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Simulation of Shape Drafting 1n

Penci1-Sketch

Student : Chung-Hao Pan Advisor : Cheng-Chung Lin
Institute of Computer Science and Engineering

National Chiao Tung University

ABSRACT

In this thesis, an automated process for simulating shape drafting
in pencil-sketch is presented. In the system Silhouette process and
hatching process comprised the core of the automation.

The silhouettes are extracted by FDoG operation on ETF map, along
which such geometric information as tangents and radius of curvatures are
exploited for presenting shape‘drafting strokes that gives hand-sketched
looking. The hatching process enriches the sketch in the aspects other
than silhouette handling.

The study presented in the thesis incorporates in the design the
considerations on silhouette drawing as would be handled in general
sketching practice by hand, and thus bring about remarkably more

human-taste to be seen in the outcomes.
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Pane 33 RGP ks A# (image-based) 7 NPR #its# 11 & 4 3% § & 5 i
b ¥Rl o @ 320 % fook 42 (painting)[1]1[2][3][4][5] ~ 4 £ % (pen-and-ink
illustration )[6][7][8] ~ # % (stipple drawing)[9][10] -~ & # s %
(mosaics)[11] ~ 5<% (engraving)[12] ~ = %8 % (cubist rendering)[13][14] % 4

¥ % 5 (pencil sketch)[15~27] -

G EERAE LR Y P E8 5 A# Cabral fv Leedom[27]4% 112 LIC

F_

( line integral convolution ) 4w, DDA ( digital differential analyzer
convolution) & &3 /% » 4rB 2-2-% B 2-8 “f7 > M2 L2 > » > @ Maol[l7]
441 * LIC % DDA 4c  fe2 @ p & it &2 4 8¢ w43 03 ff > Yamamoto[20] & £ R 4c
¢ fgEse & ens K (layer subdivision) s dgit* LIC kA 2 4o L e 2 » L
difference-of-Gaussian (DoG) filter i%:¥ % 1 pl(edge detection)A 2 ' #5x »
e A o v pr[22][24][25][26][2T]R) tere £ 38 ~ JEA B2 A K F RS

P BAELT AL S e 4825 o Mignotte[19]# * #4% (template) k & 2 1145
WErend @ Semet[21]% A B4 * & 3 # ;% (interactive) & 4 1 iy » SHA 2B

AREF ST R

B 2-1. (2O R Bl ()F e £ F. < r[26]



M 2-2. 7 (339 ) HE0E 9 DDA B 4.+ jr[26]

B 2-3. 5 (x,y) Al F o380 anLIC W &, élﬁ‘%[%]




e 8¢ > Kang[29][30] % « #% 4 ETF(edge tangent flow)z. g2 i o

'F_L

ETF 2 jsdr e B4 @ k> 2 et A 2R L T > 7 2 820 L EF g e

Bs g7 g ETF« 72 % g F et de > § F LI Fonsk > dol] 2-4 977 o

(c) (d)

Bl 2-4. ETF e % (a)ﬁi%] ~ ®l.(b)% - = ETF. (c) % = & ETF. (d) % = = ETF. = [f%[SO]

% go(x) 55 Sobel BE 1% @A FFH Gl (P)2 BT H A& w £ H# g, (x)

PAn - NEEAES w0 T E - 2w ERO(P), P e XxY o gt T 5 4
ETF *» & & W2 4F 1 40T (2 (30D

" (P,) = % j jg #(P,,P)t" (P)w, (P,,P)w, (P,,P)w,(P,,P)dP n=0,1,... (1)



Q270 P AP s Lird y2 EEE PeQ (P-P<u) -

t"(P) % 7 % niE>r e BB o P B2 5 FGEY 5 27 )
w, (P,,P) 5 BE#LHE £ S 3% (spatial weight function) :

1 if [Py =P <,

0 otherwise.

w, (Py,P) :{ (2)

w, (P,P) 5 ¥ /& % & £ £ 33" (magnitude weight function) :
w, (P.P) =) - g(Py)| +1])12 3)
w,(P),P) 2 & & T {7 & € &3 (direction weight function) :

w,(P,,P) = : (4)

t"(P,) - t"(P)
#(P,,P) 5 t"(P) > & 33 FESN ©

1 if " (P)t(P) >0,

—1  otherwise.

¢(Py,P) :{ (5)

w,, () 3138 2K LF AT FG F L (P) ¥ B n e B Mg 7 e £
W, () S 2 % R FE B EIF > ste WY > 20T 7 RRE 2L BB
B() SR FRTIQ P PP L kA :‘@%i P % 0, %% (0, +7) mod

2w °

moh® % W op > Kang[29][30] % ~ ¥ 4w ETF » & i 5 A # 2
FDoG(flow-based difference-of-Gaussian) Z # i+ Canny edge detector[31] ~
mean-shift filter[32]% DoG { ¥ 2 % F #Factdanf s 1 RZ » @ FDoG 7 # Hf 4«
AR EIOER U F 9% o FDoG pein ey T T ¥ ok > H AdeF]

25~ 2-6 o 2-T “i77 o



B 2-5.FDoG: &2 H s 18 4 8 ip] = 2 et i, (a)ﬁa?] » B@. (b)Canny. (c)Mean shift. (d)Isotropic

DoG. (e)FDoG. = fF*J%[SO]

(c) (d)
B 2-6. FDoG i . (a)ﬁa?] » Bl. (b)Isotropic DoG. (c) % - = FDoG. (d) % = =t FDoG. = fF*J%[SO]
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“‘;‘_d FDoG @%@f‘?é‘i 1] 5?']7;1"“%,@? d B 2-8 P 4T o H ¥ (a)d%];é ”7\)‘?‘?2
ey (X) > (b)) Bl 5 4p 2 BTF > &t 2 )

B ox(s) 3 48 X, B L M W ST 0 5 L4 ME R R <S8

CX(O):X() ;

t(cy (5)) » cx(s) & M X B2 7w &

ny () 5B eg(s)tpR 2 B 2o () 2 B [ AR R S8 | <L ny (0)=X :

ny, (DNex(s)=X
ny (D) Lex(s)

P FDoG & & % & 4T

HX) = [ [ 1y (1, () f (DG, (s)dlds, (6)
29 f()=G, O-p-G, ®), (7)
FDOGiE & 3% 2 2 £ 2 ¥ £ 40T ¢

(1) f() & +F 2 12 DoG & ;1512 Laplacian-of-Gaussian( VG ) » B et



R g Rl 2 T e e ¥ JR[30]K Lo, =1.60, 5 p &2 & [0.97,1.0]
FRP MBI R AR 2 874

(2) Ly (i (VD)7 f23h 5 oy (s) d SR G (7 T ny v )% 7 - 2DoG ik
o

(D) HEGRASLEZEG, ()i N> o (FTe()3 %)% - 2F IRR T
b koo

AR
N

R8T H e 10T 7] threshold &3t g3 = = B2 i)

0 if H(x)<0and1+ tanh(H(x)) <7,
1 otherwise.

H (x,y) ={ (8)

Cxl 5)

(d) ()

B 2-8. FDoG /g it . (a)%?l » B. (b)ETF. (c)kernel. (d)*x+ kernel. (e)DoG. = 1}%[30]
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HALfE> a2z * ETF (75 2w b iedpo 273V i * - B 2D kernel # ETF
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3.2 ke E W2 M ETF

A B e RH S I RIEFG GRIE SRR ARI A L D
G RaHAETERS LA ERAFATALLSRP AT LS APR
* Kang[29][30]% % #& 1 chETF > ETF $HH- & » £ 607 3% 5 T AIL 2 iR g > 4
LR DA o X HETF kernel s fg# v B L 4c T > a2 * 4
E+xihkernel 7 e g3 WAL > » A F RS A g4 o AHFE i LR T

AR PERT o AN dkernel /SR A D TR FFHH T TERSZ A ER o
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] 3-2. Edge Tangent Flow. (a)ﬁs?] ~ @l. (b)ETF.
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#2515 FDOG 38 5 17 T 38 4 (iR 5 % (4- 1 3-3) 1% 5 thlic i &5 T2 FA 0 &
ELNCEE F RN Y O g Y

(1) BT FHFE-AB? I ME I RE 2 L5 T3 A+

PR I

(2) R SR RS A S EREL RS T R

B Hsgm~pL @iz~ T ws L VL T L L -
LPEEAABRSE > PEFRTFEHA LB S Lok b FL R 5 ST 2 F
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£ P eEDGE » EDGE % ¢ FDoG #73& ) 2 18 % 14 P B.
XLNG # X, #TH = 2 % % B,
s B Sz £ R (X B,
a,. =9 FLF
k(P) 2 Pgtz w (¥ d ETF BI#E ),
t(P) 5 Pghz *» &% £ (ETF B 7 K),
I, =[1,,I,].
Start : /=0;
P, < P;
P" < P+1(P);

7

Aa =|(P) - K(P")

While(Aa < «a,, . AND.. P €EDGE)

{

{++;
* XLNG Bl ® =T P
P=P";

P" =P+t(P);

Aat =|ic(P)—k(P")

7

}
P=P,;
Wy P=P +1(P")35 1 P7;

7

Aat =|ic(P)—k(P")

While(Aa <a,, .AND. P" €EDGE)

{
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{++;
* XLNG B ® T P
P=P";

RHEP=P +4(P") 35 1 P;

Aat =|ic(P) - k(P")

}

FLel, PI**XLNG Bl ® 37 P > 3 Pliadl XLNG # 1p M P’ ek,

B34 5L WX, #feh 7 LW S EA w5 d PEEB 4782 v 2 i
S e AR K LB S PRARAZ TR A MERFEL, 2L T
PR R R 2GR S

e EDGE Bl ¥ & bt 3 J S o SRR (B 3T i 607 ik ok A 0 T R E
B4 BIF » EW - BEE 5= BEGY F8I > LT ok g it Bheapgs o

2 e O NG (PSS .
FoFE N TEAT

Aalt(P,,):t(P,...))

P) = ; (9)
x®) 2As
Pprev + t(Pprev) = P’
P+tP)=P,,,

P 5P AuirAPHEF » BH s HB8E 0 B Agd 7w B

prev 7 next
oA AsFE T ABLAY MR o d W ETF 2 220§ 0 T AP EAs K S

¥ =& R > 4R 3-5 #57F ©
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Bk R R SRR RE - MmN R Rk Ak g d L e g

Bho HIA S AT A G A e o

AP RL RS ) B nsE > L ETF e EWTE LA 2 h o AR
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W LR AA 2 gﬁg@gfjﬁigg R T %IL s AN - R ITE B

EEor S BTG > R R L LR de ke

3.5.2 BkE I E 2 BT

Tl - £ R T A AR e e
B B A S A 2 R T S KA R B S RS LR R R A K
BTG AR FLIT L RREERT]F gL A L £ R O S (x) A
bo T
S,(x) = B(H + W)+ a2x —k(x), (10)

BY BLafrdlA AL Rl HEWABLE BOEEE > afl s

~E

FIRHCE R PRl k() RILAB L 8 % 8 2R B B R e s 2

TEN- BAAER P EBRON LT REE R BEAFORER - 1
S/ (x) xBAT TR Z LR R 0 EE BTN FAF L o
o 0w A : L1 | 1
E3)/ Rz S SIS WL S -5 W A BV o= g N WE — @R

100 400 800
SEK AL 1052 2.5 BEFRELPEY LiEr g - R kB 0 A iy

I 2y 1
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d LA FDoG Sk 2 b » AR REK 5 0.5 5 RIS R T g
B iR A0 R TR A GEREARIEOT R 2 AR AR T Y
FDoG = & &) 5 threshold % |%74 3+ ch % & o

3.5.4 W Yk k% HF)S
RSB LA R SSEEEN LIRS E ¥ RN TR
REfHE At o AP AR R D 0 5T TR AR AR ER KT

FROEA AV 4 kPl L A 2 g S > B PR B nEk > FORE g S

AADE@Goaflr L EPREARDBGIFS Bln o P O8NS () 4T TRA
S,(x)=y(1-1(x)), (11)

S,(x)e[01] > 2 #iE g B2 A Lo NP BER B e EER S [0, 1]
I(x) 5 % e Bhx e B (8 0 8 2 GV R m Ay @ g 4835 00GFF ) > 7 {

AE oy AR B AT BFALNL 0 AL gL F 0 R P UZ
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B 3-9. (a)ETF. (b)filtered-ETF. (¢c)Gradient Map. (d)filtered-Gradient Map.
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B 3-10. A4 5 75, ()% . (b) & & AL 805 10, () A () & A5 479,
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Bl 3-1L &= (@)~ Bl (b) & = 5 %,
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Bl 4-1. Kelly. (a)ﬁa?] » Bl (b)¢§%[27].ﬁé—§=. ()= IFFJ%[ZS].?:%%. (D A#H= %,

26



(c) (d)
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(c) (d)
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(c) (d)

4-6. Cameron Diaz. (a)ﬁia?] ~ B, (b)= IF*J%[ZS]..%;—%. (c)= 5%[26].33—%_ (DA% g5,
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(a) (b)

(c) (d)

B 4-7. Sam Worthington. (a)ﬁa?] ~@El. (b)= l}?J&[ZS].Z‘:}%. (c)= l}?J&[ZG].Z‘:}%. S A= 2
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