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Oscillator-Mechanical Model of the Pattern Transition on Quadrupedal Locomotion

Based on Energy Expenditure

Satoshi ITo*, Hideo YuAasA™ ™ and Koji ITo™**

Physiological experiments suggest that spinal network, called by CPG, generates locomotion patterns. Many
papers have formulated it at the neural oscillator level, but only a few papers include the mechanical model
in pattern formulation. This paper will consider both oscillator and mechanical model of the quadruped. The
oscillator model generates the locomotion patterns of mechanical model, while the mechanical model provides
the energy consumption based on which the oscillator model determines the generating pattern.

Quadrupeds might select the locomotion patterns in order to consume less oxygen. The experiments in horses
have supported this hypothesis. This paper derives the energy evaluation from two types of energy definition,
which reflects the experimental result in horses very well. Our formulation connects with leg swing amplitude,
i.e., the swing amplitude determines the energy expenditure. Simulations show that the simplified mechanical

model can walk with less energy by changing the generation of locomotion patterns in oscillator model.
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Fig.1 Mechanical model.
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Fig.2 Proposed control scheme for quadrupedal loco-
motion.
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Fig.3 The energy evaluation defined at this paper.
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graph reflects the experimental result with
horses by Hoyt and Taylor.
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Fig.6 Energy expenditure is determined by leg swing
amplitude.
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Fig.9 The displacement of each hip joint angles in walk, trot and gallop.
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Fig.10 Upper graph shows the locomotion velocity. The desired velocity goes
up from 1.0(m/s) to 3.0(m/s) at 2.0s. The velocity is gradually chang-
ing to 3.0(m/s). Lower graph shows the displacement of the each hip
angle. The locomotion pattern makes transition from walk to trot.
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Fig.11 Upper graph shows the locomotion velocity and lower graph shows the

displacement of each hip angles. Locomotion pattern makes transition

from trot to gallop.
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