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Wearable Robotics as a field has primarily been interested in reducing
the metabolic cost of locomotion. However, this has historically been
achieved by active devices [1]. Recently, passive devices that provide no
net work to the user have been shown to reduce the metabolic cost of
walking [2]. However, since these devices cannot net dissipate or absorb
energy, it can be potentially destabilizing in uneven terrain. Here,
through a modeling framework we study the effect of exoskeletons on
the perturbation response of hopping in the context of a sudden drop in
substrate height (‘falling in a hole’)

Hypothesis: Passive 
Exoskeletons make 

recovery from terrain 
perturbation slower

We modeled human hopping using a cyclically stimulated Hill-
type muscle-tendon in parallel with an elastic exoskeleton that
actuate a mass in gravity through a lever arm.

(a) Physical model representation, (b) Block Diagram and (c) Free Body Diagram

Results

Settling Time and Muscle Strain decrease with increased Exoskeleton Stiffness. Metabolic 
Power of steady hopping has a sweep spot with respect to exoskeleton stiffness. 

Passive Exoskeletons :

Increasing exoskeleton stiffness reduces the energy lost in the first step after perturbation. 
Thus energy lost is closer to energy added to the system (mgh). In subsequent steps the 
exoskeleton helps the muscle to inject energy back into the system more rapidly.

The model is allowed to reach steady hopping for 50s and then
suddenly, the height of the ground is perturbed. This is done for
a combination of heights and exoskeleton stiffness’. To study the
effect of exoskeletons on perturbed hopping we look at :

a) Time taken to recover from perturbation (b) Muscle Strain in
the perturbed step and (c) Metabolic Cost of Steady Hopping
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(a) Improve metabolic cost in steady hopping,
(b) Reduce muscle injury after perturbation and
(c) Improve stability in uneven terrain
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