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This paper presents an educational experience developed in the fourth year of Computer Science degree at Huelva
University (Spain). To make Artificial Intelligent (AI) learning processes more captivating, a new educational project was
incorporated into classical teaching of Artificial Intelligence and Knowledge Engineering subject. In this paper, we present
the experience fulfilled with a group of college students. Here it is related how they changed for some days their classroom
lessons for the robotic competition arena. With this project we have extended regular classroom lessons with additional
work that could be useful and cannot be provided by traditional practical lessons, the real life experience. As a real example
about how the work was accomplished we describe the mechanical construction of the mobile robots as well as the software

development process.
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1. Introduction

This project was a perfect example to make students
gain some interest in robotics, and robotic competi-
tions are a good framework to develop classroom
experiences. Competitions also offer the students
the opportunity of meeting more experienced peo-
ple on this field. It also helps students to realize that
frequently, real life is different from the problems
the students solve at the university. It is completely
different to design or program code for a computer
simulation and to do it for a real mobile robot.

For example, there are many factors that have to
be taken into consideration, like the mobile robot’s
battery charge or the light at the competition hall. In
our case, it gave us some valuable pieces of advice;
some of them about hardware design and others
about how to design our software.

The competition game consisted in developing a
mobile robot able to follow a line as fast as possible
in a simple track. But, which is the meaning of these
terms?

e ‘A robot is a virtual or mechanical agent. In
practice, it is usually an electromechanical system
which, by its appearance or motion, conveys a
sense realized on its own’.

e ‘A robotic competition is an event where robots
have to accomplish a given task’.

These two definitions—given by Wikipedia—de-
scribe the concepts of a robotic competition. A
robotic contest is important for Al because two
robots with no human help or guidance have to
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fulfill a given task faster or better than the rest of the
competitors. In general terms, in a basic Al lab
practice, it is enough if the robot accomplishes the
task; no matter how long it takes to do it. In a
robotic competition it is not enough; the behavior of
the robots must also be changed and improved so it
can beat the rest of the competitors.

There are many already developed robotic plat-
forms as Pololu, e-puck [1] or Khepera [2] but we
have developed the complete platform and control
software for this hardware. So, students have devel-
oped new skills designing and building Printed
Circuit Boards (PCBs), working with electronic
components or designing embedded software. Al-
most all the technical teaching have the goal to form
tomorrow’s engineers and this experience brings
class closer to real-life frameworks. For example,
in Zhongli et al. [3] it is presented an Internet-based
platform for a soccer competition devoted to ro-
botics education. To facilitate the students’ learning
when participating in the robotics competition, the
supporting hardware and software kits have also
been developed. DeVault [4] describes an engineer-
ing experience through the implementation of a
mobile robotics course and the participation in an
annual robot contest. In Grimes et al. [5] the educa-
tional outcomes are described and student know-
how to make of a competition an excellent oppor-
tunity for educational growth. In this paper is
illustrated how the students have full responsibility
for defining the competition rules, designing,
constructing the course and carrying out the com-
petition. In Berlier at al. [6] it is presented a meth-
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Table 1. main features of some educational experiences on robotic competitions

Reference Education Level Kind of Competition Programming Language Field

[3] Secondary Robot soccer Icon-based instructions Robotics

[4] University Sumo wrestling C Engineering Physics

[5] University Ping-pong balls C Mechanical & Computer
Engineering

[6] University Line-tracker, maze- Assembly & C Micro-computers

navigation & drawing

[7] University Robot soccer C++ Robotics & Computer Vision

[8] University & High School =~ Chessboard & robot soccer GrafCet Engineering & Computer
Science

Onubot University Line-tracker Java Artificial Intelligent

odology used to replace the final project with a
robotics project where students build a microcon-
troller-based robot with the ultimate goal of com-
peting. Murphy [7] describes a strategy for
integrating robot design competitions into courses
in order to maximize learning experience and pro-
mote intellectual development. Finally, in Almeida
et al. [8] mobile robot competitions are presented as
events well suited to experimentation, research and
development in many areas concerning both High
School and University.

The present paper is organized in the following
way. The ‘General Overview’ section presents the
‘OnuBot’ teamwork and how the motivation to
compete comes from the classroom to mobile robots
competition arena. The following section ‘Project
Development’ explains the task development and
how the work was accomplished. The ‘Competition’
section briefly discusses the results of this game. The
‘Experience in Teaching’ section puts into practice
the methodology developed by this teamwork so
far, an evaluation questionnaire is presented with
such purpose. Finally, this paper contributes with
some conclusions to the work carried out; it pro-
vides new expectations and offers this experience to
the engineering community at its social website.

In order to highlight the contributions of this
teaching innovation project, different features and
properties are compared to some of the aforemen-
tioned educational experiences (see Table 1).

2. General overview

We have used mobile robots during the last five
years as a means of teaching main mobile agents
aspects. In the first years students showed an ex-
cellent motivation. Nevertheless, this interest gra-
dually decreased in the following years. These
students were doing the fourth year of ‘Computer
Science’ degree at Huelva University and this pro-
ject was developed in the ‘Artificial Intelligence and
Knowledge Engineering’ subject.

The experience started in the academic course
2008/2009 and was mostly carried out by students.
This experience allowed us to obtain a teaching
innovation project awarded by the University of
Huelva. This project let the teachers set up two
different students’ teams and two different mobile
agents—Mini-Z and Iwaver 01—with the goal of
participating in a national robotic competition
called ‘Cosmobot 2009’ (see Fig. 1). The competi-
tion was held by 24 teams from different national
universities. The game consisted of developing two
mobile robots able to follow a line as fast as possible
in a simple closed track.

This collaborative experience is not only under-
stood as a serial of practical sessions. Otherwise it
comprises the possibility of discovering Al techni-
ques with the aim of a robotic competition. In this
project we have extended regular classroom lessons
with additional work that would be useful and may
not be provided by many traditional practical les-
sons. Such tasks—approximately 600 hours—con-
sisted in working with electronic components,
develop PCBs, designing embedded software, mod-
elling the systems by using Unified Model Language
(UML) diagrams or testing Al algorithms (see

Fig. 1. The Onubot teamwork in the competition arena during
Cosmobot.
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Table 2. List of tasks and hours spent on the project

Item Hours Persons Task
1 2 7 Briefing & work organization
2 3 6 Working with robot: task planning, interfaces, programming & debugging
3 3.5 3 Working with robot: track design & reactive algorithm
4 4.5 5 Schematic & layout design with Eagle
5 4 1 Mapping & testing track algorithm
6 3 6 Printing board, develop & etching
7 4.5 2 Reactive algorithm & adjust parameters
8 3 2 Welding, drilling & assembling PCB
9 2 3 Reactive algorithm & optimization for straight lines
10 2 1 Working with robot: testing algorithm in circuit with predominance of curves
11 5 2 Testing with robot: creation of new circuits & parameter settings
12 6 1 Working with 2nd robot: assembly, testing & new servomotors
13 2 2 Research on CMUcam
14 5 4 UML design: tasks & processes to perform
15 3 1 UML specification: classes, attributes & methods
16 9 7 Code debugging and circuit preparation
17 12 4 Improving code
18 3 3 Algorithm advances with Iwaver & Mini-Z robotic vehicles
18 40 7 Cosmobot 2009 competition
20 10 2 Updating webpage
21 6.5 1 Microcontroller research
22 4.5 1 Documentation of the directed academic work

Table 2). So, working in group has also been
important to accomplish the project.

3. Project development

3.1 Rules of the competition

The first task we had to do, once the working team
had been formed, was to study the rules of the
competition which had been previously published
at the ‘Cosmobot 2009’ official website. This infor-
mation included all the requirements to be fulfilled
by the participants and their robots. To sum up, the
most relevant aspects were the following:

e Every team should be formed by four members
with one representative.

e Every team could have more than one mobile
robot.

e The track was closed, white and delimited in both
sides by black insulating tape lines of 2 cm wide.
The whole track was 1550 cm wide. At the same
time, there was a margin of 15 cm in each side
delimited by a red insulating tape.

e The mobile robot should not ever reach those
lines in its routes because it would be disqualified.

e The bends were made of pieces of circumference
whose radius was always over 40 cm.

In addition, there were some possible eventuali-
ties contemplated as, for example, the fact that the
track had little irregularities or that the lighting
condition was not defined beforehand. Finally, it
is important to point out the limitations imposed on
the vehicles. They must have a maximum dimension
of 20 cm wide x 30 cm long x 13 cm high, apart
from being completely autonomous. It was comple-

tely forbidden the existence of any remote control
element.

3.2 Brainstorm meetings

Once all the rules of the competition were known,
we met in order to prepare the work to develop. On
the one hand, the leader suggested the teamwork the
strategy of buying two specific mobile robots which
had a reduced size and low cost. On the other hand,
we had to make our own PCBs where we had to
insert the chosen microcontroller, sensors and other
electronic devices. Once the PCBs had been made it
would be joined to the chassis of the vehicles and the
appropriate connections would be done.

The robotic vehicles—Mini-z and Iwaver 01—
both had very similar qualities and their dimensions
where approximately 12 cm long x 7cm wide x 4cm
high (see Fig. 2). The chosen microcontroller was

Fig. 2. Iwaver 01 robot of the Onubot teamwork in the competi-
tion arena during Cosmobot.
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Fig. 3. Outline of the electronic aboard the robotic vehicles.

Javelin Stamp™ from Parallax enterprise (see Fig.
3). This election was due to the fact that we were
already familiar with the use of this microcontroller
in the practices of ‘Artificial Intelligence and
Knowledge Engineering’ subject. In these practices
we got in touch with the robots programming and
with external elements interaction. During the first
meeting of the teamwork we considered the possi-
bility of using the Parallax version of CMUcam
camera as a complement of the car. The rules
allowed it and at the beginning, we thought that it
would be useful to give a computer feedback vision
to the vehicle. We guessed that the robotic vehicles
could see the bend before arriving and react with
more efficiency. Finally, this option was ruled out
because of several reasons. First, the camera’s
weight decreased the speed and stability of the
vehicle as well as its autonomy. Second, the proces-
sing capacity required by this camera and the micro-
controller became inadequate.

Inspired by the mobile robots used in our prac-
tices, we decided to include two sensors in the
central part at the front of the vehicle. We also
established that the vehicle would go over the line,
although it was allowed to cover the white track
space. We left the possibility to add two extra
sensors, one in each extreme of the front side.

3.3 PCB layout and assembling process

Once the working process became clear, we started
to meet again during the following days, this time in
order to make the PCB design by means of EAGLE
Layout Editor®. The electronic circuit was already
designed so we printed it in transparencies. Taking
advantages of the University’s facilities we could use

intact.

The assembly of the hardware was the following
task. Once we already had the PCBs, we only had to
drill, sold and assemble the set of resistances, capa-
citors and undoubtedly the microcontroller.

3.4 Software specification and requirements

Due to the short time available to build and pro-
gram the robots, it was necessary to distribute the
different task between the people in the project, so
we could finish on time. To achieve this goal we
modelled the system using UML diagrams.

We decided to clarify the way to develop the
desired work in a common and efficient way. In
that sense, we had to carry out a detailed analysis of
all the existing variables related to the competition.
Accordingly, the variables were classified taking
into account if they were related to the robotic
vehicle or the track. These variables are shown in
Table 3. It can be observed that light intensity affects
the measurement of the sensors. On the other hand,
when the battery charge got low, the speed and
acceleration got down. Regarding the speed, we
had to decide if put the cars at high speed or medium
speed. With high speed, the cars sometimes went off

Table 3. Classification of variables related to the mobile robots
and the track of the competition arena

Variables Related with

Light intensity Sensor measurements

Battery charge Speed & acceleration

Maximum speed Risk level

Turning angle Motion in a curve or in a straight line
Number of sensors ~ Accuracy

Behavior of the robotic vehicle
Anticipation to the next event
Behavior of the robotic vehicle
Disorientation

Physical limits
Stretches position
Friction

Pothole
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the road so we had to decide what level of risk we
should accept. It was also important to know if the
cars were in a curve or in a straight line because the
turning angle to correct the car should be different.
Taking into account our experience, the number of
sensors was an important lack of our robotic vehi-
cles since they only had two sensors. We discovered
that it could not have enough accuracy; neverthe-
less, it was enough for our design. It was also very
important to know other physical limitations like
size of the wheels, position of axis direction, weight,
stability and specially the hit resistance. According
to the variables related to the track of the competi-
tion arena, stretches position may be the most
important variable. We programmed the car with
a map of the circuit so it could always be in the best
position and anticipate the next event before it
came. With this, we hoped the car braked before
the curve and accelerated when the straight line was
beginning. With relation to friction, it was impor-
tant to know that the results obtained in our tests
could differ significantly from the results obtained in
the official circuit due to material construction.
Another quite important aspect was the pothole.
Both our test circuits and the official one contained
undulations. These strains were mainly caused by
the tension of the tape that formed the path. Our
small robotic cars were negatively influenced by it.

We concluded that if we knew the features of the
track, we could set a clear analysis and the mobile
robot could react before. By means of that, we could
do diagrams about the program structure in UML
format. Besides, it would be necessary to program
every section of the track in a single way, so that we
could finally combine all of them. Thus, we realized
that students required an additional effort to pro-
vide a high reliability to the design of mobile agents.
Usually this aspect is not crucial for general purpose
software developed on Al. That is, when something
wrong happens the computer engineer usually
shows ‘windows alerts’. On the contrary, in a com-
petition a fault means the end of the game for
competitors; no faults or errors are allowed. Indeed,
this aspect is difficult to learn outside of a real
problem.

3.5 Firsts tests at the laboratory

The program was developed in Java language but
avoiding the use of classes and minimizing the calls
to external functions to reduce the computational
cost (see Fig. 4). We realized that we based our
strategy in a good software design, but our basic
hardware did not let us make a working program
that could satisfy the competition requirements. It
was difficult to fulfill the task with our designed
hardware because we designed a simple and fast
system with only two light sensors with digital signal

processing. When we tried to make a high speed
control with only two sensors, we comprehended
that environmental light conditions and circuit sur-
face would cause wrong measurements. Thus, at
high speeds these fails cause the mobile robots loose
the line and go out from the circuit. Consequently,
the team would be withdrawn from the competition.

In the following stage, we thought it would be a
good idea to make a copy of the competition track,
so we started working on that. One of the problems
consisted on the material to support the track;
getting a plastic sheet was too expensive. As a
consequence, we used a great toll of paper as the
base. To do this, we firstly added several sheets in
order to get the desired dimensions. Secondly, by
means of a tape, we composed the straight lines and
the curves all the way long. We already had our
track; thanks to it we could perform our first reliable
test.

i1*
public static void wait_start()}{
System.out.printin("pass1");
while(CPU.readPin(SWICTH) != ON){}
System.out.printin("pass2");
while(CPU.readPin(SWICTH) == ON){}
System.out.printin("pass3");

}
public static void main (X

int MAXIMUM_TURN = GREAT_TURN[2];
int MINIMUM_TURN = LITTLE_TURN([O];
int MAXIMUM_SPEED = HIGH_SPEEDI[1];
int MINIMUM_SPEED = LOW_SPEED[1];
int direction=1; //1 right, -1 left

int speed = MINIMUM_SPEED;

int turn = 0;

(I wait_start();

CPU.writePin(LED1,true);
CPU.writePin(LED2,true);
while(true){
servo_mot.update(neutral_engine+speed, low_mot);
servo_dir.update(neutral_direction + (turn * direction), low_dir);

if (CPU.readPin(SID) == INSIDE && CPU.readPin(SDD) ==
INSIDEX

speed = HIGH_SPEED;

turn = 0;

Jelse if(CPU.readPin(SID) == INSIDE && CPU.readPin(SDD) ==
OUTSIDE)X

turn = MINIMUM_TURN;

direction = 1;

Jelse if(CPU.readPin(SID) == OUTSIDE && CPU.readPin(SDD)
== INSIDE)X

turn = MINIMUM_TURN;

direction = -1;

Jelse if(CPU.readPin(SID) == OUTSIDE && CPU.readPin(SDD)
== QUTSIDE)
turn = MAXIMUM_TURN;
speed = MINIMUM_SPEED;
}
}
}
}

Fig. 4. Example of code implemented in the mobile robots.
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Fig. 5. Speed variations with different Al algorithms applied to
the vehicles.

At that moment we could see the true necessity to
improve the speed and the efficiency of the robotic
vehicle. Moreover, we could face the problem of the
distortions on the track beforehand. These were
mainly caused by the tension produced, not only
by the insulating tape but also by the paper fragility.
This situation would be reflected on the true track.
That is the reason why all participants had the same
problems like us.

The software development continued but it did
not live up to our expectation. We understood the
necessity of having more sensors for a better accu-
racy measurement that would influence the beha-
vior with more precision. In addition, we had
difficulties with the batteries, so the battery overuse
by the car’s engines negatively influenced on accel-
eration and braking cycles. These and other reasons
made us decide to load a more primitive algorithm
into the robot only few days before the competition.
This algorithm did not perform complicated intel-
ligent analysis; it simply read the sensors, being the
engine speeds and servomotors’ direction constant.
The result was not very fast but at least it did not
come off the bends and allowed a higher working
autonomy. In Fig. 5 it can be seen these tests realized
with algorithms tuned at different speeds. The lines
show distance travelled by the robotic vehicle (ex-
pressed in cm) versus time (represented in seconds).

4. Competition

We went to ‘Cosmobot 2009° with the proof mate-
rial including our track. We were surprised due to
the fact that any participant did not carry anything
similar and they only had little stretches over differ-
ent surfaces to calibrate the sensors’ sensibility. This
made us reflect upon the greater importance of pure
mechanics and electronics versus the computer
analysis we mainly had done. All competitors tried
out their vehicles in our track and we apprehended
the invested effort had been worthy: most vehicles
came off or made maneuvers that would make them

fail. We could notice some similar models of robotic
vehicles like our ones with very specialized features
prepared for this competition. As we could check
later these competitors kept on participating with all
their vehicles.

The competition took place in a very short time
and in a very good sporting atmosphere. Its dy-
namics was also specified in the rules. It would
consist of a first validation lap in which all the robot
vehicles had to prove their capacity to cover the
track without coming off the time limit. Later, each
vehicle performed individually a round of three
tries. The goal was to complete at least two laps in
the shortest possible time. Once all the vehicles
attained the classification, approximately half of
them went to the following step: the car chase. In
this step, two vehicles placed in opposite points of
the track started at the same time. The race finished
when one of the two mobile robots reached the other
and the winner was the one which had done it twice
in at least two big tries.

We did not have any problem at passing the
validation lap and the classification later but the
quality of our opponents exceeded our robotic
systems. Our teams took 41.87s to make 2 laps
with an average speed of 0.54 m/s. The best compe-
titor took 14.93 s to make the same laps with an
average speed of 1.52 m/s, taking 102.60 s the worst
runner with an average speed of 0.22 m/s. This made
us finish in a middle position. When the competition
finished the winners where congratulated and
agreed to be interviewed by us. It was very interest-
ing to share experiences with different competitors
who kindly explained the bases of their designs. The
experience has been quite pleasant and we consider
thatin this first attempt we have learnt a lot of things
about working in group, especially when this work
is orientated towards a competition task.

5. Experience in teaching

With the aim of addressing innovative teaching and
learning methods related to this experience, we have
evaluated the students’ opinion and their implica-
tions for Engineering Education. A statistical study
has been carried out on two teamworks of students
and teachers during 2009 (see Table 4) with a score
ranging between 1 (completely disagree) and 5
(completely agree). The questionnaire includes as-
pects referred to how the educational gaming has
improved teaching-learning practices in university
education. Two groups of users (6 students and 2
professionals) have been considered.

Questions 1 to 11 describe the level of knowledge
acquired on several technical fields like electronics,
sensors and microcontrollers as well as transverse
knowledge like project management, software pro-
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Table 4. Evaluation questionnaire of the experience in teaching

Question Description Teachers Students Deviation
1 Acquired knowledge on electronic 3 4.25 0.76
2 Acquired knowledge on project management 3.5 3.25 0.76
3 Acquired knowledge on software programming 3 35 0.28
4 Acquired knowledge on modelling system 4 4 0
5 Acquired knowledge on designing system 35 4.25 0.5
6 Acquired knowledge on developing system 3 4.25 0.76
7 Acquired knowledge on sensors and actuators 4 4 1.25
8 Acquired knowledge on computer languages 3 2.75 0.76
9 Acquired knowledge on microcontrollers 35 35 0.5

10 Acquired knowledge on ‘Artificial Intelligent’ subject 3 3.75 0.5

11 Acquired knowledge on testing phase 4 3.75 0.28

12 Acquired knowledge on working competition 4.5 4.5 0

13 Acquired knowledge on writing documentation 3 4 0.76

14 Acquired knowledge on working within a team 4.5 4 0.76

15 Project organization 3 4 0.76

16 Resources available 3 4.5 0

17 Similar known experiences 3 35 0.57

18 Other national robotic groups known 4.5 4 1.04

19 Motivation in the study of robotic agents 4 4.5 0.57

20 Motivation in the study of ‘Artificial Intelligent’ subject 4.5 4.5 0.5

21 Evaluation of the competition experience 4.5 4.5 0

22 Global evaluation of this teaching innovation project 4.5 4.5 0

gramming, and modelling, designing and develop-
ing of systems (see fig. 6a). In these items it can be
observed that students’ rates are higher with those
questions related to hardware development (ques-
tions 1, 6 and 7) and lower with those ones related to
software programming (questions 3, 6 and 8). The
low rate in question § indicates that students already

5
4.5
4
3.5
2 3
o —4—Students
A
2.5 —@—Teachers
2
1.5
i M T T T
d: 2 3 4 5 6 7 8 9 10 11
Question
(a)
5
4.5 +
4
35 4
2 3+
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25
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2
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1 T T T
12 13 14 15 16 17 18 19 20 21 22
Question

(b)

Fig. 6. Average score of students and teaching professionals.

have a thorough knowledge of programming lan-
guages when they get to fourth course in Computer
Science. On the other hand, question 10 proves that
Al knowledge has been strengthened.

Figure 6b shows how the students’ opinion agrees
with the opinion of teachers. Most of the questions
favorably scored are related to the working compe-
tition and the social development of the person
(question 12). Perhaps, the most important inter-
pretation is that questions 19 and 20 stand out the
motivation and its implications for both ‘Artificial
Intelligent’ subject and robotic agents. In this sense,
students and teachers highlight the success of the
competition experience being rather high (questions
18, 21 and 22). It is still too early to obtain conclud-
ing results; although the developed analysis leads
the professionals to conclude that with the educa-
tional experience we obtained several additional
targets that helped students to develop their skills.
In general terms, it has been a great learning experi-
ence, we have learned from the difficulties and even
when the results were not the expected ones, all the
acquired knowledge was perfectly worthy.

6. Conclusions

Student motivation is an essential issue in a learning
process and it implies a challenge for educators who
want to preserve and increase this educational
aspect. We have used mobile robots during the last
five years as a means of teaching mainly mobile
agents aspects. In the first years students showed
excellent motivation. Nevertheless, this interest has
gradually decreased in the subsequent years. In
order to make more captivating the Al learning
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process, we decided to incorporate a new practical
session. That session comprises the possibility to
share discovered Al techniques in a robotic compe-
tition. In this paper, we present the experience
fulfilled with a group of students at university who
changed for some days their classroom lessons for
the robotic competition arena. We describe the
mobiles robots construction and software develop-
ment process including modelling, design, and im-
plementation and testing phases.

We conclude that participating in robotics com-
petitions gives university students a broader vision
of Al subject, extra motivation and the possibility to
share knowledge with more experienced students
belonging to other universities. In order to evaluate
the teamwork’s activities, we present a pedagogical
survey that emphasizes the importance of working
in group with a real robot designed for a competi-
tion. Our experience will always be a good start
point to develop a similar project with future pro-
motions. Furthermore, the possitive experience has
brought up so much expectatives that teachers and
students have confirmed to compete this year again.
Besides, the students evidence the intention to ac-
complish future works in Al mobile agents’ domain.
Videos, links and further information about this
work are available at the Onubot teamwork’s site:
www.facebook.com/pages/Onubot/103904463217.
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