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Why predictive simulations?
Predict the human response to
* wearing an assistive device

* gait after a muscle-tendon surgery

Aim: Synthesize human inclined walking without experimental data
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Strategy: Optimal control framework that
predicts both motion and muscle recruitment = OpenSim
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Objective Function to Minimize

tr [nMusc EFFORT TERMS (per stride)
Winuscle Z MetabolicEnergy,, |dt Physiological cost of
0 m=1 transport for muscles
tf /nTask 2 REWARD TERMS (per stride)
No falling
w RewardTerm; | dt
* task z t Target speed of 1.45 m/s
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Reduce passive joint torques
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Normal Walking Simulation (1.45 m/s)

Normal Walking Simulation Mechanics (1.45 m/s)
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40 17
FLEX = 02
. FLEX =
S 0 __ = 0~ Frreli - S H
S - o % v =
s = [ T 0 s
a 0 Eab ) = 1 -
T X ES Y 5 b,
-20 = ool T2 ).
T EXT 2 ‘L‘
-40 3t 04
EXT 20
0 b - - 5 BT g
2 20 3 a8 N
= = e L
Y a0 z - gy -
2 w0 S ] . S
£ H K
60 - FLEX _ E
FLEX 0o
-80 -1 a 20 40 &0 80 100
Stance Phase (%)
DORSI
= DORSI -
. . 3ol PR S
£ .k E -~ / ! '
= mmmetT LN faeeaad S i
= %) \ ’ z - i
= V7 T -1
X v 2
= E e e = 0 deg Incline
uwiTan 9
-40 . 2 . .
0 20 40 60 80 100 0 20 a0 60 80 100 Experlmental 0 deg
Stride Cycle (%) Stride Cycle (%)

i 1 ; 1 K ! 1 1 k Dornetal., (2012)



7/6/2014

3 ILPSO 4 VAS
21
1 2
i Pl b —— o L=’ et T TN e
2 2 GAS
GMAX o~
- ~
1 " 1 - N
TN g \
0 |, paa P - \\ ____________
4
2 HAMS SOL
LAY 2 ‘,”’ \ \
o TN e \ o Loe=="" N
TA
0.4 RF 0.4
0.2 ‘.-’ \‘ 0.2 » ”\\

I \ A T J] temmm———=— e

[ Y + LT . . - 0 ——— -
0 20 40 60 80 100 0 20 40 60 80 100
Stride Cycle (%) Stride Cycle (%)

D B S S W SN N S N

== == == ( degIncline
StaticOpt0deg  Dorn et al., (2012)

Inclined Walking Simulations (1.45 m/s)

"5 degree incline

10 degree incline
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Inclined Walking Simulations (1.45 m/s)

Inclined Walking Simulations (1.45 m/s)




Metabolic Cost (W/kg)
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