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

KAZUHIRO OTSUKA, 1 YOSHINAO TAKEMAE,t JUNJI YAMATO!
and HIROSHI MURASEft

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
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= person, edge = gaze direction, node without out-
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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Fig.2 Structure of proposed conversation model.
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Fig.3 Overview of scene. (a) plan view of participants’ lo-
cation, (b) whole view of participants (Group G1).
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Table 2 Definition of labels for utterance interval.

Label Definition

adida, - - - express opinion toward persons dida, - - -
qdida, - - - open question toward persons djds, - - -

Qdidza, - - - tag question toward dida, - - -

rd response for question from person d

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

sd laugh caused by what person d said or did

ed expressions with sound such as hum and sigh
d exclamation caused by what Pd said or acted
hdida, - - - persons dida, - - - are listening to the utterance
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Table 3 Accuracy in regime estimates [%], (a) Our method M, (b) Gaze given

Meaa, (¢) Gaze only Mco, (d) Utterance only Myo. (Conv.: Conver-
gence, DL.: Dyad-Link, Div.: Divergence, Total: All regimes).

(a) Our method M (b) Gaze Given Mga
Total Conv. DL. Div. Total Conv. DL. Div.
G1-C1 81.8 85.0 777 53.2 78.1 85.8 70.1 68.6
G1-C2 92.1 94.9 85.9  69.0 81.0 91.3 76.7 429
G2-C1 91.4 95.7 72.6 100 92.6 93.5 91.3 88.5
G2-C2 96.3 98.8 83.5 100 96.0 97.6 91.3 88.5

(¢) Gaze Only M¢go (d) Utterance Only Myo
Total Conv. DL. Div. Total Conv. DL. Div.
69.7 86.3 52.7 54.1 78.5 80.2 64.6 100
79.0 92.1 67.5 56.9 83.4 85.9 73.4 100
84.0 95.4 64.6 52.5 89.6 88.4 78.5 100
92.0 98.6 41.7 49.2 92.4 93.2 83.4 98.7

00000000000000000000 L(t) =9
gbooooooooo 200000000000
00000000 ) 0000000000000

4.5.3 OJ0O0OOOCOOOOOOOOO
3toboooooooooboobooooooon
gbooooobooooobooboobooboooboon
0oooooooooooooooooooomMmOd
oooooooooooboboooooo3onooon

gooooooooboooooooboboooDo

goooboboooooooboooboooooooo
0000000000y o0on Meei)0DOODO
Mecoliil) 0000 Myo ODDOOODODO Mgo
oo00o00 Myo OODODOODOOOOOOOOOO
gooooboboooooooboobooooooooo
goooboooooooboooooooobooooo
Mece 00000 Mego OOODOOOOOODDOD
00 X, 0O00O0OO0DOOCOODOOOOODOO
goooooooooooooboooobooooobo
ooooO0oOoOoOooooooooooo mMOOOO
gooooooooooooooobooboooooo
gooobooobooooooooobooooooooon
00000000000000000000 MgoU
0000 Myo OOOOOOOODODODOOODOOO
gbooobooooobooooooobooooonbo
0000000 MOO0O0O0O0 Mge OOODOOO
goooooooooooooobooooonoooo
gooooobooooooo

0300ooooo mMmooooooooooo
00000008180 9s.3%iouooooooon

gooooooooooooobooooooboooDoDbo
MOOO0O0O00000 MeoOOODOO Mypo OO
gooooooO0OD00O0O0O00000 Mge OOO
gboooobooooboooooooooao
uboo3uoboobooooooooooooon
00 MegoOMpoOOOOOOODOODOOOOOOO
OMOMecO0OODOOO0O0DODODOOOO0DOODOOO
gobooooooooooocobooooboooooboo
00 Myo OOODODOODOOOOODOOOOOOO
gobooooobooooooooobobooooo?20
gobooooooooobooooboooooobooDoboo
gboboboooooooooobooooooooboa
goboooooooooooooooooobood
ooooooooooooooooooooooooo
gobooooooobooboooooooOoobooo
goboooooouooobooocboOoooooobooo
gobooOoooooooooobooooooooboooo
gobooooooooobooooooboooooboooo
gooooooobooooooobooooooooo
gooooboooooooooo
000030000000 MMO0O00O000B0O0O
Mee 0000000000000 ODOODOOOOO
gobooooooooobooooooooooood
gboooboooboooobooboooooboooooobooo
oooMMOO0OOOOOOOODOOOO440000
gboobooooooobooooobooooooooo
gobooOooooooboooooooooobooo
goboooooobooboooooooooooboooo
gobooooooooooooooooooboobo
goooooooooooooboooooobooboDbboo



Vol. 47 No. 7

000000000000000000000000
0019200 6(x)0000000000000
0000000000000000000000000
000000000000000000000000
00000000000000000000 4400
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooo

46 0O0O0O0ODO
44000000000000000000000
000000000000000000000000
000000000000004500000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000

5. O g

gbobooooooobooooooboooon
oobooooooooooooDo
gooooboooooooooobooooooooo
goooooooodoooooooooooooooao
jobdobooooooooooooooooobod
gooooobooooooooooboooOooooo
goooobooooooooboooobooooboob 10
gobooooboooooor1oboooooobooobo
goooobooooooboooooboooooooon
goooooooooobooooooooboonoooo
goooooooooboooooboobooooooo
goooooooooooooobobobbbobbogo
gooooooooboobooooboboooDo
goboooooooooooooooooboboboooaa
goooobooooooooooooooooooon
gobooooboobooooocooo
goboooooooooooooboooooooo
goooooooooooobooboboboOobOOoOooooo
gooobooooooooboboooooboobooooo
gooooooboooooooobooboooboonoooo
gooooboooooooooooooboooooo
gobooooooboooooooobobooooobooooo

goooooooOooooooooooobooo 2331

000000000000000000000000
ooooo

0D0000000D0000000

00000 Stiefelhagen 0000292 00000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00D0000000000000000000000
00D0000000000000000000000
000000000000 000000000000
0000000000000 00000000000
000000000000 000000000000
0000000000000 D00000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000n
0000000000000 00000000000
0D000000000D0000000000000
00D0D000000000000000000000
oooog

00000000000000000000000
00000000 00000D0000000000
0¥Y00000000000000000onOn
000000000000 000000000000
0000000000000000000000000
000 IDO0D000OO0D000O0D00DO0D0On
0000000000000 00000000000
0¥Oooo000000000000000000n
000000 200000000000000000
0D00000000000000 20000000
0000000000000 Ooooooooooo
000000000000 000000000000
000000000000000000000000
000000000000000000D000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
000oO0oDOoooon

0DO0000000D0000O00O

0000000000000 0000000000
0000D00D00D0000000000000000
00D0000000000000000000000
00D0000000000000000000000
0000000000000 0000000000n
000000000000 000000000000



2332 goooooooo

000D000000000000000000000
000000000000000000000000
0000000oooo'™®goooooooon
000000000000000000000000
000000000 000O00
0000000000000 00000000000
0000000000000 00000000000
00000000D00D00D000000000000
020000000000000000000000
000000000000000000000000
000000D00D0000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000D000000000
000000000000000D000000000
000000000000000000000000
000000D00D00D00D000000000000
0000000000000 00000000100
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000D00000000000
ODo0oDO00ooOooo
000000000000 00000000000
0000000000000 00000000000
000D00D00000D000D0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0D000O0000Dn

0000000000000 0000000000
000000000000 000000000000
000000000000000000000000
000000000000000000D000000
00 00000000000000000000
003.200000000000000000000
000000000000000D00D0000000
000000000000000000000000
000000000000 00D0000000

July 2006

goboooooooooooooboooooooo
gobooboooooooooboobooooobooo
goboooooooooboooboooooooboooo
gbobooOoooooooooobooooooooboooo
gooooooooobbooooooooooobobooo
gooooooooooooooooboooooooboo
goooobooo0oooooobooooooboooo
gooooooooooooooooooooooa
gobooooooooboooooooooooood
gobooooooooboooooooooobood
gbol1o0o0o0coOboc0o0ooooooooooboooo
goboooooooooboocOooooobooooo
gobOocl1o0oooooooooooooooooboo
goooooo

6. O 0O O

gddooooooooooooooooooooo
goboooooooooboooooooooobood
gboboooboooooooooboooooooood
gboboooooooooooboooooooood
gboboooooooobooooooouooooboooo
gobooooooobooboooobooooobooo
goboooooooooooobooooobooOoboooo
gobooOoooooooboooooooooooooo
gbobooOoooooooooobooooooboooo
goboooooooooobooboooobooboooog
0000o0ooooooooooooooooooooo
goboooooooooooooooooooood
goboooooodooooooboooooooooa
ooo

U0 Oooooooooobooooboooooo
gooooooooNTTOOOOOOOOODODO
ooo0O0o000o0oo0ODO000o0OO0O0O00O0oNTT
gooooooooboooooooooooooooo
gobooooooooboooobooooooboobo
goooooooooboooboboooooDbonbo
gobooobooooooo

g o o o

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) boUoOoUoOooooUooUoooooo



Vol. 47 No. 7

goooboooboboobooboobooboo
Jo0oooo0oboooboooooooooobo
0 0 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) 000000000 0O0oUoOoUoOoUooO
000oo0o0oooDOoboOooobooobOoo DAL,
Vol.J84-D-II, 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.:
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) 000000000000000O0000000O
0b0ob0o0o0000b0obOO0oDOoO0 41000
0000o0oooooooooooooooosSIG-
SLUDL pp.27-32 (2004).

14) 000000000000000O000O0O00
goooooboboooo—goooobobo
0000000000 Volll, pp.81-94 (2004).

15) O00O0O00 0UO0OO0s30oUOoooOoooOooo
0oo0bOo0o0ooobOoooooobooo 38000
0ooDo0oopDooooooooooooonSsIG-
SLUD-A30101] pp.25-30 (2003).

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

17) MF. 0000000000000 0000O00
000 (1987).

Dynamics

goooooooOooooooooooobooo 2333

18) ML.OO0OOO0OOOUO0OOoOooOoooOooo
000000000 (1995).

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

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

21) O00O0OUO0OO0O0OO0OOOUOOOOO (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 CHI01,
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) JOUO0O0UODO0OOOUOD OO0 OUOoo
0o0o0DoDO0bOO0oO0bOOobO Oooobooooba
gooobooobooboboboobooboobo
goooooobobobobooobobooobo
00000 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) DOO00OOO0OoO0ooOoooOoo MCcMCOO



2334 goooooooo

O000o0O0oU0oOoOoooooooo (2008).

34) R.O0U0U0O0ODOOU0OOUODOUOUOODOO
00000000 (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) DU0oO0DoU0oooUoOooUooUOooOoOO
(1985).

383) 00 0000000000000 OOODOO
(1999).

39) Chen, R. and Li, T.-H.: Blind Restoration of
Linearly Degraded Discrete Signals by Gibbs
Sampling, IEEFE 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).

(OO 1vo 8o 11000)

(0018040 4 000)

00 Oooooog
gbosb00b00b0boobobooo
gooooooobo rooODOO
- : gooooboooooooooo
A'\\‘ L goooooooooogooooo
NTTOOOODODOOODOoOoDOO
goooooOoboobooDooboooooobooo
goo00ooOo0oo0oobobooobooboooon
00o000oo0oOo00bOoooOOobOooboobooo
00000 s 00000000000 900000O
0000000000 OTAPR 10th Int. Conf. Image
Analysis and Processing Best Paper Award 00 0 O
0000000000 OIEEEDODOO

July 2006

oo ood
oo 1noooooooobooo
- gooooooooo woooon

:'__ gooooooooooooooo
‘\‘/h uooooooooooooo 130
: 160 NTTOOOOOOOOOOO
00000000 17000 NTTOOOOOOOO
obOoooooobo1voooooooooooooo
ooboooooooobobooobooooboooboooooo
goooobooooooooooooboobooooobo
ooboooooOoobo0oobD 400000000
oobooooooooooooooooooa

oo Od

NTTOOOOOOOOOO0OO0O
oooopoOooooooooood
el 000o0ooooooooo/ooo
o0ooooooooooooogd
oo0ooooooooooooooo
MIT Electrical Engineering and Computer Science
000000019900 NTTOOONTTOOODO
0000000000000 00000ONTTOOO
00000000000000O00goooooog
0000000000000 0oooooooooog
oooooooooom

0ood oooooog

ob 300000050000
gooooooooooooooon
goooooboooooooooon
ooooooo NTTOOOOOO
04000 5000000000
ooboodoooboooboono sobooobooboooon
oooooooooobooboboooooooboooo
oboobooooobooooobobooboob en
IEEE-CVPROOO0O0DOOO0O0O 700000D0O
o000 1300000000000 1400000
ooboobooooog,bbooooooboooboo 16
O IEEE TransMM OO0 000O000000OCOO
OO0OO0IEEE-CSOOO0OO




