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Fault Tolerance in Control of Autonomous Legged Robots
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Abstract : A strategy for fault-tolerant gaits of autonomous legged robots is proposed. A legged robot is considered to be fault
tolerant with respect to a given failure if it is guaranteed to be capable of walking maintaining its static stability after the occurrence
of the failure. The failure concerned in this paper is a locked joint failure for which a joint in a leg cannot move and is locked in place.
If a failed joint is locked, the workspace of the resulting leg is constrained, but legged robots have fault tolerance capability to
continue static walking. An algorithm for generating fault-tolerant gaits is described and, especially, periodic gaits are presented for
forward walking of a hexapod robot with a locked joint failure. The leg sequence and the formula of the stride length are analytically
driven based on gait study and robot kinematics. The transition procedure from a normal gait to the proposed fault-tolerant gait is

shown to demonstrate the applicability of the proposed scheme.

Keywords : legged robots, hexapod robots, gait study, fault tolerance, locked joint failure.
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Fig. 3. Workspace with a locked joint failure at joint one. (a) plane
view and (b) lateral view.

Fig. 4. Workspace with a locked joint failure at joint two.
(a) plane view and (b) lateral view.
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Fig. 5. Workspace with a locked joint failure at joint three.
(2) plane view and (b) lateral view.
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Fig. 12. Adjustment procedure to the periodic quadruped gait when
T/6<t,<T/3 . (a) the moment of the fault

occurrence and (b) place leg 2 and leg 5 and swing leg 3
and leg 4.
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Fig. 13. Adjustment procedure to the periodic quadruped gait when

2T /3<t, <5T /6 - (a) the moment of the fauk

occurrence and (b) place leg 1 and leg 6 and (c) swing leg 2
and leg 5 and swing leg 3 and leg 4.



950

A7l el e BE B8t o 4eE a9 79
divke] 7] A1 the] £239Y o418 28 282 1
Rl Zleltk A vng WA sh7) HsiA olF A
of e thel g o] 2AXg F & olg] & o] o|F3}t
717HA1 9 AR glvkar ZHERic) Oy 1400 & &
Aol vitkE] 7] AeAle] tEEL 2302 B AN
o tgd&3} xto|7h glrk. shATk vivke] 7] ZL40e B
2 R o2 UHEE 239 52 Al BE 3R /2Rt
R /27F ZoErh S Odg 2320 82 3R Hu
U F7F By 2o pEmatmFo] S ] Hargal
vioke] 7] AgA2 [gs

Lo

T oy HED ZolEofo} dith Y|t A4E e

o4 g qUxo] Ate it AEA] AES 485k B

o] opy|shE ol &4 wiEe BE2 ashi

E2Es 2R A F AT AI8S 5T 5 ok
VII. 4&

E =2olMe 87 B3 250] 24 ¥valg & v g
a&ge] WA E Bae AT = A e Ul
2 A"E ARkt vEle) B shbvt aakEE 7
duaaigg Adejsiar duangoe] o olF FEo
A obdEge HAEA AT BHeA BAsith AX
1yl F duatagoe] dAg dele 25 BAHE AAs
v 982 7YY F ot 2R FAHE oA vHL
gdgitt & =EdAe olelet I uztnge] e ol
#HAg Yot A AES Ajsielo, 538 #jke 2
A AFE wEsRE 7] 2 EAe B30th Wi
AE AEAl Aol 1 W vl 282 FAE AAEY]
7ot o5 dolle= A7 A9 4] et Al U
aFE AEAl Algel a8/de Bolr] Asix =2 EEA
2 23 Y {7 153 2xo| gEmatasde] dojd §
Aeret Wagy 7] AR dddst: 34E 7
ok Ak g 771 A3AE o83t BEE 1o
dojubr] AEc) FolEXT fdEd 1R {1 5 3l
=3

ozt w3l 23] AA 29 #A oA dolvks 2

0 1 2 3 4 5 6
el

23

g2l5

=

o} 2l4

chal 6

(a) (b (c) (d)

a8 14 vinke] 7] 23] deAl ER (@~ dE 18
7@~ (@ FHE 7.
Fig. 14. Gait diagram of the periodic quadruped gait.
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