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Table 1: Specification.

L 0.47 m

W 0.33 m

Height 0.095 m

Weight 19.53 kg
Friction coefficient 0.85

Fig. 8: Model of the robot used in the simulation
experiment.

BRICIED 2o o TREED HENE R BRIA X B /2. Z LT,
RIEINCRDIBZ 7220, LML 2DRKE (B
) TEROBRZ MR oL ZLT, 8
TE¥kIE 7 L) X2 HHA LW, REFIEELOTT
Ee gL 7.
4.2 REREMF

ZOEBIHERA LRy bOETFNLE Fig. 8 IR
F. ZouRy FOETFIIIE, 71— DEOHER
W27 —3 LN B ZEEROIRD X 5 L 23ECD
freohTsh, Z2oEXF0.02m TH5. T/, ff
HL7ZzuexXy sOETFTLDMEEE%E Table 1 1I/RT. 1
Ay FOZ 7O —5DR s v +DOFAEEAE v
W 3rad/s & L. REFEMLOTEDOEE, BRy
bOEIZu—FDRTal v b EFEIT 3 rad/s THilfH
L, HfICHHEX B,

T Do I T D XS ICRRE L2

L L W W
D, = {($7y)|*§ ST < Eﬁ*?+0~0825 Sy< (27)}
I, Fig. 8DZ7u—snra—dEEslaRy b
DI ELTWS Z 2, Za—diHEle -85
L% Dy & L7z,

BROFFZ 0.05 m, ZEEIX 3 g/em® (F1.57kg) &
L, BROGIHIGIEZ, yv = -0.1425, -0.1225, -0.1025, -
0.0825, -0.0625, -0.0425, -0.0225, -0.0025, O m D 9
NRE— TS E, K= T3EFTOEREIT

27z,

5 REFER

5, ‘OMX0E»DOREBOLEREEE Fig. 9
WRT. RBEFEEZEHLRWEGS, ERPFEDBZA]
HERBEIICA S o Telzth, 6 %% — 2 THEENE
X ROBI 2B TERLoT. —F, BEFE
DFE, BTORR—VTERIBRZ 2 Z IR
RBEFHRICL2ROBIEEG E LT, y=-0.1425
DEE®, Fig. 101RF. 11EaRy FHBRICED 2
PolZREETHD, ZIhouary FAFHEHTE 2
DX SWHERIL T, EROMES TRy MK L THR
WCHKRTLE o7 ZIT, 3T Motion 1 2HEEEL /£ 2
00— 7 Z 5 L TEROMEZ 1Ry MR LT
BICBEXE. 20D, 4T Motion 21CAD, HZ
O—o%@»T I TuRy ERENIE, 5 TE/u—
L 72, HRIC, 6 T Motion 3 2SHERE L, Ek%



(S}

—

m Sliding-down

m Climbing-over

Number of times

0

Y e TN SN B A B HE I
SN SN S A A N N TS
X0 QY @ L 3
RSSO OSSN,
Initial position of the sphere obstacle y [m]

0

5 S o oH ad PH B O
Qx@' \,g, @Q@Q@ Q»ﬁ' & Q@,

[

—

m Sliding-down

B Climbing-over

Number of times

Initial position of the sphere obstacle y [m]

Fig. 9: Result of the number of times the robot
climbed over the obstacle and did not mainly be-
cause of sliding down. The upper graph shows the
result without the proposed method, and the lower
one shows the result with the proposed method.

-
-
Fig. 10: Example of climbing-over the sphere obsta-
cle(y = -0.1425).

ROMZ T2, TDXS5IC, BETFEROIEEM T L
VALZWHT 22T, JEEERAUREEY) 23 D B
2B EMTEL.

VT, y = —0.1425 DFED, (af,,y5,) OEAL
&, EMFHGEE S OER % Fig. 11173, £3
F DX ZBIMA L T 5 Motion 1 2MTHAL T3 /M,
Motion 1 DEHEDYIDEZ b H D, o BI L y 1 ZHHT
DEIRTITERoTVWS., S HIEDHETHD, 1
«;b@it@mfu&m L3bmd. t =45k
25y DfEA-0.0825 %2 FEID, K Dy ICA o727
®, Motion 2 (BT L. 2D, of, & yf, OEA
BRI TR > TVE, THBZATRERMEE DN Dy 1T
A ESWE P, BBEFHLTNT, SDED 0IZToON
TWbZehbhb., ZLT, aRy FHBEBICIHEER
Hit=52ETS<0r%&b, 2Ry FE Motion
3T L. 20k, 2f, OESE LI THA-oTNS
s, aRy MIRLUTERIEZRADHRABEIL,

t=4.5 t=5.2

03

02 M\\

01
- 0
A 0 1 2 4 5 6 7 8 °
~
X 01 \/\ —y

-0.2

03 ; ] ] ™

Motion 1 Motion 2 Motion 3
o4 Time [s]
t=4.5 t=5.2
L5
1

i
— 0
—E 0 1 2 3 4 5 6 7 8 9
“ s -

-1

A
-Ls5
Motion 1 Motion 2 Motion 3

Time [s]

Fig. 11: The upper graph shows the position of the
contact point between the robot and the sphere obsta-
cle in the robot coordinate system. The lower graph
shows the value of FA stability.

FEEYZ R BRI 2 LR TES.

6 #hm

AW TIE, 7 v—J8BE TRy b OIREEREY
PEEYIE D X BRI IC O W TG L7z, ElERESE
Ve REEREY 2R D R 2B Z 2 THRDEWN
WZOWTHEEL, #IEVEWKﬂLT@@%@ﬁL
D B2 ZEEHIRICOVWTIRE L. ZLTC, ¥ 32
L—yaYERICED, %%?Eﬁbf@@%ﬁi%
THanH oD L, REFEZEH L5 E
ETOROYIAEIC BN TR BIHTE, %%%
EOHINEDTEDL D BT,

SHROBELE L LT, SHEOEHERIETETOTH
BEIC X 2 REBRIVARRCK > C0 2 b H 570, 7
0 — 7 QS5 - L BROEE OBIRICEE S %
PIBRIN 22 AT I D W 7 1 — 5 O ilfEll 2 MG L Tw
EWVWEEZITWS. £z, MO TRESINLERET
DEIFHIE T D o 7272, BIZIXFHITIEZZ S RIHES
Mo & 2 AEEMIBRYS, EEVISEEIFE S 2 BREi %
¥, XD BIFIGLWEREC b E A PTRE /R B E RIS 2 42
ELTOELVWEELTVS

BE R

1) ZERMBE, AHBE, INEEGRE, BRI :4 7 n— S8R
BHPETE 2 R v b OB EREI OMET & AR
B X 2 ESIERE D FfI—, HARBRy MEREE, Vol
34, No. 7, 422/431 (2016)

2)%$ 2, MR~ LF7a—SaRy v—4 Z7o—
Z RIS EI RS O BAFE ¥ SR EEITI BB O B —
E$UT/F?KM'%I% M)ssmﬁ%(mw)

3) NS, HARFEL, =M oHENE 4 Jn—-F
FE1TH HELIOS-11 OB, HAT Ry FEAREE, Vol
10, No. 2, 283/291 (1992)

4) EAKES, IUALE, AREME, WLiEw, hEEz .
HITEAAIIE U e 2s 61T 5 2 TERAI AT 7 v — 7 1T
HOBM L HIE, HARrRy MEREE, Vol 2, No. 3,
200/208 (1984)



5)

10)

Okada Y, Nagatani K, Yoshida K:Semi-autonomous
Operation of Tracked Vehicles on Rough Terrain Us-
ing Autonomous Control of Active Flippers, Proceed-
ings of the 2009 IEEE/RSJ International Conference

on Intelligent Robots and Systems, 2815,/2820 (2009)

Ohno K, Takeuchi E; Chun V, Tadokoro S, Yuzawa
T, Yoshida T, Koyanagi E:Rollover Avoidance Using
a Stability Margin for a Tracked Vehicle with Sub-
tracks, Proceedings of the 2009 IEEE International
Workshop on Safety, Security & Rescue Robotics, 1/6
(2009)

Rajabi A H, Soltanzadeh A H, Alizadeh A, Eftekhari
G : Prediction of Obstacle Climbing Capability for
Tracked Vehicles, Proceedings of the 2011 IEEE In-

ternational Symposium on Safety, Security, and Res-
cue Robotics, 128/133 (2011)

Yajima R, Nagatani K, Hirata Y : Research on
Traversability of Tracked Vehicle on Slope with
Unfixed Obstacles: Derivation of Climbing-over,
Tipping-over, and Sliding-down Conditions, Ad-
vanced Robotics, Vol. 33, No. 20, 1060/1071 (2019)

BEFHK, KEER, FHEA JFEEEEWHFET
ZRCE T %7 u—ZTBE Ry M OETIERRICE
W — 7 0 — a3 EE IR EY O R AR
52 28 0FHii—, FHUBEHIHEYE SR, Vol.55,
No.11, 700/708, (2019)

Papadopoulos E G, Rey D A : A new measure of
tipover stability margin for mobile manipulators,

Proceedings of IEEE International Conference on
Robotics and Automation, Vol. 4, 3111/3116 (1996)



