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Projecting Displays of Mobile Devices Based on 3D Positions
and Intuitive Manipulation Techniques

MASANORI SUGIMOTO,! KOSUKE MIYAHARA,tt HIROSHI INOUE!
and KoicHI TAMURAf

Mobile devices (cellular phone, PDA, etc.) have so far been personal tools. Due to their
evolution to multi-functionality, however, the devices have begun to be used by multiple peo-
ple in co-located situations. This paper discusses techniques to allow multiple people to share
mobile devices by projecting their displays and to conduct intuitive manipulations on them.
It is possible to project a display of a mobile device in any location and size, when a mobile
device that mounts a projector is available. In today’s technologies, however, it is difficult to
realize a mobile device with a small and lightweight projector that still retains the feature of
mobility. Therefore, we have developed a system to project displays of mobile devices on a
table, in order to track their three-dimensional positions and orientations by using a stereo
camera and an existing LCD projector, both of which are installed onto a ceiling. The pro-
posed system called Hotaru (a firefly, in English) allows users to annotate/rotate a picture
or a document on a projected display by using their fingers. Users can intuitively transfer a
file between multiple devices by making their projected displays overlapped. Evaluations of
Hotaru indicated that the proposed manipulation techniques could support multiple people
in co-located situations in conducting their tasks.
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02 30000000000000D0O0000 LED
Fig.2 Infrared LEDs for position and orientation
identification.

0000000020 ADOBOCMOOOOOOODO
00000000000 ADBOCO 3000000
0000000O0PDAO 300000000000
0000 P = (2p,9p,2) 0000000000PDA
00000BAOD CADOOOOOd = (24, Ya, 24)
0000000000 PDAODOOOOOOOOO
AO00DO0LEDO PDAOOOOOOOOOOOO
000000000000
000000000000000000 ViewPLUS
0 BumblebeeDOOOD 2500000000000
00000000000 1.50000 x1.50000
00000000000000000000 6cm O
0000000000000 500000000000
000000000000000000000000
00000000 1000000000000000
PDAOOOOODO 1000000000 HotaruO
000 PDAODODOOOODOODOODOOO
0oo

3.3 PDAOOOODO

0003200000 PDAO 300000000
0000000000000000000 PDAOO
000000000000000300000000
POOOPDADODOONOOOODODOD OO
POO0OOOOOOO dODODODO0O0 IOOOO
cO00 POOOOOODODODOOO0OO0OOOOOOOO

0 38 HoteruOOD PDAODOOOOOODO
Fig.3 How Hotaru generates a projected display of a
PDA.

000000000 QUoOUOoooooopPbACO
o0oooonooo QUoooooooooo 1Io
o0o0o00oooooooooooPDAOOOOOO
00000 QOO0 pOO0ODOOOOOOdOOO
goooooboooooooooooboooooooon
PDAOOOODOUODOOOOOOOOOOOOOO
gooooobooooooooboooooooDbooboo
gobooooooooboobodooooooobooooa
oo00o 15fps00000000O0000O03.200
oooO00oo0opPDAOODOOOOOOOOOOOO
0o0o0ooooooooOoPDAO 30000000
goboooooooooobocoooooboooooboo
gobOooooooooooooooooooooo
0000000000 Heterue DOOOODO 10000
O000oo0ooo pPDAODOOODOOODOOOOOO
00 PDAOOOOUOOODOODOOOODOOOOOO
pPOAOCOOOOOOOOOOOOOOODOOOOO
gboooooooooboooooooooooog
ggoooooooooooooooobobbOoboooo
3.4 0OOOOOODO
PDAOOOOOOOOOOPDADOOCOOOOOO
OO00O00SONY O AVCee6eSNODO D OO ODO250
gboooooboooobooooocoooo
()PDAOOODODOOOOOOOODOUODOOOODO
gobooobooooooooooooDo
(20000000000 PDADOOOODOO
gbooooooooboooobooonD 40
000000 PDACOODOOOOOOOOOODOOO
gobooodooooooooooooooooa
0000000000 HeterwOOODODOOODOO
00000o0oo0oo0oooooo0ood Canny
000000000000O00O0Y®oooooooo
000 PDAODODODOOODOOO 400000000
ooooooooooooooooooooooooo
gooobooooooobooooooooDbobo
goooooooobooooobooooooonoo



1980 goooooooo

June 2006

04 00000000 (d) 000000 300000 (b)0000O00 400000000

(cy0000DD000D0D00

Fig.4 Extracting a projected display. (a) Three vertices of individual projected

displays are determined. (b) The fourth vertex of each projected display is

estimated. (c) The region of each projected display is recognized.
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Fig.5 Annotation to a projected map.
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Fig.7 File transfer between multiple devices by overlapping. (a) Displays of User
A’s PDA and User B’s PDA are projected. (b) User B moves his PDA so
that its projected display overlaps with that of User A’s PDA. (c) User A
drags a file to the overlapping region of their projected diplays. (d) The file
in User A’s PDA is transferred to User B’s PDA.
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Fig.6 Rotation of a projected display.
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