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Abstract Since robots have been used widely recently, research about human-robot communica-
tion is in process actively. Typically, natural language processing or gesture generation have been
applied to human-robot interaction. However, existing methods for communication among robot and
human have their limits in performing only static communication, thus the method for more natural
and realistic interaction is required. In this paper, an emotional gesture based dialogue management
system is proposed for sophisticated human-robot communication. The proposed system performs
communication by using the Bayesian networks and pattern matching, and generates emotional
gestures of robots in real-time while the user communicates with the robot. Through emotional
gestures robot can communicate the user more efficiently also realistically. We used behavior networks
as the gesture generation method to deal with dialogue situations which change dynamically. Finally,
we designed a usability test to confirm the usefulness of the proposed system by comparing with the
existing dialogue system.

Key words @ Humanoid, Dialogue management, Emotional robot, Gesture generation

779

ol R 20108 ZARY7IeY Ao FFATAT HAGYHA1E Copyright©2010 B34 23458 1 /1< EHolt 2% 85 A+ o] AF

Meardel A et g Q791 (No. 2010-0018948)

+

ks

Bol AA g 99 dig HAR Fe vAE AR AlRE Sighc

S5 ¢ AMdn AEeHe of W), AHEE AUH FEeR AHSE 5 Hled A ol B st &4
v oon@sclab yonsei.ac kr & B2 Folsko B, of Sle] 2922 B4, WE, 28 AF 5 2
Jvoon S 80-yonse ac. £ 5B S Ao hefeliz AVS] B17HE R ¥8-% A\ ot
Iss@sclab.yonsei.ae.kr U

259 - AN FAAST 25 - ) . N N
sheho@cs. yonse .ac, kr A Raete e axudc] 9 & AT A102(2010.10)

=EAS 0 20108 58 31
AArgs 20108 99 2¢



780 AuRTgI=EA:

1.M2

A2 283 Y 29 4548 9P o o
ATl F2WI) ASHEA, Agsh 2R Aeld]
AEFS AT BT AdolE o 8T o] TRy
2 H12). o2 Qs HCI Hopol 1014 Aol o]
$8 teaeel e A77 VRS oH, HRI ¥
fINE 88D 5 Yt THsAS RAFT ATH34]

223 AGTRY DAL ALY FE48L AT
37 sl A2 sk A"l Ade] AAHI5-8]3
ze B3 84 IAUEE F8set At o2l
A3 gtk o)k wel B wBelME HO fdatn
AR FERES A OB WYoz 2Re Ax
A Aol FESch Age Ui B3 Tedges
ARl ALAE AFo2A ot £22E 45H

< $9Y 5 QUL old@ oz Hskd oold
E9 YR FEAEL A W g He} A
# AZAE PSR A7 AR deh1l,12)

AE UE 3 0B WS g tord A%e
D 7P AQLYTn BRHE AAAE HI,
Hebd 229 AT AdsUE ALA A4 9
ANE et 4 BAd o= Fol TR Aol
aFsolr Btk 2 AE UE 5 ASH A4
B AT B ARY T FYVL o)ge) e
3 73 W PEe Fa ASAE A4SE del 1
27) gel BRR F4Y 87 SolA AYHE o
st H$8717 YEThe WA EAw

T Bk A UE 3 A2A 44 99 =
2o ¥ YIS oA Hoh A&H VL 5
B 5 A2l YPHeE de) AgHE YR A
F shhe 29 4u=A, 43 498 128 A2xe
AR B3 2 3Ae) g 5EHoR A
& o A FAEE olZold 4 3tk

ERAE AT LA At 2R o) 4
33442 93 A2A V19 gg el A2RE At
o AdsE ALRE oie 29 38 Axd, 1
I3 BF Azdoz AU B AADe g
55E sehsia Wl VEYZE B9 F4 FE
3 19 WAE o8F wdl AL FAVY. 713
NZHE OCCEDE o83l @A) A%l A% =
2 2He AP BE AxFolNE g A2
2 g A

1 OhE AlaR

AT Eel 2 & Al 37 A Al 10 (201010

E 1 UghE delFEA A HE Ye

e a4 o & WOl
Gedadd | 92497 | weassw
ATAE . EEITETY
e M | sgamas |
e dee 5 |
Sapuza | BAuEg | TAARE FT

A FAA
s b B

Zygrpied | IAFRAN o188 FHY
ARG TV, A, navi| BT IR S | ofote
3l =

AR | oo FAFA ™

gt A2 Ado] Jt tigkE B3MA AREAL
=g oldsty AT FF sl AHEAE FEH
[13]. Aol & AR YEHo|2E /AN, ¥R
A, 289 WM ZHE AR 7] dEel A
AFE 2] YAILT FTo R ALRSId) AsiH14].

g} olo]HES] ATE S3lA 71E9 A7l E 1
dA RAFE J)gEo] AUl AFrNitEd
g A gRE WHS tig} cjojdEE A=
BHEQl Zyoltt. o]Ee dEd e fFE 7
gt A7) Wl ded Fol deiHs 4A
P43 e 498 HoluAw, E3e 4] g
g Arlee A7 Aok dA7IEde s d
Al RelA dg} dAE ST grREE BT
T, AReAE dojEte] HAE AR 9] fAEE AN
st iz Fy3te wWgolriiel. o WEL I
Hete BAste] AUIRRE sl okl WAREC]
AAR, AFHez A2 @ dAnezE w2 4%
o g} Axde 7EE F 0] AgIEde
Hgddel Aordydu FF e o)A 79
B3 g2, AR Age dotstn 1 AfE 4
37 A FF $& A F ° 4AA9 A
o 71, AHgAle=E wetste distE s}y 9
Bl g2 EEA vE ASATE d3ke FHV B
A ol 53tk AR Al2Fe) pER {A7F
oiFE Aoj EAFITh

2 =8dME Ui doldEE Eo §A3%1 A
YA HE7) H3A AY J 2de o8 £4
25 2AYT = WAL vENI FA4 FE,
719= HE W] 224 FE& A Bk B}
A AR Hxg FE2I

2.2 @S It AlAH

FF 7 A= BHF 4L B AFH

P S

N



FE NEAZE ol &3 7Y A

re

A IFAT WHTT g9 doldES &7 HHY
’—‘1"] A3AEL B3 Feg AP Maes7} A
PE HEANR[17IE BF 79 Nadd BEEE Bos}
o HAHA EXHo| wt AEHoen P& AAse
Aol A% UEYIE= tdd Eokd dojHEC]
A5 A4 FE&=o] ARk Nicolescu 52 3%
N FERE AgeR Exzen ¥aNZl 4% dE
a2 Al2gE AGEHH18) olF AFH FZE 4}
Ae dF UWEYZ A28e Adsid mald 249
FE A ALAACHI) EF Khoo®t Zubeke 8
 MEYAE olfdd HiE AdY MNEd P5E
A3 A 201

BF vEYIES dvrgoz zhast 73 7Nk Ax
el el8) BEEg B Adaydn ’8’3%011 A stA
At Y 5 Ak AHS A

st B w=EAME PF LﬂE%i% olgsled 2
R A2AE HAzhe Hg A

2.3 Ay »%

A oM BEE X Ui Yol A

39| 74der, & £ o AU VAR QAW
A% 7P TR Qaolth2ll olHF olfE 2RO
B OSloE 228 e A, =R Agsta 28
F she Ve B2 e FE3) APy

88 2R A7 gl 2R gFPoia FEE

I e GFols F @ e 2R 222 24 4
dolrt, 28] 1A A4S 2 OCC RH(22], Weiner
Ed[23], FLAME 24(24] 59 23 2Edg o]&3}d
ojfoith A RAES ol&F TR T AL
Az} JA R o]8F vk Fu 4R-E NG
T Ahe Fie] AU BE 2L A48 1HS
AEANA EHHoT AT & glojof Bt ¢iF 4
A} 229 A4S £, T2 FToE AHEANA X8
sk Ao A Ay JEHAC 28]

R #Y 84w AaA s dgh gejel glolA
= #83A AREE § slvh ofel] ARiEe] B =
ME AR ALAFT o83 ZRo] a2
E RQHAE oiv, AEAR Blg RS US 22
A LA &) Bt A dEaes R

3. Hietst=e diy

ﬁ%«l Hop fedsha AMAQ] Al 4de A8
B wRdMe dig Aad, 38 AL, A3F A4 A

Soz PAE AZRE ANET, 28 18 A
Ao BHEE JehiTh 2R HSEE 248
YAgsta sk BF AE ARW MY @4 A ®
Aol Y ALHE AD2GA AT,

=% 7jE w3 B A2 781
oigh Aoy
483 cmee
. «Whﬁ“‘%"? L5
ga
“
HE !
2 Ay
s 48 g+
% 4y N2y 3
B
b BE Y
ki FE s
5 &E ol
HofkojE B2
a9 1 ARee A" 72

3.1 ThSt AlAH

dsh AaRe AHgAshe) talEe SH4 Bad 3
HE 2233 AR oWE B WA 1 g%
£ #2909 doldES} HAW HH2E AFE + 9

w2 Fevh B R tE AL e welAg v
Eda9 98 A 2 B e S A8
delg Ao WolALt HENIE AR Aol
S5y A% AQ-dRgel WEQ ASA gate F
AE Fear) fsiel AEHT, A= o8 AW
WALBIE A9F FA) ATT AR-HRAE 298
o AOIREE 2 WA FEE FAN A8 45—
Zol QA B, FAME ANTEE o} A
Wel AP FHE EAZC,

3 AL
gohe u}maol golth & ERAE Uak £F W
Ayshe xgam Hob 5o BHUHL FHe] A A

57 WolXek MENAE AHEH EREE

< ﬂl—sﬁgi AA G WolARE Lﬂ_

e

ag 2 WelX¢ HEYAY AFH FA LA




782 AR A=A

7195 A%Y =il dA9IdM AREHE 719
S5 FAHEY, I e Z F1=9 A disieky
ABAEE JeEY, d(Concept) AFS =82

dddo) Azl §A4-3#%9] ez FAH, I e
SAd g gl EA JeAE AnRit 2Ela A
AZ =252 HFHOZ AR Al e A

HE duidd. Ad AZTH 719= AF B9 dFL
Md AZe &4-3%e] #F o)k @b NA==
Qo] H1, FA AT A AF 42 FA =
E9 AHE AFE7] A8 8 $4-3e A% @
a9t

W3dge] FAE AsHez ERdtd mddsid
AR EE 2 BAE BARY ARA s AR
Hoz IoEE d5E =¥ + dor. FHAA
< AA%Y AF Y olFAld LA 7 AlFAA
o] AHAY) 9=o] dE 23Fe FHaggoH2r] Bt
obet Aol FHA 399 S 243 vEHIE 4
A o A olse] golFe AFdct 19 3& A
o] 34 REA Ho|At YEL IS FEAH|Th

¥ dooA T 7A=E wolAY VEHAY
FES A8 FAUESE AREH, 9A 19 BEXo),
oA s 7|98ty] Ad Y4 ol THHA ¥
< 7195 2 FE@32 9% vEE UL FE9
2Ud FE2ge] M & FA == ddgEs o
gEgto] YAAE devhd 48 Fde FA7t Aok

- ORga:
NA=ZY K= {kyky .. k)
ALHE O= {epepeinrCn}
FARY T= {tity- b}

. BEIAR:

@A 10 AgRE dejol ﬂhﬂ IIHE x=o] FEYE 17,
THEA ¥ g o4 g oF FHEY &
A5 0<0<l)

A 2 WolAt 3B ¢uF 4%, =29 FER AR

a) g w9 FEFH A4k

P(Cilpa(cg)) = HP(C,»UCj),
=1
& 1<ism, ki ¢ ¥2)
b) 4 x=2 G Ak
P(t,‘[pa(ti)) = HP(tiICj),
j=1

(& 1<i<, ¢ t,9 £2)
@A 3 dARE dE Y &L FA A2 x=g A9,
A e =271 gl F4 & 44
¥ 3 oAt viEYZ F4HA

A2ZEJY € 3§ A 37 A A 10 (201010

312 719 A9 A 53 99 A

o)Xt HEAZANA 4 ZHod EH%" FA7L A
A7, AP Xo7xe F19s AAS
23 Hg-guags etk

HE gg-gusge] ga ] EFAH HR9
FHoz Qs #HE wiAe o] AHAN, B =8
Axe A ﬁﬂa—%“*“o‘-g FAERE Y ol Xt
HEHIY F22 53 Fo FAE HYFo=ZHN
LI BT B E’—E:MPF e HR-gude) 43t PHe
FEL 2% Hu-gugde ¥ 49 Ao me
XML ¥2oz AZHD <topic>2 HolA¢t HEH
3 o FA =9 o]Bo)H <pattern>e AHEA A9
79 719z dd wjyE 9= eAMeln, <re-
sponse>t HE-FEAo] MAHNS o AFTE B
A Eo|t}

7195 fAY Hage A EFdA AF AMEEHE
F-measure® ARt B =Foiie AES(preci-
sion)9} AH-&(recal)e] &2 ¥HIFE 7/MAZE a e
12 43%c 719 WA 53t AP Hd-g98
Aol EAEY, o] HeE-gude] SR FAAE
EE AHg3l g 2348 A

HAe-g 4o B9
<script> = “<script>”  <topic>  <pattern>
<tesponges> {<responses™>} “</script>"
<topic> = "<topic>" <word> "</topic>"

{<pattern>}

<patter> = “<pattern>" <word> “</pattern>"
<response> = “<response>” <action> “</response>”
<action> = <action> {<action>} | “<action>"

{<goal> | <answer> | <function>} “</action>”
<word> = word {<word>}
<goal> = “<GOAL>" <word> “<GOAL>"
<answer> := “<ANSWER>" <word> “<ANSWER>"
<function> = function aall

TE-ed Ao o
<scri]

pt>
<topic> HIIHBHM </gr
<pattern> $name$Q| Btz E OPH HX|? Vpattern>
<response>
<goal> CHEIS}Y]| goal>
<function> GetTel|$name$|$tel$ </function>
<answer> $name$Q] MBI B &= Stel$ R LICh
</answer>
</response>
</script>

39 4 Hd-Iege] go # 9

(a+1) x precision x recall

F —measure = —
a x precision + recall

. A A
precision=——  recall = ——
A+

B, A+C
2939
¥3 w23
FA A B
23HE o C D




HE MENDE o] 83 AW Az Iy e By ALY 783

3.2 &AW AjaH

#BL BEo A BEA gloid PYHFH BEO
24, 28] FHo glojr 53I FaA HEH‘)S B

=EdMe FA AA4E s oCCEH22]8 AHe3ith
OCCEHL 714 AAE 93 Agkd ¥ wd=H 7
gl A7 Hrb o)ge] ke Fa glew, 73e o
B3 A% /AR dal AME T eH29) B =g
Ale 18 59 #o] F kN A4 #¥Ee Ad R
4& AH-E

b
PLVIE[Lm: 8, 20 if t>0
e, s i€lml: 8, ' (1)
0 it t=0
wf ]
¢ = ,Vze[l,n}wze[(),ﬂft:(),l (2)
w,f;

occudel BEE A7el 24 439 37 AEE
AR Wt 1% 29g olgalel WY W
27 we Tk el Azl mole 2E 8ol
EHG o, A o] el mALe B e 54 (1)
3 ol Y 4 AT 7 WA A% 4. 4,2
AR R G4 899 A, 9%, 2zln 2o
s e, 22t 24 AFAE A Dok )
o snadd Wl Az o] BB ARLAD o
4 @9} 2o] Hel & Yo,

AR89 e A tolH ARade] EA ¥
LA A7) gnodel 99 14 AEA v @kl
Fog FAEG hE AT AR AR89 Yde

Agnjgc). o] W, A7k t+1004 AL ZAH ¢, T
3 2o At
ery =€, +9(ch,)+1I(e,) 3)

L

74 A% Nsge A¥ad o0F WHFe
G4 o9 R 2o A%
7§ 4% 9% 19 gos A

= $Hdon 2ol mg XA
BY EE EHIE olg-ate] Rggld It Hr}
Fajgich. AL o] BFol Bys)E vy
ARAQIA) &7 *ﬁé‘;/%%%-c’ﬁ HAHD Y5 2R
o] Faol oAsle] Foj/uidez Brig} m3 gﬁ
< 2R HEE ) dp:/aiii #Hrigoh &
AR a1 dgHe g3 ER ng AzE AA
Aojgn, gjRgale] dHEHE 2R HAE g #
AE 58 By 24E PN 14 Brld ¢5asgl

o]

4l

dl
ol
223
m
nQL'
>

Ir

N ~{o
2

xim i

oN

rlo rJ

54 244 99 23 A= FFE vHA 515} kS
T 4R s e dRad WEs BE F5E o
&8t mtxr Mol fojzl oFald 9% 44 7JE
wslabe 2 I HE P Aol Agel w

2 #ge AvE FaAle EE gk 49 4y
F3E 289 34 48 TFE o8 oE B9 A
o Z4E A A HEgE FI%

2 e BRG] T BgskE Al }% g =
BEo] Z¥Ho MEE FH %"*35} 239 4
A AL f9 FFL AA AL A 7&5 %
=t M w2 AR 9 Enk

3.3 HE MM AlAH™

B A4 AL g% JEAATE o] 88 4
Gl 71 AEE dEed Ad2gA AdEh dE
HEYaE PE5 Aol 94, 5 34, ERE 74
842 3o @A A3 P A8 ds5g d9sie
zdg 7B 3%, 24, 223 RE2 FHEHITL

gz WEYR 7 5 == AR, FUIEE,

Az, EAEE 7 Aok BT ke R 94

B ) o

a a ﬂzzax

L
o ™

< ¥EWe

a¥ 5 ALIE OCC 744 24



784 HEAES=ER AZEY] B & A 37 F A 10 (201010)

& thgat 2ol Bl

AR 97 Be) AWZA pr} AT pr} B
F7hzRol,

Q4 92 : BY #7122 pt Azleln B A
§ b5 pr} Be) WPzl

384 94 : Be) ¥W=A prl Bolx p7} B
4 2ol

BT PAEE 24 0% $AF LEe9E 4=
gn, G BF BAE 4,9 WHE OeD Po)
EEY 5 Aok % e A 833 BELVE
4EE FES) A% AFACL, B, % G,& 2%
PR PF oe adA BF% maA 2ES A7
A% vkl 03} 19 @e 7)Ao,

|_sext

ua
mas | sum | nag || wus
A -1 Pat B
AnR
T e

¥ 6 FF VEHIY AF 44 &3

R |

A

o e e e 1 Y
e B
i RLUXE A

I8 7 AR FF UENI] IdnE

Ai zAi +ZweE1!,n +Eng;,m (E;,n’ G;,m =0’1) (4)

% BEL e WERe A BAE o83 o
&3} 2ol YE7lEl BHEE BRI w, w, wE
27 M, FUA, 2EX 22E B9 BAEE =
B3] 97 AFAelW, B, 5, G5 A% BA

BZ9 Z4zte] 47 ofRg vehdth
A=A+ Y WP+ wS, —w,G ) (5)

= g WsRij T Weld,j
(=4, P, ,S,;G,=01)

P5 vESZdS A 71 FeS FAS] 4
T GAXZ Jdeow Az mF A dF F &
Ax7t JAXNE de F5L A3 g JAAE
de 350 3g Afoe d5ol A48 d71x 9A
AE dAF ARANAVY PFS Addth a9 62
35 MEYZY P5 AAQ P& BAFoh

B =FdA A 3% dEYIE AR A4 4
B, A7, 94, 2R A" 5 873 242 &r {4
3171, AR, €E7), AEI], WREr), F 8F
3719 6714 BRE 7MA3 & 2971 9] AMANE A
Atk 29 7L AAG g5 UEHNIZY] gRES B
oET

3.4 58 g

ZEY ExXE o3 Ugov 7A el oj&de
o3t AAS A dist A2 2R A" oF
AREh ¥ 2€ 48 02 EXES HAEH EX
£ % WA g VA, B oy 7HAE M £2 Aok
2R A AFlA deg Re Wy EXZ A4
Ao

E 2 3% we =8

=5 3%
4371 BT
A AT AE e

37 2 99 A 2R
Ag] A8AS dsE (AR
EEEd AgAsk dEkE ()

774 Ea5p] =% 240 248
4. A8 2 A3

Aetsle A]2"L Microsoft Visual C++ 20083}
Microsoft Visual C# 20082 o}&3ld AZFHHoH,
Speecys FH=ol= 2R oA TR AHEAE
FIRE 4L 53 2 d3E £P3.

st Aade] HE-gd AL dFT dgA HA,
F7F 4, AR BHEF F 139 FAZ FAHH,
Zt AR 2704 107 F 74709 HE-gd



AE WENZE o438 24 A2

Aol FoHch T8, WolXot HEYe] T4 3
< SliA dE-g Aol 98 FAA 234 13
A8 FA =28 TR, U4 AgA«] B9
T F Y 43 Bl Agele AY ==2 74
1=

Arahe Alzgle] a1 #4g RS 98 g Al
W oE AASD AVl A BAHE AAE
HEEACE B 3& AT 3 ARLE RoF)

B2Rol Ag ARBAE 2 =5y dg Aawe
dF Ao 2R AQABEIE AFsta, A PF
o AT gobAA Hol Al ARRE geldlA
1=

YAE mH & AMAE 2ROA 25 YA dis)
H o8 €k 2L Fof &S °111%}1 °E

UL Mgttt 2R o A9 EF7L AAA
R Ag Hebstn BF vEYay %7’ 84 %
A 4R AR w3 AL A gyl 98
et R A 8% 44 Aade B9
ERS @A A% 499 dig AaAs) #Hgshd
RE QA =L, ‘& B9 PFo] 4550 @
< EUA AR dige S
AR 43 3R F Q2 43S 523 A
oS AT olv] te dFe] FEHo) Yrh o
ARAA ZELE TE 2FVL BAPSL gEFoloh
gk maA, gEY) 2301 44HL, F8 9% B
7ol ARt olF BRE Ud && Eo| gHoEN
YA FE e YvEd w3 @4 &4 9H F
85 & T¥std ¥ BE EEoFY.

olF HEHoZ E%—% AIZbE 25 4L A
THoE FEgth o o, 2Re 4P AR 2Ad)
I AFHor FEF P el 222 Hris U=
AR ZHgol €48 Hu, ‘7Y BEE 2¥s A
Ho 7)Ed dA=o e ‘gl EEE A s

ol

% 3 g AnEe
8k} o) &}

Speecys |ehdstdla, ¥9l& =el=grta?

AHEAL | eE WA F gy

Speecys | 2F 346 wfdd n"lo] gt
SRS} AS &g goas el 9F 5

e s
HEHAN HF Al £9 90l st

Speccys A dgL %—.&_‘Q%‘l"i FH W WEA o
E ¥dAo= giAE & glavch gial Ug 2%
TAE ZFedtd, 2F TAR Fel=drta?

AR |z,

Speccys Uil 2F 7A dxapste] AWl gl ¥
Z5 91}

714k o3} g Alad 785

R
uy

puBgR. . | SRINM. HEWHY . WY LF TN .

L eEYRE.

m&mm LC 2%,

ag 8 EHBE} g wE 44 A=A

AR A=AE FHE B S ¥ 2 EE
71 Azrel B woldth 1% 88 g A
29 g W& R A4 ALHE HolFr

olF Atste ALEE AHEEAE W EE A
H7b AA Nagle FRA460 mAe 9%E B4
A3l A8 Boks st AHSY Wrlke 1089
datdalol Akt ARANS. HrHE As i
# 49 Zol oAl 7HAS] HAZE ALAE ANEHA
St gurdY digt g A2H, 9wy AlRAT AL
e Alz", Ja At AaAA A 8%
5 Alzgel oig A8 W7 8 S

E 4 A e 98 8% Blaz
No 78 Bz
1 |28l ARl A tlee dAE UY
2 |58 2% 93e 23
3 152 dAe ¥4
4

N2e 942 == (AN 93 98)
NZe 942 5= (AT 2Rl ZA%A 555
5 |ge 9g Ane wR)

AR HEE A8 HEAES A2 SUSHEY
Bo7E AFsEAct dee 2 Y 9 9 RETE
ehie 1388 A 4" vehle 5370 59

Az YrolA Hrisdnh B 5 AR Bl ARg
H SUSHE BoETh

AR Bt AT, ARME RAE A2A 7t dig
#el ANzde A9 B 72148 A, A2AME
AHgEtA obe AwAQ WiE @l AlaRle] FE 513
A, ol glol dwtd A2AT *F%?f}t AMerle] 7
¢+ 63745 AU ol E B 7 A|2~¥o] Hli‘?ﬂ
ARralE Mol /%%M el ‘ilOW B} &

& F9E 4 Uvh 29 9v A8 97 B9 ’*l:‘:
el vE Ag Bojgt



786 AR 9835 =F A

¥ 5 SUS 49
No 2
1 [o] Al="g AF AR Relnh
2ol Al=dle] BHadA Ssidn 449tk
3 |o] Al=de) AMgsrl dokx Ao
o] Al&=FE RS M E AEY =)ol Be
o Az
o] Al2de TUdd 7150l ZAFHoR I AYHo
Ak AR
6 |o] Al=Re] UF 8 sicka A7
B AFEC] o Alade AMEEE wEA 98 A
olgkt Azhgict
8 |l Al=gde) w7l gokx Az
9 |o] Al="E AMgEE Ho) & x}—,—fg& 7
ol Al=RE A& A3 AN g ASS H%
of gk 4.

’: [ [ RHAH QE WIRSHA AN = CRRh BRI AN
"

60

50

40

30

0

10 +

o

5838

2 eRAAE 289 AY 29 fAsn ALE
A3AE-S 93 2AY AL S s B A29
S At A Al2we tE} Ao ue} 2R
9] 23 AeE AAsn, 435 @A AP A2A

& 4% UEYIE o BT AQse Axde
B2 HPe B4 A AU A A AxA
£40] olRolgom, #8442 Hes A sl
A3Y A2AE A8SA wE dg B A2z
SUS HlAE 23 Hlst olfoizith

a2 olge 2ol Az 2Re A4 W
B B, A8 2AL A thaie] v o)
g ozolske R BASAT BFole 1A A4
W olet HiEE 3 AeAtel AL AAse o)
2 A2A A4 wgeks A7} oAt @
Rolk. B¢ ANE 23Y A2H7) AgAe) mAE
Gl g BAR ohie} 7 mEe 4% 2 A%
ol et #4 94 o ojFcl  Roln),

ooz o

&SZEH ] 8

<& A 37 A A 10 5(201010)

[1] A. Green and K. Eklundh, "Designing for learn-
ability in human - robot communication,” IEEE Trans.
Ind. Electron., vol.50, no.4, pp.644-650, 2003.

[2] T. Fong, C. Thorpe, and C. Baur, "Robot, asker
of questions,” Robot. Auton. Syst, vol42, no.3-4,
pp.235-243, 2003.

[3] H. Prendinger and M. Ishizuka, "Let’s talk! Socially
intelligent agents for language conversation train-
ing,” IEEE Trans. Syst, Man, Cybern. A, Syst.
Humans, vol.31, no.5, pp.465-471, 2001.

[4] D. Sanford and J. Roach, "A theory of dialogue
structures to help manage human - computer inter-
action,” IEEE Trans. Syst, Man, Cybern., vol.18,
no.4, pp.567-574, 1988.

[5] A. Ratnaparkhi, “Trainable approaches to surface
natural language generation and their application to
conversational dialog systems,” Computer Speech
and Language, vol.16, no.3-4, pp.435-455, 2002.

[6] M. A. Walker, O. C. Rambow and M. Rogati,
"Training a sentence planner for spoken dialogue
using boosting,” Computer Speech and Language,
vol.16, no.3-4, pp.409-433, 2002.

[7]1 E. Levin, R. Pieraccini and W. Eckert, "A stocha-
stic model of human-machine interaction for
learning dialog strategies,” IEEE Trans. on Speech
and Audio Processing, vol.8, no.l, pp.11-23, 2000.

[8]1 I. Bulyko and M. Ostendorf, "Efficient integrated
response generation from multiple targets using
weighted finite state transducers,” Computer Speech
and Language, vol.16, no.3-4, pp.533-550, 2002.

[9] N. Mitsunaga, C. Smith, T. Kanda, H. Ishiguro, and
N. Hagita, "Adapting robot behavior for human -
robot interaction,” IEEE Trans. on robotics, vol.24,
no.4, pp.911-916, 2008.

[10] W. Breitfuss, H. Prendinger, and M. Ishizuka,
"Automatic generation of gaze and gestures for
dialogues between embodied conversational agents,”
International Journal of Semantic Computing, vol.
2, no.1, pp.71-90, 2008.

[11] S. Franklin, and A. Graesser, "Is it an agent, or
just a program? @ A taxonomy for autonomous
agents,” Lecture Notes in Computer Science,
vol.1193, pp.21-35, 1997.

[12] S. Macskassy and S. Stevenson, "A conversational
agent,” Master essay, Rutgers University, 1996.

[13] P. Nuguesm et al, “A conversational agent to
navigate in virtual worlds,” Proc. of the 11th Work-
shop on Language Technology, pp.23-33, 1996.

[14] J.-H. Hong and S.-B. Cho, "A two-stage bayesian
network for effective development of conversa-
tional agent,” Lecture Notes in Computer Science,
vol.2690, pp.1-9, 2003.

[15] C.-]J. Lee, S.-K. Jung, S.-H. Kim, and G. C.-B.
Lee, "Example-based dialog modeling for practical



[16]

{17}

[18]

[19]

[20]

[21]

[221

{23]

[24]

[25]

[26]

271

{281

[29]

YE MEARE o] &8 Y A=A 7w g} @ A= 787

multi-domain dialog system,” Speech Communi-
cation, vol.51, nob, pp.466-484, 2009,

P. Maes, "How to do the right thing,” Connection
Science Journal, vol.l, no.3, pp.291-323, 1989.

M. N. Nicolescu and M. J. Mataric, "Extending
behavior-based systems capabilities using an ab-
stract behavior representation,” AAAI Fall Sym-
posium on Parallel Cognition, pp.27-34, 2000.

M. N. Nicolescu and M. J. Mataric, "A hierarchical
architecture for behavior-based robots,” In Proc.
of First Int. Joint Conf on Autonomous Agents
and Multi-Agent Systems, pp.227-233, 2002.

A. Khoo and R. Zubek, "Applying inexpensive Al
techniques to computer games,” IEEE Intelligent
Systems, vol.17, no4, pp.48-53, 2002.

D. Evans, "Emotion,” Oxford University Press,
2001.

A. Ortony, G. Clore, and A. Collins, "The cognitive
structure of emotions,” Chicago University Press,
1998.

C. D. Elliott, "The affective reasoner: A process
model of emotions in a multi-agent system,”
Northwestern University, 1992.

M. El-Nasr, T. R. Loerger, and J. Yen, "Emo-
tionally Expressive Agents,” 1998

C.~T. Cheng, Y.-T. Yang, S.-H. Miao, and C.~C.
Wong, "Motion and emotional behavior design for
pet robot dog,” Lecture Notes in Computer Sci-
ence, vol.5744, pp.13-22, 2009.

S.~8. Lim, S.-B. Cho, "Automatic construction of
hierarchical Bayesian networks for topic inference
of conversational agent,” Journal of Korea Infor-
mation Science Society: Software and Applica-
tions, vol.33, no.10, pp.877-885, Oct. 2006.

E. Horvitz and T. Paek, "A computational archi-
tecture for conversation,” Proc 7th Int.  Conf
User Modeling, pp.201-210, 1999.

C. Bartneck, “Integrating the OCC model of emo-
tions in embodied characters,” In Proc of the
Workshop on Virtual Conversational Characters:
Applications, Methods, and Research Challenges,
2002.

B. R. Steunebrink, M, Dastani, and J.-]. Ch.
Meyer, "A formal model of emotion-based action
tendency for intelligent agents,” Lecture Notes in
Computer Science, vol.D816, pp.174-186, 2008,

J. Brooke, "SUS! A quick and dirty usability
scale,” Usability evaluation in industry, 1996.

&z

200003 AR AFHAHEAHEAD
2009~ 84 AMdEE  Fie s
QApEA, BARoke Y 94 2 A%
3 ojolRE

a4 F
ARAEEEDRA | AZEAS] £ £4
Ay AALE A=

= 4

az

ARG =TA 0 AEGe] B 28
A7EAALE F=x



