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Fig. 2.1Communication between human and a robot on Nakata’s experiment.

Fig. 2.2Communication between human and a robot on Shibata’s experiment.
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Table 2.1Robotic researches for human impressions

Nakata et. al, Shibata et. al, Breazeal et. al, Takanishi et. al,
ARykA NI Kozima et. al, Kobayashi et. al, Mk, Mutlu et. al,

AT TS EE Yonezawa, Yamazaki et. al, LL[E 5, Yamamoto et.al,
Jindai et. al, #JIl 5, (K. Perlin, N. F. Troje)*

ARYENBEED| HED, EMEEMEE, £ES, Kulic and Croft, s,
=127 5811E NS, RES

*: CGDEZE

223 J000O0OO0OODOOOOOOO

gogogooooobobobbbioodooooouoouooooobobbobbooooo
goooboboooobbuooobbuoooobbuooobbbobuooonbbooobo
gooboodooobooooboboooobobboooobbbooobLboboooag
ggoooooooobobbbooooooouooobbbbobboooooooo
gdooooooooooobbbbboboddoooooboougoboobbboboo
ggoooooooobobbbbbbooodooooo0ooououobooboboboboboboo
goobogobooboooobobooon
0000000000000000000000000Fig. 2000000000
gogooooooooobobobbobbbbbbbbboodoooouooobooboobobobobo
dogooouooooooooooooobobobbboodoooouoooooboooboon
gbobboogobobooobbbooobobobooobbooobbbooobboodon
ggooooouoooobbbbbbboboddoooooooubobobbbbboo
gobobooooobuoooobbuoooobbboooobbbooobLbboooono
goboboogoobbooooobuooobobooooboboobooobobboooooboo
ddooooouooouoooobbbbb b0 ogouoobobobbboo
goobooooboboooobboooobobooa



020 0O0O0OO0OOOOODOOOOOOOOODOOO0ODOOOODOOOObOOOOOO 17

23 JU00booobooouoooooonooooon
oooon

gboboooobobobuooobbooobbbooobobooobbbooobboo
goboboooobboodobbooobbooob bbb booobbboooo
goooooon
gdooooouoooobbbbboooooouooooboboobbbbobbooooo
gdooodoooobbbbbboodb oo ouobobobobboboo
gogoboobbobododoooobooboobobodooooobobobbboooooobnboDbobo
gdooodoooooooobobobbboooooououoooooobooobobbbon
godoooooooobbbbbobooodooodgogouoobobobbbooo
gogoooooooobooboobobbbbbbobbboodoooouoooboooboboobbo
dgooooooooobobbbbboobbbooooooooououoooboooboobon
gobooodg
gdooooooobobbbbooooooouoououobobbbbboooooUoo
gobobodooboboodobboooobbuooobboooobbooobbooaon
goboboooooboooobooog

24 000000000 O0OO0O0UOUOOoOooooobooon
HEN

ggooooooboobbobbboodouooouoobouoooobobbbbboooouoo
goboboogobobooboobboooobobuoooboboooobobooobbooon
doobooooboboooobboooobobooooboo

0000 30000000000000DO0000D00000O000ooOOo0oooo
goboboooooboboooobbooooobooobobooobobboooobboodon
goooogd

000040000 30000000000000000D00O00OOODOO0ODOO0ODO
goboboooobobooobbboooobobooobbooobobboooobbooon
goboboodooboooobboooonoo



020 000OO0O0OOOODOOOOOOOOODOOO0ODOOOODOOOObOOOOOO 18

0300000000000D00000DODO00O0DOO00O0ODODOO0 40000000
goboboooobbbooobbboooobobbooooboboo



30

oo bbond
Jgobobobooboboodtd

00000000000000000000000000000000000000Q
000000000000000000000000000000000000000
0000000000000 00000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000
000000000000000000000000000000000000000
D00000oOo®Pooo000000000oooooooooooooooo®oo
0000000000000000000000000000000000000000
0000000000000 00D0000D0000D00000D00000D000Do0
0000000000000000000000000000000000000000
0000000000000 0000000000000000000000000
Itoh et al?@0 C. Breazeal and B. Scasself&til 0 0 H. Kozima and H. Yan® 0O 0 0 O
000000000000000000000000000000000 Yamamoto and
Watanab® O 000D 0000000000000 00000000000000000
OD00000000000000000000000000000000000000
0000000000000 00000000000000000000000000
0000000000000 0000000000000000000000000O0
00000000000o0o0000oooooooa

19



030 000O000O0O00DO0O00bOOOoOOoooOoOooooooDoooog

20

ddodooooouooooobbbobbbooddoooouooooobobobobboooooo
0000000000020 0000000000003000000000000
gogoooooooobobbbbbbbbbbooooooooouoobobbobbbo
ggooooooooboooobbobobbboddooodoooouooooobooboon
gbobboogobbooobbboooobobuooobbooobbbooobboodon
ggoooooooobobbbbbbbbboddoooogoobobbboobobobbbo
goooog
Miyashitaand|ShigU@DDDDDDDDDDDDDDDDDDDDDDDDDDD
goboboooobboodbobboooobobooobbboooobbooobboooo
gooboooobobbooobbboooooo
gobooboooobbtogoooboooboboooobobobooooboboooooboboo
gobobooobboodbobboooobobooobbooobobObooubboooo
goboboooobbboooobboooobbbooooobo
ddoodooooooooobbobobbboodoooouooooobobbbboooooo
gogoogouooooobobobbbibododoooooooodooouooobooobobobbn
gobboodobbbuooobobbuooobobbuooooboboo

31 OU00OOooooooogd

ggoooooobbbobbbobbbooooooooooooobobbbobooUoUoo
0DP000O0000000D0 200000000000000000000000000
Oo2000000000000O000DOO0ODOCOO0OOODOOODOOOODOOO
gogoooooooobbbbbboobbobbbbboodoooooooboobobobbobo
gobobodooboboodobboooobobuooobboooobbooobbooan
goobooogobboogoboogoobooobobooobobbooobboogon
gogoooooooobbbbbbbbbbododoooogooboboboobobbbobo
goobdogbdooodooboboooobbobboboboooobbuooooooo
gobobooooboboooboboooooboooboboooboobooobboogn
gobobooobbuoooobboooobobooobDbboooobbooubboooo
ggoooooooobobbbbbooddoddodooouobobobobobobo
goboboooobobooobobboooobuooobobooooboboboooobbooon



030 000O000O0O00DO0O00bOOOoOOoooOoOooooooDoooog

goboboogoboboboboooobbooooobbboooobobuoooooboboogn
doboboodoboboooboboooooo

311 OO0

0000000000000 0D000000000000000000000000n
D000 o0BIoooooo Looooo9g

|rdx\*  (dy)\
o e ————————— o

gbooouooouoooooooooooooooooooooooooooon
dbdbodoouobooobouooooobooboboooooooooooooo
00000000000 00000000000D000 150[seq 000 t; = 10[sed,t, =
130[se¢ O OO

3.1.2 0O0O0O

000000000000000000D000000000000000000000
0000000000000 oooBIesseoogooooooooooonon
00000000000000-0000000000000000000 Yamamoto and
Watanab® 0 D00 0000000000000 0000000000O0000000
0000000000000000-0000000000000 Kendor?OOOOO
D0000000000000000000000000000000000Charny?
D0000000000000000000000000000000000Nagaoka
etaP0 00000000 (0O0OO00)0000000000000O000000000
Dooooooo®oooo0000000000o0D000oDo00onoooonoo
0000000000000000000000000000000000000000
0000000000000 0000000000D000000000D0D00o000o
D000000000200000000000000000000Congruencg 00O
Dooooog
000000000000000000000000000000000000000
0000000000000B2 00000 ;000000000



030 000O000O0O00DO0O00bOOOoOOoooOoOooooooDoooog

c-1 a c-1 b
- p- 5%

n=0
rlj S Y . (32)
2, -
ooo
c-1 c-1 a 2 e c-1 b: 2
_ o +n L j+n
o= [a|+n Z c ) Z{bﬁn Z c }
n=0 n=0 n=0 n=0
t ¢ <Tt<t+ ¢
2°7572

¢ = (sampling freg x (time duratior)

O000a,0b, 0000000 nO0O0O0OD0DO0O0OO0ODO0OO0OO00OO0ODODOODOOO0
DDDDDDDDDDiDjDDDDDDDDa;DbjDDDDD rpooodoodood
000000000000 {a, +,a4c1)01{bj,-,bjue1) 00000 00Fig.BI0 O
OB200000 & O bj 00000000 0000000000000000000
0 0Osampling fredd 0 60HzO OO0 O0OO0O00OOOOOOtime duratiom O 10000 O
O0r; 00000 jO00000000000O00O00DOO0DOO0O0O0O00006I00.1
000600100000 r; 000000000000 000O0000O0DOO0O0O0000
O00D0D0000 150[sed D00 10[sed <t < 110[sed 00 OO

goodoooodoo 000000 «~r00000000t0000000000
oo ooouoooooooao
dooddooooouoooooooooobooooooooooooooooooo
00000000 oOoOooOo0o000000d000oooooooDoD0 r=-50071=5
0000000000000 D00DO00DOooDOoooo0lDdDoDODDODODODOn
O00000r=00000000000000000D000DOO0DOOO0DOODODOOD
bbb ouououobooooouououogo
0oooooooon

O000000 300000o0oad

e JO000O0DOOUUODOOUODOUODODODOATIDDDOSODOO S SOODO
goboboooobbooon



030 000O000O0O00DO0O00bOOOoOOoooOoOooooooDoooog

23

{an} o Ajtc g

T “‘-\- Correlations are calculated
ij‘ « o by between them (r;)

b}

It
I

>

¢: time duration

A

Fig. 3.1A sketch of cross correlation between two objects movement.
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Table 3.1Adjective pairs for each factor in five-factor model
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Fig. 3.3DOFs configuration and wheeled inverted pendulum mechanism of Robovie-1V
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Fig. 3.4Time series data of moving in anteroposterior direction.
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Table 3.2Conditions on experiment 1.
Name Explanation Figure

Human Between participants (Fig. B.4(b))

Between a participant
Pend. hum. and Robovie with Fig.B.4(c)
pendulum human-type swaying

Between a participant
Supp. sta. and Robovie with -
supported stationary swaying
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Fig. 3.7Congruence under Human.
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Table 3.3Conditions on experiment 2.
Name Explanation Figure

Between a participant
Supp. sta. and Robovie with -
supported stationary swaying

Between a participant
Supp. hum. and Robovie with Fig.[3.4(d)
supported human-type swaying

Between a participant
Pend. sta. and Robovie with Fig.3.4(a)
pendulum stationary swaying

Between a participant
Pend. hum. and Robovie with Fig.[3.4(c)
pendulum human-type swaying
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Fig. 3.12Trajectory length, congruence, and impression of two groups.
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Fig. 4.1Wheeled-inverted-pendulum model
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Table 4.1Variables of Wheeled-inverted-pendulum model

[0) the inclination angle of the body | K, | gains for wheel control ( 6 )

0 the angle of wheel rotation Ki | gains for wheel control ( 0)
T torque for wheels Ka | gains for wheel control ( é)
the compensation angle of the the gain that correlates to desired
Peomp. center of gravity K velocity with posture control

Gées‘ the desired velocity of the wheels| M | the mass of the body

Ka | gains for posture control ( ¢ ) .| the reference velocity of the motor
od
Kb | gains for posture control ( ¢ ) as controller output
1
ad:ngM B e | 23S (4.2)
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Fig. 4.2Wheeled-inverted-pendulum block diagram
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Time series data of robot’s position for each reactive behavior when a subject
pushes the robot
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Fig. 5.1Changing human motion to control human impressions
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Fig. 5.2Changing robot’s motion to control human impressions
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