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Adaptive Gait for Large Rough Terrain of a Leg-wheel Robot
(1st Report, Gait Strategy)

- Shuro NAKAJIMA*? and Eiji NAKANO

*2 The Department of Advanced Robotics, Chiba Institute of Technology,
2-17-1 Tsudanuma, Narashino-shi, Chiba, 275-0016 Japan

A leg-wheel robot has mechanically separated four legs and two wheels, and it performs high
mobility and stability on rough terrains. In this paper, the strategy for the leg-wheel robot moving
over large rough terrains is described. First, topographical features are classified for the large rough
terrain movement. They are classified into 13 patterns by the combination of terrain surfaces. In
order to move over all classified terrains, three gaits are proposed as adaptive gait for large rough
terrain. Those three gaits are as follows: 1. Gait for an upward step : the forefoot landing point is
higher than contact points with the ground of wheels, and the robot raises the body toward the
forefoot landing point. 2. Gait for a downward step : the forefoot landing point is lower than contact
points with the ground of wheels, and the robot lowers the body toward the forefoot landing point.
3. Gait for getting over an obstacle : the forefoot landing point is not higher than contact points with
the ground of wheels, but the robot raises the body as high as possible.

Key Words: Moving Robot, Motion Control, Robot, Adaptive Gait, Leg-wheel Robot, Mobile
Robot, Large Rough Terrain, Gait Strategy

. L & Ic 2 DRI HAE L M B ER O BER o R > b 2 BFSER %
v2 (@)
BIE, BOSBORLE, BRI/ u—5Th LT ‘
5. BERSHIIEE SR T, »OBEIBREE EE D, MO S 0.1[m] BEE TOREH

B, B OBBB TR BN TNER, T~  CEETEH) ICBY 245 4 L 2 HROBBIHE
WEHR— B, 7 o—S s L 0 T GFBBREFEE CzRRL e el
B TR L, L poogs  TIRTIE, DI S AEIRE L ) ARG
RERD DD LOD, VY OBSEELER: 2 S FEL, BABIRIREELT TRBBTE 20
B TR C & B HBCIRO N T 5. ToTARICE, WS AL 02(m] BEXTO
R LT, s o TEH COREH) ZREE L, EABBEAT RS
BB EHSTETHELD, BERLOBULIEN,  ° 0 T EBBENZIET S LOOREhI L D
S AN B B C e N POSERERL, BERMEE LS ETOMYS
XETHZLNTED, 20—FHT, HEIEERN FICBL TERTS. 0.2[m] BEETERNRICTSE
BHTHY, ERWECHWESARRRIERICRC  SREE LT, BIREEHEOR S 0.2m) BET
WA B, ZRMCE TIEE> TR HY, 02(m) RECMOFEIMIETE S L, Sk
Er v HEDRER oy gy | EAOB ORECORRSTRE L BN Th
T, CEBEFEVREOARBMMEET, o, T O 7 LmBEONGICES L, Sk
F EIMAAHBTEC L) RATERBGEE  S0f (O REIERE CBOT RS ROREL
KLE D SRR B S, s L, SENIRR LI L2, 728, 02[m] D=
51C, 3 BEEOMERIRIC 4K, Mketicagy  CPBTOLVIBKTE, vfy FotEEKE]
e T B LV HEAR ETOMIT B D ERTE B,
*IER, FEIEAYTYE(® 2050016 HHEFHEEE 2- Ry POKRE &, ADBRIDBRNBROKE SOR
1. ROTHLENTREE TL LILd, BB

E-mail: shuro.nakajima @it-chiba.ac.jp

— 242 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

MEHSBER 0 X v b ORTEMECSE (F1H) 2927

TRTDHIETHBLETIHBOBE L ERT L &
L.
TTICKBDICED, HWER2 Ry b LTOSE
WIIZET 2 b0 0 5 208, WAL R R,
HFIZKT 26D THS. £z, HEOSEICEALT
I, IREOIC LA KRBOBRSIEN LB LD
DIORLWEHSB. IR LTARI T, 4508
AN TS 2 8O RAR & RRAIC L, &
AT A HFEEZR b0 TH S, DL
FICE LTI, WERSEE o Ry M b TlEo, &
B U T e S L AT LIS T B & 0 ST A 22 B LR
PR LIELDTHSE. LT, DELELTOKRER
MU & BB FIEE & 3 5 RABEHLE IS AR 3 o0
RGN SR D2 LERBRT D, AL, &HE
BB O KR Z L 2B b DO TH Y, FHEEMD
B ST ERLIEZLDOTH S, HBFEIEOHIEHFE
DI DOV TIE, BERCTHET 5.

the length of each part of leg
H 0.08[m]
12 0.30[m]

fore left leg 13 0.40[m]

hind left leg wheel
i1 13 wheel

diameter  0.64[m]

0.64[m]

\ﬂ : dan
w' -
distance between bases
. H 1 of the legs
i \ Ll 0.92[m]
hindrightleg ] / fore rightleg | LW 0.40[m]

- . actuator
Side view . actuator(DC servo motor)

leg’s 1st joint 40[W)

leg’s 2nd,3rd joint 60[W]
whesl 40[W]
step axis 40[W]
total weight 65(kg]

Fwx actuator Flegx

Fig. 1 A leg-wheel robot “Chariot 3”
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Fig. 2 Leg wheel mode
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Fig. 3 Classification of large rough terrain
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Fig. 4 Four patterns of relation between front leg’s

position and the target height of the body
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Fig. 5 Three strategy patterns for moving over large
rough terrains
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Fig. 6 Targeted rough terrains of each gait
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Fig. 7 Rough terrain
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