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Need of locomotion assistance
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» Advance in medicine
» Dysvascular amputees

from Kessler Institute for rehabilitation



Bio- inspired model
for locomotion assistance

» Manoeuvres

»Walking

» Stair ascending/descending P

» Hypothesis: bio-inspired = less cognitive effort
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Bio-inspired model

» Copy natural dynamic of the muscles
» How to activate muscles?
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Adapted from: Geyer and Herr (2010), Capellini et al. (2010 ) and Dégallier et al. (2011)



Outline

» Control model
» General control scheme
» The muscle model
» Feedback stimulations
» Feed-forward stimulations



Primitives (FF) + Reflexes (FB)
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Outline

» Control model
» The muscle model
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The muscle model

Hill-type muscle
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Adapted from Geyer and Herr (2010)
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Tm = Tm(QD)Fm



Outline

» Control model
» Feedback stimulations
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Short-loop reflexes

» Geyer and Herr (2010)

Neural layer
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» Additional terms

Svas = Sowas + GyasFyas(t = Atyas) = kg (6 = Aty) = ks | FE|



Torso Balance Control

» Inverted Pendulum
» Proportional-Derivative Controller

Sim(t) = Load[Kym(0 — 6rer) + Kgm8lao<o
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Outline

» Control model

» Feed-forward stimulations

PRIMITIVE
GENERATOR

Motor Intention
Detection

(S S—

FB8

r—@;

— {

MH scle Model

o

T

R

r
P e
Y

REFLEXES

Torso Balance

q. q. GRF]

J

13



Feed-forward Primitives
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Muscle Stimulations
> Stairs

» Walking
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Muscle Stimulations

» Walking
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Primitives and Weights
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Phase synchronization

» Cyclic inputs
> Ada ptive oscillators (Ronsse et al., 2012; Righetti et al., 2006)
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Outline

Off-line model Results
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Walking

> FF 100% > FB 100% + » FF 60% + FB 40% +
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Stair ascending / descending
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Outline

Preliminary experiments
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CYBERLEGS

Hip Orthosis (SSSA)

& Sensorized Insoles
(UL, SSSA)
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Real Time
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Subject 2. Only FF+ wTB=2Hz

Transparent Mode Assistive Mode 10% Assistive Mode 200 Assistive Mode 3%
40
n
0
20
20 4l &l &l LR 206 4l & i {HI]
r 4
W
o 1 1 2
i
=0 Al |}
&
E 2 L 3
2 4 a .
[ 0 4 g0 Bl T n an £ 80 1o 20 & &0 CE:
10 - 10
E
S
g O e s saa R o et K
o
]
! : 2108 - A0 10 - E—
] 0 40 &0 20 w9 0 40 & 0 o o 0 Al 8 & g9 i 40 &0 - i
15 & 14 T 15
E‘W p—i LEg 110
g ° = Right Leg:
E [ —
5 4 i 5 - 5 :
d] 20 Ll & &0 11 R 20 40 &l 0 1o 9 26 4l L] £ 0 @ Fat 46 ] &0 HES
%4 of Stride W af Stride %o of Stride %o o Siride



30% Assistance

=
th

(=]
ih

Torque [NmIBW]

i
—

=

=
h

=1

Torgue [NmiBW]
h

'
il

==  h R

Torque [NmiBW]
o @

™
ih

—

o

Left Hip
— Off-line
— Winter (1991)
(i} 4
0 x a0 & 0 T
Left Ankle
0 I-.'D &0 &0 100

40
% Gait Cycle



Outline

» Conclusions and on-going work
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» Bio-inspired assistive control model
» Real time assistance

» Further work:

» Optimization of model parameters
» Reflex adaptation for stairs

» Experiments
» Usefulness of Muscle layer
» Assess comfort and assistive capability
»Find the best combination from the stimulation sources
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