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Study on Roller-Walker
—Adaptation of Characteristics of the Propulsion by a Leg Trajectory—

Gen Endo* and Shigeo Hirose*

Roller-Walker is a leg-wheel hybrid mobile robot using a passive wheel equipped on the tip 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 adaptation of characteristics of the propulsion by a leg trajectory in the case of wheeled

locomotion. Firstly, we define a leg trajectory to produce forward straight propulsion and discuss the relationships

between the parameters of the leg trajectory and the characteristics of the propulsion. Secondly, we demonstrate

that Roller-Walker could achieve high speed propulsion and slope climbing propulsion by changing the parameters of

the leg trajectory in the hardware experiment. Thirdly, we propose an automatic leg trajectory adaptation method

which is asymptotical parameter tuning method to perform specified velocity on the different surfaces with different

friction. We evaluate the adaptation method in the numerical simulations. The results suggest that this adaptation

method would provide the Roller-Walker with a function of an automatic transmission of a usual car.

Key Words: Mobile Robot, Leg-Wheel Hybrid Vehicle, Passive Wheel, Roller-Walker
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(b) Skating mode

Fig.1 Roller-Walker: the white lines show trajectories of the
frontal leg ends and the body (left)

# (Fig. 1(a)) & LTHWTHATELT.
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|Fn(t)sinO(t)| > |Fi(t) cos 6(t)| (5)
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dy=0.08[m], ,=0.27[rad), w=n[rad),
¢=n/2[rad), d,;,~0.235[m] [m]
Fixed

Propulsive
Velocity

Camber Angle 0.1

0.4\[m] 03 Fol 02
\FO.S /

Fig.2 Simulation model
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d y=0.08[m], 8,=0.27[rad], ¢=7r/2[rad], @=3.14[rad],
| ¢ =3 7/2[rad]
¥

N
4

Numerical Simulation -|

Hardware Experiment

Velocity [m/s]

Average Velocity
Simulation: 0.92[m/s] 7]

Experiment: 0.83[m/s]
0.2
Time [s]
o IN :
0 1 2 3 4 5 6 7 8

Fig.3 An example of a numerical velocity simulation and a
hardware experiment
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Fig.4 The relationship between generated velocity and 6g
with different friction coefficient ratio (do=0.05[m)],
¢=m/2[rad], ¢, = 37/2, w=23.14[rad/s])
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Fig.5 The relationship between 6y and generated velocity
with different traction force (dg =0.05 [m], ¢ =7/2 [rad],
¢pr=3m/2, w=3.14[rad/s|, pn/pt =25)
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270y M F 5B G PREVEHIETIIY I 2 b—va VR
FREFEBREIT RN & =T D13 L, O /DS HEIE
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T Faz—FORNRAETBR 5256055, ZRI2L) ¥
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LIENTELPolz, TOTENL, ISV Oy FEEEL
DIRRET D ) M LERHEAET) & THIRETS TWARNT
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Fig.6 Slope climbing experiment (6p = 0.4 [rad], w = 2.88 [rad/s],
V =0.32[m/s])
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a7z (Fig. 6).
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WoTH2H, HHOI-DLEDHERTIE—MDONRT A —5 %
BEZE AT T 528 %2 E2 5. 31HTHRRAL I do, w
D_DDINTG A—FIZHHD7ZDICRITHEAEIN L T AV F—
ERELTBY, WERNNITIXA=FTHHI 0L, EEL0
—HEREETHI L %2 DH. WHEEE V & dy, w DRRE
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do WL TV EVOEREEZ D> TV 283852 L%
Motz L7eSo THMEEEREIIX w ZHWAZ EE L, do 1
WESIHORKETH S do=0.08[m] & LCREEL.. 72 ¢
WDV T ER TG ) 2 4 Ui d BERIEO
WL LT ¢g=n/2[rad] ZFRLEE L7 ((F838). L
FOBBALORER, DEOHERTIE V = f(fo,w) £AR LT,
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4.1 HOERERERX

(Bo,w) &/XT A =% & L TEBROTHHIFHE M2 HEL T
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Fig.7 Simulated propulsive velocity with parameter 6y and w
on the vinyl floor

V(@o,w) = f(007w) ZW'Q(OO) (7)
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k=0
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WCEIE L6/ 87 O #BA &5, HIEMEEEE & A HE
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T OEMET 0579 2%ET 5.

gmax
target 0
0, =
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0
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ENHRMU LD, MEPOIEHEZEL TWE I EHD,
Op ZHRKSRDLUEND D, LIh>T 59" =05 &L
72, FEDHRMELUATH D56, wo )& L-HHE
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FETIIHRMEETOF v ) v 7% 720 1 B O
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9.0 _ —kgg (00 _ o(t)arget) <10>
90<—90+90~At (11)

4.3 w EAl
o ETNT w IZEHRTES. X (7) I Vyd526h
T XEFENEFEHT D wy 1T

wa = Va/g(0o) (12)

THRAOND. Oy DHEIEEFAKIZ ko, 2742 L LTUTOD
FAF I ARBATS.

O = —kuy (W —wq) (13)
w—w+w-At (14)

EZATH (13) 1F, ¥ WK OV % EAT LG a0 &S
WTHEEINTWA, MEOHMEES L TIEY 205, BEo
BRI AT 7 o 72 ) FEATIR I (AR D B By A1k H A &
ERTE LV, Z I CTEBRORMEFRE V ICHEDSWT ky 274
Pl BT A— NNy JHPEAT S,

w=—ko,(w—waq) — ko (V = Va) (15)

DgefiE b, X (13), (15) & [/ 390V w @i, [FEE w
HEIRH | LR LT 5.

5. FFEH# X R

BELUEGHZ, BHEBY I 2L - avICk VREET 5.
6o =0.15 [rad] &[E%E L wo=3.14 [rad/s], V =0.0 [m/s] %%
MEE LT, /3 w Bl (13) (ko, =10.0) 12X D
LRI L7265 5% Fig. 8 1IRT. i, pe 13 (8) I &
M UM% Ve, @R IRERIE LB oM VIE, BEME Vy
CEL—HTBZENGHB, L LEDS ) IV w BEICH]
W ptn, e AR (8) EHIEE L FI UHEICOAERTH Y, Bz
I (FEE g =0.61, pe=0.057) D& IR E HFAE
T, HIEEE Vy=05[m/s] & LBEZET LGS
DOHEERE % Fig. 9 BAICT/RY. wHIREIC BT 2 PR
(& Vave =0.354 [m/s] &7 V), HELEEZERTE TV AW,

FITEE w MBI (15) 2&-oT w ZMIEIE S
(ky = 50.0). ZHIZED Vaye 13 0.354 5 0.481 [m/s] ~
Lk, HEME Vy;=0.5m/s] 12L& GBRELTWAZ L%
b, LoT, BATHEOBEEEAEIL-L LT, EE
DFEATHREIIED T w ZWREMIEIL ST, BB
EWTEDZEAURE SN, B % w BBl EE I
W54 ky ERESHAB I LT, WHLE 1 FHNO
LB 2 IR TE AR D 5.

RIZ O WEHI A NZ T, ¥V ET#EearsingEd 2
Btx %25 (Fig. 10). T 3HEE#EE V 1384 15 LT
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