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rlagtic Inierfaces
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ASOECIS Of Perforrmarnice

* Does opereior fee] distinct coritact 7
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STABILITY

o Arlermergernt oroperty of ENTIRE
SYSTEM (Inclucing opereior and virtuzl
enVIronreri)

° Depernds or ...

- Viriuzl Environrmernt progeries
- Shiffriess of operzior gresy
- Zzrnoling reie of corirol



Flepilc Inieraciion Syster
OVerview

3D Graphics Processor

Virtual Environment
or Model

Haptics Processor

Power Converter
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A closed loop nurnar-rrscrine systern

Nork)lnesr
Time/ Space verlzilor)

Viritel World Georreiry

Virtual Coupling Network
“ Colgate (1995), Zilles & Salisbury (1995), Adams
& Hanneford (1999)
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Virtual
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Pecsivity

° Fririciple of conservetlon of energy:

- “total energy supplied to system rust be

])
0ositive

o Definitlons:

If )t +E(0)=0, Ot=0

ol Zf (k)



Absolute Stability
Vl(S) 'V2(S)
—H‘T

e | N T RO
o— o

when terminated at either end by an arbitrary passive |oading,
N becomes a passive one-port

Llewellyn’s criteria

1) Py and p,, haveno rhp poles.

2) any polesof [}; and P,, onimaginary axis are simple with
real and positive residues.

3) Re( pll) =0
2 Re( pll) Re( pzz) = ‘ P12 p21‘ b Re( P12 p21) Hw 20
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Excalibur Design Example

0,44, 79Hz

0 1 2 3
10 10 10 10
Hz



Impedance Display Design

Re(]/ZCl ) *\
10 the two
lines overlap
10" '\ with human modell
without human model
10° 10 Hy 10°
Vc kc Ve
—> —>
f. f
RS

Excalibur Numerical Design
Admittance Display Design

k. =51%; Db

=90 y,%

10

0
10

-2
10 |

without human
* | model

mode P
1“ HZ . ‘1‘“ ’ | | |
Vc’ve
fC I fe
_ bc
| m,
m. = 5.0 kg bC =500 y,%



Excalibur Experimental Results

|mpedance Admittance
kc, bc, m, bCA
Theoretical | 51,000 | 90 5.0 500
Experimental | 75,000 | 90 4.3 500




Tirme Dornain Pesslvity Corlirol

o Corlcler definition of peesivity

o Carllrnolernent In softweare 7 slgrizls are
cl\/el cJJcLOJ e

o Fof zin M-port rigtwor WITNout energy

Ur IJ

(/1
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Pzisslvity Opserver

° [T E_.(n)=0 for every 1, ine syst
: .

cllsslpeties eriergy; &ls

eriergy (Isecilve).



Arolirary Syster
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Serles Peselvity Coriiroller
Algoritnrr

_|> vi(k)=v, (k) iszminoui
) f,(k)= Fe (v, (k))
Rel )

wrisre

W(n)=w(n-1)+ f,(n)v, (n)+a (n -1, (-1

Istne ouigut of the virtual environrmer,

5 P.
‘J) Vi - V,
O-W(n)/v,(n)? if W(n) <0 > (q 5
a(n) = . _ V—>+
)| W(n) 20 ; — 1
/L : _
f (n) = f,(n) +a(n)v,(n) U output 2 o




J_),I\CJ\/JF/ Coriiroller (c ( )

» Extendable to:
- parallel case (admittance)
- dissipative loads. (negative RHS)
- large networks

* Problems
- large control amplitude
- storage
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Conclusions
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