Fig. 8. Testing the behavior for the obstacle challenge. Upper left window:
interactive simulation. Lower left window: simulated camera-image. Right
window: debug information from the control software: black circles depict
detected obstacles, the red curved arrow is the currently planned collision
free way to the goal.

happen in normal operation of the hardware can be avoided.
By this it is much easier to track errors in the algorithms being
monitored.

B. Testing of Behavior Control

The simulation has been proven very useful when testing
the robot’s behavior. At first a behavior is tested by using the
position of robots and ball provided by the simulation, thus
avoid any potential complications caused by the computer-
vision or world-modeling modules of the software. If this test
is successful, the behavior can be tested with simulated camera
images (see Fig. 8). As the simulation provides the possibility
to repeat experiments under exactly the same circumstances
debugging of unexpected behavior is facilitated very much.

C. Quality of Motion Simulation

With the dynamic algorithms presented in Sect. IV the
motions of the simulated robot are comparable to the real
robot’s motions. This especially includes falling and get-up
motions (see Fig. 9 and Fig. 10) which cannot be simulated
correctly by the kinematic walking simulation.

Fig. 9. Top: Goal keeper motion on the real robot. Bottom: the same motion
simulated with the simplified dynamics algorithm.

Fig. 10. Top: the real robot while getting up. Bottom: the same motion
simulated with the simplified dynamics algorithm.

D. Evaluation of New Hardware

Besides testing of software for existing hardware the simula-
tion also has been used in evaluating alternative robot hardware
components or environments. For example, the simulator can
be used to evaluate several possible camera configurations
(opening angle, resolution) to meet the requirements of differ-
ent tasks or environments (as in a strongly enlarged playing
field for humanoid soccer robots in RoboCup 2008).

As the algorithms for dynamics simulation are not limited
to biped robots, the simulation also has been used during the
design of a new four-legged robot platform [30]. By this it was
possible to optimize the design of the robot’s neck for viewing
capabilities. First experimental gaits could be developed before
the hardware was available reducing the development time.

E. Performance of Simulation

Due to the introduction of the newly developed collision
detection (see Sect. V), the performance of the simulation
could be improved significantly compared with the data given
in [6]. In an experimental setup the collision of a model-car
(seven bodies) with ten 21-DOF humanoid robots (each 20
bodies) could be simulated in real time using the simplified
dynamics algorithm (with a rate of 1000Hz) on a standard
laptop computer (Intel Pentium M CPU (1.86GHz), 1GB of
RAM, ATI mobility Radeon X700 graphics chip set). On the
same computer 6 robots, each equipped with a camera on 20
fps, could be simulated in real-time using kinematic walking.

To measure the absolute performance, the intersection tests
in each timestep were counted. Simulating the RoboCup
field with two robots, without using the bounding sphere
hierarchy, requires 973 intersection tests in each timestep.
With the collision detection described in Sect. V, depending
on the configuration of the movable objects, on average 178
intersection-tests between bounding spheres and 45 object-
intersection tests are performed per timestep. The distribution
can be seen in Fig. 11. This shows, that on average there have
to be performed only 23% of the initial tests per timestep.
Most of them are intersection tests between spheres which are
very fast to calculate. Even in the worst case only about 40%
of the tests have to be performed, compared to the collision
detection presented in [6].
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Fig. 11. Left: Bounding sphere tests that have to be performed during a
simulation with two robots. Right: Object intersection tests that have to be
performed in the same scenario.

VIII. CONCLUSION

In this paper a humanoid robot simulator based on
MuRoSimF has been presented which provides adequate
motion simulation for different needs (e.g. physical accurate
simulation for testing a robot’s motions or efficient simulation
of bigger teams for testing behavior, communication and
cooperation), without the necessity to model the robot several
times for different simulators. A kinematic walking simulation
and a simplified dynamics simulation were used for testing
behaviors. In addition an algorithm for full dynamic simulation
of a multibody system was discussed.

The performance of the simulation could be highly im-
proved compared to [6] with the help of bounding sphere
hierarchies. In that way a collision between a model car and 10
humanoid robots could be simulated in real-time on a standard
laptop. Real-time simulation for six robots equipped with one
camera each is possible thus allowing tests for 3-on-3 games.

Even though the project is not open source the authors are
willing to share the project with other researcher for non-
commercial purposes.

Some videos of the
www.dribblers.de/murosimf.

simulation can be found at
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