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Abstract: 


Extraterrestrial exploration will be one focus of future international Space Programs (e.g., ESA, NASA and elsewhere). Here, a natural first step is to send robotic systems rather than humans to the celestial bodies to be explored, in order to mitigate all kind of risks and cost. The nature of future exploration missions relies thus on advanced Robotic Systems for efficient and sustained operation of infrastructure for exploration, science utilisation and application. The Robotic Systems that are needed in these missions have to extend the current state of the art in robotics technology in two major areas: 1) Mobility, Locomotion and Manipulation, 2) Autonomy, Intelligence and sustained, robust and reliable Operation. 

Introduction

In order to be able to perform and support all kind of future missions (Fig. 1) to other planets and celestial bodies it will be necessary to provide a next generation equipment that incorporates features of sustained autonomy, high degree of mobility, reliability and modularity (see 1, 2 and 4 for reference)
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Figure 1: Twin Peaks, Ares Valles, Mars 1997 

The main advantage that this next generation equipment delivers is the possibility for extended mission life times as well as extended mission profiles by insitu reconfiguration.

Robotic technology has made significant steps towards the features mentioned above over the last couple of years by integrating AI-based control and bio-inspired design principles in a holistic (system-environment cantered) approach. While the focus so far was on designing systems that are optimised to sustain themselves in a given environment over extended periods of time with limited capabilities and flexibility, technology has advanced to a point, where the systems become capable to execute more complex operations, to provide maintenance and support in real application scenarios.

Another important aspect is the tight integration of stationary and mobile equipment. Intelligence is not on either one side but a key feature of all equipment such that complex problems can be solved by resource sharing, equipment reconfiguration and integrating capabilities of multiple pieces of equipment. 

Two such scenarios shall be addressed in this paper: 

1) Reconfigurable robots for scientific equipment unloading, placing and returning for scientific equipment and infrastructure items (see figure 3)
2) Robotic team for exploration of areas, which are currently inaccessible, e.g. crater-slopes (see figure 2)
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[image: image3..pict]Figure 2: Victoria (upper) and Endurance (lower) Crater, Mars, 2005

AI based Space-Robotics

If space exploration is to be taken seriously the nature of future missions will be different from the current ones in two ways: They will last longer, subsequent missions will have the same landing site and they will install infrastructure that has to be reused and extended by follow up missions. The natural way to achieve such infrastructure, for science in the short and mid term but also for utilisation in the long term perspective, will be to start with robotic missions and to send human missions once a minimum of supporting infrastructure is in place and operation.

Current space robotic technology cannot support such plans! This becomes obvious, if we consider the current rover missions to Mars. Even though both rovers are a great success up to date they are still far from providing the mobility and manipulation capability, reconfigurability, nor the autonmous intelligence that is needed for the tasks described above. 

In contrast terrestrial robotics has made many (though singular) advances towards such systems by incorporating aspects of:

1) bio-inspired, holistic system design approaches (see 1 and 3 for reference)

2) AI-technologies for perception and action execution 

3) intelligent Man-Machine Interface technology.  

While the first approach basically deals with the idea to make a system smarter by designing aspects of intelligence into the systems hardware, e.g. intelligent dynamic joints, smart materials and decentralised control, the second paradigm targets the problem of understanding multi-channel input (sensor) data, rather than just processing it and to derive robust digital representations of the environment in which the system is situated. 
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Figure 3: The Robotic Team Scenario

Finally the Man-Machine-Interface approaches follow a dual purpose: on the one hand the ‘Human in the Loop’ helps to compensate for a still considerable lack of cognitive competence in the technical systems, on the other hand the intelligent interface technology also extends the physical/mental capabilities of human operators by allowing them to control highly complex and/or multiple technical devices in unplanable, harsh and dangerous environments with hard real time constraints. It should be noted that through intelligent Man Machine Interfaces (MMI) robotic equipment does not become obsolete once humans arrive [image: image5..pict]on the scene, instead MMI allows these robots to assist astronauts during their tasks.

Figure 4: Reconfigurable Robots

Outlook

Reconfigurable Robotic Systems will be one way to efficiently extend the range of future missions, while at the same time allowiing fault tollerance and robustness of the systems.

Ressourcensharing among the systems will reduce overall weight and energy requirements. , while redundancy of sensorsystems minimizes errors. The Base-Rover is an energy efficient transporter on flat terrain and can serve as a communications relay and ‘Mission Control’ (Team Leader) in combined (Base and scout system) explorations. The scout robot enables accsess to difficult terrain and in-situ analysis (or sample return).

For the future exploration missions as described above we need all of these aspects being integrated into the future robotic systems. More over we will have to tackle technical challenges like thermal and radiation protection as well as electro-mechanical robustness and reliability issues to provide the extended life time of the systems. Space Research is the one field that can achieve these systems.
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