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Introduction

Lower limb exoskeleton = mobility assistance/ rehabilitation




Introduction

Swing phase Stance phase

Control Inputs ———>

T

Equations of Dynamics

T GRF

Over-constrained

= Method proposed to obtain physically inspired solution

= Applied on stand-alone exoskeleton = similar to humanoids
and other legged robots




Introduction

Research Background

Bottom plarte of a shoe

Measuring the GRFs using force cells [Tao et al., 2012]




Introduction

Research Background

Cooperative Robots

Parallel

Grasping Manipulator

[Nahon, 1993]

Estimating the GRFs using the optimization techniques
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Exoskeleton
Stiffness Model

Compliances in the system

= Joint actuators

= Pelvis joining the two legs

= Links are many times stiffer (neglected)




Exoskeleton
GRF model at a foot
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Exoskeleton
Dynamic Model

M(q)a+C(q.q)a+g(q)=S" T+ Jc(a) we




Solution Strategy

Complementary Energy Methods

= Equations of compatibility can be
derived from the generalized force
approaches which work on a scalar
quantity called complementary
energy

Torque versus deflection curve

— T;

= Corollary of the principle of minimum o =Y [y ai(T)dT
complementary energy: Castigliano's 55 «n ./ _\ou _
theorem, Crotti-Engesser theorem |



Solution Strategy

Applied to the exoskeleton
= Equilibrium Equations

My &+ Cap G+ 8 = /¢ ap Wi+ Jgr gy Wr
MLq_l_ CLQ+gL = Tspr,L _|_JL7;,L wi
MREI"I' CRQ"I'gR — Tspr,R""le;f’R WR

= Compatibility Equations
((—JLTf,L) (JLTf,f/b)_1 (_Jlgf,f/b)) "o+ (—J/gf,R) "og+ -] = 03x1
= Constitutive Laws

Ti = ko + ki 0 + ko, 0 + ks j 0>, for i = 1:6




Solution Strategy

Estimation Algorithm
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Solution Strategy

Optimization Formulation
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Validation
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Validation

Procedure

Configuration 2

Configuration 1




Results: Configuration 1

GRF components F,; and Fr
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Results: Configuration 1

GRF components F; and Fyr
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Results: Configuration 1

Analysis of errors in Fy; and F g
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Moment [Nm]

Results: Configuration 1
GRF components M,; and M,g
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Results: Configuration 2

GRF components F,; and Fr
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Results: Configuration 2

GRF components F; and Fyr
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Y-axis

Results: Configuration 2

Analysis of errors in Fy; and F g
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Moment [Nm]

Results: Configuration 2
GRF components M,; and M,g

2 -
ot measured M_
ol pseudo inverse MzL
timated
_4 L
-6
_8 L
-10
_1 2 1 1 . " )
5 6 7 8 9 10

time [s]

Moment about Z-axis at left foot M,

Moment [Nm]

2 _
O R
" AW
_4 5
-6
measured M
zR
_8 L .
pseudo inverse MZR
-10+ estimated MzR
_1 2 L L L L )
5 6 7 8 9 10

time [s]

Moment about Z-axis at right foot M,p




Torque [Nm]

Results: Configuration 1
Torques at the hip
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Results: Configuration 1

Torques at the knee
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Results: Configuration 1

Torques at the ankle
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Results: Configuration 2

Torques at the hip
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Results: Configuration 2

Torques at the knee
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Results: Configuration 2

Torques at the ankle
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Conclusion

Under-determinacy can be resolved in a physically consistent
way by taking the stiffness model into account

= The method is quick to execute in a real-time controller

= The GRF estimation is sensitive to modelling errors

= However, the effect of modelling errors are shown to be small
= The method is shown to work under the dynamic conditions

= Energy stored in the system is minimized = safe for human
Interaction
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