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Adaptive Gait for Large Rough Terrain of a Leg-wheel Robot
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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. The adaptive gait for large rough terrains of the leg-wheel
robot is composed of three gait strategies. In this paper, the integrated gait of the normal gait and
the adaptive gaits for large rough terrain is proposed. The proposed gait has following features:
1. There is a path from a gait to any other gait. 2. The robot does not fall into the endless loop of
detection, because it works whenever it detects something. 3. A gait changes finally to the gait for
getting over an obstacle which has the maximum ability of movement when the robot can not move.
The robot can move on rough terrains where irregular ruggednesses up to 0.2 [m] in height or depth
exist by using the integrated gait. The effectiveness of the integrated gait is verified through
simulations and experiments.
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Fig. 1 A leg-wheel robot “Chariot 3”
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step height = 0.20[m)

Fig. 3 An image of the gait for an upward step
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" Fig. 6 Scenes in the simulation (1)
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Fig. 7 Scenes in the simulation (2)
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Table 1 The value of H, in the simulation
time gait H,[m]

v

roll angle .
"

' g
" PRSI TR 2 Bt Xl 'ﬂb ".‘,‘.,.

R SRR e o T

imaginary inclination

5 10 15 20 25 30 35 40 45
time [s]

11.3[s] | gait for an upward step 0.122

o«

. pasture angle [deg]
5 o

o

40.9[s] | gait for an upward step | 0.120

pitch angle

55.2[s] | gait for an upward step 0.091
89.7[s] | gait for a downward step | 0.000
98.0[s] | gait for an upward step 0.194
130.9[s] | gait for a downward step | -0.176

o

imaginary inclination —

w

.
)
1y "'\‘- o, [P S,
" [ a1 Al
o 4t MY

, posture angle [deg]
5 )

- 5 ] roll angle pitch angle
168.7[s] | gait for a downward step | -0.124
10 ‘ -
025 . ) i, 50 55 60 65 70 75 8 8 80 95
£ 02 oy | Ng {10 time [s]
= | o —_ d T
0.15 ; 8
g A el
005 i 1,2 5
20 [ - 2 0
2 o i @ "*-_‘ i ’ =8 : 2 @ \
w0 O] L St S §° 7~ pitchangle rollangle
o 5 10 15 20 25 30 35 40 45 ol imaginary inclination
time [s} N . . N . N
5025 - : . 95 100 105 110 115 120 125 130 135 140
E 02 10 time (5]
Sors e o _ . . . . y
8 01k .4 6 z.r g 5 )
2005 e 2 e Lo 3 s 0.5 SISy >
£, 42 g 0 P e e i SENSEE .r.\ Vg Py £
g i i z i
%‘0-95 ‘7<!! 12 g 5 pitthangle  roll angle
0.1 - 0 ]
70 75 80 85 90 95 g imaginary inclination
time {s) -10 )
w025 N T M 145 150 155 160 165 _ 170 175 180 185 190
ﬁ 0.2 Vbody 11 time [s]
2015 8 3
% 0.1 , - {6 = . . . .
>0.05 : ir =z Fig. 9 Body angle in the simulation
E ' H 4
2 0 [ & il = 3 .
[ e v U
§005[3i010)  Nu—s: i001) Hou [ i 2 0.2
0.4 Ui HIS4 0 = actual posifion wal positio
"'95 100 105 110 115 120 125 130 135 140 Eonf of fore right actual position
{ ) of fore left leg .,
time [s]} g % [}y
2o iz,
E o 2508
Zo.1s 8 _E'é\g'z - N ‘
S 0.1 6 =28 desired position } i
2005} . £704 S s B
=3 035 5 10 15 20 25 30 85 40 45
£0.05 2 time [s]
01 . : o _o02 ey
145 150 155 160 165 170 175 180 185 190 E 0.1 5""“'3' position "
time [s] = of fore right leg actual position
2 9 of fore left leg
g9
:F"; :'0.1
Fig. 8 Vbody, Nu, N, Ng in the simulation 850211
= 50.3 S T
%@#6. Chﬂi, 2 )] (1) - (2) L:H‘#gﬂf Sm'g‘; "5‘};?;’,?;;"}2; Treme of fore left leg

bh. TOLE, SHEBAME H, 285 % T, T T

Ny & Ny OTFIET 5. 11[s] FEECESE k0 % sl e cxrt
FBREN, BOBIFEON IO, TS5, g8 .°

R () I280T, D RMEFSATOLEEoR e
ﬁﬁfgﬁﬁwé\%{‘ﬁﬁﬁfﬁAw@ (=30[deg]) ®®Wx, B4} desired positon 2 oo T\ Y %f;eé;.gﬁn_"
ﬁg&%;‘;}é DOFREIZEDY _l:ﬂii‘/‘ g:ﬁfuﬂgj-[/ Ng =10 0545 00105 110 115 120 125 130 135 140

’ . time [s]
ﬁizﬁNuZO k LT, E&‘%LU&E#E%U@%& ng » actual position
=0 4 ﬂ;‘;‘:ﬁgﬁ;&”ﬁg fore left leg . ¢

BB BTS. élni_o?

Mt (3) T, ®50 @ OM#FEORD, BTH g%.oie SRR 1
tha X B AEEIA &R T IR ES B R AR 8804 ok e oot .
EEOS I L TCT—EULEERL, W%ﬁ%&ﬁ@]ﬂ?m 055 Ts0 155 160 165 170 175 180 185 180

time [s]

BT, BEZIEESED.
K 4) TiE, BSO O DL EEMBIZEVE

REE R, No=N,=1& L, Z0%, M Fig. 10 Leg tip position along the z-axis in the
> u— iVg — » >
simulation (fore legs)

— 277 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2962 MHER IO R v b ORTEMEICSE (55 %)
02 " e LV E T 5.
TOo1} Pt ek P e
cég- A " Bh (10) T, B50 @ Ok ) EEEE A Ny =8
8 ¥-0. .
B2.02 ZEWTHRIEL, N,=N,=1& L, HEHEERED H,
EEoa] dmomosd L g (&1 D98.0[s] PHBMR) [k B@UCLY, BEL
05 of hind nghtieg/ of hind left leg. i X @ ﬂ%ﬁ"%%j‘é
V] 5 10 15 20 ime [23? 30 35 . 40 45 — .
o Eae—" . — B (11) TiE, K500 0T BEMF LR
E%} cjhind gt leg ojpnaletties i L, BETYHEICERTS.
%ﬁyg _ (ZZCE$ (12) TH, B0 (1) RF&)
ggjﬁ: RN o (2, BHESHE CHEN THARNT LEo ), #
R R e HEEILSET, ZOMEERT5ETTITNS.)
_o2p —— —— , K (13) Tit, B5O@ OFYBERKEICLY
A il f FOBEEBRAML, BETISEICERT 5.
%500 BH (14) 1%, EboLHEHMSBECLS b0
8 903} = o 5
3%:22 of ind fightIog Sroind of 10 ) ) T;i (15) 1, EEBE ( cr
95~ 100 105 110 nsﬁmet{s]o 125 130 135 140 15) i3, mBE (N =Nd:Ng:0) iz
02 — SBETHY, M50 @ LEBROBHD X > REBEER
ERNA s Sngnes [\ BT, BESENBRINTVWEIERDH)HS.
fio PUbnb, IRO-OCRE Lk &5 HEIR
2o
£ 03] L . REN, BRELUTHS E TR 02m] BEF
: 05 145 150 :(SZMMT‘;? t?lgg[ 17(;"h'"d1';';'°9 1.80 185 190 ’G‘@Kﬁﬂﬂﬂﬂ&ﬂﬁﬁ@%@]ﬁ, %éiﬁ‘:i D%ﬁﬁ
. X5 LRI (RAHITRL) .
Fig. 11 Leg tip position along the z-axis in the 5. BATEMRBROET

simulation (hind legs)

B OMEBRER S Hy (R 1 D 40.9[s] D5 R)
BB Agerover (=0.05) LA ED723b, BrzE kY B
BBETS (N,=5N,=0) .

X (5) TiE, RS5O O DLy BEMFITE D
EPEERL2D, @) OBALRKBICEELYER
WCBBTD. Z0LE, H,=0.091 (%10 552[s] D
W) & EEROBRERIIZH L TEDIZH TV B EBI,
COMROFEBEIILYRETHY, TINLO/HE
ITNEL BN THB.

X (6) 1%, MUE/MEEMEIZLZ2b0THD. =
ik, EVEESEGEL, kY HEOEAREICETIC
BET5OOEEHEESERTHIOIIH LT, Uik
BEIIATETH S0, HTHREE XSS 52884
YR B EENEARREME 0.5 I8 LT—EMU
B REREMET AMEETH B,

K (7) Ti&, RS5O @® OMBEIZLY ToEE
FREL, BETYVHBICERTS. 3EIEOTFTE:
EWRRBRERBECTHERERIL, KT (8) #fic
SMTHARICTRICTY 5.

Xd (8) Tix, AIMNIT TIZRDITHT WS
DH,=0 (17D 89.7[s]) D) &725. FORER, #
BOTHRERRLZVET (9) CTHENMBEEEC

AETIE, RBTIRELBRZLVEBOBNTE
AT TOBBNRER TE ST L 2RI L - EBRO%
FIZOWTER TS, ERFHITIT Iab—vard
Rk THB.

X 12 ICBAAREBHBEEROKFE2RT. BED
MEE, FO—WERITLLTS.

K12 (a) %, B 02m] BEOHEIZL-TWHS
BT ThHD. BEOHEEERML, BRELVSHEICT
HEIZ Lo TS,

X 12 (b) X, TRE 0.1[m] REDOT b B 2 Bt
<BE%Z, FAOIZTY TWAEFTHD. EATDE
BT, B v E5ERAS ETFIzFnsdo &
T, REOa—VBIRSIEKREE R T-IRETERES
ToTW3.,

X 12 (c) %, #X0.1[m] BEOHBEZ TY T3
BRFTHD. TOREERML, BETOVHEZHY
BULATHDZ L THENLE.

B 12 (d) &, /NERARRLEREDTERENKD
LA EBEB L THWIHEFTHS. BERBHLLD
BETHDH0, BESFFICTEHL TS, R
TRBRLEZL S, BEREEL IRV arhlnst
RO, ARECHERICOAESNT
BEHL WD, BEMBEICRIENE TER Y

— 278 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

MEHSBR 0 Ry F ORFEMETSE E58H) 2963

(d) mountain (normal rough terrain)

(e) mountain (large rough terrain)

Fig. 12 Experimental scenes
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