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Abstract. SyRoTek is a platform for distant teaching and experimen-
tation in robotics and related fields, which provides remote access to a
group of thirteen fully autonomous mobile robots equipped with stan-
dard sensors operating in the Arena - a restricted area with a set of
fixed and retractable obstacles. Users of the system are able to control
the robots real-time by their own developed algorithms and process and
analyze data gathered with robots’ sensors. The SyRoTek is after sev-
eral years of development and operation a technically mature system
providing all functionalities enabling and sweeten a whole development
process: interfaces to robotic frameworks (namely ROS: Robot Operat-
ing System and Player/Stage), simulation environment based on Stage,
on-line and off-line visualization of the current state of the Arena and
the robots, web interface, tutorials and documentation, etc. Due to oper-
ation in 24/7 mode and easy interchangeability of the robots, the system
is an ideal tool for performing huge number of long- term and repeating
multi-robot experiments.
This paper aims to introduce research activities made thanks to the
system and to describe experiments performed with it by users from
various institutions and application areas. Many of these experiments
will not be possible or their realization will need order of magnitude more
effort and/or time without the SyRoTek system. These applications are
discussed as well as experiments performed.

Keywords: distant experimentation, e-learning, mobile robots, robot
programming

1 Introduction

Making experiments in the area of mobile robotics with a real robot is an ex-
pensive process not only due to high costs of specialized robotic hardware but
also due to the need of continuous service and maintenance that requires human
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effort. This leads to higher demands on human resources and time needed to
perform and evaluate experiments. Expenses are even much higher in case of
multi-robot scenario, long-term experiments are performed or experiments are
repeated many times.

These problems can be overcame by sharing of robotic hardware among sev-
eral institutions, which can have (for applications where large environments are
not required) a form of remote laboratories. Moreover, these laboratories bring
another benefits – experiments can be performed remotely, scheduled for an
arbitrary time (even during night) and they can be easily reproduced.

Early remote laboratories developed in the nineties enable a user to interact
with a single hardware device (either a robotic arm or a mobile robot) [14, 24,
1, 18]. University of Reading, U.K. introduced one of the first integrated, re-
motely controlled robotic systems called the ARL Netrolab project [13] in 1993.
It allows control of a robotic arm and provides access to selected sensor equip-
ment (sonars, infrared range finders, and a set of cameras). The e-laboratory
project [25] combines a remote robotic platform with a virtual laboratory.

While there are many remote labs with robotic arms, remotely controlled
mobile robots are not so common. One of most popular systems was developed in
the RobOnWeb project at the Swiss Federal Institute of Technology in Lausanne
(EPFL) [22]. In the REAL project [10], remote access to an autonomous mobile
robot is provided allowing the user to control the robot by writing its own
navigation module in C.

A Web-based remote laboratory that gives an opportunity to remotely exper-
iment with various navigation algorithms on a mobile robot is described in [6].
The system consists of a Web interface for uploading the user’s program to
the robot, accessing the on-board video camera, and monitoring various state
variables. The software framework provided is built on the Microsoft Robotics
Studio.

A combination of a simulated environment with a physical set-up was ap-
plied in the LearnNet project [12]. The VRML technology was used to model the
real environment at the user side, while only coordinates of objects are trans-
mitted over the Internet. A set of robots is accessible for users in the Virtuallab
project [16]. Several cameras monitored a playing field and a user can use a com-
bination of several views to get better overview of the robots’ movements. The
robots can be controlled remotely via the ActiveX technology or by a program in
C++, Delphi or Java. An open source solution based on the Player/Stage frame-
work [9] was planned in another virtual robotic laboratory project [26], which
unfortunately seems to be no longer active. Teleworkbench [23] is a complex
system that allows multi-robot experiments with Khepera and Bee-Bot robots
in an environment automatically built and controlled by a gripper. It provides
precise robot localization based on image processing, on-line video stream and
video recording, GUI with augmented reality (AR) for robot control, and a tool
for experiment analysis.

Overwatch – a testbed for multi-robot experimentation primarily for edu-
cational purposes uses AR markers to localize robots and provides navigation
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capabilities to the robots [8]. Nevertheless, this system does not provides func-
tionalities for remote control. Finally, robots built with the LEGO Mindstorms
technology and controlled by user-defined code in Matlab are used in [2] allowing
remote multi-robot experiments.

SyRoTek – a system for robotic e-lerning and remote experimentation is
been developed and carrying on at Czech technical University in Prague since
2006 [11]. It provides remote access to a group of thirteen fully autonomous
mobile robots equipped with standard sensors (e.g. laser range-finders, sonar,
infrared sensors, cameras, floor sensors) operating in the Arena - a restricted
area with a set of fixed and retractable obstacles. Users of the system are able to
control the robots real-time by their own developed algorithms and process and
analyze data gathered with robots’ sensors. The SyRoTek is after several years of
development and operation a technically mature system providing all function-
alities enabling and sweeten a whole development process: interfaces to robotic
frameworks (namely ROS: Robot Operating System [17] and Player/Stage [9]),
simulation environment based on Stage, on-line and off-line visualization of the
current state of the Arena and the robots, web interface, tutorials and documen-
tation, etc. Due to operation in 24/7 mode and easy interchangeability of the
robots, the system is an ideal tool for performing huge number of long-term and
repeating multi-robot experiments.

In this paper we aim to present research activities made with the system and
to describe experiments performed with it by users from various institutions
and application areas. Many of these experiments will not be possible or their
realization will need order of magnitude more effort and/or time without the
SyRoTek system.

The rest of the paper is organized as follows. Section 2 gives a short overview
about the SyRoTek system itself. Several success stories are presented in Sec-
tion 3. Finally, we conclude with remarks in Section 4.

2 System Overview

The SyRoTek platform consists of many components (both hardware and soft-
ware) that cooperate and communicate with each other (see [11] for a detailed
description). The main part of the system is the Arena – an enclosed space of
size 3.5 m × 3.8 m, where robots operate. About fifty fixed obstacles that can
be remove manually together with 37 retractable obstacles allow reconfiguration
of the environment. Moreover, the Arena contains supporting subsystems:

– charging: When a robot finishes the user’s task (i.e., the user’s reservation is
expired) it autonomously navigates into a docking station where its batteries
are recharged.

– localization cameras: The system provides information about positions
and headings of particular robots. This is done by an image processing al-
gorithm that identifies patterns placed on the top of each robot in images
from a camera located above the Arena.
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– visualization cameras: Three visualization cameras located also above the
Arena enable (1) on-line monitoring by providing visual information about
the actual situation in the Arena and (2) creation of off-line records from
the experiments.

– lighting: lights are installed to ensure (almost) constant illumination dur-
ing a day required by the localization subsystem and to enable performing
experiments even in a night.

Fig. 1: Left: S1R robots “dancing” in the Arena. Right: S1R robot.

The SyRoTek robots [5] have a differential drive with a maximal velocity
0.35 ms−1. The size of the robots is (length × width × height) 174 × 163 ×
180 mm. The on-board computer is the Gumstix Overo Fire module with the
ARM Cortex-A8 OMAP3530 processor unit. The robots communicate through
WiFi with the Control computer that mediates a user’s access to the robots.
Moreover, Control computer provides key functionalities of the system – manages
the actual state of the robots and the Arena, prepares the robots according to
reservations, manages information about users and the tasks they solve, stores
teaching material and users’ files, and so on.

Four interfaces are provided to mediate the user access to the system:

– Web page (http://syrotek.felk.cvut.cz) is a main gate to the system.
It provides links to all material and documentation and to the robots by
choosing a task to be solved and creating reservation of robots.

– Command line interface enables controlling the robots by provided com-
mands.

– Player/Stage API allows to write user’s modules for the Player/Stage
system. The developed code can be thus tested in a simulator first and then
used for a real robot without any modification.

– ROS (Robot Operating System) API enables the user utilize a huge
set of functionality provided by ROS and to control robots withing ROS
environment in a standard way.
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3 Success stories

The SyRoTek system is in operation since 2011 when it started as a platform
for practical labs of Introduction to Mobile Robotics course given within School
of Informatics at University of Buenos Aires. The course was attended by 70
students who solved simple robotics tasks (e.g., collision-less wandering in an
unknown environment). Since that, SyRoTek became technically mature system
which has been utilized not only for teaching but also as a platform for experi-
mentation used by users from various universities. Some examples of successful
usage are given in the next paragraphs.

3.1 Real-time action model learning

M. Certicky from Comenius University, Bratislava presents a novel on-line al-
gorithm called 3SG(Simultaneouns Specification, Simplification and Generaliza-
tion) for real-time action model learning [3]. Action model is a logic-based repre-
sentation of action’s effects and preconditions and its automatic action learning
requires a lot of observations. Besides simulated experiments in the action game
Unreal Tournament 2004, SyRoTek was used to learn behavior of a real mobile
robot.

The experiments were conducted with a single S1R robot equiped with a
laser range-finder. Moreover, the SyRoTek localization system was employed to
provide a global robot position. The robot randomly chose and performed one of
the three actions: move forward, turn left, turn right and recorded laser readings
for further use in the teaching process. 1250 trials were made each taking about
8 seconds. All the experiments thus took approximately 166 minutes.

The author of [3] was given about 30 minutes personal interview during which
main functionalities needed to execute the experiments were explained to him.
After that, he was able to experiment independently. Command line interface,
especially syr control command was used to control the robot. This command
does exactly what is needed for the task: by calling syr control forward <id>

<l> moves the robot id by l meters forward, while syr control rotate <id>

<r> turns the robot id by r radians. Furthermore, syr control goto <id> <x>

<y> <phi> moves the robot to the desired position. Combination of these three
commands in a single script enabled to perform all necessary trials without user
intervention.

3.2 Obstacle avoidance algorithms

A. Alspach and S. Mason from Drexel University, Pennsylvania implemented
Smooth Nearness Diagram (SND) [7] during their 4-weeks stay at Czech Tech-
nical University (CTU). SND is a popular local navigation approach for reactive
collision avoidance based on data from ranging sensors, e.g., laser range-finder.
The algorithm determines new direction and velocity of the robot based on dis-
tance from obstacle and the actual goal whenever fresh ranging data are sensed.
The process terminates when the goal is reached with a given tolerance.
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As the authors were familiar with the Webots framework (http://www.
cyberbotics.com/webots), they decided to implement the algorithm in this
framework using its interface into MATLAB numerical computing environment
first and then transfer in into the SyRoTek system. The transfer was straightfor-
ward as both SyRoTek and Webots have interfaces for ROS. Moreover, MAT-
LAB can be integrated into ROS using ipc-bridge (https://github.com/
nmichael/ipc-bridge). This package employs IPC (interprocess communica-
tion) for inter-process communication and bridges communication between ROS
and MATLAB. After the algorithm was developed, several test runs in SyRoTek
were done to prove functionality of the code.

Fig. 2: The robot avoiding obstacles employing Smooth Nearness Diagram in the We-
bots simulation environment. [Image courtesy of A. Alspach]

V. Kozák continued to the topic. He found best parameter settings and made
an extensive comparison of three reactive obstacle avoidance algorithms (Smooth
Nearness Diagram, Enhanced Vector Field Histogram – VFH+, and Dynamic
Window Approach – DWA) in both simulation in Player/Stage and in the real
environment of the SyRoTek Arena. A client to the Playr/Stage environment
was written using SND and VFH+ drivers available in Player/Stage. The DWA
driver for Player/Stage was written by the author.

More than 20000 trials we performed ins a simulator involving experiments
in five environments (differing in density of obstacles) with a model of the S1R
robot. After that, experiments in the SyRoTek Arena were done in two different
environments. These experiments took approximately 120 hours. Again, bash
scripts were written to automatize running of particular trials in a batch. An
interesting thing is that about 52% of experiments were done between midnight
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and 02:30 AM and other 23% from 20:00 to midnight. This would be impossible
with standard (not remotely controlled) robotis as university buildings are closed
during nights.

3.3 Formation control

A lot of work (and experiments) has been done in the area of formation control.
M. Saska et al. designed formation driving approach designed for dynamic envi-
ronments that enables to incorporate a prediction of positions of moving objects
into the formation control and trajectory planning [19]. Besides numerous ex-
periments in simulations they verified the developed algorithm in the SyRoTek
system. A formation of three robots was moving in the Arena while avoiding a
moving obstacle that was simulated by another SyRoTek robot – the obstacle
motion was detected by the robots and the plan of the formation was changed.

The formation driving approach was improved recently [20] using a novel
spline-based path planning method. The generated path is then used as an input
for model predictive control that provides trajectories for the virtual leader of
the formation and consecutively to the followers. This enables to solve a large
set of formation driving tasks, e.g., obstacle avoidance in static and dynamic
environments, temporary shrinking of the formation in a narrow corridor, or
avoidance maneuverer as a response to failure of one of the followers. Solution
of all these tasks were verified with SyRoTek, for example, Fig. 3 demonstrates
how members of a formation avoid a dynamic obstacle. Again, on-board ranging
sensors were used to detect obstacles. Moreover, a dynamic environment was
built using retractable obstacles that can be automatically and quickly rice up.

Fig. 3: Formation avoiding a dynamic obstacle (the blue robot going from left to right)
with a course colliding with movement of three followers. [Image courtesy of M. Saska]
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A practical application of formation control is autonomous airport snow
sweeping by formations of ploughs [21]. Again, leader-follower approach was
employed together with model predictive control to keep the formation in a com-
pact shape. Formation coupling/decoupling was also possible to enable cleaning
of runways of arbitrary widths. The SyRoTek Arena was accommodated to sim-
ulate an airport (see Fig. 4)– the Arena except of runways was covered by a
paper to visualize runways and artificial snow was scattered over it. Further-
more, hand-made ploughs were created and attached to the robots. Of course,
these experiments were not possible to make remotely as the artificial snow had
to be scattered again after each run, nevertheless the time needed to make ex-
periments was significantly reduced comparing to experiments made in [21].

Fig. 4: Autonomous snow shoveling by a formation of robots.

Principles of swarm control based on the particle swarm optimization were
verified by V. Pavlik [15]. The task aim to find the whitest placed in the Arena,
which was adapted by covering it with a paper with stains of various sizes and
(gray-scale) intensities, see Fig. 5.

The key feature for making multi-robot experiments is an automatic prepa-
ration of robots, i.e. functionality that autonomously navigates the robots to
their initial positions after a particular trial. This ensures repeatability of ex-
periments as the robots start from the same positions every time and moreover
enables to perform experiments in batches without user intervention. This is
greatly appreciated by SyRoTek users.

3.4 Robot Programming Network

Recently, an IEEE RAS supported initiative created a network of robotics educa-
tion laboratories with remote programming capabilities – The Robot Program-
ming Network (RPN, www.robotprogramming.net). The network thus enables
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Fig. 5: Particle swarm optimization for function optima finding.

an integrated environment for on-line robotic courses, several simulation envi-
ronments and provides access to real robotic hardware developed by different
institutions [4]. SyRoTek is one of the laboratories, which are being included
into the network and are promoted within it.

As RPN uses ROS, SyRoTek integration based on rosbridge suite pack-
age was straightforward. The RPN authors also adapted the existing SyRoTek
widgets for visualization of image from the Arena and developed a simple API
for management of ROS topics that control the robots. Moreover, web interface
was created that allows to edit python scripts and run them on the SyRoTek
robots, see Fig 6.

4 Conclusion

SyRoTek is a platform for making robotic experiments with real hardware devel-
oped at Czech Technical University in Prague. Thanks to rich sensory equipment
and advanced features it is ideal for verification and testing of huge number of
problems, especially for multi-robot systems or when long-term or huge number
of experiments are required to perform. The system is open and free of charge
to all institutions and individuals (only a simple registration taking few minutes
is requested). This paper aims to promote the SyRoTek system to new users by
introduction of projects done by SyRoTek users.
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Fig. 6: Web user interface for running and editing pythons scripts. [Image courtesy of
E. Cervera]

Visit http://syrotek.felk.cvut.cz for more information, documentation,
example codes, demo applications and videos created by SyRoTek authors and
users. Some videos can be also found at https://www.youtube.com/user/imrfel/
videos.

While technical quality of the system is well advanced, documentation needs
to be extended in order to attract a wide community of users. Fortunately, this is
possible due to the CEMRA (Creation of Educational Material in Robotics and
Automation) grant funded by IEEE RAS community that was received recently.
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