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II. & A+

2.1 HEIRG ClgHolx

HE]| B ¢l g ¥ o] ~(Multimodal Interface)s A&} A| A~®l71o] AFS 2H8-
o ol theFg el S AHEete] tistsls P4z, 19801 dd] MIT i
go] Bolt[2]& 719 #AH FZH(direct manipulation)?] 211 WIMP
(Windows Icons Mouse Pull—down menus) ¢1E]#o] 22 KB A4 3} 2] =3

S Al A EE A2 dEH ) JIFdelA dHudS A S

5 el (modality) @ Abeh A28 Abele] oAb AwE A% AU,
AE e AA 9T W AT+ JE Y mLEsh oE AA
JAL ARHE §Y BEeEE TR+ A 9Y
A% &4, AN, AM, e 2 B $49 5 5 & dom Y ®
gdEE wae, A2AE 5 5 dvh AFEL F 9w Aol )
BE, phe BX 237, bl A(A), A
sigetel, taZelel, 237, We (Haptic) 4] Fol 2 weelele @

T AH[3].

AL DEE 4Y AL B F A ol mEAUE A6 A
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g w2 getan, 1 AR &4, 94 FUT ¢

& &l A= 4o #HEo] oK

2.1.1 71& 9+

He R QEHol 2o i ATE At BEE FHIA A b5
& olel $Re maelEE AFHT BY DTS ST A5 )
wake A7t AgH a9

COHEN[3]2 A= 7]uke] AA A AFS 7Hdez F835t=d 9
o] AA 2#S E3 28 A}&AF 9 E o] 2 (Graphic User Interface)®l
ExInit¥} HE| X Q1 #|o] 29 Quick setg Bl AG3+th. ExInite vl
L2909} 7R EE A}83H Quick sete A AElde A #HE ALE5)o]

Amde Aol Fou Aol Fos A A= 2aHE AFES
AT, HEHEY A5 28-S 33 Quick sete] H9-& GUIRY &
8 o 9olA 350 AEY ZUHE How, JelE A s Az

A9E 43W A% Wt gt A8 Basr ol AL @l ol
=3
=

7] 1
7 o] A5 RAHOR ALGAS] omE Y|wehAl skl mEAH ol A
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EF FEED(FE/M)E o8 FE AL FANS o] &I FEES
Hlagk 75 BH, ARSARE QIF oFE& ¥ EE eI EE 35%9%
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HE e Qe Ho]2e] ofe] 7px 8] o]fo] F-zhE o] ApAlt) QlE o] =
2A Fale] FolAWA Bubdd tulo]sdA= ole] R EE &89 A
Hl 2o gk A+47F &= il vl SpeechPade A4 719=5 53¢
w78~ ARE WMol 7hsA st A JEE Ade™, SmartKom Mobile

o WNEnY Y sy now $4% A ALAE o g3l AE 1A
29X QA ge AE wd AusE A stel H4u AL AL

W3C(World Wide Web Consortium)9] HE|EE Qg AMH 7] 155 A

A Aol Ao HE|RG HEAG B 4 swe] Auxg et
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E=fo A FHZ3 EMMA tha] 2.24dd A A3 7|&3stE2= 3k}
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2.1.2 2% AEH o~

22 QEsol s 2Re JAM FE RPN BFE ma
B AHge AQske] 2RI Az ABA o] AR Ay

53 ge Adsee WHED Ao~
(81091101111,



)

ol9} e HERY e Ho] 2~ szl SlojA, /M ReEE ] <l
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2.2 EMMA

EMMA (Extensible MultiModal Annotation markup language)+s A}& A=

B 24, /A 2 s Se oerd 94 aXstel o a4

% 8 o
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oL,
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K-
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ofo
i
-
%0
rlr
o
L)
=]
M\
re
2
5
=
=
w
O
fo,
i)
o
t
n
o,
o

5t} =3t (Integration) EEOA o7 F/H9 dHES =353

EMMAZ F&d3te] olg @A v A (Interaction Manager)® A% 3kt},

Recognition Intepretation Integration
EM
Speech Interpretation e
Hand Interpretation EHI
Writing P
- Ehdida,
= — Kevhoard . EMb
@g & & Mause Interpretation
Integration Int i
Geture Interpretation i meracion
tanager
Systemn
Generated
Input
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EMMAE 54 olZg7loldolM el AREA 4=/1#] s AdE 7=
ab7] #13k XML @Ele] vhagd <dojolm Q14 Asto] hgh Alg ik, e<l
'z g oy wugy wA 33 Z2E Yol dig HE EE Ve
4= ok [29 11-2]19] YeEhd EMMA 4% “origin”ol gk &4 @3}
7} “Boston”¥}  “Austin’.® T 7Fx9 AS$=Z dAFEJdon AR

Zb Aol el AE gs 7=l

<emma:emma version="1.0" xmins:emma ="http://www.w3.0rg/2003/04/ ">
<emma:one-of id="r1" emma :start="1087995961542" emma :end="1087995963542">
<emma :interpretation id="int1" emma :confidence="0.75">
<origin>Boston</origin>
<destination>Denver</destination>
<date>03112003</date>
</ emma : interpretation>
<emma : interpretation id="int2" emma :confidence="0.68">
<origin>Austin</origin>
<destination>Denver</destination>
<date>03112003</date>
</emma : interpretation>
</emma : one-of>
</emma :emma >

[1¥ [1-2] EMMAZS A 9l3l oA
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3.3. 7|& &%

ROMMA+ A =2F
wre] qlojma HEw
wEo A Q4 AN s)zan wEite dolg mate] welwA sy
o XML BNz xddc},

il o
ch
il
Ao
2
v
&
1o
rO
X
(N
i)
1o
:?LL
1%
o
Ao
P‘L
s
N

% AgHE R FEE JEsE AYWEcn, g deuEs 7} )
¥ mdeE Ry Ay gl AXdD A4 2 B Ang W) A

554 AeEol

A4 (ontology) ¥} AA E o] A

4 =
shabe H4S 1ET 5 gov, 2¥ol 4 h5d mdey

ROMMA A= XML &A17F 7R F sh= 718 F-29k o4 rA = o
2 Ao A2 FE AZHEQ <romma>® A ZEHi </romma> =

p=Raasy
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3.1.1 ROMMA 7|& dzHE

<romma>+ ROMMA®C WA HARE 7]&3H 39 +F2=E L9 47}
A 7)1 AYHES xgstH, XML DTD 4o el wep zdstH o
=3 2.

romma (interpretation | choice | seq | group)+

interpretation, choice, seq, group< ROMMAS] 7]& AgHE wz H
ZEY 948 AR & HEEREY T 23E xdsiy Q1A A" ulhe)
2o FdeE A9 7153, interpretations A€ 3F vy ] 7]

w AYHEs Ao 2T B9 dHE YEhE ¢ A

ROMMA®] 4 7}A] 7]& dHEd dig g gL oh7 2o

§ <interpretation> : 7} ®E9| JE 12 Ay = T3 A st
H/RA A V] A dRWE

I=|

W 7} interpretatione - oA

YHEES 319 2= zZer 3% deldEs R EEE O BEAS
=

=
o [2F HOI=2]="0A & o712 Zvseba 43 @A, 7 el ¥
AE A=ATE AAE Aaks 7] A Es 4 dWER 4ot
wdsHH

_14_



<romma ver="0.5">
<group id="s1" start="1001000" end="10011000">
<interpretation id="a1" function="spoken command" tokens="¢]A & o]7] 2 ztt}=}">

<request>
<action id="5" actionType="put">2z!t} =} </action>
<object id="1010" type="deictic" value="this">°] # </object>
<location type="deictic" value="here"><] 7| Z </location>

</request>

</interpretation>

<seq id="s1" mode="pointer" function="guesture">
<interpretation id="a2">
<point startTime="1001010" endTime="1001020">220,165</point>
</interpretation>
<interpretation id="a3">
<point startTime="1001035" endTime="1001040">25,155</point>
</interpretation>
</seq>
</group>
</romma>

[ 111-2] ROMMAS] 7% JdgHE 9 3 dHE

§ <choice> : @ 4ol g th=9] 7Hsd A A3 FHs] Hg A
gHE|H T ) o9 4% wlElA <l <interpretation>S 3F9] TER=E
7R ek Q1A Ao ois] EAFwiek AAIGE A 7)ol ot
best—firste= 0.2 A4 ol A <interpretation>< g2ldtt}. [13 II1-3]]
Aoy <choice>+ id7} “al’¥} “a2”¢l 2 7§19 <interpretation>< 7}

A, J=/0A Aot ol & Fol A shbeke Stoltth

_15_



<seq>! AFHA o2 A&HH vof o] i A AE FHske A
gHEo|t}. [29 III-2]°A <seq>9 3FYol YEE id7Fa2”<F “a3”
¢l <interpretation>+ AF&AZHE )= wre B2 A Ao HEE LE
U e AR EA gl e

<group> @ U9 §Jg Ry o AdE sAlol 7|=sty] fg %0
ok [29 [I-2]5= 4 U2 2392l <interpretation id=“al’..>3} ¥ Q1Y
A=z o] AARl <seq id="sl"..>o] FAle fYHEo] 54 A|ZF ol
HE JEES Iw3kek dojnh. ARk o R o]9f o] HoH <group>

Z3o 53 AXH st9] <interpretation>2. = H3LFE T}

(o]

<romma ver="0.5">
<choice id="s1" start="1001000" end="1001100" medium="acoustic"
device="microphone" function="spoken command">
<interpretation id="a1">
<request>
<action id="27" actionType="get">7} 4 9}</action>
<object id="1010" type="beverage" value="coke">ZZ}</object>
</request>
</interpretation>

<interpretation id="a2">
<request>
<action id="27" actionType="get">7} 4 ¢}</action>
<object id="1010" type="movable" value="cup">7 </object>
</request>
</interpretation>
</choice>
</romma>

[Z13) III-3] ROMMA®] 7]¥ AZHE <choice>

_16_



3.3.2 ROMMA 7| & JEIHE

rir
)
o
::l,

ROMMAS®] 7]& dgdEq HoJd 4 &= 7|E JEIHFE

wom ARA 54 e Ao,

§ id : ROMMA A We] 7] dedES 93 AEARE d4 7| o E
HEoY, 2% & AgHEA F%Z 517 913 Ao},

S start, end @ PE/AA ] AFF A7 km A7 Al 2EAGe] Ao AR
o7 Ao w9E LM A=(millisecond)eltt. [2¥  I111-3]9
<choice>¥ A2 AI7FS 1001000 L AA =4 A Zate] 1001100 2
YA AE Atolo] AxelS UERTE

s tokens : ¥ a4 FAsy] Ao AP Ao ADey] 9% gow

[ MI-2]2 233W tokenss AMEA[7}o]A o7 zhohul el wb
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§ medium, device, mode, function : 7]¥ ALHAEV} YJehE AR 4

o grE FolIAE sy 91 ghelth A4 aelsta e e
Bl [ 11119 2o
— medium % device : mediuma AFEAZF o] &3 S YERE )
Ho =z 54 (voice), Bl A (tactile), AlZH(visual) &2 F-% ™ device:
P 2deg e = Aol A8 FAE UEAT medium®] A=
, RS- 7R ES HA 27 T3 2 AAE T dEs 9
ujste A HA ~239S F3 HAo ARk
— mode : ZF medium WolA9] A A3 FAE o

WS RSl Aele 54 grolth,

N

5,

Medium Device Mode Function

Acoustic | Microphone Speech Sound stream

Spoken command

Dictation

Speaker recognition

Emotion

Tactile Touch screen Gesture

Pointer ;
Hand-written command

Icon
Button

Visual Video camera | Video Movie

Gesture

GUI

Face recognition

Audio-visual recognition

Emotion

[ IV—-3] <modifier> AZ]HEQ] type Z value

_18_
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2H] d93 sty S Jod AHEE JH9S HololA ZEAA A
55 WHE do s FJejd wel v <request>, <question>,
<answer>, <information> 47}# 3o ARZE o 7 JdgHEES

stk 7 B4 AYWEE thA] AA] AEAEEE of| ulge] A

§ <request> ! ZXONA A ste] mio] =A<l YE FHoteH a6k
sl S el 2297 298l 9 E get, put, open, close, on, off, go,
stop, turn, resume® W eCh [29 IV-1]2"94a ohol] whzt Fa) whg)
of7] ol kA et epar watgto m A AbEA7E 23 AAE A AT $A]
P EE 3= qYE Q73 HA9E requestE Y ABHER AHoSA
o o2 e -k ARUER FAEY 7 g -oke] A E o
A= 41180 A S 7= g

<action>, <object>, <location>(<source>,<destination>),<modifier>
<action>< I &7 AFgtol™ <modifier>+= <action>, <object> % ¢
2] A AEHER] <location>,<source>,<destination>°l] 3l A=<l

ojmlE vhehim Zhztel] dis) @ W o4 el e 5 ek,

_20_



<request>

</modifier>

</modifier>

</request>

<action id="2" actionType="get">7} 4] ¢} </action>
<modifier targetClass="action" targetld="2" type="speed" value="fast">%g]

<object id="1010" type="beverage" value="coke">Z 2}</object>
<modifier targetClass="object" targetld="1010" type="color" value="red">% 7}

<source id="2001"> 3 31 </source>

<modifier targetClass="source" targetld="2001" value="in"><}t</modifier>
<destination id="2005" type="deictic* value="here">%] 7] </destination>
<modifier targetClass="destination" targetld="2005" value="side">%</modifier>

(23 IV-1] A%FE 99 &4 AWE <request>

§ <question> : #AA ZHo] &3 = AR s Aost= AEsE FH

of &ate] wisl ot} 7] o=

EQl type2 yes_no, what, where

4

S7HA FHE 7HAH dE2 tha 2

o) T2

what -9l &

o) ojd

where : 91X &

_21_




5t St —ske] AgHES] 4 2requestel 53ttt

<predicate>, <object>, <location>, <modifier>
(28 1V-2]% ASAZECE 9o F ek 2ol “yes—no’]
type®] e Tstgt A5 Ao slolv

<question type="yes-no">
<predicate id="1" predType="is_there">3] U </predicate>
<object id="1010" type="beverage" value="juice">32=</object>
<location id="3" type="positional" value="table"> ] ©] £-</location>
<modifier targetClass="location" targetld="3" value="on">$] </modifier>
</question>

(29 IV-2] AHE 99 & AW E <question>
<answer> ‘o’ t} ‘o}
valuett+= | EYHEE

<information> : yes—no3d B9 AZE A s A& AEL} $HAE D)

E = question AEHE ]

411 AFE 99 FF -39 LIUWE
g

R 9o 39 AuuEe sy PR et $Y-sks) duuE
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et 2.

o] & o e

oA
b |

4912l

5]

§ <object> :

)

ol wet [y V-3]3 o] 2B A

3} (ontology hierarchy)

=

o

249 7

eba.

Md o 2 A 23 (food) ¥ & (thing) &2

)

3

A’ (drinking) &. 2

-
T

7’ (eating) T+ A} A

ol
Ko

<

W
iz

Py AA S HAES] coke, water, coffee, juice, cider, tea”}

TS

Nd =

HAEES ey

"(control) ¥} ThYE 2

]
a

1
=

%4 (location) ¢l 7N
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| ealing ‘ ||:Irinking| ! movable

[Action]
getput
[Action]
etiput
o auido kitchen =ink
(f ECTEEN ;‘1 {-refrigerabr_)
\ projector dinner tablke
[Action] ar- :
onioff conditioner cahir
C:Ela:s range) { bed ')
wazhing

maching

[Action]
open/close

— id : ROMMA A WAl 2zt Al Ee] A¥xtz el S el
=
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— realld : @ 23X Aol #AH G ol HoH S BAE id
£ o gt}

— type, value @ QEAES] Q] FAo|re] WA B AAAE AR
of Wkt P& | ol Este] types A At
valuet™ 7t type°ol 3@st= QLBHAES] 29 g oA Aol
H  A=9] canonical valueEA AMgAPZV @A, ‘FEP Sy 7ol
‘coke’E A AT oy eBAE wmow wUIEE e valued

& B coke’ 2 FA T

type value
beverage coke, water, coffee, juice, cider, tea
deictic this

tv, dvd, audio, screen, projector,
controllable | airconditioner, gasrange,
washingmachine, gasvalve, curtain

sofa, table, sink, refrigerator,

ositional
P dinnertable, chair, bed

movable cup, book, teaport

[ IV—-1] <object><E]HES] type ¥ value

§ <source>, <destination>, <location> : A &E2] ¢ x|} #H3}o] Y7}

B FelAe AAE Uehe 929 EAU SHA7} Paka
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A$-E=<source>1 <destination>0. 2, 138 %] & A= <|pcation>O.E

AR E Aot}

Adl== A9 7l el AAiving), ¢ (mainroom), $< (kitchen) o] 7 1}
=

<object>F A A7} Wk = JFH o7 FAEO Q= QBHAE

gol . %, euAEe] oF 7% oi¥d we oo Ar B
Aol oBAED QYA o5 e} mie] §77] PE on
AES WG TH e S <object>9] Y AN A4 AZFBIA

“controllable”}“positional’7fdel] &3 Q. BHAEZL  olo]  s|FEHT}
[ IV-1]& 2™ ARSAZE “WBaL Qto] Wzt Fep we] of7] e 7¢
Aot epar skl A9-=, YHFATE el He FHe X E
YEBHHE R source® st “of7]"gfar A3k f]A= “FEfo] o
g THAY e gAY FAHAE YRR destination® 2 A ¢J8}31
t}.

A2 #HE g -oke] AU E FY Theet AEYREE e Erh

— startTime, endTime, id, realld : 914l A553gk <object>9] 7} o E
Y FHE o3} Fdstrt.

— type, value : [% V=215 Z33H 49 M2 roomd A A& A}
£3lo] A5 A A= 42 types AH2ldHH, value: <object>°]l
A Aold valued Wd sty =3k A=l A5 AR
2ol objectell ] Aeldk “controllable”®} “positional”®] type

T10)) 43 value: objecto] A EA] 9l locationol &= & &% T}
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[15 IV-1]=& Farstd A
sloli= didledl “of7)7glE AA|o]E @sleld Al 1o sdeleE 9
215 7F 7 7 g-olt}. o2 gk 7§, destination®] type< “deictic”

o] 5™ valuei= “here”, =& ‘7”2 Ao = St}

type value
room living, mainromm, kitchen
deictic here

[ IV—-2] <location>A#HEQ] type % value

g T8 fla 2RelA AAE BAE VERY
olo] sFHL} A& &

5@ P9e) FRE e

250l AT & U= Ve

PR “get"(FEA 7], “put’(ZH F7]),
“on”(1171),  “off’(#A71),  “go”
(A8Y3}7]), “stop”(FE3}7]), “turn”, “resume’(AA3F7)7F
EAA A9 FHs AT S TR B9 B

— actionType :
d AgstelA 1HE

“open”(€7]),  “close’(&7]),
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— startTime, endTime, id : <object>¢] Z} JEFHHE YI3 Hds}

g

s <modifier> : <], W] v, 99} BAsIe] 7} el oJuF A

sA7]= &S ot ololl o] 7hed B ES vha 2

— targetClass @ ou]|do 2 ojwl AHE 0jgt F2ojdx] H8=
qito] =& dEHEE YER = 4 3t 24 <action>, <object>,
<location>(<source>, <destination>) °]& F°l|A] 3l}& YEIAT

— targetld : targetClassol A zFx3k 1 da3

— type, value : Z} AYHES] FAojd sFs= FFO= [ [V-3]

& Fushd AewEd 48T F At $Y& BRH typed A

(2

[

L

T >~|-'
ftlo

L

i

q

— startTime, endTime, id : <object>2] Z} JEZHE Wz A5}
t}.
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Element type value

name FEach proper noun

object color red, yellow, green, blue. ..

temperature| hot, cold, lukewarm

location position on, in, bottom, side
speed fast, slow

action degree much, little
volumn up, down

[ IV—-3] <modifier> A& HES] type 2 value

<predicate> : <question>¥} <information>2¢] 23} Ao <rojd a3
= RRo = TS o ETHEE 7)&3t)
— predType : L3} THE tiFsts o5z 49 AYPHETL 7oA

Aol whe} b A o] gk,

2,
o
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<romma ver="0.5">

<choice id="c1" start="1001000" end="10011000" medium="acoustic"
device="microphone" function="emotion">

<interpretation id="a1">
<emotion timing="before">
<anger confidence="0.5"/>
<sadness confidence="0.5"/>
</emotion>
</interpretation>

<interpretation id="a2">
<emotion timing="before">
<anger confidence="1.0"/>
</emotion>
</interpretation>
</choice>
</romma>

[29 TV-4] 24 99 &%
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5.2 ROMMA 7]#e] Heng £

SAY HAAARAHE A A}E3te] ROMMAZ %33 HERY &

t
lo

o = =2 = = _
BFE s 5ol AWt [1d V-2]9 &
e
Eonpees
ROMMA—-1
Actlon (2HH 2D ]
Object (0| H) clear ——
| Location {C4210D [=]
SO G210 2ERRET Timead 4 ROMMA—3 Eﬂﬂg
R - | Action (gef)
[~ g b AlHE |4 Object (coke) )
& AFAAM S8 Location (table)
ROMMA—2 ;
: | Time(t1+2)
Action (7 11— Conft0.8)
FOIEl GlAF || Obiect (220,165) 3 [y i
o1 Al - Location (25,1585)
£ Timelt) I .
" | ROMMA1| ROMMAZ |

[29 V-2] 9= &3 Aldd e

230l mayEE AT EX A Ao A& “o] A[E X A~ 1]
A7 N[E XA 2H2] zithu’el o] EstHA EA]o“o] AL o] 7]
oAl Pt 54 AAE TAHste] 2R ARE ¥R KW A

$oltt.

ARG AR EE O] AT BIA] AlRAE Ao /14 RgolA A Ha 7

7)
1zl A37F ROMMAZ %o HEEY 8 3 R52 dA$5HH, H



i

Hud A8 53 EadMs AbeAe] 54 2 s vlsoR A
E
[¢)

= HA Ao @A AAES BA

lo] sl ROMMA EAE=5S

ol
n

[ V-3]2%olA of7]d zZitpu’gla AREALe] 3l Y99S 7«3

Aol [Z1d V—-4]= 3ol Aol w7l o]z 7 dHd F 7Y

<romma ver="0.5">
<interpretation id="a1" start="1001001" end="1001045" function="spoken command">
<request>
<action id="5" actionType="put">7}4 ¢} </action>
<object id="1010" type="deictic" value="this">] # </object>
<location type="deictic" value="here"><] 7] 2 </location>
</request>
</interpretation>
</romma>
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<romma ver="0.5">
<seq id="s1" mode="pointer" function="gesture">
<interpretation id="a2">
<point startTime="1001010" endTime="1001020">220,165</point>
</interpretation>
<interpretation id="a3">
<point startTime="1001035" endTime="1001040">25,155</point>
</interpretation>
</seq>
</romma>

[ V—4] B2 A=A Q4 A3

[29 V=-3]dlA AAE HERH = “o] A7 ald ¥+ HA Al=AH= [
V—4]°| A interpretation®] id7} 291 2 5-9] #x7F ¥, T3+ A& YEM =
‘o 71 &7 S FE = B X Al AAH = id7) 3¢ A9 FxF o) oo el FE L)
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<romma ver="0.5">
<interpretation id="a1" start="1001001" end="1001045" function="spoken command">
<request>
<action id="5" actionType="put">7}# ¢}</action>
<object id="1010" type="deictic" value="this">] # </object>
<location type="deictic" value="here"><] 7| Z </location>
</request>
</interpretation>
</romma>
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ABSTRACT

A XML —-based Specification Language For Robot

Multimodal Fusion

Min, Kyung Hyun
Department of Computer Science
Graduate School

Sungshin Women's University

We proposed ROMMA (RObot MultiModal Annotation markup language), a
XML based modality input description language for human—robot
multimodal interaction. The independency between various robot input
modalities such as speech, touch gesture, emotion, face recognition and
posture, and multimodal integration is very important in developing robot
systems. ROMMA provides a unified way to describe the recognition
results of different input modalities and the multimodal integration result.
By adopting ROMMA, the modification, enhancement, and substitution of

an input modality module does not require any change of the other



recognition modules and the integration module.

ROMMA is developed from EMMA, which is recommended by W3C as a
multimodal input annotation language for multimodal web interfaces, by
extending to robot domain. ROMMA consists of two parts: the basic
elements that define the ROMMA structure and the common recognition
features of different input modalities, and the extended elements that
define the specific features to each input modality and the specific task
domain. ROMMA can easily extend for newly introduced modalities and
task domains. In this paper, we explain how to extend ROMMA for an

emotion recognition and the errand task.
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