
Introduction

• Lower limb exoskeletons are often 
limited by humans' complex responses 
to external assistance. 

• Human-in-the-Loop (HILO) optimization 
can optimize assistance for a human’s 
goals (e.g., minimize energy cost) but are 
insufficient for cases when the human 
interacts with an adaptive robot. 

• Game theory can offer a new framework 
to examine how exoskeletons can 
influence a human’s actions using only 
observations of such actions.
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Objective:  Develop exoskeleton 
controllers that steer the human-robot 
system towards game theory equilibria
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Self-selected speed as human action?

An adaptive exoskeleton controller based on game theory

• Machine played a policy 
affine to human action, 
with the policy parameter 
L = {0,200}. 

• Machine estimated 
human adaptation during 
L = 0 and tracked human 
response to varying 
assistive torque during    
L = 200.

Methods
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• Exoskeleton assistance shows promise to increase human’s self-selected 
walking speed while decreasing their overall cost of transport, and the pair can 
be a combination of actions for a game-theory-based exoskeleton controller

• Future work needs to recruit more participants, explore hyperparameters for 
game-theory controller for improved convergence and compare baseline and 
convergence point for cost of transport performance

Conclusions and next steps

• Evolution of 

Euclidean distance 

to final estimate 

shows that the 

current iteration 

number isn’t 

enough to reach 

convergence• We measured naïve participants’ (n = 2) self-selected walking speed and cost of 
transport as a function of increasing levels of exoskeleton assistance. 

• Both participants’ preferred walking speed increased with increasing assistance.

• Both participants’ cost of transport decreased below unpowered condition with 
increasing assistance. P2 reached lower level than normal walking baseline.
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• A self-paced treadmill [1] measured 
human self-selected walking speed 
as human action (h)

• A customized 1-DOF hip exoskeleton 
provided bidirectional assistive 
torque as machine action (m)

Pseudo code: 


	Slide 1

