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Fault-Tolerant Tripod Gaits for Hexapod Robots

wIE & -& 8 |7
(Jung-Min Yang * Ji-Myong Nho)

Abstract - Fault-tolerance is an important design criterion for robotic systems operating in hazardous or remote
environments, This paper addresses the issue of tolerating a locked joint failure in gait planning for hexapod walking
machines which have symmetric structures and legs in the form of an articulated arm with three revolute joints. A
locked joint failure is one for which a joint cannot move and is locked in place. If a failed joint is locked, the
workspace of the resulting leg is constrained, but hexapod walking machines have the ability to continue static walking.
A strategy of fault-tolerant tripod gait is proposed and, as a specific form, a periodic tripod gait is presented in which
hexapod walking machines have the maximum stride length after a locked failure. The adjustment procedure from a
normal gait to the proposed fault-tolerant gait is shown to demonstrate the applicability of the proposed scheme.
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Fig. 1 Two-dimensional model of a hexapod robot.
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Fig. 2 Leg model of an articulated-arm type.
3. ¥R £
e FFnAnFe] LAY “MJ ¢ 3de AXE
¢ F & oW Foz ma=o $holA ¥A ¥ B
dugazgel dojvd ue] AR dde ARE
(degree of freedom)?t ZFolEo] olatgd &Zute] &x =
FTHT). 2 BelAe BAnZnR] tele A B 2
7t RS A 2YHE Gl oF Js €99 W
g 25N 47 2R 7178 @A mARC



3.1 #d" 19 u&

BAnRnFo) BAsel B lo] $Ho|x RaA H
tals F oAe A #4Z olFold 2-"d= HA B
FelEist 399 A7Re ANA Bk maA dae o
% Jbs W9E Yo Y3 AEWY) 299 Wos 1Y
33 #e Aol et awdd e B3 10 Ry 9
Aejry, B =8N mEsta 9= AX Ry A ogel
AHe A9 999 FA Yo glojol dma o] @
AE ¥ ezt 092 $ QA= FX 998 29 39 4
Pl §lth 83 10 $X0)x RaW DaE AF o)F L
&7 Z3n B 29 VA 38 o] gt AN o]
o &2 FHUL HY ¢ U

)]

Y 3 E 10] ¥ b Fo| =Y HY (a) HHE, ()
EHE,

Fig. 3 Workspace with a locked joint failure at joint one.
{a) plane view and (b) lateral view.
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Fig. 4 Workspace with a locked joint failure at joint two.
(@) plane view and (b) lateral view.
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Fig. 5 Workspace with a locked joint failure at joint three.
(a) plane view and (b) lateral view.
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Fig. 8 The standard tripod gait. (a) initial state (swing and
place legs 2, 3 and 6), (b) lift off legs 1, 4 and 5,
{c) swing and place legs 1, 4 and 5 and d) lift off
legs 2, 3 and 6.
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Fig. 7 The fault-tolerant periodic tripod gait. (a) initial
state, (b) lift off legs 2, 3 and 6, (c) swing and
place legs 2, 3 and 6, (d) lift off legs 1, 4 and 5
and (e) swing and place legs 1, 4 and 5 with
body moving.
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Fig. 8 Gait diagram of the periodic tripod gait in Fig. 7.
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Fig. 9 Gait diagram of the standard tripod gait in Fig. 6.
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Fig. 10 Adjustment procedure. (a) halt the body move-
ment, (b) place legs 2, 3 and 6, (¢} lift off legs
1, 4 and 5 and (d) swing and place legs 1, 4
and 5 with body moving.
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