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A Lightweight Balanced Robot Arm for an Internal Investigation through a Narrow Hole
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LIBRA-I :

Yuto Goto*, Gen Endo*, Zhenyu Wang*, Hideharu Takahashi* and Hiroshige Kikura*

There is a need for technology to investigate the large space beyond a narrow hole. An example is the exploration of
the Main Stream Isolation Valve (MSIV) room at the Fukushima Daiichi Nuclear Power Plant. The authors designed
and fabricated a prototype long articulated arm, LIBRA-I, for this exploration. The design requirements were that
the robot should be able to pass vertically through a naarrow access hole, transport a measurement device horizon-
tally at right angles to the hole axis, be simple, lightweight, compact, and have low power consumption. To meet
these requirements, a robot configuration combining a horizontally extending arm and a 2-degree-of-freedom(DoF)
joint, and a variable mass 2-DoF counterweight were adopted. As a result, LIBRA-I has a horizontal reach of 4[m],
a passable hole diameter of 300[mm)], a mass of 11[kg] for the arm, and 5-DoF. As a motion experiment, LIBRA-I
successfully performed a horizontal extension motion from a vertically suspended condition. 3D models of the envi-
ronment was successfully created by capturing video using a camera on the tip of LIBRA-I. We also measured the
power consumption in static and confirmed that it was extremely low, ranging from 15.8[W] to 23.5[W].

Key Words: Long reach articulated manipulator, Reactor decommissioning technology, Counterweight, Link mech-

anism, Differential mechanism
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FEILEER DR T FERT & C, AMELZEE U 72582 B
ZRZEMNEZRE ST 28RO LN TS, 2D EKIRE
il LT, BEH R T HREROFELEHEF (Main Stream
Isolation Valve, MSIV) ZEDOHFEEMEF LN 5. FIREZ
MSIV ZOEREHED S KDMNDSHER I N Z e 2T T, £
DEBEEIT> TS, MSIV ZEFIIHEHRHEENE L, FR
HOERBH 2o, ABVHEADSZENTERN,. MSIV
ZDRITWEADPILBEADL B TERIMENDD, T HhENA
% 300[mm] REDILEHIT 2 I BARERRIAATH S, H
MBI, ZTHFETIZ MSIV Z_ EOFERDKRENCEIT 2L 5

RYFIVNAIRSERBY NT2 22T, $hE NAOREHER®
B L7223, BRI E » Ty (Fig 1), 2079,
X7 DR T, REYZENE L 20 o /KELENCA
fphcBE X &, FMAMEZTO 2D TE30 Ry bR
HLENTWDS. FRERIIIZe Ry b ZHWT MSIV ZXT
OEHIBOE MBI TFETOIKIEEERITS 2 biifsEh
TW5.
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Fig. 1

Sectional view of MSIV room and investigation by Tokyo
Electric Power Company
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AMEALR PG 2 i LR EIER 21T S B, ZhET

CHHRINTES, HELILEX -2 27 A KRS,
TR 2 5% PCV NS EE ¢ LT, EfE 120[mm]

DI HIKFZ 13[m] DHA B84 F2EL E 51T 5[m] #EE
TRNEHATEBEEZMFE L [1]). NASA DY a vy v Fit
VR —IX, FHEMTOPWGEFROEREE Y LT, Tendrill
YIFEN S ER 1em] OMIEVC =V 2 L— X BB L [2).
hsixwihd, ERINIE7 7 XO0ER TN Uog!
iRz ED o T, KiRO—HoARMEEZEZOND L7
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HDTH2. 2D, 77EAMOLEBMEHHEOLLL EH
12, IKEH PN RHEBEICESR 2 BB X85 Z e kD oh
TW2 MSIV ZEOFBEICHEMAT 2 Z L XRHETH 3.

HACR A ER G 2 TN E DR E#E > T 2 HE
70 [mm], £ 10[m] OREEIR 2 —F A X S 2FFE L [3]. &
IKEERE - A Ry b - BEETEREE, PNLEORE»OEAL
TR ZFET 5~ B oKy b TACM-R4.3) ZBAFL, ®
HBENREE R T HRENOBR LORAEICEA L[4, Zh
S5DBRy MIBRLHEMT 221k TRENIT 2720, &
AIED DEFTHENHED 2 L IFR 5T, 2 X v 7 LBEIREE
2 BAREMED D 5. WERBFABLRTT 572012, RKRIHF
FHZZBREE & O &3, Z2HICm b R s /-BRET, &
HIBEAR 2 TR DG F T T 2 HliAE £ L.

CEA LIST 134 8.2[m], Ef% 160[mm)], 5 Hin 57425, 7—
LEVER 150[kg] DZMHi~ =Y 2 L — X B L [5]. &Hi
1 £45[deg] DAENHZ ROy Fiili £90[deg] D AIEIRZ ¢
oI —iHhsinsd 2 HHEMEEZELTEY, 210 BHED
HRTH2. ZouRy b THIUE, 727 RAOOLOEHKS
M2 HRE S HEREZ TR EHEETE, RIEL OB
o THEITaZ vV, 2FEL, 77Fa2ax—RD/phEL
71t - N DDz ¥y FRIENCBA SN T WS, METY >~
IR N & 2 BEMERMC LD, SO TEHEIEH
RENTWVWS. FRERO7—L%2HZ27-DDRERIEEN
BB IoTED, MAREZ TR,

JET-EFDA &, EFEEREIAIF 2 X > T F Y 235728
12, &F 8im] OKFELEHI 7 — 2 [Octantl) ZBAFE L7 [6).
D7 —LADORERIZ 7000[kg] FRE L RAES N, FFFITKE V.
IRID i3, fEEH—RTIFREN 2 SR TP A S O NER
FRHRE D701, KEZHETT — 2 DR ZITo TV 3 (7).
ZouRy b7 —LDHEED 4600kg] L IEE ISR E W, AT
DIRVEEREKRL 7 — 2 TlE, MARREZHRT L, i
ROMMERL L EERBT I2HEND D, ZOMR, AEEMEE
TIREZLOHMZE T 2.  LERETIRECENZRR 7 —
LBAFET E UL, HEMIAM OB WIERFHE S ATREL 72 5.

EE DM N— T T, VA Y TBHRETIZEGH R
k7 — 2 TSuper Dragon| %FA% L7z [8]. Super Dragon i
7 — LEROEED 50[kg] L EETH D, ok HEE X ATEN
RO, L L, ZLOZET =V ZHOVTY A vHi8EEfL &«
WE IR R B2 TR ST, MRy L TH#EIE
WICHMICR o TLED ZeDRERFETH -7, T
IF 272012, FAFETV—TTlE, BEERBD D b2k
o —72HWT, DATo—7%2KR5% I THEBOEEL
BlHol, XYFRILVERYAYEIA4 TIC&20Ry b7 —2%
BASEL7219). L2 L, EELICK2FERICK Y, BBICk2Y
A ¥ DIRIME TR Z U & B HIEED E LR 2 WCHEN D 5 2
EDHLICR oz, FREINICT VF 2R EHEL VA
YERHOTHET 20Ky b7 -1, B 7—2050E1%,
7 —LBRODEBRETH Y, ZHPMADHTICRZ Y
HIETH - 7.

1.3 REEWH

DEaZEEL, EE513 MSIVZOHEZEME LznKRy
FEBRFRT 22012, KD XD BEFEGETEL 2.

o MEALEFAEIEB T X 5.

o Lo M EMIZ, IKFICEHHIRSR 2 X T E 5.

e ARy AT 570, BREL OHEMIIITOT, G
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Fig.2 Prototyped long articulated arm "LIBRA-I"

WAL SBEL, R TBHXES.
[EEWERMTE 20T HHER#EB DD, 28

DT =V R CEHELE T X0,

o FIGADMASRHEN TR RIEETH Y, THICBRETH 5.
o FERANC R O E MBI ST 5720, WXT 2148

D IERICIZTHB BN ZATRERR b /hX <z 5.
KT, Lz uRy F RS2 REET %
72z, AKEWOEHRE 4.0[m], 7 —23EE 11[ke], 5 HEE
DOWRBEANT 28Ry 77— [LIBRA-L) (Fig.2) 2%
Trredbic, TNEHFEMEL, EANEMERER T2
ZHIET.

2. LIBRA-I QRE

2.1 BEiEHReBIEEXY
FIER%TH % LIBRA-I 0 BEEfERRIE, DIFO X SICEREL
Jo. 2B, HEXZAZIGEHEREMEOSINCH%E T2 2
TH5.
o RFHXFERE © 4.0[m]
o JEMATAEFLEE ¢ 300[mm)]
o A m—F :500[g] FLRE
2.2 BRa>E&7+
N FE TITBNIGRETEN T & Big 2 EN T 579, LIBRA-
IoEARayEe T vE, LUTFOXSIWCHEL.
o FIEREOHB BN 2 Z, FERINCFRMEREREICT 5
72, wAFaTSR-ETEEL, RRZEE 77— 5251
AR T 5.
o« 7 — AOREBIEENCIE Y 7 F 2 T — X BEHERD 1T 5.
« BEENBHETOBRE) P L 7 BB MZA 228 T, 77 Fax—
RIZOWTEE,I DAV FVRDDEEET L %A
BB L, ZhiCXoTLekrBaEroa v vy M 5.
2B, REEIBEEIORE) M L2 BEHIZ B Z rizonTiE, X
DEIRFHICE->TERETZ 2T LI
o CFHGAE, EIBEIMIERED b oL 2 1B LIS VIR (7%
WE2 DKEREY —241) 12&k->TITS.
CHERZEHIY VR 24 EAWT, KEARNHEET 3
FRDOZEMRFFD 7= D BHEIEKEN b L 2 R HE S 5.
2.3 7UtEXFIE
FRoERa S MTHSWTEESNEZR LT, MSIV
EADORy MZE 37272 XAFIEIIOWT, Fig.3 ZHWT
FHT 2. ZUCHT2oT, IRy bORILLBHICO
WTHALTEL. Ry MBI I'7—24 (Arm) | THD
FF 84 7 (Suspending Pipe) | T34 FBi#j2=v b (Pipe

xx, 201x
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Fig.3 Proposed procedure for accessing a large space through a narrow hole using a

long articulated arm robot

Drive Unit)] @ 3 o2 6l E N 5. 7—aEHIKY > 7 %8
FromfizEEE (Joint A B XU Joints B) THEH LU 7L
VY7 RTINS, JElicidh X 572 ¥ OFH IR 15
INTEBH, HIITEREEI Y VXY =4 MBI T
W3, Ay A MIDERDBME (Joint A) IZIXHMH T
oA THEREIND. mD RFA A7 7200 B
BB 2=y ML oTET - BEEFEICEEIX N3,

77 AFEEZFEHT S, £3eRKy MEImH RFA 7,
7 =25, N4 TEEI=y FD 3 DIXHFTHRA IR, RN
R4 Ty PARE XS (Fig.d (1)). R, 7—2uD
7R AANEBEND., ZOLET7— LMK T S Joint A ¥
Joints BIZEARKE T3 (Fig.3 (2)). 20, BH RIF A
TREREL RS, 2REEFETRNIETWL. ¥/ Joints B #H)
EXB7 —LBIT D 227z AKECT 2 (Fig.3 (3)). KZEH
WADERD5ET L5 Joint A ZEIESE, 7— A ZKEIR
RBIZT 2., ZorxBEANEIY Y EZ Y 24 M EHWT Joint
ADMLIEHET S (Figd 4) (5)). ZLTHYY&RU =
A FOHEEBERABILAZ VY ARRLERNL 7 — LA ZERLTY
< (Fig.3 (6)). ZO7Z7vXFIHcEbuRy MIFENT >
2AOZBRLEDOBIL, REBMAZFEE TSN TE 3.
AL TR ERL T 72 AFIECBIT 27— 20FEDA 2R
5. Thbb4 T2y P BXUR D RIF A Tl
BEREZ BR W= Fig.3 (3) 205 (6) ¥ TOEMERRILTEZHD
TEETERIET 5.

2.4 FHER

LIBRA-I O#i#% Fig.4 2, 3D E7 1% Fig.5 \ZRL, 1%
RIDHEMEHHT 2. DI, Figd IR TEERICBITS X
il ¥ SEATRE0E D OREERE v — L Y IR, BRI Y #iliE ¥y 7,
Zihe 2 —%n S TR 5.

LIBRA-T & T/KFEJER 7 — 4 (Horizontally Extending
Arm) | 2 HHERHT (2-Degree of Freedom (DoF) Joint) | [N
o Y ZH VF7— 2 (Balancing V-shaped Arm) | T/ D ’iF
%4 7 (Suspending Pipe) ] TEEAZ 2 HHE Y > XY = £
b2 A7 2 (Variable Mass 2-DoF Counterweight System) |
hHRENS. 22T, 2 HHERMENX Fig.3 @ Joint A 12,
KRR 7 — 2 % fE S 2 BN Joints BASHIG L, 7KFERER
7 — L DFEIEHER S D A 5h . J1 A6 J5 DB

HABRRY MEREE xx & xx 5
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2-DoF Counterweight System

Water Supply

b ceememmmeeeeeeeeeaens 1
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: Arm
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Fig.4 Configration of LIBRA-I and part names

IHEBIRIETITH 5. J1 (RolD) i £10[deg], J2 (Pitch) i<
13 —10[deg] 2> & 90[deg] OFIENEDBFEIEST 5. NFVZAHAV
FT LB D I ENTWRKER AT Ry 24 ek
FRokEHLART 2 ZICEDERAELT 3.

DI LR ORI E o 7B OWT, &EicEHR LTE
BHLTWL.

2.5 KFERBET—L

KRR 7 — 21% J3 - J4 - J5 @ 3 D OREFIBE &, % 1[m]
DYV IR ADMRT, SEHEDT —LTHS. MNR{LT5
PFEIEFTIE, BRy MIAKFEANAEZEZ Z itk 3.
2 — I GBI X T2 KERB Y — 2%, 2D & 3 RIRI T
HiEKE) b L7 BN TE B0, J3 v J4 OREHIE 2 — R
YLTW3. J5 33 —Bfix ¥y FEEID 2 DD R — U nE
Zbihd. a—Mfie SAIUIBIEERE) b Lo 2/NE L TE B9,
Yy FRfT Y LTHAENMOBETTH 2720, BE LD F
DREL ST, ADMAZGFOHRESAREE B XY v b
b & %. LIBRA-I TiE J5 13y FRIfi & L7,

2.6 2 BHERE

2 HHERANZ J1 (Roll) ¥ J2 (Pitch) ®BEMHE % ORE
FREEICH D, KEEHT —4, NSURHVET—L, BD
TFARA FTREHRLTWS, KEBET —22NF V2V F
7—=2Du =)Ly FOLEEAN—KT S LI LHEHTHS.
2 HHEMEOREN L RIZOVTIE, 2 ABEIToNS.
12, J2 @ 0[deg] 2> 5 90[deg] DAIENHIZ, Fig.3 (3) 225

201x ﬂf xx H




4 ® OBk E i

IS
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40m

Balancing V-shaped Arm
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J1(Roll)
4\:{:10 deg\ .

32(Pitch) o 4o

Water Bags

Fig.5 3D model of LIBRA-I and dimensions of each part

(5) ITHEF 2 KTEREB 7 — 2085 LIFO7-DITHETH 3.
HUZ, J1 ¥ J2 O £10[deg] DRIEHBICOWTIX, KFEERE
7—AD J3 ¥ J4 O L2 2R IZ 2MEND B.

BEWCOWTEHCHAT 2. & LKEERY — A0%21C
KETHIUZ, J3 ¥ JATENOHEEZTT, 7— 2000
HEITS =D NEN R Pz EHATRIE IV, L L
BEDOTDFHMOMAIMEINEL o TWBEGEE, VY7
HEES 2 BEISM D 7= b AT ¥ OB TR R 5T
Z DGR, BEIEENOEEEZIT S Z 22k b K EREKE) b
NIBRELRBEELZLGNS. ZhEEET L, KEEH
7L RERIMVIERNTE7 7 F a2 —RXEHBW LR
Uo7z, uky VEBEI»DOIV T MIT ST
LAWY B, 22T, J1 2 J2 ICHEE L ATEIE R,
HEER T — L OLBOFREEAEL L, HEEWETZ Y
T, J3 ¥t J4 OBEHERE b L 7 B EIMZZ I IZLTWS,

F7z, HRXTREOFHKERERGET 2RI, KERET —
LDIbABRR LI L > T, FHIESRIFTEDSH» 5 3Th
THEESNTLES Ze B 6N 5. 2 HHEBESSFEET
52T, ZOThEMBHETZIENBEH LD, FiEOER
WGEDIR TR 2 WS EIRMIZER BTN 3.

2.7 BENZE28HEHNIVEIIAL

COFITCIXERAIAZ 2 BHEDI Y VA Y 2 4 MZDOWT, %
DOMBIER L THAT 5.

9, 23 TlRNEZESIE, AV ERV A NBEBHB LT
2 HHEMFSONE Ly 2iETE 2. ZOME, 2 HHE
B Z DA HR» OBRB LG L R 2RI NS,
2T, KEERT —2DELD X MG HEICE > T SCBEIT 3
BE1E, J1 (Rol) I MV 27 3RAEST, J2 (Pitch) D&
HEITHLREEIVDOT, Iy rE&v =4 MI1HHEETIW. L
ML, KEERT — 2B EEDORFICERMLIZEGEIE, J1H
MUY EFET B2, HEIHETHZ. ZOK, VFERE
BXNE22008Y Y Z Y24 NOERICEEDITLILT,
J1 OFIELTTEEE 722 (Fig.6).

T/, CO2HHEDHIY VA2 A4 FBRHBZILT, B
T4 ZONICAT IS BT E— X ¥ P MRS 3 &
WIORRB DB, LB T A ORISR E i £ —
XV EDEFENDZ L, BORINA THRELEA, 727+
ZOE D TFRA TORNCKE R BEEIE L 2 ATHEED D 5.
AT R 24 FOBRICE 2T, TN5DEAREELRZ KR
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CFRP Pipe

A7075 Part

CFRP Pipe Smart Actuator (X8-16)

Fig. 7 Detail view of J3

TEZrHifEdNs. Avrvikv=f 2 2HHEL TSI
T, KERH T — 2 EAD R ANCER L 7ZGEICd 28R
PRI IZILNTES.

3. # # B B

ARETIE, LIBRA-1 OBREFEHCOW TR T 2.
3.1 KFERRT7—L

KPEREB 7 — 20 J3 EAOHM%E Fig. 7 \~3. AeEBIH
12iE, A=+ 727 Fax—% (HEEHLIY, L7V,
BoERE, BEIE—X, E—XFIAN, aVPa—RREHP—
Ry 7z - 7-85) ® HEBI Robotics #1:# X-Series Actuators
X8-16 ZERH L7z, 4 2D 1[m] ®V > Z7Z, EE 60[mm],
AE 1[mm] D, REMHER{LT5 X F v 27 (Carbon Fiber Re-
inforced Plastics, CFRP) DR 4 T L1z, Av—1+7
7 F ax—x2 CFRP {4 FIFBEDEW A7075 oM
roTHEREhTVS.

3.2 2 BHERE

2 HHEMES ONEOFHEMK%Z Fig.8 ITRT. /KERERMT —

xx, 201x
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Smart Actuators
(X8-16)

Fig. 8 Detail view of 2-DoF Joint

Steel Rod

Ball Joint

Ball Joint

Ball Joint

Fig.9 Mechanism configuration of Balancing V-shaped Arm that opens and closes pas-

sively by link mechanism

LENT VAR VEZ—LIFEL 1 AOENCEET S Z 2T
20ODT7—LDA—ILE Y FOREN—HT B &S5k
L7, HEDKIRTOMEIE A2017 THS. KEBET—2 %
[A#ED Hebi Robotics A ~— b7 7 F 22— & 2 {EHE#
ENTED, 3EDTA XX 7T L2 ERHELE Z v 7-5%
HrlhhoTuwa,

3.3 NSYRAVETF—L

NG VARV ET—LIE, ATV T x4 b KEERE
DT 37200, T2 CFRP XA S TTELT7—LTH3. 7
R ZAAZMEIIES £ % (Fig.3 (2) (3)) IKIZERHLIR DB
BRI oTWBD, 7—2WKELRZ L ZIIEZEHICV
FREETAEEEHEI TS, VEORITICEE X A 7- 328
HEHEHY, MHCR—LYaf Y boonkEiifony Rick
D, ZOFHEERFELTWS. KBIERD R, zhozd
LLTCHIET S Z T, BRROMEBAT Y Y MCE
rEZE51LTVWS (Fig.9).

3.4 BOTFIFNAT

i D R4 A, MO Z R D T Tne 54 7 Th
b, T FHOMMOERIC X 25RNAME NS, MEIZ
CFRP ZE£¥X LTW5.

Water Supply Solenoid valve
ol Self-Priming D_|fferent Interlocking ;
Sewerage Diameter - .
: Pump Coupler Solenoid valve | :

Pump |
prTT : Different ¢

Diameter

<€—>» | Coupler

Fig.10 Configration for 1-DoF of the counterweight system
that adjusts the volume of water in water bags

3.5 HENZ2BHEAVYEZIIA L RATLA
BRAZ2HHEAIY VXY 2 PO RATAIE, BEAZES
VYR A MeRBKEL, TOKK - HIKEITD BERT
WRENEI AT LTHS. Fig.l0 IZZDT AT 2D 1 HH
o ORMMERY. KSI2IE, 185720 AR 3[L] OBHS
N=To72F v 78ORE, 1 HHED-D 3805 5 [EE,
At 6805 10 NBEMHAT 2 (BT 2EEEBR T AR
6 BMEMA). BREPHEPT L SXBERAEME, LAKED HIKE
WWkEMET 2. HEEZMS T =, BRARY FTRIIL,

HABRyY F¥2RE xx B xx 5 —5— 201x F xx A
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Rotation Axis of J2(Pitch)

Water Bags (Soft Plastic Bags)

Balancing V-shaped Arm

Smart Actuator (X8-16)

Access Hole (300 mm Diameter)

€
q: I
- i |
Miter Gear |
LT
I g !
. ==
ﬁ Suspending Pipe Miter Gear i
€
Sr' % Smart Actuator (X8-16

I .
’ !Ef“ Top View / A-A Sectional view / B-B

Fig.11 Top and sectional view of LIBRA-I in hole passing condition

Fig.12 LIBRA-I at maximum horizontal extension

TAGEICHEE T 3. BAGED HKEKIBICAN S & &, KR Table 1 Specification of LIBRA-I
VT RESo T FKERRNTLES 2D RVWES, R 7 e Horizontal Reach 4.0[m
W 2 EHRONEMET 2. ZOEEERSIE, Ky IRED Passable Hole Diameter 300[mm
T3 EHVTED, Bhknk SEHT 2 X510, 8K ff;yslfjgg‘“m i;g‘é]
FNCEBI LT3, B RY 7 7 A0 EEICEHE Degree of Freedom 5
L, BnwFa—T7%uRy hORTNTEL T, KEBTHET 5. Range of motion of J1 +10[deg
RED FHO—IHECESAB D, £ IcF 2 —TZWD g O o o e T ng[jeg]
- . o oA _ g ange of motion of J3, J4, an eg
7% 2T, KROMIKAZHICHERL T 2. 7k®5i0)”)ﬁ Power Voltage of a Smart Actuator DC 24|V
32 BHEMEHOH ML o RS LI AN UHIEITTo T Rated Continuous Current of a Smart 0.8[A
w3, Actuator
Gear Ratio of a Smart Actuator 1462:1
3.6 /MEFLZBBFEEE T BEE
LIBRA-I 1%, HIEfHD 1 ©oTH 2@@AIFEFLIE 300[mm] A B B
ZERTES XS5 ICHEIEEI N TV, Fig.11 IIRT & ’
512, Fig.3 (2) OEFROALEINCHE VT, EE 300[mm)] 4.1 98- %
DOHOHFIZETOBEEZIND 2 Z N TETVS. FAE L 72 LIBRA-1 4% Fig.12 ¥ Fig.13 12, %

JRSJ Vol. xx No. xx —6— xx, 201x
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2-DoF Joint

J3 and Water Tube

2-DoF Joint and Balancing V-shaped Arm

Water Bags

Fig. 13 Photographs of various parts of LIBRA-I

*The numbers represent the time (mm:ss).

Fig.14 Actual image of the experiment

Table 112”7, KFEMGEERE 4.0(m], 25 BHEDTTREHAR
ErRbians, 7— o8 OKEERY — L4 - 2 HHERME -V
FEM7 —24) ORFERIIDTH 11lke] £F L ERITHENK
TETVWSZePbhrd. Figl2 ITRT L5112, EBRRFOHER
W% EF577=0, Vo rllEcdReao LED 57— 7285
FJTW3., £/, BEAEAIV VXY 24 P THBKEIZON
TUE, FA7KRHCER, FEKRRICE O LED ARl 35 X512 T
W3,

HABRY M

4
wp
B

L\XX%XX%

4.2 7—LEE

FIEL7: LIBRA-I VW THETHERFDEY 77 v TH
B CEIERBRE AT - 7. ERIEFICBEE AW T AN TT
W, EEERO BRIGESEOAZ L— Vv ERWE. BY RIS
A4 FEEBHER O EERICEE L T, 7 — OB ELHER L
7o, EBROMT % Fig.14 1. EBTIE 7 — 2080EI2D
D TA3 o 72IREE (00:00) 225, EBIEIOMED Odeg] ¥ 72 57K
IR L2 IRRE (08:13) BRIV R I IMIL. £
Fig.6 D & 572 J3 73 60[deg], Z NI DRIHIAS O[deg] & 723,

201x 4F xx A



Fig. 17 3D model reconstructed by NVS(instant-ngp)

MR PN U/ ZB R B ARETH 5 Z & 2R L7z (12:23).
%72, Fig 14 IZEBH L TWiRwa, AKERERIREET J1 & J2
% —10[deg] > 5 10[deg] DHEFICH VW THHICEIEZ Z L
MR L7z, BBLZRELSHU T — 2D 272 ATHEI
B D R 7RISR Y, Fig.14 DM DOEIED I L7z, 01:43
DD SRR L THUZ DXRBICR 3 % T OFTERRH
34 17 T H o7z

4.3 RWOAATICLBIRR L 3D ETILOER

BI{EEBRDRR, IRy U THEIHY —RE—X—I1Ck D
WA TMEREBIMNICELTE 2 X512 L7 Web X F % el
WCHD AT CTIRE 21T o /2. Z D3NSR OB B13H 450[g] T
D, LIBRA-I Ot LoRfu—FrRABEETHS. BEL
728l (Fig.15) 725 3D XA E24AEMT 2 Z L I2s ML
AR L7ZETFLVE Fig.16 & Fig.17 1233, ARG EELTR
DBEHTH 5.

1. EhEA 5 223 MOETGR (G 1280 X 720 px) 27 ¥ &
LI L7z,

2. Structure from Motion (SfM) [10] 12 & D 2 $— R AL
2T, X THPFOHEE & 28— 2B TN OIERET - 7=

3. XHIKEHERETNIT B0 DEMREIT- 7-.

21220\ TIE, 3XTEFVY VI Y 7+ 27 COLMAP %
AWwiz. 3. Tk 2@h OFEEZHW. 1 2HIE Multi-View
Stereo (MVS) [11] TH D, COLMAP_ROB t\W5 Y7 Fvx
7RHAWTTo 7. 2 DBEIXFEEYE %W FIEAD Novel

JRSJ Vol. xx No. xx

k¥ ®mHE FHE KA E K

Table 2 Target joint possition and power consumption in static

Time Target Position[deg] Power
(mm:ss) | J1|J2| J3 | J4 J5 | consumption[W]
00:00 0190 0 0| —165 15.8
01:43 0190|165 | —165 | —165 23.5
03:19 0] 0]165| —165 | —165 17.2
05:40 0] 0 0 0| —90 16.0
08:13 0] 0 0 0 0 17.0
12:23 0| 0] 60 0 0 17.0
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