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Summary 
A computational model was developed to simulate hopping at 
different gravity levels. The hopping frequencies that 
minimized energetic cost at each gravity level were 
determined. Even though the optimal frequency was not 
expected to change with gravity, we observed that lower 
gravity levels had lower optimal hopping frequencies. 

Introduction 

Humans are capable of running and hopping at a range of 
frequencies but tend to prefer the frequency that minimizes 
metabolic cost. It has been hypothesized that this ‘optimal’ 
frequency corresponds with the natural (resonant) frequency 
of the leg-spring system [1], which would in turn require 
minimal muscle action. The natural frequency of a spring is a 
function of stiffness and mass, and therefore should not rely 
on factors like force or acceleration due to gravity. However, 
people in low-gravity environments (e.g., on the moon) and 
simulated reduced gravity appear to hop at lower frequencies, 
but the reason for this is unclear. The purpose of this study is 
to determine the metabolically optimal hopping frequency 
across a range of gravity levels, and to determine the 
biomechanical parameters that lead to the optimal movement. 

Method 
A neuromechanical model was adapted from [2] to simulate a 
bouncing gait (i.e., vertical hopping) at ten different gravity 
levels (10-100% Earth’s gravity). For each gravity level, a 
21x21 increment parameter sweep of muscle stimulation 
frequency (1-3 Hz) and muscle activation level (0-100%) was 
performed. For each data point, metabolic power [2], leg 
stiffness [3], and contact time were calculated. Data from the 
final 10 seconds of the 60 second simulations were used for 
analysis to ensure stable behaviour of the model. Data were 
included if the simulation achieved a hop height above 1 cm 
and if the muscle strain (muscle length/resting muscle length) 
did not exceed 1.3 [2]. For each gravity level, the combination 
of muscle stimulation frequency and muscle activation level 
with the lowest metabolic power was found (Fig. 1). 

Results and Discussion 
Muscle activation level was closely associated with metabolic 
power; the lowest metabolic power was observed in situations 
where the muscle activation level was reduced. In general, the 
metabolically optimal hop frequency increased with gravity, 
and low gravity levels resulted in slower optimal hopping 
frequencies. While leg stiffness did not show a consistent 
trend with gravity, 1/time of contact (1/tc; [4]) showed a 
shallow increase but was relatively consistent for most trials. 
Therefore, we may conclude that even though optimal hop 

frequency changes with gravity, these frequencies may be 
accomplished with the same leg stiffness. The relative 
consistency of 1/tc across gravities indicates a similar duration 
of force application; therefore, the different optimal 
frequencies are likely the result of differing aerial durations. 
Everything considered, it appears metabolic power was mainly 
driven by muscle activation amplitude, rather than timing. 

 
Figure 1. Parameters that resulted in minimal metabolic power 
for each gravity level. 

Conclusions 
It appears that minimizing metabolic power at lower gravity 
levels is facilitated by lower frequency movements that may 
be accomplished by similar leg stiffnesses. We plan to 
experimentally test these model predictions by exposing 
humans to simulated reduced gravity hopping protocols. 
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