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Interactive Display System based on Adaptive Image Projection
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to a Deformable Tangible Screen

Yoshihiro Watanabe, Alvaro Cassinelli, Takashi Komuro and Masatoshi Ishikawa*!

Abstract — We propose a variant of the multi-touch display technology that introduces
an original way of manipulating three-dimensional data. The underlying metaphor is
that of a deformable screen that acts as a boundary surface between the real and the
virtual worlds. By doing so, the interface can create the illusion of continuity between
the user’s real space and the virtual three-dimensional space. The developed system pre-
sented here enables this by employing three key technologies: a tangible and deformable
projection screen, a real-time three-dimensional sensing mechanism, and an algorithm
for dynamic compensation for anamorphic projection. This paper introduces the concept
of the deformable tangible workspace, and describes the required technologies for imple-
menting it. Also, several applications developed on a prototype system are detailed and

demonstrated.
Keywords : tangible screen, projection display, three-dimensional sensing, manipula-
tion of virtual data, visualization
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4 Deformable Workspace DiSHBERM

4.1 SERMICHITZREHEIE

AHITIL, Deformable Workspace B R[gEL T 5 E
IR ISFBEEZ R RS, REITRET 52T DA
&, Deformable Workspace OFIRZFIHL, {RiEH)
EOBIENERICHERT 55T x> TV 5.

SERFE LI AT LOLTOATE, 1425
7avicBFBAN—Ty hE30Hz £ LTz, Th
T, REBERBEMOZDDZRAZICBIT B EH
L—1r& LT, 20fps BEMNMEERICEERXS5 2
WHRETH BT LARENTHED [19], FMAEIZZY
THBHLEZONS. FHREEICEL Tt
Te. 7B, RELETRRZEHOE TV T
297 TRELTWS [20].

4.2 kD 3 RTF{TIEEY

an ob/’f{qt is tra;:slated
accor: M i?j[/) hand position.

K7 Deformable Workspace I & % #{kDIEE)

Fig.7 3D translations on the deformable
workspace
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EEOBREOKRFZEN 8 IR, HEOBWVERIL,
RAEZER DK EEAE L TW5. BEREADBRZIROY)
EDRIERRTHS. ORI TEEDIC, EE
ROF R L BEMADORRZERTHEATNS. 2K
DEEMNS, I—HOEOBEIN-> T, MEHBE
LTWVWARTOIHERTES.

X8 3RXTHEEREOKRTF
Fig.8 Demonstration of 3D translations

—F, TDRATDEAYZRET B/z0lc, R
FIRFIVICATENSE EOFE TR ZRHEL, AN
SN U TR 28BS 2 HER EEEZ BN
5. LAL, TOXSHEAEDES, MEOAEL,
B L TV IR T OFEDOMEN—H LRV IENE
C%. BREOEETIE, MWk BHOFNE AL
ETHEMLTVWA L ZRECHESRETIEAS L &
bic, BATHRYMADORNZIES 2 —HOHED
KHENTWVWBLEZLNS. ZTOMODEEENZEE L
T, BT WIgATV—2Z2AWVT, REEYHEZ 2
D= VEHEERTBAMANSEEEE XA 72175
VAT LB S [21). OB TEVAL—Y a3y
MTHhNTVBD, AV AT LTIEAYZ U —2H Rk
THEILEZIEL TS, D), I—FDAA
BEEE OB L Xy FICBEINTED, BiTE
ICBE9 5 ANEEEREN TV,

4.3 RIVFZ YT 3 RITRIE

VTN ER Yy FOBRETIX, ERTESEHEICHE
RhbsLEZONS. FIZE, YHAORERLBEZ
ERHCHES BELVRETH S, INF Ry FROT—
TV kv Toict, ARERTHACERT SBEZ
B2 DRHBH 9, 22, FIZE, RTVU—VDF
HEICET LRWEE D TOEERZITS 2 L, FFEN
ICFRRE E N O BEIZIT S 5E, 1—F DO ANEED
TRICERNETY AV L 3E 5RO ATREMEAE .

rotation & translation are
controlled by a liné segment.

line segment is attached
_with an manipulated object.
T—

X9 Deformable Workspace Ic &k %< )VF X
F 3 KoT#RfE
Fig.9 Multi-touch 3D manipulation on the
deformable workspace

—77, Deformable Workspace (&, BYTZAMADE
HEZMHEI VT Ry FRIDA U ZS 7 g R
THIELHWARETHS. Chick->T, BROMES
FRR U Tz 3 RyTDEds L BB Z RIS 5 T LA ATRET
B3, ZLOEMSZFHTZT LETRETH BB,
CCTRELEEHIERE LT, 2 BT S%H|
A3 2B ZHRHA L. K227 DBEERKZR 9 1R
9. KIRENB LD, BRI IBIELFETIE, ¥
EOEER EBED, 2 DDANHERBSIEINCE-T
HEENZEREZ>TVS. BL, BRI, HBE
MEOHLEEIGERTSEDET S.

g
‘y% pensny
h A o

K10 <LFRvF 3 RTHRFEORTF
Fig.10 Demonstration of multi-touch 3D ma-
nipulation

EEDZ AT ORETFZK 10 IR, KiREN?
£, MFOHFXIISTT, 71—Ky hOLEN
ZIELTVWA T LR TES. &, TOXA7IL
FFEDOHRD 2 XD THLEMAEETH S T L HHER
L7z

4.4 3&%541@5&%@

3D line is W
as the trajectory of the moving finger.

X 11 Deformable Workspace ik % 3 Rito
A OB HiEE
Fig.11 3D freehand drawing on the de-
formable workspace

3 RITZEMND B HAHEEZIC DV THRNS. 3
RITHMEDETV Vi =—AWEL, BEAKV AT
LZISHSTFICBOTHEINTWS. £7, AKHi
T, 3XTOEHBEEBRO S —LL ARHEEITOWVT
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12 3Rt A »OBEEMHEORKT
Fig.12 Demonstration of 3D line drawing
W%, Deformable Workspace TEREIN A Z X
JOMERZR 11 ISRY. KIREhD K51, &
&, T—YOEBLOHBZIERL, 3 XTD B
e UTIABZEMICHE T 2k e Uz,

B 121k, EBEOXRY DRTFEZRATZELEDTHS.
AHRREIX, RIETE TOMREL Ha D, EBEOEXETIE
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THs. LhlL, YUVixEEAEE, HEED
BEZEOBENEMHEEL 2720, 1—TIIHE
WCAEEZERL, RITTHLHNTER. 4B, K18
ORI, BRIEFICE SV TW A8, RIEZ
RITECWMSTEILLTVS. O3 %AIES, 3
RITZE T OB 28T 5 7= D DB E]
EREZLTVWREEZONS.

4.5 BEHHEDER

generated surface  work ar

X 13 Deformable Workspace {C &k % 3 XyTal

DR
Fig.13 Demonstration of 3D Sculpture
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ICDWTihR X%, Deformable Workspace ic & % EHH
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ETFTVTRITOICENTES. HIZIE, AL A%2H
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MOBEL, HEOEREZMT C LT, ElLEIRE
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BA8AD 3 /e ET V) 7 Tld, BHEOREY AT
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ZHRETELHEKTHELHIRETHS 3, 4,5, 6].
BVATLIE, FOLSKBEHEHKIETELLIC, 2
BN DBMTIZH AN, MET r— RNy 7 &R 4

TEHEIENTES. DD, HEOFETRENA%
EFUVITBET, BEBERZRETET LN T
EBLEZONS.
4.6 REMEOMERDA V2SS I9T14TT4R
AV

14 Deformable Workspace IZ 3517 % {484

{RDMHE KR
Fig.14 Display of arbitrary volume slicing
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T BRI DVTIINS. AL T, Th% Volume
Slicing MEER, CDXI A VET T T4 THhDERK
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K= — %%}, FABBEICRELZY AT LA
RENTVS [23, 24

deform the screen move the scree

X 15 MEXROA RS 0T 4 TEROBFE. A
SV ERERERTD, BHEEST
L THEDEERIEIZ LN TES.

Fig.15 Demonstration of volume slicing
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bodylovessketch: 3D sketching for a broader audi-
ence. UIST, pages 59—68, 2009.
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