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The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2019.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields. The
sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and Technology
to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a new research
system where JAEA-academia collaboration is reinforced and medium-to-long term research/development
and human resource development contributing to the decommissioning are stably and consecutively
implemented.

Among the adopted proposals in FY2019, this report summarizes the research results of the “Semi-
autonomous Remote-control Technology of an Articulated Mobile Robot to Recover from Stuck States”.

The purpose of this work is to establish a recovery method of an articulated mobile robot from stuck states.
In this work, a control method of the robot to recover from stuck states by using redundancy of the system is
proposed. In addition, we develop two interfaces. One is a display interface as an operator can understand
the situation of the robot and surrounding terrain, and the other is a control interface to provide a target motion
using the proposed control method. Finally, the effectiveness of them is demonstrated by experiments using
an actual robot.

Keywords: Articulated Mobile Robot, Redundancy, Stuck, Recovery, Interface

This work was performed by The University of Electro-Communications under contract with Japan Atomic
Energy Agency.
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2RV, R TEPEED N OIS P> TWDH I ERbN5, K3.2-2(b) 1IR3 LT, i
SONLE LSBT TR CHEMEIGER- L T DHIED, K 3. 2-2() 1Zmd & 9 ISR ELER O Hf
ER RS E OFEE d NS Ro TS, £, vl b OBIEIAEIT AT ENFEFNIZILE -
THBY, FREBICHIE Lo Tz, BEHBIZOWTYH, mOREEHERT5 L9 18 (kL T
WD Z ENbnb,
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(a)

(c)
X3.2-2 AX w7 1DOIIal— g FER

(3.2-3ICAZ v 27 b5D¥Ialb—a U ffilRkErmd, K3.2-3@IrT Lo, vy M
Bere% o T 5 CRIBTE IR R A B 22 ORI TH L, Z DRI K& IRBE 1 DD 2 &
THHEN L0 BB KE {hooREE, TRDBLNFNRAY v VRETHDHAX v 5 &
2o TS, ZOXDIRRPUTK L THREHREFEZH WL ZLICKY, RZ v 7 EERAED
BODEITHZENTET, ¥ 3.2-3(b) DX DT, HEAITBEEICIER L TWDIEN, X
3.2-3(c) DL DT d /N EL Ao TN D, BAR Y MIFFRESIIIR ST, BEiAE L B
I E o7z, SHIT, BEENIIICORE 2R T2 Ko IC8B b Lz, K 3.2-4 [TRTXh oIz, FE
IR T H RO RN DT,

U ED XSz, BEHEFEEZRVNSZETrRY MIAZ v 7 MOER LB FE X 2%
ZEDHER I N,
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vol. 6, no.2, pp.3-15, 1987.

[3.2-2] Motoyasu Tanaka, Mizuki Nakajima, Yosuke Suzuki, and Kazuo Tanaka: Development
and Control of Articulated Mobile Robot for Climbing Steep Stairs, IEEE/ASME Transactions
on Mechatronics, vol.23, issue 2, pp.531-541, 2018.
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3.3 BHEAUE2 T —REFHE

AEHIX, BETOHEHOSFEIEREIT) ZENARERA VX 7 2= AOEREREANE L
TWD, AEFET, PEHRIEIC X > TIERED D OEIREIT 2 T OFERE21T 9 2 E A AHER
BEA X 72— ADRREITH)ZEEANE LT, Bt o Ca—XOEEcaRy ho
AiE & FPHERBE O A Fon S8, BEHREFEOSFEERE VAL TITY, 1% 7=
— A(X ROS _ETRHZ ATV, #7027 Z AL OiEFIE Matlab RS Toolbox & HWTiT-o7-,
AR OFIEFETIE, AL GRS LSRR | B EES, S/ AV E2RET D4
BERD D, TA NTFEANCRE TE 208, KIBEGH & RTE BAEAIEA & v 7RG U CHEft
FEDFRR L2 TR b, o HBRoBZITaR y RRERE LWL JICERTRETH
Do BHEEFHIIZEAEBE 2R v N OEFCITERNEE 23T — L8y REHWTIT O R, F—2o3y
RIZIXRONTBOREZ e T T a T AT 4 v 7 LNRWEED, BIROREE T — L3y RTIT
9 EIFHFENTIIRY, FZ T, PCOT A AT LA EicuRy bEfBE L, filshizoRy
NEOHEORE~Y Y AETI Vw7 $TDHETHEREITOZEIC LT, BB LAV Z 72—
ZVIICHR [3.3-1] 2= L LTEY | EHROHIEFEISIST DX O IChR 21T o7z, #F
A BT 2—ATiE, HIETFEORRE LTrER Y MBI DI GEUER &R %
YUATZ Uy /735 EPHAESN BT S, vV AZHNTEOTH BERZEEDONEID
BEh s, MG AR Y 24 2 L THRIERIEES NS, 2L T, RV I a2 L—F 2l
VIalb—Ta VETY, BREAE T 2 — AW THIR ORI O SIS RN AR TH D Z &
EHER L7, Yalb—va VRO —FIXX 3.2-2, 3.2-3 |TRLIZEBY THD, Hiko#E:
EA VB 72— ZADRTZBIINERD LD LD > TN, FHIEIOBRH L7-NERE®R (EEI
BT B A L Bl & O #ZETE LT AZ~AL APfThTnb, ZELE
BEHOBNEA X T 2 — A E~DOREIZOWTE, REEICHHIGTETH 5,

535 3k
[3.3-1] f@AHME 2, MR, mAP—%, RBXE: ZEEBES Ry ho=Ho 3 RTHAT
BIEEALY AT L, BABBSESORT 7 A « A hna=7 ZF#HES 2019, 2A2-F04, 2019.
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3.4 ERERREE

AIEHBEIL, AR THET D24 7 7 = — R LRETHHEFEOFGIMEELRGET 572D DE
FEZBRR L, FEMMGEEITY 2 L2 REHINE LTS, AEEIL, B E2B#ETE 240804
ERLIET Ty b7+ —LbuRy FOBRREELITO ZLERME Lz, FEEORBRBL CEE
HAEBEI 2 AR » b T2 Snake-3 B3 XN T2 Snake—4 & X—R & L, BRAEIT- 72,

F. RIS OREEIT o7z, K3.4-1 TG L72BEIR D CAD (& 7~d, Zeds. i B/~
—Y (RLH) IFERLTH D,

L e

U

B EE EHREAT S F 2T &
(b) & (c) BB

X 3. 4-1 BHFEH% CAD [X]

BAGERLIL T2 Snake-3, T2 Snake—4 L[A U<, I —[ElARAH & & FRIHAEA S 4 48 ALIZHRS
L. By FEEEEE & R FI2 1 stollEhig25lE Lz, vy F, 3 — I & BEshfimshi Mz
IR SN TRY . BHMORGFFEEPMOMAIIIRESEELRZWVWEIEE L, ZHuT kD,
LB FERECORELZE L CTEEOLENELLEATH, RHICRALEENTRETH D, £,
BB A ST A NV TR BN AT U L ABM AR L, ZhICkY, Rl
IR THEOT VT ML bue Ry MEEDORERMEZ T T\ 5,

BT T, K3 4-1(b) o ko ica—MifizuRry b EHICAH7Ey NLTERY AT HRD
FOICRE LTz, A7y N & BT Th D720, T T B bp3 722 < HIEHI <
FIHT 537 A= ZICEBEN B 52720, 2R, vRy MERTRS & BREE & O
MRELRY | AEHR EOMMO B LHRETHET 5L A Z vy I BEALICILS D, £
7. BARy NEEH~O® PR TEZZBE L, vRy MNERSVHICRL L5178y b
BAEEELEZ, Zhicky, oRy MNEERHSICE P E2SH#H LT 25, £72. B0l
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DAHTDREEICI D 2 & T, MHT 28 VOEHENEAE LG E TOHRIEENERS TH D,

BRENHRE LN 3. 4-1(c) D X H 1T, BEENHT 7 F = =— X O—{ & BEEhim 3 8 o fiE & 72> T
%, BUEEAS & R OBLEE (N Ly RIE) IXEEMIZ T2 Snake-3 E[R%%FE L TRV, RREED
RFTHEADRFRECd D, AR O &30 | BREMEHIIMSZAICEREE SN TV D 2D MEIZIHE U T
RO Ny NIgE AR T2 ENAETH S, /o, BBBHT / Fax— 22 EET 52
& CHEESCBRE ML L EFARETH D,

Vv 7Rl T2 Snake-3 XV HIINT 52 L TR UIHEH AR EMETHE L HIT, K&
72 BRI TN & Bk L7z, T2 Snake—3 TIX = —PIHi0 rIEIEIT 60 EERRE Th o727y, BHIHET
X 90 EREE CHMMAFERTHDL, ZHICED, A¥ v 70D OEIREIMEIZK X 72 B AT Ehik
MLEETRGA Tho CHRUGNAREL 725, iz, KA EAET 2 /35— QWY (HFALE %24
D2 LT RITRFETRL b B TELTIRERIER L 72> T\ D, B2 B wTEh Ik
RV HEHAN—RE L THE L) v BRERIRAEETH D, V7 ERRbEVWSATE
—BAEi O ATEE AN 90 FERREE, R BV A T 60 ERE LD,

BAEIH T 7 F 2= —X % 12 bit @ ADC % 3 DT L TEB Y . XDt o Vi % Bfs T he
Thod, £lo, RBEIJSCTEMOYA a0 28752 TRV ZL OBV ETIGETHZ L
NHEETH D, MErRy b2 2 0 L-b D& 3.4-2 (23T, X 3.42 THASI TV
BEiH T 7 Fax—2T42>ThHY, it 12OV RERFRETH 5,

% 3. 4-2 #RAFH

WIZ, WHEELRICERT 28 b0t iTo7z, vl y b EEEY & O O#EM A & 4
IZE o TR TEIUL, RAZ v 7 EFTOREICRVICESLOERDBEO X HEERH, £ T,
JENZRET D2 Th DT Y FSR402 Z38E LT-, OB HiIHmH=Y 7i2hnb -
NS CTHANENT D70, B HANLERE L OWMENREEETH D, N
B (EEFSERE 20 mm, JES 1 mmfRE) TrAy MEENES THH1E0, ZMEM OO R
ORI RARTH D, LW OIFEE LD, ETEMAEEDTD, OFTAT—YD k)
DI oY AN TR OEREIME S NIV, e, 2ok e sHok
Y THY ., PG TE DEM) O REEITME T 5 ADC &t ¥ L ES|THE R S PUEIC L -
THREERTRE T D, OMRBRITRAELIRE . vR v MIHSH U7 CBREE & Bl L 7= BRIC R AT
DEE ) G RATRERRAIC LS5 Z & CHRIET D, S, HEEITIAIR LR Z v 7 D4y
b llTRETDLHD LT D,
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3.5 WA
A2 HeET DI04 720 . S 2 4 2 A 10 A2 CLADS DOIEFESHT B3 7 /L — 7 DY
FHLIbAEDLEEITV, RN AZRET DL EHICASBOERICOWTEREITo T2,

4. %
AR TIE, ZEEBE Ry MEBAOBRETH L [FEEHO A v 7 K& 235 ORI IE
DOWELZHE L, (D AZ v ZIREZHETED LD RIEA 27 = — 2D, Q) A&y
AR BARIFT HHIEH T EORE,. Q) IREHE A KT 572D DEMEA 2 7 = — ZADFFE,
(4) BRREFH R DBRSE & B, Z1T-o7c, Fo, MREEZMBICED H720, (6)WF7eHedE, 217-
77

(1) TIIHfE A 7 7 = —ZAZBRFE LTI, BB LA 2 7 =— R LI AR v
FEHOWTHGEEZITV, 2Ry hOT A TG, RS EZEBE LIoaRy MRS it
T, DHE SN TND Z LR Lz, (2) TIEMEE I X 2 FEMRIETIT S HIE k28R
L, Va2 lb—rvarBrOBEFaRy b AW EZHEFERIC L 0 SIETEO R 2 MREE LT,
FEL LTI ARy oflE T MICEED D H D56 L IKE T IIZEED R & 556 2 1E LT
FEBRAEIT IR, BEFEFEZHAND L TRy MIAX v 7 M OEIG LEIELZ HR T
D ENHERENT, Q) TIIHMEA v 2 7 = — 2T L, B¥A V¥ 72— 22 AWV TIRE
FIE FEOSFRIE RN AR TH D Z LR L, ) TS cesrnMizkLE
7Ty hT7r—suaRy NOBFEETo, (5) TIEHFRMAEEZ O F CEHZREE M b O
CLADS % & i 2852 L TR e & D 72,

il
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