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Objectives Experiments

e Design of Wearable Robot for the lower limbs e Selection of 10 topologies x 10 exper-
e Optimizing dynamics of the WR and the human body wearing it iments, evaluated on 88 core cluster
e (Co-evolution of mechanical structure and control system

e Optimization of:
o WR segment lengths

o WR actuator joint placement (active
VS passive)
o WR mass distribution

Methodology

Design Parameters Evaluated on
® :
______ > e Parameters set by Engineer and o Maximize restoration of human
those open for optimization physiological gait
e Physics based dynamical simulation o Minimization ot required WR
_ of mechanical system torques
e Optimization (PSO) of open parame-
ters to restore Physiological Gait and ReSU ItS
optimize Dynamical Interaction
p P y s 4 Over 300 (locally) optimal solutions found
| e Pruning of solutions based on require-
ments (maximum link length, gait restora-
i tion, mass, maximum joint velocities), re-
MeChan ICaI StrUCtu re 21000— duced Solutlons to ~ 40
2 e Topologies 5, 8 and 9 are most performant
3 ‘ (on the left)
e Basic human model (in biue) e Final solution ranked based on Pareto Opti-
e Attachment joints on the three O O ° mality results in 8 final solutions
human segments (in ) : °
e Additional WR joints (in )

e Actuation of human Hip and Knee
DOFs (3 human segments) using
4 additional WR segments

e Topologies (at the top) gener-
ated using HR-isomorphism and
HR-degeneracy tests [1]

e [ranspose kinematic structure
(top) Into actual mechanical
structure (bottom)

One of the best solutions for topology 8 featuring a small WR construction with relatively low active torque requirements. The WR is
situated close to the body and a large portion of the torques are being generated by the passive elements.
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37120 e Harmonic Drive reduction gear (1 00:1 ) Active (blue label) and passive torques of the six WR joints during the gait cycle of the solution depicted above. Stance phase is

indicated in the gray shaded areas.

e Maximum output torque of 30 Nm
e Maximum peak velocity of 5.2 rad/s ACkn OWI@dg me ntS
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e Visoelastic Passive Joint

e (a) Torsional stiffness module, 4 linear springs
on CAM profile

e (b) Torsional damping module, roller com-
presses tube filled with viscous fluid
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