TEACHING CONCURRENT ENGINEERING USING INTENSIVE
INTERDISCIPLINARY ROBOTIC WORKSHOPS
PETER RUSSELL
Lehrgebiet Computergestuetztes Planen in der Architektur (CAAD),
RWTH Aachen, Schinkelstrasse 1, 52062 Aachen, Germany
russell@caad.arch.rwth-aachen.de

Abstract. The métier of architecture is, contrary to the myth of the
single visionary architect, one of co-ordinated interdisciplinary
teamwork. For students of architecture, this concept can be somewhat
abstract without the chance for hands-on experience in working in
such teams. The authors contend that this type of co-operation is better
trained than taught. As a consequence, the authors have sought to
create a pedagogical framework for training interdisciplinary work:
Furthermore, by using assignments that call for concurrent
engineering, the framework allows students to understand the
complexities of integrated planning practices. The paper explains the
methods and results of workshops carried out at two Universities over
the past one and one-half years. Students are arranged in small teams
of 3-5 students consisting optimally of architects, engineers and
computer programmers. The assignment is to build and program a
robot to successfully execute a prescribed set of objectives. The 10day workshop is carried out as a competition in order to accelerate the
development process and to focus the design work to a specific goal.

1. Architecting
One of the most daunting challenges for young Architects is acclimatising
themselves to the world of practice upon finishing their studies. Alongside
the practical application of technical and aesthetic rules, young architects
must also learn how to work in teams. When these teams are made up of
likeminded architects, the teamwork is relatively straightforward. However,
when these teams consist of interdisciplinary members, the assumptions of
the architect often are met with confusion if not scepticism. Indeed, the
different methods of problem solving across various disciplines contribute a
great deal to both the richness and difficulty in working in interdisciplinary
teams. The author contends that learning to work in these teams cannot be
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taught; it must be trained.
These interdisciplinary teams are also confronted with rather complex
design problems. In fields parallel to architecture, namely shipbuilding
(where large design teams produce one-off solutions for individual clients) a
practice entitled concurrent engineering has been developed. This process of
concurrent problem solving has also been termed "architecting" by Rectin.
Architecting is the process by which large problems are broken down into
smaller problems that are then solved in parallel using heuristics. This
process, like working with interdisciplinary teams, is also thought to be
better trained than taught. To date, few didactical concepts have attempted to
train students of architecture and engineering in these real world practices.
For this reason, tutors from the Institute for Industrial Building Production
(Faculty of Architecture), the Institute for Process Control and Robotics
(Faculty of Computer Science) and the Institute for Machine Tools and
Manufacturing Technology (Faculty of Mechanical Engineering) undertook
to create a design workshop to enable students to gain initial
interdisciplinary experience.
2. Workshop: “I, Robot”
A group consisting of computer scientists, mechanical engineers and
architects have attempted to fill this gap by offering an intensive workshop
in which a non-trivial design problem is to be solved by mixed teams from
all three disciplines. It must be stated that one of the largest hurdles to
creating a workshop that spans various faculties is the problem of
accreditation in the various faculties. Further, ensuring that the students are
all at the same level in their various faculties had to be considered. Despite
these administrative hurdles, the three faculties were able to offer a common
design workshop. The timetables of the different faculties also prescribed a
two-week period in which the workshop could take place.
The design problem was to construct and program a robot, which must
competitively complete a prescribed course. Naturally, the field of robotics
is a branch of engineering in itself. The organisers sought to use this design
problem because of its relationship to each individual faculty. Furthermore,
the steadily increasing presence of robotics in the society made the topic
timely. In order to allow for some measure of success within the two-week
time constraint of the workshop, the organisers sought to reduce the
complexity of the task. The students used the Lego Mindstorms robotic
system as the physical basis for the project. Each group was given an
identical set of Lego pieces including the RCX "brick", sensors, motors and
various Lego pieces. The rules stated that no other materials were allowed.
Each Mindstorms Robot set included two touch sensors and one light sensor
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as well as an infrared transceiver for downloading the programs and
communication between the robots themselves.
Although the Lego system comes with a simple and easy to learn
programming environment, this language is limited by having essentially no
variables and no sub-routines. For this reason, the students were instructed to
use the NQC programming language developed by Dave Baum.
[BAUM1999] NQC stands for Not Quite C and the language employs higher
level programming features akin to the C programming language while
providing specific commands to ease the input and output aspects of
programming for the Lego Mindstorms robotic chip-set. In total 50 students
took part. Twenty students each from computer science and architecture and
ten mechanical engineers were divided into ten teams of five persons each.
Each team had to include at least one student from each faculty.
Additionally, each group was responsible for sending one member each to
five inter-team committees. The committees were established to emphasise
the co-operative nature of the entire exercise. The five committees were
assigned the following decision areas:
1) Constructors' Committee: this was the main forum for discussing issues
among the teams.
2) Communication Committee: the committee was responsible for establishing
the rules for inter-robot communication as well as the protocols to be used.
3) Race Committee: the race committee established the rules of the competition
such as when a robot could be touched.
4) Code Committee: the code committee was responsible for the type and
placement of light and dark areas on the floor of the race area, which could
be used by the robots to establish place or direction.
5) Inventory Committee: although the construction of the robots was limited to
the Lego Mindstorms Kits, the teams were allowed to trade among
themselves and this committee was responsible for documenting and
approving all trades.

The realm of each committee often overlapped or influenced other
committees. This entailed a lot of discussion and communication, which was
part of the process. Disputes went first to the Constructor's Committee and if
they could not be resolved there, then the Grand Organising Directors
(GODs), made up of the three Tutors, collectively made a decision for the
entire group.
3. Assignment
The race or assignment itself consisted of three parts. The initial phase
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involved finding a path through a labyrinth. The second part of the course
involved sending a token through an infrared transceiver to another unknown
robot. Upon receipt of the token, the robot then had to calculate which one of
two doors to pass through. The third part consisted of a simple course where
raw speed played a role. The course was delineated with particleboard
barriers with sides 10 cm high. This allowed the teams to use the touch
sensors to feel their way through the labyrinth and to concentrate the light
sensor on the floor where white and black paper was used to codify
instructions. It also allowed a clear overview of the course and a barrier to
prevent the robots from going astray.

Figure 1. Plan of the Race Course.

The initial impression that the engineers would design the robot, the
computer scientists would program it and the architects would pick the
colours soon dissolved under the complexity of the task. While the labyrinth
was relatively straightforward, it must be remembered that all ten robots
undertook the course simultaneously and so inputs to the touch sensors could
not be relied upon to be static aspects of the course. Furthermore, the
designing of a robot is a task that requires concurrent engineering as the
software must be developed parallel to the physical layout of the robot all
the while trying to meet the higher level goals of the race assignment.
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Figure 2: Detail of the Course and computer controlled doors between Sectors 2 and 3

The workshop began with two days of lectures and team-building
exercises. General aspects of robotic engineering as well as current issues in
robotics were followed by a lecture dealing with the pragmatics of software
design using NQC. A third lecture illustrated various modes of locomotion
and steering. At the second half of the second day, the teams were set and
the committees formed. After the members of the Inventory Committee were
appointed, the teams received their Robotic Kits. The two day wait helped to
raise the suspense and to create an air of expectation akin to the way a pilot
will "stand on the brakes" before starting a long take-off run.
The following five days consisted of counselling in the mornings and free
design and development time in the afternoons. The entire group was given a
room to collectively develop their designs. This allowed an increase in the
"technology transfer" between teams and also facilitated impromptu
meetings of the various committees. A couple of the teams attempted to
work at their dormitories, however, these teams were quickly unaware of
committee decisions and so returned eventually to the workspace.
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Figure 3: One of the ten interdisciplinary teams

The final three days saw a schedule akin to a formula one weekend. The
third to last day was used for time trials on the course and for small design
adjustments. The penultimate day was highlighted by a qualifying session in
order to determine which group started from which position. The race itself
took place in a one-hour period on the last day. Despite last minute hiccups
and some frantic programming up to five minutes before the start, the race
was held and with some success.
All of the teams were able to complete the labyrinth. The communication
part of the race was somewhat more difficult due mostly to the robots being
shunted whilst communicating with one another. This led to a breakdown in
the token exchange and the robots then restarted their search and
communicate routines. Due to the presence of ten Robots in the
communication field, the chances were high that a robot pair would be
interrupted. Nonetheless, four robots did make it through to the doors and
were able to send a correct signal to the listening computer, which then
opened the appropriate door.
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Figure 4: Three different concepts

Figure 5: The Start of the Race

Post race, the students were asked to describe their experience in working
in the group and with their success in meeting the assigned task. Almost
universal was the positive experience of having worked with students from
other faculties. Furthermore, the competitive quality of the workshop was a
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strong motivating factor when they met with design problems. Although the
assignment appeared easy at first, the newness of programming, the tight
time schedule and the nature of collectively carrying out a design task in an
interdisciplinary group all combined to complicate the challenge.
Subsequent demand has led to two further inceptions of the Robot Workshop
with similar results.
References
Baum, Dave: Lego Mindstorms Roboter. Bonn, Galileo Press, 2000. ISBN 3-934358-39-x
Knudsen, Jonathan B.: The Unofficial Guide to LEGO MINDSTORMS Robots. Sebastopol,
California, O'Reilly & Associates, 1999.

368

