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In the fields of robotics and bio-mechanics,
the significance of elastic potentials like
springs or tendons for energy-efficient loco-
motion is widely recognized. However, the-
re remains an open challenge in designing
a robotic leg that consistently performs well
across various operating conditions, particu-
larly different average forward speeds.
In this project, you will conduct a compre-
hensive parametric study using a monopedal
robot (depicted below). Your main objective
will be to investigate the energy efficiency of
the robot by implementing a optimization pro-
blem that includes the linear spring stiffness
kl of the robot’s leg. Additionally, you will ex-
plore how the optimal energetic cost varies
across different kl and average speeds vavg.

To accomplish this, you will set up a (peri-
odic) trajectory optimization problem that is
parameterized by kl and vavg. To efficiently sol-
ve this optimization problem for various pa-
rameters and generate a surface of optimal
points (as illustrated in the cartoon below),
you will utilize numerical continuation me-
thods for computationally efficient analyses.
By visualizing and analyzing this surface, we
aim to gain valuable insights into designing
an efficient leg.
We hypothesize that the optimal leg stiff-
ness, kl, remains relatively independent of the
average speed, vavg. By testing and validating
this hypothesis, we can pave the way for ad-
vancements in leg design for energy-efficient
robotic locomotion.

Monoped with leg stiffness kl and average
speed vavg

A cartoon of the desired surface plot of
energetically optimal gaits
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