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A Face-to-face Collaboration Support System that Optimizes
Direction of Projected Information to Each Stakeholder

MITSUNORI MATSUSHITA,! YOSHINARI SHIRAI,t# TAKESHI OHGURO,:"
MAKoTO IIDA,t YASUAKI KAKEHItt and TAKESHI NAEMURAtt

The goal of our research is to support a cooperative work performed by stakeholders sit-
ting around a table. To support such cooperation, various table-based systems with a shared
electronic display on the tabletop have been developed. These systems, however, suffer the
common problem of not recognizing shared information such as texts and images; a stakeholder
who sits on a certain side of a table-based system can easily read and recognize information
displayed on the tabletop. Others sitting at different sides of the system, though, may find it
difficult to read and recognize the information because the direction is not favorable to them.
To solve the problem, we propose a novel table-based system for supporitng face-to-face col-
laboration. It is capable of displaying personalized information to each required direction on
one horizontal screen, and of capturing stakeholders’ gestures to manipulate the information.
The personalized information is organized by superposing relevant information (e.g., names
of cities) rotated to a suitable position and direction onto information that should be shared
(e.g., a map). This paper describes our research motivation and details of the system. We
have also adopted a decision-making scenario, choosing an adequate place to build a new wind
turbine, to demonstrate how our Lumisight Table system supports discussion. Our user study
evaluates the efficacy of the system.

1. 0oo0oao

gooboooooooooobooboooooooon
TEDDDDDDDDD NTT OOO0OO0OOODOO0OO0O0DOOo0o0O 0000000000000 00000000000
NTT Communication Science Laboratories, NTT Cor- odooooooooooooooooooooooo

poration 0D000000000Y00000000000000
0000000000000

School of Engineering, The University of Tokyo boooodoououooooooooododo
t1+ 000000000000000000 Jo0oboo0o00ooo0obooboboooooobooo
Graduate School of Interdisciplinary Information Stud- 0000000000000 00O0O0O0O0OOoooOon
ies, The University of Tokyo 2)
Y gpooNTTOO0OOODOD0OD0O0OD Dooo~o
Presently with NTT Communications Joodo0o0o0opDoobOoO0o0oOoDooboObOooooao

1603



1604 goooooooo

gooboooobooooobobboobooobooo
gooobooOo0oooobbooobooooogooo
go0oob0ooDo0obOooboooooboobooo
go0oooOoobOoboDoobooobooooboooo
00000 CHIO Computer-Human InteractionO O
CSCW0O Computer Supported Cooperative Work[
0000000000220
goboooobooboboobooo 2b000O
gooboobooboooo
oo l1ogobobooboboooo
goboodboobooobooobooboboobo
000D000000D0000000D00000?0
goo0oobOoooobooobooooooobooo
goo0ooooboooboboooboobobooo
goooooooobooooooobooooo
gooooooooooao
00 200000000000000
gogboobobooboobobbobboboo
gogobobbooboobooboobooboo
gogboobooboobooobooboobobooo
gooboooooboooboboooo
goboo0ooooobooooobbobobboboo
gooooOoobOobDoobooobooooboooo
goobooOo0oboobOooooboooboooo oo
go0oo0ooboOo0ooOoooboobooboobooo
00o000dobOOoobOobooOobooOobooobooo
00o0Do000O00bOOoobOOoobOoboooooo
gbobooooboboobobobobboobooo
00000000000000000000000
0000 “0O0000dorientation problem OO O
gooboobooobobobooboboobooobooo
0000000000000000000000090
gooooDo00obooobooboooooobooo
go0o0o0ooooboooDoOob 200000000
gooooo
000o0bOo0ooOobOo0oooooboooooo
000000000 Lumisight Table® 00000
000000000DO0DOODOLumisight Table O
gbobooooboobuoobuoooobobooo
goboobobOooboobbooobooobooo
goboboooboooboboooboboobooobooo
gooboooobooobooboboooooobooo
go0oobOo0oboboooooboooooobooo
gooo0oboOoooboobooobooboobooo
0o0o0o0doOo0o0ooOobOo0oboobooooobooo
0o0o00Oo0o0obOobDo0obOOooobOOooobo 100

July 2005

gobO20000000000C00000O0DOCOO
gbooooobooooooo

2. 0000

csSCwoOO0OO000O00000000000000
0000000000000000000000000
000000000000000000000000
00000000000000000000 1918190
000000000000000000000000
000000000000000000000000
000000000 0000000
00000000000000000000000
000000000000000000000000
0000000000 00000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooo
0000000000000000000000
00000000000 000000000000
000000000000000000000 Inter-
acTable?? 00O0DOD0® O0OOO0O0ODOOOO
00000000000 D000000000000
000000000000000000000000
PitABoard® O SenseTable'® O InfoTable' OO
00000000000000000000000
000000000000000000000000
0000000000000 00000000000
0000 MediaTable 'Y 0 PDH Table'® 000D
ooooooo
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooo
00000000000000000000000
000000000000 00000000000
000000000000000000000000
00D0000000000000000000000
000000000000000000000000
ooQ
00000000000000010000000 1



Vol. 46 No. 7

000000000000000000000000
00 LiMe Café Table® 00 M 2000000000
00000000000000000 InteracTable 2%
000000 o0mMms3000000000000
0000000000000 0000000000
00000 InfoTable® O MediaTable ') 00O O 40
0000000000000 00000000000
PDH Table'® 0O M OO0OO0O0OOO0OOO
000000000100000000000 1000
000000000000000000000000
000000000000000D00D0000000
000000D00D00D00000000000000
O OIllusion Hole® 00 0000000000000
0000000000000 00000000000
000000000000000000000000
0000000000000 00D00000000n
01000000000

0000000000000 0000000000
000000000000000000000000
000000000D000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000000000
ooQ

3. 000000 00ODO Lumisight Table

Oo0o0oooooooooooooooooog
000000 Lumisight Table 0000000000
00000 Lumisight Table 00000000000
O00o00ooUoO0oOo 6)DboO0oUOoUOO

Lumisight Table 0000000000000 10
0 00 Lumisight Table 0 0000000 Lumisty
00007 0000000000000000000
Lumisty 000000 20000000000000
O0000000000O000OOo0oOoOooOooooo
0000000o0O0oO0o00oooooooooooo
0000000000000 ooOo0O00O00000O0
Lumisty 0000000000000 O0O00O00O00OO
O0o00o0oo0oooooooooooooooo
O00o0o00ooooooooooooooooooo
000000000000 000O0Lumisight Table
0000 Lumisty 00000000000 O0OOO
0000000000000 O0o0oooooooooog
0000000000000 00DO0o0oooooog
O00000000000O000OoOoOoooooooo

goooooooOooooooooooobooo 1605

g
projector

camera

01 00oopoooooo
Fig.1 Overview of Lumisight Table.

Lumisty +55

+25°

Il translucent
J transparent

0 2 Lumisty 0000000005
Fig.2 Optical characteristics of Lumisty film.

03 DOo0OOoOooooa

Fig.3 Hardware appearance.
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Fig.6 Each user’s view. Different screen images are visualized.
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Fig.5 A screen system of Lumisight Table.

0100 100emO00000O0O0O0OooooOoOoOn
odssemboooooooooooooooon
oooooooooooooobooo 2000000
200 Lumisty 00000 O 5000000000
gooooboooooooobo4000040D0D0
0000001100 ANSIOOOOOOODOOOOO

oog2500s8500000000000000O0A0
goooboooooooooooobooboooooo
oobooooobooooobooooboooooo
Lumisty 0O0O0000O000O0O0O0O0O0O0O0OOCO
gooooboooooooooboooooooooon
00000100 LumistyOOOOOO0OOO 2000
oooooooobooobooooooooboooboo 20
gooooboooooooooooooboooob 40
O000O0000000000000200 Lumisty
oooboooooobooooooooobooooo4n
ooooooooooooooooobooooooon
00400000000000000000A0Fresnel
Lens OO0 0000000 O0OOOOCODOODOO
oobooooood

goobooooooooboooooooboooon
ooooobooooooobooboooooooooo
oobooouobobooooocoboooobenDOOO

booobooooobodooobocoboobooooooDo
Lumisight Table 000 O0000000000O0O0O
ooooboooooooobooboooboooooon
goooboboooooooboboooooooooo
O000ooooo200000000Lumisty 000
OO0 «0o0ooooooooooorooooood
goooboboooooooobooboooooboooon
goboooooooboooooooooboooooon
oooooooooboboooooobooboooooo
goooobobooooooobooboooooboooo
gooobooooooooobooobooooooooo
ooooobooooooooooobooooooooon
ooooooo



Vol. 46 No. 7

4. OO00O00DOOOOOOOOOOO0O0o0OO
oo

4.1 0OO00OO0O0O0OO0OCOODOOO

3000000000Lumisight Table DO OO 0O
goooobooooooooooboooooooooo
goooobooooboooooooboobooooobooobo
gobooooboooooboooooooooon

gooboooooooooooooooooooon
goooboboobooooooooooooooooon
goooooobobooooooooooooooo
goooobooooooooboobooooooboooobo
goooboooooooooooocoooooooon
goolioooooboobool1o0ooooooooonon
gooooboooooooooooooooooooo
goooobooooobooooooobooboooooboo
gooboooooooooooooooo 20000
gooooooooooboooooooooooooon
gobooobooooooobooooo

goooooboooooooobooooooooon
goooooooooooooboocooooooon
gl1obooo@oooooocoooooobooboooon
2000000000000 O0000O0O0O0OOOOAO
gooooooilboo0oooo2000000000
goboobooooooooooooooooooooon
goooobooooooooooooooooooo
gooobobooooooooooboooooooo
goboooooooooboooooooood

goboboooooooooooooooooooon
ooooooooooooooooo+“coobobooo
oOoo0oo0”0000000000000000000
goooobooooooooooooooooooo
ocoooOoooOoooooooo«“coboooooao”
ocoooOoooooo«“cooooooOooooooo”
gooooooooooooooboobooooooo
goooobooooooooooooooooooo
oooOooooooo«“coooooooor»oonodg
oo

ooooooo«“cbobooooo»o0o0o “cooo
oo”booooooooooOb0OO0OO0OO0Ob0O00000
goooooboooooooooooooooooo
gooooboooooooooobooobooOooooo
goooooooooooo 20000000000
oo0O0o0oooo0O0ooooOo0oo “co0r’oo00
oooooooooooO «goor'oocooooood
oobooooooooboooobboooboboooono

goooooooOooooooooooobooo

1607

000000000000001000000 200
000000000000000000000000
oooooo
000000000000000000 2000
00000000(1)00000000000000
000(2)00000000000000000000
(3)00000000000000000000(4)0
0000000D00D00D00D0D0004000000
0000D00000000000000000000
0000D00000D000000000000000
000000000000000000000000
000000000000000000000000
()000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000D00000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000
(2)00(1)000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000MO00000
0000000000000000000000 (1)
0000D00000000000000D000000
000D000000D0000000
(3)00(1)000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 (1)000000000000000
00000000000000000000000
000000000000000000000000
0000D0000000D0000000000000
000000000000000000000000
ooo
(40000 (1)000000000000000
000000000000000000000000
000000000000000000000000
0ooo0ooooo



1608

Shared
Spaces

RGB
Camera

Event (Data & Control)

VAN N
( CE ( s i CE )( CE )

Projector

Projector Projector Projector

07 000O0D0OOOOOOOOO
Fig.7 Architecture of the proposed system.
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Fig.9 Procedure for constructing a new wind-power

plant.
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01 00Doooooooo
Table 1 Information used in the wind-turbine

application.
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Fig.10 Basic view of the application. Buttons are
located at the four corners of the screen.
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Fig.11 Images observed from different directions. Loca-
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cated objects is maintained in each image.
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Table 2 Classification of information used in the wind-
turbine application.
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Fig.12 Interaction with palm shading.
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Fig.13 A captured image (left) and its digitized image
(right).
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Fig. 14 Real objects. An identifying marker is attached
to the bottom of each object.
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Fig.15 Results of interaction obtained by placing a real
object in macro mode and micro mode (upper fig-

ure: macro mode, lower figure: micro mode).
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