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Designing Fault-Tolerant Gaits for Quadruped Robots Using Energy Stability
Margins

B E &
(Jung-Min Yang)

Abstract — This paper proposes a novel fault-tolerant gait for quadruped robots using energy stability margins. The
previously developed fault-tolerant gaits for quadruped robots have a drawback of having marginal stability margin,
which may lead to tumbling. In the process of tumbling, the potential energy of the center of gravity goes through a
maximum. The larger the difference between the potential energy of the center of gravity of the initial position and that
of this maximum, the less the robot tumbles. Hence this difference of potential energy, dubbed as Energy Stability
Margin (ESM), can be regarded as the stability margin. In this paper, a novel fault-tolerant gait is presented which
gives positive ESM to a quadruped robot suffering from a locked joint failure. Positive ESM is obtained by adjusting
foot positions between leg swing sequences. The advantage of the proposed fault-tolerant gait is demonstrated in a case

study where a quadruped robot with a failed leg walks on a even slope.
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Fig. 1. Two-dimensional model of a quadruped robot.
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Fig. 2. Leg model of an articulated-arm type.
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Fig. 3. Fault-tolerant gait for straight-line motion of a
quadruped robot with a locked joint failure at leg 1.
(a) initial state, (b) swing leg 4, (c) swing leg 2 and
leg 3 and (d) lift off leg 1 and move the body.
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Fig. 4. Gait configuration for deriving ESM.
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Fig. 6. Energy stability margin graph. (a) =0°, (b} 6=10°.
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Fig. 7. Foot point adjustment of a failed leg. (a) locked
failure at joint one, (c) locked failure at joint two or
three (lateral view) and (c) locked failure at joint two
or three (plane view).
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Fig. 8. Fault-tolerant gait of quadruped robots having
positve ESM. (a) initial state, (b) swing leg 4, (c)
adjust foot point of leg 3, (d) adjust foot point of
leg 1, (e} swing leg 2, (f) adjust foot point of leg 1,
(g) swing leg 3, (h) lift off leg 1 and move the body
and (i) adjust foot point of leg 3.

5 Nonuslized ESM vith =0

05

o —l
0p 1@© 2 3@ 40 5@ 6MH 70 8

time(sec.)
(a)
Nonualized ESM

8 11 | A
P
, ESM with 8=10"

------- ESM with 8=20"
6
5
') S DRI SRS SR SR SIS SPURRRI HR -
3
2
1

1]
0@ 1@ 2@3CE 40 50@©°6M®M7?70O 8
time(sec.)

(b)

O 9. ZAMNHE HYsle AE 2d 282 ESM. (@) 0
=0°, (b) 6=10°, 20°. :

Fig. 9. ESM of the quadruped robot walking over a slope.
(@) 6=0°, (b) 6=10°, 20°.
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