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Abstract— Humans and animals use a variety of gaits to
move energetically economically across a large range of speeds.
Can legged robots similarly benefit from multiple gaits? We
aim to answer this question for a specific robot: the planar
biped RAMone. Using optimal control with a detailed model,
we show that energy consumption can be significantly reduced
by switching from walking at low speeds to running at high
speeds [1].

I. INTRODUCTION

We want legged robots to be able to move in an ener-
getically economical fashion over a wide range of speeds.
For example, an autonomous search-and-rescue robot would
ideally operate in at least two distinct locomotor modes: a
fast travel to quickly get to the disaster scene, and a slow
exploration at the scene to search for survivors. Efficiency
is key in either mode to maximize the operation time and
range of the robot.

Similarly, animals need to move economically over a range
of speeds. They achieve this by employing different gaits,
such as walking, running, or galloping [2], [3]. Can changing
gaits can produce similar energetic savings in legged robots?

II. APPROACH

We explore this question through a case study on the robot
RAMone, a series elastic planar biped designed to be capable
of diverse, dynamic and economical locomotion.

Using a heuristic controller, RAMone has exhibited a
range of stable walking gaits that correspond well with the
simulated behaviour of a detailed model [4]. However, since
the controller used is heuristically defined, it is likely that the
energetic cost of these motions can be substantially reduced.

In order to exploit RAMone’s full energetic capabilities,
we use numerical optimal control to determine the energy-
optimal motions for the robot model [1]. Actuator inputs
and motion trajectories that minimized the electrical cost
of transport were identified for a range of velocities. We
considered motions with two different footfall sequences (a
walking sequence with a double-support phase and a running
sequence with an air-phase) and two different orientations of
the knee joints (pointing forwards and backwards). Using gait
characterizations established in biology [5], these optimal
motions were then classified by their center of mass energy
profile.

III. RESULTS

The optimal motions were found to be distinctly different
at low and high speeds, primarily in terms of the dynamics of
the motion. They could be clearly identified as either ballistic
walking with an instantaneous double-support at low speeds

Fig. 1: The series elastic planar biped RAMone was designed
to investigate the role of gait in energetically economical
locomotion.

or spring-mass running with an extended air-phase at high
speeds. That is, at low speeds nearly no energy is stored in
the actuator springs, while at high speeds almost all of the
energy fluctuations within the robot is conducted through the
springs. There was no continuous transition between these
types of gait, with a sudden change occurring at a speed of
1.04 m/s.

Switching from ballistic walking to spring-mass running
reduced energy consumption by up to 88 % at higher speeds.
This indicates that multiple gaits can be used to significantly
improve the energetic economy of legged robots.
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