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Multimodal joint attention based on mutual exclusivity principle

*Tsukasa Nakano (Osaka University), Yuichiro Yoshikawa (JST ERATO), Minoru Asada
(Osaka University, JST ERATO), Hiroshi Ishiguro (Osaka University, JST ERATO)

Abstract— Developmental processes of each function through joint attention are discussed. In this paper,
we study the mutual facilitation of simultaneously learning multi-functions through multimodal joint atten-
tion: gaze-driven attention and word-driven attention.We enhance the well-known mutually exclusivity bias
in child language development as a general bias to simultaneously learn mappings for different functions that
are expected complementary to each other, that is mutually exclusivity selection principle (uX principle).
In computer simulation, we analyzed the effects of uX principle in learning multi-functions and argued the
correspondence of the synthesized development to infants.
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Fig.1 Situation of learning multimodal joint attention
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Fig.2 Example segment vectors of the discrete repre-
sentation for gaze in the cases without and with
errors in segmentation

Vision \
xV
mapping
f 5 . Configuration
\ g Gaze-driven attention /
G
1
Audition / \ 7
X = E z 7 W
Ko
Segmentation - Orientation
mapping
\.fw Word-driven attention /

Fig.3 System of multimodal joint attention
goo
7
. wka'
_Zk,k#z g ]> (1)

Wg.ij = "Wg.ij €XP < 2
«000000000000000000000000
0000000000j000000000i0000
0000000000000 ;0000000000
00000000000000;000000000
000000000000 +# 00000000000
00 7y ="ag,/ Y, "az, 000000007, 0 7,
000000000000000000000000
0JADDDOOODODOOOOO

21.2 0000000

gbobobobooooboooobooboboobaoo
0%s,00000000°PMg:RMe —RMe0000
000 "0, 0000000000Fig.300007My
gbbototbib0wOOOO0OO0O0OOO0ODOOO0 pO
0000000000000000000PM0 "My
gboboobobobobooboobodoponoooOn
00000 (1)oOoooOooOoUDwOO0OO0OO0O0OO0OO

0000000000 "0, 0000000000
goooooboooobo r, 000000000
ugbor,00000000000000000O00O
oood

Sj if8j>0

(2)
(1- Z;\L s;)/Ns otherwise

Tw,j =

000 s; =Y M pop 0000000000000
x, 0000000000000000000; 000
0000000000000000000000 100
0000000000 Ny=M,—Y 2" 0, 000 0Fy,
07 000000000000000000000O0
000JADOODOOOOODOOOOO

22 0J000O0O0OOCOOOOO0OO0

22,1 00O

gobooooboobuoo pXbooboboooo
r, 07, 0000000000000 0OO0O0O00O00O =
O
Ek:g,wexp(ﬂ-uk)Fk
(3)
Zk:g,wexp(ﬂ'y’k)

oooooooood p, 000 w,, 00000 py =
max;{7g;}0 pty = max;{r, ;} 0000000700

’F:




obooooooobOobobooooooooooan
oooooor, 000 7, 000000001000
oboooooooobooboooooooooan
oboboooooooooooooooboooo r
06,=r;/>,n0000000600000000
gooood

2.2.2 00O

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000 [3)4]5)00000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000
00000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 AD0O0ODO0OO0ODOOO0OO0
0000000000000000 A, 0000

23 00OO0O0OO0OO0OOOOOOOOOODn

doooooooooooooooooooooo
gboooooooooboboboboooobooogn
gboooooobooboboboooooooan
gboboooocooobooboboboboooon
gbooooOobooooboboooobooon

gboooooooobobobooooooonog
gboooooboooooboooo

i i)
€gij = —=——¢€xp | — 4
= g (-5 W

0000,0000000000000000000e,,;
0,;00000000000000000000g0
00+:000000000000000000000
000000000000000000Fig20000
ew:; 0000000000000000000000
000000000000 500000000000
00000000000050000050%0000
00000000000000000

3. bobbuoooobbboooobbb

oooooooDo0obooDbOoooooooD px
gboboooocooooobooboobobooogn
oO00bDOo0 100 pXO00OOOoooooooooo
gboooooobo20000000000000
ooboooobooooboobobobooobooogo
obooooooooobooobobooooooogoo
gooooooooooboooooo

31 0OO0OO

gobobooooboboooob-0boo0oooooo
gbobooooooboboooooooooooboan
gooboobooooobbooooooooooooon
gloooobobooobboobbooboonbob 100
oobooooooobob obooooooboooDbo

gbobooooooooobobobooooooon
gbobooooooooooooobboobboOoooon
gboooool1bob0oo0ooocoooooboo 1000
gboboooocooooobOobobooooooon
gbobooooooobooboboooooooann
gboboooooooooboobobobooooon
ooooooJAdOOoOOoOoOoOooooooooon
gboboooooooboboboooooooan
gbooooooboooo
oo0ooo0ooooooognD A=1.0,A;=0.010
gobooooooooooooobooobobooboog
goboooooooboooobl a=1.0,m=25.0
goboboobooooobooboboboobooogo
g1go00obooboboooooobobooooon
g200000000b000o00oboooooon

32 0010000000

ooooboboobOoboobOobo pXooooboo
gbobdobgloooootbooboboooobobog
2000000Fig4 0 JADODOOODOODODOO
gooobooboooobboobb 0000000
ggooooboboooog

000000 pXOoOoOoO (Hoooooooooo
000 (intra-pX multimodald A) D pXOOOOOO
O (non-uX multimodalOd ) 000 JADOOOOOODO
gooboooboobuoobo pXdobooooboo
000000000000 pXoOooo (3)ooooo
000000000 (inter-uX multimodalD0 )00 0O
00 (non-puX multimodel) 1000000000 OO
00 pXOOOJADDDDODDDDDOODDDO
0000000000000 00000O (double-uX
multimodallo YO OOODOUOOOOOUODOODOOOOO

double - uX multi
0.8 intra - uX multi

‘ inter - uX multi —a—
non - uX multi —x—
0.6 mntra - uX gaze --e-
intra - uX word

P
—a

success ratio of JA

10° 10* 10
learning times

Fig.4 Success rate of joint attention
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