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Abstract

Planetary rover competitions provide valuable test environments for evaluating mobility systems under
conditions that resemble real exploration constraints, since they require a combination of robust locomo-
tion, efficient navigation, and reliable decision-making in irregular terrain. Within this context, this paper
presents the development and experimental assessment of an AI-driven terrain-aware navigation strategy
aimed at improving the operational performance of a rover in the NASA Human Exploration Rover Chal-
lenge. Rather than treating navigation as a purely reactive process, the proposed approach was developed
to incorporate terrain interpretation into the rover’s maneuvering decisions, with the goal of improving
path quality, traversal stability, and overall operational efficiency.

The rover platform integrates a Rocker-Bogie suspension, airless wheels, LiDAR sensors, onboard
cameras, and a distributed control architecture composed of a Raspberry Pi 4B and an STM32F429 mi-
crocontroller. This hardware configuration enabled simultaneous terrain perception, motion control, and
sensor data acquisition during experimental trials carried out on surfaces containing slopes, loose mate-
rial, and obstacle-dense sections representative of exploration-like terrain. From these tests, a dataset
was constructed to characterize the relationship between terrain features and rover mobility behavior. On
this basis, an artificial intelligence framework was implemented to identify traversal conditions associated
with higher mobility cost and to support navigation decisions such as steering correction, velocity ad-
justment, and route refinement. By integrating terrain awareness into the navigation loop, the rover was
able to adapt its driving behavior dynamically instead of relying solely on fixed control rules or manual
corrections.

Experimental evaluation showed that the proposed strategy improved path continuity and reduced
maneuvering errors in complex sections of the course. The rover also exhibited smoother motion and
fewer unnecessary corrections when compared with conventional teleoperated operation, indicating that
the AI-based interpretation of terrain contributed to more efficient navigation. These results demonstrate
that data-driven navigation can significantly enhance rover performance in competition environments that
emulate planetary exploration tasks, while also providing a practical foundation for future robotic systems
requiring more adaptive and efficient mobility in extraterrestrial terrain.
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