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Study on Roller-Walker
No.8: Automatic leg trajectory adaptation

*Gen ENDO and Shigeo HIROSE (Tokyo Institute of Technology)

Abstract— Roller-Walker is a leg-wheel hybrid mobile robot using a passive wheel equipped on the tips
of each leg. The passive wheel can be transformed into sole mode by rotating ankle roll joint when Roller-
Walker walks on rough terrain. This paper describes automatic leg trajectory adaptation in case of wheeled
locomotion. We propose asymptotical parameter tuning method to perform specified velocity. The method
allows the robot to keep constant velocity on different surface with different friction in numerical simulations.
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d(t) = doffset + do(sin(wt + 37/2) +1) (1)
0(t) = —0p sin(wt + 37/2 + ¢) (2)
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Fy(t) = —sgn(V cos0(t) + d(t)0(t)) - e - W/4 (3)
Fo(t) = —sgn(Vsin0(t) +d(t)) - pun - W/4  (4)
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(b) Skating mode

Fig.1 Roller-Walker
dy =0.08 [m] 8 =0.27 [rad]
Fixed

Propulsive velocity

Fig.2 Simulation model
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V(bo,w) = f(Oo,w) = w - g(bh) (5)
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000 ap = 1.256,a1 = —7.349,as = 18.556, a3 =
-16.9470000.
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Fig.3 Simulated propulsive velocity with paramter
0o and w
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Héargd _ a(r)naz |V/Vd - 1| > tol (7)
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bo = —ka, (00 — 05""") (3)
90<—90—|—9.0'At (9)
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wa = Va/ g(6o) (10)
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w = —ky,(w—wq) (11)
we—w+tw- At (12)
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W= —ky,(w—wq) — ko (V = Vy) (13)
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Fig.4 Velocity control by w adaptation (Eqn.(11))

0.6 35
‘ V with Eqn.(11) on Vinyl Floor

Y ‘ / V with Eqn.(13) on Carpet Floor Vae=0481 | 39
E \
— . 125
> 04 - ® with Eqn.(11)
8 / i 20 g‘
Q03 - IS
- | Vae=0354 | =
> V with Eqn.(11) on Vinyl Floor SaC]
2 02 /" !
I
2 01 @ with Ean.(11)

' 1 05

0,=0.15 [rad], my=3.14 [rad/s], V4=0.5 [m/s]

0

Y
0 5 10 15 20 25 30 35 time [sec]

Fig.5 Comparison between Eqn.(11) and Eqn.(13)
on carpet floor
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Fig.6 Effect of 6y adaptation in acceleration phase
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Fig.7 Adaptation to different surface
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