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Introduction

* Multiple segment inverted
pendulums

* Used in biomechanics to model
‘1
balance recovery and postural control J

in humans. s
* Present Study by
* model two configurations of double é

segment inverted pendulums to

analyze the strategy used to recover )

from external perturbation ‘jl
4




Acrobot Model: Strategy 1

* Model:

* Under actuated double segment inverted pendulum modeling
“hip strategy”

* Strategy

* Forward or backward sway displacement elicited rotation of the
hip that moved the trunk in the direction of the initial body
displacement.
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Figures: Experimental work showing use of hip strategy when subjects
stand on a narrow beam.




Wobble Chair Model : Strategy 2

* Model:

* Under actuated double segment inverted pendulum

* Strategy

* Tanaka et al. (2010) recovery of COM location was achieved by
causing flexion of trunk when overall center of mass was
posterior to pivot point.
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Strategy: Acrobot Vs. Wobble Chair

* Purpose

* Attempt discovery of the opposing strategies used between the
acrobot and the wobble chair to recover balance after an
external perturbation

Perturbation

“ <« /]
~
\\ ! perturbation

.
[]

\, h

h (]

[]

! D

]




Models’ Description
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Wobble Chair
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Xcom, = (My * 1, xsin @ + m; * 1, xsin(6; + a) + mg * (L * sin(0; + a) + 15 * cos(6; + a)))/(m, + m; + my)

Yeom, = (—my * 1, * cos 01 —my x 1 * cos(0; + a) +mg * (—L, * cos(0; + a) + 15 * sin(0; + a)))/(m, + m; + my)
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Models’ Parameters :
Acrobot
L,
* Simplified models’ Parameters 2 & Wobble
Chair Ty
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mp m; mg my m, r r) L1 LZ 11 IZ a Q
(kg) | (kg) (kg)| (kg) | (kg) | (m) | (m) | (m) | (m) | (kg m"2)| (kg.m"2)| (deg) |(deg)
Acrobot 1 0 0 1 1 05 | 0.5 1 1 0.0833 0.0833 0 0
Wobble
. 0.2 04 | 04 1 1 0.19| 0.5 0.2 1 0.0500 0.0833 150 176
chair




Equations of motion (EQM)

* Lagrangian Method
d (0L oL 0 0 g, =0
dt\aq;) \aq;) =¥ hTh AT
1 N N 1 . 2 . 2
K = §m1|1’1|2 + Em2|7”2|2 + 51191 + 51262
V = —mg 7] cos(6;+p) —myg |Ly| cos 8; —m,g |75] cos 6,
* EQM
M6 +¢(6,0)6 +G(0) =Q
. 2 —
_ I + mq|ri|? + m2|L1| m2|L1||r2| cos(6; — 92)]
m2|L1||r_2’| cos(8; — 6,) I, + my|r,|?
C= 0 m2|L_1)||r_2’| sin(0; — 6,) 6,
|—m;|L, |I7] sin(6; — 6,) 6, 0
G = 'myg|r;]| sin(6; + @) + m2g|L_1>| sin 01] 0= [—T + Tsp]
m,g|7r;| sin 6, T
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Controller: PID
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Stability Criteria: Hilbert Envelope
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8.,m converging to zero indicating a stable system




Stability regions
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Different Strategies
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Transformation:

0%
25%

50 %

S P=——2 L e—a

Ly =Lis(x)+ Lis(1—x)
my = myy(x) + myg(1 —x)

Ly = Lg M; = M
1=Lp+LS+Lt 1=Mp+MS+Mt




Transformation Results
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Summary

* Two segment inverted pendulum
models were developed erturbation '
representing the acrobot and RV
wobble chair configurations
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* Two opposite recovery strategies
were observed for the models ®
subjected to an external
perturbation
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Future Work

* Transforming the model in x and y direction
* The location of the COM of segment 1

Vertical,qtio= -1

* Find out why the models choose different strategies
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