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Abstract

This talk introduces the Intelligent Learning Assistive Devices (iLeAD) framework, an adaptive
control architecture designed to augment human elbow movements via a lightweight
exoskeleton. Leveraging deep reinforcement learning (RL), iLeAD provides real-time torque
assistance that compensates for varying external loads while preserving the natural dynamics of
the user’s limb. The system integrates a musculoskeletal controller (MusCoP) to generate
realistic muscle-driven arm motions and validate them against well-established biomechanical
methods (static optimization and computed muscle control). Building on this foundation, a latent
guidance encoder (LGE) encodes unobserved factors (e.g., external load, shoulder joint
configuration) into a compact latent space, which an online latent estimator (OLE) then infers
during runtime. By tailoring exoskeleton torque accordingly, iLeAD enables the user to perform
demanding upper-limb tasks as if no additional load were applied.

In this seminar, I will discuss how iLeAD’s RL-based strategy and model-free training pipeline
adapt to rapidly changing joint angles, load profiles, and shoulder postures. Through
comprehensive simulations in a high-fidelity platform, we demonstrate that iLeAD maintains
precise elbow tracking and effectively reduces muscle effort under a broad range of scenarios—
far beyond simple planar movements or fixed loads. The presentation will highlight the system’s
potential for real-world power augmentation and outline future directions for integrating subject-
specific EMG calibration, further bridging the gap between simulation and practical deployment.
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