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Analysis of Timing Control Mechanism of Utterance and Body Motion

using Dialog between Human and Communication Robot

Shoji TAKASUGI

The purpose of this study is to clarify the effects of timing control of utterance and body motion in human-robot
interaction Our previous study has already revealed the correlation of timing of utterance and body motion
in human-human communicationd In the present studyl we proposed the timing control model based on our

previous study and estimated its influence to realize human-like communication using a questionnaire methodO

The results showed that the difference of effectiveness between the communication with the timing control model
and that without it was observedd In additiond elderly people evaluated the communication with timing control
much higher than the younger peopled These results show not only the importance of timing control of utter-
ance and body motion in human communication but also its effectiveness for realizing human-like human-robot

interaction[]

Key Words: communication robot dialog[ utterancell embodiment timing control
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Fig.1 Experimental task in our previous study

o0 l.0oooooooooooooooooOobobobooo
0000 (00)0D0o
o0d2.0000000000O0O000bO00obDoOoDOO
goooboobobobobobobobooooo
goboobooobobbobooboboobooboo
gooooobooboobobbobooboooobooboo
gobooobooboooboboobooooooobooboo
goboo0oooooo0oooooooo wooboobooo
00000D0o00DbO0OO0D200 (DOoDOoO22.80)0
goo04000000000000D00D00D0O 1200
oooooobood
ooooooooooooooooobooOoooooon
00000000 (SONYUUODR-SRe) DOoOooooo
000000 (Audio Technicha 0DPROSHEW/P)0 00
goboooooooooooooobooOooooooooboo
0000 (D0OD0ODO0OO0DORadish/3D)0000O0O0OOODO
goooooooo 400000000O0O0COO0O0OO0O0
poobooooboobooboboboboobobooboobo
gooboooobooboobobboboobobooboobo
goobogoooboobooboboobooboboobooboo
0000DO0O0bO0O0Db0O00bDOo0DO 1ImsecOOOOO
6.7msec(150fps) 00000000000 DOODOODOODOO
000 Table 10Fig.2000.
goboobooobobooobooboboooboboboo
goooooboobooboboooboobobooobooboo
ooooOoo0oUoooooUooU (D)oooooooo
oo30ooooooo0oooooooooooooboboOon
gdoooooooooobooOoOoOoOobObOOoOoOoOoOoOoOa
goboooooooooooooocoooooooooboboo
oo0oo0oo0oo0ooUo0OO0 (ooooooo)oo
00000000000 000o0oOU0oOU0D (Dooooo
00)0 4000000000000
ooooooooboooooooooooooooobo
pgoobogoooboobooboboobobboboobobo
goobogooobooboobobobobooboobooobooboo
0000000000000 D (O)booboOoooooo
gooooobooboobobooboobobooobooboo
go0o00opDo0oD Feg.20000O0OD0 3000000D0OOO



Table 1 Definition of indices of dialogue in Human-Human
communication

Sd; | 0000000

Sd, | 00000000

Pd |O0OO0OOO

Nd |O00000000

Gd 00000000

Np |0000000000000
Gp |(ODOOOOOOOODOODOO

! Sdi ! Pd ! Sd- b
> 1
" Tsumiki wo Tottekudasai " DSy uE— " Hai " i
! L !
| . [ — ¢ S .
i Humanl-side ' Nod | Human2-side |
: (Instructor ) :. __________ JI ( Responder ) :
! Nd! ' 1
: 1Gp, :
I :4—)._ _______________ ]
i i Grasp ]
! O o
' Gd

Time

Fig.2 Correlation in Human-Human communication

oooooo
10000 (000)(Sd;) 000000 (Pd)
2000000 (Pd)000000000 (00O0O0)(Np)
3000000 (Pd) 000000000 (D000)(Gp)
000Sd;0 PADOOOOO0OO Fig.3000000

0000000000 (S¢;)000000 (Pd)0000OO0

000 (00D00:0.820)0000000000000Sd;(Pd)

0000000Pd(Sd,)00000000000000
000PdD NpOOODOODOODO Fig.4000000

0000000000 (P)000000D000DOOOO0

(Np) 0O0DODO0D00D00D0 (0000:0.734) 000000

0000000PdNp) DODODOONp(Pd) 00000

nfufalulufalufalsl
0000PdD GpOOODOODOOO Fig.500000

00000000000 (Pd)00000000O00000

0 (Gp)000000D00D00000 (000D0:0.433) 00

00000000000 Pd(Gp) 0000000Gp(Pd) 0

0000000000000

3. DOooooooooooono

3.1 0000

goooo,00b00o0oocobooboooooooboOooon
goooooooooooooobobooOooooooboono
goboooooooooo,00ob0b000ooobcOoooboo
goooooooooobooOo.ooooooo,oboo0o0o00
gooooooocoooooooobooooooooobooboo
goooooooooo. ooo,b0o0000o000000
gobooooooooooooobooo,oob00o0o0o0oo
gooooooooooooooooobDDODbOOObOOOO
goboo,000000000D0C0O0 2000000000

0.8

r=0.820
0.0 . — —

0.7 1.1 15
Sdi [sec]

Fig.3 Correlation between Sd; and Pd

0.7

Np [sec]
o
w

r=0.734

00 04 08
Pd [sec]

Fig.4 Correlation between Pd and Np

0.7

Gp [sec]
o
@

r=0.433

-0.1 . . ; i

0.0 0.4 0.8
Pd [sec]

Fig.5 Correlation between Pd and Gp

00000bDoO0o00D,000 (Do0)0Doooooooo

gooooo.
ooooooooboooooooooooOoooooon

goboooooocoooooooocooOoooooobooo



0oD 0000000000000 00D0nonooo
O0000 300mO00000000000000 2000
000000000000000000000000000
000 600ms0900ms 00000000000000000
0000000000000000000000000-00
00000000000-0000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000O00000
000000000000000000000000000
000000000000000000000000000
0000000,00000000000000.
3.2 000000
00000000000000000000000000
000000000000000000000000000
000O0OFig.600000000000000000000
000000000000000000000 PCOOOO
000000000000000000000000000
00000000% wakamaru” 2300000000000
000000000000000000000000000
0000000000000000000000Fig.700
000000000000000000000000000
200000000000000000000000
ODO0Owakemaru 0 0000000000000000C
0000000000000 00000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000 30000000000200
0000 (Sd; 0 PdOPdO Np)OOODOOOOOOOODO
O0O0wakemaru J000000000000O000O000O
0000000000000MO0000000000000
3.3 0000
D000000000000 2000000000000
000000000000 (00)000000000000
0oooo
O0O0ODOFig6 000000000000 00OO
(5x3x3ecm) 000000000000 12m 000000
0000000000000000000 20000000
0000000000000000
00 10000000000000000000000
0000000000000
00200000000000000000MMOO000
000000000000000000000
030000000 (Fig.9)0
00 100000000000000000000000
0000000000000000000000000000
DONOO000N00000 300000000000000
100000000000000000000000000

Sore Cho-dai

( Would you take a woodblock ? )

ﬁHal Wakar|ma5|ta + (CNod )
Yes) Grasp

l'

_Woodblock

1.2m

Fig. 6 Experimental task in the present study
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Fig.8 Timing control model
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Fig.9 Robot’s response motion in the experiment
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Estimation of the Influence of Pause Duration and Difference of Nod and Response Timing

using Dialog between Human and Communication Robot

Shoji TAKASUGI

The purpose of this study is to clarify the influence of pause duration and difference of nod and response timing
in human-robot interaction. We estimated those influence to realize human-robot communication using a ques-
tionnaire method. The results showed that the various changes those communication timings by questionnaire

items. In addition, those influences in elderly people are more complex than young people. These results show
possibility to have the relations that the timings of communication and the side of construe of communication
depend on mutually, and possibility that elderly people regards the timings of communication as important than

young people.

Key Words: communication robotl dialogll pause durationd difference of nod and response timing
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Table 1 Results of ANOVA in the Ex 1

Main effects
Main effects X Combination

personal effects
(FElderly)
natural 3.87 * 1.72 0.16
closeness 2.61 1.22 0.20
politeness 3.00 * 1.91 * 0.98
liking 6.93 *** 2.84 ** 0.33
intellectural 2.96 * 2.84 ** 0.51
positive 14.88 *** 1.84 * 1.80
(Younger)
natural 30.56 *** 1.96 * 0.18
closeness 16.64 *** 1.25 0.77
politeness 1.25 1.85 * 0.89
liking 17.48 *** 1.24 0.55
intellectural 30.51 *** 1.75 2.86
positive 30.68 *** 1.76 0.42

#k0 p < 001, **Op < .01, *0p < .05

Table 2 Kendall’s rank correlation in the Ex 1 (Younger

N=12)

1 2 3 4 5 6
(Y ounger)
1. natural - 1.00 -0.33 1.00 1.00 1.00
2. closeness * - -0.33 1.00 1.00 1.00
3. politeness - -0.33 -0.33 -0.33
4. liking * * - 1.00 1.00
5. intellectural | * * * - 1.00
6. positive * * * * -

UpO Kendall’s 7 / Low[ Test of singinificance (*O p < .05)
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Table 3 Interval of samples and yardstick value in the Ex 1
(Younger N=12)

(natural) (closeness)
a;— o +Y -Y Q; — Qg +Y -Y
ags0—a1350 | 1.04 ¥ [ 1.64  0.45 | 0.44 1.08 -0.21
agso—a7s0 | 1.56 * [ 2,16  0.97 | 0.69 * | 1.33 0.04
ags0—aia150 | 1.98 * [ 257  1.38 | 1.63 *|2.27 0.98
a1350 —a1750 | 0.52 1.12 -0.07| 0.25 0.90 -0.40
ai1350—a2150 | 0.94 * | 1.53  0.34| 1.19 * | 1.83 0.54
a1750 —a2150 | 0.42 1.01 -0.18 | 0.94 * | 1.58 0.29
(politeness) (liking)
a;—ay +Y -Y a;—oy +Y -Y
ag50— 1350 | -0.35 0.16 -0.87| 0.56 1.24 -0.12
ags0— 1750 | -0.23 0.28 -0.74| 0.83 * | 1.51 0.15
ags0—a2150 | -0.25 0.26 -0.76 | 1.77 * | 2.45 1.09
a1350—a1750 | 0.13 0.64 -0.39 | 0.27 095 -0.41
a1350 —a2150 | 0.10 0.62 -0.41| 1.21*|1.89 0.53
a1750 —a2150 | -0.02 0.49 -0.53| 0.94 *|1.62 0.26
(intellectural) (positive)
a;—oy +Y -Y a;— oy +Y -Y
ags0—a13so | 0.44 0.98 -0.10 | 0.90 * | 1.47 0.32
agso—a7s0 | 1.15 % [ 1.68  0.61 | 1.40 * | 1.97 0.82
ags0—ai2150 | 1.75 % [2.29  1.21 | 1.96 * | 2.54 1.38
a1350—a17s0 | 0.71 % | 1.25  0.17| 0.50 1.08 -0.08
a1350—a2150 | 1.31 % | 1.85 0.77| 1.06 * | 1.64 0.49
ai750—az2150 | 0.60 * | 1.14  0.07 | 0.56 1.14 -0.01

*p < .05

Table 4 Kendall’s rank correlation (Elderly 1CO 1K)

1 2 3 4 5 6
(Eldelry 1C)
1. natural - 0.55 055 0.55 0.91 0.91
2. closeness — 1.00 1.00 0.40 0.80
3. politeness - 1.00 0.40 0.80
4. liking - 0.40 0.80
5. intellectural — 0.80
6. positive -
(Eldelry 1K)
1. natural - 1.00 -1.00 0.33 0.18 0.00
2. closeness * - -1.00 0.33 0.18 0.00
3. politeness * * - -0.33 -0.33 0.00
4. liking - 0.55 -0.67
5. intellectural - -0.91
6. positive -

UpO Kendall’s 7 / Low[ Test of singinificance (*O p < .05)
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Table 5 Results of ANOVA in the Ex 2

Main effects
Main effects X Combination

personal effects
(FElderly)
natural 2.57 1.46 0.36
closeness 2.14 1.28 1.22
politeness 0.93 1.05 0.43
liking 9.95 *** 2.68 ** 0.72
intellectural 4.22 * 1.44 0.70
positive 0.97 0.51 1.56
(Younger)
natural 49.94 *** 1.71 0.77
closeness 19.66 *** 1.06 0.36
politeness 4.36 * 3.49 Fx* 2.72
liking 29.37 *** 1.70 2.21
intellectural 4.33 * 1.49 0.87
positive 30.81 *** 1.46 0.54

#k0 p < 001, **Op < .01, *0p < .05

Table 6 Kendall’s rank correlation in the Ex 2 (Younger

N=12)

1 2 3 4 5 6
(Y ounger)
1. natural - 1.00 -0.55 0.67 1.00 1.00
2. closeness * - -0.55 0.67 1.00 1.00
3. politeness - -0.18 -0.55 -0.55
4. liking - 0.67 0.67
5. intellectural | * * - 1.00
6. positive * * * -

UpO Kendall’s 7 / Low[ Test of singinificance (*O p < .05)
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Table 7 Interval of samples and yardstick value in the Ex 2
(Younger N=12)

(natural) (closeness)
a;—Qg +Y -Y a;— o +Y -Y
a_g00 — 0200 | -0.50 0.03 -1.03 | -0.19 0.51 -0.89
Q600 — 00 -0.96 * | -0.43 -1.49 | -0.54 0.16 -1.24
oeo0—0g4800 | 1.29% | 1.82 0.76 | 1.31 *| 2.01 0.61
200 — 00 -0.46 0.07 -0.99 | -0.35 0.35 -1.06
ag00—ag4800 | 1.79% | 232 1.26| 1.50 * | 2.20 0.80
o0 —aggo0 | 2.25 % | 278 1.72| 1.85* | 2.56 1.15

(politeness) (liking)
a;—Qg +Y -Y Q; — o +Y -Y
a_go0—a200 | 0.63 *| 1.19 0.06 | 0.27 0.88 -0.33
Q600 — 00 0.63 *| 1.19 0.06 | -0.56 0.04 -1.17
a_600 —ougoo | 0.25 0.81 -0.31| 1.46 *| 2.06 0.85
200 — 00 0.00 0.56 -0.56 | -0.83 * | -0.23 -1.44
200 —aygoo | -0.38 0.19 -0.94| 1.19*| 1.79 0.58
atg —aggoo | -0.38 0.19 -0.94 | 2.02*| 2.63 1.42

(intellectural) (positive)
Qg — o +Y -Y a;—oy +Y -Y
a_g00 — o200 | -0.29 0.40 -0.98 | -0.44 0.18 -1.06
Q600 — 040 -0.40 0.29 -1.09 | -0.60 0.02 -1.23
600 —oygoo | 0.44 1.13 -0.25| 1.38* | 2.00 0.75
200 — 00 -0.10 0.59 -0.79 | -0.17 0.46 -0.79
ag00—0g4g800 | 0.73 % | 1.42 0.04| 1.81 *| 243 1.19
o —ausoo | 0.83 % | 1.52 0.14| 1.98* | 2.60 1.36

*p < .05

Table 8 Kendall’s rank correlation (Elderly 2D0O 2F)

1 2 3 4 5 6
(Eldelry 2D)
1. natural - 0.00 -0.55 -0.18 0.80 0.18
2. closeness - 0.55 0.18 -0.40 -0.18
3. politeness - 0.00 -0.55 -0.67
4. liking - -0.55 0.33
5. intellectural - 0.18
6. positive -
(Eldelry 2F)
1. natural - 0.00 0.00 0.18 -0.91 0.91
2. closeness - -1.00 0.55 -0.18 -0.18
3. politeness * - 0.55 -0.18 -0.18
4. liking — -0.40 0.20
5. intellectural - -0.80
6. positive -

UpO Kendall’s 7 / Low[ Test of singinificance (*O p < .05)
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