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Autonomous acquisition of joint attention triggered by human partner’s behaviors
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Joint attention, that is a behavior to attend to the object that the other attends to, is
an important ability not only for human—human communication but also for human-robot
communication. It is formidable for a robot to autonomously acquire joint attention through
the interaction with a human since he/she shifts his/her attention on his/her own timing.
In this paper, we extend the previous method to perform fully autonomous learning of joint
attention by embedding a mechanism to switch its attention based on motion information
of environment. In the experiments with a real robot, we show that it can autonomously
acquire the behavior of joint attention through the interaction with a human experimenter

by the proposed method.
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(a) Phase 1: The robot
observes a human who
looks at an object. At
the same time, it ob-
tains a image pattern of
the human’s face V' y and
theé)osture of its camera
head 6.

(b) Phase 2: The robot
changes its view to ob-
serve an object by a
motor command A6.

Fig.1 The two-phase process to obtain the experiences
for learning joint attention.

oboobooooboobooboooooobooooo
ooooooboooobobooog

000 4000000000000 000O000On
goboobooooboooobbooobooobooo
oboboobooboooboobooooboooboooDo
obooooboooooboboooooobooobooooon
gboboooooobooooboooooboooobooboooo
ooooobooooooooooooobooboooo
oooooooooooobooobooooooboooon
gobooobooooobooooooooooooooon
boboooboooobooobooooooobooooooo
oobooobooboooooboooboooobooboooo
oobooobooooooooooboooboobooon
goooo

3 bDudbodoboboobbobboobbonon
oo

gobooboobooooooooboobooooa
ooooobooooooooooooobooboooo
oooooooooooooooooooooboooon
ooboooboooboobooobooooooobooooo
oooboooobooooooooooooooobooog
oobooobooboooooboooboooobooboooo
oobooooooobooobbooboooooooooon
obooboooboooooboooboooboobogooo
ooboooooooooobbbooboooooooboooo
obooooooboooooo

1. 0oobooooooboooooooboooboooo
oboboooooobobobooboooooooon
oobooooooooooboooobooooooo
gobooooooboooooboooobooooog
ooboooboooooooooooboboooooo
ooooooo

2. 000000000000 .,00000000000
000rn+10000000000000000000
000+¢0000400000000000 Pr(s,t)0
00000000000 L) (j=1,2--,n+1)
0000

Li(t)
S W

0000000000+¢0000:00000000
000000 L(+) 00000000000 my(t) O
0000000000000000 s(¢)0000

mi(t)si(t) (2)

Pr(i,t) =

Li(t) =

goooobgooog
000000 (1) 0000000000000 k00

gbooboogoboboobooboboobgoboon

mi(t)0 s;(1) 0000000000000 L(t) 00
000000000000000000

3.0 (2)0000 my(t) O

mi(t) = glai(t)) (3)
000000000000000 (¢)000 ¢t00
0i0000000000000000000000
000000:00000000000000000
000000 f, /000000 6,,600000

_Joat-1)+1
“0={ a1

(fp > 0p 0 fe > 04)
(fp <6pUfi <61

goooogano

ooboOgbOO0OO00D0OO0O0DOOO0OO0ODOOO0ODOOOn
000000000 000000000 my(t)00O0O
gbooboboboboboboboboboba
ooooboooao

4.0 (2)0000 s;(x) DOD0O0D0O0OOOOODODOOO
oooobooooobooooooo

0000000 0i000000000000000
0000000000000000000000000
00000 k000000000000 kD s(¢)00
00000000000 s;(t) (i=1,2,--,n+1,i#
k)0ODDDOO00O0O0O0Os(t)0

as;(t)

| B (i=k)
si(t+1) = { max(b;, Bsi(t))

iz ©

0000000000000«,p0 S;(t)00000
O00o0oooooooooodo<a< L,g>10
oo

gboobooooooooooooboooboooboo
gbooooboobooooooo

gbobooooooobooobooboooobooooboo
gboobooooboooboooobooobooobooobo
00000 (p)Doob0oo0ooOooUoUooooooo
gooobooooooboooboooooooooboooobo
0000o000oo0o0ooooooooooo (3)uo



boboooboooboobooboooooobooooo
gboboooooooobooboooooooboooo
obooobooboobobooboooobooboooobo
oobooooooboooboboboobooobooooboooon
boboobooboobooobooooooooooo
ooboooboooboobooobooobboooboobo
oboooooboooooooboon

4 0O

oobooobooboboobooooooooooooboo
bobooooboobooboobooooooobooooo
boboobooboobooooooooooooooo
oooboboobooooboooooobooooooboboog
obooooobooooobooboooooo

(a) The camerahead of
robot

(b) An overview of the experimental setup

Fig.2 The experimental setup for joint attention.
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Fig.3 The time courses of the degree of interest in human
face, object A and object B, and an selected object.
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Fig.4 The time courses of success rate of joint attention
through the learning process with subjects S and M.
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