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Abstract =~ There will be many large displays in common public places, and we
expect that these displays will give users many convenient interactive services,
However, due to the physical size, typical mouse and keyboard are not suitable for
user interactions on large displays, Recently there are many studies investigating
on new interaction techniques and input devices developed for user interactions in
a large display, In this paper, we describe the iTILE framework designed to help
develop the interactive tiled display applications, Then we describe two iTILE
applications using the tape switch interface and the tangible interface with

infrared camera and markers,

3J4/0]: Large Display, High—resolution Display, Tiled Display, User Interaction,

2 A7 daaeled EATdo] adste 71271ed7 3] AFATAY dEoR ofRofHF U

HIEAA A St Z19Y e—mail: pupleshin@gmail, com

o
P E AL A sl 5 743} e—mail: koujilv@gmail com
A2} - e e AEE S Helu|to]dE A E e—mail: jyeonyl6@nate,com
kkk P2} o ket e AFEEE e vgoldE vAE7] e-mail: mind32@nate,com
wBEAR 1 Ak g0l ojst

H
B
FERAIAA  dtfeta HFE S o] dy ¥4 Al W4 e-mail: kpark@dankook. ac kr

487



1. ME
a2dE AL, s

o,
ox,

é
W
=

o
okl

poth

o M
o3
i
T ofl
N
rr o
1
2

&E o &
fu

O wx
[ b
e rsL
&
2
[

%0,
o
= >
i}
KOS
o ol
el
>
2
rlr
o

12 450 =l

gt 7lEdoly
L& o= o 719
Yol Léﬁ}ﬂ F718ke AeR
gagdoels He 2%
Ao muEet HFEE
E'i #% loloﬂ Hlﬁﬂ

i) j
< o >15
o

ox !
olgt
s
&
I
e,
[
_\1

> N mm
wle
T

r
fal
rir
o,

o
o
o
rlu

o o (O

wu rlo
N T
AN

llo T ox

O Rl omleh my o foh oy >
O, 9 oo rlo B dH oX
F()‘l
A=)
2o ox AN

e Y
AN @ Lo
i)

Sl
ke
ot
o 9 ©
og M 1o

A

~
dn
2,
N
'
1o

ful

ooy <
Alm 1'2
o —
e r_‘E_
N
)
ol
= ok
=
fjo
=3
kl
ny

r,
=2
1o
b o3
N
o
to
Y
mrf
”r#o
o =
H1 L
o
u

12 fr

o>* Hu
[>
e
oo @
o o mn
f

152

=,

BTk ofefF ARgASte
dazdol Asget F o
He AUs: Aol

o] AA5d gds g

mﬂ
o o
Ofr
o,
&
S
ﬂ 45
K = ro

hu
Mo 2= o mE 10 gt

M do g o oo ojp O ¢ Ok Hy

o op
[H
u

3}7

ol
— =

Bl rE S o o &N ox Lol
N

Eu il rUE T T oft |o o mw mlo

:L _
o, o
i
A
J;
i
e
<
Mz
2
oy B ‘
i
of ﬂ
i
19 oo oo
o
>
o

LLTJi iEZLEH”J, A

= gYE gagdgol &8
&g BEISL oY 7Hl bk
AE M-S A Ysl= iTILE ZHYYIE 7
Z&s AHYEHE gHIE fArEgol
s APt 2 =RdAe WA U=
AAEE 7189 g§YE fgAZYlE 93t
s Awstil, MEE BHUE fAZgo] =
iTILE of djaf] 7hets] A3}, :LE]L iTILE & A}8-3}9
et "oz AR Y AXNE &E&T AF* 71]%
opARA gidE EdfF)e 28t Ell<>l Eg e
ofm|z] Fojo tfa) Ay,

1o
~
>
o
o
4

11~1

%

I

o

A

oft e

S o

o ° uu 2 roh

9

1

of

}

K e
k=l
o

oo
op
Ho mE |-

W gl
2

R
Cmwow o

0o oo > Hu

i)
H
e

sl e A= oY dasEdels AdE
At BAE HaE g

o gt rr A

71712 74 1A=l Sony AFe] CineAlta 4K SRX—
R220 ZEAF Y FLol= oF 1 JU& A3t HHSH
s fasdols o 100 B AR AVT 7

B T [ I )
aey BYE faddole ofd 79 RAMFEIA

488

ook o mlo X L rlr net 2 ot

+EE7] "ol o A% AnEYOY HEFETL
yEes o wol It

olglgk EAIE d4st] s HUYE taEY ]
e dHasol  AMEEHAEE, Ve ZHdHEES
AHEAE IEEA AdEte WE dEdd F8E R
WAL #Y gaggoldd  SEzzade s
z2Aog 3t ot 1 92 WireGL ¥} Chromium &

e AWEE digtuox FAH HFEHE FEoto
uE gAY AAE Ay 8 wEodl HE
Ady  ZHAdRAo|H2,3].  Equalizer £+ 2A$A9
Zurich  tfgtaolA A FgE  ZFQYAR o] 4
WA gs FRH0RE 4] AN, WireGL I}
Chromium I} e 729 %EIOH Ao o dagt

7P ke §iA AR, 2 dAagdeld HAE At
TEE JHE AFsto] Z47te) FAFE7t A gous
A g3lA gk, GARUDA & ¢1%E9] Deemed T3t o] A]

e ZH9l9]3Z Open Scene Graph(OSG)E 7|Hio &
ofal, AAZOR AR 9E dA-HATHB] Ty
0SG g2 zto]Heje]7l 4 =H GARUDA = FAof
FAEolof = 9EGE 7HAL §ith SAGE & vl=

Agtadetel AAAAS AT ol BE uEYelw
Qaer  TEAE  udest ouxE  zug
YENLS Fo AEYS Ee) Ao magl wso]

Ao 2A g fgAZHolE Adgicie]

ot gUs faggo|et Zo] iy fagH ol
AHEAE QA Ae wol AYE QI Agarawala &
g gagdo] MAe 2 TolA de Hd& F o
A BE 4 Qe &b AHIAE HEFHT]
AREAZE HE ol gste] Y& W, I Y Y mE
EAl= AEo] s& w4loltt, Shahzad Malik et, al &
HE[EAHEE o] g3l AR &vkEel AAAE
Ao 2N AA AZFOlE AT £ e
AL NUACHS)., HAHEE JToz Yo &2

AEdo] A WHol HI, T dF2S 5
Az Wigo] =k o] wf AREA= HA| FHof W
o] &71EE olgs B AXAE FHoH A2d”
olo] Bhg-& g},

l

O it X

3. iTILE =y QUY=3
3.1 iTILE =3 X

iTILE & ot faZdgo] AAgo)A ARgAL9
g HAMo] AYEE 3 Y Y Z2aHe A
AT = 9o, oy o ZRIPS FAo YA
& AEE AAENG, ES, F3o] o g2 PR
A2"EE ALY, ArEE A EHE% 59
A7|7b e 59 ASE st AlaHEe] oA
AE (BYE e, 2 BUHY d4E)E A A

}dz{_l].olg o]}ZLOH T =135 o]E{ XJEoﬂ Ogﬁok% LA
PEL 27|30l BHOR AN T F2E AT

Atk ITILE ZYYae d=9= LIAANA



man gae
HEG AU

mEIW =238
Lo HEEn

e

ayy

e
angs 7| NN

J9 1 iTILE ZE Y3 +=

NEERE, YEHT AHIes Y=$Z9 Winsock2 &
ettt e &YolE AFHoAE 3 AY I#H™
A S A3 0SG ol B e g o] g-gh},

npAE/&Ho]lE AREHER  FAHE  HYS
gAaZgo] AAgoA F2she Zaael s 9,
iTILE & 29 1 o] 2ol AANY upagel &go)lng
RER FAHD utAEH BES A A5 4
g S wolx drof FgEs oMl ES} HAXRZ
Heksle Y= wiyA, HARE &¥olH HFEHZ

Auste B4 AR dasE, By dRe el
dolHE F4Y 4+ YEE dAFE By 3o vme
WA, ofe] Aee mEo] Sue FAd 19g 1Y 4
=S AFE 575 WUA ol o &elolneli

Azko) 227 YESE Bl dwS A, s 39
adY Ade duUss dAdd, nagERE we
WAAE Aeshe MAA ZRAN o TAE,

iTILE 9] B2 Y faZgolr|dte <lgdegs
SEZZ I Lo A Yo|ct, whekA chofel Y FA|9
AT, ZH AP AT A
SE&Z2 o] AT Y AA7L FAAA & 4 gl
o 2ol g A7t 2 e gYs A 9l 7zt
Aol ojd Feo FE dHTA & 4+ gich wetA
ket YGRS AET = e GvrEd dYHA
AY  mEol At o I EZHdYI=
USRI A FFdhe FHSE, YAl dlojE)E AgE A
o WEHE B Thete HI YA deolgEs
£ 9= FHZ WA &, e

dole) g AT 4= e F /HAE BF Agdt
QA dlolg WAL EAoz Y dgolge A7]9
AgtE F2 7] g'Eo] n e MES M AA=

Agol Mgttt SR, ol €A dolert af
$gzzage  EskE gHE  A8Es] R

AAEAgol ojdnt, ks HolE WA HifE A
dlole gre #43ste] ZH Azt Asste FAAY
Ao geiet, of WA YAl dlojg Aol s
AggL  wou, ZHAYI  ATIA g=
dHHAAE st & o ZAVE "k o1& sjEs}]

489

3 ZAYNAL A BURSE 5T 5 UES
sto] Aze ARAH ANEA AT 4 UES Hek

3.3 24t 7 H=22

iTILE A= EA T8 o= (DSM: Distributed
Shared Memory)® doJg FF 7|5 Tt
SoolE AFH ol A 52 TR 5 Y=E g
ojn] W2 AfAEol DSM & AAH Ees YA
Aol A T ZEINY ctolHe o] FHE LA
ATHOL. AT 2 Ao E ATAY dRkst
e A[ARo] opel ZhgE FEje flo]
ZoE R AL F9 HoHE FHAZ
qagtel A5 273, AU A8 2 o
BAF 24 W22 (Lightweight Distributed Shared
7IME FEsH

iTILE 9] ¥& w®g: RFC 3208 o 7|&EHx
Microsoft A7} Winsock2 & &3 a3 A=A =
MEAE mEEsel POMI0IE o THEH s
Hzo BE Lol 34 WEd BN AT
BEE] TP 4R @FFL HeJAE ABAHs)
Wi 3, sdolnt 29 dEed g 234

=~

oo o

-

I il

oM ¥ okl of
o rlr Ho Ho

ohl

=
9]
B8
o
=
=

A4

g oo, Ff dwe] #HeReA TcP AAE F3
Z(Lock)e KA o] FojxH, MY I
HAAZIL oA d2H(Unlock)e 84 o] o,
gEdEe TCP e T e de CERE
LRESS T8 ZE S¥ojHo AFdArt w2t oW
g el sl HFErE HEYEHE ofd HoHE
Agstd 1 g2 He &¥olE HifdHd AdgHd
Ao r wE &YolH AFEHE 22 @ Y+
M =t

4. Ho|Z AQX|E &5 AF* AY
4.1 Hlo|= AX| QIE{H O[A

Hlo] A91AE A go|x mFo R Mg How
o2 QAstel B A8AY UHNE FHT 5 ek 7
297 Az A5 AFwo] Wold OFF Adoltht
AgA7E SehE BEAY sl A% Aao] FoiA
s A3B 4Esel ON 4d B AFF A9
g4 20 AY Eol= A9INF OF sem UAOR
WASIET ATmegal2s & g3l 7 AfiHzRE
Qe wop A FAL olgs HFHA L
At TR AT dol A9AE S1E

HEA ATl AGEHY uR Ed] EL A4

7ol B3 Tl ARl AgAre) ST Wt

71E EYF) Avlef vl éil 9 olFo] 4tk



4.2 EtUE C|A

E0] AF* ALY

'.“//,J-,' .
:Lal 2 Eﬂo]g_ /\_r];(] H

AF* A9 (oF))

29 2 TR THYYDE 4G A el

Hagdold ARA AHHAS Hs) HolL A9
QA S SR AFF LTI AFY wolr)
7PEAACE T Rote FARA E - EUR

% o
B SRR A W 22
steo RS WA 4=

zan WAL WeE ol
o g9, of xRagelE AL dol
9% sofstel, AgA 917 ol gl

B5S fuoldoE

Ts0le

o] FEZEIAF A= ITILE & E3HA FHo=E
MAY HE FH-(E, AEA A et
AARA S AAS FHole e E, R
) Mze Holz AfA Y AAE
de FESY EES U iTILE ok
Agsts BAN 24 w2 E F85le] 2Fog Aol
MAY FE TS ALRT. Z2aHqA AT 29
Mevtd utAEE 29 BE HFEH| ulE] A
Aol =Z WAL, HolZ AAE 8 AHEA
Aol uhet s AARA F HRE FA T HE2E
ol Aot Eol Aol ofydeldE  F7|stH
sows AAstsich YA == FHste Y
T2 Tse A= BHYE fAEYolY &dolH
AFEY dHE &Eeb ofd wE Ei’ﬂ%l%, EE
ATES o83k EoH 3 #7} adstA dAsA ¢
o] A 35 HEZeE 285t 571@ RS
AL 5 A== Ak DPWWE ez $A7F H
Y] SAYE 9A A 3F HEYE SO BHYE
£EH0]¢] Seo|H Zto %ﬂﬂa Rk

{0 o O

rjz LS DR}
o o O o
rlr rleorele e

N o o oo

[

rlr

490

N dEAlE
& ITILE ZHAYIA oz 243 YHFAE
AT Y FEER AdEstq off oA ZAHAY

E3] v glo|Z= A9 ON/OFF &

e mEAA] ARYT AFF ARlINE Holz
AYAREE ASA YIS U wop Aol TAmA
B AL Rep gUs dazdeld ey
AFENN AT, Zo| Aol ofumold REe

=
AgEol B4 E

FlollA T “ﬂEﬂE o3t BE

LZdo]l gdolE AAle| ZAAA e F7I%
AZT. o|2M ITILE EEﬂ%H 7h ookt M2 dE
BAE A deAAFE He 9T = A

5. HMelM 7tm2t BHXS
nsfe= ojofx] 7o

vl A4, e Sl L= diF HasH vt
AAE Aol o4l ﬂﬂ% A Holed ANHY
ot AREAR AEHEA S8 iRt A7 o AW
Foltt. fele Holg H°1W el JEHdS el
oA it whAb A S 283 WAL dEH oA
AlFtste] s ojulA] FolE AU,

QIEHo|AE EEst

5.1 HMelM FIH2tE 0I8% XS

a9 3 o4 Holg 3 o] Holg F EUE
L2EdolE flstd M= A e uhA WA
H4E  QEHo]A¢l WX (NIMPH:New Image
Manipulator, Portably Handled)& 7f&ict o]
Aol Ae Hyd whA| HAoR ofadE AR

pl= It [ ES



Hoj| HoJAE FHARA7|= ubAZE R E o] gtk szt
F%oll AYA szt A=7F . T F9lol= HA
LED 7} Agstol AHeQg WAsiH, utAolA whAE
qolg st ddse wAow el 9iAE
QAT 7 oASE dord WEe A sejeks
Ao WAt wAE wE AR o] QIHFo|A=
sle] WA A7t ATas] @k gl ey A2d
(Lambda Table Tracking System) AZEo]E 0]&5}o]
FIAEE T AAM wAY HEE JAsta, o

o

st Holg B fAA oA A upA st
yFE EUE Lol omAEe g
A (selection), 7] WZ(scaling), 3|&(rotation),
o|F(translation) &9 AREA QEHIMS FHL 5
AEE TEA.

5.2 HIO|S & Dsi¥E o[O|X| RO

s fazdols 7|29 BUE H8 2H A
AR oln g mojFL Seuopolth dA) Alnd

ek skARE @A BEeER ARHe 1T A
LCD RYE 9 FAELE 1280x1024 O.8 tjx€ 7hvato)
Al AAedER AT 5 ok webd diga
L deehs BdE gaEdole] 54 E83 w4
= 7 At
A et AR BdE fagdels 1 B4
3719 BARFEHAN EEHe H gl oWAE
Al Aojstz] 7 of e,

b Hols  ® BYE
iTILE ZFQYas o]gsle] 113
M (28 3
iTILE 9] deg dAxel
st SHA mdg v

dazdels 9
HE ofnq HoiZ
HE ofulq Yot
gaon, yygos
of TaE on|A 2
s e ARt 9o A
@ol, o] $4Z2IYE o2 AY olnlx] it shfe]
o2 Bt A Qe
Qe z2AAE TAYT BUE aZdely
viaE AEEY U ZRAANH 2 olnlxe] o
9X, W NS U Asel 1 @S B T4
el WoiFm o) zaguht eds o
Seoln ARHoIA B4 T4 ojmelo] e skl
5718k ofulx) el gt

2 Azl Waw Y zEAdE  9xE
Aejlo| A2 on| A2 Aol(4E, 27|24, WA, %
sAsy sld AEA ALEdn e o 9
ZEAME thero] ofat off, 4, 27 24 5o
e QEAAS A, ol A Yol 4
(%, 7hilet % Zol= wWshol sgsHE Aoln AHE
Wobd el Aol AP T U=
azdolold A8 AW 2% (Object
Manipulation)& $J3te] 7hletel Qe wep niAg

=

F1). o w3

i=4
0SG
T 3
T

2

FE o

ot

491

uE 5 ok AEE olnlE ok 1 oluAE
Aofshe 212 ZRANE HEA Astel o] A8t
2 A o

o gxqe] et 2 olnlAg o, 4

I Sy

371 245 uraH  AFEIAAM  wdEo foA
AFqzol 24 Tf S olgst HolEH HUE
Hagdo] o He el HrgE AT,

6. ZE I 35 HAHE

=21 X O

iITILE & 849 faZgo] ALY 7RkoA &56h=
AR FEZRIH LS 95t zEgYolt, £
=EoAs TILE 9 EA3 ol &gste] AEE
AHAA QL ol Aol HoH sluzgE EE3t
HAE  EHoAE L8 ST o]
A BT AT}FoR TILE & A2 9" e
Agstel fA SEEZRIWE WEA FL, 2
PHFAEL 7129 dHGAS o d
£ = A s FFole 2 Ayl AR
UHAAE Sgsto] AR A

op

e
o
>
19
-0,
)
)
28
[o

f
1 o
1o
—Hz
AN
ot
i)
lo

=
.

_?L

R
o,
[
o,

I

[1] T. Ni, G, S. Schmidt, O, G. Staadt, M, A,
Livingston, R, Ball, R, May,
High—Resolution Display Technologies, Techniques,
. Proceedings of the IEEE
conference on Virtual Reality, pp. 223-236, 2006,

“A Survey of Large

and Applications”

[2] G, Humphreys, M, Eldridge, I, Buck, G, Stoll, M,
“WireGL: a Scalable Graphics
System for Cluster” , Proceedings of the 28th annual

Everett, P, Hanarahan,

conference on Computer graphics and interactive
techniques, pp, 129-140, 2001,

[3] G. Humphreys, M, Houston, R. Ng, R, Frank, S,
Ahern, P, D, Kirchner, J, T, Klosowski,

a stream—processing

“Chromium:
framework for interactive
Proceedings of the 29th
Computer

interactive techniques, pp, 693-702, 2002,

rendering on clusters”

)

annual conference on graphics and

[4] http://www_ equalizergraphics,com

[5] N, Harish, P, Narayanan, ‘Garuda: A Scalable
Tiled Display Wall Using Commodity PCs” , IEEE
Transactions on Visualization and Computer Graphics,
Vol, 13, Issue 5, pp. 864-877, 2007.

)

[6] B. Jeong, R, Jagodic, L, Renambot, R, Singh, A,
Johnson, J, Leight,
Graphics Streaming for Scalable Adaptive Graphics

“High—Performance Dynamic



Environment” , In Proceedings of IEEE Information
Visualization Workshop, 2005,

[7] A, Agarawala and R, Balakrishnan, “Keepin' it
real: Pusing the Desktop Metaphor with Physics, Piles
and the Pen” | Proceedings of the SIGCHI conference
on Human Factors in computing system, pp.1283-1292
2005,

)

[8] S. Malik, A, Ranjan, R. Balakrishnan,
“Interacting with large displays from a distance with
vision—tracked multi-finger gestural input” ACM

SIGGRAPH 2006 Sketches, Article No, 5, 2006,

)

[9] M. R. Eskicioglu, “A Comprehensive bibliography
of distributed shared memory” , ACM SIGOPS
Operating Systems Review, Vol, 30, Issue 1, pp.71-96,
1996,

[10] T. Speakman, J. Crowcroft, J. Gemmell, D,
Farinacci, S, Lin, D, Leshchiner, M, Luby, T.
Montgomery, L, Rizzo, A, Tweedly, N, Bhaskar, R,
Edmonstone, R. Sumanasekera, L,  Vicisano,
“RFC3208: PGM  Reliable Transport Protocol
Specification” |, RFC Editor, 2001,

492



