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Reinforcement Learning Control of a Planetary-Gear Inverted Pendulum in a
Hardware-in-the-Learning-Loop via RDA-based Reward and Harness Design
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Abstract Designing reward functions and training infrastructure remains the main bottleneck when
reinforcement learning (RL) is applied directly to physical hardware. This paper presents a hardware-in-the-
learning-loop (HILL) framework in which a large language model (LLM) coding agent acts as a reward design
agent (RDA) that iteratively revises not only the reward function but also the training harness (safety limits,
start-up kick, replay buffer, encoder calibration) from physical diagnoses of real trajectories. The plant is a 3D-
printed planetary-gear inverted pendulum in which a BLDC motor drives only the sun gear while the carrier
swings freely. A Teensy 4.1 runs a 4-128-128-2 policy at 1 kHz on board, and a PC trains soft actor-critic on
transitions streamed over micro-ROS. From a simulation seed that failed to transfer, thirteen reward-harness
stages reduced the steady-state angle error to 0.35° with a holding torque RMS of 0.0002 Nm, and the final
policy recovered from disturbances that were never part of training.
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