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Modelling

1 Conceptual models 2 Complex models
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Approach 1 (conceptual models):

Postural

* Simple conceptual models .
°s. 5P fBol@@OmMOotion smplf\

Pendulum) u
: Balance

* Locomotion sub-fu
- Bouncing A
- Balancing
- Swinging
 Distributed control
* Developing controllers
inspired from biology
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VPP Concept

Virtual
Pendulum

VPP

Virtual
Pivot Point
(VPP)

CoM

Virtual Pendulum (VP)
Roly Poly Toy Concept .
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Physical implementation of VPP

Postural control with VPP

Ft SINY + 1ypp SINY — §)
S 47, COSY + 1y Sin(y - y)

TVP

How can we physically implement VPP ?

Compliant hip
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Muscle reflex control of balance

* Hill muscle model (1938) F,, = A(t)F,F,Fy,

* Geyer et al. 2003: Positive force feedback
(PFF) for activaion

» Gunther et al. 2010: adjust muscle damping K,

=>» Our method: - m , MO
adjust muscle stiffnes® based gp leg. force |\ -
SP
o PDE(Fy) AN P
FMCH (Force Modulated)icompgignt Hip) &
« l|-|-|' ) IA:PDE ;- I R :
< v >4 N >
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Duality of VPP and FMCH

Tonen = F,@ =v,)

VPPC FMCH 3
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Simulation results in walking TECHNISCHE
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Experimental validation
(IROS2015 submitted)
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Implementing a neuro-muscular model based on FMCH concept
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Approach 2 (complex models)
Hybrid zero dynamics
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* Model explanations:

q=[q|7qzvq3’q4’QS]T x=[61,6]]T
P 4 O lu=regeou
D™'(-C4-G) D™'B

xt=Ax"
+ Control design
- Output definition y=~h(q)
- Feedback linearization
1 ’_}_‘ 2

u(x)=(L,L(x))" (-K,y-K,y-Lh(x))
y=v

- PD controller

j).=_KPy_KDy A y_>0
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Output definition and stability

* Output definition &virtual constraints (VC)
- VC relate states to each other y="h(q)

* Leg angle(y) as the leader

i q1 hi(y)
y= | 2ol 2| ha(w)
il 93 my) | Y
Y4 q4 ha(y)
y=0—gq,=h(y),i=1.4
+ Stability: leg angle / lsh

- eigenvalue of Poincare map \1, /S

Y
- 1d (underactuated DOF) instead of 10d
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Mimicking human walking

» Extract desired joint movement
from experimental data

» Design virtual constraints

* Develop HZD controller
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Virtual constraints from human
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Mimicking human walking with HZD
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Kinematic behaviour:
simulation vs. experiment
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Addition of foot to the model => More phases
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Thank you for your

attention!
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Tracking
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S={(q,q JETQ pd2Tv=0,pi2 14 >0}

D(q)q+C(q.9)q+6(9)=8(q)u
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Kinetic behaviour:
simulation vs. experiment
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VPP: experimental data
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