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Abstract

Freehand sketch is always been using in conceptual design process, its characteristics help
designers alter the contour constantly within short time, designers can derive some visual
feedback from the sketch and then reinterprets the design (Schon & Wiggins 1992). While
drawing in the computer-aided design (CAD) and computer-aided manufacture (CAM)
environment, elements must be identified specifically, positioned and sized precisely and that
can only be used in the later process of design (Gross 1996). In order to break through this
predicament, researchers propose utilizing the pen-based system to sketch in CAD
environment (Gross 1996; Igarashi, Matsuoka & Tanaka 1999; Do 2001; Jung, Gross & Do
2001). On the other hand, designers could generate digital model by modeling, programming
and image deriving in the CAD environment and then fabricate it on a computer numerically
controlled (CNC) machine (Kai & Russell 2005).

With emphasizing the importance of spatial interpretation of freehand sketches, the objective
of this research aims to simplify the inconvenient and complicated operation sequence in the
current CAD environment; developing a system.prototype, Spatial Charcoal, that generates
entity model by a program which translates the spatial.interpretation of the freehand sketch
into a 3D digital model. Designers;draw sketch‘on paper, and then scan it, or draw sketch
directly on the computer pen-based.system: Thisidigital data is spatially interpreted and
generate a digital model, which will then-be fabricated 10 an entity model in RP machine.

The research is mainly consisted of three parts: First, analyzing famous architects’ sketches
mainly builds up a spatial interpretation method of freehand sketch. Second, implementing
system that demonstrates different cases. Third, evaluating user testes.

After designers get familiar with the design process gradually, designers’ operation
experience prompts the feedback on sketching, and then they modify the ways of drawing
lines and darkness to master the entity conceptual models. The significance of the research
provides a convenient conceptual design process, which emphasizes the probability of spatial
interpretation and replaces the past laborious work of modeling digital model. Furthermore,
designers can modify the entity sketchy model by sketching and that strengthens designers’
imagination of three-dimensional physique while sketching.

Keyword: freehand sketch, spatial interpretation, rapid prototyping
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Goel (1995) ;rF,LI Ty “@‘E’[ﬁ%ﬁﬁ ENAEG %ﬁgﬁ%‘ﬁ’g‘?&pw ["’F‘j 1 156, qgﬂﬁ;gu
AL qJF% 1 ﬁaﬁ,\ [JH I 1@7 f' ilgfi;'ﬁgu@m/ MIH@[ F[;.T'l:"l*tjﬂ_&%’*ﬁ%;kj,j [ [Jﬁ%ﬂ

7 o 2I“€?'lﬁ%‘lﬂi rﬁ[i%ﬁ% ‘ﬁj‘%&ﬂlq&[% Fk[[i%af@[ﬁr[ggfggij (RS
B P D R CBTRERE IR e

AE0F g IWEE‘?? R AN A ﬁ%&ﬁjﬁﬁ\%ﬁf Eﬂj‘ﬁiﬁﬁmﬂlﬂuﬁ'

[ 0= A E@ﬂ'H Iﬁ%ﬂ%ﬁfﬂ%ﬁ%‘I‘i‘rﬂlﬁ%ﬁ‘l‘iﬁ?ﬂﬁ ’J‘iﬁﬁiﬁmﬁdmﬁgﬁ (RIS SR
pmur@p A=

2.1.2 =5 T L

R S O] 5T RO T (visual stimulus) 7% %
9 SEERLPAIAR S0 A0 1 0 E PR SR, - e SRTTRRAY 4 9T — SR RIGE - By - 21
I R (interpretation ) SRR [0 RgEE = A W (Smith, 2005) = [Fll -
AT T b URL (P TR AOREER - (I~ B A7 SRR %géan%kﬁ&%kw%w
[ OB *#g',g 2 AR R IR AR RR o 2 TRl S
['%?P“?*P‘ﬁ Jg[ﬁj[ﬂ: >, %’*[ﬂ%ﬁﬂﬁ:ﬁ ,Jgr;@l F g 75 T [l 2 sl (Fraser
and Henmi, 1994 ) -

mIFE[RH (visual thinking) RLA][% (spatial ) A1 %[n|"& (multidimensional ) fiv > =7

@4“%[&!% (verbal thinking ) 4&kLasi® (linear) fv » ek |1 IRAIEEE Ao mp 2 LB Ay

HFE fﬁlﬂ&%ﬂ%?ﬁiﬁ] ( graphic communication) - 7 qﬁlﬁﬁf: ifosEA o - ﬁ“#[q%[[rﬂ%

I Fom FE A 42 = (visual abstraction) - S[LRLKS 17 i sy ; [ﬂ[# %ﬁqg ?le
[P A AR > B9 R (diagram) 55 575% (symbol ) 74 %%I?yiguir S

TP R IR ARG e T IR A R s TRt T B SR Tl
o R AY3EAE (Faruque, 1984) -
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Schon #1 Wiggins (1992) ?“[Ll,%ﬁf; T g —ph—%, (seeing-moving-seeing ) fIVi
M i (seeing) [0 £ wm%ﬁ@fém R IR (visual
mmkmg),zﬂwuﬁﬂifﬂﬁﬁguaxﬁ Arf%ﬂ%FIﬁ%Fﬁ% =R R gﬁ%ﬁq =
FAgpu s AR ”ﬁ?[ﬂ‘ﬁfi‘ PR e IUREE -

S 45— = — B - U PABUEAE (Laseau, 2001)

Laseau (2001) ?,H‘,;@g’,g', %IF[I%W ;%ﬁﬁ L "'TW’?‘/ rﬁF{* ?[%l L o
= IAROEPE o TeadrE R “&IFEJ’EE'E'.HEE J*Di&IF‘Eﬁ'ﬁ SIS - LR B
AT U ﬁﬂﬁ%ﬁﬂwﬁ?ﬁ§W%wﬁ>E STHBUAT A RSP e g
a\é‘gﬁqﬁm//gupﬁ%‘*’ﬂ» ALE{EFJ U R SRR » STIRAY RS S A A [ Vﬁ?ﬂiﬁg SEEPR o
[Re FE - RO \Ef@‘z%?ﬁwﬁﬁ SRS ) 2 D 22 -

=t > £ %@-?F%ﬁﬂfgﬁi ﬁ;ﬁi@phﬁfjﬁl?[plﬁ* ‘( visual feedback ) < fLEf qﬁlﬁlﬂé forfraic
PRI o RSBTETAN-  PTEE R 0 i, (1895 ) #H 1 P IR
FHHFHIT (seeing shapes ) AUZFIGE & BT B R R E TR J%:—,Hﬁ’llf ?lﬁ?% .
F[EJFEEJ, WP (subshapes) - F [ EJFIJ:E‘{FD%EF?: ,ﬁ%ﬁpﬁ‘i L 1 S F“ — e e
PN > PR ~ IR AI qg ‘,ﬁEIUT?\'JV}IJ{/{L_@‘[‘j{“ikﬁi%ﬁ?’ﬁfj[ﬁ[ﬁ/ﬁ D EYS > PR,
HEORREEGORIF, - (D £ bR L4 ;;p q s
%%%Wﬁﬁﬁ%¥W?m’a§%W§ﬁﬂk? SR PR

Suwa 1 Tversky (1996) 3 . ]@F%;;fﬂ PO 1= SO TR 0 L & ?Ff[ T
CHR] TR~ £~ ) o (IR 0 AF 2B I Caast « SLst - P
BERET) o STV E?J;%F%ﬁﬁﬁﬁjpﬁ%ﬁgfﬁggl qﬁl&iﬁ; P bf F'Jﬁ S rjﬂfﬁﬁgrﬁgii
P (PR e 5~ PRI < 9 94 SO A 1 e
FIEAEERRE . » S B A= 0 G 7 SRS 1 T AR (Suw
and Tversky, 1996) -

Suwa &+ (ZOOI)FL« EWE | 35FI0R¢ %’ﬂﬁif‘“?f’lﬁ'ﬁli WA 7 F13 (regrouping part)

0 R D LRGSR 1 P B IR AEE o < R I i RE 2 T

M e s (1) 7 kP BER] B Ul s b~ RS (2) 7 Skl A FTJI"fF » Qi

R L RS (3) R IR ik /R0 Sl

SEED () TR RO o P R R R AT 2 [
2 PO ERY b HRL A S ORI 5 [N SRR RS R
m%.}% T "[ﬁﬁ‘”;%ﬂu IR
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2.2 ?#ﬁifi,ﬁ}']f‘bﬁ%}‘;;{‘ ( Computer-Aided Design, CAD ) Eﬁuﬁﬁ Y= 36rE) qﬁﬁ‘]lﬁ’%E'J

1963 & FEIGAGIR VI AII# Sutherland 11 Sketchpad Pt o - #1/ [UAHAF B
%‘F‘,ﬁ:ﬁ%ﬁ ( computer-aided design, CAD ) Ee;?::z[u » CAD Mﬁi%%igigfllﬁjjﬁjg FIfY

ggﬁ' puZ 3l (performance) = gl £ ][—lfglg,m 1,E{j§1p+ﬂ§~aggil k'bf' pLmfiE
F”@ﬁ -2 (algorithm) > 2.1 " [ JQE}TE’?QL—}F& 15287 (user-defined parametars) - %
S L A5 (machine) - DTS - B A B BRI < FIR
Bt FURHERH SEROHut (representation ) X 5 Fi - K »"rﬁ 7 Y 1% (Mictchell,
1998) = SRyl 2Eep CAD U1 - e 7 ’@L[rqﬁlﬁ//ﬂj.qn }EEI'%P%TW%'B IR
= lﬂﬁgﬁj’fﬁj A AV (R ?&‘:{‘FUF[ Sl ﬂ[[—%ﬁﬁﬁj{ ‘Jj%‘:‘-]-_r.lﬁ—k fm IE[FI Ii%
v TS (Goel, 1995; Gross, 1996 ) - Gross ff1'™ [n [—{%ﬁi’,éﬁﬁr'ﬁ%ﬁgﬂﬁaﬁ%ﬁ
H(EVE SRR 5 kL) "@?ﬁ‘“‘ﬁ}'&%ﬁi@%ﬁf«%‘fﬁ%ij E I%Jg&pgﬁ;{a Rt
o UER ORI ) AR B
PP T (P FAE i 2 (Gross, 1996) -

Won (2001) hf%ﬂrﬂﬁ %drﬁE“F%HHEI“ et CRAIRP et At (=5
Bl B AR Jfﬁr&':ﬁfﬂ*nﬁ“ﬁ * ffl lﬁhﬁﬁ%ﬁ?@i%ﬁ%A 'Jg”;ﬂﬁﬁ VEETIH IE B
IR sw R ol % R PEJ%EH%A Franay gl Hiﬁ**ﬁ%?‘f 55,7\ (shading )
FYRY (e fﬁl?\ﬁﬁ%’aﬁE'lJElT"ﬁElE"fJE?F o (TR G A TR T ijﬁfﬂﬁp B BRATEREEL S - Lim
(2003) }HF%EH%[E[“ = SN &gﬁlﬂu fhﬁ'i?“ ( Electronic Cocktail Napkin, ECN) 3%/
FEpEfA R Wﬂ“ o IR |20 A e il i S
FI B st 1S o o5 S IOt 1 IR - PO R R RIS
A QEIR SRR B RIS - R U“Pﬁﬁ'@mj
PR % -

B The Electronic Cocktail Napkin (Gross, 1996) and The Right Tool at the Right Time
(Do, 1996)
H v R B O - AR R e R R )

( pen-based system ) ElfJﬁE“ AU T e qaﬂ > The Electronic Cocktail Napkin fH=T=" /i
o R 4B 7 R R RO RO T 5 I A
7’?1"?@[[%\&[ J;EEETFJ» R ﬁj‘@?[qﬁﬂﬂ VISUHF T 5B - The Right Tool at the Right Time
F|¥'| The Electronic Cocktail Napkin fi/RUE 58 555 'HEI%’P—?Z]EKJ%@W%%’ [ e %—’%J
STt » Y s AP T TS T RS R MR T B i

=T [ ™ B BRI AR -
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Browing Board SKelchbook (4): page 5 M Browing Board T ErEwrew— 1

A

Isomatric Projection Degres

. TTOEPOB®OO

How

L BTEEODOS0

| —
q%‘ﬂ 6 The Right Tool at the Right Time 5%

B Teddy (lgarashi, Matsuoka & Tanaka, 1999)

Teddy fidt!i— = 7675 QEM [ %F%%?{Fl‘ Il Eéi“?‘l‘éiiﬁif’ﬂr%?ﬂ“.ﬁlEl%ﬁ%@fﬂ S
o TS PRI B R ROP AR - SRR ST LS LS SR
i AR AR R > B R E T R 2 AL
SO B T SR » RO R SRR BT e B (R ] b
ds o R ]g’[fjl'r;fEliijjﬁ: Ep}‘ﬁ‘ym[" N —‘"J%-‘” . 3""@*L'@Wﬁf 153 () S ]%}‘;;[-JHFIJ I
(S PORER 155 Eplﬁggsﬁy%mgl;gla;m 4 @F?;;;Jrﬁrm\ [FIJEIUE"’J@:%J-JI/& IR (T Sdr o

OGO

e mzn
a) initial state b) input stroke. <) result of creation  d) rotated view
A= { =

B Flatland (lgarashi, et al. 2000)

Flatland 3T fofiy * gt — [Tl BE2 o [N U3 M 45 T AT
Bt Ay o - @ *E“%T’E%F‘”&?‘iﬁ}%%ﬁﬁ'[f”éj}kﬁi%%ﬁfﬁﬁﬁﬁﬁ o SRR E S IR
20 ARSI RY o Flatland [ ® ALY FT R AT, (strokes) o R
_P:"fﬁ“ = gy ;;ﬁﬁﬁg@ggaj il = g@,gejﬁ%g ) [F'Jﬁﬁ«" | HRVSTET R [ -
E[IJ’J‘{»‘%[JE'JEIﬁﬁlsz’jz};h‘iﬁéﬂﬂ? J@Eﬂ‘[\gﬁﬁv » Flatland {555 ?&,’U (dynamic
segmenting ) AT S5 [fIFY 7 £L (behaviors) BNV < T [RIf 5 B ﬁlﬁf,‘l’?%?ﬁﬁﬂ% i
B~ i*‘ﬂﬁ?ﬁ'a"xé?%“, FEL s ]’ﬁ’éxé?q%‘ﬂ =Ry~ T Jﬁ%?éﬁﬁ%ﬁ[ = ELAIEEET T R o fRIF=T ]9t > Flatland
?'%ﬁﬁéﬁgj (BRI AR R P TRe »
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LS |
'. :gll-lsll i ﬁm £123 a} Mdmganaw street b) Erasarlgaslraet
aCSCWw + 45 o
N . 768 /\Q/ﬁ‘:ﬂ A/ ¢A‘,“[“'
T;'\sg (,.)_ @ ?E»{h a) Beautification b) Prediction -
a) Creation b) Cutting

q\?ﬁ' 8 Flatland #5#%

B Sketch-based interaction within virtual environments (Bimber, Encarnacao and
Stork, 2000)
Bimber =+ '-Fh[gi*a“ AETEN qaﬂ (] S RS Eﬁmﬁiw (human-computer interface ) 1 i?,_['[ﬁf
fe =" ARy, =7k (table-like projection system ) iﬂ%éﬁﬁﬁ&?“ E'f‘gﬁ‘]‘iﬁfﬁ'?ﬂf’“@%w’%’é
”f'F‘ ( 3D-sketch language ) ™ ,&I@ﬁmjﬁ'%&ﬁl@f T po ?E‘f[ﬂﬁr at ?ﬂf @[ﬁ[[%gnﬂ
I?be[ Frilley ﬁ[gﬁum A’r“’?f s - E*“gk FEr- &ﬁgl%’jj\%ﬂit VU Y - [
I#[Eilmér 1k Jp J)HE[EIMEJ[JWZ’\@E‘# ?ﬂ,}?ﬂq o

!!!i%““;%3<X5

Y e
reay N =
o] [T

q%{ﬂg Bimber =7+ (2000) #E%fY 3D-sketch language

B VR sketchpad (Do, 2001)
VR sketchpad fLET o * U - 1 E OB B 3D ot %?rrgu?ﬁﬁ SEEH
S @Hﬂ@%wW?wmsSDw%ﬁz“‘%ﬁﬁwﬁﬁwﬂﬂ@ﬁ:
SR BLASAISEA SIS RAOMRBESS 1 S8 R (1 PR 1|0 S L) 5
S 2 QA T [ 1 e o B

E -

WeQLEBOD@O0

WRITEFL conang
contect? [GONTEXT SHAPES... |

ﬁ%ﬂ 10 VR sketchpad
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B Space Pen (Jung, Gross and Do, 2001)

Space Pen $H# ffiH | H Ej%"gﬂ'ﬁi'ﬁ%iﬁﬂl%% .’*?étﬁjéﬁlfL @ﬁgﬁl IJF (N T (e
(collaborative work system) - Eﬁglr[,?ij #’ﬁjﬁuﬁlp' ?{F Eﬁmlgqﬁf}?é‘,fﬁ SR FEH@
&gﬂ%ﬁ?ﬁu .—:%ﬁ-prjﬂ ) @F' HFEH *‘TAE Jgi?‘ T A j%g Jﬁ'ﬁq l—]‘p:tpﬁi A =
B OB ] SO % R I SR ﬁ%ﬁww@
(walkthroughs) deJﬂ»

q‘aﬂ 11 Space Pen &5

B FreeDrawer ( Wesche and Seidel, 2001)
FreeDrawer fl.— [’[ﬁ'*&rﬁﬁgﬁ*ﬁf[lgfﬁrﬁgglpIﬁ//?inf i %ﬁsﬁ@ﬂ SR 3 ﬁ
YR AL uﬁ‘fﬂéﬂ‘pﬁ'@ﬁ@fﬂﬁ%ﬂﬁ *ﬁﬂﬁnn&«a R 5 (P ) IR
| SHEY uﬂ%qﬁ@fg.’;?rgﬂip; A 1f‘ EE RO EIJ?H U PN )
B~ FEED ~ P ~ DEAIETF] o FreeDrawer AV 5 = RIELE “@ﬁ%ﬁ‘ JEJ%ﬁL?{ il
SR YT (3D) @q*aw'%%lﬁl & TR -

q‘%ﬁl 12 FreeDrawer

B Sketchand+ (Seichter, 2003)
Sketchand+¢q%1[?ijﬁ?+§ﬁﬁﬁ (augmented reality ) f lJﬁf]ﬂfLHlﬁ?f*“”’ (R f =5
2 ﬁ"?}ﬁ" :rgxb:“ﬂ Jjﬂ?‘rgﬁﬁ?ﬁﬁf “ﬂi}& ARToolKit }EE“‘VEW'%‘E'BLJ%I%FF (marker) » Zk
ijclgFF.Q Elrﬁ o :t[5FFFIJH[‘ (e A 35 ==215] VA OB xﬁﬁiﬁﬁ—ﬁﬁﬁ glrﬁ’%“ T TR
'@rﬁ' : P'*Eﬁ i BLJ;‘#F%E? P I ] R H ) ' P B A
ij ik E[y‘ﬁ:‘clgﬁf I—E N3 iaie ﬁ'jﬂ
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ﬁ%ﬁ' 13 Ske’rchamd+-mﬂC

I 3D Reconstruction of Polyhedron (Guena and Untersteller, 2006)

Guena #[1 Untersteller $:1 s 7| = |3 Ho5 S5= R [l 2+ % L['E‘?*"*’FQ?'J R F A
7 AutoCAD i J%Li?‘iﬂi TR SR R R N o AR ARG 2
PRBTRIAEAG o RS RG Cpe [ PLASASI B AE GEUE AT | [ IR st o T Bt SR s
a St QW% 1ﬂ%ﬁ4w%[ﬁ*;%w#?£ﬁw%‘ﬁ*—ﬁ%%u2
wr@waﬂ BT T A 4@ww%m’@“ itV g o
I SHERBLIEAS 1 st RIS B B 0 SR L

B 14 Guena = BRI SN I ¢ o ST

Il Front (2006)

FRONT(2006)F]"'] %7 | Y51 2 il it e SR (R Ii%dr
i TR HPH ¢$F ﬁweriﬁW+ﬁ$ﬁyﬁfﬁﬁwwk @4?%;
*o @I’%ﬁf 7R R E | U PRI AR T R P TR A AR

( computer numerical control, CNC ) ﬁ?“'éfﬁﬂﬁiﬂ FIF] 1 1%&‘5{[@& "%ﬁ[ﬁé =
OSELA TR~ (9= S5t » ST PO AL R Wk“WﬁkiJwﬁﬂ
bt O

qg\ 15 FRONT E@Qﬁ%ﬁg 7 %ﬁa;_ FF[H| CNC ﬁtlm?ﬁ’?d(zoos)
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2.3 ’?&ﬁ%ﬁ]i’ﬁfﬂlﬁ ( Computer-Aided Manufacture, CAM )

2.3.1 CAD/ICAM T i 5 Hiujes |

SR ST WS T L UL 2 Rt o B AR RIOMARS R
R L R AR () R AR A - rﬁ%@r@mﬂtﬁ it
LR follen 7y FORGES - WHBRRBRT AR o 2t = IWRe © 1 H R A 1 ‘UE*"
BT » SRV T 7 (PR PP TRy — RpORDR] - PRI e R el 'E R o 2.7
EJ?&‘#@*@HIE@J%E“ﬁﬁF' [ MEETIRS A= A it 5 T E BRI L
-3 [i%”‘#%_;i % ”"?QLHF' IR IH[SE,FQ u%ﬁﬁ*jﬂ ﬁ]:%?\}fk@lplpﬂi 10 y?*FAHFU
ii_}{ﬁ’ié?‘ié@H‘}EIUEIFE‘@%’—V’JEIUE{M‘% ( Janke, 1968) -

1990 F Frank Gehry Ff| F iI'] CAD/ICAM g%ﬁs_%r%?rpﬁﬂ%g ﬁ@H& FIE N7 ?E‘F[J“ 5k T
ﬁfﬂmﬁﬁf =% %ﬁ?{g F[L“J CAD/CAM | J}“ﬂtﬁmiﬁﬁ‘ﬁﬁ'ﬁﬂﬁiﬁﬁ%?ﬂ pud ==
ffgﬁ o gefb QJIH (dlgltal fabrication ) Ff/% FSFJ B F%@ﬁhﬁﬂa[p Jv‘ﬂ[f?""’ﬁ] 1E3 (Ej[;“
ﬁl?ﬁ 1% (visual characteristics ) ) ﬂ@{lﬁ*ﬁﬂi;[%F AR ﬁ - CAD/CAM j@ir‘?g»—r 3
AEVHHI™ (mass-customization ) [IUf= )L o LT F A ZERY L | uf} IRE > BT gl A ey
PRHTRERORY KRR o R~ ARV /2= (Sliwka, 2004) -

CAM pugytt = 2! EIJ?ﬁ’J'ﬂ‘ E‘@L{*’" 3+ (2D fabrication ) i%&?iigﬂ“ﬁii ( subtractive
fabrication) -~ Jmiil F+ (additive fabrication.) 7] 15%7 §J el (formatlve fabrication )
e T Il ﬁifq_[i CRE PR BT AR YT El?ﬁ* TS 2 R
HET U= E R AT I b e yrﬁﬁggﬁﬁg%ua VR FURPRIfro-— gﬁ%ﬁﬁ P T RIfE
tigiiﬁﬁ [*% Fiz'ﬁ‘};”%ﬁ'[ﬁ@ﬁg'fﬁl B ok ”%"Jiﬁii IVRUCELRLE 26l e B pu PR
- {é_HI/ FEIE NELY JFE‘ o H T "%‘J = l’“iﬁ[ +Tﬁ;Hj\_,ﬁ JLLZZL‘E\/QQ Sk R 7‘i?{%‘\F§EISJ}E]J<jBJ
*%ﬁi"ﬂﬂﬁkﬂl EEFRIE RS (Kolarewc 2001) -

Bt (PR RHE S ol (PR B O 0 RS, - SRR ) R
U2 pAFIYs Y F[ 1 CAM i PR B e UL L PRI (Lim, 2004) = TRt I

W e N e R
(B9} ajfglpﬂ‘ﬁ;%" [328e- (parameters ) [ JI?E’,“ i 1 iﬁjﬁiﬁf”ﬁ JFE'FIJH T/ s JEIE*JF,L:\ESJI%‘%
3 EJ[JﬂEt’fﬁU?%E@%’, (animation ) F‘U%%% 171 (key-frame) (Gao, 2004) -

S (R ﬁ"%ﬁgff@%ﬁ? 1t Gehry gt e
ffi"1" 3D scanner}[‘éj’ 7 PIASSSASLE R [ o CNC PN BHE R 5 llﬁ/’ﬁﬁ'p ﬁngH;H
A iy IFIFSHSE S 577 ] CAD/ICAM tm“ <Dngutal Gehry ) iy A Jﬁm%ﬁ@ﬁ
SEiTA - Greg Lynn fFog SEHEAR FILF( | RPHHE RT3 fap e o Jpwrw

AleppoZone [[ffi "] RP%?%%HE’J%U%* 27 rif?ﬁglﬁﬁ%%ﬁ% wg’lfjﬁa’?] (F - CAD/CAM E{fjigﬂja’sf
R T SR ) ST R
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Hd RSy T“J {17 CAD/CAM /" | H 537 ?ﬂ@rﬁ?ﬁg;@% iﬁ?{%iﬁ’lfﬁ@f“‘%f%ﬁ
HEh = gl["#%%ﬁ ugigumg (Lim, 2006) -

\\1}-_ 4

16 7 R AU B AR AT S B YR (Lim, 2006)

SR FETRATIZERLSE (CAM) 7 RSBl B o (RO 1B PR Eifsg
(CAM) - E,'J}f‘”ﬂx‘p‘ﬁﬁtl',ﬁﬁﬁﬁf = rhLEt—- % (homogeneous ) FYFTH| - lﬁfr%i"é B
i 1 SRR AR R P [ a1 > [l et frfé EES Eﬁaﬁizﬁfﬁ NN ] F'{
g’?ﬂ?ﬂﬁ%ﬁﬁ*npaﬁ@f, ﬁ/?ﬂﬁk};rﬁ%‘n (craft) fiuP<# (challenge) - lﬂﬁj‘dff CHEL{ £ G
FUFER o SRt ST, ﬂ [T PpE o T T R rlL %@i%:;;[ I (Harrop, 2004 ) -

2.3.2 CAD/CAM i T+ [fil s Fposr]

Schnabel #I Kwan (2004 ) I'| 35557 kaﬁj[m;ﬁm - ﬁﬁ%ﬁ4?§r§’rgﬁiﬁ%ﬁﬁ\%lﬁlﬂ Jfi
’Ei%?rxpﬁg PERE Y~ (P F{JN | IDR A AR A R
&iéwﬁ PR » [V s IR e DEIVARER TR B L SO - AEREE oo o A

F IR s %4 5 (rapid prototyping, RP i vabiait fefeiss] » 525 i 1) S gt
FJ*“* w”FHY"%Wﬁ[Fﬂfwﬁﬁff%ﬁﬁ$ﬁﬁmﬁﬂ*BQAMaf o = g5
& m@fpﬁa JIQ%EEI l[#‘j@iﬂl =T [f' L Jﬁa%piu ) ﬁ’{:x[ﬁﬁ fﬁJF‘@ﬁ%ﬁi@ ,J\F%?ﬁﬁ
T Ao (representatlon) [ poT% 5% o

Lyon (2006) #di+ 5 ?“gﬁf%@’ﬁlfJ%“%i@% : DFM (design for manufacturing) %L
AT (heuristics ) Hi{F 1 s AL et - EUPFE (- e l'lEf'g%?ﬁ‘zﬁF]'
CEEETEEER ﬁ@uw?u%%%$ﬁ%aﬂw1fp@w*%& ”“prﬁ%ﬁﬁﬂ“
SR AR (O o L o VR T T - L -

B R ) - $ﬁ%%%£%?%%m%@ﬁﬁ%yﬁ@ﬁ@gﬁwo

PSSR Oy Bl 5= (RP ) ek i LD pgse Bl o H@pfj]ﬂﬁfu PN I S R
)RS RGP - Design for Assembly (DFA) $RLfE #7484y 3D printer % & (1R
FOREES U] - ISEEE S DR ¢ AR - AR - 5
A ﬁﬁlﬁf(ﬁg'ﬂ’ 5E o ?E’gﬂg%@rﬁwgﬁ = fﬁ'r%gfﬁ?ﬂ— £ 0 kL~ [l trial and error [IUsiA - 5 4E
et Ilﬁﬁg%lﬂiﬁl%’i—j VENRS DA FRRVRER 5 ETRORLARR ™ = 2 ) 7 jh et
FIR AT SRt ’Fﬁffﬁ]# (Sass, 2004 ) -

Trusset fl— (i Fﬁ'%)ﬁ% AR F{ 1 agent-based | IJ%@(@?E‘ , {?iﬁéj *‘?ﬁﬁﬁlfjﬂ%@rﬁ[%ﬂﬁjﬁ\
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shape contour | Defines the area of one single sketch or different
areas of one sketch.

darkness (chiaroscuro) | Defines the height and deepness of certain area.

density (saturation) | Defines the smoothness of certain area.

line direction | Defines the consistency of certain line.

line thickness | Defines the width of certain line.
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shape with different shape with line contour volume + surface
darkness --> volume --> vertical surface

line --> contour of
freeform volume

line --> vertical wall surface with different
darkness --> platform

vertical + platform

line —-> vertical wal slant the vertical wall ™
with sharpen end with the direction of the
shadow on the sketch
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