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What is an exoskeleton?

Wearable device

Works in parallel to user

Augment, support or 
restore movement

[Source: cyberneticzoo.com]



Growing field
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[Credit: A Melendez-Calderon]



Range of exoskeletons: applications

Military
Consumer
Industrial
Medical
Research

[Source: Honda]

[Source: Roam Robotics]

[Source: auxivo][Source: Lockheed Martin]

[Source: ReWalk]



Range of exoskeletons: medical

Shapes
Body parts
Intended uses

[Source: ReWalk]

[Source: Honda]

[Source: Hocoma]

[Source: Hocoma]

[Source: rexbionics]



Challenge: safety

Environment

Training

Access to third person

It only takes 1 fall…

[Source: indego]

Clinical use

[Source: ReWalk]

Personal use

Therapy Assistance



Challenge: safety



Challenge: weight vs power

more efficient

more efficient

[Source: RELab, ETHZ]

[Source: Hand of Hope]

[Source: Diller, Collins, Majidi, 2016]



Challenge: shared control

[Source: indego]

User autonomy

Robotic support



Challenge: shared control

Ambulatory SCI patient
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‘Assist-as-needed’
[Source: Maggioni, Melendez-Calderon, et al.]
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Challenge: shared control
Ambulatory SCI patient

Non-ambulatory SCI patient
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‘Assist-as-needed’
[Source: Maggioni, Melendez-Calderon, et al.]



Challenge: shared control

movement

balance

reactions to perturbations

obstacles

terrain

tasks

Exoskeleton

User

sensors

AI

actuators

interfaces



Challenge: shared control

Tucker et al., ICORR, 2013
Tucker et al., TBME, 2017



Challenge: shared control

[Source:RELab, ETHZ]

https://www.youtube.com/watch?v=gGw52WkqjHM

https://www.youtube.com/watch?v=gGw52WkqjHM


Clinical implications

Improvements in bone density, bowel function, spasticity
“People who receive electromechanical and robot‐assisted 
arm training after stroke might improve their activities of daily 
living, arm function, and arm muscle strength. However, the 
results must be interpreted with caution although the quality 
of the evidence was high, because there were variations 
between the trials in: the intensity, duration, and amount of 
training; type of treatment; participant characteristics; and 
measurements used.”

[Mehrholz et al., 2018]



Take-home message

Growing area

Huge potential

High expectations

Complex systems

Exos are only tools to 
enable different 
interventions!

Source: https://www.youtube.com/watch?v=xq8c_hgMOZ8

https://www.youtube.com/watch?v=xq8c_hgMOZ8
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