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Musculoskeletal simulations of knee extension movement with exoskeleton robot using
OpenSim
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Abstract

Exoskeleton robots have been developed for various applications, including rehabilitation, human empowerment, and mobility
assistance. This paper presents an integrated framework for musculoskeletal simulation of a human limb and closed-loop control of a
knee exoskeleton using the OpenSim—MATLAB interface. The knee joint of the lower limb is selected as the target body segment,
and its angular motion is controlled during three different activities. The knee angle is controlled in a closed-loop manner using
feedback from joint motion. In the proposed simulation, lower-limb muscles actively contribute to movement, and the resulting
motion emerges from the combined effects of exoskeleton control torque and muscle forces. Control inputs are computed in
MATLAB, while OpenSim is used to solve the musculoskeletal dynamics, execute the simulations, and provide feedback data.
Simulation results demonstrate the effectiveness of the proposed platform for modeling and controlling human-robot interaction.

Keywords: Knee flexion, Exoskeleton Robot, Musculoskeletal Model, OpenSim/MATLAB API.
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Assistive Scenario: Muscles Excitation-Activation
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Resistive Scenario: Muscles Excitation-Activation
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BOAugmentation Scenario: Muscle Moments about Knee Joint
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