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ASL: Autonomous Systems Laboratory

• ASL
– Pr. Siegwart
– 45 people (25 PhD)
– ETHZ Zürich
– www.asl.ethz.ch

• Research fields
– UAVs
– MAVs
– Walking robot
– Autonomous driving
– Inspection robots
– And…
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ASL: Autonomous Systems Laboratory

• All-Terrain mobile robots
– 6 motorized wheels
– Passive structures

• Examples
– Shrimp 1997

– CRAB 2005

– ExoMars 2005 - now

– CRABLI 2008
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ASL: Autonomous Systems Laboratory

• ExoMars
– Phases A and B1:

• Simulation of suspension 
mechanisms candidate.

• Test of suspension mechanisms 
candidate.

• Test of Breadboard prototype.

– Phase B2 ongoing:
• Development of low-level 

control algorithms.
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Outline
Outline Introduction CRAB Approach Rover-terrain Conclusion

• Introduction

• CRAB rover

• Approach

• Rover-terrain interaction

• Conclusion & future work
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Introduction

• Problem description
– 29th of April 2005:

• Opportunity got almost stuck in a 
sand dune.

• It took five days to solve this situation.

– Exploration rovers are, by definition, confronted to the unknown.
• Difficult to predict the rover-terrain interaction beforehand.
• Need for flexible approach and online learning.
• Do the best with what we have.

Outline Introduction CRAB Approach Rover-terrain Conclusion
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Introduction

• Goal
– Allow the rover to learn from its experiment.

• Use this knowledge to adapt its behavior.
• The rover path planned is adapted.

– Link predictive information of the terrain with rover-terrain 
interaction characteristics.

– Being able to learn this correspondence.

– Use this knowledge to adapt the rover path.

Outline Introduction CRAB Approach Rover-terrain     Conclusion
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Introduction

• Definitions
– Remote:

Fr

– Local:
Fl

– Samples:
• Set of features

Fl, Fr
t
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CRAB rover

• CRAB description
– Passive rover

• Suspension mechanism 
formed of two parallel 
bogies looped with a 
rocker (on each side).

• Differential to hold the 
chassis attitude.

– 6 motorized wheels
– 4 motorized steering

Outline Introduction CRAB Approach Rover-terrain     Conclusion
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CRAB rover

• CRAB sensors:
– Motors coders

• Drive
• Steering

– IMU
– Angular sensors

• Bogie left and right
• Differential

– Camera

Outline Introduction CRAB Approach Rover-terrain     Conclusion
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CRAB rover

• Hardware presentation

Outline Introduction CRAB Approach Rover-terrain     Conclusion
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CRAB rover

• Software presentation
– Based on multiple modules communicating via IPCcarmen

MRsensors IMUMotors

Controller Odometry

Central
IPCcarmen
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CRAB rover

• Consign
� v ,� v

• Control low-level

• Transitions

max
max

h
h
h

h ��
D
D

= i
i

��
�

�
��
�

�
±±=

2)tan(
2/

,
2

atan2 w

v

ll
i

ddd
h

h

v
i

v
i w

h
h

w
)sin(
)sin(

=

Outline Introduction CRAB Approach Rover-terrain     Conclusion



14 / 31ETH Zürich, ASL – Adaptive rover behavior based on e xperiment

Local
Sensors

Remote
Sensors

Approach

• Overview
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graywhite L<L
rover goal

Approach

• Planning E*
– Path planner based on a weighted region 

approach.
– The environment is represented as a grid.
– A wavefront is propagated from the goal to the rover.
– A gradient descent produce the planned path.

• Cost function 
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Approach

• Path following
– Differential robot

– CRAB robot
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Approach

• Webot simulation
– Virtual simulation environment
– Identical software interfaced via IPCcarmen

• Test
– Two terrains simulated

yellowgreen L<L
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Approach

• Terrain characterization

Outline Introduction CRAB Approach Rover-terrain     Conclusion



19 / 31ETH Zürich, ASL – Adaptive rover behavior based on e xperiment

Rover-terrain interaction

• Goals
– Identify the terrain based on how they affect the rover behavior.
– This does not necessarily correspond to human-defined classes.

– Learning is requested:
• Ideally using an unsupervised learning algorithm.

(not realistic)
• Add as much knowledge as possible in terms of what is relevant for 

the rover.
– We are interested in determining rover-terrain interaction metrics.

• Assumptions
– The terrain surrounding the rover is considered traversable (T=1).
– The environment is considered static.

Outline Introduction CRAB Approach Rover-terrain Conclusion
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Rover-terrain interaction

• Problem decomposition

World

Rover

Environment

Terrain

Obstacle

Soil

Geometry

Appearance

…

interaction

remote

local
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Rover-terrain interaction

• Theory
– Link rover and terrain:

– The probability distribution function can be learned:

– And used directly to predict the rover-terrain interaction 
characteristics:

– First find the correct Fl

t
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Rover-terrain interaction

• Metrics
– Softness

• Refers to whether the terrain 
has a soft or hard soil

• Measured by the shocks within 
the chassis (IMU)

– Bumpiness
• Geometric characteristic of the 

terrain, whether it is flat or bumpy
• Measured by the movement of the 

suspension system

Outline Introduction CRAB Approach Rover-terrain Conclusion
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Rover-terrain interaction

• Tests
– Identify the metrics

– Performed on several terrains
• 8 different soils
• Flat terrain

– Rover movement
• Straight trajectory (5-6m)
• Velocity of 3cm/s

Outline Introduction CRAB Approach Rover-terrain Conclusion
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Rover-terrain interaction

• 8 terrains

Grass Uncut (GU)

Sand (S)

Grass (G) Hard Structured (HS) Asphalt (A)

Gravel Medium (GM)Gravel Big (GB) Gravel Small (GS)

Outline Introduction CRAB Approach Rover-terrain Conclusion
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Rover-terrain interaction

• Features
– Softness

– Bumpiness

• Appropriateness
– k-nearest neighbor

• Trained on 60% of the data
• Tested on the remaining 40%

– Classification results not so important as their meaning
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Rover-terrain interaction

• Results softness

79.4% of correct classification (94% regrouped)
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Rover-terrain interaction

• Results bumpiness

63.9% of correct classification (74% regrouped)
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Rover-terrain interaction

• Remote feature: Appearance
– Implemented with simple features:

– Tested as well, showed interesting results.

• Summary
– Softness: Very good results
– Bumpiness: Ground truth problem, still meaningful
– Appearance: Basic but reliable
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Future Work

• Rover-terrain interaction
– Learn the PDF:

• Ongoing work to link:
• Allow then to predict the rover behavior

– Test the approach online.
– Use the idea of proximity:

• Spatial
• Temporal

– Use StereoCamera:
• Geometrical information

• Torque control

t
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Conclusion

• CRAB rover
– Platform and control

• Approach overview
– Use of E* to influence the robot behavior in conjunction with the 

predicted behavior of the rover

• Rover-interaction metrics
– Bumpiness and softness 
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Thank you!


