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In order to support people, robots are required to perform tasks such as cleaning up or picking up objects. To
achieve these tasks, we consider that robots need to learn the relationships between objects and places. In this
paper, we propose a model that can learn the existence probability of objects in each place by multi-modal spatial
concept learning based on co-occurrence of objects. In the experiments, we evaluate quantitatively to estimation
results of objects from a word expressing the place. Furthermore, the robot actually performs tasks of cleaning

up objects for proving the usefulness of the proposed model.

We showed that the robot properly learned the

relationships between objects and places. In addition, we showed that the robot can perform the task of cleaning

up objects using the learning result.
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D) UnyUnps fings biny EEFBEDNAIN=NIXA =R TH 5.
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T~ p(e|zi-1, ur) 9)
2t~ p (2t]a) (10)
Co ~p(Co = e, p, 3y, 60, m)

x N (z¢|pe,, Be, ) Mult (o¢]pc, )

x Mult (w¢|ne, ) Mult (Cy| ) (11)
i, 21 ~ N (zi|pe,, Xe, ) NIW (i, Bilvo, vo, po, ko)

o< NIW (g2, 2 [thny s Vny s by s Fimy) (12)

1 ~ Multi (0;]¢1) Dir (¢1]c) (13)

m ~ Multi (wi|m) Dir (] 3) (14)
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AFEBTIE, FIXOREMMAFE DAY b HSR (Human
Support Robot)*! # W TERET>. VMERFT2 /3
YTy 7 A2 BEDOERRE 10 OEEERIE Y 5. ERBRIED
lEZK 3 I1IZRT. XL - -V oYY EHWT,
HENZ SLAMIC K DAERLTEE, uly MIMIKER->T
Wb Z e EHifEE T 5. HOAMEREIX, Robot Operating
System (ROS)*? @ amcl (adaptive MCL) /S 77— % i\
THro7-. B=IEWIL, [HFTET, WEERT, I IFE, Fvv
v NEl, LY YTy IR, XA =V, AT, 7L YR,
T—70NAEI, ADORL, V77—l U, BEMEEHRO T —
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¥ U7z, Faster R-CNN X, ¥—%& %t v b MS-COCO*3 T
TVEERFERD VGG-16 EF NV EMMA L7290, Pk
BOIRILTHB. T4 VI LBHDNAIN—INF A —RIFEFNTE

1 HSR: http://newsroom.toyota.co.jp/en/detail /8709536
*2  ROS: http://www.ros.org/
*3  MS-COCO: http://mscoco.org/
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Na=0.01, Bo =0.01, y0 =4, po = (—1.0,-0.5,0.0,0.0)
ko = 0.03, vp = 0.1, 1y = diag(0.1,0.1,0.5,0.5) £ § 5. *#
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c* = arg maxp (wcylor = O) (15)
t

W = arg max p (w¢|nc+) (16)
we

C* = arg maxp (nc, |lwe = W) (17)
Cy

O ~ p(ot|lpc+) (18)

3.4 ZEEBRER

Rk & NG IR & DS N B R OB % X 4 125K
4TI, FHIZL RSN 11 DOGFEEEZRLTED
MTHHTEB LS IZLTWS., KEAGREEOFLE 25
M e E, FEHO MG HRERO LSBT EZRL TV
%, RERITIGAEEICE] D YT SN EGROHITH 5. DAk
G AIEIE, SIS D index TxRT. 4 £, index3
Y index5 XMW T WD AAIZ & > TR A DUIMEDR R 5720,

index0 || index6 index10 index8 index1

index3

B 4: e S NG & 2 E Nz B DB

index3

1.0
0.8
0.6

04
.1
0.0 = |

P S % % ESY P B A PSS % S
)éég\% »@}@’% :j&% | R :‘n% »)Y)% )&ﬁ% \/(/Qs /")\V% \\QQ' /‘/%
”YAT %k 2] 7 % / A
N }l r}}\ A -)

* N
=
Eac
index5

1.0
0.8

o6
M oo
02
0.0
)ééé;\ @{é{*\ B /@@ :‘Y;é\ :‘“yé\ ‘};\é\ @{3\ \/5@\ /:]\\;%\ . & . %
R ST I s 1
AR R % B
LN
SHi
[=]

B 5: £BFTEIRIC BT B 3 iR

Rl % DB & 7o TWB Z e A5, KGRI BT
LEEROERMEREZX 52T, B 5 &b, index5 X1 =
VIRITHDMERPENZ RN D, £, Bk RTER
POUMKEHE LR E2ER 2IIRT. X2 TI1E, Biek
sk XA =V JH, T—JVEL, TLERTE LEOHEE
fERERLTEY, R17), X (18) Ik W k% 4 DL
TW5., EfES VLR U R, 2142V JRiOEBE&IE
fR#R 1.0, T—7NHIOHAIEMR 0.8, TL LRIOSHA ERF
K08 LoTz. kNS, ZHEINYMA LG OBERMEIX
ZWMTHB. FLT, HBELLYWKD SR L 2 D5



#* 2. Gt e RIFTED SYIREHE L HER

FhE R HeEAEE (k) | BRSOV | IR
chair cup
e cup chair
KA =V JHj dining table dining table 1.0
bowl bowl
book remote
rowm | e | R | o
bottle bowl
lalgtop keyboard
— R V
7 L e keyboard m(%se 0.8
potted plant potted plant

0.8
¢ 06
B
B oa
02 I I I
o [ -
O N N N N R
g ¢ & & & & & & &S &
R O K D ,g{ét\ N3
_l"] /}q _}ﬂ 40 )&’@ .}r] \\0 \/b %S& "0‘2 40
4 . v . e A R s/
N A A AN A
% i % [i8
=Rt =R &
Bi% R EBE

6: cup VoW % KRR & G FTHEIR E HEE U 72 AR

ERIBEEMECUEREZR 6 &K 7ITRT. 6 X7
X, ¥iik%E TN cup, remote X T L 7-RDHEERE R %
RLUTWS., 6 L7 &Y, cup lE XA =i (index5),
remote 1% 7 — 7IVHET (index3) (2 ZHERME N & H353h
5. Fiz, BEETNVEAVT, EBIZa Ry b»W%E F 4T
AT BA T BATO TR, XAV RFITTHILTERIL
ERERL 2.

4. BBHYIC

AL TIE, WIREHCCTRGeNT ), H OALE R 2 5 s
DFEEIZHND Z & T, GO &35 O BRI & 8
THETIVERE L. ERIS D OB e K 3ER» o)
RO RIEE L 7R S5 2 RTEROEENTE S
ZeamUrc. £z, Gk RIEED SWIKE HEE U 7R
CIEMRT NV & DEBMLFEL D, KEEETVOFEETH
SN E G OBERIEDZ Y EZ R Uz, 51T, aRy
N E FITICITS R A 2 FITTERI NS, AREE

0.8
v
i 08
M ooa
0.2
0 -—
R AV R N T
S ¥ & F ¥ ¥ F ¢
S & S S S S S S &
A SN Y N &N Y Y Y Y S
@ @ R S QR 7o g FOT A
AV N B N ) & Q N &> 4l Y
A AR ) & % 1 N ) )
s s A /) R v 7
s X }\/ ' AN N }\/
w " %
85 B
LaRdEE

7: remote B O A & R T EEE & G FTREIR & HEE L 72 A

EFNVOEMAMEERLUZ. SHBOFEL LT, vRy ML
WERRIZAT o 7218, 8 U 72k & 57 O BIGRME & W T
IR PG e RTEREMETELLDITTEI LTS
N3, 72, 5N MS-COCO T—&+t v DT L EHFE A
ETNVEMAL TV TE PR 80 A L 27\ 2
Lo, MHITE 2B E X4 72012 Faster R-CNN %
fine-tuning 32 BENH 5 Z L BFEIF LN 5.

ZE X
1]

A. Taniguchi, T. Taniguchi, and T. Inamura, “Spa-
tial Concept Acquisition for a Mobile Robot that Inte-
grates Self-Localization and Unsupervised Word Dis-
IEEE Transactions
on Cognitive and Developmental Systems, vol. 8, no.

4, pp. 285-297, 2016.

covery from Spoken Sentences,”

Y. Hagiwara, M. Inoue, and T. Taniguchi, “Place Con-
cept Learning by hMLDA Based on Position and Vi-
sion Information,” in 13th IFAC/IFIP/IFORS/IEA
Symposium on Analysis, Design, and Evaluation of
Human-Machine Systems, 2016, pp. WebC301.

ARE, B0%, HERE, BEEE, A0, AEEHR
& RO ER SR D  BliZe UG fEEEE. AT
HggFReE K2 CE, Vol. 30, pp. 1-4, 2016

J. Sethuraman, “A constructive definition of Dirichlet
priors, ” Statistica Sinica, vol. 4, pp. 639-650, 1994.

Sebastian Thrun, Wolfram Burgard, and Dieter Fox.
M0 RT + 7 A (mynavi advanced library), 2015

Shaoqing Ren, Kaiming He, Ross Girshick, and Jian
Sun. Faster r-cnn: Towards Real-Time Object Detec-
tion with Region Proposal Networks. In Advances in
neural information processing systems, pp. 91-99, 2015



