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Adaptive Gait for Large Rough Terrain of a Leg-wheel Robot
(6th Report, Gait for an Upward Step on Slope)
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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. Although we have researched the adaptive gait for large
rough terrains of the leg-wheel robot, it was limited to the terrain without a slant. To climb it over,
the stability of the robot needs to be more considered. In this paper, the method to raise the stability
for the upward step is described. If the robot needs larger stability at the upward step, the body
trajectory has to go along to the terrain. In other words, the wheels have to touch the terrain.
However the shape of the rough terrain is so complicated, that it is difficult to check with an external
sensor. Therefore, the points are a judgment whether the wheels contact with the terrain and the
control of the body. The robot judge whether the wheels contact with the terrain using rotation
information of wheels or the load shearing ratio of legs. By deciding the body trajectory with these
two methods, the robot can climb the rough terrain over more safely.

Key Words: Leg-wheel Robot, Large Rough Terrain, Upward Step on Slope, Body Trajectory,
Rotation Information of Wheels, Load Shearing Ratio of Legs
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the length of each part of leg
n 0.08{m)

12 0.30{m]
hindleftieg TP VieW foreleftleg | © 0.40(m)
whes!
wheel
""" . diameter  0.64(m]
tread 0.84{m}
distance belween bases
----- ' - ' of the legs
i i u 0.92{m)
hind right feg /" torerightieg | tW 0.40¢m)

actuator{DC servo motor)
leg's 15t joint 40[W}
log's 2nd,3rd joint 60[W]
40(W]
step axis 40(w)
{otal weight 65(kg}

Fux actuator Flegx

Fig. 1 A leg-wheel robot “Chariot 3”
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Fig. 2 An image of the gait for an upward step
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Fig. 3 'Wheel angle error grows on a slope
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Fig. 4 Comparison of the stability margin
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Fig. 5 Method of checking the load shearing ratio of

legs
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Fig. 6 The problem of the method of checking the load
shearing ratio of legs
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Movement of the body
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Fig. 9 Misjudgement that the robot does not touch the
ground

Fig. 10 The trajectry of the body
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Fig. 11  Omax and Omin

Fig. 12 Curvature radius of the body
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Fig. 13 Selection of curvature radius
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Fig. 14 Rise height by false judgement
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Fig. 15 Wheel angle (no control)
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Fig. 16 Wheel angle (dumping control)
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Fig. 17 Gait for an upward step on slope
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Fig. 18 Climbing of an upward step by method
of checking the change of wheel angles
(Step height = 0.1[m])

Fig. 19 Climbing of an obstacle by method of checking
the change of wheel angles (Step height =
0.1{m})
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Fig. 20 Climbing of an upward step by gait for an
upward step on slope (Step height = 0.1{m])
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