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Abstract. Cooperating and swarm robot systems are gaining importance in 
science and industry. However, there is a lack of suitable systems for teach-
ing cooperative robotics and swarm robotics in secondary school or under-
graduate level at university. In this paper we present a robotic system that is 
suitable for teaching and research in the field of cooperative and swarm ro-
botics. The approach considers the necessity for a considerably large num-
ber of robots as well as the requirement for easy programming of the robots 
and evaluation of their behavior. It also allows for an adaptable environ-
ment. The system has been used in teaching cooperative robotics to under-
graduate students and was used for research projects. The RoboCup robotic 
soccer challenge has been used for benchmarking.    
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1 Introduction 

The basic idea of the EcoBe! robotic kit, we are presenting in this paper, dates 
back to the year 2006. The system is based on the micro-robot system as presented 
in [1], [2] and [3]. It was designed with demonstrating, teaching and research in 
the domain of advanced robot cooperation and swarm robotics in mind. The ap-
proach addresses the major problems of robotic kits with a large number of robots. 
The size of the robots was considered to be very important with respect to the 
prize of the individual robot and to the overall space requirement for a desirably 
large number of robots. Versatility of the environment was allowed for by using a 
horizontally mounted screen as robot arena, to display a virtual environment and 
virtual objects. Real objects, like the robots, just can be placed on the screen. This 
way, mixed setups with real and virtual objects can be realized. Easy programma-
bility of the robots was identified as another important aspect, especially with the 
objective to use the kit for teaching. Therefore, a graphical programming envi-
ronment was introduced in addition to the already available programming in C and 

Proceedings of SIMPAR 2010 Workshops
Intl. Conf. on SIMULATION, MODELING and PROGRAMMING for AUTONOMOUS ROBOTS

Darmstadt (Germany) November 15-16, 2010
ISBN 978-3-00-032863-3

pp. 539-548



JAVA. The graphical programming environment will be the main focus of this 
paper. 

 
 Fig. 1. Mixed reality five vs. five real robots soccer game on a 42” display with virtual ball. 

  
Following this introduction, we will shortly describe two approaches for teach-

ing robotics in general and swarm robotics in particular. Then we present the 
hardware and software architecture of the mixed-reality robotic kit. A distinct sec-
tion is dedicated to the programming of the robots. Following that, we will present 
some results and finish with an outlook to future work. 

2 Existing Kits  

There exists a multitude of robotic kits. However, with respect to the focus of 
this paper, we only present two different approaches that are related to the two as-
pects, to teaching robotics and to swarm robotics. 

2.1 Lego Mindstorms 

The best-known programmable robot kit probably is the „Lego Mindstorms” 
construction kit. This system is available on the market since 1998 [4].   
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The central device is the Robotics Command System (RCX) or the NXT for 
more recent kits, a programmable ‘brick’ that can be connected to a number of 
drives and sensors. Typical sensors are touch, ultrasonic and light sensors. With 
the mechanical components mostly based on the versatile Lego bricks, almost any 
robot or other construction can be built (Fig. 2). 

 

 
Fig. 2. Lego Mindstorms System at RoboCup Junior Rescue. 
 
The RCX programming environment is based on “RCX Code”, a brick-oriented 

graphical programming language. In RCX, the graphical blocks represent instruc-
tions and control elements. To form a program, blocks can be directly attached to 
each other in a graphical programming environment. It is also possible to group 
multiple blocks in order to form a new blocks to improve readability of the pro-
gram. After putting together the program on a PC, the code is then transferred to 
the RCX brick, where it is executed autonomously. The more recent NXT versions 
use national Instruments LabView-based NXT-G for programming. 

2.2 Jasmine Open-Source Micro-Robot 

There exist a number of activities related to swarm robotics. The open-source 
micro-robotic project of the universities of Stuttgart and Karlsruhe [5] with their 
Jasmine robot kit is one example. The project web site also provides an overview 
on robotic kits that may be suitable for swarm robotics.  
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The size of the Jasmine robots is roughly 2.5 cm cube. Figure 3 shows the most 
recent version of Jasmine III with the typical on-board sensors. The locomotion 
principle of Jasmine, as of most other swarm robots is a differential drive. 

 

 
Fig. 3. Jasmine III Open-Source Micro-Robot [5]. 
 
Expandability, e.g. to add additional sensors or actuators, typically is allowed 

for by means of stacking PCB boards on top of the robots. Programming is done in 
C. Programs have to be loaded to the robots. The robots are typically self-
contained and operate autonomously. The kit does not foresee any specific envi-
ronment, as long as locomotion is feasible. 

3 The EcoBe!-Approach 

3.2 Hardware Setup 

The EcoBe! hardware setup typically consists of three major components, 
namely the micro-robots, the augmented reality display or screen and a tracking 
camera system. The robots size is 2.5 cm cube (fig. 4). Robots consist of a body 
with two stepper drives for locomotion and the rechargeable battery, and may be 
equipped with different versions of a controller board. In a basic configuration, the 
controller boards comes with a small AVR microprocessor, the motor drivers, the 
IR communication link and the battery electronics, as well as an extension connec-
tor. In a more advanced configuration an ARM-7 processor provides computa-
tional power for independent operation of the robots.  
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Fig. 4. ARM-7 version of EcoBe! micro-robots. 

An essential part of the mixed reality environment is the horizontally mounted 
augmented reality display. Robots and real objects can be placed on the screen. 
Virtual Objects are displayed on the screen. If required, virtual objects can be vir-
tually ‘attached’ to the robots. The tracking camera captures all objects placed on 
the screen and provides a global system view (fig. 5). For identification, robots 
and other real object can be equipped with an individual marker as known from 
augmented reality systems.  

  Fig. 5. Camera – display setup. 
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3.2 Software Setup 

The software framework consists of a number of modules for in- and output, 
simulation and control (fig. 6). The vision-tracking module captures the camera 
output and determines positions and poses of the robots and possibly other real ob-
jects. The world state generator generates an individual view for every single ro-
bot in the system. The individual views are then communicated to the agents that 
control the robots.  

There is one individual agent module for every robot, running on the PC. The 
agents implement the intelligence of the micro-robots. Under certain conditions, 
they may also take control of virtual objects, e.g. kick a virtual ball, or move a vir-
tual object, ‘attached’ to the robot. 

The switch module separates the commands issued by the agents into com-
mands that affect virtual objects and real robots. The robot control module takes 
care of interfacing and communicating with the robots. The ODE container wraps 
the physics engine and takes care of simulation of the virtual objects. It processes 
data of real objects, like position and space occupied, and commands that affect 
virtual objects. The graphics module displays all virtual objects on the screen. 

 

 
 

Fig. 6. Structure of EcoBe! mixed reality system 
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The EcoBe! robotic kit significantly differs from many other kits. Even though 
the robots could operate fully autonomously, typically PC-based software agents 
control the robots. Even though the robots do not have any on-board sensors, any 
kind of (virtual) sensor can be foreseen for the robots. By processing the camera 
image, any sensor data stream can be generated for the robot agents. Versatility 
with respect to the environment results from operating the robots on a horizontally 
mounted screen.  

4 Be!Brick Graphical Programming Environment 

The objective of designing a graphical programming environment, we named 
Be!Brick was easy access to programming cooperative and swarm robotic behav-
ior, such that inexperienced students can implement robotic behavior [6]. Inspired 
by its success among children, we picked the Lego “Robotics Invention Studio” as 
a starting point for the development of Be!Brick.  

Be!Brick also uses graphical instruction and control bricks (fig. 7). A screen 
may contain multiple programs, which may be assigned to different robots. Com-
munication among robots is assured by means of global variables that are accessi-
ble by all programs and event messages, similar to sensor events. The names and 
identification details for the available robots are read from a configuration file and 
thus only have to be prepared once. 

Fig. 7. Screenshot of the Be!Brick programming environment 
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An important issue in robot programming is localization with respect to other 

robots and possible landmarks in the environment. The proposed system helps by 
immediately providing bearings and distances with respect to the robots position 
and pose (fig. 8). In the soccer exercise, goal poles and corner flags are typical 
landmarks. Localization thus can be reduced to simple vector calculations. Simi-
larly advantageous target positions can be calculated, like a halfway distance be-
tween two robots or, in the robot soccer benchmark, the center of the goal line be-
tween the two goal posts as an advantageous position for the goalkeeper or a goal 
kick. However, if required, robots may carry out localization based on the data 
from any virtual sensor. 

Fig. 8. World model of an agent with vectors to soccer field landmarks 

 In many systems the robot movements can be controlled by high-level com-
mands like “drive forward” or “drive a right curve”. However, the proposed sys-
tem also foresees an even more abstract ‘go-to’ instruction to directly drive to cer-
tain positions on the field. The „go-to“ instruction-brick takes the target position 
as a parameter. The command remains active over multiple cycles and tries to 
minimize the distance between the target position and the robot. The execution 
terminates when the distance is small enough. Then the next instruction block will 
start.  

Be!Brick allows for concurrent control of multiple robots. This makes it an 
ideal platform for exploring swarm behavior with robots. In order to aid explora-
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tion of swarm behavior, Be!Brick contains a few instruction blocks that represent 
the basic rules used for the “Boids” system developed by Craig Reynolds in 1986. 
Namely these are “cohesion”, “separation” and “alignment” [7].  

The instruction blocks can be added to any Be!Brick program and can be con-
figured to allow experimenting with different configurations. As the “Boids” 
simulation consists of multiple concurrent rules, a special brick allows merging 
the results of the behavioral bricks.  

With its high-level instructions the proposed system provides easy access to an 
implementation of cooperative and swarm robotic behaviors.  

4 Teaching with EcoBe! 

The EcoBe! System has been used in hands-on teaching at undergraduate uni-
versity level and for introductions of robotics to secondary school students. One of 
the main objectives of using robots in teaching of computer science students was 
to raise awareness of the interfacing between computers and the real world. An-
other aspect was to provide a test bench for artificial intelligence approaches. 

During programming lectures CS students typically develop an understanding 
of complete reliability of programs. There seems to be an impression that there is 
no difference between intended and real behavior of a system other then from pro-
gramming errors. Working with real robots results in questioning this impression. 
A multitude of independent robot entities also physically demonstrates the concept 
of parallelism and the need for synchronization, which will be an issue in larger 
and many real-world programs. The behavior of the robots will make the problems 
obvious.  

In undergraduate AI and robotic classes the EcoBe! system was used for hands-
on exercises and as a competitive element between different classes and even dif-
ferent universities. Implementing a two-robot soccer team is an example of such 
AI exercise. The two-vs.-two game then served as a competitive element for the 
students and as a benchmark for different approaches. Some students where able 
to implement a two-vs.-two robotic soccer exercise within a few hours. The most 
common approach is a specialization of the two robots in each team, with a goalie 
and a field robot. Other groups implemented dynamically changing goalkeepers. 
Implementing basic cooperation in a team of five robots typically takes them a lit-
tle longer. This setup also is the current benchmark at the RoboCup Mixed-Reality 
competition.  

Aside from implementing robotic soccer, students also tested the basic princi-
ples of swarm behavior, typically with up to 10 robots. Work also has been carried 
out in the field of machine learning. However, advanced students typically use 
JAVA, C or C++ as a programming language for the robot agents. 
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5 Summary and Future Work 

In this paper we presented a robotic system, suitable for teaching cooperative 
and swarm robotics. It consists of a basic hard- and software framework, combin-
ing elements from the fields of robotics and virtual respective mixed reality. A 
graphical programming environment provides access to novice users. The system 
thus is well suitable teaching exercises for students with very little programming 
skills as well as for serious research.  

For the future, a number of improvements are planned. One of the next objec-
tives for hardware development is to lower the robot costs to a level significantly 
below 100 Euros. For the Be!Brick programming environment implementing an 
open programming interface for advanced users to design their own instruction 
bricks is considered.  
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