Adam Seewald

University of Southern Denmark

Correspondence to: ads@mmmi.sdu.dk

https://adamseew.bitbucket.io/

-

»

Past Mars rovers have had extremely
limited computational resources due to
large temperature changes and high
radiation levels [1]. Yet, future space
robots are expected to automatically
learn features of the terrain to predict fu-
ture actions.

Context

The increasing demand for autonomy
challenges the traditional energy plan-
ning model for planetary exploration
robots—each mission to Mars uses more
control software than all the ones before
it combined [2].

Energy due to computations

Approach

The proposed approach—a mission-
aware energy planning strategy that
highlights computations—addresses in-
creasing demands for autonomy and
their implications to the energy planning
for planetary exploration robots.

It focuses on aspects of a space mission
such as its periodicity and uncertainty,
splits the energy into the energy due to
the trajectory traveled and the computa-
tions performed, and potentially extends
mission time by changing the trajectory
and computation specific parameters.
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The energy cost of the computations in a hypothetical future scenario—a space
robot that detects patterns on Mars using a convolutional neural network—can
be evaluated using a modeling tool [3], that measures the energy cost difference
d(sx) of some computations s, and uses a linear regression for the remaining.

The approach varies such an energy cost using quality of service within given
boundaries—one can vary the frames-per-second rate of the detection algorithm.

Trajectory and computation parameters account for the change in energy, caused

by variations in control uy.

Energy due to trajectory

The energy cost of the motion can be evaluated using trajectory explicit equations
¢ : R? — R, an abstraction of the path to follow of a mission.

Given p € R?, the set P := {p : ¢ < ¢(p)
the boundaries.

< ¢} discloses all the possible paths within

A concept used to select ¢ s.t. ¢(p) + ¢, p € P with the highest energy value under

the energy budget constraints.

The direction to follow is derived using vector field [6]

Pa(p) = [_O 1

: o] Vip(p) + ¢) — ke(e(p) + ) Vip(p) + ¢).

The total energy is derived using a harmonic oscillator—an equivalent representation
of a Fourier series of order r—and a state observer for the estimation of the energy
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Six-legged and rover planetary robots. Above, the
power evolution simulation of the Ambler [4]-a six-
legged robot for autonomous traversal of Mars-like
terrain—along with the estimate of its energy. Below,
the hypothetical cost of computations of a tiny rover [5].

s

»

Acknowledgments

This work is supported and partly funded by the European Union’s
Horizon2020 research and innovation program under grant agree-
ment No. 779882 (TeamPlay).

References

[1] M. Bajracharya et al., “Autonomy for Mars rovers: past, present,
and future,” Computer, vol. 41, no. 12, pp. 44-50, 2008.

[2] G. J. Holzmann, “Landing a spacecraft on Mars,” IEEE Soft-
ware, vol. 30, no. 2, pp. 83—86, 2013.

[3] A. Seewald, U. P. Schultz, E. Ebeid, and H. S. Midtiby, “Coarse-
grained computation-oriented energy modeling for heteroge-
neous parallel embedded systems,” International Journal of
Parallel Programming, pp. 1-22, 2019.

[4] E. Krotkov and R. G. Simmons, “Performance of a six-legged
planetary rover. power, positioning, and autonomous walking.”
in 1992 IEEE International Conference on Robotics and Au-
tomation (ICRA). |EEE, 1992, pp. 169-174.

[5] G. Ishigami, K. Nagatani, and K. Yoshida, “Path planning and
evaluation for planetary rovers based on dynamic mobility in-
dex,” in 2011 IEEE/RSJ International Conference on Intelligent
Robots and Systems. |EEE, 2011, pp. 601-606.

[6] H. G. De Marina, Y. A. Kapitanyuk, M. Bronz, G. Hattenberger,
and M. Cao, “Guidance algorithm for smooth trajectory tracking
of a fixed wing UAV flying in wind flows,” in 2017 IEEE Interna-
tional Conference on Robotics and Automation (ICRA). |EEE,
2017, pp. 5740-5745.


https://adamseew.bitbucket.io/

