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1. ELC®IC

ANeBET 23Ry hOMERIZEWNT, fitkon
Ry b0 L1E, 2= Ry MIHT 2 EREZHRY
WZRT, B UK IRBHRAERTH->THMVWELIZE->T
Wit TcE 52 22 ELTWS [5], [6]. LA UEEIZ
i, I—VOERIIUVIZUVIEEBH®RTH D, BRMZERE
RTZENTERVEAEE L (18], [19], [20], [24]. “HE
R L IE =AU S OB R EREZRE>TWVWDHIZH
b5, TOEROEM %M SELTERWIRIIC
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HDILERERT S [19], [20]. T D U 7-BEERZRFESRIZH L
T, Konz \ER L Th XK EF 1 THTEL L
W LES Mz TEE LTRITIENTES. fIX
WX, ADEEZR A I VI TRER>TWL, ZbRE%ED
Wz EIZ “E3LELEN?” Y EL KO 2f7E %
B ZenTcEs. AMEEFRREZILIZT AR Y
M, BUZHFD S OTRIZS U TEMET 57217 Tldk <,
IRPUZIE U CTREBINC (a7 2T 4 7I2) #2580 % 1k
ETBHIEMROOENS.
ZDEIBRLADF T EEORY PTEBEL LS &
T255E6, WONORENFET L. £3, vkRy M
A—YORHHEZ T TR, 2=V E2WMOEIRA»LS2—
PHRRE L T2 FETEZELRITNER SN, DFED,
SR TIERCER, HEREPS/OSNIEREZRS
PHZWB Z e RkD S5NDE. BFED Y IVFE— X IVIFHR
ERWAZRFEORY FRRFEI -V v bOFSE, i
DNFEIZDOWTOEMIGE [11], [21] X EROMENT [5], *
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F1 a—¥ER (ZTV) OBEKS OB [19], [20]
Bl |

Q1 A-YHEH S TE TV ARVER

Q2 | T—FMATEERSNTOBAFIESNT
WIRNEER

Q3 | MImEICRF I NAEK

Q4 VAT AP BT VT =y MIE
I N7z EK

ENnE MY A= U (4], [12], [13], [26] 7 &A%
THY, BHELURRELSKZOFNfTHIZRD D Z & 1%
To TV,

F72, ARy FTCINVFE—XNLT—XE2RFAL LD &
L7256, PR 2 0ROMBEICHEET 5 [7]). EE—
FRIZ D & N2 BEMREE S FIRIX R 2 28 7 — X % 5
ETBEM, aRy MIZOHEEIZEDLETT — X2 INE
TABERDHDZ NS, T—ROKBEEITAS TR
W, Fa—VEEOHERFIZOWT, BRy hOF
BiZEMBEEE2E - TYIalb—Yarvdslesi
LW [23]. BRONZZT — X0 S8 RINICEMEE 2178 5
LT BGE, ORY NIZTODRT X oEIic xR A Y
AR SRR ORIRE &2 2 LT e 5 7 [25].

AIFETIHRIIZIE U TRDF\Wa Ry b T8 % &
R 2720, Ry bO— AL S DEiEFINT 5
KONz a Ry MIEIOT—X 2y M EBEEL-. HE
DHERELT, FTERY MBI 2DTE57H %
HOoNUDERL, TNSDITENILITTI2RNEZ T
RY—o Y TS 2 /7 18] 2V, 20259 R
V=Y VI TANI NI RIS T Bk E vV FE—
ENTF—=RE LUTELZ. 7, BohzT—2h 5%
DR\ Ry bDITHZBEIRTE 2 L5155, <
VFE—ZOVERDP S/ o N RN ZEFHTT 2 &5 RIER
7/ T7T—vavliz. BEOR—ZA74 VETIDMRE
R U BB ERE» S, TLABDT—XEy hOAMN
FETF—-XE UTHATRRGEAETS, BHE,r6HoND
FRIHI 22 R 2 W YN IE T 5 2 & TR AR ERIZH L
TROF W72 EIRT DREP R EL M LT 22
bhrotz. 72, BEOHEMFFETNEHVWIEATE
5 L7 2 R E 2 BN CTHWA Z XA TH 5
ZEDWHS TR o 7.

2. YRUBEET—IHEE

Taylor [19], [20] 1&, THHIRRRFD 2 —FERZ NG &
UT, TOMHBEEIZRL TR 1 D XD 4 BERICHELT
W5, INETHZE - FRLINEZEZAS2OI—F 0
FREI DD VAT 4 [15], [22] oAy b 1] &, 21—
PHREEOFICIHMBEICERPEENT VWS Z L 2Ri#ELE L,
Q35 QUDEHEITES>2T5HLDTHE. ZhITHK

© 1959 Information Processing Society of Japan

ZHEN
BNz

=

@ S
S

1Y Stretch

INFF(E RE1
WDEFTH?

1 KON FEDH: TRy MINFFERFE->TETWS.

U, 5BOMFEORY PPV ATLATIHE QLR Q2D &S
RA— R E S OERE I SEE LT E TWARWRILIZ
WHLUTH, aRy bBA =27 F T2 DDOF DT
WRTEI 2T 28N TER LRI RkdoN
% [24]. AWRETIEZ S LIzkzBEL, 277 RV —
VU ERWTTAT 7T 4 TIPSR DN E
#i1o77.

ARIFFECTH Y MO FRE, MR ey PRy F
ZBWTHERY M- FOREEF(EZD & WD RH %A
ELZEDTHD. 1—FITTRDMEIR AR FEGE OGS % 17
W, BARY MIa—-VHET e PRI ITh RN E
BR[0T 8%2 & 2 RH2HETS. M1
I-Heua Ry bDAVERTIYavOflERT. ZIT
I—HD “GHEPEREZW WS KR, BTUBEE
DRBRICH T 2 E k& L TERE LT N T WS DT Tidiaw.
ZHUZHUT, BRy MEI—PHIFELHLO iz oNFF7
MRHEHEEDRMEMEL DD “NFF 2T B &
WO KDFI W ATE R BEIRL, EBIIANFF 22—
LT TK 5. A% T hello robot £t & D IRFE S 1
TW5 Stretch RE1 *1*2 2 Z 5 L =fihiT8z247 508y
hEAET B, Stretch RE1LIZAH AT ARy hT—L4%
BATVWAREHENA LY=L —ZThHD, aky
b7 —LDMHfEIL 1.5 kg THD. AN, ABFETED
WS> R AT Dli#REHEL L OTF — RBEHEIZOWTR
N5,

2.1 YRVERE

AW THD D /56, FOTRT TV OB
FiE, FOFRFEMTONIZRNEZRTBRY b D— AW
MO, FIZHIELZa Ry bOKDOR W7 ED =
DHMEBEINTVWS., 22—V OEKRLETN AN
&, IRy MIZOHKERRI & FFENBON S Z2HZEL,
HOoPUOHERSINTENS T3 DR SEBFINT WY
5L REDEEDRGEAT IV EENTS. KfETE
HFL-aRy NOFEATIVDOY A MNER 2IZRT. &

*I https://hello-robot.com/
*2 https://spectrum.ieee.org/hello-robots-stretch-mobile-
manipulator
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£ 2 FKENERY FOTEIATIV Y A
NFF2E-TL 3, REVFr—71V%2K->TLK 5%, av 7%
FoTK3, 7y Fvyv72F->T< 3, Elflizki->T< 3,
Ry MR MVEFE-TL B, VEAVRFF>TL B, AVK%E
FioT<K 3, BETRF->TL 5, T4y ¥afiztfioTK
%, KB r—7NE G35, av TR T2, TFYvv T
IS, I=2h—% 4135, Ry PRMVEAAD B,
VEIVERMITS, AYKERAITS, BETEAMNIT2,
FavvafE MY s, TIFITIFCETS, B2
FoTl%, 29F v/ y—reRioTK 3, V9 A%K-T
K3, BAL#ER>TL 3, ¥FvFrR=—rN—%F->7TK
5, LEVRF->TL B, AV—=TF1 V&K ->TL3, U»
PObERF-TL D, Y73V I7v T2F->TL %, KiEzHio
T3, W EMZLES, ZyFrry—balICLE
S, FIAEMIZLES, BALBEMIZLEDS, FvFv
N=N—% I UED, Ry bR PMVERHEIZLES, V7
VI TEINZLES, Ry NX—=2LYIUILANDS, XviSi—
EWIEEICLE S, KEEMIZLES

ZLZTEATF IV IIEMTLAEETH L. HIZAIEX 1
DA—PFFE L RWDBP AN I NG E, “NFFE2R->T
B LWHITEIAT IV 2 0 FEO AT TV OHFHRS
BEIRTENE, ofry MIKOF W78 %2 B IRTE /2L
ARIRT.

2.2 1I—HOEBKAEREAORY NOKOFWETHD
&

1Dk uNGEE2INET S AEELT, 2 07—
A—lZa—Feu Ry bERBET RPN TT V&
SUvavEFoTH LS WOZ X5 2], [8] BEZ SN
5. L2L, BEOBERZD L —PERICG L TEbIZRED
FWZ782ENT 5220, Afice->THELVWE A
ITHY, — N WOZ WFETIR/FT 2 21—V DER
LaRy FOIFHORT ZREST LI LB (18], %
ZTAMETIX, FTaRY ML BEZLDTELRDF
WTEZH O UHERELEZ. TLTEHZL-ORY b
DITFNZH LT, 2=V DORITHFES LOENORNZE S
BOIZIIRT—=A—IZ AN LTHES S Z & TRN-THE
R7ZEWEL. BlxE, 75 22F->TL B2 W5178
WIS EET, “BlEEZRE D LEL TOWTHfZ L TW
L EIZ, ROBWITIARZELT “dN?7H5 D
W Yot 7 REA-FHKEENMA TV REDL
NIRMEFRNZHALTE S 572, ANEHZERY b2
EHZINTEZL>TWVWARETAZBURTEHI LT, N
KOO Ry bOTEOMMEEMARIZLZ. K2 ICTERL
Ry FOFEIIFIVICESE, HAZEI— IR
TR =S EHWTINEL 72,

*3 https://crowdworks.jp/
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2.3 RENFBEO7/ T— 3V

BNTREEZMYT 208y D2 —FOEKZRER%E
ZAF e EFZ, KENEORD S TIHHEYRKOF N1
T2 EINT 2 Z DL WEEDFET S, HIAIK 2.2 fi
ZBWTIE L 2T — 82121 “bNn?d 5 —f 2 D 2
EWVWIFEFENEENTWS., TR -T2 BIH
EHESTVWBRNT, $5—22 5 AWML\ E WS RN
WBITBHETHD. 2D & EFHKFEARDHD S EY 1T
BTHd “UIARF-TL B 238RTLZ L IWNET
HBED, “—PWITIRAEFIZRE>TVDE” L\ EHIE
WEBIET L THROIDHEEL 2 5. & I TARIISET
&, IR U Za—PHEIHA T o2z ) ey 7%
FvFUATBWTHEH U282 NE L 7-.

F725EIE, HEIBETOORY hO— AFHEDT —
REAWEZ2ETE2d, REOT—X2HAETS
ZEMEHLW. IO ULAEASBRT-XOFAIIBVT, #
BT — 2 OBV EZETH S [25]. £I T, HEE»55
S5NDHE2 BV NV OERZFHAT 5720, Rz
AT 2 & 57T )0 (BIANZREE) OS5 % A AFT
To7-. ZOK, BE»O&ED 7LV —LAOE G ZREH
L TrUy 7L, REEBGIZE T DU NWEhn
EDTRNVEME LR, T/ 7= 3>y %2R
R5.

[N X Nz 2 —PHEEB K ORI T & - i,
W 5155 N2 BN R REEOH %2 X 2 1TRT. Uttr
WA —VRFEZ2EWRL, action ITHIHT KD Wzo
Ry NOfTEIEERT 5. Viewpoint (B Z Y L7270
AT OMEFESEREKRL, EF3FEEHTH 5. Position 1YV
TyRFvFURY, A—YRBRNDEZIZWENERT
HHETHSD. Pose lZE->TWS, Vi-oTWBE W7z
I-VORKERTHMETH S, Has 1Z2—F 2o
TVWAMKRERTIEMETH 5. Coffee table 13—t —
T—7 N EIZEPNYMEERTREETSH S, Dining
table X XA = v 75— 70V LIZ@Eh Nk % R 3 HEE
BTHD. Kitchen l&F Y FUIZEPNT- YK %E R TR
BTHD. ZNoDORBIIAFTNE LD, SHEHRR
MR THETHILT A Z L 2BHLAETYA VIZRoT
W3, IRTOEBNIZIEIBT I——F—T7), XA1=
VITF=TN, FYFUNEDAALTVE. M2DT
T=Ya V&Y, FEEEICHAT T S iR, EiH» 55
ONDREENRAR L THRIE KD N zT R Y b DT
FUZEDHLETT /T—arvENTnbd I erxbhnrsd, X
FE U7 a— " 20kEHERER 3 1TRT. ZThE TR
U727 — X DOWEIZIZZ KR I A NP EN L7280, KL
TiE 400 RO T =R DAZRINE U 72, ZIE—I 220 FE
=32 2], [18] & HHKT B L IRV TH S,
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uttr 5D EE”
action TFvyITEAEGTD
viewpoint :2

position VY IJ7

pose EBOTULD

has L (IRL)

coffee table: 7 F v wf, 1 &
dining table: AU—=J AL, 2 &

kitchen Ry MRINL
uttr BN ? EO—ER DR
=S action DS2EHFOTLD
{ viewpoint :1
| position  FVF>
~ pose (IO TWVD
has DS, BB

gl dining table: BET, Ov 7, 12

kitchen 1 (f2L)

T uttr TBRREDOTEL”

action CBEFERHTD
viewpoint :0

position VY I7

pose (DTS

has 1 (12L)

coffee table: BEF, ST b, &
dining table: Jw =, ®RES -, 13 &

kitthen  :OFvv, &

uttr BAEIE®D ERH
action CKEEMICULED
viewpoint : 0

position  :FWF>

pose (D TLD

has 1 (I2L)

coffee table: FEST—JIL, SvT hwF
dining table: AU —J A ()L, 72 &
kitchen KR, ARy RR ML

2 L 7255506l

*x 3 WHELEI— R ADHEHEH

POERES 400
SRR 11.59 (44.94)
YD ->TWEA TV =7 MK 0.14 (£0.37)
dA—b—F—TNEDOA TV MK 1.40 (£0.91)
BA=VTTF—=TNEDOATI =7 M | 4.32 (£1.95)
FVFVREDF TV MK 1.47 (£1.66)

3. HEMEBEHEZAVEIDOAWVWAEITEHO
N—Z 4 VR%H

2BTINEL T — R 2H, EEICHERZR 22— FE3T
ERWMASKZOF W0 Ry MIBIZHEET ER—A T4
VETNVEMET S, T A-YRiEEANLTEI N
EZONBEH, 22 HTRUEZEY, £ DT —ATIIE
MR 2 —FREED AL SWEYRITE 7 5 A2 HET S Z
LIRS TN, SAVFE—XILRRBEEZFNHET 5
&, BHZEORITEITEE T T HED < EmM T % 17
5 [17). L2 L, BRy FOFE 7 5 AHED & 51247
WEBF—-REZFALLS 2T 554, YLVFE—XLIE
WS FHE N B E#RIT L 0 RSN D BENDH S [25).
FITHMEDOR—A T A VAR TIE, FRWICT 5 H
1WA - DRER DT ) F—varvE ANELT
W, ZnoDDERER LI OREFLET 0050
129 5.

B 3SR L ZR—AF 1 VB E 2R,
TLFE—RVSHEEFI AL I NRIIZH LT, Ok
WTEPFNT VR L ARTZENTE SRy hDOIEME
T8 % 40 7 I AN HHEET 5. FREE O BARN 2L
BOEMEHT I DFENZONTIZIRDOEY TH S, £7
I —PHEE (uttr) FFHFTFEHET LV TH S RoBERTa [14]
\ZAJIL, RoBERTa 281 L7z [CLS] R2 bL & Rifh&
RZMLVETBEIET, TOHRGEHPHRT S XRHFHEE
CUCHHTES Z L 259 5. £l E&» S X
N7-KE TH B position, has, coffee table, dining table,
kitchen X7 F A M TH B2, Z1H RoBERTa NAH
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U [CLS] R bIVERHENS ML ET 5. 2o DR
BIZHFERN TH D720, FHEANT PVADOLEHIZHNS
F v U — 27 % HiffiZ word embedding J& TR T 5 Ak
EFEZ6N5. EHERIZ word embedding B TREL 7=
E7 V& RoBERTa ZFH L7 €TV OMREZE KL 72 &
Z %, word embedding f& % I\ % E TV OMERED A RIC
KR U7z, AWIETIEHEGERA OREES RoBERTa
EHAWTHRBENRSZ ML EW U7z, Viewpoint (D0
TIE% viewpoint IZX g 5 —1RIERX 2 bV % embedding
@& DG T 5. o OREEREGD 515510 53
K728 (description) TH 5. INLSMTEH, —f&ITH
WHNDEEDOHAFEETIVEFHALZRHE L LT,
Hiff (image) % EfficientNet-B0 [17] IZASILTRZ b
t3 5. Z OB L FERRBOAZ WG ED -
AT A V% uttr+image L €#T 5. HAOREIZEW
T, INSDFMES Lo THONZKEERS MLz
TARTHAL, 18D Multi Layer Perceptron (MLP)
EATILUTEATIVICHINT DIERMEERELT 5.

4. =EE&

3EIZTHELEZ, 2—VRHEE2HICTIINEDHT I
DAL RDETER—A514 VETFIVEZHMT 5.

4.1 EEREE

€TV DOHEEIZIE PyTorch [16], HAGE Wikipedia & &
U CC-100 THAT¥H TN 7z RoBERTa [9] 2z, £
EL O Ry b O— AR AOEE» S 2 ) v 7X
N7z FE¥E S N7z EfficientNet-BO TR R 2
FILANEZHL 72, RoBERTa & & ¢ EfficientNet /37
A—RFETNVOEREZBELTT v 77— MLk €TV
DFEIZIE hinge loss [3], [18] Z W, /8T A — X D%
{bizid Adam [10] Z{FHL, FEHEIF le—5 & L.

FEAMHERE & U T, Accuracy (Acc.), Recall@5 (RQ@5),
Mean Reciprocal Rank (MRR) % f\7z. RQ5 &, 7
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100 O}
RoBERTa [S[Ce @

posed BEDTL\D HE
ISA-5
hasd (& L)
coffee table d SwF by, i & R \m
NI ML
dining table { BEF, Tv T, & 00 -0
kitchend & F v v Fia e !

Oy T =#FE>TLD 002 walc
A7V DS 2A%=H>TLD 001 A

=Ty b [= 02 MLP
o ~|(EEFEB> <3 ]

3 R—AIFA VHRHEBRIBITIRHED AT

F 4 50 AT U2 RO EHE. SHeDd b T ME THEE
EME L. 113 p <0.01 2FIKT 3.

EFI Acc. (%) | R@5 (%) | MRR

uttr 27.02 53.85 0.4054
uttr+img 27.23 54.50 0.4064
uttr+img+desc 163.58 t187.12 | 10.7417

x5 HIBRFERODEHR. SGD0Hs TRECTHESZMEL .
1 1E p<0.01 &, t1Fp<0.05 2FKT 5.

T Acc. (%) | R@5 (%) | MRR

uttr+img 27.23 54.50 0.4064
uttr+img+desc 63.58 87.12 0.7417
w/o0 viewpoint 160.08 785.62 | 110.7132
w/o user 64.12 86.75 0.7424
w/o object 131.38 t763.28 | 10.4680
w/o image ff61.17 185.75 | 170.7231

MHETFNDHNUZIEM AT TV OIEN DS, EAL 5 AZLAN
WKEENTVWBREAETH S, ETOHEEIZONVT, HLE
WIEEETFILOMRENE N L 2 EkT 5. EBIZHWS
BETINDINT A =KL, WEET — R I28 1) 2 BEEHD
ELRBRNDEDEMA Lz, £ETIVOMWREIX I HI% 24
MEEICCHREB L, &0857 — X122\ T 10 [ 5% AT
U7-.

4.2 [OFWTBDOSEMRE

B FEAR ORGSR 2 5Pl U 7245 R 2 & 4 12T, Uttr
HE 3282 2—UHKFEOAEETIVAD AN L LT
&%, uttr+img IZFEFHITM A EfficientNet TERK U 7z Hif5
Fie A1 U256 %, uttr+img+desc 1% uttr+img 12
A A 515 5 31 % FHH 72 R E0R (description) & AJJ
EULGEZ2EWT 5. Uttr+img+desc & uttr+img OV
REOERAZZMNIGDH S T METHELZ. 113 p<0.05
T, 1t & p < 0.0l CTHERICHEREYM ELZZ & 2Rk
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5. EDEIZOWTS, Hif) 5/ 5 N5 Bk
BHLHWEZAPRIIZERLA ELTWS Z e brs.
INEFAMECTHET SREFTOORY bTF—X 2 AWV
R EFZEAD LTEERRBTHY, T LA
BRI NVOBENBETDH 5.

4.3 FHM2H

3BT LHANLRHEZ ZNENED R\
EOHIRE T IVIEREE K 5 1IZmRT. User 2 —H 12
THREBETH Y, 3 128 1F % position, pose B F
WEEND. Object \TEBEIZE DAATWBYRIZET
LR ETH D, 3 128 1F % has, coffee table, dining
table, kitchen A ZHIZ&EENS. FHIRE T NVIZOWT,
uttr+img+desc & DWERRDOERZEZEZXNIGDH S T MET
ML, £5 X0, object #ELD BR\W-GE 12 MERE
METLTED, object DMRIIZH U TRDFIN 72178 %
EIRT 57-DICHBEP /LN REHEL U TRDEET
HBZEehbrbd. F£72 object I DOFRFHEIZBI L TILEX
DERWTEMERHEVE TN LAV ED, —HT 5L EE
TRWREETHS. LU w/o object & uttr+img DM
BEIZDOWTHEAREEERIEL7ZL 25, p<0.01 THEE
M -o72729, object IZET 2RBENFHTE HWEE
IS ORMEEHLEHL L E RS, Object (ZBT 2R
BOT /) T7T—3 3 V2 viewpoint X user (233 5 R
BEWUCIAA MR L7280, X 0{KI A N THEHK
EEELEIEZWGE, MORBEOAZFMTS I LIE
BRI BRI L 05,

Uttr+img TIZRDH W7 ATE)DEIRZ R > TV B D3,
uttr+img+desc TIXHEYNTEIRTE TV 201 %K 4 125
T, Gold IFEME UTHMIT S NZKDFN 72178 %
BT 5. &7 =220 THb BERHENREERET
BHDYEDE F RIVIZE Z 57z RoBERTa D E#E A
(Attention) Z A L L7z, < DT —AIZDOWTK DR
W7 ATENZBEE U 2R I S BER OB Y 2o TE D,
uttr+img TlEE < BHRO R WTE)ZEIR L TW 2RI B
WT ultr+img+desc 1 XHEY) LT 2 EIRTETWS. T
bbb, FHNLREEDHWSZ L ThRWEET—X
S HEYNZ KD N ATE OWEENHRETH 2 Z L b
5. L2L, 4D ) I2mRTEesh, ETNETR
MRKZERZ LY TONTVWRWEEBFETS. Lo T,
I—HERED & R & KDFNN 72T B O I B 2 KR
HeEm [27) OPERAATIHARKIZEL D 5 72 &, K D IEMEIIR
MEHEMCTELIIRETANT—FT 7 F v 2FKT 24
b 5.

5. B8HYIC

AW, 2—HDBERFEFTENVERTH 2551, M
DRI 2 BODKDM N ATE 2175 v Ry b OFTE)ER
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uttr B ESEFE

gold TFvyIEESTD
uttr+img O=Z&IZFECETS
uttr+img+desc: 7 F v v T = {413
coffee table attention:

| |uttr RO EK”
gold CBRFERTTD
uttr+img Chy I RIS
s uttr+img+desc: BETFZHTTSD
coffee table attention:

s TFvYT (SR 297 5Pl ?ﬁ»’;m (s HEF (sl 727 (SRl AP [seR]
(a) (b)

uttr BN BEO—ER DY uttr AR (E0D ERF T

gold OISR OTLD gold KEEMICLED

uttr+img U VWEZEFE> TS uttr+img \FFEEOTLD

uttr+img+desc: IS A>T S
has attention:

[CLS) OS5 [SEP] HE [SEP]

()

4 DEHVEENRE 2 EA U 2 F A

va v Rz o TV,

BEPHIRLZODOT Ry FEERELEZEOTHS.
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