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Locomotion on soft sandy soil poses high risks to planetary rovers. Especially the embedding of the rover
SPIRIT [1]] greatly shows these risks. Since scientifically interesting regions may be in or behind sand patches
tools to predict locomotion on this terrain are important. To evaluate motion on a sandy terrain a simulation of
the full system with a capable terramechanical model is needed. Discrete Element Methods (DEM) show great
potential for a detailed component analysis, but full system simulations would take too much time to be used in an
efficient way[2]]. Single point models based on BEKKER’s are useful for a first evaluation of the situation. If effects
like multi-pass, rutting or other terramechanical effects are of interest, a different type of modeling approach is
essential. Tools like Artemis [3, 4]], the elastoplastic approach in [3]] or the Soil Contact Model - (SCM) use a
discretization of the wheel, the soil or both to integrate more effects into the model.
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Fig. 1: A SCM Visualization on the left. SCM’s old soil distribution two step process in the middle, where soil gets distributed to the border nodes (green)
and is then further distributed outwards. As well as the new chord based process where each contact node(red) spans a polygon (orange) in which the soil is
displaced. The polygon is spanned by calculating the estimated shear state along a set of chords (blue).

The Soil Contact Model - (SCM) was developed originally by KRENN in 2008 [[6] with the goal of incorporating
effects induced by soil deformation like rutting and slip sinkage into a multi body environment. As visualized on
the left in Fig[T|SCM uses the intersection of an object mesh with a soil grid to calculate the resulting force and the
surface deformation. Each point in the grid, called node, represents the volume of soil beneath. This functionality
is divided in two major parts, a contact dynamics, and a soil update function. During the contact dynamics call the
reaction force onto a contact object is calculated based on its kinematic state and the soil states. The soil update
function updates the soil geometry and internal states based on the intersection during previous contact dynamics
calls. The original SCM algorithm was the extended in 2016 [7]] to improve the soil deformation. The improved
algorithm showed a good match for full system simulations but was not able to reproduce single wheel experiments
at high slip ratios without violating some physical parameter bounds.

The reason for these shortcomings lays in the two step soil distribution algorithm within the soil update (Fig.
middle) used in the original and extended algorithm. The displaced soil is distributed from each contact node onto
the surrounding border nodes. During this first step geometric features of the surface between the contact node and
the border node are ignored. The second step then distributes the accumulated soil from each border node further
onto encompassing non contact nodes. These two steps, especially the missing consideration of geometric features
lead to the underrepresentation of soil shearing effects at high slip ratios. To counteract the drawbacks a new ap-
proach was developed (see Fig. [I] right). By directly distributing soil from contact nodes without an indeterminate
step, the representation of features close to the node in the resulting distribution pattern was improved. To allow the
algorithm to efficiently capture the geometric properties of the surface, an approach was selected which evaluates
the geometry and soil states only in discrete directions, called chords. On each chord the assumed depth of shear
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Fig. 2: Comparison between soil flow direction in PIV data on the left against SCM Simulation results on the right. PIV image from ([8]))

failure as well its propagation angle is calculated. Afterwards a polygon is spanned by these chords. Through inter-
polating onto all nodes within the polygon from the nearest chords a good approximation with reasonable effort is
computed. This results in a local soil flow field for each contact node. By superimposing these fields of all contact
nodes a complete flow field is formed. The resulting field now regards surface features. The approach introduces
four additional parameters which are currently independent and must be selected manually. An algorithm or rule
for selecting those is the topic of current work. The resulting flow has been verified against academical examples
like a long beam or a simple BEVAMETER experiment. Fig. 2] shows a comparison of the flow field captured with
particle image velocimetry (PIV) measurements taken in [[8] and simulation results generated by SCM. A good
match between the soil flow velocity (red) and the influence depth(purple) can be observed in front of the wheel.
The flow behind the wheel extends further back in SCM but has a very minimal soil velocity behind the wheel.
A newly designed force law is based on BEKKER’s pressure - sinkage relation, MOHRCOULOMB failure criterion
and JANOSI-HANAMOTOS shear stress - shear length relation and uses the previously described soil flow field. A
validation campaign against singe wheel experiment measurement data is currently in progress.

The computational effort of the new algorithm slightly increased in comparison to the previous implementation.
However its formulation is more suitable for parallelization which results in total in a slight performance increase.
An additional benefit of the new formulation is its ability to increase the time step between instances when the soil
update has to be executed, potentially increasing the performance drastically.

References

[1] R. E. Arvidson et al., “Spirit Mars Rover Mission: Overview and selected results from the northern Home Plate Winter
Haven to the side of Scamander crater,” Journal of Geophysical Research, vol. 115, p. EOOF03, Sept. 2010.

[2] R. Lichtenheldt, Lokomotorische Interaktion Planetarer Explorationssysteme mit weichen Sandbdden - Modellbildung
und Simulation. PhD thesis, Ilmenau University of Technology, ISBN 978-3-8439-2704-8, 2016.

[3] B.Trease et al., “Dynamic Modeling and Soil Mechanics for Path Planning,” Proceedings of the ASME 2011 International
Design Engineering Technical Conference & Computers and Information in Engineering Conference IDETC/CIE, pp. 1—
11,2011.

[4] F. Zhou, R. E. Arvidson, K. Bennett, B. Trease, R. Lindemann, P. Bellutta, K. lagnemma, and C. Senatore, “Simulations
of mars rover traverses,” Journal of Field Robotics, vol. 31, no. 1, pp. 141-160, 2014.

[5] A. Azimi, J. K&vecses, and J. Angeles, “Wheel—soil interaction model for rover simulation and analysis using elastoplas-
ticity theory,” IEEE Transactions on robotics, vol. 29, no. 5, pp. 1271-1288, 2013.

[6] R. Krenn and G. Hirzinger, “SCM-A soil contact model for multi-body system simulations,” 2009.

[7] F. Buse, R. Lichtenheldt, and R. Krenn, “SCM-A novel approach for soil deformation in a modular soil contact model
for multibody simulation,” IMSD2016 e-Proceedings, 2016.

[8] K. Skonieczny, S. J. Moreland, V. M. Asnani, C. M. Creager, H. Inotsume, and D. S. Wettergreen, “Visualizing and
analyzing machine-soil interactions using computer vision,” Journal of Field Robotics, vol. 31, no. 5, pp. 820-836, 2014.



