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Introduction

In this task we have developed and tested control algorithms, which minimizes longitudinal wheel-slip on slopes
and provides stability over rough terrains for an articulated, mobility system comprised of twin, tethered Axel rovers
joined to a central module, called DuAxel.



a) The Axel/DuAxel platform has been significantly advanced under a Mars
Strategic R&TD to explore extremely sloped terrain. The unique design of
DuAxel offers an opportunity to advance its autonomous control to allow
improved traction for upslope mobility, which is currently limited due to its
high center-of-mass, which provides non-ideal force distribution on the
wheels resulting in excessive slip on slopes greater than 20 degrees.

b) To address poor slope driving performance when the DuAxel is in its
‘standing’ driving configuration, we develop algorithms to control DuAxel’s
pitch mechanism, normally used for ‘sitting’ and anchoring, to change the
mass distribution while driving slopes. We also adapt wheel controllers
to stabilize DuAxel driving on rough terrain.

c) Enhanced mobility and control algorithms for the DuAxel system benefit 
near-future JPL and NASA strategic goals and mission architectures, 
including explorations of...
• Lunar Pits and Caves
• Martian ice deposits on slopes, caves, and RSL features

Problem Description
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This task focused on the following objectives

1. Development of a custom ROS package for robotic simulations using the ROS Gazebo framework

2. Optimization-based tilting control for center-of-mass adjustment to enhance DuAxel mobility over 
steep slopes to improve stability and minimize wheel slip

3. 3D kinematic passive-steering control with roll compensation to enhance DuAxel mobility for 
trajectory following along rough flat terrains in presence of obstacles

Methodology

borrowed from Seegmiller and Wettergreen (2011) 



Simulation Framework
• A custom ROS Gazebo simulation framework was 

developed and used to evaluate all algorithms in this 
task, later, outdoor tests confirmed these results

• Models of the rover include terrain contact on different 
soils, and sensors to measure wheel rotations and joint 
positions

• Obstacles in the environment include slopes and hazards

Results



Center-of-Mass Control
• The optimization problem aims at improving traction, 

achieved if the tangential forces are applied within the 
limits the terrain can bear, which depends on the normal 
forces acting on the wheels

• We minimize the tractive to normal force ratio in order to 
reduce longitudinal wheel slip on slopes

• We solve for optimal pitch angles (see figure), the results 
suggest that ‘leaning’ into the hill is preferred over 
spreading the front and back wheels wider apart or 
keeping them upright

Results



Roll Compensation Control
• We developed a controller to steer individual wheels on 

each Axel rover, accounting for roll motion while 
traversing obstacles in order to follow a desired heading

• Adapted kinematic control approach for Zoe rover from 
CMU (Seegmiller and Wettergreen 2011)

Results



Two in-progress publications were a result of this work 

[1] E. Aucone, P. McGarey, “3D Kinematic Passive-steering Control With Roll Compensation For Rover Trajectory 
Following Over Rough Terrain” To appear in iSairis 2020.

[2] E. Aucone, P.G. Iyer, W. Reid, I. Nesnas, P. McGarey, “Optimal Tilting Control for Adaptive Rover Center-of-Mass 
Adjustment on Steep Terrain” To be submitted to IROS 2021. 
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