ORy MERIBEDI-ODEIAFES I 2L —Ya v ARV ETREMEDIRTR

Running Stability Visualization with Dynamic Simulator for Robot Teleoperation
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This paper proposes a method to visualize running stability of robots in its surrounding

terrain. The stability should be evaluated by taking account of the physical interaction between

a robot and terrain. In this study, the dynamics of the robot behavior in the terrain is calculated

in advance with a dynamic simulator, and the stability is assessed by our proposed criterion that

can evaluate the tumble risk in a term. The calculated stability is visualized to the teleoperation

operator, and therefore, a safe path can be chosen to move. In experiments, the validity of

the proposed method was performed by testing additionally in an actual environment after the

simulation.

Key Words: Teleoperation, Assessment of Running Stability, Rough Terrain, Dynamic Simulation

1 F#

KEWNISDOBGIZE T RS EOREZ T 5720, HbEl
fFu Ry bOFBHABMRGEINTWS, 75 M ¥ DONERBED
PER, EEEOMEMEERY, vRy Mo InsEEIT 20
IZEZD, WTIZBWTHERY M E2LEIIBHIELZ N
Wi CHEEEL 4L, BEHOBRIZIIZ2REKE2ERTEZ L TH
Ry NEHIGF CREI L IHENRH Y, EXEOBITIXZE L
G EENUMEERZTOLEND L. FHIKERB IS WTIE,
SEETHIREREEB I NS LS RREIZBWTHEERY FD
RBOREBASTEAMIEEZEZ 5 ELT, ETTHERSE
PR7p ¥ % RS Z & THIG % BT 2 EIZHE S N B R E
ANns. LnL, EEEEOFRL—&ZITIE, FNO5REMEETE
RIS 3 =0 DRI Fo it e Th 53, BEifizo
Ry FPRAZY 7 UEINTERL RS, RN EE2 AL ERE
BTEFTTDHIETERET IR EDERPIELTNS.

EfEMZ WA Ry NEHEORME AR —RIEZZ D7D
12, BRY MZHASRHIEE v Rl ant o3 2HEL,
FNSDEWRE AR —RIBERT B I fTbh TS, Ly
U, BIEFRDOARL —RIZE 5 TEHEL D U EHRZEL, B
FRHEY a2 ¥ 5 Z 2 IR CTH 5. X512, HlxiEa
RRE R CERDBUWIE 2O Ry S HEEETICESFTES
Y, FEOMZIZE T2 uRy b OB E % & SR
DOBRPSHIWTT 5 Z 213D THRETH 5. RIS U TIEREZ
TRy b OETLENZ WS 5 72121%, HIE O3 & [FiHZ
ZTOME EIZB 50 Ry OB - AR, #E - AR &
ORy bV I —avyDEWI L BEEHDOEL, T4
DERAF IV ARBETIHEND L. FEMIZBIIZETRE
EMEOFHIC BT B052 (1, 2] TIE, Y ¥y 2o LMo
FHlP ARy N 22 OBMARE 2 Z R U RS E T b T
5P, i uRy hOMDOXA F I 2 ZA%EE L ZEIE+5
IZRINTWAR,

Texlx, D& REINREE 02 E TS 5 72 ICB L
YIialb—YavEAwTaRy hOEFTEEERFMT 5 FE
ERELTEXZ 3. AT, EFREEOKVERBITOE
fREEIZBWT, By by 74 FXal—Yavasbxyd

I High stability
Low stability
B Non-safe

T

! Runnning direction
Mobile robot

Fig.1 Schematics of the proposed system for visualizing
stability in surrounding terrain
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Fig.3 Experimental environment equipped with a slope
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Table 1 Running patterns (running directions and arm

configurations)
Running pattery Running direction | Arm configuration
(i) Up Folded up
(ii) Down Folded up
(iii) Down Stretched ahead

(b) Down

Fig.4 Running directions
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(a) Folded up

(b) Stretched ahead

Fig.5 Configurations of the arm
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Fig.6 Stability values in case of the running type (i)~ (iii)
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Fig.7 Simulation result of the running type (ii) that re-
sulted in tumbling
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Fig.8 Simulation results that show the stability of the robot in the running type (i) ~ (iii)

(a) Running type (ii)
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Fig.9 Result of the actual experiment for additional test
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