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Introduction An adaptive exoskeleton controller based on game theory

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

PseUdO COde' ) Human Action Over Iterations

Algorithm 1 Human-in-the-loop Optimization

Require: Initialize h*[0], m*[0]
1: for k=0,1,..., K —1do
2. Randomly sample L[k] € R4M>*?x R
32 (h*[k + 1], m*[k + 1]) « Trial(L[k], h*[k], m*[k])
4: end for
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* 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

Algorithm 2 Trial Subroutine
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Require: L, h*, m*

Human Action (h)
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interacts with an adaptive robot. e l: for t=0,1,...,7—1do L= 200
Vpreferred Mo S 2: h’[t[]]{_ gf(iTTanf E;l_lnput (t) 1+ h* initial guess
i \\ 3: mit| t| — h*) +m* h* estimate
+ Game theory can offer a new framework - "“'“a“A“'"’ : s  display cost_to. H(e(hl] mlt])
to examine how exoskeletons can - - endfor
: / - - : Time (s)
influence a human'’s actions using only . e
observations of such actions. * Aself-paced treadmill [1] measured . Machine olaved ' ey, achine Actlon Overterstions
human self-selected walking speed achine piayed a policy L |
as human action (h) affine to human action,
ST . . with the policy parameter T
Objective: Develop exoskeleton » A customized 1-DOF hip exoskeleton L = {0 208} y P <.
controllers that steer the human-robot provided bidirectional assistive ’ | g o
system towards game theory equilibria torque as machine action (m) « Machine estimated E
numan adaptation during S wf _
. _ =0 and tracked human = o ;Lo
Self-selected speed as human action? response to varying L e,
assistive torque during S S SR SR R
Self-Selected Walking Speed (Normalized to No Exo) Cost of Transport - 400 600 800 1000 1200 1400 1600 1800
14, - 4r I_ — ZOO. Time (s)
1.2 | P2 _.35¢
E 3l . Equilibrium Estimate Progression (h* vs m*)
B 1 = . . I .
3 = _ — Convergence: Distance to Final Equilibrium Estimate :
& S 25 g . A Evo ytlon of
z S 2 5 £ Euclidean distance
' 0.6 & ® B 60 : :
: = 15] g | = to final estimate
Z 0.4Ff ° | S 8°
g g E 2 shows that the
27 0.5 E s . .
D U & 2 current iteration
0 @ o S S & o e o § S e 0 5 icn’
S o w0 e e . H=—: 5. number isn't
Condition Condition . | | | | | | | i 0, 1 : - - : : : : x enough tO reaCh
« We measured naive participants’ (n = 2) self-selected walking speed and cost of " Estimated optimal human action (mis) toration convergence

transport as a function of increasing levels of exoskeleton assistance.

Conclusions and next steps
« Both participants’ preferred walking speed increased with increasing assistance.
« 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
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« Both participants’' cost of transport decreased below unpowered condition with
increasing assistance. P2 reached lower level than normal walking baseline.




	Slide 1

