Terrain-Aware Wheeled–Legged Robot for Autonomous Robotics Operations in Hill and Mountain Terrains
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Abstract—Robotic mobility in steep natural terrain is limited by irregular topology, loose substrates, and rapidly varying contact conditions in hill and mountain environments. This paper presents a terrain-aware mobile Robot platform specifically designed for persistent operation on such slopes, integrating mechanical adaptation with high-level Robotics intelligence. The proposed system combines a modular wheeled–legged chassis with actively adjustable suspension and a perception-driven locomotion planner that fuses LiDAR–IMU elevation mapping with proprioceptive slip estimation to select safe footholds and trajectories in real time. A model predictive controller reconfigures gait, posture, and wheel torque based on local slope, roughness, and predicted support polygon stability, while a hierarchical supervisor manages mode transitions between hill traversal, mountain ridge negotiation, and descent. Extensive field trials on natural hill and mountain trails with inclinations up to 35 degrees demonstrate a 37% reduction in specific energy consumption, a 42% decrease in pose drift, and a task completion success rate above 95% compared with a state-of-the-art tracked rover baseline. The results highlight that tightly coupled mechanical design and terrain-aware control significantly enhance safety, efficiency, and autonomy of robotic systems deployed in challenging hillside and mountainous terrains.
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