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Passivity

U Principle of conservation of energy:

® “Energy supplied BY the network can never exceed
the energy which has been fed TO it”

U Mathematical definitions
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Series or current conserving parallel or voltage conserving
Impedance causality Admittance causality
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U Passivity Observer (PO)
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Measure energy flow in real-time

U Passivity Controller (PC)
.— Vv

|:(>+f
< _

N

Adaptive dissipation element

-IEEE TRA 2002-
-US Patent 2006-
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v,(n)=v,(n) is an input

fz(n)= Fy (Vz(n))

where F,( ) is the output of the one-port
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Simple Simul

k=710 N/m
b =50 Ns/m
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Simulation Results

Implemented to Excalibur Ha
at University of Washington
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Haptic Interaction with a Hig , i
. Extension to Multi-port C
(stiffness = 90kN/m) P
U Where to place the PC ? -IEEE TRA 2004-
U What type of PC ?
U How to activate the PC ?
U How to apply teleoperation systems?
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Applied to Two-DO

O Hardware
B Carbon fiber for increasing stiffness to mass ratio
B Cable driven mechanism

U Software
B QnX for RTOS, 1kHz sampling
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Hard Contact with SlowsV
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Time-delayed Tel

U Ground-space bilateral control
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Time-varying Del

Packet Reflector

PHANTOM Haptic Server
Pre. 1.56A

- = Haptic Data Stream, UDP
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Time-varyin Free Motion
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Motion Control
Manipulator wit
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Non-collocated Position PD-controller
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