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Abstract—This article proposes an integrated concept of an
ongoing lab series giving electrical engineering and information

technology students practical experiences in system engineering,

project-based and team-oriented work. Labs start at the first
semester with fundamentals based on simultaneously given
lectures for three semesters. On the graduate level an adhesive
integrated lab concept is offered for a multi-perspective view in
the concept of project-oriented systems engineering.

Index Terms—Business engineering, higher education,
information processing, systems engineering.

I. INTRODUCTION

The implementation of the Bologna Process’ aims presses
the thought of independently designed modular education
schemes at universities in Germany [1]. These course
modules are usually without strong interconnection and are
missing a red thread for students to orientate themselves
throughout their course of study. These independent, stall
structures waste the potential to motivate the students to
benefit from hands-on learning [2].

Due to the Bologna Process the traditional
“Diplom-Ingenieur” in electrical and information technology
changed to a consecutive Bachelor/Master scheme at the
Karlsruhe Institute of Technology (KIT) as well. Though it is
possible to finish the course of study with the Bachelor
degree, the majority of students still continue for the Master
graduation. Therefore the final goal should be an integrated
coursework concept from the first semester of the Bachelor
studies to the last semester of the Master studies.

The Institute for Information Processing Technologies
(ITIV) at the KIT teaches the master’s module arrangement
of systems engineering. Systems engineering concepts are
necessary to design solutions for the need of customers in
businesses or other ends [3]. Hence, systems engineering is a
key element for future engineers, nevertheless it is often not
directly applied in higher education [4].

On the one hand companies have certain expectations [5]
on their future employees like working in teams and on
projects. On the other hand graduates seem to have a lack in
communicational, creativity and project management skills.

Furthermore, the German system of higher education is
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divided in several styles of universities [6]. For engineering
education the technical universities and the universities of
applied sciences are in a direct concurrent situation. While
the technical universities are mainly focusing on theoretical
scientific aspects, universities of applied sciences are
focusing on hands-on education, i.e., applied sciences [7].
This is reflected in the educational style of each institution as
well.

Il. THE RoOAD TO “ITIV LABS”

The issues, outlined above, are tackled by introducing a
series of labs throughout the undergraduate and graduate
level. Students should learn to use theoretical knowledge in
practical engineering work: The students analyze a (given)
problem, create a solution concept and finally solve it. In the
beginning of their academia life they get strict instructions of
solving tasks. But with increasing experience the ways for
solving those tasks are getting less restrictive and thereby
animate the student’s creativity. An overview of the overall
here presented integrated lab series is given in Fig. 1.
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Fig. 1. The integrated concept for hands-on labs by semesters.

An optional course is offered in the first semester to teach
programming to students. This course is mentioned in
Section I11-A. Starting with the first two semesters, students
have to take part in a mandatory lab. This lab runs
concurrently to the corresponding lectures and teaches
hands-on experience of the respective theoretical
backgrounds in topics like analogue circuit analysis and
design or information processing. The basis for all lab
modules is a specifically designed electronic all-in-one
platform solution. This lab is presented in Section IlI-B. In
the third semester, students have to take part in a
project-oriented lab on information processing technologies
for programming a control algorithm for a two-wheel
self-balanced vehicle while the all-in-one platform is reused.
This course is described in Section 111-C.
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Students can attend the “ITIV Labs” in their graduate
courses. The “ITIV Labs” are using the same two-wheel
vehicle as mentioned before. They consist of three integrated
project-based block courses with a continuous mutual
dependence and shall simulate system engineering as close to
industrial reality as possible. The “ITIV Labs” are presented
in Section IV.

I1l. FUNDAMENTAL LABS

A. Programming Course

The programming course is offered by the MINT-Kolleg
Baden-Wirttemberg at the KIT [8]. The MINT-Kolleg’s
purpose is to support students of technical and natural
sciences in their academia life. If a student has not learnt an
object-oriented programming language so far, it is
recommended by the electrical engineering department to
take part in a programming course in C/C++ at the
MINT-Kolleg. Otherwise, if the student feels comfortable
about his programming skills, it will not be necessary to take
part in such a course. Missing knowledge and skills are
usually learned on the fly then. Nevertheless basic
knowledge in programming is expected in the beginning of
the second semester for the “ETIT Workshop” and the course
“information processing technologies” consisting of a lecture,
atutorial and a lab.

B. ETIT Workshop

The “ETIT Workshop” (electrical and information
technologies) is an integrated course along the first two
semesters for the electrical engineering, mechatronics and
some engineering pedagogic students [9]. It covers the four
topics of “measurement and regenerative energy creation”,
“analogue filter and circuit analyses”, “sensors” and “digital
signal processing”. The course uses a self-developed
electronics platform called “El-Board” to suit the overall
needs of the different topics which is depicted in Fig. 2. This
lab is based on initial team work. The teams consist of a
maximum of four members but at least two. The
interdependencies of the tasks are tried to be minimalized but
existent. The main focus is to force students in first team
communication experiences but not to rely on bad outcomes.

Fig. 2. The El-board in version 5.2.

The “El-Board” platform consists of an Atmel
AT32UC3B0256 microcontroller, several different analogue
circuits and power supports for the pre-intensification and
creation of signals, eight light emitting diodes for triggering,
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a microSD-Slot, a 12 MHz quartz for frequency pulsing, a
JTAG-connector an USB-Port for communication purposes,
as well as power supply. It is under constant development to
fit the changes of the workshop to its fullest extent.
Nevertheless it is to some extent over engineered since not all
features are used by the four courses. On the one hand the
reason is to enable students the possibility of using some
advanced technologies at home, on the other hand the
institutes of the electrical engineering and information
technology department can use the same technologies for
their hands-on labs as well. Thus a big potential for higher
education synergies exists.

The workshop reuses the theory of the lectures to show the
students that there is a meaning behind the mathematics and
formalisms. In the first part of the course “measurement and
regenerative energy creation” students will measure the
characteristics of solar cells and understand the charging and
discharging of capacitors for energy conservation. In the
second part “analogue filter and circuit analyses” analogue
circuit design is taught e.g. by designing a low-pass filter for
a given microphone filter specification. In the third part
“sensors” temperature sensors are used to design a two-level
cooling system and light barrier sensors to estimate the speed
of an item. The microcontroller is finally used in the fourth
part “digital signal processing”. The students learn to
program a microcontroller in C as well as to use registers for
the first time. The final work for this course part is to design a
beat detector by estimating the local signal energy. The
fourth part is the base for the next lab described in HIC.

The benefit of such early hands-on course is to on the one
hand enhance the connection between theory and praxis but
on the other hand a psychological as well. The experience
shows that students lose the fear of working with technical
instruments and are gaining fun and creativity to an extent
that they even ask for or invent more difficult tasks
themselves.

The original intention of this lab has been to lower dropout
rates in the attending engineering courses [9]. Literature
suggests that early hands-on labs are the key element to
enhance retention rate [10], [11]. It will be interesting to
analyze the data of dropouts in some years whether the
intended aim was reached. Nevertheless, the “ETIT
Workshop” is used as a base element in the here presented
concept for higher education of engineering.

C. PIT Lab

The “PIT” lab is part of the lecture module information
technologies [12]. The module consists of a lecture, exercises,
tutorials and the project laboratory. The students receive an
open lab task, on which they work during the fall term.
Herewith they built on the necessary fundamentals, which
were taught in the previous term, to solve the problem. To
fulfill the task, algorithms are developed in C/C++, which are
further tested and then implemented. These tasks comprise of
an integrated problem with project character to program the
control of a two-wheel self-balanced single-axis vehicle, the
“TivSeg”. This work is done with the help of tutors, who
provide support in the fields of project management and
technical programming questions. The lab comprises of five
phases that stretch over seven weeks.

Students usually take part in groups of three people. Since
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the interdependence of the single work packages is very high
and thus students are relying on each other, there is a team
work evaluation scheme after the first three weeks to ensure a
final success of the group’s work.

The starting point is an introduction in the first week,
during which the students study the specification and define
their project tasks accordingly. In the next phase of one week,
the students plan their project by creating the module
description with all sub tasks that are necessary to solve the
task. Next, during the realization phase that takes three weeks,
the students implement all required functions in C/C++
according to their project plan. The students learn the writing
of complex C/C++ code and the use of an integrated
development environment during the implementation of
functional, usable and yet readable code, in compliance with
the coding guidelines. This code should be fully functional
on a microcontroller platform, whereat skills on hardware, its
programming and test are conveyed. For this task, the
El-Board, mentioned in the previous section 111B, is reused.

Fig. 3. "TivSeg"-platform driven by one of the authors.

In the 6th week, the system test is focused, which is done
by building on the module tests that have been used to
develop the code. Furthermore the evaluation of the test
sequences and appropriate documentation is mandatory to
fulfill the project requirements. Then the project can be
transferred to the “TivSeg”-platform for the first time. The
here presented “TivSeg”-platform is built on top of the
“EI-Board” such that the students are able to easily transfer
their project to the “TivSeg”-platform.

In the last 7th week of the lab, the students demonstrate
their achievements to the other teams, their tutors and the
scientific staff. For this purpose, they use the “TivSeg”,
which they programmed and tested during the course of the
project as shown in Fig. 3.

”PIT” is an extraordinary chance to keep the students
motivated during the course of the lectures. Even afterwards,
they continue to refine their work, contributing own
creativity resulting in self-driving “TivSegs”. This
“TivSeg”-platform is then applied later in the teaching
schedule as well. The following section will outline how
different parts of the vehicle can be applied as a system
engineering concept for teaching on graduate level.

IV. ADVANCED LABS

The final course of the integrated lab concept takes place
in the master studies. At this point, the students have gained a
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high theoretical background and are able to solve engineering
problems individually. Thus, the lab is based on a project
structure with a specific goal but without specifying an
approach to solve the problem.

Building on the established concepts and platforms of the
earlier labs in the undergraduate levels, the development of
the complete electronic control system for the two-wheel
vehicle is considered as the goal of the lab. Therefore, the
project is split into three concurrent labs, with each of them
targeting a major engineering sub-problem. Furthermore,
using a project management oriented approach, all individual
groups have to synchronize their work schedule, fulfil
deadlines and milestones and actively participate in a very
tight team-work structure in order to successfully reach the
common goal of riding their own implementations of the
vehicle’s system.

A. Integrated Course

The integrated lab runs fulltime over four weeks and is
organized into four phases which are depicted in Fig. 4. It
starts for all students with a common introduction, giving
basic information on the project goals, project management
and systems engineering methods.
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Fig. 4. The four phases of the integrated “ITIV Labs”.
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A detailed introduction to the necessary computer and
hardware tools are given separately in the individual groups.
Upon that, the students set up their time schedule, define
global project milestones and assign tasks within each group
in the conception phase. Also, the technical concepts will be
developed during this phase, ending in synchronization with
the other groups and assuring the definition of all common
hardware and software interfaces. During the implementation
phase, the groups individually implement their tasks with
strong in-group-synchronization. Finally, all groups come
back together for the system integration phase, which will
reveal, how well the project has been planned and how the
planned interfaces work together finally. Proper supervision
during the whole lab reveals possible bottlenecks or
misleading strategies to ensure a successful result within the
limited time-span.

The interdependence of the group work is here at its
highest peak so far. To ensure an overall good team work
experience, the students are supervised full time by the tutors.
Still, the tutors try not to directly influence the students’
solutions but to mediate between different opinions.

By the strong interconnection and the forced overall team
meetings, it is intended to enhance the communication skills
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of the participants. The students are usually specialized in
one and not in all of the topics. Thus communication has to be
broken down to some extend depending on the
communication partner [13].

B. Interdependent Labs

The three interdependent labs are built on the same
two-wheel vehicle “TivSeg” platform. Here, the focus is put
on the development of the complete electronic control system
and power train of the “TivSeg” platform. Therefore, three
individual labs concurrently working on the different
subsystems were chosen. These are the circuit board and
power train design, the integrated digital circuits’
development and the embedded software. In particular, each
of these interdependent labs has specific goals.

Printed circuit boards and power train design: In this
lab, the complete analogue circuit design for the motor
control is designed and implemented on a printed circuit
board. The design has interfaces to the digital control logic
and has to offer flexibility to the embedded software to
control the behavior of the system in different scenarios.

Integrated digital circuits: This lab designs specific
integrated circuits on programmable or reconfigurable
hardware platforms. These are typically complex control
algorithms, which react in real-time upon certain input
parameters.

Embedded Software: Within this lab the software to
control the platform, including advanced control algorithms
are developed. Depending on various user or sensed
environmental input parameters the software controls is
closely coupled with the digital circuits and the motor control
circuits.

From this highly integrated technological system concept
it is obvious that design and interfaces have to be carefully
specified throughout the whole lab period. The interface
specifications between the labs are vital to the work and have
to be rechecked by tutors to ensure the functionality of the
final system.

The tutors have prepared a set of fully functional system
parts of all three courses which fit within the scopes of the
courses based on the given specifications. If one of the teams
fails to succeed in their development, there is always a
finalized backup option for the other teams of the other labs
for redundancy purposes.

Nevertheless the student teams are free to build within the
given specifications and within a certain given budget, thus
encouraging the students in collaboration and creativity.

V. CONCLUSION

In this article we have shown an educational series in
hands-on engineering education. Starting in the first semester
with training in programming and specific analogue circuit
design, continuative labs are giving more complex and freed
tasks to stimulate the students’ creativity and enthusiasm. At
the end of this educational chain, the students can participate
in an integrated systems engineering course representing
project-oriented business engineering from three different
perspectives.

The simplicity of the first courses are mainly focusing on
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the hands-on work. The focus on team and project work rises
towards the end when students are depending not even on
their own team members but on the students of other lab
modules as well. The interconnection experience is enhanced
by an integrated course.

It is intentional that students are taken to more complex
systems on the base of already known systems. The change
from the known EIl-Board platform to the same Atmel
microcontroller of the two-wheeled vehicle platform and
then from the two-wheeled vehicle microcontroller to the
analogue and digital circuits, as well as the software design
should make the obstacles as small as possible. Also students
recognize the platforms as something to identify the hands-on
labs with.

In future we are going to implement the last two missing
labs “Integrated Digital Circuits” and “Embedded Software”
to the planed concept. Experiences are going to be published
when some runs of the advanced labs have been done.

The authors are looking forward to help and adept
hands-on labs of other institutions to benefit from the so far
gathered experience in building up an interdependent lab
course series. They hope that this experience and concept
report is going to encourage other institutions to follow
similar concepts.

The authors want to promote hands-on teaching on
university level by showing that higher education in technical
universities must not focus purely on the commitment to
theory but applying the known to enhance and settle the
understanding of lecture materials. On the one hand practical
work is now being taught along the overall course of study
and not just in the corresponding theses; on the other hand
not just universities of applied science can be considered for
a future student’s applied studies. The authors think that
technical universities are going to lose the dogma of theory
when interconnected measurements are implemented like in
the here presented way.

ACKNOWLEDGMENT

The authors would like to thank the “MINT-Kolleg
Baden-Wiirttemberg™ for the support of the corresponding
programming course. The authors acknowledge the
cooperative work of the electrical engineering and
information technology institutes for building up the “ETIT
Workshop”, thanks are given especially to Prof. Dr.-Ing.
Thomas Zwick for the overall organization of this lab.

REFERENCES

G. Heitmann, “Challenges of engineering education and curriculum
development in the context of the Bologna process,” European Journal
of Engineering Education, vol. 30, no. 4, pp. 447-458, Dec. 2005.

D. L. Haury and P. Rillero, Perspectives of Hands-On Science
Teaching, Columbus, OH, USA: ERIC Clearinghouse for Science,
Mathematics and Environmental Education, Mar. 1994.

International Council on System Engineering. (1998). INCOSE SE
Terms Glossary. [Online]. Available:
https://www.incose.org/ProductsPubs/pdf/techdata/ERTC/GlossaryDe
fnsOfTerms_1998-10_TWG.pdf

S. M. Katz, “The entry-level engineer: Problems in transition from
student to professional,” Journal of Engineering Education, vol. 82, no.
3, pp. 171-174, July 1993

I. Markes, “A review of literature on employability skill needs in
engineering,” European Journal of Engineering Education, vol. 31, no.
6, pp. 637-650, 2006.

(1]

[2

31

(41

(5]



International Journal of Information and Education Technology, Vol. 5, No. 4, April 2015

[6] J. Enders, “A chair system in transition: Appointments, promotions,
and gate-keeping in German higher education,” Higher Education, vol.
4, pp. 3-25, 2001.

[7] M. Beise and H. Stahl, “Public research and industrial innovations in
Germany,” Research Policy, vol. 28, pp. 397-422, 1999.

[8] D. Haase, “Studieren im MINT-Kolleg Baden-WUrttemberg,”
Mathematische Vor- und Britkenkurse, Springer Fachmedien,
Wiesbaden, 2014, pp. 123-136.

[9]1 T. Beuth, S. Ayhan, and T. Zwick, “Einftihrung eines fakultats- und
semestertibergreifenden, friihphasigen Teampraktikums fir die
elektro- und informationstechnischen Bachelorstudiengénge am KIT,”
in Proc. the 3rd TeachING-LearnING.EU Conference movING
forward - Engineering Education from Vision to Mission, pp. 124-130,
Dortmund, Germany, 2013.

[10] D. W. Knight, L. E. Carlson, and J. F. Sullivan. (2007). Improving
Engineering Student Retention through Hands-On, Team Based, First
Year Design Projects. 31st International Conference on Research in
Engineering Education. [Online]. Auvailable:
https://itll.colorado.edu/images/uploads/about_us/publications/Papers/
ICREEpaperfinalin07octJEE.pdf

[11] M. Haungs, C. Clark, J. Clements, and D. Janzen, “Improving first-
year success and retention through interest- based CSO courses,” in
Proc. the 43rd ACM Technical Symposium on Computer Science
Education. New York: ACM, 2012, pp. 589-594.

[12] A. Gharbi, T. Schwalb, K. D. Mueller-Glaser, M. Aders, and A. Diez,
“Initiation of a course package based on the Bologna process with
support of the department of educational development,” in Proc. the
8th European Workshop on Microelectronics Education, Darmstadt,
Germany, pp. 141-144, 2010.

[13] M. J. Riemer. (2002). English and communication skills for the global
engineer. Global Journal of Engineering Education. [Online]. 6(1). pp.
91-100. Auvailable:
http://www.wiete.com.au/journals/GJEE/Publish/vol6nol/Riemer.pdf

Thorsten Beuth received a M.Phys. (Hons) degree in
optoelectronics and lasers by the Heriot-Watt
University, Edinburgh, United Kingdom, in 2009 and a
Dipl.-Phys. degree in general physics by the Karlsruhe
Institute of Technology, Karlsruhe, Germany in 2011.

He currently works as a Member of the Scientific
Staff at the Institute for information processing
technologies at the Karlsruhe Institute of Technology,
Karlsruhe. Before he worked as a research assistant at the Institute of
Nanotechnology at the Karlsruhe Institute of Technology and the
Forschungszentrum Informatik. His current research interests include
nanotechnology, laser remote sensing technologies and higher education of
engineering and science.

Mr. Beuth is a student member of SPIE and IEEE. He was a review
committee member of IEEE IC-IMPETUS 2014, Bangalore, India. He was
awarded scholarships by DAAD, SAAS and KSOP and the certificate for
higher education teaching of all universities within the state of
Baden-Wirttemberg, Germany.

Tobias Gé&deke received a Dipl.-Ing. degree in
electrical engineering and information technology by
the Karlsruhe Institute of Technology, Karlsruhe,
Germany, in 2011.

He currently works as a member of Scientific Staff at
the Institute for Information Processing Technologies at
the Karlsruhe Institute of Technology. His topics of
research include localization, inertial navigation and

energy harvesting technologies for wireless sensor networks. Mr. Galeke
was awarded a scholarship by the German Research Foundation (DFG)
within the research training group 1194 “Self-Organizing Sensor Actuator

Networks”.
the Karlsruhe Institute of Technology and as a freelance

, - Q}
sound engineer for live concerts and studio productions.

His main research focuses on run-time adaptive application-specific
microarchitectures and reconfigurable processor architectures.

Carsten Tradowsky received a Dipl.-Ing. degree in
electrical engineering and information technology by
the Karlsruhe Institute of Technology, Karlsruhe,
Germany, in 2011.

He currently works as a member of Scientific Staff at
the Institute for Information Processing Technologies at

Jens Becker received a Dipl.-Ing. degree in electrical
engineering and information technology by the
University Karlsruhe, Karlsruhe, Germany, in 2002.

He currently works as a member of the Scientific
Staff at the Institute for Information Processing
Technologies at the Karlsruhe Institute of Technology,
Karlsruhe. His current research interest includes
application of formal verification technologies to
communication systems.

Mr. Becker was awarded the certificate for higher education teaching of all
universities within the state of Baden-Wirttemberg, Germany.

|

Alexander Klimm received a Dipl.-Ing. degree in
electrical engineering and information technology by
the University Karlsruhe, Karlsruhe, Germany, in 2006.
In 2011 he finished his PhD at the Karlsruhe Institute of
Technology, Karlsruhe, Germany.

He currently works as a member of the Scientific
Staff at the Institute for Processing Technologies at the
Karlsruhe Institute of Technology. His main research
interests are security in embedded systems and architectures for security
application on embedded hardware.

Oliver Sander received a Dipl.-Ing. degree in
electrical engineering and information technology by
the University Karlsruhe, Karlsruhe, Germany, in 2006.
In 2009 he finished his PhD at the Karlsruhe Institute of
Technology, Karlsruhe, Germany.

He currently works as a member of the Scientific
Staff, Research Group Leader, and a lecturer at the
Institute for Information Processing Technologies at
the Karlsruhe Institute of Technology. His main
research interests are in the field of heterogeneous multicore systems for
embedded, safety-critical applications in automotive and avionics.

254



