Trajectory optimization for galloping quadruped robots.
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Abstract

This paper proposes an optimal galloping trajectory which costs low energy and guarantees the stability of the
quadruped robot. In the realization of the fast galloping, the trajectory design is important. As a galloping trajectory, we
propose an elliptic leg trajectory, which provides simplified locomotion to complex galloping motions of animals.
However, the elliptic trajectory, as an imitation of animal galloping motion, does not guarantee stability and minimal
energy consumption. We propose optimization based on the energy and stability using a genetic algorithm, which
provides the robust and global solution to a multi-body, highly nonlinear dynamic system. To evaluate and verify the
effectiveness of the proposed trajectory, computer simulations were carried out.
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TABLE 1
A. Specifications of the quadruped robot.
Front Rear
Length | Weight Length Weight
Linkl 1 o 13m | 047kg | 0.15m 8'57"
Link2 | o18m | 048kg | 0.15m 8'18"
Link3 1 o1m | 018kg | 0.4m 8'18"
Base link | 0.6m 17.7kg Total Mass 20kg
B. Passive leg’s Specifications.
Front spring 8ONM Rear spring 8ONM
coefficient coefficient
Front d_ar_nplng INms Rear dqrr_]pmg INms
coefficient coefficient
Z.’f

Fig. 1 Frame assignments for the 2D quadruped robot

Fig. 2 Elliptic Trajectory

TABLE 2
Symbolic Notation

R Elliptic trajectory position.(m)
6, Joint angle.(rad)
5"@ Joint angular velocity.(rad/sec)
7 Input Joint torque.(Nm)
¢mgm] Elliptic trajectory angle of flight section.

¢, | Elliptic trajectory angle of touch-down section.

i

#. | Elliptic trajectory angle of lift-off section.

i

1| Flight phase.

2 | Touch-down phase.
3 | Lift off phase.
1

2

Front leg.
Rear leg.
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Fig. 3 Outline of the control system.
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Fig. 4 Flow chart of a running cycle
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TABLE 3 10

Fixed parameters .
Major Minor —
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length length 24
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time(ms)

Fig. 10 Contact force with GA
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Fig. 11 Consecutive scenes of a galloping on the flat
surface
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