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Abstract

Mobile robotics will play a key role in future space
exploration  activities. = Besides the  actual
development of the robotic systems, the different
ways of commanding those systems, using
technologies varying from teleoperation with the
human in the loop [1], through shared autonomy [2]
towards highly autonomous systems, will be the main
challenges of these missions. This paper describes
the robotic activities of the DLR institutions within
the Helmholtz projects ROBEX and ARCHES,
dealing with robots for autonomous space
exploration for future lunar missions. Furthermore, it
describes the challenges of operating robots from far
distances [3] in extreme environments and gives an
outlook on future mission possibilities.

1. Robotic Exploration for extreme
environments

This paper describes the experience gained during the
ROBEX (Robotic  Exploration for extreme
environments) analogue mission, executed on Mount
Etna, Italy in 2017 [4]. The goal of the ROBEX
space analogue mission was to demonstrate the
highly autonomous robotic deployment and operation
of a seismic network in relevant environment. This
has included a profile measurement, to distinguish
the subsurface constitution. During this analogue
campaign, Mount Etna has severed as the simulated
lunar environment since the seismic activities in this
region are similar to measured and expected lunar
quakes.

2. Analogue Campain in H2020

In the context of the Horizon 2020 PERASPERA
projects, the potential and the capabilities of future
planetary rovers have also been successfully
demonstrated in an Mars analogue environment in
the Moroccan desert in dec. 2018. The area around
Rissani and Erfoud offers a wide variety of excellent
test sites starting from vast plains and sand dunes up
to rocky terrains and steep cliffs. Based on their
sensors, a single rover or team of robotic systems can
autonomously roam such an  unstructured
environment and reliably fulfil challenging tasks.
Covering large distances in the range of several
kilometers, avoiding critical situations, mapping the
environment, detecting scientifically interesting
objects and collecting samples are only some
examples which have been investigated during this
campaign.

3. Multi-Robot-Cooperation

The findings during ROBEX and the Moroccan
analogue campaign will benefit the ARCHES project
(Autonomous Robotic Networks to Help Modern
Societies). During ARCHES key challenges on the
cooperative aspects of heterogeneous robotic teams
are the focus and under current research. The robots
will work together to explore, deploy, and maintain
infrastructure and scientific instrumentations on the
planetary surfaces. This methods and technologies
will be relevant for the robotic support and operation
of permanent installations and bases (e.g. the lunar
village concept, or large scientific observatories, such
as interferometers).



Figure 1: ARCHES Visionary scenario

The goal of ARCHES is to develop methodes that
allow robots to acquire, analyze, and interpret
measured data autonomously [6]. Consequently, the
scope of ARCHES also includes the intelligent
automation and cooperation of robotic systems. Both
of these aspects are essential to the deployment of
standalone robots and robot teams.

Concepts has been and will be investigated for
autonomous navigation in unknown areas [7],
interaction and manipulation inside the environment,
energy management systems and self-organising
communication systems, which enables the
communication between different robots and mission
control.

4. Summary and Conclusions

All mission and operational concepts described in
this paper, are in line with the global exploration
strategy, toward the goal of human robot cooperation,
the installation of permanent bases e.g. lunar village,

and the CIS Luna habitat or the Deep Space Gateway.

The presented work performed will enable DLR
technologies to participate in common mission
scenarios. Furthermore a DLR research roadmap will
be presented showing its focus on lunar missions.
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