie und xnehmung von Schall, Grundlagen der digitalen Signalverarbeitung von 
Audiosignalen, Methoden zur Modellierung und Verarbeitung von Audio- und 
Sprachsignalen. Die Modulinhalte sind Mechanismen der Sprachproduktion, 
Klangklassifikation, Klangrepräsentation. Sowie Grundlagen der xnehmung: Tonhöhe, 
Intensität und Klangfarbe,  Spektralanalyse von Audio- und Sprachsignalen und 
Sprachmodelle: Physikalische Sprachmodelle, Grundlagen der Sprachxnehmung sowie 
Spektrale Transformation von Audio- und Sprachsignalen. 

WiSe 
Fundamentals and 
Configuration of Laser 
Beam Sources 

Fundamentals and 
Configuration of Laser 
Beam Sources 

Lecture Hinkemann 5 

The lecture gives an overview of different types of laser beam sources. In the basic part 
the concepts for the generation of laser radiation in various active media for different 
applications as well as requirements for optical resonators are presented. Different 
pumping schemes and concepts are discussed for the various laser systems, especially 
gas-, diode and solid-state lasers. In addition, the operating modes continuous, pulsed 
and ultrashort pulsed will be explained in more detail. Based on the basic considerations 
and concepts, real laser beam sources are presented and analyzed. The following 
contents will be taught in the course and through demonstrations: basics of laser beam 
sources, operation modes of lasers, laser characterization, laser diodes, optical 
resonators, CO2 lasers, excimer lasers, laser concepts and laser materials, rod lasers and 
disk lasers, fiber lasers and amplifiers, frequency conversion, lasers for space applications 
and ultrashort pulse lasers. 

WiSe Nonlinear Control 
Nonlinear Control 

Lecture/ 
Practical work 

Müller 5 

This course covers modern analysis and controller design methods for nonlinear systems. 
After this course, students should be able to identify and analyze nonlinear control 
problems, select suitable control approaches, carry out a controller design and 
implementation.    •Lyapunov stability 
•Input-to-state stability 
•Control Lyapunov functions 
•Backstepping 
•Sliding-mode control 
•Input-Output linearization 
•Passivity and Dissipativity 
•Passivity-based controller desig 
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WiSe/ 
SoSe 

Applied Wave Optics 
Applied Wave Optics 

Lecture Caspary 4 

This lecture starts with a fast introduction to wave optics. It covers the theory from 
Maxwell`s equations to subjects like the Kramers-Kronig relationship or birefringence. 
Two important examples for basic applications are transversal modes in dielectric optical 
waveguides and longitudinal modes in laser resonators. The lecture will also contain 
some special examples of wave optics in the field of optical technologies like photonic 
crystals, plasmonic devices, and holography. 
  
Content 
Maxwell`s equations, Fresnel equations and Huygens principle 
Wave guiding and transversal modes 
Mode solving and mode coupling 
Resonators and longitudinal modes 
Lasers and coherence 
Photonic crystals 
Plasmonics 
Holography 

WiSe Photonics 
Photonik 

Lecture/ 
Exercise 

Chichkov 5 

The students gain special knowledge in nonlinear and integrated optics, and they can 
apply the corresponding mathematical methods. A special topic of photonics can be 
selected and deepened independently by the student. The topic shall be presented in the 
frame of a seminar with a subsequent discussion. Besides their technical competence, 
the students develop their methods in literature research, implementation of technical 
and scientific knowledge, as well as their presentation techniques together with their 
ability to lead scientific discussions. 
  
Contents: 
Waves in Media and at Boundaries 
Dielectric Waveguides (planar, fiber), Integrated Waveguides 
Waveguide Modes 
Nonlinear Fiber Optics 
Fiber optic components (Circulators, AWG, Fiber-Bragg-Gratings, Modulators), Optical 
Communication (WDM/TDM) 
Fiberlaser 
Laserdiodes, Photodetectors 
Plasmonics, Photonic Crystals 
Transformation Optics 
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WiSe Radar Remote Sensing 
Radar Remote Sensing 

Lecture/ 
Exercise 

Motagh 5 

Lecture content Ø Introduction to two-dimensional radar imaging and Synthetic Aperture 
Radar (SAR) Ø Geometric and physical properties of SAR images Ø SAR interferometry to 
measure Earth’s surface topography and deformation Ø Fundamental equation of 
Interferometry:  Ø Interferometric phase quality: Coherence, Phase Unwrapping, error 
spurces Lab: lab assignments in Operational Remote Sensing and in Radar Remote 
Sensing. Ø Optional excursions will be offered to DLR Oberpfaffenhofen and to GFZ 
Potsdam, both towards the end of the semester.  Goals In this this course, students shall 
gain an understanding for the technique of radar remote sensing with an emphasis on 
Synthetic Aperture Radar (SAR), Interferometry Synthetic Aperture Radar (InSAR), and 
multi-temporal interferometry (MTI) techniques and their applicability to various types of 
natural disasters and engineering tasks. 

WiSe 
Introduction to Mechanical 
Vibrations 

Introduction to Mechanical 
Vibrations 

Lecture Wangenheim 5 

Learning Objectives       In this module, we give an introduction into the linear vibrations 
of mechqanical systems. After successful participation, our students will be able to 
•set up linearized equations of motion for single-degree-of-freedom (SDOF) systems 
•characterize the properties of free vibrations by means of eigenvalues   •determine 
system responses for harmonic, periodic and transient excitation 
•propose appropriate measures to improve the system’s dynamical performance 
•understand the properties of solutions of partial differential equations describing 
continuum vibrations 
Content: 
•Free and forced vibrations of single-degree-of-freedom (SDOF) systems   •SDOF systems 
with damping 
•System response functions in frequency and time domain 
•Periodic and transient excitation of SDOF systems 
•Systems with two degrees of freedom 
•Vibration absorbers and tuned mass dampers 
•Introduction to systems with multiple degrees of freedom (MDOF)   •Vibrations of 
strings, rods, shafts and beams 
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WiSe 
Sustainability assessment II 

 
Nachhaltigkeitsbewertung 
II 

Lecture Endres 5 

Inhalte: 
 
Übersicht zu Softwaresystemen zur Nachhaltigkeitsbewertung 
Durchführung von Nachhaltigkeitsbewertungen mittels Softwaresystemen 
Zusammenspiel zwischen Softwaresystem und Bewertung 
Bewertung von unterschiedlichen Produkten und Lebenszyklusphasen 
(Herstellungsphase, Nutzungsphase, End-of-Life-Phase) 
Anwendungsweise und Funktionen eines Softwaresystems zur Nachhaltigkeitsbewertung 
Erstellung einer Produktökobilanz 
Ziele: 
Nach erfolgreicher Absolvierung des Moduls sind die Studierenden in der Lage, 
Die Vorgehensweise zur Erstellung von Nachhaltigkeitsbewertungen zu benennen und zu 
erläutern 
Verschiedene Softwarefunktionen zur Nachhaltigkeitsbewertung zu verstehen 
Datenbanken und Datensätze im Zusammenspiel mit der Software zu verstehen 
Softwarebasierte Ökobilanzen für Produkte eigenständig vorzunehmen 
Den Einfluss von verschiedenen End-of-Life-Situationen für unterschiedliche Produkte auf 
die ökologischen Gesamtauswirkungen zu bewerten 
Ökobilanz-Berichte basierend auf den Ergebnissen zu erstellen 

WiSe Sustainability assessment I 
Sustainability assessment I 

Lecture Endres 5 

The module provides knowledge about sustainability assessment (especially the 
environmental aspects) of products, processes and technologies. The methods as well as 
practical applications and areas of use will be explained: 
  
Sustainability, Sustainable Development Goals (SDG's) and sustainability assessment. 
Methods for assessing the different dimensions of sustainability 
Procedure for conducting a life cycle assessment according to ISO 14040/44 (target and 
study framework, functional units, system boundaries, life cycle inventory and data 
collection, impact assessment (midpoint and endpoint), evaluation, scenario and 
sensitivity analyses) 
Evaluation of LCA results 
Case studies on life cycle assessments (especially with focus on plastics) 
Overview of available software systems and databases   
Life cycle assessments at the interface to Design for Recycling/Ecodesign/Circular 
Economy 
Upon successful completion of the module, students will be able to, 
  
define and explain terms in the field of sustainability; name methods for assessing 
sustainability; explain how to carry out a life cycle assessment according to ISO 14040/44; 
define balance sheet boundaries according to requirements; analyze life cycle 
assessments for products and processes; define methods for Design for 
Recycling/Ecodesign and Circular Economy. 
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WiSe/ 
SoSe 

Solar Cell Physics 
Physik der Solarzelle 

Lecture/ 
Exercise 

Brendel 5 
Die Studierenden erwerben spezielle Kenntnisse auf dem Gebiet der Photovoltaik und 
können diese selber anwenden. Photovoltaik stellt ein wichtiges Anwendungsgebiet der 
Nanotechnologie dar. Die Übungen fördern auch die Kommunikationsfähigkeit und die 
Methodenkompetenz bei der Umsetzung von Fachwissen. 

WiSe 
Data- and Learning-Based 
Control 

Data- and Learning-Based 
Control 

Lecture/ 
Practical work 

Müller 4+1 

The students are familiar with state-of-the art methods for data- and learning-based 
control as well as the underlying theory. They are able to implement the presented 
methods and can read and discuss publications on past and ongoing research in this field. 
  
In this course, different data- and learning-based control design techniques are 
considered. Data-based approaches compute controllers directly from the available input 
and output data, without the intermediate step of identifying a model of the system. In 
particular, we will discuss virtual reference feedback tuning, control design based on 
Willems' fundamental lemma, and the data informativity framework. In learning-based 
control, some machine learning technique is employed to learn a model of the system (or 
unknown parts thereof) or directly a suitable controller. Within this course, we will in 
particular consider approaches from reinforcement learning, using Gaussian Processes, 
and neural networks. 

WiSe Image sequence analysis 
Bildsequenzanalyse 

Lecture/ 
Practical work 

Mehltretter 5 

Aim of the course 
The module teaches the extraction of information from image sequences with a focus on 
semantic aspects. A major topic is object detection and tracking, incl. motion models. As 
a basis for further Master's studies, the students should develop their analytical and 
transfer skills through exercises, also from current research projects. 
Qualification goals 
At the end of the course, students have a good insight into the goals, tasks and methods 
of image sequence analysis. They are able to evaluate monoscopic and stereoscopic 
image sequences with regard to 3D geometry and content and know the limits of the 
automatic methods used for this purpose. At the end of the course, students have 
exemplary detailed knowledge in individual areas, e.g. in the area of tracking-by-
detection and data association. 
Content: 
foreground/background separation, flow and scene flow object detection and tracking 
motion models 
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WiSe 
Physics of ultrasound and 
its applications 

Physics of ultrasound and 
its applications 

Lecture Twiefel 3 

This lecture is complementary to the lecture "Ultraschalltechnik für industrielle 
Produktion, Medizin- und Automobiltechnik" in the summer semester, both lectures can 
be attended independently of each other and therefore in any order. This lecture focuses 
on the effects that can be achieved by ultrasound and their various applications, while 
the summer lecture deals with the basics and methods of the generation of ultrasound. 
<br> 
Learning Objectives: Students will be capable of  
• Naming and describing the different effects of ultrasound 
• Judging where the application of ultrasound is helpful 
• Estimating the impact of ultrasound utilizing the methods used in class 
• Describing the necessary system design for the different applications and the ability to 
identify the operation principle of an unknown ultrasonic system 
Contents  
The lecture is structured in three main parts 
• Effects of ultrasound on: contact mechanics (vibro-impacts); friction reduction; 
acoustoplastic effect; dynamic recrystallization and atomic diffusion; cavitation in fluids; 
levitation 
• Applications of power ultrasonics: Ultrasonic cleaning (atomization, defoaming); 
Sonochemistry (mixing, agglomeration, etc.); Metal joining and welding (incl. additive 
manufacturing); Plastic joining and forming; Ultrasonic metal forming and machining; 
Ultrasonic motors and transformers (incl. filters); Sensing with ultrasound 
• Hands-on-Experience in Ultasound and its applications: Transducers and systems; 
Experiments on vibro-impact and nonlinearity; Experiments in Friction reduction; Bonding 
and welding with ultrasound; Cavitation for food and drinks; Experiments utilizing 
ultrasonic levitation; Crack detection with ultrasound 
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SoSe/ 
WiSe 

MOOC Aircraft Engines 
MOOC Aircraft Engines 

Lecture Herbst 3 

The module introduces basic engineering and physical understanding of the 
requirements, components and preliminary design of simple aircraft jet engines. After 
successful completion of the course, the students have knowledge of the 
thermodynamic changes of state taking place in the individual components of aircraft 
jet engines and are able to apply this knowledge to the calculation of the engine 
efficiency, the optimisation of the thermodynamic cycle and also stage theory and 
straight cascades. Furthermore, the students gain insight into phenomena such as 
rotating stall, surging, and engine aeroacoustics as well as the dynamic behaviour of jet 
engines and their control systems. Moreover, the students are able to determine and 
evaluate the losses, dimensionless quantities, and characteristic maps of aircraft jet 
engines and their individual components. 
 

SoSe/ 
WiSe 

Applied Wave Optics 
Applied Wave Optics 

Lecture Caspary 4 

This lecture starts with a fast introduction to wave optics. It covers the theory from 
Maxwell`s equations to subjects like the Kramers-Kronig relationship or birefringence. 
Two important examples for basic applications are transversal modes in dielectric 
optical waveguides and longitudinal modes in laser resonators. The lecture will also 
contain some special examples of wave optics in the field of optical technologies like 
photonic crystals, plasmonic devices, and holography. 
  
Content 
Maxwell`s equations, Fresnel equations and Huygens principle 
Wave guiding and transversal modes 
Mode solving and mode coupling 
Resonators and longitudinal modes 
Lasers and coherence 
Photonic crystals 
Plasmonics 
Holography 

SoSe/ 
WiSe 

Solar Cell Physics 
Physik der Solarzelle 

Lecture/ 
Exercise 

Brendel 5 
Die Studierenden erwerben spezielle Kenntnisse auf dem Gebiet der Photovoltaik und 
können diese selber anwenden. Photovoltaik stellt ein wichtiges Anwendungsgebiet 
der Nanotechnologie dar. Die Übungen fördern auch die Kommunikationsfähigkeit und 
die Methodenkompetenz bei der Umsetzung von Fachwissen. 
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SoSe 
Laser Measurement 
Technology 

Laser Measurement 
Technology 

Lecture Roth 5 

The aim of this lecture course is the introduction to the basic principles and methods of 
state-of-the-art optical measurement technology based on laser sources. An overview 
of the broad spectrum of laser sources, measurement techniques, and typical practical 
applications for various optical measurement, monitoring, and sensing situations in 
research and development will be provided. The exercise course aims at consolidating 
the understanding of the basic principles and provides theoretical exercises according 
to selected example applications and practical laboratory training.  
  
Content: 
Basic physics 
Optical elements/detection techniques 
Lasers for measurement applications 
Laser triangulation and interferometry 
Distance and velocity measurement 

SoSe 
Advanced Thermodynamics 
/ ThermoLab 

Advanced Thermodynamics 
/ ThermoLab 

Lecture/ 
Practical 
Work 

Kabelac 5 

This module competes the basic foundation of technical thermodynamics by applying 
the laws of thermodynamics to a variety of energy conversion processes.  After 
successful completion of this module the student will be able to describe different 
pathways in energy conversion on transferring primary energy into technical useful 
energy. They learn to design different types of energy conversion devices such as 
furnaces, fuel cells, gas turbines and Rankine cycles on a quantitative basis. Also 
describing the environmental impact on behalf of CO2-emissions by burning fossile 
fuels is part of the learned methods. Furthermore they will assess different energy 
conversion capabilities using the exergy concept. By  the lab the students will gain 
practical experience in running energy conversion devices on a laboratory scale and 
social competence through teamwork. 
Table of Content: 
- Short repetition of the first and second law of thermodynamics 
- Combustion and fuel cell basics 
- Rankine cycle, stirling engine and joule cycle as a heat conversion machines 
- Modern steam power plant, carbon capture and storage 
- Energy conversion in nozzle, diffusor, turbine and compressor 
- Heat pump, refrigerator and humid air 



Semester Title/ Module EN Title/ Module DE Type 
Lecturer/ 
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SoSe Remote Sensing II Fernerkundung II Lecture Melsheimer 4 

Qualification Goal 
The Students deepen their basic knowledge about remote sensing (cf. lecture Remote 
Sensing I), beyond the domain of meteorology - area of application are now the 
geosciences in a broad sense. They are enabled to efficiently make use of remote 
sensing (satellite-based, ground-based or on other platforms) in scientific problems in 
the geosciences. 
Contents: 
Basics about measurements with remote sensing instruments (at the ground, on 
satellites, on other platforms), using visible and infrared light and microwaves: 
Electromagnetic radiation, its generation and measurement; 
radiative transfer; 
important methods and instruments for remote sensing of(1) solid earth surface 
(e.g.,monitoring of vegetation, surface temperature)(2) the oceans (e.g., determining 
primary production, wind, sea state)(3) the atmosphere (e.g., trace gas measurement, 
determining the  temperature profile) 

SoSe Solid State Lasers 
Festkörperlaser 

Lectures Weßels 2 

Within this lecture the fundamentals needed for the understanding of modern solid 
state lasers will be developed. In particular, the optical properties and typical 
parameters of different solid state laser designs will be developed. Furthermore, the 
application potential of the various solid laser designs will be treated. 
Contents: 
Solid state laser media 
optical resonators 
laser modes of operation 
diode pumped solid state lasers 
laser designs: fiber, rod, disc; tunable lasers 
single-frequency lasers 
ultrashort-pulse lasersfrequency conversion 

SoSe 
Design and Simulation of 
Optomechatronic Systems 

Production of 
Optoelectronic Systems 

Lecture Lachmayer 5 

Qualifikation: In the lecture design and simulation of optomechatronic systems the 
construction, manufacturing and dimensioning of optical devices will be handled. This 
English lecture is especially designed for master students of optical technologies.       
Goals: The students get to know the fundamentals of lighting technology can describe 
the physiology of the human visual system get to know optical materials (glasses and 
polymers) and the according manufacturing and processing technologies learn the 
analytical calculation of simple optical elements such as mirrors and lenses set up 
concepts for optical systems use an optical simulation software learn the working 
principle of light measurement devices can analyze existing optical systems 
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SoSe Laser Material Processing 
Laser Material Processing 

Lecture/ 
Exercise 

Overmeyer 5 

The module provides basic knowledge about the spectrum of laser technology in 
production as well as the potential of laser technology in future applications.  After 
successful completion of the module, the students are able   
to classify the scientific and technical basics for the use of laser systems and the 
interaction of the beam with different materials,   
to recognize the necessary physical requirements for laser processing and to select 
specific process, handling and control technology for this purpose,  -to explain the 
basic and current requirements for laser technology in production technology, 
to estimate the process variables that can be realized by means of laser material 
processing.     
  
Content :  
- Photonic system technology  
- Beam guiding and forming  
- Marking  
- Removal and drilling  
- Change material properties  
- Cutting including process control  
- Welding of metals including process control  
- Hybrid welding processes  
- Welding of nonmetals  
- Bonding / soldering- Additive manufacturing 

SoSe 
Analysis of deformation 
measurements 

Analysis of deformation 
measurments 

Lecture 
Neumann/ 

Omidalizarandi 
4 

The module provides in-depth knowledge in the detection, analysis and determination 
of deformations (change detection) from engineering measurement processes.   Upon 
successful completion of the module, the students can analyse, evaluate and interpret 
synthetic and real data in different model approaches.   Module Contents  · Planning, 
design, and accuracy requirements  · Deformation monitoring measurements  · 
Deformation processes  · Deformation models    -  Descriptive deformation models 
(congruence models, block movements, strain, kinematic model)    -  Causal 
deformation models (static model, dynamic model)  · Sensitivity analysis  · Point / line / 
surface-based deformation monitoring  · Estimation procedure (functional model, 
stochastic model, correlation model)  · Evaluation and analysis strategies  · practical 
example in civil structures (bridges, tunnels, dams, railway tracks ...) 
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SoSe Industrial surveying 
Industrievermessung 

Lecture Neumann 5 

Students should be aware of the current approaches of the high-precision surveying in 
a close range interdisciplinary environment, and have practice skills in related topics. 
The students should develop in practically relevant exercises the problem-solving 
ability and transferability of the general approaches from the lecture. 
This course introduces additional and substituting characteristics of sensor systems in 
the field of engineering sciences as well as the representation of engineering analysis 
chain from the original measurements to the final results with representative 
uncertainty measures. 
Topics and sensors covered: Coordinate measurement machines, theodolite 
measurement systems (TMS), polar measurement systems (especially: Laser tracker, 
laser tracer, laser radar, gauge arm), coordinate measurement techniques, 
determination of measurement, shape analysis as well as tolerance check and 
measurement uncertainty. 
Practical tutorial: three-dimensional object surveying by mean of laser tracking and 
interpretation of their measurement uncertainties. 

SoSe Image Analysis I 
Image Analysis I 

Lecture/ 
Practical 
Work 

Rottensteiner 5 

Das Modul vermittelt grundlegende Kenntnisse über modellbasierte Strategien der 
Bildanalyse. Nach erfolgreicher Absolvierung des Moduls sind die Studierenden in der 
Lage, 
die wesentlichen Schritte der modellbasierten Bildanalyse von der Bildaufnahme bis 
zur Bildinterpretation zu verstehen und zu erläutern, 
die Vor- und Nachteile von Verfahren zur Bildanalyse zu analysieren und zu bewerten, 
Ergebnisse von Bildanalyseverfahren anhand von Referenzdaten zu bewerten, 
die nötigen Voraussetzungen für die Entwicklung eines Bilanalyseverfahrens in Hinblick 
auf die Sensordaten zu bewerten und festzulegen, 
eigene Verfahren zur modellbasierten Bildanalyse für spezifische Aufgaben zu 
entwickeln und zu testen. 
Modulinhalte 
Bildaufnahme und Bildvorverarbeitung; Skalenraum 
Bildsegmentierung: Extraktion von Punkten, Linien und homogenen Regionen, 
polymorphe Merkmalsextraktion 
Merkmale aus Bildern und Punktwolken 
Modelle in der Bildanalyse 
Formale Konzepte für die Wissensrepräsentation, wissensbasierte Bildanalyse 
Bewertung von Ergebnissen 
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SoSe Power Plant Engineering 
Power Plant Engineering 

Lecture/ 
Practical 
Work 

Scharf 5 

The module teaches the transformation of primary energy to electrical energy. The 
lecture focusses on sustainable use as well as the increase of efficiency in the 
consumption of raw materials and the contribution of thermal power plants to the 
„German Energiewende“. The successful candidate will be able to: 
•Understand the tension arising between meeting ecological and economical demands 
while providing secured supply 
•Apply thermodynamics to processes in the power plant engineering sector 
•Know and compare different methods for power generation (fossil fuelled and 
renewable) 
•Understand the structure and principle of operation of energy conversion 
technologies and analyse these using thermodynamics •Understand multiple options 
to improve the energy conversion processes and to evaluate the realistic 
improvements using diagrams •Discuss the advantages and disadvantages of combined 
energy conversion technologies  Content 
•Conversion of primary energy to electrical energy 
•Direct energy conversion 
•Operation principles of simple heat- and incineration power plants •Operation 
principles of improved heat- and incineration power plants 
•Combined power generation technologies 
•Combined heat- and power plants 

SoSe 
Design and Simulation of 
Optomechatronic Systems 

Design and Simulation of 
optomechatronic Systems 

Lecture Wolf 5 

Qualifikation: In the lecture design and simulation of optomechatronic systems the 
construction, manufacturing and dimensioning of optical devices will be handled. This 
English lecture is especially designed for master students of optical technologies.       
Goals: The students get to know the fundamentals of lighting technology can describe 
the physiology of the human visual system get to know optical materials (glasses and 
polymers) and the according manufacturing and processing technologies learn the 
analytical calculation of simple optical elements such as mirrors and lenses set up 
concepts for optical systems use an optical simulation software learn the working 
principle of light measurement devices can analyze existing optical systems 
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SoSe 
Engineering Dynamics and 
Vibrations 

Engineering Dynamics and 
Vibrations 

Lecture / 
Practical 
Work 

Wallaschek/ 
Wangenheim 

5 

Learning Objectives: In this module knowledge is imparted and consolidated in the 
field of describing and solving dynamical problems in systems with multiple degrees of 
freedom (MDOF). If completed successfully, students are capable of 
•Utilizing the terms natural frequencies, mode shapes, modal transformation in the 
correct manner 
•Describing MDOF systems in the form of matrix differential equations 
•Interpreting MDOF systems with respect to mode shapes, rigid body modes and 
effects like tuned mass damping 
•Assessing critical operational states of machines and other dynamical systems like 
resonances, or instability regions 
•Explaining the advantages to handle MDOF systems in modal space including 
proportional damping 
•Using the Jeffcott rotor model (Laval shaft) to describe and calculate basic dynamic 
effects in rotor dynamics such as self-centering, anisotropic bearing rigidity, internal 
damping instability, gyroscopic effects.  Contents 
•Natural frequencies und mode shapes of systems with multiple degrees of freedom 
•Rigid body modes 
•Initial value problem 
•Modal transformation 
•Modal/proportional damping 
•Modal decoupling 
•Laval shaft/Jeffcott rotor with unbalance excitation 
•Damping and stability in rotor dynamics 

SoSe Finite Elements II 
Finite Elements II 

Lecture Soleimani 5 

Qualifikationsziele / Qualification objectives 
Building upon the course Finite Elements I, the topics of Finite Elements II are 
nonlinear problems in structural mechanics and solid mechanics. A special focus are 
geometrically and materially nonlinearities, which might lead to instabilities that are of 
great importance in industrial applications. Numerical methods to solve nonlinear 
problems like the Newton-Raphson method, line search methods and different arc-
length methods are treated. Using two-dimensional finite element formulations, 
hyperelastic and inelastic material models are presented and their algorithmic 
treatment is discussed. 
Accompanying the lecture there will be exercise lectures . Examination will be based on 
an oral discussions. 
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SoSe 
Numerical Implementation 
of Constitutive Models 

Numerical Implementation 
of Constitutive Models 

Lecture Aldakheel 1 

Qualifikationsziele / Qualification objectives 
The module covers implementation and testing of material models. After successful 
completion of the module the students are able to: 
- Code subroutines that describe material behavior 
- Test the subroutines in a finite element software 
Inhalte / Contents: 
- Material modeling 
- Fortran programming 
- Finite element calculations using FEAP (Finite Element Analysis Program) 
Key goal of this course is the link between the continuum mechanics and the Finite 
Element method for solving the resulting partial differential equations PDEs, by using 
Fortran and FEAP as a numerical tools. 

SoSe Model Predictive Control 
Model Predictive Control 

Lecture/ 
Practical 
Work 

Müller 5 

This lecture deals with Model Predictive Control (MPC), a modern optimization-based 
control technique which has been actively researched and widely applied in industry 
within the last years. After an introduction to the basic ideas and stability concepts of 
MPC, more recent and current advances in research, like tube-based MPC considering 
robustness issues, economic MPC, distributed MPC, and stochastic MPC are discussed. 

SoSe 
Recursive State Estimation 
for dynamic Systems 

Recursive State Estimation 
for dynamic Systems 

Lecture Alkhatib 5 

Qualification Goals: 
- to present mathematical approaches to the best possible way of estimating the state 
of a general nonlinear dynamic system recursively, and 
- to provide the implementation towards discrete-time systems in software based on 
typical applications in the field of object tracking and robotics 
After successful completion of this module, the students are able to 
- give an overview of typical filtering approaches in a general discrete-time system; 
- explain the principles of different Gaussian, Bayesian and particle filters; 
- apply different filter approaches to data sets in the field of object tracking and 
robotic; 
- analyse application problems with regard to adequate system and observation 
models; 
- correctly interpret predicted and filtered states obtained from the aforementioned 
filters. 
Module Contents: 
- optimal recursive state estimation in discrete-time systems (Kalman filter) 
- Gaussian filters (extended Kalman filter, unscented Kalman filter and ensamble 
Kalman Filter) for nonlinear systems 
- introduction into Bayesian inference 
- the Bayes filter 
- introduction into Monte Carlo techniques 
- the particle filter 
- applications to a tracking problems (e.g., regarding the motion of robots) 
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SoSe Spray Technology 
Spray Technology 

Lecture Kawaharada 3 

This course conveys fundamentals of spray technology and its applications. After 
successfully completing the course, students will be able to 
•explain and differentiate spray processes in detail including characteristic numbers, 
•sketch experimental and numerical approaches to spray investigations, 
•explain typical examples of applications for various sprays and atomizers. 
Content: 
•Fundamentals and types of sprays 
•Atomizers and injectors 
•Measurements techniques 
•Spray modeling 
•Applications 
•Lab exercises 

SoSe 
Atom Optics for Optical 
Technologies 

Atomoptik für Optische 
Technologien 

Lecture Rasel 3+3 

The aim of this lecture course is the introduction of engineering students to the basic 
principles of atom optics. As a foundation, the fundamental aspects and concepts of 
quantum mechanics, such as wave functions, Schrödinger equation and the principle of 
superposition are provided. Afterwards, fundamental and technological aspects and 
applications of matter wave interferometers are discussed and put into context with 
their optical analogons. 
  
The exercise course aims at consolidating the understanding of the basic principles and 
provides theoretical exercises according to selected example applications and delivers 
intensified direct context to quantum optics laboratories. 
  
Contents: 
Foundations of quantum mechanics 
Mathematical methods 
Wave functions & Schrödinger equation 
Principle of superposition Matter wave interferometry 
Fundamental aspects, atom-light interaction 
Technological aspects, e.g. in the context of noise in atom interferometers 
Applications 
Matter wave interferometry 
Fundamental aspects, atom-light interaction 
Technological aspects, e.g. in the context of noise in atom interferometers 
Applications 
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SoSe Computational Photonics 
Computational Photonics 

Lecture/ 
Practical 
Work 

Demircan 4+2 

The lecture is organized in two parallel-running tracks: Photonics Fundamentals, and 
Numerical Methods. The course has a practical exercise component providing the 
student with basic computer simulation experience. 
Topic: 
 
Light-matter interaction (Chromatic and geometric dispersion, secondand third-order 
susceptibility, Raman scattering, supercontinuum generation, multiphoton und 
tunneling ionization, low-order harmonic radiation) 
Light transport in turbid media 
Photoacoustics 
Matrix optics 
Pulse propagation equations 
Atoms in strong optical fields (Schrödinger equation for atoms, Higher-Harmonic 
generation, Brunel/THz  radiation, attosecond optics) 
Computer modeling methods in electromagnetics (Time-domain solvers, frequency 
domain methods, finite element methods) 
Monte Carlo method 
Spectral and Pseudospectral methods 
Runge-Kutta and operator splitting approach 
Parallel computing (openMP, openMPI) 

SoSe Optical Radiometry 
Optische Radiometrie 

Lecture/ 
Practical 
Work 

Kovacev 5 

Contents: 
Radiometry 
Photometry 
Optical devices for light measurement 
Laser safety 
Example projects: 
Build up of a Power-Meter, Spectrscopy, Radiometry measurements of hazardous light 
sources, Light pulse detection, Coherent diffraction imaging, UV microscope 

SoSe Atomic Optics Atomoptik Lecture 
Ospelkaus-
Schwarzer 

2+2 

Recent experimental procedures to investigate the physics of ultracold gases, 
lasermanipulation of single atoms and quantum engineering are discussed 
experimentally and theoretically. Students will gain insight in recent developments in 
the field of atomic physics. 
  
Contents: 
Matter-light interaction 
Radiation pressure 
Atom- and ion traps 
Cooling by evaporation 
Bose-Einstein condensation 
Ultracold Fermi gases 
Experiments based on ultracold and degenerated gases 
Atoms in periodic optical gratings 
ATOMICS and modern atomic physics experiments 
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SoSe 
Atom Optics for Optical 
Technologies 

Atomoptik für Optische 
Technologien 

Lecture 
Rasel/ 
Schlippert 

3+3 

The aim of this lecture course is the introduction of engineering students to the basic 
principles of atom optics. As a foundation, the fundamental aspects and concepts of 
quantum mechanics, such as wave functions, Schrödinger equation and the principle of 
superposition are provided. Afterwards, fundamental and technological aspects and 
applications of matter wave interferometers are discussed and put into context with 
their optical analogons. 
  
The exercise course aims at consolidating the understanding of the basic principles and 
provides theoretical exercises according to selected example applications and delivers 
intensified direct context to quantum optics laboratories. 
  
Contents: 
Foundations of quantum mechanics 
Mathematical methods 
Wave functions & Schrödinger equation 
Principle of superposition Matter wave interferometry 
Fundamental aspects, atom-light interaction 
Technological aspects, e.g. in the context of noise in atom interferometers 
Applications 
Matter wave interferometry 
Fundamental aspects, atom-light interaction 
Technological aspects, e.g. in the context of noise in atom interferometers 
Applications 

SoSe 
Rheology and numerical 
methods in Tribology 

Rheology and numerical 
methods in Tribology 

Lecture Bader 5 

The module presents further studies on lubrication, tribology, and numerical methods 
to solve lubrication problems.   After this course students are able to distinguish 
different lubrication problems and develop own models for contacts based on state of 
the art lubrication science. The students learn to solve problems on their own using 
numerical methods. They thus, have a basic understanding enabling them to analyse 
and develop solutions for more complicated problems.       Topics:   - Lubrication   - Film 
build up   - Reynolds equation   - common numerical methods in tribology       The 
course uses home work and problems that should be  solved by the students 
themselves to teach practical application of the problems. 

 


