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Abstract

In this paper, A model of 4-legged walking robot is presented by investigating the gait of
animals, which can walk with maintaining static stability on irregular terrain. Kinematics of the
model robot was analyzed by geometric approach, and a gait control algorithm is proposed for the
effective walking on irregular terrain. Terrains are classified into 4 types in order to study the
terrain adaptability of the proposed algorithm and it is simulated for each type of terrain.
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Fig. 7. Structure of walking robot control system.
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Table 1. Kind of static walk.
7ol A
1|LF|{LR|RR|RF *LF: 1% olrjg
2 | LF|LR|RF|RR LR 81% =g
3 | LF|RR|LR|RF RF ! .82 olcig
4 | LF| RR| RF| LR RR: S &% sic}g
5| LF| RF| LR| RR
6 | LF| RF| RR| LR
1.0 Ay 0.25
X
0.5 0

288, gusides FAY Hw

Fig. 8. Representation of walk by relative phase.
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Table 2. Supporting phase (S=0).
LF|LR|RR|RF| %7
0-tl1] SP|SP|TP| SP| RR
t1-t2|{ SP{ SP|SP| TP| RF
t2—-t3| SP| TP | SP| SP| LR
t3-T | TP| SP| SP| SP| LF

* SP . = A 4t (support ph_ase)
TP . o] 5 A (transfer phase)

o] % 3lo] ol we} Al 3 o] ek FAIZE &
wlol 2aole ArlE A0), A3 Wk wel 24
gzt (o] Zo|7} E, el A%k gE A7 ¥
£ duty factor 2b® o}-g-9f A Alo] A& Elc),

E=3A(0) (8)

A=4A(0) (9)

B =3/4 (10)
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Fig. 9. Changing process of supporiting phase.
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TH EFIBEHRIGE $ 2% B 7 %
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Table 3. Supporting phase (S=0).

LF|[LR|RR|RF| = =z
0-t1|SP | SP | SP | SP | 4 2tx|#
tl1-12 | SP | SP | TP | SP | #2:RR
t2—-t3|SP | SP | SP | TP | %% : RF
t3—-t4 [ SP | SP [ SP | SP | 4 7=
t4—t5(SP | TP | SP | SP | 7 LR
t5-T [TP | SP | SP | SP | #2: LF
* SP . # & A (support phase)
TP : o] %A} (transfer phase)
B =3/4(1+1/(1+A(S)/S)) =3/4 (13)
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Fig.10. Flow chart of gait control.
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Fig.11. Selection of rear leg supporting point.
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T EEE
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F4o4 2 FAd7 gE e AF doE
LF 9 $x17} 206.94 294.5 2 o|5ghd]l Hbshed
X=261~300°] 2=tz AAH 74-FelE 206.9 o
4] 259.6 0.8 olFgte g FdE Fite] chele

E 4. uEe 93
Table 4. Position of foottip.
A7t 9g AL SA L e AL

RF RR | LR LF RF RR LR LF
250.7| 63.1} 19.2]206.9 250.7 | 63.1| 19.21 206.9
250.7 | 63.11106.9|206.9 250.7 | 63.1(106.9] 206.9
250.7 1 63.1]106.9|2%.5 250.7 | 63.1]106.9] 259.5
250.7 {150.7 | 106.9 | 294.5 | 250.7 | 149.5 | 106.9 | 259.5
338.31150.7 [ 106.9 | 294.5 320.3 1 149.5 1106.9 | 259.5
338.31150.7 | 194.5 | 294.5 320.3 | 149.5 {159.5 | 259.5
338.31150.7 | 194.5 | 382.1 320.3 | 149.5 | 159.5 | 347.2
338.31238.3|194.51382.1 320.3 1 203.3 | 159.5 | 347.2
425.91238.31194.5 [ 382.1 390.9 {203.3 [159.5 | 347.2
425.9 | 238.3 | 282.2 | 382.1 390.9 | 203.3 | 247.1| 347.2
425.9 | 238.3 | 282.2 | 469.7 390.9 | 203.3 | 247.1 | 434.7
425.9325.9282.1|469.7 | 390.9 [255.9 |247.1434.7
513.6 | 325.9 | 282.1 | 469.7 477.4 | 255.9 | 247.1 | 434.7
513.6 { 325.9 ( 369.7 | 469.7 477 .4 [255.9 | 306.7 | 434.7
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Fig.18. Walking process on stair.
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