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A Gestural Spatial Interface for 3D Conceptual Modeling

Student : Scottie Chih-Chieh Huang Advisors : Dr. Yu-Tung Liu

Graduate Institute of Architecture
National Chiao Tung University

ABSTRACT

This article presents a gestural spatial interface required by the
development of conceptual modeling for Architecture Designer.
This user interface provides a new structure for solving the
problems of difficult interface operations and complicated
commands due to the application of CAD 2D input device for
controlling 3D envitonment. _The interface integrates the
design thinking actions of “seeing —moving — seeing” while
designers are operating CAD (Schon' &-Wiggins, 1992).  Simple
gestures are used to control the operations instead. The
interface also provides a‘spatial‘positioning method which helps
designers to eliminate the. commands of converting a coordinate
axis.

The study aims to discuss the provision of more intuitively
interactive control through CAD so as to fulfil the needs of
designers. In the implementation, one of the gloves equipped
with two CCD cameras for image capturing is used to sense the
motions of hands and positions in 3D. In addition, circuit
design integrates with mouse, keyboard and another glove is
applied to convert the motions of hands including zoom in /
zoom out, movement and rotating to adjust the viewpoint of 3D
screen in Maya environment.

Keywords
CAD, spatial input device, gesture, conceptual modeling
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1. #&am

1.1 fRE=

1.1.1 BRTEEE ERIRE

BT RENRELFTEENEERABLRE HER Autodesk AT FARHI AutoCAD 8-
B2 - EERERE LR T BN 2D "WE5)A - B 1980 FRLIZK - @Y 2R
LA BHEFTNAR — REMFAERE L © 1990 F£ - 3D BRI MRH - ZEXET
FEFEMH 3ds Max ;& Alias| Wavefront Maya S4B #RESHVER » EAA IR B R
HEHERVAIRERIRE © Frank’O Gehry A 1983 FFE HEERRINALIK 1993 £ TER
BHREEMER > FRAEEEKEENERAERRERLER T MVERERRE -

1.1.2 R E R B R

BE BINEWEIRET (CAD) /I Y B ERERENMmRFLSEBAE - B
MEE IR M E RS AR - BERIR(F CAD Ui AR B8 SRR - BAl
&M EMEE BT LFE L BN R ER I EMRER IR T - &2
HHVRET BN MR — IR R sRZ 21 CAD fEAEERTRI R R ERIK
RERENARN L - A - BRIEEREERIME R RER - BlfE CAD TREER
e LB EME(RRNM BN HIDORENESER AENRES - (ER21RAF CAD
HY AN - 78 BE A FAECHIE ANE I LR — R SR MEERVIR(E -
HRBRERNERLARE - RO RKraBEIHIRER T » T CAD Hw2RHIE
DNMER - WRKBAZER -

1.1.3 E#HBNERET (CAD)RI ARSI TTE

Brenda Laurel EF/\He —EHEEAIZRHE (contact surface) » &G ByEY)IRENRE
B BRI R B - TR RO Computer as Theatre” » BRI E MBI
BT (FRERR S EAERAEA N A RSN CETEE RN ABAE B
B LR R 5 B B R Laurel, 1991)

SutherlandA1963£E 54 kA9 T3 — Sketchpad » 2 R —(EHR M ATLLER 515
A EEBRER LB AN E - 1t Y —RRENB RIS EREGRIEHR
S EROERS R PR BB, - A7 - B REE (Viral Reali) NETORERS » 25t
T B A ME (Human Computer Interface) iRk E £ 275 & EEM AKX TSEAVIR(E -
Wt BB GRAVER RIBE R ER TR ELIFEEIIN A E B (Human Computer
Interaction)B3{& ° IR » MARBZ MM EENHTE - BEXREMESVEREKEN
HR - A BFR BT R PR ERRENRMEE -
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1E » RIRHREERRNERTEINER Y BT NNDE & T REMNRE -
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WFE IR - = M AR A8 RIS EE T BRI AN E A R IR R R B R A TIEIL AR
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Rt » —Leh e 5 FRE Y 72 RRAAAYE » DUE B R ERBRFERL - 20T
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AoER(L » FIZRIRAE 3D IEED 1

® M TENIZEE (Ascension Technology Corporation) : fefitiFXERY 3D EALAIEIN
Bt ZBRSEERREERERRERER
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A Gestural Spatial Interface for 3D Conceptual Modeling MS in Architecture © 2006 by Scottie Chih-Chieh Huang



Chapter T Introduction | 3
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1.5 AR SES
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® o
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1.6 ERIRE
R XREBABORER BUAHERE :

5 ERMRER - REE - IRBE - RERLURRSER -

FF  FAENEHRET(CAD)BER R RIKA LML E NN ERIAERIH T -

F= : BAFBHANEAMEMRET
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2. MHRARER

AEHNRERAENTRGBENBRIS » WL ERABEERN
CAD ANE{ERFIANMR -

2.1 CAD 1938 RAK#S

B A man-machine graphical communication system(Sutherland, 1963)

B FHY CAD R# 2 Sutherland [ 1963 FRIAFTFTHLE + FEAMEFRERRSEN
MIREL HOBRER - IBEEAEIR M BN BN FHEALHIER - IREZM TN FEE R —
IR HH (Boston) il B IE T £2 [ (MIT) ST 2 B2 B 4 — Sutherland » il H AZER LY
FEHEMEANSNES ZBERNTEER  FEBEIITOANRNERNES)
FA ERBEALERAZEN TR PR DRESRIVEALIEER - BB B
ERBERNHT T EENRGK - AR A RANENEE R EERAEZA SN
B E) - ZEBRREBRRRIREET - EEMEEFNEEEETE  BBItR
MAVER - st B AT LIRS ~ B~ IBURERARAY 2D AR 15 - A B ERZIR - Ba AR
REVEI (8 3) - BB ERIR R - BlkFRRL T E0 SR (FRIR Y ATREE -

T T

3 HZAZEH B Sutherland {9 Sketchpad RFRIRIFRIT ~ HFE - REHIBECR -

B Designing solid objects using interactive sketch interpretation (Pugh,
1992)

AEBRLEIR 2D SENMIRRRUR - BEZMARAYR — AR 3 R M EBINE & 3D &
BHES - ERE 3D BERITTH - Redir 2 ARHBEREGBRNVZELUNERE
BT R LB G IE A RIBARAE o David Pugh & RRESMMALE(CMU) BJEHI 22N
£ MR ARRE LREZERAR 3D BENAR - At - 82N 2D SR LNEE
B - KB EH 3D WS - A 3D BHRKRIELEATLIEEBHZK » At » David Pugh 23
FRANHEESFAZERENTEMER—ERREBEBIRA  AEEREERYHN
EEBHAAL - ZRAS A BYREUSAZEBN D ZEBEEME - ZBESE - B
R EERASEVEHEER DERKRAPZILEDHERITAR - REL 3D BERERAEEM
ERPE ) -
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4 David Pugh WEEEB R - BAEADHI/REEVBRE

B Conceptual design and analysis by sketching (Lipson, 1992)
RZHIFRERA 2D EENEEFREPER LRI EN - B2
RZEBBHIERNIEEINGRLANREBERITE IR R RTETRIRN
2D EEAR - MERSTY 3D BENEM  BES TRTE NS NER AT A
HH SR RREE LEEY LR LIRAYATEE - It LIS B T2 (Isracl
Institute of Technology)fy Hod Lipson {EY —{E/3T » 247 2D B B2 3D AUEEHYER2
B FTESRIEHAY 3D R - WRIEH —E A LU R B IER K IERERY 3D ZEERE
B LERM - ZAMEBERAENAE TENREY - RETEHAIEALR LREES -
ZAFAFRM Y iR 2D EE AR 3D Bl 2REAIEDE 5) -

Pencil

Paper
‘il:::_- e\

5 Lipson WESRETRS - BAEADRIE 2D FE@RE 3D AEEE - BENEEMULESR -

B Teddy: A Sketching Interface for 3D Freeform Design (Igarashi, 1999)
& Free-form sketching with variational implicit surfaces (Karpenko,
2002)

B 3D BIRMFERRZHREIZEANEES A - BETARMITAEES
ARG - MARR S EEEENAENMLE - MSESNRRULBENNEES - B
RELERANRNEARREEMEENSABEREERMRMAFRERN - AIeeFHE
FARAIRER - MR B — L EIGEGR CAD RFMRER + BHERBIBRZARFAIR
# - FABERAVER 3D BESEHE CRIB AR © BRI R AR Takeo Igarashi £
—EXIA 3D mERISAREREEVRENE © A B FRREHEEaRmm
1% LIRS RAVERERET - 2% 2D REMALEERE AR —RIER - A E=A
BBV R - AR A LR 2 EREERIUE—RAVETRYE - L ERRB1
BB LEBRAVIE - B8R “ZEAR” FTEI(E ©) ° RIRARBAARE Brown University) ELE
BtH9 Olga Karpenko iR BIRLIRIATFT - FBFBRVEIEMAIRE » IRERFTHE LB B
HEE AR/ E - BRI BNEENRE - RIFE R EDHT
AR RN R IRAITHRE(E 7) ©
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6 Igarashi BUERY Teddy &

7 Igarashi RIFHYHTE S B R4

EREIEGINBET » CAD B4 2D SERIIEALET S 3D MHINES - 72
HTARIMEI A 2D BB EEIDET MOMENHE - BEEMRMERY
& B2 3D BRNEE > B2 E%ﬁ?mm”\_JT@%@ﬁTﬁﬁﬁ&E\ﬁf

2D B9SEE T =E[SH

BN @ﬂﬂaDﬁﬁmggﬁg%%“ﬁﬁhpm%mgﬁwﬁxﬁ ° ZIRH

PNERYIRAE - &%%Makﬂﬁﬁ%-e;ﬁ@% EHR 3D HRHIEEHIAL S - B
h%%@R%&@%%ﬁ%m;f%ﬁﬁ¢M%ﬁi&-g#amﬁmmﬁ%wﬁxﬁ
EXEEERAIR - BE T T e MR BIR GF AT R AR 1 AR
0 (BRISHEIBHIREELBREMA - LAADEE TEIMNEIMATLUR IR 7 8
BN HWIAE B EERREINARER - TE - FIREIAA - 2 BHIHOS
—E RS AU BRI RS -

2.2 HREBRATE

B Designers are two-handed (Gribnau, 1999)

— LT R IR AT E W N AR RS - FIA 2D AR EFRBREISE
BITEMNAI KRR ERA BB AT /RN BRAENRREER Y
W HFARAE N - R E R ARHE A EE (Delft University of Technology)fy Gribnau 12 4 {# A
ANFERFEM R —F - R ZEEMm ARSI N E - IRURTETEER LER
T EREFHURETES - ZBARKEREMBET HRNRELR - fHEAE
LFDRISZEEZER - LERE 3D SEPREEHER - XIS L enizsl - ZH5
B EEFRESNER RO LNBH SR - RERFEEEEART  AJLI&ER
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ERNERBENEBEIE - ZRVAKERMINFAE (G degree of freedom)YIZHITIRE - (EHE
AT BBz R PRV ELL ©

8  Gribnau NEFHERBEE

B Digital Tape Drawing (Buxton, 2000 )

R LRMEF IR ENEREERSEE - B2 Buxon WBRATSHZR -
{to ) B AR R R A & B AR B OB D B BT T AR MO R I8 - B R DS B AN AOAE
MRk o

TEYERZE R » SUSEE A IR SIERRIE ) - TR BB AR E A &
{3 R TR AT B AZE R e U RO TR O - DB L Blh i B )
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double x;
double y;
double z;

FILE *fptr;
fptr=fopen(*c:\\position.txt", “rb");
fread(&x, sizeof(double), 1, fptr);
fread(&y, sizeof(double), 1, fptr);
fread(&z, sizeof(double), 1, fptr);
fclose(fptr);

MGlobal::executeCommand( MString( "sphere -pivot ") + x + " " +y +"" + z + " -radius " + "4" +
" -axis 0 1 0 -heightRatio " + "0" );
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1T Rt R B A AT R B (R - 1220025 K T (e R BRSSO T8
Ty o

$a = ~getAttr timel.outTime™;
if($a==2)
postsl;
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An Apptoach to 3D Conceptual Modeling MS in Architecture © 2006 by Scottie Chih-Chieh Huang



| 53

3 24

Matrox CronosPlus

Ultra low-cost frame grabber for standard analog monochrome or color video

acquisition.

BNe - video Inputo o—

Video InputQ == ;.q
Video Input 1 = MUX -
Video Input 2 =it
Video Inputd ————
Yic
TTL1/Os —=

Video Decoder
and
FCl Interface

DB25

Yy

32-bit/33 MHz Host PCI Bus

Key features

video capture board for PCI form factor
captures from NTSC, PAL, RS—17O and CCIR video sources

connect up to 4 CVBS or 1, Cflnput(sj

trigger input -
7 TTL auxiliary 1/0sl = "l =
32-bit/33MHz PCI-bus master B

available software is sold separatelyand 1ncludes Matrox Imaging Library
(MIL) /ActiveMIL, MIL- the/ActlveMIL Lite
support for MicrosoftR WindowsR 2000 and WindowsR XP

o third-party support for Linux

Acquisition

analog composite (CVBS) or Y/C NTSC/PAL

analog RS—170/CCIR

automatic gain control (AGC)

BGR32 packed, RGB24 packed, YUV422 packed and MONO8 pixel formats
Opto trigger input (sync. to video)

7 TTL auxiliary inputs and outputsl

connect up to 4 CVBS or 1 Y/C

Formatting
® input cropping (ROI capture)

® vertical/horizontal flip
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® arbitrary downscaling to 1/64th of a field

Host interface
® 32-bit/33 MHz PCI bus master
o interrupts for start and end of field, frame and sequence capture

o universal 32-bit card edge connector

Connectors
o 1 BNC connector for composite video input

o DB25 for TTL 1/0s, 4 composite video inputs, Y/C input and trigger

Dimensions and environmental information
® 213.7cmL x 9.1 cmH (5.4" x 3.6")

operating temperature: 0° C to 55° C (32° F to 131° F)
relative humidity: up to 95% (non—condensing)

FCC/CE class B

RoHS—compliant

ERZR : http:/ /www.matrox.com/i
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