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The Motion Control Method for a Leg-wheel Robot on Unexplored Rough Terrains

Shuro Nakajima*, Eiji Nakano* and Takayuki Takahashi*

A leg-wheel robot, which has mechanically separated four legs and two wheels, performs high mobility and stability

on rough terrain. In this paper, we propose a basic control method for the leg-wheel robot moving on unexplored

rough terrains. When moving on a rough terrain, the compliance values and the trajectories of legs are set up in

proportion to the environment without using external sensors. And the step axis mechanism that we have developed

realizes the stable rolling movement of the robot. The proposed method is evaluated by simulations and experiments.

Using this method combined with the predictive event driven gaits, the leg-wheel robot can move on rough terrains

in arbitrary directions.

Key Words: Leg-wheel Robot, Motion Control, Rough Terrain, Compliance, Step Axis Mechanism
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Fig.1 The leg-wheel robot: Chariot IIT
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Fig.2 Parameters of Chariot III
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Fig.5 Mechanism of the step axis
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C_ave(Counter_ave)

comparison between §_ave(i)
and D_ave

Z_pos(i) ... leg position in the z-axis
Z_ave ... moving average

&_ave(i) ... fabs( Z_ave - Z_pos(i) )
D_ave ... threshold in C_ave

|

for i=0; i<N; i++

if( 5_ave(i) < D_ave)
C_ave ++;

}

l

oooo0do0o0oo0o0000000000000000000

C_pos(Counter_pos)

comparison between §_pos(i)
and D_pos

Z_d_pos(i) ... desired leg position in the z-axis|
8_pos(i) ... Z_pos(i)-Z_d_pos(i)
D_pos ... threshold in C_pos

for i=0; i<N; i++

{

if( 8_pos(i)) > D_pos)
C_pos++;

}

C_vel(Counter_vel)

comparison between v_p(i)

and D_v

v_p(i) ... velocity of the end point of leg
in the z-axis

D_v ... threshold in C_vel

C_accel(Counter_accel)

comparison between a_p(i)
and D_a

a_p(i) ... acceleration of the end point of leg
in the z-axis
D_a ... threshold in C_accel

1 |

for i=0; i<N; i++ for i=0; i<N; i++

{ {
if(v_p()) > D_v) if(a_p(i)>D_a)
C_vel++; C_accel++;

} }

L

Each counter is ON or OFF

if(C_ave > N_ave ) C_aveis ON.

if( C_pos > N_pos ) C_pos is ON.

if( C_vel > N_vel ) C_velis ON.

if( C_accel > N_accel ) C_accelis ON

N_ave ... P_ave * N
N_pos ... P_pos * N
N_vel ... P_vel*N
N_accel ... P_accel * N

Grounding detection

if(N_Con > N_gd )
The leg has been grounded!!

N_Con ... number of counter with ON
N_gd ... threshold of the grounding detection

Fig.10 Flow of the grounding detection
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Table 1 Parameters of the leg grounding detection
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Fig.11 Experimental data of the grounding detection
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Table 2 Setting of Chariot III
Ky = 125[Nm/rad] w = 20[Nm/rad/s]

(cf. section 3)

K, = 3000[Nm/rad] D, = 200[Nm/rad/s] (cf. eq(2))
hup = 0.2[m] |vup| = |vr| = |Vdown| = 0.5[m/s] S = 0.3[m]
(cf. Fig.9)

(except for section 8)
0.18[m/s] (trot, pace gait)

straight velocity of the body
0.06[m/s] (crawl gait)

cycle time of walking
6.6[s] (crawl gait)

k=0.5 (cf.eq(7))

A = 0.029[m)] (cf. section 5)

Kopring = 7500[N/m] (cf. Fig.5)

the coefficient of friction = 0.5  (setting in simulation)

The surface is hard.

The environment is unknown for the robot.

3.3[s] (trot, pace gait)

10
! Crawl gait | |
0y f‘w% Fom Aot hnammanmining
sl f 3 | ]
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Fig.15 A result of the simulation
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