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Description of the Achievements 

1. Introduction 
Embedded systems development in industry is mostly performed by interdisciplinary teams 
usually consisting (at least) of experts in the application domain (e.g., automotive engineers), 
of control engineers, of hardware and software experts. The role of Computer Science (CS) 
graduates in such teams is rapidly shifting from merely an implementing activity to an 
integrating, often central systems engineering position with an emphasis on architecting, 
modeling and validation activities. To be successful, our graduates are increasingly expected 
to have a strong background in model-based, often rigorous design and analysis approaches, 
as well as being able to communicate efficiently with the domain, control engineering, and 
hardware experts. 

To prepare for these demands, the Computer Science Department at RWTH Aachen 
University developed a tailored curriculum for embedded systems teaching. The focus of this 
curriculum is to teach the different disciplines together with their interconnections from the 
first semester on. This way the students do not get a tunnel vision for each single discipline, 
but from an early stage on remain aware of the context, chances and boundaries of each 
single area. This approach reaches over both, the Bachelor and Master program in CS and 
consists of the three phases illustrated in Figure 1. 

 
 

Figure 1: Phases of the embedded computing curriculum 



The first phase provides the fundamentals of embedded computing which every CS student 
should know. It consists of the lecture Computer Engineering and a lab course in Systems 
Programming. Both courses are compulsory for CS Bachelor students (about 350 per year). 
The second phase allows Master students interested in embedded systems to delve into 
selected embedded systems topics. In the final phase, the students have the possibility to 
join interdisciplinary teams which take part in competitions organized by third parties. For 
example, student teams developed autonomously driving scaled cars, unmanned micro air 
vehicles and a system for intelligent routing of electric wheelchairs. 

2. Details of the Phases 
2.1 Phase 1: Fundamentals of Embedded Computing  

The course Computer Engineering (German “Technische Informatik”)) is offered in the first 
semester. Unlike standard courses with this name, it integrates topics from Computer 
Architecture with topics from Physics and Electrical Engineering. This makes it possible to 
link the introduction of basic mathematical and architectural concepts (e.g., latches, 
arithmetic functions, digital analog converters) with the corresponding electronic realizations 
and their physical explanations. Our experience is that this integration improves the 
motivation of CS students to study the physical and electrical engineering basics of 
computing compared to teaching this in a separate course.  

The Systems Programming Laboratory is offered in both summer and winter term, and the 
students can choose to take it between the second and fourth semester. Passing Computer 
Engineering is a requirement. While Computer Engineering covers theoretical and practical 
concepts of semiconductor components and microcontrollers, the Systems Programming 
Laboratory focuses on their application. The laboratory course consists of six parts, during 
which the students finally have to implement an operating system for a customized 
microcontroller board. First, they have to complete a design of customized board. Then the 
different components of a small operating system (scheduler, memory management, etc.) 
must be implemented. The laboratory takes place each two weeks and consists of six dates 
– one for each part. Between these dates, a number of time slots is offered in which the 
students have access the laboratory room and can try their designs, accompanied by two 
advisors. Figure 2 provides impressions from the laboratory room, one of the workplaces and 
the customized boards.  

         
 

Figure 2: Impressions from the Systems Programming Laboratory 

Additionally, the students have the possibility to test their designs from home remotely 
through the Internet. For this purpose, 15 remote workplaces are provided, each with a 
webcam, the customized hardware and access to all parts through a specific web interface. 
Figure 3 shows the setup of the remote workplaces. 



     
 

Figure 3: Remote Access to the Systems Programming Laboratory 

The two courses from this first phase are complemented with standard courses like 
Operating Systems or Data Communication, as they can be found in most CS curricula.  

2.2 Phase 2: Specialization in embedded systems specific topics 

In this phase, students who continue to the Master program and who decide to specialize in 
embedded systems, can take several elective courses in the area of embedded systems. As 
these courses probably are not different from most courses of this kind, we only briefly list 
them: 

Introduction to Embedded Systems gives a broad introduction to the field. The topics of 
the lecture are embedded computing platforms (microcontrollers, programmable logic 
controllers, programmable hardware, and Android as a mobile embedded computing 
platform), real-time systems, scheduling, communication busses for embedded systems, and 
embedded software engineering.  

Safety and Reliability of Software-controlled Systems introduces basic reliability 
measures, models and analysis methods (e.g., fault tree analysis, FMEA, Markov models) 
and gives an introduction to the design of safety-related systems according to IEC 61508. 

Dynamic Systems for CS students introduces continuous dynamic systems theory and 
control theory to computer science students. Topics are, for example, linear systems, state 
space representation, and controller design. The aim of his course is to enable the students 
to competently communicate with control engineers. 

Formal Methods for Embedded Systems introduces various formal methods and their 
application in the area of embedded systems. The formal methods include abstract 
interpretation, model-checking and static analysis. The methods are applied to different 
models: automata, timed automata, hybrid automata, assembly-code, and C-code.  

2.3 Phase 3: Team projects 

In the final phase, we encourage students to take part in student projects. Our experience is, 
that it is most motivating for the students, if the participation in the projects is voluntary and 
not connected to a study obligation. In the following we present three examples. 

Team GalaXIs is a student group participating in the Carolo-Cup contest, organized by the 
University of Brunswick, Germany. In this contest, student groups develop and implement 
autonomously driving model cars in a 1:10 scale, taking into account costs and energy 
efficiency. The challenge is to have the best possible car control in various scenarios, which 
are derived from requirements of real-world scenarios. The annual contest allows the 
students to present their skills to a jury of experts from science and industry and to challenge 
other teams. During the competition, specific tasks have to be accomplished as quick and 
accurate as possible. Additionally each team has to present the specific features of their 
concept and implementation during a presentation session.  

     



Team GalaXIs consists of 5-8 students from different disciplines: computer science, 
mechanical and electrical engineering. The students have a dedicated room for working on  
their hardware and a separate test track to test the car. In the last four years the team from 
the Embedded Software Laboratory won the contest twice and also reached the second 
place twice. Figure 4 shows the work shop, one car and the test track.  

     
 

Figure 4: GalaXIs’ workshop, car, and test track 

The MAVerix-Team is a student team participating in the International Micro Air Vehicle 
Conference and Flight Competition (IMAV). To enter the competition, each student team has 
to develop and implement a complete model plane by itself. This includes the design of the 
plane as well as the software on board. Goal of the competition is to acquire as many points 
as possible in different flight missions. Some missions are: efficient endurance flight, touch a 
balloon, flight through arch, starting and landing. Additionally there are different levels of 
autonomy. The goal is to have a full-autonomous plane. In this case the team gets the most 
points for a mission. The missions are separated into indoor- and outdoor-missions. The 
MAVerix-Team participates in the outdoor competition part. 

To combine the necessary expertise required by the competition mission statements, the 
team consists of students from the following disciplines: electrical engineering, computer 
science, computer vision, flight and mechanical engineering. All students work together in 
one team of 8-12 students. The various system components are so intertwined, that nearly 
all subtasks are done by at least one student of each institute and the whole team meets at 
least once per week to discuss multidisciplinary challenges. This way the different tasks, like 
flight control, autonomy, image recognition and sensor fusion can be treated with the 
necessary expert knowledge. The students learn to speak with team colleagues from other 
disciplines and to handle interdisciplinary issues. The team is working on a tilt-wing concept, 
which is able to switch during flight between horizontal and vertical flight mode. Figure 5 
gives impressions of the last IMAV and the tilt wing plane.  

     
 

Figure 5: Impressions from IMAV 

In the eNav-Team, students work on intelligent routing of electric wheelchairs using 
topological properties, like incline and boarding information to compute the most efficient 
route to a destination. This project consists of two parts. The first part addresses the 
hardware of the electric wheelchair. Since the sensors for checking the battery level of 



current electric wheelchairs are not very accurate, electrical engineering students work 
together with computer science students on combining different sensors with self-designed 
customized hardware to improve the accuracy of the battery level information. Through a 
Bluetooth module on this self-designed customized hardware, the current battery status is 
reported to a mobile device (Android, iOS, J2ME, ...) and used in the second part of the 
project. 

     
 

Figure 6: Two team members and the wheelchair, and the routing interface 

The second part deals with the navigation system for electric wheelchairs. Such a navigation 
system can not only compute the shortest and fastest route, but also the most efficient with 
respect to energy consumption of electric wheelchairs. Together with the accurate 
information about the current battery level, this self-developed algorithm can tell the driver of 
an electric wheelchair, if he or she can accomplish the planned route with the current battery 
level. The students have to work with the battery sensor components, realize communication 
tasks between the wheelchair and mobile device with the navigation system, and perform 
various software design tasks on the level of the mobile device: Implementing the modified 
algorithm, integrating OpenStreetMap, dealing with databases, etc. 

3. Conclusion 
The presented concept in embedded computing education is neither a full study program in 
embedded systems nor the curriculum of a single course. Instead, it is rather a frame around 
a standard CS curriculum, starting and ending with unconventional lectures, laboratory 
courses and student projects. As such, we believe it is new style of curriculum in embedded 
computing. Our experiences are very good, considering the feedback from students and from 
companies which hired students who went this path (see the evidence of impact). We also 
received positive feedback from the embedded systems education community to which we 
have been publishing about this concept regularly (see References). 

 



Evidence of Availability of the Curriculum’s Materials to the 
Teaching Community 

1. Availability to students 

All students of the RWTH Aachen University can access all material of the lectures in which 
they participate using their university login. The material is then available to the students 
through the L2P – Learning and Teaching Portal of RWTH Aachen (see 
http://www2.elearning.rwth-aachen.de/english). This material includes video recordings 
(slides, annotations and soundtrack) from all lectures. 

2. External availability 

Exactly the same information as for the students at RWTH Aachen is also available for the 
external teaching community via the web site 

http://embedded.rwth-aachen.de/doku.php?id=en:resources:embeddedcomputing  

The information there is structured as follows: 

- Computer Engineering 
o All exercise sheets 
o Lecture 

! All lecture slides 
! All lecture videos 

- Systems Programming Laboratory 
o All laboratory exercise descriptions 

- Dynamic Systems  
o All exercise sheets 
o Lecture 

! All lecture slides 
! All lecture videos 

- Formal Methods for Embedded Systems  
o All exercise sheets 
o All lecture slides 

- Introduction to Embedded Systems  
o All exercise sheets 
o Lecture 

! All lecture slides 
! All lecture videos 

- Safety and Reliability of Software Controlled Systems  
o All exercise sheets 
o Lecture 

! All lecture slides 
! All lecture videos 
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Evidence of Impact 

1. Results and certificates from the GalaXIs team participation at the Carolo-Cup 
contest (in German) 

2. Press reports on the eNAV project (in German) 

3. The most recent student evaluations for the courses 

a. Introduction to Embedded Systems (“Einführung in eingebettete Systeme”, 
partly in German) 

b. Systems Programming Lab (“Systemprogrammierung”, in German) 

c. Computer Engineering (“Einführung in die Technische Informatik”, in German) 

Unfortunately, all relevant documents are in German. We hope that the main information can 
still be retrieved from them. 












