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Intro

Intro

• Today there are Simulators for Robotics freely available
• Real robots are expensive
• Simulation is possible on most computers
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Motivation for Simulation

Motivation for Simulation

• Expensive and failing Hardware
• Safe testing environment
• Reproducible tests
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Motivation for Simulation

Motivation for Simulation

• Abstraction from currently not working parts
I Vision
I Localization
I ...

• Partial Testing
• Testing ‘at Home’
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Motivation for Simulation: Machine Learning

Motivation for Simulation: Machine Learning

• many trials
• Hardware damaging
• Reset to the beginning is easier
• faster than real time
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Robocup

Robocup

• The Goal of Robocup is to play soccer against humans around 2050
• Many differend leagues
• Some of them are simulation leagues of the real Robots
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Simulation

Simulation

• Webots, Gazebo, ...
• ‘Ready to use’

Image: https://www.cyberbotics.com/overview
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Simulation in Robocup

Simulation in Robocup

• Algorithms from Simulation and real Robots are mostly not
interchangeable

• Few teams doing both
• Many interesting learning approaches in Simulation
• Often ‘We think it should work on real Robots’
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Simple Problems

Simple Problems

• Simplified models
• Sensor noise
• Computing power
• Hardware response delays
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Noise

Noise

Video1

1https://www.youtube.com/watch?v=rmqC0UnM-9A and
https://youtu.be/Nq3ZQxUiVWA
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Delays

Delays

Image From: [Gabel et al., 2006]
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Motor Responses

Motor Responses

Image From: [Gabel et al., 2006]
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Harder Poblems

Harder Poblems

• Changing background distractors
• Dynamic Robot Parts

I Cabel
I Motor Load and inaccuracys
I Mechanical tolerances

• Vision
• Physics
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Background distractor

Background distractor

Image: Robocup-AG; Iranopen 2016
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Images from Real Robot and Simulator

Images from Real Robot and Simulator

Images: Left: Robocup-AG; Iranopen 2016;
Right: The Virtual Nao (SimSpark)2

2http://phys.org/news/2011-07-ut-austin-villa-world-robocup.html
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Physics

Physics

Image From: [Abdolmaleki et al., 2016]
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Harder Problems (Vision)

Harder Problems (Vision)

• Reflections
• Motion Blur
• Lighting changes
• Color Changes

• Often even the lab surroundings are to sterile

Pitfalls Using Simulation in
Robotics

Nils Rokita Page 18/27



Harder Problems (Physic)

Harder Problems (Physic)

• Friction
• Heating
• Corner cases
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Machine learning

Machine learning

• Exploiting of Simulator corner cases
I Shooting a Ball with INT_MAX as velocity
I Putting the ball in your foot

• Mostly errors in the physics
• Game physic engines are used most of the time
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Bridging the Gap

Bridging the Gap

• Constant reevaluation with Real Robots
• Tuning the Simulator Parameters

I Physics
I Motor Controllers
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Back to Reality building blocks

Back to Reality building blocks

Image From: [Zagal and Ruiz-del Solar, 2004]
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Back to Reality building blocks

Back to Reality building blocks

Image From: [Zagal et al., 2004]
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Ros Bags

Ros Bags

• Captured Ros Messages
• Easy to replay
• Potential Timing issues

Pitfalls Using Simulation in
Robotics

Nils Rokita Page 24/27



Special Purpose Simulators

Special Purpose Simulators

• Simulate only some aspects with more precision
I Localization
I Vision
I Behavior
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Sources

Sources

Abdolmaleki, A., Simoes, D., Lau, N., Reis, L. P., and Neumann, G. (2016).
Learning a humanoid kick with controlled distance.
In Robot Soccer World Cup. Springer.

Gabel, T., Hafner, R., Lange, S., Lauer, M., and Riedmiller, M. (2006).
Bridging the gap: Learning in the robocup simulation and midsize league.
In Proceedings of the 7th Portuguese Conference on Automatic Control.

Zagal, J. C. and Ruiz-del Solar, J. (2004).
Uchilsim: A dynamically and visually realistic simulator for the robocup four legged league.
In Robot Soccer World Cup, pages 34–45. Springer.

Zagal, J. C., Ruiz-del Solar, J., and Vallejos, P. (2004).
Back to reality: Crossing the reality gap in evolutionary robotics.
In IAV 2004 the 5th IFAC Symposium on Intelligent Autonomous Vehicles, Lisbon, Portugal.
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Questions

c© 2016 Nils Rokita
0rokita@informatik.uni-hamburg.de
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