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ETINDNRT XA =00, VIKOFEWHBELHET 572
D27 v RE— X ERA L7z, BARNARGHERIE
K (6) 12D, HABEEE T LV OYIKRIER o) 2 HNIE %
R HEEEH w, ND 7 O RE— XM EITS Z 8T,
VRO BRI EE R T 5 Z e A REE 12 5.

P(wilog, & W,m) o Y P(wi|We,) P(odléc,) P(Cil)

Cy
= > Mult(w|We,)Mult(o;|¢c, )Mult(Cy|r)  (6)
Cy

G ET VDA 2 LT, bedroom 72 Z\O)iﬁﬁﬁ%
ZTXFAMERTERIALLDOZHW., X HICHEEE
WEHZ 5 72D1Z, Bag-of-Words (BoW) FH#~ 27 + v
KREJERX 2R L7z, EEIEERICIX, FAEEEADE
HIAH=2—F )%y 87— (CNN) E7 /L Places365-
ResNet [39] DEAJETAM S N7z 365 KT O E % H



(c) BREHZATA
REROYE

(@¥Ial—aViBiE
Figure 4: £ 1 THHT 2 I 21— a VERBE L WK

Wiz, IR, YMADSHEERE RS 57912, Bag-
of-Objects (BoO) ki@ ZfH L 7=.

4.3 WEEFEBCIILFE—HIGHABIROKE - Bk
X2 o0HROMEREMEFE T2 THALE
(R (7) WAV E W R AR R v, B
BRI E I 7u A2 — KR TH S, T T,
Pintegratea(wi|oy) FHERRFE R ZME L 7R OMIEKDTETE
FERERL, Pogic \3iHERD 556N HERERL,
NIEMEFINCEI D B TONLEARZRT. HAp DHE
VBRI TRE X Tz

-Pinteg'r‘ated(wt|0t) - nPlogic + (]- - n)P(wt|0tv 6; VVv 7T))

(7
4.4 WEEWNTIZ>Z>J FurO7 T u—FTIE, R
Ry MIVMKRDFEMREZE R L MERNR T 7=
ZRATWV,  ZAUTE R R FRRICIED < MERAYEIEHER
LB ECES (R L TEE I N DT
b5, B ZETNVTERRESIVAETAVERAL,
YR DB D22 7 B $E 2 = B9 2 MR L 7
ENEDAINIA Ty 7 A% 6 BEID YT, RN
T = X, YKROBEEER o, D5 A b X
DNERA T v 7 Aiy DM EHEREER (8) ZH
WTEE L. 2L T, 2Ry MIEROEWIEIZES
Fizdfifil L7z, Figure .2 (d) ICHERD ML T, RN
75 v =y ZITHWIER IR (8) Z HWTUTD
EOEE LR .

Rﬁntegrated(it‘ot) = Z P(it‘wt)Pintegrated(wt‘Ot)

Wy

::}:{}:hmﬂu@wamequwbgMnummw%

Wt Cy

{Ungz'c + (1 —n)P(w; | Ot,&VVﬂT)} (8)

5 RER1:>3Ial—>ayViEiE

FE 1 OHINZ, ERESGFAREEOVMAZ AR Y +
DR T BB, BFTDFE a R b & & DR % THITER

TELZDEMAET 222 ThHS. HEFHICIE, Table. 2
RS 4 DD FIEERWE. 4 DOFIEOFMTIX, %
OB Zeica Ry SHBVADMEBERET 572012
DETLERE O ER R ko, FHEEE & L.

51 REREE FEBRotybr7vy 7T, 0S
Ubuntu (22.04 LTS ver) Z{#H L7 ROS (Noetic
ver.) [40] 7V — LTV =2 XHKIFFT ARy FHY 7 b
v = 7RG [41] ZERA L. S 5 IRBEORER
Bz {ER L, Gazebo [42] ZffiLTrAKRy F 2> I
L —3 a3 ¥ L7z (Figure .4). @Ky MJ Human Support
Robot (HSR) [43] ZEH L7z. MhDTF -2t v M3,
YCB [44], Google Scanned Objects [45], Unity Asset
Store DT 4 €Y 27V -0k, 2L TRAHHE
AR L 7R D SRS TV 5.

24 fHOYKRIE, 4 DDOEBE  (living, bedroom,
kitchen, bathroom) D5 5D 1 DFEDHANIERS
N7z 3XTEDABICALE X7z, Figure 51T X 51T
VMEADELEZRE L. 5 24 [HOYik%E 8 MDA
TAVIZHE L, ZhoDdh7I3VD5E, vk b
DIVNARDIFAERERIZBE 3 2 H AR R 2 Fr 7z I Wik &
LT, &h73V06 LATD, &8 HOWKZERL
7o, MIRBER X279, aRy M& cup DX 5 RFFED
YIRS XV 2R T B EeBtEne 2 7.

5.2 EEmI#ERE - WEERREZ X OBIGENC, aRy

MEAFERED SARFHINZEE L TW2 b0 L IRE
L7z, HIRKIPERCIE Hector SLAM [46] RERAH L7z, 3R
BATrARy b 2ERREL, HSR @ LiDAR >4
515 6 N 7- IR EME 2 W CHIRIERR 2 fT o 72, &5
WZaRy MIEEHEOHEBOERN G 2 o, HEK
FHIK 122 22T R X 17z (Figure .5). 24 A
DLW R OYEDERITENICELE S LTV WIREET,
living, bedroom, kitchen, bathroom & W o 7235 D
HFEZ VT, Sz %8 3 % SpCoSLAM % H]
THIETERLE.

VARt aR e LT, &5 24 Mok LT
Z % You Ounly Look Once version 5 (YOLOv5) [47] &
R L7=. YOLOv5 Z3l#i3 2 72012, FfREE G & #EE
HRZNZH 11,5758, 100K bkd 7 —Xty b %
L. Ny FHAL I8 THD, HiiFE IN/-H
& (yolovbm ) ZFHWT 30 TR v Z1Zbiz o TEHEMN
T,

BT YMA DL ENCRE 3 2 WaiAER . LT, B
¥ kitchen, PIAICIE doll(pig doll) &\ o/ RE %
D A7z, FESSEmBIC RIS 7= B35 P IS VIR DI AE
THMERIZ, 63HOBMELNRE LT v — Mi&E
DFERICHE SV THREI N, 77— T, FHEf
BRI N 24 HOVEDTFET 2 A[REMED & 2 HE %
HELTS Ho7. MKRDHFEMRZIET 272012,
T4 VI VHAIDMZREL, BB 2%
2ZMEDEIFITHESWTEFEL LTz, $RBRFET
i, A7V EERLIEGEOETECB T 2MEOE
TEffER 2 > FEamE X 2R L (bbb, “XH
MW BADH T THRGE, FHBBICBITIZZD
FAEMER” 2R TR . Z ObaEmEEcE D 4
ToHNBHEREZ, 5.1 HiTHRRZ X512, BLBEHMA

Thttps://assetstore.unity.com/
thttps://github.com/ultralytics/yolovs#pretrained-
checkpoints



Chips Bag
[z piv Cracker Box
E#E Fruits Juice
Coffee
ECEIHATA Pudding Box
REE Muscat Juice

Toothpaste
ECEHBAA Towel
T Treatments
Bath Slipper
ECEIST A Cup
REE Bath Sponge

Plate
BB A Pitcher
T Banana
Orange

ECEISATA Bowl
REH Apple

Pig Plush Toy
REHAD Penguin Plush Toy
EE Truck Toy
Plane Toy
REEZAA Sheep Plush Toy
REE Car Toy

Figure 5: B EICHB T 2VAOEE (5253 1). FHEOHBEZEONWEAFETREINTVS. FEERICHE SN
ZUMKIZROBED TH 5. FERD “EF VI HGEE, vRy MOISHERICYERIFET 2ERICHET 2 1HRE >
ZrERL, BRy Mk o THEHIOMIAERT. —/T, “KREFR FRLBESGFPEINTER SN TORWYIERE 2R

L, Ry MZE o TRAOYIKE FT.

EROVEZRRN 27 > — MRERZ FAWTEHRE L.

5.3 ISP CMEDBEFREDFER TR LENDLE LA
2B T 57012, FHEIC 24 [HOVRZEE L7z
(Figure .5). ZoDt&, BBLRESET LI, living,
bedroom, kitchen, bathroom DJIEIZ, FEBEIZBIT S
YROBIHZ ETHFBERZ 28 L. Ok
5.2 Hi TR L7z & 912, TEITBWTER L -5
RO LICHERERIN. G MROBREZEE T 57
DIZ, 4 DDERIZONWT 1 ¥4 Z OV THRF 12 [ DY
BiTot=. HFEE T, Ry bOIX T TREIN:
1 OE(E, T FhLlraf@i#ErsBon-aRy
b D 2 RIThiE, B 2 S ERN T OV SRR 72
DT =2 eHAEOETEIT -2 LTHW.
54 WRFE FHBRTWE, REFEZET Table. 2
WRT 4 DDFEDHEZITo 7. EFEER Ry MC
FEL, 4 VEROBERZ R 7 DFEITICEHFHBHL 72, X
TREFEDFMZZHHZITS.
1. SpCoSLAM: 4.2 HiC#iHH L 72 SpCoSLAM 12D
{RIVFE—RIVGFERERET L.
2. Prior: 77— FEIZED LG LN EELINE
FRHIEE D A% F W 5 JTTA.
3. SpCoSLAM + Prior: Ri®D 2 DDFETHELNY
KR OICNE G 2R T 2 FETH D, H

HDEIZ 0.35 TH 5.

4. SpCoSLAM + ProbLog: SpCoSLAM + Prior 2
TR 2 i G LR RTIET, HADMEIX
0.35 TH 5.

SpCOoSLAM DA 28— X — R IFLLRD & 5 ITEE
L7z a=185=0.1,x=0.1,y=0.1,mg = [0,0] T,
k= 1.0, Vy = diag(2,2), vp = 3.0, and X = 0.1. FT¥
RETMCBY R TR 30 TERAL, [EE T ZTEE
kDS 7EIZ10 TH 5.

PERER Z 27, oKy MIRD LEDE VR 1%
HEIRL, 2ok FIBE T 2 G E W TYIRD
TEAERERZHERI U7z, WMADELE T2 5 RIGATE,
44 HICHAT S X511, XS EHWTHEE L. A
KT, vRy MIGFTOMERNZMNEL RS T A5
MONGEICEE T 2 L RE L. BRHICEIE L-n
Ry MX, VRZEME S % 72D IZHEER & B8 % [AiE X
7z. BEIeEMHOTFIERZ, 4 00F K dFEILDD
PERHAL.

5.5 FHMBEEE R4 BAT v —F OHEREE b
T 57012, EROFHIEEE 2R U7z, 1) 4.4 HiCHtiA
L, Figure .6 17" X512, uRy bOBEEMKRE RO
A ENCHIR L 22RO, 2) 5.3 I THAL, Figure .6
¥ Table. 31T/RT & 512, vR Y b5 WADBER



Table 2: %

| SRS BGE RakiURER P

SpCoSLAM v - -

Prior - v -

SpCoSLAM + Prior v v -

SpCoSLAM -+ ProbLog (proposed) v v v

Table 3: FHlifER. RAOKEEZ, 1 FOHFERTrR Y FHREL VARG ZRT

Rooms visited during learning 0 1 2 3 4 5 6 7 8 9
SpCoSLAM 0.33 0.13 046 046 054 054 054 054 0.83 0.67
Prior 0.50 0.54 050 0.50 050 042 046 046 0.50 0.50
SpCoSLAM + Prior 0.50 038 063 0.71 063 0.75 075 067 0.92 0.83
SpCoSLAM + ProbLog (proposed) 0.54 050 0.71 0.67 0.75 0.88 0.79 0.79 0.92 0.92

10 11 12

0.83 0.83 0.96
0.42 0.38 0.42
0.92 0.92 1.00
0.88 0.92 1.00

MBI 2 I3 %15 2 - DI LB E0%K. 3) 1
OERTORy MPRELEWEDEEG. Ry MEIFK
JEERIRA D 24 [HOYIMEZ N ZIUNTDOWTEHREZ TV, £
D%, i - BRULHTEROFE e i RELFHEL
7z mRy M AWIRERERLZEEE, L2 0 B
LTEMBE L7z, 22T NIFFERGEMNICALE S 2 VIR
ZEL, n, 3Ry Mo TR Wik e R T
AWZE T, WEBMEE U TREREE2 08 LT

F VRO X D MR R A IG5, &
BRI HITHFERNEIRI S e o 235 581%, &R
THR Y BIL, BRRATBINRL SR LT

5.6 EERIEER  Table. 313, FRERZDE %1224
Eowik%z 1 BROFHMTa Ry MR LMK
RKERLTWS., BRy hAEFHRICHM L 725 B
5BDLE, IRETFIETH S SpCoSLAM + ProbLog 1
0.88 DIRRFEEZER L, 24l 21 [HOYMADFERIZ
KL 7=, SpCoSLAM + Prior 1% 0.88 2% 2HEE %
B7=23, ZAUXFEERRC 8 B EER 2 L2540
ATHoTl=. ThoDFERIZ, RETIEICHERIGHTEHE
e AR Z T, MoFEL LT, B Wik
DEMRMEICEI S 2 HFRZ G T 270D FEH AR M2 1.6
ELLEHRTZ 2 22 RLTWVA.

Figure .6 1%, Ry MDONGEWEFHRT 2 7-DITHR
LB ERLTVS. EECa Ry Wik z8E
BT dno 72358 (CEERICH L -5 EE 0 DA,
SpCoSLAM D85 X — & 13—t otz D
B, vRy " T VR AZEGHEHM LT 20, T
FAEBLE 2.38 M2 22 D, FEMEfRA2IE 1.18 ¥ KE R fHE
o772, —J Prior Ti&, 1Ry MIGAOEERZET
12, AT VIR D BARMEICEE T 2 AR AR TR L 7=,
Z ORER, FHEERICHR T 2ROV R VWG,
KR % B0t 5 OIS E R EAREENE SpCoSLAM X
h bl oiz. K2 SpCoSLAM + ProbLog Tk, AL
EIGFTHIANEE 72 PR % H R AR 2 5D  GRBRHER T
ERECHEER L7z, 2 OSSR, FERREELE 1.5 [ & 72

4.0

—e— SpCoSLAM

—e— Prior

—e— SpCoSLAM + Prior

== SpCOSLAM + ProbLog (Proposed)

w w
o o
L

MIKFRICE T B EE DR [T
N
[6)]

0 ; 0 6 5 o 12
BSFBICH T BEMEDHE [T

Figure 6: {FIEICBIT 2 24 MIKEET X 27 DFER:
fitimImEBERIce Ry MOBERLULEHERZ RS, Ml
BHIGRE DR BT a Ry b2 L 72 ER s
7. ERITEOHMBOFIEZRL, MOt Fik
DXPIHIE, SpCoSLAM (%), Prior (%), SpCoSLAM +
Prior (77), SpCoSLAM + ProbLog (%) TH 2. %7
Bt = OFEARENE, HEOEBMOEERZEZRT.

D, ke LT R W RIS H L -.
SpCoSLAM 12#5 & Fikik, FERHICBIT 2B L7
HEEAHEI T 21200 T, VIRERRICHR L 252
Bhs 1 NSNS % Z ¥ % Figure .6 T/RLTW3. Z
UL, MIEBHOBEEEZRT (T X=X 53, KEEIC
B 2VEROBRIEELIE X 21200 T, BREICEHLT
X9 lhot=t=dEZILNS.

6 EER2: RIRE

FEi2 Tix, nARy MOYHRDORESFTZRE S 572
DI, BIGAIFICED < #Ed & HRRRIRIERICED < GRPl



L [— Drawer ‘ u
.. Shoe box
S )
a bathroom 2
|
RE S Pitcher N . EESH Towel
-
EE Orange S EHE Bath Slipper
SN N kitch ) Sofa —
BEESHAH Bowl 2| 1tchen BB Cup
i o 2
KER Apple < Chair o REH Bath Sponge
OO £
2
= I Desk g
= Table A
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-7 » Bed
2 f
E ; Sofa |\ BB
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=
DN \ v RSN .
BRESFA Cracker Box BREISFRH Penguin Plush Toy
E#E Coffee EE Truck Toy
RESFH Pudding Box BB A Sheep Plush Toy
REH Muscat Juice REHE Car Toy

Figure 7: BERICB T 2VEDEE (525 2). FMEOHEBZEDON WAL TREINTVWS. JRERICAE S
LYMKIIRDED TH 5. HEERD “EFR LW HEEE, vRy FOBREERICYEITFET 2HERICET 2 HRE R
Zr%ZRL, Ry Mo THRIOMKEEZRS. —/5T, “RER FEHESTNPEINTER SN TORWYIRE 2R

U, mKy Me¥ o TRAOWIAE£T.

(b) RFRR

- R,
% ) o“"

(c) BB
RERDOYE

Figure 8: & 2 T3 2 FIREE & YA,

Hme e 2E80ME, BARNRFEZ@E L TEMER
ITHREE L7z, MMADIFEMRITI S AR FHIK LicFRRE
N, SHERICB T 2MEREROIN> F ) A+ & K>+
VA B EERNC T 5.

6.1 ERERE WKERXRXITHE, YCBAT7 Y=
27 b [44] L HEWZYEOMAEDED 5725 16 fHD
PIRY 2+ 28 Lz, aRy ME 16 Homiko 55
8EHIZOWVWTIE, FHNTERSINLMERZHZ 51
Bot. LHALED DS EOMIKIZONTIE, aiRy
MIBHIMZ BT 2 VHARDICE 16 OTEE#RZ - Tz,
N5 DOERIZ, 52 8ICHIALLY ¥ — MEDHE
ROHEEZHINLDDTHS. Figure .8(a)~(c) I3,
REFRIE AU HEBRERE Y, BESFAERI N
K, ERSNTVRWIIKRZRS. 2o DFEERTHH
LYy 7 by = 7BISESE Ry M, 1 EFEL
TH5.

X7z, BRNROBLETTIE, VADOA T TV, BlE

BRI AREROVIRDOIRD T, HERITIED FEER 1 & [Fkk
T®H5. Figure .7 ITHEENROBLEL RT.

6.2 EEREIER WHRERXZAZ0HN, HSAEKT
WX EoBBEOHEBEZR T HEHRETRY MITHG RS
REDFEMI, EB1 AL THS. WERBHTFEZ
YOLOvSH [47] ZfEH L, vRy MI 16 HOWEKZ 7 2
PHRHETES. T —&ty FERIET—&Z By B3I,
ZHZEN 19,710 K, 657 MOEGE, SR X iz, Ny
FHARZ8ZMAL, =Ry 78X 30 TH D, EHii¥
BEN/-EHA (yolovhm §) THHAL X7z, HERGHEIC
Ko TERSINTHEBRAGNE, FEBR1 R THS. &K
%Iz, BT YR D BIRIED2EE FIEIC OV THIAT 5.
FE1 T, vRy bOAXTHEIG I REBRIT %L
LTHEERTo7223, EEi2TlE, oRy FOA X JH
BRIIBRE O E LR, LR PEL TV 20
BRI BEIRT 272012, FFEOHFITO¥E 7 = —
RIZBWVT, BRy MIFETH X F7LEET 6 ROEBRL
WL, 2o By /(o REEZ AL 7.
ZLT, Zas0VEEbI R ER G SE TV
DEEGFE L L THOW. YRR BEEERICOWT
$[FAIFRIC, 6 KOBRGHER I LTk 217w, &
H§RH) 515507 BoO FifE 2 kL. Fohr
SELRHU R 2GRS T T L O IR HIBEREE R © L
THERAL 7=,

6.3 RERZMHF  EBRTIX, BEREFE (SpCoSLAM +
ProbLog) %W 7z. SpCoSLAM IZFH W\ 7z oA »8—0%
FA=RIEFIUTDESCHEL | a =185, v =0.01,
B=0.1,x=0.1,m=[0,0]", k = 0.2, Vo = diag(1, 1),

Shttps://github.com/ultralytics/yolovs#tpretrained-
checkpoints
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Target: Bath Slipper l

Distribution of P(place | bath slipper)
Visualize inference result by Logical Inference

11%

(@) > F VA

(b) BRMMBICED < REBHER

Distribution of P(place | bath slipper)
Visualize inference result by Onsite Knowledge

24%

25%
= e
‘56- - )

-z )
i
PO

25%

Distribution of P(place | bath slipper)
Integration of Onsite Knowledge and Logical Inference

(c) BB ICHD <HER

(d) FmEBHER & RIBAFICED HERORS

Figure 9: $#228F 1% (SpCoSLAM + ProbLog) IZ & D #£5E X417z bath slipper DELE 7 2 AIFR(L L7k F. (F#kY
HIFR B  GmBHEsm S AR 2 B=H. ) BARRNCIE, (b) IZHEFRAVEIERIC X 2 5mBHEam, (o) 3RO < #igm,
(d) 13 HFRAVFIRRC D < FmPHEdm & BUGHERIC D {HEEROME Z R L T\ 5. 2 5.3 TG e YA DBERIED
FEF1EZ T TN §&%, ALY, FH, ©r70H Y R5MMIE, £ N bathroom, kitchen, living, bedroom
D HE KL TW5. bath slipper &, EEIREL (Figure. 9(a)) ® bathroom OFIHMICHIE X117z, Figure. 9(d) ®
TRV FEFRE, bath slipper DELE X N7k AIREED S WG 2R L TW5.

vo=3.0,\=5.0. ZGFEZET M0 FEDNN—T 1 >
NERL, BEZ Z7EEbo 7 7EiX10 THho7-. &
AnlE0.35 & L7

6.4 TEMRFHE - FER2 CEIREZFEZMEHAL, ¥
KROELBESG T Z#aw 3 2 72912, FikiHE I HE D i\
PREHERR & TG HIER I E D < HEEm o A 2RI L L,
FHES 2 72D DEWERI D 21T o7, 1ZT DI, HFDH
B2 RS A0 = FBRE O H A FHIX g <y
¥y 7' L7z (Figure. 9). %7z, R 8 TR N7&5
DFEBUC BT 2 VRO FIERER D HIK FICRRL TV 5.
YADIEEMERICEDS K BERA VY AN DE S B HE
HNCERIAT 272012, SEILOBICK 8 TR S hIRE
ALz 3 5% % U 7=, Figure. 9~Figure. 11 12, BIGH
I X B HEERO BN, HIRAVAIERIC X 2 aREEAHER O
BRME, ERRIFIERC X 2B HER B TR WIS
DIFVARRT.

Figure. 9%, HATRRICEED < SREERUHERRDS, PIIK
DELESGFTOHEERIC RV B2 52 2582 R L T\,
Figure. 9 @ (b)~(d) iFZh2h, HakAIHEIHED < &
PIER, BUBAERCHEED < HERR, THDOMEICL S bath
slipper DACESGT ORISR 2R3, Figure. 91250
T, k&, FLvY, FH, Y7ol Y A0MmE, FAE
41 bathroom, kitchen, living, bedroom DFEIEH % #

10

3. EEIRIETlE, bathroom DFEEIZ bath slipper % &
% (Figure. 9 (a)), 5.3 Hi TRz & 5 &G & VADES
RO¥E T —ETo7. B Ry M bath slipper Dfif
BT 20, BRI ED  #EFH T, bathroom,
kitchen, bedroom IZYMENIFAE T 2 HERMEIXIFIZHFEL
ho 7z (Figure. 9 (). %t E YWADBIRZEE T 5 4]
HIBRE T, mRy MIFEIC living NOHATIZDOWT
FE LT, NZRRAY voUT living IEFE LR WD,
living DI DIGFT DT H3WIRDIFAE S % HER DN
W, ZOXIRBRPFEA L. HITHERAAERIC
Ho L GmfEfEER T, P1KDY bathroom ICTEE TS B HEHR
Db o7 (Figure. 9 (b)) Z OFERIE, 5.2 H#iT
WRF=27 > — VRED SE O NTYIRDBLE 75D,
FGORBEE X —HL kb ilBonidbDTH 5.
DK DIT, BIBHEICTHED  #Hifm & H IR S HE D
imBEHEER AT 5 Z & T (Figure. 9 (d)), H5G¥H
WEREMTH > TD, bath slipper DEEDEIEY &
WHERECTTHITE 5 Z L Z/RL 7. Figure. 9 (d) DR
WERRPEE, RO ATREEORVEE Z RS,

Figure. 10 1%, BSGHEKICE D { #HRLI MR OIE
Gt ORI B 52 - EHTH 5. EBRRET
¥, bedroom DFEHIKIZ airplane toy ZALE L (Fig-
ure. 10 (a)), 5.3 HiCTIRNTG & WK BERYE %=
11 FlfTo72. BAK vy b2 airplane toy DNLE % H#Hq



- Target: Airplane Toy I

X
-./ )

Distribution of P(place | airplane toy)
Visualize inference result by Logical Inference

36%

43%

O

(b) BHEAVAFEICED < FRIEHER

Distribution of P(place | airplane toy)
Visualize inference result by Onsite Knowledge

Distribution of P(place | airplane toy)
Integration of Onsite Knowledge and Logical Inference

31%

(c) BUISHE ICE D <R

(d) IR & RGN ICE D CHEROHRE

Figure 10: $28F% (SpCoSLAM + ProbLog) 12 X D #E X172 airplane toy OELE % AIHL L7k F. (B
FIERC D < HERRDI A RN 7R B, ) 5.3 BTG & VA DBIRIED S Z 11 [FlfTHN 7. airplane toy [FHEER
BRI D bedroom OFIFICHIE X7z (Figure. 10(a)). Figure. 10(d) D7RWV AL, airplane toy ELE I N/-KD

AREME DR WG Z R L TV,

L7=F%, YIMEADTFET 2RI RO EWEE living IZ
H DY Th, HERMAFERICED  GRBHEER T, FEFRIC
airplane toy A3 ED 417z bedroom 23 2 F HIZEWIER
fE%Z 7R L7 (Figure. 10 (b)). U2 LEUGHIE & Hikny
HERICES CHEREME T 2 &, HalIAEKICHED < &
HHER O RIIMH 4, airplane toy HEFRICED
NG R D EOHERT PRl S 7z (Figure. 10 (d)).
UL, VAR DBHE 2 RTHERDMD T X —&
3, S e RO E SRS 2812 T, X D BGRE
WSS 5 KO SN, HEROME O CamiEE
MmOFERBIH SN o EZ 6N 5.

2T Figure. 11 1%, AR ICHED  GnlEHEim
B3, VIADOEES T OHEmICELE L KX THEZRT.
FERIRIE TIX, cracker box % living IZHCE L (Fig-
ure. (a)), 5.3 HITIRNII50T & VIR DEI(R D E UL %
1 EfTo7. aRy M7 v h—KRy 7 AOBESL
ZHEam U2, HERAVAIERICE D EREHEERIC LD, W
EHMFET ZHERED TR D mVDIE kitchen TH D,
BRICYIADIE D7z 1iving 13 2 FHICEWHERETH -
7z (Figure. (b)). Figure. 10 & {ZXHEHIIC Figure. (d)
&, BUGHERIC X SRS R EME LT, HkiIHER
WED CEREEEROMIRI S NS, 7T v h—Ry 7 AH
ERRCEL NG 2, DG XD b EWERET T
HICERWZ 2R T. EFIETIE, HaAVHGEE B
BRIERIC X 2 HEsmnG R 2 A S DR 2RI, IEVT%

11

BHLTWS., L2rLAads, MEFICHWSEAX
0Ky bR EFNTT LR W0, kAR &
DHERFER O EN RS> TNWB I ENbnd. Lo
T, MEROEEGH O @RISIE LT, BRNCEA
T AMAHATHET L2 L NEETDH S.
FKER CTOFEREEFE T, A OBICL->TrERY
F DIFEERIC RN DE T, PRk g DM I
Ko TIRBERZ A7 DR T 2 BB o7, SHEOD
EETREIYIAKRHE Y LT YOLOVS 28 L, EERE
BRI TOYRBEICRH L LA 2T o7, L LR
Mo Z OWEREICIE, BELORBEI I EEBINT
W, TEDHIZETIE, 40 BOEERTF A MRTEE
7 — &ty b2 HWTHEANIFIR S L7z CLIP [34] 12
O YA AR [48,49) DIREINTWDE. ZD XD
YRR WS Z 8T, ZORMERMRRL, M
ZHEEXEZILNTES.

7 HHOIC

ARWFED RN, BU5E & HERIRIECED < HEdm
ZilAGE DY, FHREICBWTYIROAE Z HEw S 5
eIz, Gt e A DBIRIEDERICE T 5 2H a X b
DHIEDFATREMZMRATT 2 Z e TH S, ZOHMEZEK
T 57012, aRy MOMIBOREERENT, BLESFTD
RHEE DYIE% &t HH YR DERR 21T 5 T2 T



| Target: Cracker Box

|

Distribution of P(place | cracker box)
Visualize inference result by Logical Inference

34%

(a) >+ VF

(b) BFAIFGICE D < FREHER

Distribution of P(place | cracker box)
Visualize inference result by Onsite Knowledge

Distribution of P(place | cracker box)
Integration of Onsite Knowledge and Logical Inference

(c) IRIBANRICE D < HER

(d) R L BBARICES EROHE

Figure 11: $258F (SpCoSLAM + ProbLog) 12 & D #f/E 17z cracker box DECLE I &2 AL L 7Bk, (HakAY
HIERICED < GmPRHERm DY~ 4 F R < 7 — R, ) 53 EI TIN50 & VIR DBIRME DS 11 BlIfThOM 7. cracker
box |FEBRIRIED living DTEBICHIE X 17z (Figure. 11 (a)). Figure. 11 (d) D7RWV AL, cracker box 2SHLE

SN D ARGV ZRL TS,

72, ZOEBRTIZAODORRZ 7 Su—F AN
SpCoSLAM, Prior, SpCoSLAM + Prior, SpCoSLAM
+ ProbLog (18%FE) TH%. vRy MERENOL
TOVMERDIERRET 572912, DEZEREDHFHE
BT 28T, REFEDPIDURNTHL Z L
ZRL7z.

FRREFIEOYEE IR MNE, 3O0DN—2F74 VF
FEE LT 1.6 fFHIRE NS 2 2R Lz, 2O
1%, BERFHC 1 R DM CRESEFT S RIEE OVIE %
ROl 5 2t zade 24 [HOYIALER X 2 2712 B\ THIHI
STz, IBEFEE, FERCEB 2RO
DD U, WERNGREHR R R OR=—XF 1 ¥
FEL R LT, IBEFRIEN RN ZR L 7.

T 5T, BGFEEICHED Hiam & BRI EER I E D <
FRERHERR DS R R 7 RIS 2 B R BT 572012,
EMER AT 2T o 72, ST ORR, — oD Rz 2 HEm
EDRENZNERR MR RO Z AL IR o T2,
—oOHIX, BEFERICEH S HEERATET, ZAUIRVWE)
Rredlod. ZoHR, EHIAHZHEIC U GmEN
HEERAIET, BORIR EWEIER%Z & 72 5 [ gEMED
LI o Tz,

L2L, BELET 7B —F 1230 L 00 DR H
5. v Ry bOELRHE L TR EERET 255, ¥
RERBET 20Ky FOZBIH L2 UDHRD LTV

12

3. ZO-OYERDOEEIC X > T, Ry FoiARH
DOBICIRE BVg e TRREMD D 2. 22T, AW T
Auwza Ry FONEER o, ISMZT, 2Ry FDEHA
O BBMPT—RET B EMEFT 5. aRy FYEK
0y BRRT BHED P(x4|oy) ZFIHE L, RBHERMHEDOEN
i, ZEZRINRT 22T, Ry NOEEERN
BRI T 2REHAERETE 3.

X HITRE, BOHNETD D ¥FEIC X o THINEIF X
N7 KBIBSFEE TV (PaLM [50], GPT-3 [51], GPT-
4 [52])) REMEFIL [33] B RT 4 Z RHHT 2k
ADEHDPEF > TWS [53-58]. aRy thffEaHIC T
0y 7 bl bhiAL, RNFEEE LTHIbNS T at
A%FET, v Ry MIMTERIEZERLZD, BREND
YIURDIFEMEREHEE TE 5. X 512HI0BEESE [58]
T, CLIP [34] 0 k5 RHEBET VR ya—XE L
THW, =Y a—X0fEEY =2 — 7 VRBUCHVS
TrT, REAOOBVWES T4y vy THMEEIR
7z, RWETE, BE7 T u—FOETNMLERFICT
37012, ZERIREG TV A0 2 AAATZGITEE
EREFTALERWE. L LSEROETIE, REN%
Bty T av Iy VY S FEORRES HIEL T
W53, £, KEESHEETVEHWTSHEiERr o0
Ry b OITEIR AT 29T [53,59] DB AITHONT
W3, INHDME, SEEETAEZHVEZERY MO



TEAERICBT 2 ATREMEZ TRLTWS. FRIdaRy

~ OITEENH E B0 e e 5 T e RD oM, B
FHERE ARy FOITERIEZME T2 28T, D&
72 X 227 FATRN & Dbl IRE & 72 % L IR &
ns.

A1 JST [Moonshot R&D — MILLENNIA
Program] #R#E%ES JPMJMS2011, JSPS KAKENHI
JP20K19900, JP22K12212, JP23K16975, JST Rl4¥+%
Hig s R—2 a VAIBIWCHEI = KE T 2 a— v TR
H3¥E JPMJIFS2146 O— 4B %3217 7-.

A HBRTERALIYEDI X B

Table. 4 ¥ 512FEER 1 2 2 THEHLEYHERY X+ %
N

13



Table 4: FEE# 1 THEL7-YMED 3D EF L EZFRDO Y R b, ERINTWIRIZ, EIXEIPAZAEELIE VR W
S FEMERFRAR Y U CHERRHE TERSINYR. REROYIRIE, FEMERIFRAER LTERINT
WRWIIR, () ND 70U, PRSI X > TRz e 20k I oL,

Category snack bottle
Defined Object Chips Bag(chips_bag) Fruits Juice(fruits_juice)
Cracker Box(cracker_box) Coffee(coffee)
Undefined Object | Pudding Box(pudding box) Muscat Juice(muscat)
tableware fruits doll
Plate(plate) Banana(banana) Pig Plush Toy(pig-doll)
Pitcher(pitcher base) Orange(orange) Penguin Plush Toy(penguin doll)
Bowl(bowl) Apple(apple) Sheep Plush Toy(sheep_doll)
vehicle_toy toiletries bath_goods
Truck Toy(truck_toy) Toothpaste(tooth_paste) Treatments(treatments)
Plane Toy(airplane_toy) Towel(towel) Slipper(bath_slipper)
Car Toy(car_toy) Cup(cup) Bath Sponge(sponge)

Table 5: FER 2 THHA LMWK ZBFED ) 2 b, ERINWIKE, ¥ ZICEDPND ATREED E WD & W0 D TFTERER D
AR e U CHERRIECTERINMR. REROWIRE, FEMEIEBIAGRE L TERI A TORWIIE.
() NDZ X, PRSI X > TRz 20Tk ~L.

Category snack bottle

Defined Object Cracker box(cracker_box) Coffee(coffee)

Undefined Object | Pudding box(pudding_box) Muscat juice(muscat)

tableware fruits doll

Pitcher(pitcher base) Orange(orange) Penguin plush toy(penguin doll)
Bowl(bowl) Apple(apple) Sheep plush toy(sheep_doll)
vehicle_toy toiletries bath_goods

Truck toy(truck_toy) Towel(towel) Bath slipper(bath_slipper)

Car toy(car_toy) Cup(cup) Bath sponge(sponge)

14



B HERHETHERINICEHBAE

REFHE, BB Z AW TR Z D A,
YikH 73, DIEOFERR, FEOh 7TV IET
B EBITCTHE T B2 KT 5. pzix, &
AT AV IET 2UMEDHIZ LI TITRT.

biu@b: WFEFL B  EEGL S & W TR G L Uik
A7) OREFREERT 5.

tableware(plate).
tableware (bowl) .
tableware(pitcher_base).

ZD%, MKOEEHRDOEZEEUTD XS ICER
L7-.

BRI, YRS 73 2 E B L YR DIFERRDR
xRS,

0.280:
0.640:
0.060:
0.020:

rexist (X, living);

rexist (X, kitchen);
rexist (X, bedroom);
:exist (X, bathroom)

C BFRBLRETILOLERKIETE

AWFFECTEER U735 E 7L O BGERRIER (9)-
(22) 1IZ7RF. 22T, Mult(-) \¥ZIESTA, Dir(-) &7 4
U2 LR, N(-) BZERTCH 7 R340, IW(-) 13557 4
¥ ¥ — bAf, and DP(:) 1374 V7 LI@BIETH 5.

0.276 :: exist(plate, living).

0.699 :: exist(plate, kitchen).

0.001 :: exist(plate, bedroom).

0.024 :: exist(plate, bathroom).

0.280 :: exist(pitcher_base, living).
0.550 :: exist(pitcher_base, kitchen).
0.150 :: exist(pitcher_base, bedroom).
0.020 :: exist(pitcher_base, bathroom).
0.250 :: exist(bowl, living).

0.250 :: exist(bowl, kitchen).

0.250 :: exist(bowl, bedroom).

0.250 :: exist(bowl, bathroom).

:— tableware(X).

15

xy ~ P(xe|zs—1,us) €]
zt ~ P(z¢|xt, m) 10
iy ~ P(ig|ze, 1, 2, 0, Ch) 11
¢1 ~ DP(y) 12

(

(

(

X ~ IW(E|V, o) (

p ~ N (ptlmo, X/ ko) (

Cy ~ Mult(m) (
7w ~ DP(a) (16

wy ~ Mult(W;) (

ot ~ Mult(&) (

~ Mult(6;) (

~ Dir(3) (

(

(

~ Dir(x)
& ~ Dir(A)

ToU—k
MERGRIECHEH T 2 YWARDELE 1B 3 % kAR %
8272912, RERRNOVKRDEEICET2 7 > 7 —
FREZEMLY:. 77— ME 20805 60 FETD
63% (Bi:s24, w114) 2RGe L, SRR
TARMERDHRDOEBICOVWTHELTS Hot. &
HETHH LT > — b RUTRITRT.

7 27— M oG SN [AEIEZ TSN D L RE
L7z, ZOBERERD ANS0, T4V 7LV FEELE
WHL, SYIKOEESTOMERZHE L. £l T
BT 4V VERIDHDANAL NR—=NTX—Z% 0.1, £
B%2 TiZ5.0 2 L7

D
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FERRCOITDMEDREICET S r—

KEIRIZ(CH T DYADEE(CET DT
>T—b

COEEFTT—MIZHBAHLTEE, SichDhESTENET.

1. #AREH

EFE T, FEAROMRY SOEOEE(CRET 2Fail#xRE LS & T, HiRFER
BICBITIMAOFIET EFIOMEE O/ Y RGN EE O TESO T EDR
FEBENEUTWET,

2. VU —bEE
[RERBCHSITIMEOERE] (CRALCIDIEEDTY o— hEITVWET.

3. HARAOENEREICDNT

o — FEIEEICFRESND CEICR>TE., A AFEEHE DI EFHdDEE A
FTOEG, TNFECIUNEL T —AEDTIRE LU TEVDOD, BELXHFLESNIOH
EHEHNBVEREIUL, BENCHE>T—FEMORNET,

4. STFWTEAER. AT —YOEDIENCDNT

FECTEANIEEET —YIEHETNICIIEEN, AAMEESNI RV ESEE
[CBIEL, MEMATCERT IS EDDFD AL AR TREEDH (CHESETWL
ElEEFITOT, WHULTEELITEEL,

TOfl. A7>2o— BT B3ERPEREN TSnFE LS.
TRFCBHBLAEDE 12,

<FEhEE >

Y epEEAZIEIRIB T FiASTH! B RIEaHARRIE A RIESRRIED— R 204
Bl = A5 AARE

E&) #—

hasegawa.shoichi@em.ci.ritsumei.ac.jp

<IBEHE-
VEEEAFIEHMIE T F AP
O mA

*WHZE

https://docs.google.com/forms/d/1Q2j_G_e05xQJS55xGUuawMygdr-TDr4Pv4COyS4nTAK/edit
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2021/12/13 5:53 FEERECSITDNFEDEECEIS Ty —

1, LERZEZEMANCIEWC LT, HRSIMOBRBN D IAF TRRITS] (CFTv
(ARLEW] ZFTvI935ad AN CBRTICRDE

DEHBRENLET,
g—ﬂ *

1 DRI —T LT,
C O REEY3E

C O RELRW

KERB(CHITIMERODRE(CEAI ST T —h

2. 1. B&EZSEALIZEL)Y, (Please enter your full name.) *

3., 2. HREPERLIZE, (Please tell me your gender.) *
1 DN =L CLEE0,

() B (Man)
() &t (Woman)

4, 3. HTEFFHERIRL CLIEE0, (Please select your age.) *

1 DS =L TLJEE0,

()0 ~20# (0 ~ 20s)
() 30ft~40f% (30s ~ 40s)
() 50#~604% (50s ~ 60s)
() 70f%~ (70s ~)

https://docs.google.com/forms/d/1Q2j_G_e05xQJS55xGUuawMygdr-TDr4Pv4COyS4nTAK/edit
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2021/12/13 5:53

5

FERRCOITDMEDREICET S r—

4. VEDDICBEVNTWESIMREEIR L TLIZE0, (BEEIRD)
the objects that you are likely to put in your living. (Multiple selections possible))

*

WTEEILOFEIATEIRLTLIE &L,

|| M (Plate)

|| 15 (Bowl)

|| AKZEU (Pitcher)

| |J{F 7 (Banana)

| U~ (Apple)

| | AL->= (Orange)

| | EXZrw 75w — (Cracker Box)
| F33L— b (Chocolate)
|5 +Fw T (Chips Bag)

| 3—E— (Coffee)

|| Z)L—w=3 —2 (Fruits Juice)
| JL—T=2—X (Grape Juice)
| T9®Ds< B4 (Pig Doll)

|| BV msau< S dr (Sheep Doll)
o F s < B (Penguin Doll)
|| RATHEDBEE© (Airplane Toy)
| FSwoDHESw (Truck Toy)
| | EDHEEw (Car Toy)

|| EEEH (Tooth Paste)

| AL (Towel)

. | 3w 7 (Cup)

| FU—=kX> | (Treatment)

|| /R« Z/R>= (Body Sponge)
| JEZRZ U w )X (Bath Slippers)

https://docs.google.com/forms/d/1Q2j_G_e05xQJS55xGUuawMygdr-TDr4Pv4COyS4nTAK/edit
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6o

FERRCOITDMEDREICET S r—

5. FWwTFUICENTWESIMEEER LTS, (BEEIRD])  (Select
the objects that you are likely to put in your kitchen. (Multiple selections

possible)) *
UTEFEDIEDFEITATEIRL TS,

|| M (Plate)

|| &5 (Bowl)

|| AKZEL (Pitcher)

| |J{F 7 (Banana)

| U~ (Apple)

| | AL->= (Orange)

| | EXZrw 75w — (Cracker Box)
| | F33L— b (Chocolate)

| |5 ~Fw T Z (Chips Bag)

| 3—E— (Coffee)

|| Z)L—w=3 —2 (Fruits Juice)
| | DL—T=2—X (Grape Juice)
| T9®Ds< B4 (Pig Doll)

|| BV msau< S dr (Sheep Doll)
| oA Ds < B (Penguin Doll)
|| RAITHDSHEE v (Airplane Toy)
| FSwoDHESw (Truck Toy)
| | EDHEEw (Car Toy)

|| EEEH (Tooth Paste)

| AL (Towel)

| | 3w (Cup)

| FU—=kX> | (Treatment)

|| /R« Z/R>= (Body Sponge)
| JEZRZ U w )X (Bath Slippers)

https://docs.google.com/forms/d/1Q2j_G_e05xQJS55xGUuawMygdr-TDr4Pv4COyS4nTAK/edit
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7.

FERRCOITDMEDREICET S r—

6. N FJL—AICENTWE SRR EIRUTIZE 0, (BERIRD)
(Select the objects that you are likely to put in your bedroom. (Multiple

selections possible)) *
UTEFEDIEDFEITATEIRL TS,

|| M (Plate)

|| 15 (Bowl)

|| AKZEU (Pitcher)

| |J{F 7 (Banana)

| U~ (Apple)

| | AL->= (Orange)

| | EXZrw 75w — (Cracker Box)
| F33L— b (Chocolate)
|5 +Fw T (Chips Bag)

| 3—E— (Coffee)

|| Z)L—w=3 —2 (Fruits Juice)
| JL—T=2—X (Grape Juice)
| T9®Ds< B4 (Pig Doll)

|| BV msau< S dr (Sheep Doll)
o F s < B (Penguin Doll)
|| RATHEDBEE© (Airplane Toy)
| FSwoDHESw (Truck Toy)
| | EDHEEw (Car Toy)

|| EEEH (Tooth Paste)

| AL (Towel)

. | 3w 7 (Cup)

| FU—=kX> | (Treatment)

|| /R« Z/R>= (Body Sponge)
| JEZRZ U w )X (Bath Slippers)

https://docs.google.com/forms/d/1Q2j_G_e05xQJS55xGUuawMygdr-TDr4Pv4COyS4nTAK/edit
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8.

FERRCOITDMEDREICET S r—

7. JRZRIL—AICBWTWESIIIHEEIR U T IZE 0, (BEGERIR)
(Select the objects that you are likely to put in your bathroom. (Multiple

selections possible)) *
UTEFEDIEDFEITATEIRL TS,

|| I (Plate)

|| &5 (Bowl)

|| AKZEL (Pitcher)

| |J{F 7 (Banana)

| U~ (Apple)

| | AL->= (Orange)

| | EXZrw k75w — (Cracker Box)
| | F33L— b (Chocolate)

| |5 ~Fw T Z (Chips Bag)

| 3—E— (Coffee)

|| Z)L—w=3 —2 (Fruits Juice)
| | DL—T=2—X (Grape Juice)
| T9®Ds< B4 (Pig Doll)

|| BV msau< S dr (Sheep Doll)
| oA Ds < B (Penguin Doll)
|| RAITHDSHEE v (Airplane Toy)
| FSwoDHESw (Truck Toy)
| | EDHEEw (Car Toy)

|| EEEH (Tooth Paste)

| AL (Towel)

| | 3w (Cup)

| FU—=kX> | (Treatment)

|| /R« Z/R>= (Body Sponge)
| JEZRZ U w )X (Bath Slippers)

TMOAT VI Google BMERELETT(TERELITBOTEHDFEH A

Google J A —/

https://docs.google.com/forms/d/1Q2j_G_e05xQJS55xGUuawMygdr-TDr4Pv4COyS4nTAK/edit
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