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MM-Space: Re-creating Multiparty Conversation Space
Based on Physically Augmented Head Motion
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Abstract: A novel system is presented for reconstructing multiparty face-to-face conversation scenes in the
real world. We aim to develop a system that can display and playback recorded conversations as if the
remote people were taking in front of the viewers, and propose a novel representation scheme that physically
augments human head motions with facial images of each conversation participant. This system consists of
multiple projectors and transparent screens attached to actuators. Each screen displays the life-size face of
a different meeting participant, and are spatially arranged to recreate the actual scene. The main feature
of this system is dynamic projection; screen pose is dynamically controlled in synchronization with actual
head motions of the participants to emulate their head motions, including head turning, which is typically
accompanied with shifts in visual attention, and head nodding. It is expected that physically augmented
screen movement with image motion can boost viewers’ understanding of people’s behaviors. In addition, we
expect that the human images without background, which are projected on to the transparent screens, can
enhance the presence of the remote people. Experiments suggest that viewers can more clearly discern the
visual focus of attention of meeting participants, and more accurately identify the addressees.

Keywords: telepresence, face-to-face conversation, multimodal interactions, gaze, visual attention, projec-
tion mapping, conversation scene analysis
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Fig. 1 Overview of proposed system (MM-Space). (a) background removal, (b) without

background removal, (c) original meeting scene.
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Fig. 2 Block diagram of system.
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Fig. 3 Spatial configuration of people and devices, (a) actual

meeting space, (b) reconstructed space.
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jection images (red frame is just for illustration).
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line is original signal, green line is generated PTU con-
trol signal, and blue line (a) whole meeting duration,
(b) close-up over grayed interval in (a), (c) velocity of

pan angle during same period as in (b).
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Fig. 7 Projector-screen coordinate systems.

THERPTUICATI EN S,

3.4 BEEBGOERK

A7) =2 FICEADOR VI ERET 5720, FKpS
NG H N OEE L T 25 EERT ) 1S
n, AzV—=rvkrsuy sy OMMNLERR, BIUO,
Z?U—V®§%Kmbt5@(77577)ﬁﬁbh

% (B 5(d) IFFERO—F). DI, v < O0DEEFE
RO DOEGOZFN R T, BT 52N TED,
X 712, SNOEERADBOERE MRS S, ZOEED
HHNE, A7) =Y ED1, q, e L, PTU EE
REDR, ppru, 70V =7 Y EER EOT, pproj, BIfE
JERER EDRL, Prmg, VA ¥ FVEEREOR, w, ~N&
%% 5 q— PPTU — PProj — Pimg — W. A7 ) — YRR
F & PTU EIEROB OZ&HIL, i, BLY, 271 —
YoOllfE OSyEeFIVh) L LCRBENS. PTU B
K& TUT s Y EEROZL, Wik L BliE, /o, T
03 x4 AR & WSRO BB A e T
B, WBRICEGEER DS 7 4 2 R RN OZRIE
I@Dfuyl7&®v/x/7b%ﬁ%ttﬁﬁ/7b
Wbt sh,

COEWRICBNT, BEORERIITERE R LT
A—FOfl, FROF ¥ TL—va il hiEESh
b, F9, BHORL L PTU OLEFIZONVWT, A7) —V
D4 DDFIHIT D7 4 ¥ B 7 BEAEOAE 0 F Ml SHUS
ENb. Tk, TOEMMEEEBRRICIVEIESNLHE
FED M O RO EFORAMEIZE Y, RAVST A —
YHEIHINS.

© 2013 Information Processing Society of Japan

4. FE

REBRTIX, BIMAZ ) — 12 & % GHEREE) O Wy 319
BB OWE L LT, BIEICE o> TREEE OB,
BLU, WLFOFRELLTHAMT (ZUTF) OREAHE
ENDEVHRFICEHL, RIEFORMITN, B L,
ZTFOREDEMS L5 )R SOBEPH AL ) —
YOBEHY) (BWSEMELIESR) &, BEa L (5t
LIER) D2 DDFIRGEM 2 L 7 BE FEER 2 1T - 72,

4.1 {ERM3E, LU, BEETE

71 A 5 121%, Point Grey Research Dragonfly™ % fdi
M L, 30[frame/sec] T VGA BEif# % 5 L 7. PTU IZ
%, Directed Perception PTU-D46-17 Z w7z, A 7
1) — >~ (G-Screen Through B, FEi## 97%) O A X1
45cm x 45cm, EEIIH 570g THo7/z. 7uy =741
I2 EPSON 1925W (4000 [lm] XGA f#EEE) % FlV7=. %
B, RIEFTIE, T AT ORI ”éﬁ%%fétbf),
INEBOARPFH SN, FIV N LRHITHETICEE L.
it,PTU@A/%W@X7—U/7%ﬁkLT,Q4t
WOl E R E L7, ZOREICEL U, SE
DEBOIH O G 2 ZEIZ LT, BHlE»SATA
7)) =GN BBUCRARKICHE TS BHICA ) — >
DOFEBERL, D, PTU O 280 #iBHIN* TH
0, 220, HEFRIOHERICE D %) TEEHER 223
g E LCRBTE A &) eI L7, £72, HE
ALFRC X 2 N7 (S K38 7 &I X A Bl OB ok
oo, TREGIEE SRS LORmEG L L, Fik
DO & ) KA+t ¥ (Polhemus FASTRAK™) 2
X % BHIRAHEHAME & A 727647,

42 EB1

B 4elt, BISIFICB U 2 BUIE OB 2RV O
B, B XU, BNEOZ SRR T L7z
421 F—%
4A@ﬁﬁ(mﬁ%¥)7»—?2@’;630@A%
tyvarvEHwe KESMEER, 525 NIEEIC
WT5 IR Y - 7ELT®%ﬁ%ﬁ¢lohméﬂ
oo FV—=T 1k Ry V3 v TR, CL: (A%

RIS —E 2R A ], C2 o [ B BB E 2 52

LA BEOEBRTHW T =2 12BWT, EXESINE D/ D
BEERABS O AE GERHE) 1349 36~71 [deg] (72721, & A
DIEH% O[deg) £ 3 5) ThHY, AHEEORAM GHcE) 1&
% 81~201 [deg/sec] TH > 7-.

5 AR OFEBR T L7z PTU OB EORIGEE X
Thoie.

¥6 o Fe72 L, PHEEEUM I ELSGEIRC X B, b v I AR O
2T N bfTEl’fké& CHEESN (1, M5 2M]).

TORHBOBGEEIC LY, BB RE WAL v oA Lk
e V@Jf’k%ﬁ‘é EERMEREL TV,

, 300 [deg/sec]

1455



BRIEF=Ew G Vol.54 No.4 1450-1461 (Apr. 2013)

8 ERhOBIE DR

Fig. 8 A viewer participating in experiments.
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Fig. 9 Behavior analysis of viewers. (a) time series of gaze di-
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pan angle for PTU control, (c) time series of viewers’
gaze directions, (d) snapshots of meeting participants
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Table 1 Question items for Experiment 1 and the count of an-
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swers from viewers (8 in total). * indicates statistical

significance p < 0.05.
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Table 2 Questionnaire for Experiment 2.
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Q2-2 | ZOMPRHZ 5720 L om0 T L2A?
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Fig. 10 Evaluation results. (a) Q1-1: accuracy of speaker iden-
tification, (b) Q1-2: clarity of speaker identification,
(c) Q2-1: accuracy of addressee identification, (d) Q2-
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Table 3 Tendency of wrong answer on addressee iden-
tification question (Q2-1), in terms of overes-

timate/underestimate of gaze direction.
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dynamic condition 42.9% 57.1%
static condition 37.9% 62.1%

V= VRO A Y = h b HEE N0, FOTH
PO BEMIEH Lz EZ 6N,

KIZ, 10 (c) 1213, 7 Q2-1 OZ I FDREDIEE
RERYT. BIEMTIE 81.5%, ML TIX67.6%%,
BRSEDT L D mWIESAE A /R L, Mann-Whitney @ U
EDORER, WRTHABEAEIRO 5172 (p=0.019 < 0.05).
X 10 (d) 124, 7R Q2-2 »Z I Fo g O BBk IR 3
BLRERERT. BNEHOFEMES DO TIIHNSENL T L
555, THEDWE, MelWAEEIIRES N7
(p=0.12>0.05). DLEORRLY, 27— DL
ZBENC & A REHD, ZUFOREOIEM S I2%F5 L
)BT EDIRBEENIZE N D,

4.3.7 ZUFORTEICH T ZEEDER

ZITFOREORM (Q2-1) IIBIFHIES, BLU, &
oMM E L) FEICATT 4.

T, REHCL D BE B AEHA S N, 2T F
DEEZBDLZENZVDPEVIBIELIY, K3 DLH
2, BEPZTFE#BS> TRIZE LT —AIZ20nT, il
FROFFIA % WA L 72814, B LU, BHOF % 8/
S L 7R A2 E L7, COEHTIZ1 ADFHEE1 A
DOWFE I LTEE L 2T 5 /My 25 mo 7 ) v 7%
gl L7 TR BRI 5 &, 7ok
212, M 3(a) OREICBVNT, A1 B, il
L& Pi LFET) SP3IEE LT TV AEELD, BllIED
P2 #ZF FL LCHE LA TIRL, 72, M/NGEEY
LLIIZOWE, PARZ T FL LCHET A2 L2187,
£3 X0, BIOSERM, BN D ITHBOBKREMN, B
O, SBNTHMOM ST D r — AD S B 05, T DEEIC
(B 2 713 % <, BRI T DHET, TE DEIVNES
VL SRS & D IREEIC X o TR AR D AT EEE 125
N, ZITFFERD &) B—M R EIE 2V &A%
AIIS .

EHICRK 412, FELF L2 FOMERRICIE 728
WEOREOMEN % L5 L7 RE RS, R4 L, Wig
IE S 2558 (P1 & P4) #7128, F720E, 3280 A
Y GEED S ATEADIRIZVAME) IS5E LT 254,
BEMTIE 8 HIBOIEEREZR L2, £ LT, #

ML 20y 708 6 ENMHLT 5. T/, g0 LBy, HEHIOL
FOmME XY, ZUFESr—EIEL RN, Orss) v T
IZIEEEN TV,

© 2013 Information Processing Society of Japan

RIS D IR 26% ~44% &L, FhE»H AT 2 DB
OO N % 2T T & LR - TR L 70 255 A 8L
N5, FFIEEEOBEICW D2 FIEE LT 23546, &1
SMEDIEERITZ 2% L. 2O S 2 EAICK
SR I 236, BRISEMETIE, BI{EO AP SHHET
MZEIEL CFANE 2 LA LwolZx LT, 85T
FKIEICEEEANELTWAZ RS, TOHIZBNT
RFLEORN R MR T E 5.

F72, WIS ET 2558 (P1 L P4) 25, 2 0D
T GEEDSARTHRDOAY) IZ5E L2 84121,
B4t & B SR IEM L 22l 2 R L, AROZITFT
DEAINEST B ANWE, ZIFFE L CEET AHEAA A
b7z,

SO IIREBEDSHILICAIE T A (P2 & P3), FEEDSH
IV B — AL LT, 2 TFOESFRIE, Bhnyskt:
TOEE, BORMCT~8HIREL L) mWEERL7.
N ZTFTFOE#IEV LR VITE, F¥ AL NX)L2)3E L
TAHIEIMAT, &40 T 55 LTI
SRR AN TE, BIEIX L) EMEICZTT2FRET
EL LB L) BN E T 5.

PUEDXHIZZTFREDY A7 2B REFEOR)
B, O, HNERMEOERIPHL NI R, B
PRFEC L MG OIEN R, N AWEE, /3
VEED A =) v R BRI T B L E RS
MBS, FRROERERIE, 33 41 fith2zIhb
DEMTICBIAHERTHLZ EITEES NI,

5. BV ESRORE

RS TlE, RN OSSR 2 FRT 57200 L
WYATLAERBEL. KV AT 00E, \WgeHET 5
A7) — O RER) & LT, AMOTELES) % Hish
MICIIRT 5 L) RBIEORE &L EHEL M ET S, 2
OWIM R A7) — OB & LG EOB) X & OMHTER)F
&), SREOHMN, BLY, BLTFORELMTS
T (Z0TF) OBEMEIMEESND LI RFHELT, #
WEBRIZLY, B AMOG2r) TS, BLY, T
DFAEDIEFES DRIZBWT, KGROZLBEZ "W L 72,

AR LD FEERTHERE L 723 RE 0% HIL, PTU O35~
BIED A —1) ¥ 7R 04 DELETIZBIFLLDTHA.
L7zh o T, Bpb 20— v 7@ EERCzEE, 40
DEBRLIZRLRDERPEONDITHREELD L. Lo T
Bk e A —) v ZREE v CTREEOR R LT %
LR, REMAEERET D HEERE T 52 L5 HD
EE X5,

T/, KL oFERTIE, AR A NORKE A RGEY
5 7208 BN o 2R A AT o 7248, 4, TV bl
FOMPEOMAT 2B H L. FIVNEEHIZ LT, &
MANOEEN L VRSN TRHEIN, BHIZEOEEZ

1458



[EERUIBF S

A=A EE
BT

® 4 ZUFREOHRHM (Q2-1) 2B
IS %R Y)

Vol.54 No.4 1450-1461 (Apr. 2013)

ST B &%

T FOMERRIIE Lz EofE (T

Table 4 Rate of answer on addressee identification question (Q2-1), depending on the

relative position of speaker and addressee; underline indicates right answer.

Speaker Side speaker (P1 and P4)
Addressee position 1st next 2nd next 3rd next
Answered addressee | 1lst next 2nd next 3rd next | 1lst next 2nd next 3rd next | 1st next 2nd next 3rd next
Dynamic condition 83.3% 16.7% 0.0 % 19.2% 61.5% 19.2% 0.0% 14.3% 85.7%
Static condition 25.0% 75.0% 0.0 % 14.8% 63.0% 22.2% 11.1% 44.4% 44.4%
Speaker Middle speaker (P2 and P3)
Addressee position 1st next 2nd next
Answered addressee | 1lst next 2nd next | 1st next 2nd next
Dynamic condition 93.8% 6.3% 0.0% 100.0%
Static condition 70.0% 30.0% 15.4% 84.6%
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