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A Probabilistic Inference of Multiparty-conversation Structure
Based on Markov-switching Models

KAZUHIRO OTSUKA,ttt YOSHINAO TAKEMAE,tt JUNJI YAMATO!
and HIROSHI MURASE!tt

A novel probabilistic framework is proposed for inferring the structure of conversation in
face-to-face multiparty communication, based on gaze patterns, head directions, and the pres-
ence/absence of utterances. First, as the structure of conversation, this study focuses on the
combination of participants and their participation roles. Next, we hypothesize that the
structure of conversation governs how people behave during conversation, and propose a con-
versation model based on the Markov-switching model, a kind of dynamic Bayesian network.
In this model, the state of the high-level process, we call it the conversation regime, is assumed
to correspond to the conversation structure and that its changes over time exhibit Markov
properties. Also, the conversation regime controls the dynamics of utterances and gaze pat-
terns, which stochastically yield measurable head directions. The conversation regimes are
hypothetically configured based on typical structures exhibited by gaze patterns among the
participants during conversations. Furthermore, a Markov chain Monte Carlo method called
the Gibbs sampler is used to realize the Bayesian estimation of conversation regime, gaze
pattern, and model parameters from the observed sequential data of head directions and ut-
terances. Finally, experiments on four-person conversations confirm the effectiveness of the
proposed framework in estimating gaze directions and conversation regimes.
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Fig.1 Frequency of gaze patterns in 4-person conversa-

tions (calculated from data G1-C1. See Section 4.1).
Gaze pattern is represented as directed graph (Node
= person, edge = gaze direction, node without out-
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going edge = averted gaze). Gaze patterns are clus-
tered into same isomorphic graph category, which
is sorted in descending order of relative frequence.
Their statistics are given in the three columns be-
low each graph: (relative frequency to chance level,
number of isomorphic graphs), frequency [%], aver-
age duration time [sec].
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Table 1 Accuracy of gaze direction estimates [%).

Average P1 P2 P3 P4
G1-C1 711 80.9 65.7 715 66.4
G1-C2 59.3 70.4 48.2 674 51.4
G2-C1 724 57.4 83.8 78.2 70.1
G2-C2 75.9 49.0 90.5 84.1 80.1
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Fig.6 Estimated sequences of (a) gaze pattern {X; .,
Xa2,¢, Xa;, Xaqt} and (b) regime states: C1-Gl
case. In (a), solid lines: estimates, dashed lines:
ground truth. In (b), single band at a time slice
indicates regime RC (convergence), dual band at
time slice indicates regime Rﬁﬁ) (dyad link), and

no band indicates R? (divergence).
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Fig. 7 Estimated likelihood function p(h;|X; = ) of head
direction, from G1-C1 case. (person 1 locks at per-
son if 7 3 1, or avert gaze if 1 = 1); line with sym-
bol shows corresponding histogram, (symbol = dia-
mond: avert, star: gaze at P2, square: gaze at P3,
triangle: gaze at P4).
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Fig.8 An example of regime transition (t; = 310, t2 =
485, t3 = 578) from C1-Gl. (a) snapshot of each
participant, (b) regime estimates and gaze pat-
terns (solid arrows: estimates, wide arrows: ground
truth).
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Table 2

Definition of labels for utterance interval.

Label

Definition

adyda, - - -
qdida,- -
Qdida,- -+
rd
Rd
nd
sd
ed
'd
hd;da, - - -

express opinion toward persons d;dsy,---

open question toward persons dydg, - - -

tag question toward dyda, - - -

response for question from person d

response for others’ utterances (other than 'r')
back-channel utterance for person d

laugh caused by what person d said or did
expressions with sound such as hum and sigh
exclamation caused by what Pd said or acted
persons dyda, .-+ are listening to the utterance

FOREVHEICEGT LR DD, bW, HOFE
FEZTTHEESRA O, L) HEMOHZ
0. TOTANVE, REBICERR2 ICRTEO%
[ZEHE+ ] oXzL ), FRSFEMIZo
WT, ZOXMICENSTA2HED IV ETXTHE
L7z, REMHIC, EROEH {a}, E~DOHW
7 (HME {r}, BEOEXR {R}), BwvdiFizits
AINE (M 2108 {r}, BREhEEI
TAI0% {R}), T0IED, MBEOREH TS EHG
(A8%& {n}, %\ {s}, ®B& {1}), ZOLOEH {e}
(BB, BYERE) PEEhs. M TTINNVIZE,
MEFHIRETr iR Tithshs, BROKHIE,
1 HEP LT —LIIBITE LFED»OZITFEAOHEH
FEICIHEL, 7, MurReFhicxdd aigis,
QERALV I —AIIBITS 2 EHORFmE
BT 5, F, MRV Y—-AICHE LTV
ELTIE, FEEDT VAR, 2%, MFICH
FoRTWRWIHNER, HEFOWLRWRER LS
HIFonb,

7oE RIE, IV {a234,h234,q2} HSAH 1 DEEE
EMICoWTS 2 oM HE, A1iE, A2, 3,
4 IlAD>THADEREZERBLTBY, T/, AW
2, 3, 43AY 1 ORFIEELEICHVwTWwAZ
EFREND, 612, A1k, 2ORFBERMO#K
WIIBWT, A2 LTV 2T (CER) 281
TWa, ¥, CORERXMICHENT2AY 2 ORE
KMIZF )V {r1,a1,h134} 252 67854, AW
24k, A1 oMwhricdLTeEL, B50ER
EAN 1 OXAP->TEHLTEY, FORELXA
1, 3, ANV TVAREWIRRIERENRS, 20
)T NUHFICE o T, EAOEFERHOMOR
RMBRZREATAIELENTES.

RiZ, VI—LD¥EMEL LT, &AL 2BV
T, ESNAV V=4 R CxHET 5 LM DS,
BET NV Lo TRBENLREPICET ALY

IPHEL, FENRTVELHESALEHATF v 7
OHE%ER, VYV—LDOEERELTEHHTSE*. 20
728, 3, HEE t I2onT, FORFIEMHIC
BURBRMOTVEEG L) #HHT5. ZZT
X, LI—LADOBEMED R — VBRI A 7 v
7 (=1/30[sec]) D DRIV LZHFEL, H#ES
N7z T L —LREE R, &[] UHEEME o SR MK
M [to,t1] (to St <ti, Re= Ry, V' € [to,t1]) &
DRFEZFOFEERBOEEGIIEINLTXTOIN
VERHEL, BEIIHAWAINIVES L(t) L L.
KIZVI— LT L IR 24T HY, B
TULICFHE R 1T o 2. 1FMF R, = RC 04, b
HWR DV Y — AREOHEEMEIZ, TRVES L)
BRD2ODIRNVEEOVWTIAI 2 ELHEEICIE
BE L7 &) AB i b0 TXTOSINEICE
JTERZEBLTWA, £HH) A i1 A
NFIZEF TEREEBH L T A, TXTOAYH
FOEFBITEELET CHVTW 2, 7=, 2EHS
R, = R(Y) &, EBROFHITAVES L(t) 7
ROFHEDOWTIDEBERTHHE L L &4 i)
AN i A § ORI TEWRT, b LI, B
% BIoEfTo7:, FfFii-i) A i EAY j O&LC
M TERZEBEL, A\ j ORDSZOFELEE LM

WT, Ai & j 2 AN 54 S8 R =R°

FOBES NI, MENREERMEEE YL LTWwALS, 120
MEELARERMAI, HRORLLIBERLH-1-RENEGE
NATEEEN S B, T/, HUOANIVEFAFREEL L THE
ICRBEZRAL LI LRROFELI S, EoT, 1 E:HlIcH
BT AREITANICIE, BROBEFEINIBEF DAL, +
DD, LI—LESANEO—FEEWHIBENS Tz
[EEnasdh&idl] EvIHEA»LOEEETICEE LA

R DEAs, ANFiELTIE, HED 1 EDELITEWIE
AiFEoTWENTHAEY, HENICIOBTELTWEATI
=—Lavid, 18401 iMEOHEEETHLIEELL
haicw, 2MTERLAL 1 HEPLIY-AZBEETELDLE
Fzi-.



2330

LRSS SRR

July 2006

B3 LY-LOESE (%), (a) RETFE M, (b) HRES Mee, (o) BH0E Moo,
(d) #EDH Myo. (Conv. ;1 EbhL V-4, DL.: 2 54TV —4, Div. ! 57

izl —4, Total : &L ¥—4)

Table 3 Accuracy in regime estimates [%], (a) Our method M, (b) Gaze given
Mege, (c) Gaze only Mo, (d) Utterance only Myo. (Conv.: Conver-
gence, DL.: Dyad-Link, Div.: Divergence, Total: All regimes).

(a) Our method M

(b) Gaze Given Mgc

Total Coenv. DL.

Div. | Total

Conv. DL. Div.

G1-C1 81.8 85.0 7T
G1-C2 92.1 94.9 85.9
G2-C1 91.4 95.7 72.6
G2-C2 96.3 98.8 83.5

53.2 78.1 85.8 70.1 68.6
69.0 81.0 91.3 76.7 429
100 92.6 93.5 91.3 88.5

96.0 97.6 91.3 88.5

(c) Gaze Only Mgo

(d) Utterance Only Myo

Total Conv. DL. Div.

Total

Conv. DL. Div.

69.7 86.3 52.7 541
79.0 9231 67.5 56.9
84.0 95.4 64.6  52.5
92.0 98.6 41.7  49.2

78.5  80.2 646 100
83.4 859 734 - 100
89.6 88.4 785 100
92.4 932 834 98.7

DEE, EROEHFE, TRNVESGHZEEES LE) =0
Thd, L, KD 200542 FEEICHT
BAL Lo, &fFiii-i) BFERMYVETho 7o, £
iii-ii) {F ORI L THMICEEZ Liad o7z,
4.5.3 LI —LDHEELEROFEER

F3I2, BEREFT—FIowTHLMILY—4
HEMOTFEERR, BLY—LDIFATE, BL
U, £RIOVTRYT. TORICIEREFE M &
T) OERICMAT, BENELLTID2ORLS
FEICEAHERLHFRLAL. ZohEBRDFEE,
BELEAHEEFVIZBWT, BHlTTELEHOLN
REZIHOTH Y, i) HHEEA Megg, ii) RO A
Mego, iii) BEDH Myo & L7Z. HEOHA Mgo
EREODHR Myo DFEHEIZOVTE, FhFhoik
EMEL LTEALEFOb L, FTAFYTY ¥
LY LI —L0FFIEHE L. T, HEEEM
Mee EHRBOAR Mgo IZBWTIE, gy —
RF X7 ICOWTEBBIAVEBEEE LTS5 4
7r. B, ThLFEICBWT, HfiticBEmE L%
BUSNDEMERNT =51, "EFEM LRE—L
L7z, Th6nFELOREL, EEROKNMEVS
BETHEL, LVSANIREFEZRIETAZ L
EHo-bDTH S, BAMIZE, BROA Meo,
RBEDOH Myo DEHELORBIZLY, FELL
MNIITE OB AP O RBEETIVOREEZIRET 5.
T, BREHE M LB Mcee DHtE HE
TAZLT, EEAMZHERAEOMREE LTEHS
BTLDELEEEETS.

#3&h, REFEM ICLVHEESNLLVY -
LDELEEIL, 81.8~96.3% L FHRICH W MEZRL

TWAHI ENGHhB, Tz, BEMNICAT, BEHE
M DRI, BEDOA Mgo, BFEDH Muo D
BEOEER%E LY, T/, HEEEM Mge ICIEE
TAHEERZEHLTWA I LHTH 5.

¥/, £3 b1, B8, BELEMICEAVWEE
# (Mgo, Mpo) £0 b, ZRoB BV HE
(M, Mgg) DHPEEMICHVIEEREZERLT
WBZ EbEAINS. B, BELE, BEOAD
HHE Muo TOTALHEIELOATVE L HIZAH
259, TOFETELNEZLY—LDORFIZ, 2F
Ll b o FIEE RS R 2 LB e ERER OB ITHUR
HhDLRoTHY, EFEOHNEETICKEELTY
BEIEVWEEWT EABRBICL VHBLL. FhIT
LT, 8Ny — e RFEORFZFIA LAETIE,
REORBICBRICEGSNA I LD &, REHR
PSSR LFETH AP EERELFRREER
LORKRICBVWTY, BEHEZRFLTVWAHELTER
REICAETE S Z LAERSNL. ThEDFRIC
Ly, BNy - ERBEREORF 2 ETIVICHAL
At Z L OFFEDTRR S N

X512E3 &Y, BREFEM E, BBBEAOHE
Mege LHEBLT, AREIZENZERAL Y —4D
FEEZPZERLTVWAI LGN, BEFEORD
DI\CES AR ERHIT A L ORLESTRE S .
AfEE M THESNIABEAMICIE, 44 HTHEN
FEICBRENSITATVS, FRIZLP2DLT,
IDLHBREERPEONLERELT, DTS
REEMFENILD. T, BLFFZITFIILTE
L aa%, HEFVELFORELEET LY
& WBEAOTTFYYaviE#HETA500, ZOH



Vol. 47 No. 7

B BRAOER L EBFREET Y BT & v ) BiEd
& 16192 [ 6(a) 5D ED L) it E R
L7zFA—2S#~0OFR - EROBENHLINS. —F,
D& RYETIE, BHEFEOEIZE b %S TEE
HEDELAHEANEL, TOWRIZE) 44 5T
WAL ) IcESEEr R E L TRAET 54 —
ANEZLELBEEZLNS. ZOL ) IZHREFEIZ
Lo THEFSNARBAMIT, EBREOBRBHEL D B
FEHAMOEELEL XTI T T3 Y OFH %R
BTAHDEEZOLN, TAFNPZ T, LI -
RO T T a v OFMEFE LI#E, EES
NIEFLV V- LREROSERS - T5ICRBELL
bOkh, BOLY—ADEEEIELN DL
ERTE5,

4.6 FHEDEE®

4.4 B CRARZBBRAMOEEMEOFMA S5, &
&LV — L L SMETEOMEEYICETMES
TWwAZ LhREE SN, F/, 45 HiIBWT, #E
ENEHE VY- AP EROSHERETRELL TS
CENHEEIN. INODERLY, RERTRE
L2&FEET N, 26T, EFETNMIEDLES
HERE DHETE FHEOF I EATRME S 7z,

5. & =]

AETIILUTOEEBIZOWTHREZT).

RELI—LEZTOFHAEICDOWVWT

KBTI, &ELERT 2N L2LFHEELE
BT A0, BENY - OEENRERICER L,
3V FADKBEV I —LARRHEMIREL:. LHIL
2H6, EBOKEIIBVWTIE, ABXOLEL I —
ATIEELTWRZWRIR, L2, BLENF1IA
DETFOXIEDP>T 1 FHICE L2 HHBER,
SMEIFBEDOY T 7V — TGP TEREIETT
L) LBEOHN ) B, 4#IT, ThoOBE~
WA B0, F—F ISV GHIBHICEEL U —
LERETAILVBRHBEEL L THITOoNS, F1:,
EMEBBOR L HEFR, KEPOSMBEHROHMR,
BAa e NYIRCE, ) — FR%E, Bk ECOMRER Y,
N SRLSBOWRRIRTE S L HREEZIER
L, %7 ENET NG,

T, FEXTR, EESLLLV Y- LADOFEED:
DIz, BERMBEZHALL LT, 20 \NHOME»IT -
BT A IRV EAWTEELERL:. Ll
T, KEPICE, BEL LT EWIETEN,
Aye—U%], Lz, BLFEORV»IFICHL
T, RIEOATESTRICZETHELZ Y, d&Fh

HBALEZHRE LASBEREORRNIERS 2331

TBH, 5%, ThLIEDLFMELZRTT S
Ehdb.

BEMZEICI T 5 AMEDLER
ARfeiE, Stiefelhagen 5 D929 ORBIET
HHEMBMITAIENTES, HOHIX, V=74
BRI BWT, ZEOFEAE, BLU, BEOKE
POENFORELN (EEOESELIFATWS) %
RALXHEEILE D ROLZFEZREL TS, RRX
OB OFPEE LT, ERHEOLERIEIZFT Y
ARHERELTWAELDITON, T, HilkEL
LTUTOEE HIFohE, 7, #6iE, it
SEORBHMEMTIKRDHTE Y, EmEMDA
Y5503 VREEOHWEIIOVWTHIZET VLR
THEWHTTu—F2LloTuwirw, 72, HEH
[ & FEEDRMBREHNTHEEZTo TV A RIS
WT, BANCREORREZFIALTWALEX LN
B, O DOREFER, SFEOHENHEELENL
THLDTIERV, 512, HETES LKEEH#
EDHBEPLENA L TWBETOERMELIZVHZE
1295 5.

T, HELIE, FAS—RESBIIBITABEE
LR OMoREL L LRz #OTY
A1) F pWETIE, RHBOSHEEN, FE
5&hoEHETEEEEE, TUF, BELFEAL
B BBT ABRICHB L, SNEDOESE, BLU,
FIMRID Y AT AR5 6NAE - FERK Mz &
DIEREANT, RIHFEOE5REDOEELZAA T
BV, F VIFYE—FEAVITI L arE—
FEHENS 2 DOKHENE— FEEHRL, RBEED
EEXMFREOREICL Y N6 2 00F— FAH
MTEBILERELTVAY, ZofEd, &
MEOHBE LB EEL VDT [EEEE] 28
L, RAF—RRLVIBRESNLKFEOKRENSR
ELTVWABDIZHL, REXTIX, ZMEDOHE -8B
WrEEhiwy [HAULERE] 2xdge L, %2
BoOZMECL2BHL2EF YL LILFETSHS
EfffEffiTohs. 612, AR, KFOMED
ETFMEEEMLTWSEIZBWT Y, HRO DR
EZHMEARL S,

RN 7 7O—-FOF A - BEE

AR U TRELAHEENZ2T7T 7o—FOfEL LT
ik, ¥, ERONYPSLRBENEIVFE-F I
LR A S— R ADL LEETHIENTES
L) Eindifohd, Zoiw, EEHRRPEER
BIZIZ T, hoBHO NWITH 2 E2AAZKEE
FMIZOBEZIFRTCEALEZONA, T2k 21T,



2332 LB ELSE

BHE ARG, MRMRERS, &KW, YxAFrRELDI E
ENRAHLABCBVWTIREELREEE,- LT
B EPFHLNTWAIOE) Zho#LHEETN
ICHARADL T ET, XDHBICKEORELHERT A
TENTREIC A EEDNRA,

T/, MEFETIE, ZOBERHLREZRDOL LT,
BN G — L REREI LRV V-0 2HETS
EWSH L, ERSROHBAMEEETS LV
J 2 ODMBEERICHEVTVWALEZX AT LATE
5, IHCEY, FhPhOMBEZERICMRBEL
Nd, LDMEOHWEENER I TWLLHEZS
ha, TOBHE LT, MEFIELFOE LL
RBEV) &S 2E&FORRICHT 21HREFRT5
LT, BIRAMOEERENKID, I, LV
WEORMIMEANETAHILT, &L Y—-LD
HEOHELMET ALV I %, EVolEEiis
AAEEBIIEET A8 HIToNS. Z0L) %FE
ZPESIFERTAZILIZLD, A\DPERLTHET
AigEe ¥, TESHINC X A A OH A E#E R
REICHFUTEZ2TEMED DS, LT, 1 85K
FOHEIIBVT, —ROMEFORBHEAHFIT
SRVHETYH, HOMEFrEDO2ETodEs
HOLZHERIC L D HBOELEZRD, SHILEDOHKER
AREREOWREFEESTAHI LT, ONA MIKE
WEZRAETZHLOLMFEENS,

77V r— a3  EEHE

REFEOILAEE LTIE, SBEEO RS-
T — A A TR B OB EE A OB &R,
SFEI-TUr b 0Ky b EPBITOR, Thb
DICAIZBWT, SEREOHEERIF N2 ADE
MichsEMiFahs. Lz, SEBRB{EOHEE
WIRATAIBVWTE, FELFOBRBLZTFOBEZ
ZREEPIY D ELTERTH 2L, SEOHREIC
o U7-4 2EMERBATREL 2 0, HEAHEICMI
THELTWwAH i L, BERICL>TREOAEY
X 0Ghh LTV E BRI ICRET S T L AT
2B b ifEs G,

51, INLDIHAEZERTATDIZIELTOL
S RBHEOBENKRDONS, T, FBX TR, &
hEOHEBHFEOFE OO IZEERO L Y2 Hw
7-7%, EROISHBE T, Ei%% AV -Hlenn
F510 LI AFEEMFROFHIILEINS, £
7o, 32 HiTRULAAER, #HRL245FOBEME
MHZDWTINy FUEB T bDTH o707, ERH
UNERENAT ) r—va Y ICREHERHT S
BE, A4 VEEEOFIMSLEE 5.

July 2006

T, MEHER, NI=1F =5 DREHNIH
MTHD, a— ) AT4 7 ABMET ALK LEL
LTHITFohs,. LPL, THHEDNFR—FREF
MEDEEIX, SEBRROER L HFRICEES A7
W, FRLOBH - BETO 7oL AL, SFEOREA L)
%547 - EMALTH Y —VORBNLBET SR
HAHs. tzxid, ESNLNRNTA—FIZETSH
T, 8B TrMEREPHE~NOKEI 2LV
reEMEBAOFESR, SFOARI2EDT V=T
LTS ERERLT A L b RBREVEER
D 12ThHsH. ZDXHIZ, ek, EERNZSHHT
HETH o HMBANPOLSE L VWIBRRITHLT, K
BXiE, 100FLwWTTo—F2RETA D LN
fffirohs,

6. & ¥ U

AEB LTI, HENPICIAHELREEZHRELT,
FOEFEOHETHTET B O DFERRAAR T IRE
L7z, KFOMEL LT, KEHFOESMEDS5H
#cHFB L. T/, LEOHMBEICKELTENED
THPBRESNAEERHZILT, wa7gFEzreT
WICEDSCRFBETVERELL. LI, ZINED
WA m, BLU, BEKErBAT—-2 L, &
W icH e T s L MESNLEEL V- 20KE, #
BNy —Y, BYLU, EFIWNSA—5ZHETH
W, ¥TAF Y TN ZTEZRVWIFEEZRELL. 4
ASEEZHHRE LAEREZT, RGOS ME,
B, &LV -LOESEEFML, RELLE
HETN, BIU, SEREEENEOFTHIEL R
L7z,

BE ARz EDLICH), BLICTHEE- O
MBWEEFLANTT O 2= —a YRR
TERFZERT A 7° 14 7RIS O, 25U, NTT
YA 8=V ) a— a3 YR EEMEREAFRER,
WHESBAFHERIIERK, 25BAFAERNR
FHEM R AKELCR, FRBEIRHF—RRROH
K RV LT

2 £ X &

1) Cutler, R., et al.: Distributed Meetings: A
Meeting Capture and Broadcasting System,
Proc. ACM Multimedia ’02, pp.503—-512 (2002).

2) Bett, M., Gross, R., Yu, H., Zhu, X, Pan, Y.,
Yang, J. and Waibel, A.: Multimodal Meeting
Tracker, Proc. RIAO 2000: Content-Based Mul-
timodal Inform. Access (2000).

3) FrEuFes, KIEMEA, BNES  FEOWIA



Vol. 47 No. 7

WEE R R L L EEE OBMRICED
BMEY) D B X H b £ 0xR, WHAEEESRX
i, Vol.46, No.7, pp.1752-1767 (2005).

4) Heylen, D., Es, 1.V., Nijholt, A. and Dijk,
B.V.: Experimenting with the Gaze of a Con-
versational Agent, Proc. Int. CLASS Workshop
on Natural Intelligent and Effective Interac-
tion in Multimodal Dialogue Systems, pp.93—
100 (2002).

5) IREME, BHEEIS, AEH 2V — T A
ILB5TA8FUFEY P OWE, E5FE DI,
Vol.J84-D-1I, No.6, pp.898-908 (2001).

6) Katzenmaier, M., Stiefelhagen, R. and
Schultz, T.: Identifying the Addressee in
Human-Human-Robot Interactions based on
Head Pose and Speech, Proc. ACM Int.
Conf. Multimodal Interface (ICMI°04), pp.13-
15 (2004).

7) McCowan, 1., Perez, D., Bengio, S., Lathoud,
G., Barnard, M. and Zhang, D.: Automatic
Analysis of Multimodal Group Actions in
Meetings,, IEEE Trans. PAMI, Vol.27, No.3,
pp-305-317 (2005).

8) Zhang, D., Perez, D.G., Bengio, S., McCowan,
I. and Lathoud, G.: Modeling Individual and
Group Actions in Meetings: A Two-Layer
HMM Framework, Proc. 2nd IEEE Workshop
on Event Mining (2004).

9) Basu, S., Choudhury, T. and Clarkson, B.:
Learning Human Interactions with the Influ-
ence Model, MIT Media Lab. TR#539 (2001).

10) Dielmann, A. and Renals, S.: Dynamics
Bayesian Networks for Meeting Structuring,
Proc. IEEE ICASSP’04 (2004).

11) Goffman, E.: Forms of Talks, University of
Pennsylvania Press, Philadelphia (1981).

12) Clark, H.H. and Carlson, T.B.: Hearers and
Speech Acts, Language, Vol.58, pp.332-373
(1982).

13) RIS, SARTF, FHERL : ¥y AL
FERVRESSTFHREOBR, B4 AL
HREFSEN - SRR LIELERRE (SIG-
SLUD), pp.27-32 (2004).

14) RIS, SALT, FEMGA  SAREE:
MRE LT — & Uk & M HF—Z 5 E 5047 % )
& LT, EBEX{EE, Vol.ll, pp.81-94 (2004).

15) BIRER, {7 HNY . 3 AE&HEICBIT A2 5%4
DRI b 2FEFHETIHOST, HISEAL
MREFEET - SHEHR L AFHLENRS (SIG-
SLUD-A301), pp.25-30 (2003).

16) Argyle, M.: Bodily Communication — 2nd ed.,
Routledge, London and New York (1988).

17) M.F. Jr—HA . FBBII2a=s—¥ 37,
Fifitt (1987).

HWEALELHRE L-SEMEORENES

2333

18) ML. 39—V 7 . SEEEII 2= -3 >®
ERETR,, WEWE (1995).

19) Kendon, A.: Some Functions of Gaze-
Direction in Social Interaction, Acta Psycho-
logica, Vol.26, pp.22-63 (1967).

20) Goodwin, C.: Conwversational Organization:
Interaction between Speakers and Hearers, Aca-
demic Press, New York (1981).

21) BHEZ . TR ELOLEE, filTit (1984).

22) Vertegaal, R., Slagter, R., Veer, G. and
Nijholt, A.: Eye Gaze Patterns in Conversa-
tions: There is More to Conversational Agents
than Meets the Eyes, Proc. ACM CHI'0I,
pp.301-308 (2001).

23) Jovanovic, N. and Akker, R.: Towards Auto-
matic Addressee Identification in Multi-party
Dialogues, Proc. SIGdial’04, pp.89-92 (2004).

24) Ohno, T. and Mukawa, N.: A Free-Head, Sim-
ple Calibration, Gaze Tracking System That
Enables Gaze-Based Interaction, Proc. FEye
Tracking Research & Application Symposium
(ETRA’04), pp.115-122 (2004).

25) Matsumoto, Y. and Zelinsky, A.: An Algo-
rithm for Real-Time Stereo Vision Implemen-
tation of Head Pose and Gaze Direction Mea-
surement, Proc. Int. Conf. Automatic Face and
Gesture Recognition 04, pp. 499-504 (2000).

26) Stiefelhagen, R., Yang, J. and Waibel, A.:
Modeling Focus of Attention for Meeting Index
Based on Multiple Cues, IEEE Trans. Neural
Networks, Vol.13, No.4, pp.928-938 (2002).

27) Reidsma, D., et al.: Virtual Meeting Rooms:
From Observation to Simulation, Proc. Social
Intelli. Design ’05 (2005).

28) REEMIE, B@IE—, £ 1=, A EZ,
M=, K, N E %, FELE 2k
RGBSR EI L BHEA Y577 3 X OF
BUBRREER L7, L2 —< Y/ Y5 T2 — A%
LKFAWEE, Vol.7, No.1, pp.167-178 (2005).

29) Stiefelhagen, R. and Zhu, J.: Head Orientation
and Gaze Direction in Meetings, Proc. ACM
CHI'02 (2002).

30) Kim, C.-J. and Nelson, C.R.: State-Space
Models with Regime Switching, MIT Press
(1999).

31) Frithwirth-Schnatter, S.: Markov Chain Monte
Carlo Estimation of Classical and Dy-
namic Switching and Mixture Models, Jour-
nal of American Statistical Association, Vol.96,
No.453, pp.194-209 (2001).

32) Gilks, W.R., Richardson, S. and Spiegelhalter,
D.J.: Markov Chain Monte Carlo in Practice,
Chapman & Hall/CRC (1996).

33) PERE . 774 F Y ADHD MCMC &I



2334 HRIEE SR

X BRA X5k, () =ZEEENZEAT (2003).

34) R.FA—ATN . V5788, a7)r¥H—-
7 =7 7 — 27 FH (2000).

35) Novic, D.G., Hansen, B. and Ward, K.
Coordinating Turn-Taking with Gaze, Proc.
Int. Conf. Spoken Language ’96, pp.1888-1891
(1996).

36) Bernardo, J.M. and Smith, A.F.M.: Bayesian
Theory, John Wiley & Sons, Ltd. (1994).

37) ¥BHF I A XHEIAM, KEXFHERE
(1985).

38) B I N4 AHEHEAM, WHME )
(1999).

39) Chen, R. and Li, T.-H.: Blind Restoration of
Linearly Degraded Discrete Signals by Gibbs
Sampling, IEEE Trans. PAMI, Vol.43, No.10,
pp-2410-2413 (1995).

40) Morency, L.-P., Rahimi, A. and Darrell, T.:
Adaptive View-based Appearance Model, Proc.
CVPR’03, pp.803-810 (2003).

(FE 17 4 8 A 11 HEA)

(EHR 1844 F 4 BIRE)

KR ek (E&E)

TR 5 FRERV KFETFHET
WM LERREE, TR 7 F£RKE
FELEMRBHELBEGNET. [
FHABRFEES (B AtL. BE,
NTT 23 a=f—2a YRHEFERRE
TR EE. BEBARFERERNSREFIEFY
12258 (M) fE¥p, av¥a—s¥TV sy, BR
IR, 32— aro— v OFHICEE
RO, 855 AEEKREEFN, P9 FEEE T
(S FE%¥AT3EE, TAPR 10th Int. Conf. Image
Analysis and Processing Best Paper Award % ¥{5

. BFE#uRfES4%, IEEE £24.

July 2006

TR

R 11 MRS RE AT T 4R
WRITFRIEEFE. Fik 13 FRKFE
PREETEMARHELSEET. FE
HABEESE () AL, Fk13~
1I64ENTT 23 a=b— 3 Ve
AR, FRRITHEEL Y NTT HA /85— ) 22—
¥ a YBFFERT. R 1T AR & D) BRI T
FERERMELREESD. BgoIa=F—T 3
v, NpoOITehERE - By, Rt Ay b —2H—
¥ AS DR ICHEH. $ﬁ1¢$ﬁﬁ%ﬁﬁﬁﬁ
FREMERMBZH. BTNEEEES

A¥ EE

NTT 2 I 2=F—3 3 RS
WFFERT A 774 TR E A 74 7
RIS V— TR R | /v —
7 =¥, BERKRFLFBHERK
TR, RRFRIELBREBIET.
MIT Electrical Engineering and Computer Science
1ELEREMET. 1990 4£ NTT A4k, NTT ka—<¥
A5 —7z—AWRIFLET, BE, NTTa3=
= =T a YRFAEERTART. EifgEE, uFy bE
Jav, N\l-ufy Va3 a=f5— 3 YEDOR
FICHES. Wt (T%).

HE F (E2R)

BEAN 30 4£4. BRAN 55 EHAHE
KEAZERTEFFEHBAET L
WEBLREET. RETAEER
Boat (BED NTT) A, F

- B4 EDNL 5 EICHITTREID
/t7k$@Eﬂ%E TrE 15 E L DV HEHBKEK

FPEiGMEEN R EUR. CERR, EREE, <
F AT 4 TRBROTEICHEE. TEEL. FR6F
IEEE-CVPR R EFHR K, ik 7 F£ILTHSH%E
W, T 13 ERMESREIK, FK 14 £BETHE

SRR, TR 15 EXHBERER, F16
4 IEEE Trans.MM & CHIIMEH. WFIEHERE
%4 [EEE-CS £4£H.




