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Payload-Adaptive Walking, Jumping, and In-Flight Attitude Control for a Jumping
Quadruped in Reduced Gravity

Abstract: For future robotic missions to planetary bodies, legged platforms must be capable of carrying
diverse scientific instruments such as cameras, spectrometers, and LIDAR systems. However, the addition of
asignificant payload, which canreach up to 2.5 kg, fundamentally alters the robot’s mass distribution, center
of gravity, and inertia tensor. These changes can lead to instability during walking or significant landing
inaccuracies during jumping maneuvers if the control policies are not payload-aware. This project thesis aims
to develop payload-adaptive reinforcement learning policies using the olympus_lab framework. The
research will focus on creating a robust controller capable of maintaining high performance in walking,
precise jumping, and in-flight attitude reorientation despite varying payload configurations. By utilizing
techniques such as domain randomization and history-dependent policy architectures, the robot should
learn to implicitly infer its physical properties from motion feedback. The results will be validated in a simulated
Martian environment to ensure that the Olympus platform can safely transport scientific equipment across
challenging terrain.

Tasks:

¢ Study the Reinforcement Learning problem formulation and the olympus_lab framework for walking,
jumping, and attitude control.

¢ Analyze how variations in payload mass and mounting position affect the dynamics of the 5-bar leg
mechanism and body reorientation during flight.

e Investigate and implement policy architectures, such as Recurrent Neural Networks (RNN) or
Transformers, that allow the robot to adapt to changing dynamics through temporal context.

e Train a comprehensive policy (or separate policies) that maintains performance in walking, jumping,
and in-flight attitfude control under various payload scenarios.

e Evaluate the performance of the adaptive policy compared to baseline controllers in simulated
Martian gravity to assess precision and stability.
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