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Abstract

Could Digital model take the place of physical model, it had been discussed popularly for a long time.
The relationship between the physical and the virtual begin to be respected with time. Until the concept
of tangible user interface (TUIs) was been proposed, human computer interface (HCI) comes to a new
era. The research analyses and discovers that the previous digital model browsing system mostly lack of
“intuitive interface” and “visual depth”. It attempts to propose a digital model presentation space which

includes intuitive interface and the visual depth.

After analysis and planning, deicing to apply the concept of TUIs to design the intuitive interface and
taking the use of 2D graph recognizing system to recognize the condition of marks. Applying VR CAVE
to achieve the visual depth, and take two cameras to simulate the eyes of human to achieve stereo. The
marks are design to be replace by requirement and could be recognized under the dark environment in
VR CAVE.

After the system finished and tested by ten subjects majored in architecture, we found out that the
subjects all think that the system close to the physical model on intuitive interface and visual depth. But
the digital model was excellent in material mappingsand.environment simulation; it made the subjects
assented that it had potential for taking'the place of the physical:model. The system’s contribution is to
propose a possibility of digital model:browsing system, and makes many possible applications in the

future.

Keywords: human computer interface, tangible user interface, VR CAVE, digital model
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Nielsen (1993) G P HAuffl = [ /7 [ g £ 7 Il 30:
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= **3%] fi 21 (full-screen interface)
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~ Ol /TP (Next-Generation Interface)
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cat reviews.new 5> reviews.olll 1ty a1pel
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2007](fj! 2.1.5) » PPR ARG SE M =45 EI@[?FIHF (55RO P H AR
T i R T SR i ol PSP
SR A SRR TR e R RO 3 -

qal 2.1.5TUl %ﬁ\ﬁ’vﬁﬂfﬁ[{[ (Microsoft, 2007; Apple, 2007)

-07-



Chapter.2 7% ;H[_HH&;I

2.1.3 [l =R

iy~ PR S = 2 ?Jﬁl@\%ﬂ *fiy Norman(1988)fit 1% » il ™| Ik w5~ “F1 [ | Pl
HyE e — %ﬁiﬁmff 1 AL;;F%%”F@‘;E‘/ Eﬁﬁ A (Command Mode)*\/?IL F = F(Third-Person
Interaction) - 53~ *E"“‘F“f;ﬁc[i‘ﬁ’?‘ﬁ =5 %Em@q%ﬁé(‘e(mrect Manipulation Mode) kL ei# =
fis(First-Person Interaction) - — lﬂ&“&]?ﬂ?ﬁi@“ #’[, AT ;{»;J/ BRI (B ;ﬁr}:q} (- i
for ~ BRLER > [ EED LIS EE > S PIEREER @lgﬁél‘ef‘;ﬁ PR EL
SR kLT e TR DIRR RIS L R R R R -
A S ?U}%ﬁﬁl °
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IS R P fi T R ESE=gE [Ullmerl and Ishii, 2001] -

-08-



Chapter.2 v i

physically represented non-graspablerepresentatior

(graspable) digital of digital information
) information (e.g. video projection, sound)
input output
hysical . control  rep- rep-d
e LN physical R
o control == view MMAMAMA
digital y & |
N 7/ digital : '
wicdd model
(@)  interaction model of GUI: (b) interaction model of TUI:
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%Fﬂ%’%%ﬂ¢§%%wﬁ@’§%ﬁﬁéi’%ﬁm—ﬁhﬁwkﬁbﬁﬁo%ﬁ%ﬁw
LT - (Tabletop) =7 547 3D P pla it T‘“'f AUBEspl > fL- 7 [E'ﬁl IRRERES (F} PSR
FORT LIV ]'*‘SEJ*EJE\JﬁEU]}-I(Desktop)—rﬁﬁ  (EE) EJTEI "”"JJF ﬁé[ﬁ%ﬂﬁﬁm FE R s 5
[Maher and Kim, 2006] -
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2.2 - HEIE IR

BT R B RO AR R AR IR AR

W [ A Ll'.laurefﬁlgfuﬁr} e ]| $%§ﬁ&?m = HFEJ%F'iﬁjs
Pl gt = g F”@”J o i T R LRI ORA (o (IR R T R

'Tl

2.2.1 BjHAF

A E B PR - PR o F N R R o VR Iﬁ"*ﬁv&ln fL MR

t fﬂﬁ@euﬁﬁﬁf » DigitalDeskfl~ {lafF#2pv-Ligs[Wellner, 1993] « 557"~ [ E*JEFB?“ > i

RLEEFEYBAC Y (o W RS I T B LY
VI S S T (22.2) -

R
F‘mjector! W Compute_r and image
processing system
Optional digitizing
tablet and pen e e

Electrontc ﬁ
L cumem a

B 2.2.1 DigitalDesk (Wellner, 1993)

F‘J ClearBoard F[RLILs +*~ Fimffi [ 12 )7 3 [Ishii and Kobayashi, 1992] 1% -
LR r&nﬁuf“@fggﬁqqa AU ﬁil_i‘ﬁf[ﬁwk%ﬁgug%!‘ FERLIROR — E 3T %k - fﬁp-[ ,
gm SR B o SR (9 54 AT » P TR ARl e o TR
2 ST R B B SR P 2.2.2) -

video synchronizing
amera  circuits

liquid crystal screen
ﬁ‘?ﬂ' 2.2.2 ClearBoard EIU’;.E#% (Ishii and Kobayashi, 1992)
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Bricks [T pr == f0 2 [ /7 [1(graspable Uls) [Fitzmaurice et al, 1995] - ,ﬁﬁ}lﬁﬂ*‘?ﬂﬁ Bricks
AOTdpk > [P 1 ) El}%%ﬁéjﬂi %?J[#(WZZQ o Bricks i’ I'| i Fg P (R RN ~ BogEd- i
DRV TG B ™ IR g - BT e ~ Ao -

q*aﬂ 2.2.3 Bricks [V Epfpd (Fltzmaurlce et al, 1995)

222 = R

L e e ﬁ%ﬁwﬁﬁﬁﬁwﬁf%'%w3%$wﬁ%%ﬁ%W%ﬂ’@ﬁ%?
TR GEAT =0 o Jriubﬁgrpuﬁr%% i AR SR T R T
+ Tangible Bitiﬁ]’[ﬁ'n Il [Ishii and U!jmer 1QW VAT RIS T T o [Jﬁ#p[
N @%ﬁflfjﬁ@?ﬂ?ﬂﬁiﬁf_%@ﬁi)({‘);ﬁiﬁ“[Fw TF ﬁ%ﬁj\ ’@’fip O %Hfllﬁlﬁmﬁf“ ~ s
P e g e S v R e ‘

ﬁﬁ%ﬁé%WﬁTmﬁﬁhvv~Ffamfﬁwwmmmw R (R Rl el (DI
metaDESK [UlImer and Ishii, 1997]75L transBOARD > I'] = I'| & F' ‘“FJ (Background)yi Jzﬁ{ﬁ.ﬁ%ﬁtﬁﬂ
[y ambientROOM [ Ishii ed all, 1998](&%' 2.2.4) - metaDESK = E,Ii}{—J ﬂ*ﬁa‘,m U= -
IR S o BEOIE [ SEETRE S AT - IR BRI > ¢
EEHFIAFN o PIRIARL - o ﬁgmiwgﬁ’ﬁﬁw > TransBOARD gtfiffe!— flsf = fri i Tt
Z 3t PR SERLAA I ISy A 1 o IR SRR T o st %
F IR = 9=pL hyperCARDs [iu-£H; ;—H Py ey E'—i‘,ﬁci%a B [ E [EIF'
NIRRT i UHFHI%:IE VEYFEIVI - ambirntROOM [IRL e~ {4 Fl1 }Hj@ﬁ*}éﬁﬁ]ﬁrq;ﬁ%
FERS ]l (background) 3. &y~ EEHPAGRE. » [GURLER ~ G~ A5 PREY I OPALET 6

SR B AR )G R RSP o B
Fplp— IR G -
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passiveLENS activeLENS

instrument phicons

q%ﬁ' 2.2.4 metaDESK ~ transBOARD -~ ambientROOM (Ishii and Ullmer, 1997)

[fymdeiaBlocks[Ulimer et al, 1998] » FLLR +'~ W RO (icon) » it [ iy ~ iy e o
TR AT o HiET: [ﬁ Eﬁf > BUILD-IT “J?ELI' KEITTUIpYA=4, 7 K Natural User Interface(NUI)[Fjeld
et al, 1998] « FERGH Y 7)-H(renden) sy I P IF - G IR EIFIN 75— (g g s

-

TR

203 g m AL |1

Ishii [k P 2 | 2 U%lﬂr%fﬁ& A N EEF e Pﬂg‘“ﬁ?ﬁ‘] =5l %ﬁ@tﬂg,ﬂgu FE R
Urp[Underkoffler, Ishii, 1998] - & .f;uf;p__r arelr g o }Hﬂglﬁpﬁf ?,E'v Luminous Table [Ishii et al,
2002] - f%lfﬁgt‘%ﬁg‘rgzg,@ﬂp YRR 2T EMFELALQ(H‘ F”H%'P[ ﬁ;ﬁrji‘r;‘“ 15",&|%?3;H'¢
ﬁﬂp@p;:ﬁg |7y = e R o DA JE”?M AfjaE= -

RG> AR AL TG BTS2 1) SR T A 0% * (3 (et
R ST s o e BT ﬁ“t‘umgﬂwu@ IR BB -
TSP« B RIOREP T o PR R R e

T T

digital simulalion
{video projec

2 “‘f“ﬂ/

drawings physical
aper moceis

qa' 2.2.5 Luminous Table (Underkoffler and Ishii, 1998)
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PSR SIS T A TCube - FIAL SR BB 7H A [E E  SRER i
FYZH3% [Jeng and Lee, 2003; Jeng and Lee, 2003; Lee and Jeng, 2003] « {* fF'EJr?d ELH T %’Tﬁﬁ]ﬁb?ﬁ
B VIE S Y SRBIERET [ SRR L VR SRR R
Ao O TRLAT IR ST i - BERLEYPURRE I o 25 PIf RIE - LR S kL
AT PP S R PSR R RS o
R R H R -

PR PR » % TRRLAIR = Fopo 3D IR - RUASHT a2l sy SRty
] ~PE"FI€J%}UE' . '@?J Sy ﬁlﬁgjm’gmg INEZS qégl’;ﬁ@}g@%fgl_l—ﬁﬂﬁJ%ﬁo E;L%El %{?J LED JIEE[?J;*’;% )
HR 155 3D R - furbi AR H R SRR ETLRS - 1 e
P T 3D RIS - FE e SO G RO - o
=T PRI TR PR A -

2247 ﬂ»’*ﬁ[ﬁ%ﬁd/ﬁ‘.%E'J

CAVE(Cave Automatic Virtual Environment) 2 IR » fil— ZE) R ok g i 2 éﬂéﬁéf‘gr » i1
B e I'%lﬂjr%&%%ﬂ"r@fﬁ'l'[Cruz-Neira et al, 1993] « A= Elﬂ%ﬂl%f PR R
Y= %l'[ﬁ“ﬁ':ﬁf vl SRV R R < A T ﬁ?ﬁ I B
(P 2 S B FPOsRE - S0 - R TRt pu ke [ElkR[Bowman ed al, 2005] - H
= ol [RL A AT R PR SSR - R e~ YFIRE T - L
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S EE KA P [Liu, 2008] o 8 [PBTHLB R A ESE  AG
- EERARE u%ilﬂ PR = FRA é}ﬁ%‘«%g TR ST SRR R
VR CAVE R Erp e =5 P (1 2.2.7) » & 7SCERRYPA | L 5l 1[Liu, 2007] > e ] 5
RO IR 288 Pl PSS SRl SRR 2 O - R ¢ R WO 2.2.8) < [y
74 % MR(mixed reality)7 /[Tamura ed all, 2001] » E'[J}-{fj’b?‘}j I} 1/87 puEEH Y, - Sy,
B BB - N CAVE (I R (1A 2.2.9) - [l == e FUbR O Ipnsiax -

[ 2.2.7 HER T HHBEJFJ (L|u2003)

[ 228 P g e PO T gL 2 (Liu, 2007)

[ 2.2.9 MR 738 L O3 (Tamura et al, 2001)

v CAVE [lIfiufi ™ fi > 5" JRRAOTEAR ~ VI EREERI 91 > <% FF0R] CAVE JHF - [kt &

fei][Shih, 2005] - i“r"‘ 0 H P = S R fé‘ﬁ(q«zﬂ 2.2. 10) > [ BT CAVE [l
ﬂ‘ﬁ%ﬁ* 1> CAVE 1y o fe S bl fr=fi Eaﬁl EUE A=A pfrug:[u» [y 3D Efﬁ,*ﬂ[ﬁl 2.2.11) »
S~ R BEES [ 15 ISR 70 s S CAVE Hl@gwﬁmu%* F[Wu, 2004] - two
- 4 —six[Kulik et al, 2006],2004]E{Jj«c§]1 Bk A P e F I (6- DOF)jf?_LﬁfUﬁ U g(ﬁgﬂ 2.2.12) &
CRISES SRR N S
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qé.ﬂ 2.2.12 two - 4 — six (Kulik et al, 2006)

R TP CAVE T - =IASE ]~ R =it [Kim et al, 2006] = £ felklA™] CAVE
FJ"*‘ Rl Y 0 1) AR T BRI [T 2 (off-the-shelf) i 20 e kb T il o
FRUBFHICH 22.13) o T 302 BULE - HFSIOEE (rops) - ¥ - w;afé(paddlew
WIEh o BT B SEREGEETE)RS - ARTable FLELN 4 q"éﬁ?‘i%ﬁl, I e
[ i?frnlpl(q%ﬂ 2.2.14) [park and woo, 2006] - I'J ' I'} T@z?mﬂ%“ BT ﬁbrgjﬁ%‘éﬁ 1;‘15, G

I

T 2 A u,%srqilgt(storytelllng) Ak e P R I T R pVEER - S
FEER RS, R RVASL -
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[cavEcompumng| 0

A1 2.2.13 AR ikl 2] (Kim et al, 2006)

Camera for augmentation . Virtual Environment

and tracking

-

i, ;
Camera fgr augmentation
and tracking..,

Augmentation
Augmeritation
lisplay

G Partormer

Table

-« (hehind the table)
Projector, camera
ARTable

[ 2.2.14 ARTable i —Fq’ﬁ%’ﬂ‘% (park and woo, 2006)
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BIZ B ARSI AT

3.1 ~ A FRITHT

AP R - RS S R R IS A SR
’yﬁf?swf@[fﬁ [ IS BT B 7 7 ) 2 VR CAVE HIE@W:LF 2 i
FIRERLE ) DRIt | i T

3.1.1 ~ TR E Y EIpvERAT

Ishii(1997) 7 metaDesk [IH35 (11 > = IS IERLE] PR H IO 18 /7 g | U 3
T BB (R |8 4 o o S TR A s El@[?lfﬁp B PoUR IR0 = & 77 Pl e
AR~ [ F 1 PR P 8 (30 E“%E*Jzﬂlﬁﬁﬁ i ’IWEJH V) RS PR
Fm mw@ﬂ MIT fri[wlp@w*ﬁﬁ" zﬁgﬁéﬂH 1 FH“E”‘?E CARE NN Tﬂﬂ‘i‘ *@Wﬁﬂﬁ”ﬁ

Ef?WiF*ixﬂﬁéfﬁiiiﬁ' ﬁ‘&iﬂ?ﬁ Wﬂi‘* ‘&T?”EéE' 4yﬁﬁ%ﬁ§ﬁﬁij Pkﬁﬂiﬁ‘Pﬂ iz
HARR] > BRI PR 5] et B _iinﬁ?.,ﬁfﬁﬁ?%a

metaDESK
b

Q%ﬂ 3.1.1 metaDESK fi Jﬁl[fi,ﬁﬁu SEE U SR (Ishii and Ullmer, 1997)

e RN HE 'ﬁﬁﬂ w i Luminous Table [Ishii et al, 2002] - EI[JfLﬁF;%‘J‘%Hﬁ * if AR HE '11%‘§+le
ﬁj?ﬂﬁ%ﬁaﬁgpj i’srg\l fi J-TEFF o BT 2 BIRLT ﬂglf,?ﬂﬁ;frjt“ﬂ PRI - R ISR F 5% i
GO B e S Sl e el A ,[E,*gﬁ[iﬁjpl g@gﬁg’ R PR puEEE
s Al x’jfﬁ',' RS S R - fﬁf@‘i filie] - ["'j%TE)[%E'(H PUEFPRASLE g2l > g
~ e I:-J«F/\I gyt 2y I’x:g,,?a S ?El]: © TR R o B %f(iﬁﬂ;ﬁ;ﬁfjfﬁ@@ﬁj»%ﬁﬁ puh = o
TR E L ] PSSR o i P AR D) R B SRR (ALY
PGP PR RO 2] - e T TR 1
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[l 3.1.2 Luminous Table ([ EEFfS ][4 ¢ (Ishii et al, 2002)

iCube[Jeng and Lee, 2003; Lee and Jeng, 2003]| {5 L7 ORI 11 278 5 A5( 3.1.4) - it
= ol ORI % 3 P PSR 1 0 RS R SRR ] e
FIRORIE T MRS Er S foloT B Ry ERT > Y- R AL H\ PR AR @T
AT BEEORATEST P R R R (LTGRO

e (T g o m%u@—‘ﬁkﬁﬂ e [iyB= 78I LED 32 ’:ﬁ‘@&ﬂw@
I IE”%F%’TF: it 1R ]+ S I R - BRI (0 YRR
01 ESRLAEE o oo 2 e o éﬂ'ﬁ}“qﬁ R SR B e
?I§~Pﬁﬁﬁj L o F rjﬁr?ﬁ?%@“w" , A QF?:QLET%T:’ 88 P[%‘fﬁ%ﬁjﬂj:h » Bl riﬁr?ﬁ?#\@
R TSR L > IR 44%@@ ,ir, J ,J—Wﬁz‘#‘i’-jw (Ergpik=— 1%‘mﬁ%ﬁj I
F SRl > i fil B L o ‘FL

[ﬁ' 3.1.4 iCube pu= gﬁ’[‘%ﬁiﬁd (Jeng and Lee, 2003)

AT e PR PRI R [P B AR i [Kim et al, 2006; park and woo,

2006] « 32 {47 = BORLBAMYAIV I (Tags) - EETE T G Hlh IO & #7%  FURpRET

B T TR 0 PRI F o AR Y R - i wﬂfﬁ' &

PSR - [P R R SR AR ——————

*?&J«[*Hﬁ P YPRAREL s E PR T B P IU[{«Lﬁ:U ) éfﬁé%@#«ﬁiﬁlﬁ}j P';@%F{’iﬂﬂm&
SR SR AR I
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Projected map

q%ﬁ' 3.1.5 EiF [ PELETH ’?GHLF' =Rl (park and woo, 2006)
3.1.2 - = VR CAVE = Eﬁjﬁl@ﬁﬁ

VR CAVE J~fi0iRh » SERLS"E | R (T BT )ROSR « )
PR b FERERL - RO R I [Tamura ed all, 2001] - BESRFER [t 1) 202
"R AR TR (ALY A7 PR R BRI ) SRR R R AR
[OPRRT e FD IR R S AR ) e I [Yang, 2005] 1 IZE R [Lin, 2006]
4, lﬂgsplgm—s«gffaw EIRLI PR REs (e S T lﬁ&“ﬁf’*gﬁ' [Py o R R - A5
IR S AL o TR R %Zuifi“ ri?ﬂﬁ ﬁﬂff Eﬁﬁﬁi‘ﬂ S TR s il
RIS

[ 3.1.6 VR CAVE fl1 7@t (Yang, 2005; Lin, 2006)

5?“* PP PRI > Ser B L) E | REINH  PDA » SRR 7 A o T
JE] PRI sEE ST 7 IRV - 4 VR CAVE lewiﬁmﬂgl%pubw;
*J[Shlh 2005] » P —%ilﬂ?}’:p[ﬁg” Y'*E@Qf}?fﬁ*ﬁjl B o ‘ﬁiﬁl = ‘ﬁ'i?i"l‘ik“‘Jf—'l , E[E%%'PFI‘J‘J

0 FSEEROHI ) PRS- R HURCR FERFE M RLR P R A R (R T AR -

P[[JEI?5E§T flL o
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Q%‘H 317 [P IERH = B d&= 2 g (Shih, 2005)

IPRARIREF D= POkl RRLEMRYRT IR PR ™ fkla 9h A BB USRI J oS
= (WU, 2004]== Fﬁ%wﬁjh ST+ 3D R SRESL %’%ITF ;a‘?@igugﬁéﬁ[lﬁl;_ ST

‘.ﬁr‘@f]‘/\ VR CAVE [z Ejﬁ%ﬁ?’i {EpLT ﬁf@ﬁ;ﬁ[fﬁjp, , §=]T;;|Eiﬂ?7!q_ij A ngre;r“, £ B
e PR IIORRE A R R RALE P o B A u@ﬁ;ﬁ[eﬁ T
Pl o Ny SRR T BN JIH%;E\EI [144 770 T i ARSI

qg{l 3183D RS SRR I AR B (Wu, 2004)

I (6-DORERFILRLEG + B ARSEET b UE M (90T 3 [Kulik et al, 2006] » P =ik
PR ORGSRy o SR T AR 2 PR (RSRE A SE R  BEIR g bRk 2 Er
[LIT%TF S = RO B [Jﬁ?z"; SN Eﬂﬂj EIERETE [ﬂihrﬁlﬁ@ iﬂJFl SR e Y
P - Ao ,f:?ﬁ;ﬂ FY 2 EOREAE ll’%“ bR SR VRO RIS ALY L
WARAEEERIRLE B[Rl

[fi 3.1.8 3D two - 4 — siX (Kulik et al, 2006)
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3.1.3 ~ Fi i

Chapter.3 -5k 57 a3

$5b E AU P AR o SIS DR IRE S R 1 A VRCAVE FIFS T A o ik
AP R 1 o RRERCES A 311 A 3.1.2

% 3LL R [P A P 4 P e o

=31l fi P TV %
£ it 5 it 5
metaDesk S e R AR — | PR R T ek
Luminous table | [EI£5 1 FRLE] et = CU | BRSBTS A - i
iCube S S RER TR | E R T | TR
ARtable IR T S| SRR PR TR | TR

. 3.1.2 VR CAVE [ 1[0 = B /3 [ g e e g e =ik

il N IR o TRV, 1%
€5 s L) st ¥
FEH PRI R 2 R T, VR CAVE [ fgitly L
R R L [WVRICAVE flin BHERY, g
3D B IR i PR A PEL | VRICAVE (12 #3454y L
VRS | T pIEIE R EECE TR VR CAVE (1t it B

ol R MR B ORSR » JR EERAP T FISES FOE T Rs o
E e FRPRFRI Y »  H  -

i E'I@F?E‘I‘?%E[:

T T A A o
Rl

M P R 4 -
HFAERE] -

T SRR L1 B A

TR 1

) o E I:%E_T;p ﬁ{;?;ﬁﬁ?jl—ﬁfjﬁg@ °
® T B L

o I ) -

[ ]

APz -
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3.2+ F A

L AOSTIETATORER T RRERE CRPRERC I SR > S st
T 7 POECRERE b0 B N A RO, o R B PRSI AR T
TEUIRIERE ™ o PR m g T 580 VR CAVE [l Bnb e 5 ik g FAO g
R o LR P AR AP TR -

3.2.1 > TRl

B AT A PR 2 RIS - TR EORIT - RERHE O T A
B~ 38 DEMROR AL AR S GBI AT - Vs e B E IRV T kLR AR
BURAYEOR RIS - B e et 65T BARREISTE R ol (R RO AR -
[ B B S o T £ TR OSBRI O
Bl R T LR BRE O o ST T R R PSR AR o R A = R
T o R ASEIT IR BEEE ALY o & ARG OIIES - {05~ [l R AR -

iy?mﬂmLﬁH“ﬁh

A
o=y

PHYSICAL

___....—-""";F \

ﬁ?ﬂ' 3.2.2 M HER AR Uit (park, woo, 2006)

[y R 1 o 52 Rl AR LT [P IR SR TV R AT o A B L o 2
P79 v FCE [Lipton, 1982] » = %ﬂfi%HBJfFF[E1§§%§#%P%EUEE%§ ’iﬁﬁaéiﬁiﬁﬁﬁﬂ’ ﬁﬂﬂﬂﬁﬂ%ﬁ LS
5M%W§W?’%Eﬁ@ﬁwﬁﬂﬁﬁﬁﬁﬁﬁ*ﬁ%&*%%%iﬂ@%ﬁ@@@j%%@°
By R SRR [ 2 2 - &5 T VR CAVE E'fffffﬁ‘%%ﬁ%ﬁqéEﬁﬁiﬁl’[ﬁ'&ﬂ%ﬂﬁﬁﬁ?ﬁﬁﬁ
m%ﬁﬁwmm%yﬁpMCME%ﬂ%%iwﬁwﬁ@B%@‘iﬁﬁﬁﬁﬁ\wwﬁmﬁi
P (23D R | EIfJ%F’—‘,[Bowman ed al, 2005] - f}ﬂﬁﬁﬁ;ﬂp@ﬁ@}ﬁﬁﬁ@ﬁ ; mﬁﬁg[ﬁ%;’ﬁj
BRI ”E‘Flﬁf@l’?ﬁzﬁﬁ?w@%l@ > IR VR CAVE 193k [ IR A R o
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Chapter.3 =F7# 75 PFreedflH]

|I \

| |
| i |
| A |

| & ™ |
|

L_EYE R_EYE

§) (n

[f 3.2.1 S AR (Lipton, 1982)

TR PRSI RS R 5 T D OIS
PR PRI AR BIEOREES Pl AR A A el P At [l YRS YR -
PR32l Rt ASL R ity &) B e - QPSRRI A AR U e IR AL IS % 2
]HJ. u[ﬂlgﬂiuff IR - F Eﬂﬁ’y[%\iguﬁf{;] iy HU#EI%E F,E;Lp J%%{j/gkj\ﬁ%_k ;ﬁFIpJ%xL ‘]ja&%f%}:
EHREER B R F IET—{?TUFI FIf 19 ?”WI?‘H = VR CAVE i > Y= < [l | i =24 42
BRI 23]

REAL) T S e 22 ﬁff?*wﬂﬁi .f plﬁl?ﬁlfﬂ@ﬂﬁ"'ﬂ@ﬁ%ﬁ Ak
gmwwgﬂ#ﬁﬁ [ 3.2.3 « ;

L PC_R

PG L

FPROJECTOR_R

PROJECTOR_L MARKERS

Q%ﬂ 3.2.3 +§§ﬁpﬂb+§gmeﬁg@;}

3.2.2~ TFE'F%‘I%&F“L

AR E'W"FE‘%“HJ%T’ = FURLE 1T 9% (The Industrial Technology Research Institute in
Taiwan, ITRI, 2002)5 | F& J”F‘J‘af&“:“ VR CAVE - ﬁ%’ﬁ%} Pkl - f}@’ﬁjﬂfﬁjﬁﬁ%&'(Control Server)
o=k ’F V& E I,F}méﬁ (displayer client) = 55 | I~Jr%ﬁ”ﬁii(PC Clusters) » }ﬁfﬂ: ke E"‘Jf £l 120 "% AUEERY,
ﬁﬁ'ﬁ'ﬁu ’F'}TQE%%FI"T’P‘%’?‘? S R s BRI SRR > ]m3¢fmj~ T g SR T (F‘ °
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q%ﬁ' 3.24VR CAVE EIUEE':U??L (ITRI, 2002)

fi VR CAVE [ (=/FCRI BRLY | £ i K511 » iy TCPIIP gl s B4

F
RS L T ORLBE A R [y SRR
B R TR PR o R SR TR P BRI (0
LRI = PO TR RS R s I Pl

ST R © Tyt s el A

YRR A i (Polarized Filter){&4 fﬁ]— E@ﬁf B HED P B s o R R T

E ProJECTOR_RR i(—[ CoOMPUTER_O1 ]&
iPROJECTOR_RL k—[ COMPUTER_O2 ](—

SCREEMN_R

e e e e T T e T R e T i e s

i PrROJECTOR_MR H COMPUTER_O3 ]G!—

|

: c _07

: @\ SCREEN.M 'PF!OJECTOR_ML k—[ COMPUTER_O4 ](-l--[ i ]
|

IPROJECTOR_LR k—[ COMPUTER_OS ](—

IPROJEC:TOR_LL !(_[ COMPUTER_OG ](—

DisPLAY PROJECTORS CLIENTS SERVER

[ 3.2.5 VR CAVE fu4if§i [l (ITRI, 2002)

FPATE VR CAVE (112 32 ™ b oo o s B LR > (1 S g e
L] T P SRR B R R R %
T o IR TR R RS R TR S T T
T B+ F R DT E I = [ RS AF I 3.2.6 -
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Chapter.3 =5k 55 Fre i

! | PROJECTOR_R I(—[ COMPUTER_R I(—

SCREEM
| PrROJECTOR_L I(_[ COMPUTER_L I(—
| OuTPUT _ _l i et St i i
FOREGROUND BACKGROUND

326 IR
3.2.3 ~ FUPEYHE

o PR IR A I TS e AR PSR RS 2 Sy L B T A
A FRRE O WS- SR o 0y E Pt [Eva and Thomas, 2002] - it
ffe ] S pl Es A= SR %ﬁﬁl > Rl A F "J’?“ﬁrﬂ ;r:g,[ B RLE T fﬁﬁ“ﬁﬁ”
Ll %@'3 TR [ AT R R - JE~ PRSP i 52 b
e R l'ﬁﬁETUﬂ“ | ARtoolkit 1?;3‘?[:“’#[%%1_'* ,;\:_:‘ (i T = lggkﬂ_tgeﬁj;c L
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