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A novel system is presented for reconstructing multiparty face-to-face conversation scenes
in the real world; its key component is based on highly effective dynamic displays that aug-
ment human head motion. This system aims to display and playback recorded conversations
as if the remote people were taking in front of the viewers. 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 mo-
tions, including head turning, which is typically accompanied with shifts in visual attention.
Our hypothesis is that physically augmented screen movement with image motion can boost
viewers’ understanding of the evolution of others’ visual attention. Experiments suggest that
viewers can more clearly discern the visual focus of attention of meeting participants, and
more accurately identify the addressees.
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MM-Space: Re-creating Multiparty Conversation Space based on
Physically Augmented Head Motion by Dynamic Projection

FESIZ, A ROVE

NENEDSWETIT ) 261, bo & bEANAL 2
2oz —vavolgEThh, HiA, EHROBE
A, hEORECEROEME, 7V —7TOEER
EMEFZEL TfTbi T3, WS, Mz T-
DR EBIT 5720, Hﬁ%fg%_{u@{ﬁﬁﬁ ﬁ)ﬁﬂf#éf nawe
20, LWEELNHEHOZIEZEAR R II 22T —v 3

+ HAEREE (), NTT a2 2=/ —> a VR

NTT Communication Science Labs., NTT Corporation

33

faasa=/r—ya VBRE2ERTZICE, 9, A
DERFED A A Z R WO WTHIRZ D 20080385 5
Ewy Moy L, &Rty — vt oigE RS T

21 zo—flE LT, SHEHBIERLRGEXM L Vo
ESEATEOF, \MEOA 577 av (eg.

THEDFHEIIGE L T b)) PREOME (eg. €
Ja—27, y47a—7r), MNEE (e.g. THELHEIC
HEL TV 22) OHBHEER EDBHIT oD, Bl
1, 2D BEITHES — Vv IWMOBREFEEEDa S 2
Zh—=vay s VAT ANETFHTARL, ARETIRE



BN OGO E %, %@%5?ﬁ%ﬁT%kw
) FIHERE A~ O D A % MFAT

RHERFHIZ B VLTI, ﬁﬁ%ﬁﬂ/lx%v,%%
T, Wt Sk 2IESEERPEbEN T 52
Hexld, BRI 2= —vavBETIE, Zhoh
ESHEERS P IEESNE LI LD, ZORER
SD—HTHB EEZ, ZnE2MorDOTETHIVIE
IR BNENH B EEZ TS, L RIESEERD
HTh, AEFZETIX, SROLRALER) L L TEBE
NHEMRCEHL TS, 20— HEDvEx HT
WE Ay &) R (BIEITEROE R L L
nz) ¢hs. FHCIE, fbFoE=FY 7, AY
DRERE - B DR, REEOMNDFEE & v o 7B
DB 2. NiE, BIRORNRZHEOFIIHEZ S 2
ED D, WMEREDMERIRICIE L 2L (i X)
LT ARBSRBEI NS, X512, EE, HIRD,
T & Vo Y = 2 F v b EELIESHEBHRTDH
%, WL FOHETY = AF vld, F6LENT o
FEEDHMDOY A »TH Y, £, HETFOHELY =~
ATk, FEHECAR, FE- ARE, HERoREL
FTHA v LTHRET 212,
AWFETlE, k9 RIESHEERE GO LD
% SRR LIS TRERR L, W - 222 RT3
W%z, H7200bZ DB\ 20D X 5 I BINITTRE 2%
AT LOFEBEBIET. RO e Y = A
Fr pFEHEE) ERESICER L, AWGERET
B A7) = QYRR 7 EE) & U CUEEHE) & Al
WCRBLT 2 L2 RET 5. AV AT L, KD
NYIRLE A DY T, Mo 7ay =7 5 &
CEHA 7 ) — v R ELE L, SR AN % 5
L, A7V =VIZT7 7 F 2= RSN, 256
FOUEERES) & FH L TA 2 ) —r OREHIE S
%, DAY — QYN 2 EE) & femER o
g & OMFEHIRIC LD, 2E6EE OUHTEREIELY L D BHIE
ICHITTE, ZORE, Sfm5E L Fois LT
LT (RIFLEES), MO, Y = AFvh, X
DS I X o CHIfR I NS 2 E 2T B,
£7:, BUHRAZ Y —v ~OEERE SN NGO
Wik, ERAYOBBEBEOTROYFICESX
NTERIN, BOFEROFEHROBIFRFI NS,
Fric AR, WEESORREHOME L LT,
LA OB R OIEEIMERE S 1, Z DFEH, ZF
FAYDE Y EREICFETE 2 LW IRSIZ LT, B
BEERIC L) ZORYEEZRET 2, hE, 25
DI, BTN DIES EHROLE & HE
ThsbEEZONDD, ARETIE, &R AT LD

34

RINHETH 2 THIA B0 OB LB LT, #
MO IEME R %R & o adE e LTIy |k
T3, £7, AREOS AT LINE, F7 54 s
RET DD, WHINOEREREZFET L2 AT LD
MERRYESR & L TIED I 61 5,

SEHGHEN OPIBRNATERBLE, T A n P h e —
sav D, TLIRE,D EWEh s Ao ot
BICBHT 3, CHoBERIC X B L, ARICIE, B
PHFEOHE 2 NREY OB X1 TRT,, ZDJ
A% SR D DR RE D 2 SUIRIC R S B TR S
LA H 5, ZOMERICEDOE, IEAEA Y —v
L) BEIZIRTH - T, AR UETRES) T B
X CEIIE, BWF IR 2 Y — V2 R & RAT
T, ZOFEH LT EOIERA vy I 7 avE
HHFE, AL ENTES LHIFINS,

F7o, ANHEOBRER, FHCFIHFIcRN 82
WY BEENE G ERBINT LAY, Ttk
Y BLHIE O FOGE BT 2 ARIOBfEL, 2D A
70—V OEEDS X DHBHICEMTE 5 2 LT
IND, ZDXHITARIIEIZ, BEICHTWEE DR
KA azlr—ya ATEHOMRICERTH 5 L DR
oL E, A7) —=VERBOEE LT, NPT
2R RE T 2 A ZRET 20D TH 5.

ARHELLT DO &) IS5, 5 2 i<k BT
FEICH T BARMIEDME DT 2B 5, 5 3 Tl
R AT LOREREFL, 54 fiClE ISR E R T
BRAZICEHE S HilcB VTR T E SBDEEZIBR S,

2. BEMRR

%%@7Vt%ﬁ/xTA%TV7Vk/X/ZT
IEWT, M52 3ERO—>L LT,
uﬁmﬁ%%m%ﬁx , THCEEEDSIAa s i Tn %
g DTV E V) A —HOME?R D 5 .
ZoOMEDEANC X, HirRIicB LT D% ﬁﬂ%
AR 5 T EER E SN B9 Fl2R
BENARIN DT 4 A7 LA Z5EH 4T, %m%k%
DB ICADLETRET 22 AT L1 P, KT 4
A7 VA THENLZEMNT, & 3HSD AP
% WIS O A —HRE IC TR T 5 2 2T 49 3%
ENTWS, 20D &I RZEMNEAEICX->T, ER
EDOFDH D WEYNARE S N, RS 1R O BRI
E¥atEzonTnS, LaL, &iEEDHIERN%E
MlcaMENTEREND LIk, £EAWE—D
DHIFNICD 2 Z L3 TET, L I AYRIOHA
TERDY DI W EWIHIHIfID H 5. AFEORES
AT LT, ZORMNEETEDE Z 5 2I) Ao



D, A7V —vOYHLEENC X 2 EERERIC LY,
I AT B 2 2 5E OB HE 2 BiR$ 2 4Hy»
b, i, BELEHAZ Y —vA0BERELZLA
RO X D, HEks A7 L% LAl 2 AR - [
BEAEL L E2H>TW 5,

¥, NUIG%E CG 7Y /¥ %778 ELT3XK
TCIAR b & CHMEIR - R % 2 & T, A —3
DRJERHRL, L) EOEFEROEBZHET 7 7
0—F23% 2%, L Lids, Blkoficid, A
DOl 222218 F THr IC BT RE 2R K EICIE L T8
53, 3RILT 4 A7 LA HMD % EDFERTF A
AZDHH G A% 2 —FHEOFRIER £ 2> T 3,
AWZETIE, TS T Fa—F L3R D, 2 ZIGH
%> & fth DFRNE % FiAfE S ADRITEREN DO S %15
AL, 202GHIT 272022 — v OYibES) % T
WEEWLIHLORIEZHELIGE L S,

SLIEETIRTFLALE Y 20 Ry b LIRS,
2 —FOEEEIEIC X D XFEAOSMAETREL T 5 1
Ry FBEHZEDTWEY, BOFEEE2 52 505
DRI E SN DD, —H, B L COTRERDZEH
L, 2—=FOMEAMEBERZ U wE W) RIESH
3, £7, EoMAE LT, 7 a4 FoFH
DA ENTL 2, Wbz TRXG®KDA ™ D
SR EIIMEEE s, 2, vRy MiciE, A
DIEZHETH LR T2 TERE L TOWHENEL & 2.
Wz, EZORBP, v Ry F7—AICkBY 2R
F Y BHY, 12— Ot AR LR T4 2 7L
LIk BiEHY (Fux 37 R) OFBY & &R
ALTW5, AWETIE, BRTF4 7 RICk 28 EE
BOWREMEICHEH L, B@EBARGEICE T 25 A
M, RO, FELEN oA RAEOIRRD RS, 27—
VEBOBIHIEIC X 2 FEGEE O RHEEH A RE T
ZRICBOWTHHMEZE T EELD, £, REY
AT LTIE, B E L COFEEEmAMNL, $7,
CG MROAREE - FHAIZHRL, 351220
NHHDIFAEEZ D 5 7200 ND 2 Kotkig% (5
INROIRIBED A T) BHA 7 ) =~ T2 &
W HRE LB,

3. REI SV AT Ln: MM-Space

LICIRE S X T & (MM-Space EWF551) Dbt
BERT*2, £, M2iTiE, Av2A5F2070y 7y

ot MM-Space @ MM (%, Multimodal, Multiparty, Meet-
ing, Motion, Minimalism %% R#3 2.

#2 http://www.brl.ntt.co.jp/people/otsuka/
Interaction2012.html IZTTEL—E—HETE 5.

35

X, X3 II3Z=MELE 2 2 2 un 373, FEBRIC S
2179720 (K 1(c)) T&, &iEAYOHG2H
295 (K2 DA, K 3(a) DELE) *4, &
7o, 2z BT 222 (M 1(a), (b)) T, 26EHE
DELEICHHE T, EEDO T 275, A7) =,
7 Far—48, AC—=AHEESN (K3(b), &
ANDBIEAEBIEIA 7 ) — v ~EH SN, 20
A7) — ¥ DEBD NP O EES & [RIH L CHlfE
N2, i, AEORES 2T L, HEEEE QYR
NHITRZ R O EWGET 2720, 47 74 v Ok
WCEHL L 29I 27 2 Th D, 51, ERER - B
[ AT LANDIIRPFEINT VS,

K4z, A7V—=>, 7uyzr¥, KO, 775
I—YOIMEERT, A7V —iE, BRT VUL
WIS E RS SN DTH S, £, #
OB, THHHHO LCD 7u¥ = 7 % H3Fkid
ENB, HEAZ) =X, ZOFHEIO 77 F 22—
Y-tk hERFIND, o7 7Fa—%—I3,
EHE D OEES) (v LIRS, X, ACERRE
D DEEES (FL F EWER) OB E LR T 5 2
D=y FOMRINS, DI, Tk PTU (%
FLra2=y b)) EMES ZOPTUIREDZAZ Y —
v DEBDEAIHIH S B,

X 2 OMBLECIE, BREEH, TRk, fE
B AR, WREHRERIFIATIND, BRSBTS
T, B SNl D & S NV DOEEADLE L D3
HEESIND, kB, WROLRGMOILDE—> 3
XY 7F X0y EAMATLIIELTES, B
BIBREITIE, AN S RHEBEZREL, AP
RO ADOMEDER SN 2, HIEHE 5 ERT T,
FHHI X L7 NI DS RIS VT, A7 Y=V D
KBNS 2 -0 ORIENE 5 2 EKT 5. WH{REG
BT, A7) = DR EHE) LT, EARDL
WESARE S B 7, AR (X723 RmRERD
i) ICEBRZET. DT, SO 2HH T %,
BEDMBEZEZDFA X 5(a) D& I LiFEERY
5 ANVIDOHEHR ETOBEDAIE, KO, BELESA (EIRE
B2 OFHlfThbi g, ZOfEE LT, STCTracker
BiFv 7L —bavFre—y avahhg) ) L
IEN % ELESZEYNEZ Vv %, STCTracker Tl&, B

\
Pinj

W3- ok NPIRIE 2R L -2 0Bl & LTid, ks 27
LADEEEGIIC L, EWREOBME (KT BNE) %
FE S 2223 2 LI BB S 5, 42, W EoOEH
10D B & 1 AT AR Lo S WIRIE A7 D, R
KOFRE L DHEICRE Lo 3 BRb & 3,

Ty, RANEBICENOA X T, 24 2 EHVIRbYIC, X
W0 o k9 masifie vy L AR TS 2,



1 283 274 (MM-Space) DIHEL (a) WRELEDH D, (b) WHREREARL, (c) TMIKh>aFFy—v
Fig.1 Overview of proposed system. (a)background removal, (b)without

background removal, (c)original meeting scene
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Table 1 Questionnaire for Experiment 2
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