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Bionic glove
Dr. Prochaska, Edmonton

Take over control

Cleveland FES Center



stim
RRD: Dr. Hermens

Dr. Kenney
Dr. Nene

UT:    Ing. Bulstra
Dr. Holsheimer
Verloop

MST: Dr. v.d. Aa
Dr. Buschman

2 channel stimulator for drop foot

Take over control



Take over control

FES for complete spinal cord lesion
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Influencing behaviour control system

Parkinson patient

Dr. Lenders, MST
Medtronic

Brain stimulation
with Parkinson



Dr. Holsheimer, UT

Influencing sensation
Spinal cord stimulation

against pain

Influencing behaviour control system
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artificial motor control

Principle Control a relation between
position and force

K

continuous 
operator 
control

intention 
detection

Artificial
reflex

Impedance
control

High 
level

Low 
level

Continuous
control

Discrete
time control 

Fy

y
r 

r 
ky = F + ky

F

y
r y

y

F
Z C

Plant
+

loadF
r 

y
r 



artificial motor control
Physiological Impedance control

of the human body

Crago et al., CWRU

Control of 
FES assisted 

hand grasp



MIT, Hogan, Krebs

artificial motor control
artificial Impedance control

of assistive system

Impedance controlled system
for standing-up training

(Kamnik & Bajd, Ljubljana)
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Lokomat system
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