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Why Robotic gait training?

� Robots suited for intensive 
therapy

� Robots for objective and 
precise measurements 

� Demographic trends, Less 
care workers available for 
graying population

� Physical unloading of 
therapist



Design and control of exoskeleton 
affect dynamics of human walking

• Design choices
– Degrees of Freedom (constraints)

– Inertia and mass (Eigen frequencies)

• Controllers
– Impedance control instead of position control

– Compensate for gravitational forces

– Virtual model control to emulate therapeutic actions

LOPES, Univ Twente Lokomat, Hocoma Inc. PAM/ POGO, UCLA



Effect of Degrees of Freedom

Free walking
0.74 m/s
2*10 cycles
10 subjects

Zero Impedance mode

Zero Impedance & Pelvis fixed 
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Effect of Degrees of Freedom



Effect of Degrees of Freedom

Veneman JF, Menger J, van Asseldonk EH, van der Helm FC, van der Kooij H. Gait Posture. 
2008 Jan 18.
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Effect of Degrees of Freedom

Veneman JF, Menger J, van Asseldonk EH, van der Helm FC, van der Kooij H. Gait Posture. 
2008 Jan 18.
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Effect of Inertia on muscle activation
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Effect of Weight Skeleton



Agrawal et al, IEEE TNSR, VOL. 15, NO. 3, SEPTEMBER 2007

Effect of Weight Skeleton



Control of step height

• Calculate force at ankle

• Calculate required 
torques
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Example: Modification of swing 
trajectory by virtual model control
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Example: Modification of swing 
trajectory by virtual model control



Support of left foot clearance

No interaction with other 
gait descriptors



Support of left step length

Interaction with 
right leg

Interaction with 
foot clearance

Interaction with 
cycle time 
(speed kept 
constant)



Subject driven treadmill speed
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Effect on energy consumption

Heart Rate (BPM)

Subject driven treadmill speed

Control (outside LOPES)



Conclusions

• Constraining pelvis motion
– changes the unstable nature of walking 
– affect gait descriptors 
– result in uncomfortable interaction forces

• Added inertia results in 
– increased muscle activation to de/accelerate legs
– In combination with treadmill a reduced to push off

• Walking in a zero impedance controller exoskeleton increases 
metabolic costs
– ? Constraints (e.g. on arm swing)
– ? Added inertia/ mass

• With impedance control it is possible to:
– Selectively influence the step height (weight compensation, VMC)
– Modulate step length, but interaction with other leg and cycle time
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