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Abstract

Mobile robots are currently one of the best candidates for planetafgcsuexplorations, due to their
good performance in unstructured environments. However, the rolmteguired to be very robust to
environmental uncertainties when it comes to semi-autonomous missions. A majoe 8f uncertainty
in planetary applications is the vehicle-terrain interaction. The analysis otdniplex phenomenon
poses serious difficulties and proposed terramechanics models aretpilyl m capturing the behaviour
of the vehicle under some restrictive assumptions [1]. For many analygies®s, such as sensitivity
analysis, estimating the effect of change in system parameters on thdl oliargge of a performance
indicator is the primary objective; the precise value of the performanceatudibeing secondary. This
was the motivation for proposing a model which is parametric and capturesncbehaviours of the
physical system; the behaviours that are important for performantgadiea of the system. Therefore,
the outcome of the parametric studies, if proven to be consistent with theibehafithe actual system,
can provide useful information for design, control and decision making.

In the case of mobile robots operating on unstructured terrain and spigificinteraction with soft soil,

it is important to have control on some design and control parameters otidesto make it adaptable
to various terrain surfaces. In reconfigurable mobile robots the posifitimeacentre of mass of the
vehicle can be changed; this results in different normal force distritgitimder the wheels. Also, the
actuation torque and the way in which it is distributed between the wheels #ifésaction force under
each wheel. These parameters can be effectively used to improve the naftitigvehicle for different
maneuvers and on a range of terrain surfaces. As stated earlieridekdy that, often, the essential point
is to have a good approximation on the variations of some performance indieataresult of parameter
changes. The detailed modeling of the vehicle-terrain interaction may nbtdtogrovide high fidelity
estimation of forces involved in the interaction. The models would be even ¢essate when exact
information on terrain properties is not available. Furthermore, these matiglgo their complexity,
do not provide a good insight on how the variations on the system paracaeténfluence the reaction
forces. Therefore, an alternative model for the purpose of anagsiperformance evaluation should be
employed.

The objective of this work is to characterize the terrain reaction forcesfaaction of the states and
parameters of the vehicle. This can be possible with the assumption of rolleachtwheel. In this
case, the dynamics of the vehicle can be considered by replacing thedafgptes from the terrain
with constraint forces associated with position and velocity level constrdiherefore, the generalized
constraint forces can be computed as a function of states and paraofatesystem. The constraint
forces indicate the required terrain reaction forces, both in normal agémdial directions, to maintain
the desired operating condition of no penetration and pure rolling, ridgplgc This allows one to
perform a parametric study that can provide useful information on fieasibans to achieve the desired
operating conditions. This will implicitly result in a decreased level of violatibthese constraints in
the real system, which is desirable for improving the mobility of the system. Thiseeal to different
levels of mobility improvements in the overall system, depending on the terrgieies. The proposed
model may also be used in an analysis toolbox, running in parallel with a fulllsiion of the system
which uses regular terramechanics models to capture the vehicle-terraaciime. The tool can provide
information on the performance of the system and suggest parametéiovexia improve the mobility,
while in operation. Consider a situation that the robot is operating on norjemeous terrain and at a



certain instant of motion larger than normal slippage and sinkage are dea¢ctee or more wheels. This
would result in mobility reduction, or in an extreme case the entrapment of bwe. rtn this situation
the analysis toolbox must introduce the best possible solution to improve thiosithafore it results in
failure.

The proposed hypothesis is applied to a planar model of the robot shokigtire 1, traveling on an
irregular soft soil terrain. The ratio between the actuation torque appliegtavheel and front wheel is

o = 1/11, which serves as a parameter. The influence of this parameter on the teaetion forces in
the normal v, and tangentiak, directions is studied. First, a detailed model of wheel-soil interaction
[1] together with the multibody model of the vehicle is used to compute the terraiioa forces for
different values ofa. Next, the assumptions of rolling and no penetration of the wheels are imposed
and the corresponding constraint forces replace the reaction fosogsuted in the previous stage. The
constraint forces, in this case, can be expressed in closed formetiofis of the vehicle states and
parameters, as well as of the control parameterThis makes it possible to identify the influential
parameters of the system, and their effects on the system behaviouresitis illustrated in Figure 1
show that the change in tangential forces as a result of a change megdara share a similar trend
for both models. In this figured; and A, represent the constraint forces associated with the rolling
condition at the front and rear wheels, respectively. The normatfeadations were negligible in both
models and are not illustrated. Therefore, in this case, the model with assnropidealized contact
can serve as a tool for qualitative prediction of the actual system behafdo the purpose of analysis
and performance evaluation. The model used can be adapted to diflerengeometries in a relatively
easy way. Also, for 3-D models of rovers, the same approach candokewith multibody software,
incorporating sensitivity analysis to compute the change of the perfornmadimators as a result of
variations in system parameters.
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Figure 1: (a) 2-D model of the vehicle on irregular terrain (b) Tractiomdoss. actuation torque ratio
obtained by the model with ideal contact (plain lines) and terramechanies@ug! (lines with markers).

References
[1] Wong, J.Y.: Theory of Ground Vehicles, 4th ed. John Wiley and Sbizfjoken, New Jersey
(USA). 2008.



