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

KAZUHIRO OTSUKA,"#t YOSHINAO TAKEMAE,'t JUNJI YAMATO!
and HirosHt MURASE!

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. Tirst, 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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Table 1 Accuracy of gaze direction estimates {%)].

Average P1 P2 P3 P4

G1-C1 71.1 80.9 65.7 71.5 66.4

G1-C2 59.3 704 482 674 514
G2-C1 72.4 57.4 838 782 T70.1
G2-C2 75.9 49.0  90.5 841 80.1

o

1500 2()()0 2900 3000 3500

(@) 500 1000

%hI-IA%m
2 -
[ —
® 500 1000 1500 2000 2500 3000 3500

time step{frame]

6 LT GL-Cl oy 24w - () &AW P1, P2,
PB, P4 0)&“5{}][{’] {leg, Xz‘z, X3,L, -le,t} ('):#J{ . 'm:
SEA, B IEMET L), (b) e s L Y- AR
W AR LI BWT, L BSR4 Sy = RY OB,
§ORHMORISYF, 2HMEV Y -4 REL) OB, 4,
G ORISR, ML Y4 RY OBEREENILNRT
Estimated sequences of (a) gaze pattern {Xi .,
Xat, Xse, Xa,} and (b) regime states: C1-G1
estimates, dashed lines:

Fig. 6

solid lines:
In (b}, single band at a time slice
indicates regime RY (convergence), dual band at
time slice indicates regime [{gﬂ.) (dyad link), and
no band indicates RY (divergence).

cage. In (a),
ground truth.

scale for scale for
estimated likelihood histogram
0.075 X, =1) 0.3
0.0625 p(hil X, :{4))( 1% p(h =3 1 X1=2) 0.25
0.05 \ ,
0.0375
0.025
0.0125
0 . AN o 0
120 14() 160 180 200
azimuth[deg]

3 7 BES T 1) O A A A
G AIMO A M7 T L

7 REF-¥ GL-Cl L itE
plh] X, == 2) (i), BT

WD plha | X0 = i), © £ 10 NI 1 AAE § £ ETV
B, plhi] Xy = 1) A 1 PBAREES LTV, IR
DR RN ERT | SRBTES LR, AAW 2,

BAY 3, Al 4
Fig.7 Bstimated likelihood function p(h1]X) = i) of head
direction, from G1-C1 case. (person 1 looks at per-
son if ¢ % 1, or avert gaze if ¢ = 1); line with sym-
bol shows corresponding histogram, (symbol = dia-
mond: avert, star: gaze at P2, square: gaze at P3,
triangle: gaze at P4).



PRSI HERETH Y, BEAHOREERD OER
o TWhbEZLNS,

¥ 72, ORI, BRFHOEMR 7 ~VEHWT,
YEER A5 IR JORE D %(wwzﬁ%>%&b BAR % &
KEBEHBHERIEEIL L D ROIHR, E&FT— 5220
TOFHERE I, #Eh, G1-CL: 68.6%, Gl-
Q2 65.4%, G2-C1:74.7%, G2-C2:711% &%~
fr. TS ORI, R AKCT L BEE A MR &
F— g b LTHY, FOLESHICN T A5H T F
HYABO—HEOMRERETLIENDELEZ LN,
#1LBOREEOREMEL, o 0fEEEE L
DET, HLRE, HHVIE, BAICL-oTiEEES
el

RO RLHIEIRO L D) LEEFTRTHD. ]
EHETE, S A0S EBRICHET 5 M
HRALTWSb OO, WETTMOTESAO/3T A -
FUEFKME VI EHOL &, FONT A— 8RB
HOMEZToTWD, ZOMBEREIOHLT 5728,
%%T&fi EEEFNVEEAL, FRIE ) SR

IR THE LR T OBy - U PHETESL
&#6,&%§ﬁmbﬁmr FH e bR R A
FHEPHETEL LR FELCnD. TITRHBT
FNDEYTH L WA, FAYOERH MO S
&ﬁh&ﬂ<&ibf”n%MbMﬁbr®MW%ﬁ
WhDIIh B EEZ LN, T, BRATEOHEE
m&#%wg& X, AFEFNSENLLOTHo1
HMTH L EFEZOND, FERIBWT, HENE
OHEERIED, B, WENROFEOMEIZILEL
3BLDTH-/1Ihb, KLY — L LBINED
BOBGROEFT L VI BEDPLEFTTNVOUEY
MATRE I NIz WD,

4.5 A2 &EL S —LICDOWTORHE
4.5.1 EM8 s AE

B 6(b) I2, &7 — % G1-Cl BUE i (VA
Y- hOBRH O HERY. F7z, W8I, 20
SERH S A A PO B L, FOXOWNI
Bo 38 (+ =310, t = 485, t = 578) ZHBIT
LEBMEORT (H8(a), B, SNV
- hEEESY -2 (M 8(b)) BRT. ZOMN
BT, B (6=310), A4id, ho3T~To
SOEIC LTEREBRNTHEY (P4 [HERER
BEThH, HPEREGI-TCIEEEZLDITL
B, o TV ERT ), MoBMEEAY 4 DR
FHOTWE, COLEORFEL YA, A4
01 EER RS LEEINTEY, EROSFOME
KEHELTWLEEZLND, KIZ (t=485), AP

2328 TEHALE S5 0 July 2006

DL
Ry P3

»
©) t=tlL POy =ty t={3

8 HESHAL Y- AOKHERORKT (77— CL-G1
@ by = 310, to = 485, ty = 578). (a) HBWHED /1A
Fay b, (b) SRV Y -4, BLUY, Hgisr—~
(I RAD T B & AR, IROIEVRED | BT ~0L)

Fig.8 An example of regime transition (t1 = 310, t> =

485, t3 = 578) from C1-G1. (a) snapshot of each
participant, (b) regime estimates and gaze pat-

P1

terns (solid arrows: estimates, wide arrows: ground
truth).

QWA A LT E R & DR R (P21 A,
5A,5A,5A,7&Dki0&wkméiﬂ

A%4$A%2rmﬁ%mi FORIBEHRL T
b, SITRAW2 L 4O THESRRFEL TS

OB TOEE LY — AL,Q@QA%%WQ%%
& RPL, LiEESh, ZORMEEYICHBLIZD
DI oTnBEELZLNDL, 51T (t=578), A

o RETHEL P2 (%9, ¥oLo0TwIHE
RT]), Fhiza LTAY 4 SRR o otk (P4

[SA, DAL, RFELHEIL, A2 ICHFET SR
LA 37, RS, A3, HILVWELFETH
HAY 2 DESIEERENTS720, FOHBE AW
4SNP ~EBL. TOL) RBESERL T,
OECIEARL Y- AiA%2«®1%%*1@
LifEsEs s, kD BN , fEEIhAL

V~A®%wd,%%®%%mﬁn%ﬁﬁbtémf
HhHIEVRERI NI

4.5.2 HEShAESEL V- LAOFEE

RID, WEENV Y — AOBE L EEMIGHE T
BIODOFEIIOWTRNS, HEOL A, KFHHE
WA ERIIIEHET 2 B R BT L ez ®),
KL THHEOFM G EEER L. ZOFEE,
SERMOAERBEREICOVT, AR THE SR
eI EHEESN L Y- AREBEORERTTH &
LCEFENS. BRERBEOT OV, BEOER L



Vol. 47 No. 7

BHARE NG L LA BEOMROIER 2329

£ 2 BHEKEIHSEREFLOEH
Table 2 Definition of labels for utterance interval,

Label Definition

adidg, - - express opinion toward persons d;dz,- -~
qdidy, - open question toward persons didz, - --

Qdids, - - tag question toward didy, -+

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
hdids, - -- persons d1dy, - - - are listening to the utterance

FOREIENHICIT ORS00, HEWIE, HEOE
HERSITTRELNZL DN, LI HFEEOERE
BH, ZOINVIE, BERBIZERER2 IRTEI %
[Eeaktayl -+ ] ot e b, SHHBFRMICD
W, FORBICELTAEHED T ~AVE TS
L7z, SERRRIciE, BROFEW {a), BE~ORV
P BRI {r}, MEOER {R)), oy
AIBE (HRMIHT2I0% {r}, EREINAFEC
TAIE (R)), ZOEH, EOREFIT D RE
(M4 {n}, B\ {s}, BEX 1)), *OMDHEN {e}
(BE, mhFERE) PEENE, MATIVITI,
HEFHES n IR CRB S A, BEROEKHIE,
1#EM L U= 2B 35 LT oS FEAO R
EEICEE L, £/, BluhirRez o1 2851,
QERESL V- LIIBY B 2 BB O AN 2
BCBE S L. T, DMLY -ACEELLT Y
LTI, ARED AR, 2F ), EIZE
WHENTWARWHD B, MEFOVRVERFREN
HiIFonsd,

k2E, 99V {a234,h234,q2} AW L DGR
EHizowTEz o nBe, AL, A2, 3,
4o THSOBEREEHLTEBY, /2, AW
2, 3, 43AY1ORFEELETTHTWS D
EREENDL, 3513, A1, FOREREOR
BIBWT, A2 LCvhg (BRD £%L
Twa, T, TOREXEICHRET S AN 2 ORE
RECT -0V {r1,a1,h134} B5 2 bW/, AW
213, A1 oMy LTIREL, BHOER
EAN L ORI TERLTEBY, 20HERA
1, 3, 4VFHNTVH LI REIRSNDL, IO
I3 %G NAIFIZ L - C, FADREXEOBOH
BERT IR T DI ENTED,

Kz, LY—LOEEHEL LT, S icBe
T, MmEENI LV — A R, CHIET B EFEMEEDT,
BT NNVIE > ORB SR BRI IS 0L

AHEL, TR TwE EHESHHBRAT Y 7
O LY, LI—LOEERELTHET LS, 20
2, 1, BEEE ¢ lowT, F OB EHEC
HURFEREO7VES LE) 2ty s, 22T
i, LY — AOWEZL O A — WATHLT B A T v
7 (=1/30sec]) LV IREVILEERL, HES
iz D L— LIRAE Ry LR UERE A 4 50 e (X
Bl [to,t1) (to <t <ti, Re=Ry, V' €[to,t1)) &
DEERFEOREHEBOEFIZTINLTNTOIN
NEHE L, ARSI MES LE) &L
RIZL T —ADHEN T & CRE 5 &GV, BRI
TLEHiiR AT o 72, L ERT R = RS 0BG, b
LEHIOL Y — LREOHEMEIL, 7VES L)
AED 2 ODFTRXINVEROWTNDIEELHBEICE
e LT Rt ) AS 1 BB T COBINE
WCEREEP LTV, &) A i E1AD
M TEREFEHL TV AL, $TOANH
FOEIEETET TR T F, 2EBKS
Re = REY) O#ty, EMOZMETT VES L) 2F
ROGHEOVTRLFFHRET2HE L L &4 i)
NP i BN § ORI TR A, b LE, IS
B S RAT o 72, & iil) AW BAY § ORI
T TEREERL, N j 0RO EELH
BT, G i) B0 4M i), i-) 2B
W, Ak g AhB e 8 R = R°

T OREEG AN, WENARERE LB L LTwA LD, 120
i L LSRN, WHORLIEHS o R BENEE
NATENSH L. T7, BHOANDDFNENGES & L CHR
CRHERARAB LS RRAGIFAELI A, LoT, 1 BN
B BRET NI, WHOBENETNIHEVHL. €
D8, VY—=hEINVED-HELCIBELPSTELRL,
[&EhadEdd] BV EA»LOMiEs ) e L.

R T ote, A& LT, BRO 1ENOR LT ERIE
HEH-TVLNTH LY, HENICIOHTEL TSI I
Zh—avid, L REO 1 HEEOEREZETHLEELD
Not, 2ETEELL 1EERPLY-LESETILNL
ES A



2330

AL ER 7 S TS

July 2006

£3 LU-LADIREE (%], (a) RETFE M, (b) BB Maa, (o) HBOA Mao,
(d) #BHDH Myo. (Conv. 11 HERLI—4, DL 2 &L Y—4, Div. | 4

v -4, Total ! &L ¥ 4)

Table 3 Accuracy in regime estimates [%], (a) Ouwr method M, (b) Gaze given

Mg, (c) Gaze only Mgo, (d) Utterance only Myo. (Conv.: Conver-
gence, DL.: Dyad-Link, Div.: Divergence, Total: All regimes).

(ay Our method M (b) Gaze Given Mgo
Total  Conv. DL. Div. | Total Conv. DL. Div.
G1-Ct 81.8 85.0 7T 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 42.9
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 Mgo

(d) Utterance Only My o

Total

Conv. DL. Div.

Total Conv. DL. Div.

69.7 86.3 52.7  54.1
79.0 92.1 67.5  56.9
84.0 95.4 64.6  52.5
92.0 98.6 41.7  49.2

78.5 80.2 64.6 100
83.4 85.9 73.4 100
89.6 88.4 78.5 100
92.4 93.2 83.4  98.7
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