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CapX Co-existing Design Capturing Device

Student: Kai-Tzu Lu Advisor: Teng-Wen Chang

Abstract

The Base on the theory of the B.Tschumi and Y.Kalay, this research defines three
elements of the co-existing design that includes virtual/physical space, interactive
behaviours and design activities. By integrating this model with computational
approach, this research proposes a mechanism called CapX to capture the design
experiences during the co-existing design process. The co-existing space
representation and design activities are mapping into three different types of digital
signals and their combination. The digital signals from designer behaviors are
captured by interactive devices and computed within CapX model. The
implementation of CapX is conducted within four stages of experiments. The data
flow as well as system framework are refined based on the experiment result and

analysis.

Keyword: co-existing design, virtual/physical space, interactive behaviors and

design activities, space experience.
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Output device
Head mounted display 5 2 4 4 15
Hemispherical display 5 5 4 5 19
VR Cave 5 2 5 1 13
A PEAFHRN PORFHRME AR (1) 2RI Sliding BIETAE - () B2V

E‘JF“?{I?J » (3) FEHH M JEH“[F”?F]E*J ' (4) K4 ﬁjﬁtgﬁt B o [EET ﬂg“}gg'ﬁ? gﬁg 1
F:‘I‘]’F‘[[ Sy Jslf\_ P ] ﬂﬂ]ﬁL@“fVFlJﬁk FJ’T@F'JFIJ[L[?@% THRAF(S) %ﬁh(p) PTIY(G)
ﬁ'ﬁﬁﬁ'%@(R)Eﬁffﬂ RPN BT H (Head mounted display) - S
<. 3y (Hemispherical display)#! VR Cave E@%’ER};@F? » PEITSEEA B 5 2 SREES SR
VR Cave R #0» £7 1 3y gff > (TR BRAT1 VR Cave At il i e % -
PR PHICE R SR A VR U RS R, o S ER pv}k'sr%l . L45 CapX
Model [ B (F< 7)

Fol ARSI G i

Design activities  [Sliding Capturing 3D
o ) 3D atlas Generate form
Output device \navigation virtual space
Head mounted display | S* P> G- R S°P>G> R P-G P>G
Hemispherical display | S* P> G- R S°P>G> R ' G » G
VR Cave S'P>G" R S'P>G" R P>G P>G
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FITORI R AR BIRERY S 75 o 5 i ;H{IE*JHI P FRE R IR AT A
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(R)? r[ IJ“ = /\r%“ ’ ’Elfla:\‘ﬂl l% 8o

AT SRR S PR T

Design activities  |Sliding Capturing 3D
W navigation virtual space 3D atlas Generate form
Capturing Behaviours S SR PG> R P-G'R
P5 Data glove © ©
Joystick © © ©
SmartNav ©
LCD © © © ©
Web Cam ©
Projector © © © ©
Teleo Board ©
5.2 RO R

B o i By [ CapX R F”Tﬁ}yg TEHIPVIRAS > FIELRIRE (SRR o P PR 4.2 F AT
B3 o SIS () IREER AT AR - Q) TR
e ErRE > QYRR AU R > (4) R A W - o YA R

Xy el SRR
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R ATE I WwJ?ﬁ%rﬁ%ﬁwoﬁﬁﬂﬁﬁT%@waﬁﬁwﬁ
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QJ S ISR B Fﬁ?%@%‘:ﬁl YRR < S5 - R RO o
A o AT i L
FOREGRS A %@r?@}%@%ﬁ FABRROT [p[@sgjﬂ SO P B S
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524 HERGIMEEEXEE

T A TR AL PSR SR S+ 5 R TR -

F|IF=Hi kL Director %]‘Hﬂ%ﬂ [HIZ 10 20 e AR A BV Iy 5 LR
D‘éii?iz‘rg*ﬁf I 2 5 R « R Y e O (R R 1
IER ’lEFJEJd;ﬁgﬁgfiF F“p1¢£”¢~+fﬁ o

: h
; e
» e
+* R LE X8 X3
i) 4
* poeeeees
S i 40
- TN B e
R 62 SRR Sh 0
+ 4 T S G- S
(L X KR 2 L d a e AR LN BN X J
e s e e
LA R &R K J LA 22 A A LR R &
o - - - e <+ - -+
» TSt atate
EE X EX X J I EEE R EX TR TN X
- T P e
ITS L LR LT
e e A A £
-t .
GEG RS bbbl
TR e b
AR A B2 BE R E
+ -

[l 38« REFRER AT A TR U B ) B P A J A R

-47-



5.3 CapX v —.CTJE%’«E?F%

CapXFf Aot 4.3.5 il CapXot fFi& 7 2 ﬁ*ﬂﬁfd“’fﬁl*ﬁt » H F‘j*WHF'JF“ ’
DAL - iy AR o R P“'f Ui (' 32)

Control signal In Control signal Out
' A
Ao
virtual | physical objet A0 virtual space Wirtual / physical objet
Manipulation Manipulation
Wisugl 000 [rTemomes > sliding navigation]* === = > Visual
Haoptic Capiufing space Hoptic
Sound A0 Aflas Sound
Ganarata form

qfaﬁ' 32 : CapX 7 {F

531 FrRE[RE

PRIETCapX AR E | AP IFS - [ B 8 Do 2 A PR VR TR
Ry USRS > SDZRURL I R IET S o g e EFJT?‘* [ Ay I*Fﬁ‘%l TPR[R]
fi o 3D%{F¢L, KO RN 3D H & b;&‘i«fﬁ;’ﬂﬁp@ilﬂ Polg b2 A b }F‘ » TRt
;,Fi,qkfgg » PPRAREEE o BRI SRLER I T O AR 1B SDRUHE S HR
A WS PRI [ - PRI RIS PIE i 2P Pl

ET{TFT Ejﬁlrirﬁ[izﬁll_(ﬁl 39) -

INPUT / Physical AD Environment Manipulate
DEVICE
Creale geometry Search Drraw Edge
Visnal Geometry typa Conneet 1P Ling type Num
Video FPS Cieometry Num Connect time Color Paini position
Video Type CGieometry LIRL Connect username Line Position Poimt Array
Video positien Cipometry texiual Sgmin Collection object Select
Video size Gieometry position Usgrname Ohject Nam Nuim
Video color Transformation " Loading 1 Address path Cicometry
Haptie Translation Sign oul Saving address path Position
i Rotation Lsername Ohject type Hext pokition
Finger Mum Scale " Ohject position
Sensitive Space Arrange
Signal array URL Mum )
Crriemtation Pul positien
Geometry coun Type
Tnitanl Address
Simle Recorder
Waorld MName
Clear File Path

Time

39 : CapX ERIIIET T
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CapX 3D =R i”* ’/f% PRUREL > =21 % RO (HVES [H‘ﬁ‘“é‘w’ﬁ ]
?VFE'FTW’ ”““'“ R [*(ﬁ%‘ 39) - HERR[[*] ﬁf 1) Flﬁ’ﬁkﬁt(lnltlal) LA ]y
R AR R IR - JUF'L?HE—FTE”“ P AT R PR e I > S B
B ‘%’Wﬁ P PR [P RLE R E R [ R F%,Eﬁ% 2) #
= [l (Search) = Lk 5E 2 [l B RSV ] > F DRy BV > R
PR O (s B PR O PRI G B UL P G B LA
pUsE > %ﬁ%fﬁfﬁvgﬁo[u%% R E R B - (3) AR r*f;,'(Space) R i
PIRF £ PorF Rl > AR R o

53.3 #tHe

b EE T ﬁ PEFH = 7% (Recognition system) - =% (Generator) » Bl 4 f# (=
(Manipulatlon) ?I;g“%ﬁ (Check) (q‘%ﬁ' 39) o P E gfa?" FVR BRI f LB AR 7
YPUERF POBEIES BRI T {21 5 137 PERGB < 810 (Select) : SPEFRA I [T
{EU » QU EL AL T PRV e e %ﬂfﬂ‘f g o BT o RIS %'{?Fﬁ[ I
EEEIRERUT™ © PIF A (Edge) « PofF o a0 el o L4 (% 3DYUF (07
Sl e T o RO 5 R 1 OB A
RECEREET =g - PR - P S B RE(Create geometry) @ ¥ G AT RV E T
FLFEUE T[RRI E S B :—’Wﬁﬁﬁﬁiﬁ’ f/['Fﬁ"[’g T B fEEH M ﬁ‘?a‘l[
S BRI+ IR P R AR - R e U R < P
PR [ T R T R FL HE‘Y@TEWJFU’FT’??’ R A e T »‘Tnﬂ
%dr?ﬁ [ =1 ‘f’%ﬁ”%ﬁﬁﬁﬂﬂlﬁf b - TR PR AR R S
- Jff FUPsE T (= [Hi gmﬁ]ﬁé (=TT e ([{REIP2F (Collection object) = = PRI RS
P FEA RSP (0] o (B &(Recorder) : selé& P > 78 > BET -

5.34 ?"%’j"?ﬁl@ﬂfﬁjﬂ

SRR P e E R f‘ﬂiliﬁ%@aﬁ‘ﬁ | RYRUEA (R FEE T R
PSR- o A = AR PR FRES e [ frﬁ‘* Y0 ™ == R
P T R AL RE H' 53 By S g ﬁﬂy} : Jr‘j: f{ ’/fﬁfhzﬁfﬁﬁ
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T P CapX

5T WL B BT URLER I HAE P IRV EL a7 iR (Vision)
HI53 s = OB i R 9 AR S R R L Y fRRGBAIFPS
BT WYL ARG v H R S U 4 R st - (W] bwa@dmmmuwg
H*ﬁ?ﬂ*‘%%iﬂﬁﬁjru P PSSR VR < S RME S ERR g
i o BRSO R - gt s R RGN Sﬁrﬁ QNG
PERIRORE -~ TRy ) Tt oy =S B - Y s e R
R :]Jrﬁﬁiﬁ’%’fﬂlRGBﬁcm o B[iESI(Forming machine); 157 \ofd =i dy
PRAEE (Rl 39) =

535  CapX ¥k @i

Ak 1 P CapXa FFERRIP - a8 W TN FFEEV 8D - SDIRERH] - Py
ﬁ‘é’?ﬁﬁt‘ﬂ[’“‘f 53 ?*li:CapX'g}‘ilS]ﬁfJ@ﬁE?(qa[ 40); fil "] {ﬁi Shutter, Pick, Grasp,
Record &2V = £ o 7l imd % (Vision system) lJﬁ?" m%,}?ﬁ%f {(Input device)# 15l ™ [ /7
[ AR 3D A TEIPUFEL - 3D R[] Hli\[ﬁfrﬁ(?,D grid World)%ﬁr?igﬁbtp@fﬁ
fe o (ESLRBIRTEL £ ik o 2 SRR 7 Pi(User interface system) = i (= /i [
(Operate interface ) ?ﬁ’ Tl B[RS 0 }H}%Hﬁiﬁfuiyﬁb (Control signal)## < fi+
t (Generator) - #5#5 = 5% (Recognition system) » == £l 4 & F2ig['=(Manipulate) - ,{%H It
%%{ﬁ%@aﬂ %r?}:;ggiﬁﬁgl‘quﬁkﬁfu [Higggﬁ; ]E[[El ﬁlﬁrj JF:’””\F”P S o -F?l.
%EEH%ZHIEJ? U Y (Surrounding projector) > b}%ﬂiﬁ%g*%ﬁfﬂﬂ}ﬁwﬁgﬁjgf
Elfjﬁﬁjiméi}%'(Formmg machine) -
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Pick
Grasp
Recqrder m nnnnnnnnnnnnnnnn

Capfuring Behaviors

lser interfzce swstom =ity
User interface syste / Operate system
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: Lienerator E'.'Dlvlrg gaur‘na"\- pasition Projecton

) | \ .......... "
. =

Wan stafus Environment

......... * Epurumugnm 3

. I—Imug,g. .
Vision system VIHE% Recognitionboundond  IpGrd worlg  [HE° * 2 [Munipulate foopeyry ppy| Furroumad
,,,,, bl - oo rEEE "1'_,}.“““ R TR R hston

| 30 virtlal space [Geomefry -

ey position 5
Input dlevice Opadated signal in E x - i I—
..... e o e v e -« Salanvitenment :""'I;!:.I‘IEL:I‘I'\"“”"T

L FRT Farming
.__E maching
Cheok system | | Raparf |,
Control signal in Maniplation é Control signal oul
User interface system = '7/ Operate system
#

B 40 : CapX BRI %A -

5.4 (e

P CapX ModelfivZE! ##hpu J“ITEI%ZHF,EV‘J » (1) Zf]Sliding Jif[éﬁ > (2) &IV A ]
FVIFF - ()R T s*vl*lﬁ RPN BRIV 70l ot (s 5 Vg et
‘“f[P5 Bt =% F5 > LCD > fE5YAS - SRS Teleonpl{ H o CapX &
I A1) o 10 I > MU o TR 7 CapX it (Rl -

Sound |nput

Ve

- S

= Track Carm

FS Data dlove

Camera Sensor | |

Projection

IR sensor

ﬁ‘?ﬂ' 41 : CapX *';ﬁﬁ“l%?f%iiﬁo
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Eis CapX R }’%J? /ﬁélﬁ: IFDFI jﬁHJ?:LEHE [lg[[ 1= ’%'HT]”?LZL R ﬁiﬁ—k lj:f_ﬂj
A R TEGHIURR 0 A % P s0 % R R
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‘*JHI 53 T 2L (A ‘*Jﬁﬁmfgﬁwt Hlpuléaﬂﬂ SRR £ R R

SR U O S S T R
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qgﬁ 42 ﬂﬁmﬁaﬂ%y@%gf@ JOYTOKEY i R =

AT CapX V(= SEIEPS Bt = 22 I') 1o S 45 ) R el £ FEAR - BT R A Y

RIFIF MG BIRERY S 55 = PS BZth = fif] g m i - iﬂw&ﬁ SEAYETY F T
=G RIRRY 2 HEVERNERFIH - PS E‘P*f?,ﬁzp}f’7f SRR SR
FORLRFZEIPNE « B HRL » 425 kL= S ORI 2T - S R AL
LRI IR Iy - £) :é:ﬁmm%f TR S5 A By
(o S LT = T o 4 (B 43)

Right Move

Normal | ZoomIn

Pick [Zoom Out

7

[l 43 © ) PS Bt = 223 L7
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CapXi i f 2 [l TRy 1t =455 iy * FBE(PS Byt =% 154H) - 173?“ U
BE(LCD > :ﬁﬁ FERHROR > SRR RS) W R R (Teleo /1 it fE5y) 1= ﬁn o Ik
PR TP TR e = 2L 2 R == A P o oz 3 1 2 ST GE: 2
(Manipulation) A1 (Recognition) Ry -Fizlsf=rug il » g R ] '*’FF' RIS
T o T M E R R TR RO 2y TR 44) » N FlIET = f[y}éﬂ

B P

| Popatagiove B optek: ...l
S Hﬂlﬂkﬂﬂdﬂnﬂ E JD?'“Ck i
<« o — Virtual space 5 oo
Projector . 5 A
: Recognition |
: Web
oreead g - - measEeasnas

«— Signal C—JFunction v "+ media
[ 44 2 BEAGE (<2 51 ORI -

Hlaciy * GRS 5 PS Rt 3 < SRR TR - (i PO R SRR
P R (Key : L, R, F, B) » [ BRI 2528 (Key :TR » TL) » b (Key :
I, 0)> I'} = Catching Box fiUi& * (Key : G)» $4fF fF F2(Key @ T)==#iIVEE R (Key : C)»
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IPIE » 3t BB RSB 3OV, o SRR o S s
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ﬁET W IR R Teleo /i i < SBRYBG R ISR 5T - Teleo 1 [P lLRUR] ki

HIF T 1ﬁfr*‘ F [ fl (Vector(X, Y, Z))i R s Teleo /1 [P - SRR Bk IS
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User position Space data

Basic function

“Trner Posiniim = wvmriar] - S8 BONT, 00000, 1 W aball =1 e " B T A

(LN I ...'IE
R« e L

[p 46 < TR/ PR T  JRRSRTR I  SBS RCY) » AHIERCGH)

2. WIVIRA

BTV PRI AR i s 9 fﬂ%‘%ﬂ’ﬂ@‘ﬁ/ﬁ RS
RS » T IGIIEIR AR < SR - S R R
RLF A Fsy S (Web cam) %&"JVEEM&&E,H R - e B
(Catching ) [19 77 [o1igdpl » "] ST < (e
BB 78 > ®RIX, Y, 2) Q%FF" " infofto A (B 47) -

3D world

Catching Box

Grid

47 © PR O R 5 B -
3. VR AT

iy b ‘ﬁﬁ‘ﬁ%ﬁ'@ & (3D Atlas)A!& "k(Focus) - 3D Atlasi}lj T EY £
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