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EXTENDED ABSTRACT

Robotic exploration on the surface of other worlds presents a unique set of challenges.  Robots must be designed not only to survive the harsh environment, but also to interact with their human operators in novel, unearthly ways.  Fault responses designed for terrestrial robots may be completely inappropriate for space robots, and vice

versa.  Past and current missions have confirmed the benefits and viability of such robotic exploration, but many technical challenges remain.

The good news is that several key technologies have already proven their utility.  The Mars Exploration Rover (MER) mission has proven that the geometry of many unknown natural terrains can be autonomously sensed using passive stereo vision processing, and the resulting data is sufficiently accurate to enable autonomous driving and instrument placement.  MER also benefitted greatly from high precision position and attitude estimation, thanks in part to onboard Visual Odometry image processing.  MER also demonstrated several other autonomous engineering and science capabilities.

The bad news is that these and other autonomous technologies require substantial computational power from the onboard CPU, which results in large demands on the overall system's power and execution time.  During the MER mission this resulted in a tradeoff during mission operations; it was often less resource-intensive for human operators to spend hours planning activities that only took minutes to execute on Mars.

Our paper discusses these and other challenges involved in commanding effective drives on MER: small-scale localization for map maintenance and target approach, large-scale localization for long distance driving, mechanical vs. CPU-based system bottlenecks, fast

interpretation of data on Earth, and onboard terrain understanding and adaptation.  We also discuss areas that could be valuable to future missions such as onboard modeling of position uncertainty, ideas on reducing computational bottlenecks, and ways to enable more use of onboard autonomy for both engineering and science operations.
