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Adaptive Gait for Large Rough Terrain of a Leg-wheel Robot
(2nd Report, Gait for an Upward Step)

Shuro NAKAJIMA* and Eiji NAKANO

*2 The Department of Advanced Robotics, Chiba Institute of Technology,
2-17-1 Tsudanuma, Narashino-shi, Chiba, 275-0016 Japan

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 an upward step, which is one
part of the adaptive gait, is described. The proposed method is evaluated by simulations and
experiments. The point of the flow of the gait for an upward step is described. When the robot
reaches an upward step, it does not come to advance easily because it can not go up the upward step
by the normal gait. At this time, the difference between actual wheel angles and desired wheel angles
grows. Starting point of the step is detected by using this information. The system stops the body,
and prepares for going up the step. In the preparation, the robot changes footsteps in order to set all
legs to starting points of their work space. After that, the robot can raise the body on the step
supported by all legs and wheels. The purpose of supporting using all legs and wheels is to enhance
stability and to reduce energy. To raise the body, the following items are needed : 1. Acquisition of
target rise height of the body. 2. Correspondence to difference between target and actual height.

Key Words: Moving Robot, Motion Control, Robot, Gait for an Upward Step, Adaptive Gait, Leg-
wheel Robot, Large Rough Terrain, Gait Strategy
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he length of

each part of leg

il 0.08[m}
12 0.30[m)
13 0.40[m]

wheel
diameter  0.64[m}
tread 0.64[m]

distance

between bases

of the legs

L 0.92[m]
Lw 0.40[m]

actuator

hindrightleg .\ | /lore ightieg | (DG servo motor)
ator leg's 1stjoint  40[W]

Side view acku
Z o leg's 2nd,3rd joint 60[W]
e_. wheel 40[W]
£\ Fvz, * /5 Flegz | step axis 40[wW}

total weight 65[kg]

Fwx actuator Flegx

Fig. 1 A leg-wheel robot “Chariot 3”
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Fig. 2 Targetted rough terrains of the gait for an
upward step
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Fig. 3 An image of the gait for an upward step
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Fig. 4 Estimation of a step height
M DBEHE S &ARARE & DZE hgg 13, Ly Z AT
i DBEEERE x R OMEMEE L, o ZHiiiCX
DIAERE, oimg & TORERO TRy b OFAEME L
T5E&,
haie = ~Ly;tan(04 — Olimg) 3
LRED. ZIZT, 1, LVBEREOREELE, TY
BEOHREEALTIHODOHLDOTHS.
FleuRy bOFERECE S HEER SD hing 13,
SRR R O BRI M COMERER Ly; & T5 L

himg = —Lg; SIn Ofig 4)
LFRRD. RBARITTIE, L DIEEMEE LT, Ly 2
LEHEEEZIIVELORFEALL. Zhicks#E
X, MENRKLRD, BELEVHEEEI —BED
0.1[m] DEZEDH ATV TH 0.005[m] BETH 5.
P % FWTHIM i O#ERZER S H,; 133X (5) &
A, ZOHEFEN, R SRR S ZRRICEIY
BODEERTIT).

Hgi = hgitg + himg )
322 EEBRBRVBE~ADORE EATHEIO
R BE2 LABEEE2S. MSITRT LI,
RER LR, EARIOEHELRD. £#2T,
EARHOKERES SOYH L, RO EERES
EH, ET5.

— 250 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal Engi neers

BlEG SR o Ry N ORTEMEICEE (FE23) 2935
(a) motor for { Mo FSA TR EERY ARV g 2 THS
step axns mechanism

\\
~d
AN
~~
N
S

| A1 1H/2!

. A

Fig. § Height of the body for an uneven step
= (Hep + Hetr) /2 (6)
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AdWai = dPy/r ( (b) after going up the step )
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| ++0=asin( (rsin(8s) - Pa)/ r
1
1
i

Pzd = rcos(0) - r cos(0s)
P$<d - Pxdold

@) gq‘-up a siop t (b) 0 on a surface

(1) wheel B L 1 _with an imaginary inclination

(@) - T dWai= aP/ cos(e) one step

o oW = dPra @ the imaginary surface at this time
2) leg

(@) ... dPzd = - dPzg
b)... dPui=0

V
one sl'?p H

Fig. 6 Wheel and leg control for the gait with all legs’
supporting
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up
astep. by the step axis control. .

(d)The right wheel touches {e)The gait with all legs’
the step. supporting

Fig. 7 The effectiveness of step axis control for going

(f)The robot goes up the step.

~ up a step diagonally
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The robot estimates
this height of the step.

Fig. 8 A terrain of 2 steps
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~ (a) The gait with (b) The robot had fallen
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Fig. 9 The robot had fallen in case the height of the

step was estimated too much.

Y XNZEYHFIL, B X SRR SP DR
WIBEICIE, BISENHEREIEIC X U B T TR
PG Z LT, ZRICHIETS.

R ESBRERT LAY AL L, KA TRESN
DB E SRR kg 03— R diy 12, HDEIE B
TRE ky 2B D ERATHHEETHD.
Y 1(8:4/Ci

184/ a10)
TIC, e XEEE, 6 SREE | OBRIEIER 2 1Al
FSEALB O BENLE & DRZE ([ EEROLE]-[BFNL
B, C: X HiozFlary7IA4T VA, W ik
HAEETHY, BT B, udly FOFEDO I HLOM
TERFTHEIGEZRLIZbOTHD. AR TIE, £
BRAOIZ dry, = 0.45, B, =0.8, kg =0.65 GEESHE),
kp =0.60 (ZHIZEAHE) L L7z,

7=, BWEAMBEIEL X, WoOBENEE L X
¥5 (REETFD) Z&T WoOXBEARNZEBD
XHZLOTHY, WEEELIEEET, HEES
HERHAMLATIZ 2D E TRGE TS 2EMETHS.

335 HEBERSFARAOXE A O
PLIE & BERIEHIE & ORICMHIERFEET 51T
X, MEERERI H, X, EBRIIAES E2BESE
LIRS 2B, ‘

FD, HEBRENKE VERITIIRENEESE
ERBZEBTERY. 2T, IREBEEEY R
W BT LB AR OBIR R & 5. :

JRESBREL EhARVC L OHIME, 2MXFEE
M OHERAEOBEMBNOORELERTIZE
TITH. RENKELLARY, Ehian U LZ5EE
i, ROBASEOCEBL, BBEERTH.
B, ZOBEOHEMIZOWTIIRNOR I TRRT S
7o, ZIZTIHETS.

kleg =

4, U3alb—YavEER
AETIE, BETIHIHEHEREIZT, HHELTD
KRB EOBINTRETH D Z L 2RIET .
DT Ialb—arBLOERSMEE LT, HEH
DORFE S 0.5[nys], EHIEEOM LIF & X 0.2[m], #

—252—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers:

MEGHIHEE Ry F ORTEMEICSE E2%) 2937

OB T 5 E TORRKE FIFRE 04[m], #
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W} o
(a) Surface of A-1

. %»& f méi's;

{b) Scenes in the simulation

Fig. 10 Scenes in the simulation ( Type A-1 terrain )
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Fig. 11 Simulation data ( Type A-1 terrain )
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Fig. 13 Type A-2 terrain
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