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Adaptive Gait for Large Rough Terrain of a Leg-wheel Robot
(3rd Report, Gait for a Downward Step)

Shuro NAKAJIMA* and Eiji NAKANO

*2 The Department of Advanced Robotics, Chiba Institute of Technology,
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A leg-wheel robot has mechanically separated four legs and two wheels, and it performs high
mobility and stability on rough terrains. The adaptive gait for large rough terrains of the leg-wheel
robot is composed of three gait strategies. In this paper, the gait for a downward step, which is one
part of the adaptive gait, is described. The point of the flow of the gait for a downward step is
described. When the robot approaches a downward step, a forefoot touches the surface deeply. It
forecasts the existence of the downward step by the information on the forefoot’s touch point. After
that, the robot does the step edge searching operation. This searching operation is the point for going
down the.step, since the robot fell under the step if it has walked without knowing the step. When
the body goes down the step a little, the load sharing ratio of legs increases so that the load of the
body rests upon legs. Therefore, the robot finds the edge of it, and it changes footsteps for prepara-
tion of going down the step. After the preparation, it can lower the body from the step supported by
all legs and wheels. To lower the body, the following items are needed similar to the case of an
upward step.: 1. Acquisition of target value of lowering the body. 2. Correspondence to difference
between target depth and actual depth.

Key Words: Moving Robot, Motion Control, Robot, Gait for a Downward Step, Adaptive Gait,
Leg-wheel Robot, Large Rough Terrain, Gait Strategy
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Fig. 1 A leg-wheel robot “Chariot 3”
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Fig. 2 Targetted rough terrain of the gait for a

downward step

XHE LT D KA A BOBEFIRIL, T4 4
T LR CHIRE TR LT, BRZEENS I 5]
bDETH, ZOEBE, BBEULUTHEEKET AT
WX, BEME c A RV XME - HEE D L REO S
P P OB D, T ORG FERII R L TR
EEHELTHWAENEE LML THY, BRELV S
KOLFEREZELTHD. BB, 4HETLERTE
FLTREIT 582 [2ZRBRR] LS.

EFLO L 5 I &M ERRRIC L 0 KA % B8

THEMER S0, —HEUEBELEVWE Th
RVBREIZIIFETE RV, 1277 LA TIAIE 2
035[m] £ LTHEY, #HELTVS 02[m] BEET
DRI+ BB FETH S (0.2[m] DBZE T
0.297[m] BB T HIE L) .

M3 ICEETVHBEORNE AT, KREMLS

aton height
@ ™

ORI 1} et cben bt
et 1 ke, 1 ynarchng

s,

Tt sl din s thenedis
chargn of ot g rabo ol i, amtoniteatpe,

gesteng chown 0 alags W0 0 the noeal et

T iy o st
Fig. 3 An image of the gait for a downward step
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Fig. 4 Estimation of a step depth
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Fig. 5 Consecutive downward steps
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Fig. 7 Wheel and leg control when going down a step
with all legs’ supporting
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Fig. 11 Simulation data ( Type B-1 terrain )
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Fig. 12 'Experimental scenes ( Type B-1 terrain )
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(c) Load sharing ratio of legs in the gait
with all legs’ supporting for going down the step

(d) Desired leg tip position
along the z-axis

Fig. 13 Type B-2 terrain
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Fig. 14 Type B-5 terrain
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5-a) Experimental surface

(5-b) Experimental scenes

Fig. 15 Other rough terrains
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