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Abstract
microphone system. The goal is to automatically discover the visual focus of attention (VFOA), i.e. “who is looking at whom”,

This paper presents a realtime system for analyzing group meetings that uses a novel omnidirectional camera-

in addition to speaker diarization, i.e. “who is speaking and when”. First, a novel sensing device is presented; it consists of two
cameras with two fisheye lenses and a microphone array. Second, from omnidirectional images captured with the cameras, the
position and pose of people’s faces are estimated by STCTracker (Sparse Template Condensation Tracker); it realizes realtime
tracking by utilizing GPUs (Graphics Processing Units). The face position/pose data is used to estimate the focus of attention in
the group. Using the microphone array, robust speaker diarization is carried out by a VAD (Voice Activity Detection) and a DOA
(Direction of Arrival) estimation. This paper also presents new 3-D visualization schemes for the results of an analysis. Using
two PCs, one for vision and one for audio processing, the system runs at 27.1[frame/sec] on average for 5-person meetings.
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B 1: Diagram of system
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X 2: Meeting scene. LCD on near side shows the result of
realtime processing.

3: Omnidirectional camera-microphone system
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[X 4: Camera images, (a)Fisheye images, (b)Panorama images. Two images from each camera are aligned side by side to form

360-degree view (image size = 4896 x 512 pixels).
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ABEEANDOKEL EHBFHEERRLIBDTHS. £
o, FEEBCRIROANERITTS. &5 —D2Da LD
ZH 8(b) 1LY, THELIREAYOEBERZYI O HL T
FRULIEZEDTHYD, M8 DETRELD EEDY A X
MREVZD, EREORENLKOABEZTHY, HD, A
VIO BRERERELIERRTH B, 1%
FUaYORFNIHORTV. £z, K 8(b) DHIT
&, BADEBRARMNEITERREN, F£iz, 2 AULED
HEEZERED TV B AMHNEHVHETHIENS.

Ffe, AV AT LTI, 3 XL X (3Dconnexion t
& SpaceNavigator) &2 FW AR AIRIEA > 2 7 2 — A B 12
HE N5, 2—HE, SpaceNavigator D/ 7 DEIERIC X D
NYOBREIT, Fiz, /TOLETFEICK D D, B—
MNIDX—LT v TE CHECRRREZ ST LHTES
(B 8(c), K8(). TDEI>BAVETz—RIckD, &
FEEEORNEMN L O ARB L EBZ LI NS,

52 EEMEH

VAT LOYRER ERIICREET 5 72, AT THN
2 ERED 5 AEFE (R 3 77 /) BRR e UlciHMEiz1To /2.
X9, BEXATVE—Ya YOFBRRER 1 ITRT.
T T CIFFHMEREE L LT NIST[30] I & D IBE N T3,
Diarization Error Rate (DER), Missed Speaker Time (MST),
False Alarm Speaker Time (FAT), Speaker Error Time (SET)
ZFW/z. DER i3,

Wrongly estimated speaker time length
Entire speaker time length

DEICERING. K1HD, FHEAZXATIE—V 3
UMTbh=T LAFZBPENS. Thb a7k, BED
EERFHIE [20] LB LT, BUEEHIBICENRY. T
NI FICSERRE LTe@H BN 7 +—< Vs I —
T4 YTT, RBEOEBENDEh ol LICERT 3.
RICEHEARERE DR (VFOA=Visual Focus of Attention)
OREZTMET 3 /zdic, ERORREbEL -V 1V
2T z—RBEDIKT /) TF—vary—I=EEELE. T
DY —)VFWT, SRARDT /) T— 3 2k (BRT
L—LBANC) fF5 Uz, T DfERIX GERESINE) —%

DER =

x 100[%]
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B4 7: Screenshot of system monitor displaying face tracking and VAD results

Table 1: Evaluation results of speaker diarization[%)]
DER | MST | FAT | SET
4.0 0.9 3.0 | 0.1
Table 2: Average accuracy of gaze directions[%)]
All P1 P2 P3 P4 P5
55.9 || 69.5 | 559 | 20.6 | 57.6 | 74.6

L& biTbhiz, Z2 ICEHEEINBRAREAFTH
BXNEEAAI—B L TWEIAZRT. BFARD
HEEREEIX, AW P3 2RV T, BEDWIZRE [18, 16]
LHEBL TS, BYLKECHBLEZXS. BOOILER
FiE, BEEAmERRAROARENEE, DD, AIHE
EEHEFTICHREROBENT N TESC LICHFET
3. 2TOBME PI~PS TR LT, RRARDED DK
AEE, PHRENRE GED RTWVARV) ICBIET 38D TH-
fe. Eiz, BODEO DN, ¥ 45%i%, HEEINIZER
DROBD ANWZ R T —ACBYET 5. £, AW
P3 DRBENL D DIHEVWERX, TDOAVIOEBRHKLE
EHEEEIBE> TOVIFIC X 3.

6 BREKU

AT, ERFETRET 227 —V2HDBOT
NVFE—RINWY AT LORERIToTe. TOY AT LI,
ER ETOBEA BN & SEESICEIEELAITY
C—ra eBRAELIELDTHS. HEI—FT 4D
Kz 370, RIBLYX2H8&A4 77 L—
EHAPEDRIEEAMNFE—X IV TR L.
E E TOmEREA MBS, GPU L TEIfET 3
IS=T A DNVT LIV REEEL. ThicKbEFEPOR
BB OBOME L A AERRECHET 5 T L ATREL
ko, ¥z, 3EDIA ISR INETA 7T L—
ZHV, B SEIRAREEEZEREDE O
AMBFEEEA TV - g v BRE L. EHRLEED
BN ZNTEN 1 BD PC ZH, 5 ARFEICHLTF
¥ 27.1fps ICTEIET B T L 2RERR L Tz

SHOFEILTOED THB. 9, HFEAMESHZ X
DIEERLDICHB T ZHENDS. RICIBIORBEFD
B eoMREm L, KT, BEFTRERERER A M ORI
HADEENS. £z, SEEBSUHEOFELLTR, K
BT B REEO M ERHERBROR B EREEOW L
RERBIFONB. Ibic, BE3%H (BE, AK
BFERERE) I T B DEER - FHEZTS BEEH
5. AT, AIBILEOERNGHMERZITS C L EEL
FETH5.

FRTRBUEVAT L, EFEIVFE—XNLE
FEY— U OOFEERT & UTUSHFORRBICESTEEH0
LEZS. BRRTI, TIBNEREY—VacEE->
TW3H, 5%, BRARBROREEEZETS. i, £
R CORMDRAL ENBBBRES AT LSRR
VAT LR ENOFERAICHENEE S.

References
[1] #4A, BiHE (&) @ “REBEHREDTIH, VI v 7 AR
Ak (2008).

[2] M. Argyle: “Bodily Communication — 2nd ed.”, Rout-
ledge, London and New York (1988).

[3] D. Gatica-Perez: “Analyzing group interactions in con-
versations: a review”, Proc. IEEE Int. Conf. Multisensor
Fusion and Integration for Intelligent Systems ’06, pp.
41-46 (2006).

[4] R. Stiefelhagen, J. Yang and A. Waibel: “Modeling fo-
cus of attention for meeting index based on multiple
cues”, IEEE Trans. Neural Networks, 13, 4 (2002).

[5] F. Wallhoff, M. Zobl, G. Rigoll and I. Potucek: “Face
tracking in meeting room scenarios using omnidirec-
tional views”, Proc. ICPR2004 (2004).

[6] D. Douxchamps and N. Campbell: “Robust real time
face tracking for the analysis of human behaviour”,
Proc. MLMI2007, pp. 1-10 (2007).

7] BT, ik, BIHO L BMEBEDAL VRS> a>k
AHIELIESIVF AT 4 7 HBEROMER, BLFR
CVIM-162-20, pp. 121-126 (2008).

[8] C. Busso, et al: “Smartroom: Participant and speaker
localization and identification”, Proc. ICASSP’05, pp.
[I-1117-1120 (2005).



8: Visualization schemes, (a)Cylindrical visualization, (b)Piecewise planar visualization, (c)Viewpoint maneuver to middle

range, (d)Viewpoint maneuver to close-up range

[9] R. Cutler, et al.: “Distributed meetings: A meeting cap-
ture and broadcasting system”, ACM Multimedia’02,
pp. 503-512 (2002).

[10] #O3R, #&77, RAE, REF - “BANBA 25732 D
TR0 - B S AT LORBER L ZOFIEIC
DT, [B2EFER HCS-106(219), pp. 13-18 (2006).

[11] S. Renals, T. Hain and H. Bourlard: “Interpretation of
multiparty meetings the AMI and AMIDA projects”,
Proc. HSCMA2008, pp. 115-118 (2008).

[12] Microsoft. http://www.microsoft.com/UC/products/
roundtable.mspx.

[13] M. Voit and R. Stiefelhagen: “Tracking head pose and
focus of attention with multiple far-field cameras”, Proc.
ICMI2006, pp. 281-286 (2006).

[14] D. Gatica-Perez, J.-M. Odobez, S. Ba, K. Smith and
G. Lathoud: “Tracking people in meetings with parti-
cles”, Technical Report IDIAP-RR 04-71 (2004).

[15] L. Chen, et al.: “VACE multimodal meeting corpus”,
Proc. MLMI2006, pp. 40-51 (2006).

[16] K. Otsuka, J. Yamato and H. Murase: “Conversation
scene analysis with dynamic Bayesian network based
on visual head tracking”, Proc. ICME’06, pp. 949-952
(2006).

[17] A. Kendon: “Some functions of gaze-direction in social
interaction”, Acta Psychologica, 26, pp. 22-63 (1967).

[18] K&, 7raf, KA, M “ERAYIONEREE 2 5R
LUV a7z EFVICE D SFEBEDHE
RIHER, BIRUEBEEHGE, 47,7, pp. 2317-2334
(2006).

[19] S. O. Ba and J.-M. Odobez: “A study on visual focus
of attention recognition from head pose in a meeting
room”, Proc. MLMI2006, pp. 75-87 (2006).

[20] S. Araki, M. Fujimoto, K. Ishizuka, H. Sawada and
S. Makino: “A DOA based speaker diarization sys-
tem for real meetings”, Proc. HSCMA2008, pp. 29-32
(2008). ‘

[21] O. Mateo Lozano and K. Otsuka: “Real-time vi-
sual tracker by stream processing”, Journal of Signal
Processing Systems, DOI 10.1007/s11265-008-0250-2,
(2008).

[22] R, RE BT T L— M wF T L T OERY
MBI\ DG, TEERALEIERFRGGE CVIM, 46,
SIG9(CVIMI1), pp. 60-71 (2005).

[23] K. Otsuka and J. Yamato: “Fast and robust face tracking
for analyzing multiparty face-to-face meetings”, Proc.
MLMI2008, LNCS 5237, pp. 14-25 (2008).

[24] P. Viola and M. Jones: “Robust real-time face detec-
tion”, IICV, 57, 2, pp. 137-154 (2004).

[25] C.H.Knapp and G. C. Carter: “The generalized correla-
tion method for estimation of time delay”, IEEE Trans.
ASSP, 24, 4, pp. 320-327 (1976).

[26] X. Anguera, C. Wooters and J. Hernando: “Acous-
tic beamforming for speaker diarization of meetings”,
IEEE Trans. Audio, Speech and Language Processing,
15, pp. 2011-2022 (2007).

[27] D. Macho, et al.: “Automatic speech activity detection,
source localization, and speech recognition on the chil
seminar corpus”’, ICME’05, pp. 876-879 (2005).

[28] M. Fujimoto, K. Ishizuka and T. Nakatani: “A voice
activity detection based on the adaptive integration of
multiple speech features and a signal decision scheme”,
Proc. ICASSP2008, pp. 44414444 (2008).

[29] http://www.brl.ntt.co.jp/people/otsuka/realtime_systemJ.html

[30] NIST Speech Group: “Spring 2007 (RT-07) rich tran-
scription meeting recognition evaluation plan”, Techni-
cal Report rt07-meeting-eval-plan-v2, NIST (2007).





