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Research on Simultaneous Estimation of Self-Location and Location Concepts using SIGVerse
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In this paper, we proposed a novel learning method which can estimate self-location of a robot and concepts
of location simultaneously. A robot performs a probabilistic self-localization from sensor data. We integrate
ambiguous speech recognition results with it based on Bayesian approach. Experimental results show that a robot
can obtain words for several locations and make use of them in self-localization task using SIGVerse.

1. OO0

D000D0000000000000000000000 7*'47
0000000000000 000000000000000
ll1~ -

D00D000000000000000000000000
000000000000 0000000000000000
0000000000000 000000000000000
000000000000000000000000 [1)0

0D00000000000000000000000000
0000000000000000000000000000
0000000000 00000000000000000
0000000000000000000000000000
D000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000 SIGVerse 00000
O00000SIGVerse 010000000000000000
0000000000000000SIGVerse0 300000
0000000000000000000000000000
0000000000000000000 [20

000 (3 0000000000000000000000
DD0D0000D000000000000000000
0000000000000 000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000

2. ODOoO0bOOoobooboobob

000000MCLO Monte Carlo Localizatoin 0 0 O O
jdoooooooooooMCLODOOOOoOOoooooon
00ooooooooooooooOooooooOooooon
0000odoooooooooooooooooooooon
00ooooooooooooooooooooooog
J00doo0ooooooo0oooo0o0o0OoOoooooo
00000oo00oooo0o0ooooooooogooooooon
J0o0o0oUoooooUoooooooooooooon
0do0o0o00oooooooooooooooooooooon 2.1 0OOOOOO0d
g100o0 000oo0oo0oooUoooUOoO AQO0O (1))oooo
O0L0000oU0O00o0ooo:0000000oon (20

01 00000000000D000

ooooooooooooooooooooooboooboooa
goboooobobooooboboo

uboboooobodooooooooboooooooooona
cooooooooooooboboooooooooooboooo
goboooobooooooooooboboooon

O00: DO0DOOoOoDooOoDOoooDOoooDOoooO
a.taniguchi@em.ci.ritsumei.ac.jp



The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

02.0000MCLODODOOOOCODODDO

goooooo

A={A, 2,0, AL}
Xi = Wi, pi, Xi'}

(1)
(2)

ooooow;,booooboo.000000000000
O (3)[Ilj-|] W, 0 j0000000004,0 W; 00000
00o00o0o0oUo0U0O0 UOoUoooooooo
gbobooobooobooobOoobooOooOoooOoO00Oe 00
oooobooo, ¥ 0:00000000000000000
oooooo (h)boooUooUoUoono (p)ooooooo

Wi o= (lily---lg,) (3)
W = {W17W27"' 7WL} (4)
p = {pi,p2,-, L} (5)
Y = {217227"' 7214} (6)

oo+ooooOooo0ooooooooboog o, 0000
goooopoooo csooooc, ooogooooogo
00 CO0000000 (no0o0o 100 Lo0ooooo
good

C,eC={1,2--- L} (7)

0000C, 000000000, ={We,, oy, S, } O
000 We, ke, Ee, 000000 ¢,0000000000
000000000000000000000

22 [0OJO000OOOOODOObDOOn
MCLOOOOOOOOOOOOOOOODOOOOO 200
0b000000000000000 MCLOODDOOOOOOO
gooooooboooooooooooooooooooooon
gobobooooooboooooo 10000
MCLOOOOO o, 00000000 (8)oooO

p($0:t \ Z1:t, Ul:t, Ol:t)

o< p(zi | 20)p(Or | we)p(we | o1, ur)

(8)

-p(Toit—1 | Z1:6—1,Ur:e—1, O1:6—1)

0 (8000000 p(0; |2)0000000000000
0000000000000000 (9)000000000w
000000 0,00000000000000000000
00000000 p(z |2,) 000000000000000

p(O: | @) o< Y p(Or | W, Co)p(ae | 1, 2, Co)p(Ch)  (9)

Ct

0l 0000ooooogooog

Tt ooboooouobod

Ut ooo

Zt ooo

Cy ooooooo

Oy gooooooon

\)\% ooboooooboo
p0X | 0D0O0C0COCOOOOOOOOOO00O0

00000000p(C,)000000000p(Cy) =100
0000000000000

p(O, |W,C,)00000000000000000000
00000000000000000 (100000000480
0000000000000000000000000000
0000LDODOO0OOO0O0D00000000
000D0000D000000D000000D000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000

(O | W, Cy) o exp (—BLD(O¢, Wey, ) (10)

p(z: | p,2,C,) 00000000000 O0OUOOOOOO
00o00oooUoOoooooO 1)yooooooouopoooo
oo pooOooOooOOoOOoboboboboooooo

p(ze | pn, X, Ct)

e ( L ey — o) TS5 - uc») (1D
(2m) % S, |5 2
23 0O000O0OOOO
Joo00ooooooooooooooooooooogoono
O00o0o0ooooooooooooooooooooooo
Jo000dQo0o Lodoooooooooogooogoog
Jooooooooooooogooogooo 3goooo
Jogoggggoooooooooooooooboooooo
go0ooOoOOo0ooooOoooooooooooogoogo

[4 0000000

. p,X0000
000000000000 (DOO0OOUDUODOOD)
[ECD |:Uinitial 0

0 Cinitial

:|EIDI]EJ

woooooooc,o0oo0oooo
gooooooobooboboboOoboboooooooooobooo
OoOoooOoooooot0oond To = {t1,te, - ,in}
gobooNDOOoOOOoobobooon

Ci ~pla | pey, Be,)p(Or | We,) (12)

c;oooooooooc.ec={1,2,---,L} 0000
goboooboooboooboobobooboooboooo
000200 WOOOOODDODOODODDOO (13)00000
oobooooooo

Cr ~ p(xt | HCy s Ect) (13)



The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

o 2. Inference Ct SRITHEE
1. Initialize u, 2 (without dictionary)
: ThUEZ
LAL=H
KA
CHIES
3.Sampling” p, 0 4. 0000000000000 JuivsOOOOO

5. Sampling Ct
(with dictionary)

ooobooooooooooooooooo

W TT (9000 190 )i (18)
c=C4
teT,
00000p(W,)0000000000p(W,) =400
Oo00o0oooooooono

W.000000000teT, ={ti,ta,---,tx} 000
0000000000000000000000000
000000000000000000p(W.)0000
00000000000000000000000000

5. wilbOoooooc,ooooooo

woooooooooooo (12)pooooc.ooo
03 000000000000000000000 Ogo0obooooooooooooooobooo 2000
oooo

6. 0000 30500000000000O0
3. 0, 20000000

0000000000 (14)000ceC={1,2,---,L} 3. SIGVerse 0000
000000000000000000000 ’

0000000000000 0000000d Julius[6] *'0

A%ENVFI@@HMQ&OPWmﬂﬂ (14) D00D0D0Julius 0000000000000000000
o DO00000000000000000000000000
teTo D000000000000000000000000000

00000000000 00000000OSHURE OO PG27

ooooooooo (teT,)000 GO0 cOOOODOO
USBOOO0OOO0OO0OOO0O0O0O

00000O0p(pe, X)) 000000DDOOO0OOOOODO

0 (1500000000 p(pe,2.)0000-00000 3.1 0000000
00000000000000000000 (50000 3.1.1 0000
000000000000AOOOOD0OOOOOOO 0000000000000 L =40000mie = 100000
0000000000A =X""00meBo0Volo 000 0000 30000000000000000000000

gobooooooobooooogoo 1 0

0 1
OebbO0OO0OOooooooobboOoboOobbOboboooooo
goboooboooooobwbooooo400000000
goooooooooooooonf coooore oooro

“ 00003 0oo0OO0 0000000000000 40

DDﬁozﬁmHhO:mﬁFMQZ[ ]D@:lDDDD

p(i, A) = N (pfmo, (BoA) ™ )W(A|Vo, v0) (15)

pOADOO0D0O0D00O0O0 (1600 (17)0000000

A~ Al Vi, 16
WA [ Vi, vw) B (16) D00000000000000000C0
po~ N |my, (ByA)) (17) 3.1.2 0000
000000000000000010000000000
poooooooooooooooooooooooon 5000000000000000000000W,0W,00

uboOmeDOODODOOOOOOODOOOOODO0 0000000000000000000000000000
4 WOOoOoooo 0000000000000000000000000000

00000000 (18)000 ce C={1,2,---,L}0 Hnooooooo
x1 00000000000 DO dictation-kit-v4.2-win




The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

3.

os5 000001

2 0J0OO00O0o0obOOooOoooobooooon

3.2.1 0O00OO

O00000D0000SIGVerse JOOODODOOOOO MCL

O

ooooMCLOOOOOOOOOODOOOOOOOOOOO

g
a
O
O

ooooOooooooOooOOo0oooO0oobOOO00 4500000

O

ocoooooooooobooooobocooooboooo
oopooooOoMCLOOOOOOOOOOOODOOOO0O
gbooobooooooooob sboboouoooogooag
gboooooooboobdobooooooooobooboooa
goooooooooooooobooobooooobooooo
goooooooooooooooooooooboooono

0000000 Mm=100000000000000000

oooooooooon 1stepO0 100000000000

O

0ood 400stepboooooooon®

goor " oooo "0 oobooor"booobooooo

O
a
g
a

O
O

O
x{
ér
O

goooooooooooooobooooboooobooooo
doboboooooooooooooooobooboooooo
goooooooooooooD 40000000000
gobooooooooood

0000000000000 [rjobooo0ooooooo

000000000 zy0OOOOUstepO OO0 (1900
zyOOOOO0OOOO0OOOOO0OO0

er =/ (@ — ;)2 + (G — u)?

0000z = S Mwa® g
.y 00000000000000000000e, 0000
0000 ([0,]0 e 0 95% 000000000 - 00
000 0000000000000000

3.2.2 0O00OO

1000000000 e&0ef0000000000OOOO

e0oooooooobooooooobobooooobooooo

00000000000 5% 000 t+0000000000e O

er

gobooooooobooobooobooooboobooooo

gobooooooooooooooobooooooobooo

4.

O

goboog

ocooooooooooooooooooooboobooooon
cooooboooooboooooboooobooOooboo

O0000SIGVerseDOOOOOODODODOOOOOOOOO
goooboooooooooooooocoooooooooon

oooooro

(19)

= YMyuy® oooo

200
180
160
140
120

£ 100

80
60
40 4
20 4

mMCL
M Proposal

2y
Y

0O6: MCLOODODOOODOOOOODOOO

goooooooooooooooooobobooooooo
goboooooboooooooobooooobooboono

goooooooooooooooooooboobooooo

ooooooO0o0o0oooooDOoUoUooooooooooog
ooooooOoOooooOoUooooooooooooood
oooooOoooooOoOoooooooooooooooog
00D00000000000000 MCLOOODOOOOOO
O000000000000000000 SLAMO Simultaneous
Localization And MappingD OO O OO0OOOOOOOOO
ooooo

gobo

[1]

2]

[6]

S. Thrun, W. Burgard, D. Fox, 0O 0O0OO0O0O0. OO0
goooo. booooboooooa, 2007.

Tetsunari Inamura et al. Simulator platform that en-
ables social interaction simulation —SIGVerse: Socioln-
In IEEE/SICE International
Symposium on System Integration, pp. 212-217, 2010.

telliGenesis simulator—.

0000,00000,000,0000,0000,000
0,00000,0000.00000000000000
0000000000.000000000000 000
000000, Vol. 2011, No. 1, pp. 237-239, mar 2011.

ooo,0000,0000.000000000D0000
gboooboooboooooboocoo. osroboooo
gooocoooooooad, 2013.

CM.O0O00O0O0 OO0 OO0OOOO0OO OO oOoOooo
ub.0o0o0ooooobooooooboooboooooboboo
oooo.oooo, 2007.

0000.000000000000000000: 000
000000000000000000000. 0000
oooo, 2007.

0000,0000,0000,0000,000.0000
00000000000000000000000000
000000000.000000000, Vol. 23, No. 4,
pp. 466-473, 2005



