Webots™ 6

Fast Prototyping & Simulation of Mobile Robots

Webots™ is a development environment used to
model, program and simulate mobile robots.

With Webots™ the user can design complex
robotic setups, with one or several, similar or
different robots, in a shared environment. The

properties of each object, such as shape, color,

texture, mass, friction, etc., are chosen by the
user. A large choice of simulated sensors and
actuators is available to equip each robot. The
robot controllers can be programmed with the
built-in IDE or with third party development
environments. The robot behavior can be tested in
physically realistic worlds. The controller
programs can optionally be transferred to
commercially available real robots.

Webots™ is used by over 650 universities and
research centers worldwide. With Webots™, you

take advantage of a proven technology that has
been codeveloped by the Swiss Federal Institute
of Technology in Lausanne, thoroughly tested,

well documented and continuously maintained

for over 10 years. The development time you save
is enormous!

KEY FEATURES

Models and simulates any mobile robot, including
wheeled, legged and flying robots

Includes a complete library of sensors and actuators

Has a built-in 3D world and robot editor with VRML
import capability

Lets you program the robots in C/C++, Java, Python,
URBI™, MATLAB™ or interface with third party
software through TCP/IP

Supports multiple platforms including Windows,
Mac OS X and Linux

Uses the ODE (Open Dynamics Engine) library for
accurate physics simulation

Transfers controllers to real mobile robots, including
e-puck™, Nao™, Katana™, Hoap-2™, etc.

Creates AVI or MPEG movies of your simulations for
the web or for public presentations

Includes many world examples with controller source
code and models of commercially available robots

Lets you simulate multi-agent systems, with commu-
nication facilities
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wstatic void ccmpute odometry() {
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Complete Sensor Library Accurate Simulation System

A large choice of sensors can be plugged into Webots™ simulation engine uses virtual
your robot model and tuned individually time, thus making it possible to run a
(range, noise, response, field of view, etc.): simulation often much faster than real

robots. Depending on the complexity of the

- Distance sensors (IR & US) setup and the power of your computer, a
- Cameras (1D, 2D, color, B&W) simulation can run up to 300 times faster
- Range finders than a real setup.

- Light sensors

- Touch (pressure or bumper) sensors The simulation time step can be adjusted to
- Global Positioning Sensors (GPS) suit your needs (precision versus speed
- Receivers (inter-robot communication) trade-off). A step-by-step mode is available

- Position and force sensors for servos to analyse in detail the behavior of the

- Incremental wheel encoders simulation.

- Accelerometers (3D)

- Gyroscopes (3D) Open Physics Simulation

- Digital compasses (3D)

Simulating complex robotic devices )
Model of Katana™ IPR robot (Neuronics)

Complete Actuator Librar including articulated mechanical parts X ! \
P y requires a precise physics simulation, USiNg 5 servos, a gripper and infrared
sensors in a factory simulation.

Webots™ relies on the powerful ODE
(Open Dynamics Engine) to perform an
accurate physics simulation.

Similarly, a number of actuators can be added
to your robot model:

- Differential wheel motor units
- Servo motors (for legs, arms, wheels, etc.)
- Linear motors (pistons)

For each component of a robot or
solid body, it is possible to specify
the bounding objects for collision

" LEDs detection, th f h
- Emitters (inter-robot communication) etection, the center of mass, the
- Grippers mass distribution matrix (or use

primitives for simple geometries),
the static and kinematic friction
coefficients, the bounciness, etc.
. You can also extend the physics
World and Robot editor simulation programmatically with a

physics plugin.

- Displays (LCD)
- Pens (floor drawing)

With Webots™, you can create complex
virtual environments for your mobile robot Servo devices can be controlled by

simulations, using advanced graphics, with your program in position, velocity

lights, shading, texture mapping, shadows, or torque. The control parameters The scene tree window allows you to add new
etc. for the servo can be individually objects and to edit all properties of objects in

Moreover, Webots™ allows you to import adjusted in your controller the simulated world.

3D models from most 3D modelling software programs.

through the VRML97 standard. Motion Editor

You can create worlds as complex as you User Interaction
need and Webots™ will optimize them to
enable fast simulations.

The built-in motion editor can be used to

The graphical user interface of Webots™ design motion sequences for articulated
allows you to easily interact with the robots ~ robots, e.g., humanoids, etc. The movements
and their environment. Robots and other Can then be stored in files that can then be
objects can be dragged, dropped, rotated or played back by the robot controller. The
lifted, etc. with the mouse, very intuitively motion editor is connected to the simulation

and while the simulation is running. engine making it very easy to design
physically plausible motions.

Sophisticated robots models can be built by
assembling chains of servo nodes. This
allows you to easily create legged robots with
several joints per leg, robot arms, pan / tilt
camera systems, etc.

You can place several cameras on the same " ) m@
robot to perform binocular stereo vision, or ®
360 degree vision system. " 4 m 3 TV T & -
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Programming Interface

Programming your robot using the C language
is as simple as this:

In this example, a “differential wheels” robot
is equipped with an infrared distance sensor
named “ir". The robot will stop moving if the
distance sensor detects an obstacle and it will
resume its motion when the obstacle is no
longer detected.

Application programming interfaces (APIs)
are also provided for the C++, Java, Python
and MATLAB™ languages. In addition it is
also possible to develop a TCP/IP interface to
other languages.

Supervising robotic experiments

Research experiments often need to interact
automatically with the simulation. The
supervisor capability allows you to write a
program responsible for supervising an experi-
ment. A supervisor program can move objects,
change their properties, send messages to
robots, record robot trajectories, take a
shapshot or record a video of the simulation,
etc.

The supervisor capability can be used for
optimization algorithms where a large number
of robot configurations or control parameters
has to be evaluated, as in genetic program-
ming, neural networks, machine learning, etc.

Kondo KHR-2HV™

e-puck

Transfer to real robots

Once tested in simulation your robot control-
lers can be transferred to real robots:

e-puck Finite state automata graphical
programming, cross-compilation, and remote
control execution modes are available.

Nao™: Using either URBI™ for Webots™
(Gostai SAS) or NaoQi™ and
“nao_in_webots” (Aldebaran Robotics SA),
you can write controller programs and
connect them either to the simulated or to the
real Nao™ robot.

Katana™: Calibrated Katana™ models and a
compatible TCP/IP interface are provided in
Webots™ distribution.

Hoap-2™: The precisely calibrated model
allows to run exactly the same motion files in
the simulation as on the real Hoap-2™ robot.

Your own robot: The Webots™ user guide
explains how to build your own Webots™
cross-compilation system for your own robot.

Mobile Robotics Applications

Webots™ has been used by our customers for
many years in multiple robotic R&D projects
in these fields:

- Mobile robot design and prototyping
(wheeled, legged or flying robots)

- Multi-agent systems

- Robot locomotion

- Machine vision

- Artificial Life and evolutionary robotics

- Modular robotics

- Surgical robotics

- Robot soccer (RoboCup)

Webots™ development cycle
involves modelling, programming,
simulating and optionally
transferring to real robots.

In addition, Webots™ is widely used for

teaching robotics and C/C++/Java program-
ming in universities. Moreover Webots™ is

used in online programming

contests:

- www.ratslife.org
- www.robotstadium.org

The e-puck window can control both the
simulated and the real e-puck robot.

www.cyberbotics.com




Simulation of a Nao™ robot, that includes 22 motors,
an accelerometer, a gyro, ultrasound sensors, a color
camera, pressure Sensors, etc.

Documentation

Webots™ comes with complete documentation, including two color
printed manuals. This documentation is also included in the DVD-
ROM in both PDF and HTML format.

The Webots™ user guide explains how to install and get started with
Webots™. This manual includes a step-by-step tutorial for model-
ling and programming your own robot, and describes a humber of
example experiments included on the DVD-ROM. It explains the

basic principles of Webots™ and shows the procedure for transfer-
ring your programs to real robots.

The Webots™ reference manual contains everything you need to
develop your Webots™ application. It provides a complete descrip-
tion of all the objects that can be simulated with Webots™, includ-
ing robots, sensors, actuators, simple objects, etc. The C/C++, Java,
Python and MATLAB™ programming interfaces are exhaustively
documented with examples.

Finally a large number of example worlds and controllers that can be
used as starting points for developing your own simulations are
provided with the DVD-ROM .

User support: Premier service

All Webots™ licenses include one year of Premier Service with
personalized e-mail support, maintenance and upgrades via the
Internet. Webots™ users take advantage of the Webots™ users
community through a support mailing list. Most questions are
answered within 24 hours by the Cyberbotics support team.

© 2009 by Cyberbotics Ltd. Webots™ is a trademark of Cyberbotics Ltd. O

Webots™ PRO: the research tool

Webots™ PRO is designed for research and development
projects. It includes the possibility to create a supervisor
process for controlling robotic experiments, an extended
physics programming capability and a fast simulation mode
for computer intensive simulations.

Webots™ EDU: for classrooms

Webots™ EDU is tailored for classrooms. Students learn
how to model robots, create their own environment and
program the behavior of the robot. To validate their model,
they can optionally transfer their control program to a real
robot.
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Supervisor capability

Physics plugin programming

Fast simulation mode

Multiple platform: Windows, Mac & Linux
Floating license option

Transfer to real robots

Packaged or electronic version

1 year Premier service included
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Each Webots™ license comes with a USB
dongle allowing you to move easily your
Webots™ license from one computer to
another.

Platform and System Requirements

Recommended minimal configuration:

- Windows XP / Vista, or

- Mac OS X 10.4/10.5, or

- Linux (2.6 kernel)

- 1 GHz processor

- 512 MB RAM / 300 MB disk space

- NVIDIA or ATI graphics card with 128 MB RAM

For demos, questions and pricing information,
contact us directly by e-mail, phone or fax:

professional mobile robot simulation

Cyberbotics Ltd.

PSE C - EPFL Phone/Fax: +41 21 693 86 24
CH-1015 Lausanne info@cyberbotics.com
Switzerland www.cyberbotics.com
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