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ESA ExoMars

ÅObjective: Development of a Mars Rover
ÅOur implication: part of the team that develops the Rover 

Chassis
ÅTime scale: 
ÅTake off: 2013
ÅLanding: 2016
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Rover Comparison: Motivation
ÅEvaluation and comparison of locomotion performance of rovers is a 

difficult, though very important issue. 

ÅThree different rovers were analyzed from a kinematic point of view. Based on a 
kinematic model, the optimal velocities at the actual position were calculated for all 
wheels and used for characterization of the suspension of the different rovers.

ÅSimulation results show significant differences between the rovers. 
ÅSubstantial reduction of slip can be achieved by integrating kinematics in a model 

based velocity controller.

Reference on rear wheel Reference on front wheel
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Comparison Metrics
ÅDifference between input and optimal velocities
ĭMeasure for the risk of violation of kinematic constraints through deviation from 

optimal velocity.

ÅSlip
ĭDifference between the displacement of a wheel measured at the wheel center 

point and the displacement derived from encoder data.
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Compared Systems
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Kinematic Models

ÅKinematic modeling

ÅSimulation setup: Working Model 2D interfaced with Matlab
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Rover Comparison: Simulation Results

ÅSignificant difference between the performance of rocker-bogie type (~15-27 
m/s) and the other rovers (~10-13 m/s), CRAB and RCL-E. 
ÅIf a constant speed control was used on the rovers, the error would be much 

bigger on the rocker-bogie type; it has a higher need to adapt the wheel 
velocities in order to satisfy the kinematic constraints and reduce slip. 

Performance regarding metric
optvelD
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Rover Comparison: more Simulation Results

Performance regarding slip
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Control optimisation

­Control Strategy
®Diverse possibilities
®Focus here on torque control
®Make the more loaded wheels contribute more to the rover movement

­Torque Control
®An old story? [P.Lamon2005]
®State of an ongoing project

Motivation
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Controller

­Control Scheme
®Tested in simulation 

with the SOLERO rover
®Not (yet) implemented

­Current Research
®Implementation on the CRAB
®Part of trade-off study for the ExoMars Rover
®Use of tactile wheels
®May be possible to use only an axis-mounted force sensor

Torque Control
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