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Abstract

Non-Photorealistic Rendering (NPR) has been an important issue in
the field of Computer Graphics. Instead of highlighting the realism of CG
synthesized images, NPR focus on the representation of the stroke and
paint style. One of the most important features of Non-Photorealistic
Rendering is the exaggeration expression over the subjects of image.
Therefore, NPR is suitable to synthesize images that simulate the paint
style with the visual effect of strokes. The research issues of NPR can be
roughly divided into two types, 2D image-based method and 3D
model-based method.

In this paper, we synthesize 3D model-based NPR images and
animation with continuous volumetric strokes to simulate the visual
effects of oil painting. According to our survey on oil paintings, we
conclude that the heap of pigment and the volumetric property of each
single stroke are two of the most important factors in the works of oil
painting. According to the distance from the strokes to the edge of the
object, we set up the priority of all strokes. Based on the order, through
dynamically segmenting the canvas apart, we make the grouping with
regional stroke in the object. And then pile strokes in the same group. The
information of the thickness of strokes is stored in a Z-buffer-like data
structure. The 3D canvas is then rendered based on this information.

Main contribution of this research includes producing the volumetric
strokes, and simulating the oil color correctly on the canvas. These goals
are achieved by piling up the strokes on the same pixel, and superposing
the pigments to simulate the final resulted color on the canvas.

Keyword: Computer Graphic ~ stroke ~ Non-Photorealistic Rendering(NPR) ~

3D-skeletons -~ oil painting © .
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[Bl+ ~] # {7 = Hidden Line Elimination {& 1% % o

I AP B EEEF — T modified Z buffer #7 % & hip B T
12 % & o Buffer ' & - B & AR B E T REFRT kend g

BEE R
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AR AWM R R S E LR ER (F £ A L e Bl & o

41 L7542
4.1.1 A g R

MEEEY SER S A R A RS R R A R £ 72
BB ¢ LR el N 0 A G A R LA o AR T A
Fo A REAA B3 51 o B - S Panio 2o RIS FEIP G &
BT RGFEDE UL PR A DS R .

APRAAETL S O HHREF S 2 S TG hF b g 29 PE L seed
A A F 0 kiR o seed ¥ 4 1 55 edge AR SR o 3B seed PTH B LY
e g o Mseed P v pREE e - gAY o

w5 oseed B B Rt BREELLEER o T AP kg Y
P seed EAr AR ap g S A KA T F B seed BE o LEET
L P fﬁé#,_pﬁ; ' & - gL ﬁg}mi WE B o

seed 1 & e+ ] 3H B > Bt gt seed Bl AT g 2 F 0 B H BRIT 0
2 4% B edge b ePBE2 JEHE o FEHLARIT 0 PR EARS > F 2 o PR EAR] o 2 %
b ]
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0.07 Ips (800x600), XBRBGEES (D24X8)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc staius here

(B 4]

PEr ALY D
T R £ R £
T FREE N
2 B¢ PR L P
# A ¥ iedge s &
fgenfg € 2 o
B i 2 e gt
BAT

¥ HPR-System

0.06 [ps (800x600), XBRBGBBS (D24X8)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

[Bl= ]
MiEE R B F g
4 s iR o7 2 W]
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Eempt e 1R ERE R AP ABRT L LRE A
LR R PO AT

BAMBE AP EHTF seed RER > REMERF TR L RERRE AL

X
s}
o
PN
!
—\

BB-@ehseed 27w FNFE - BRBEEeE e R BRI
21618 chf £ &3 A50 k3 AN Menseed P2 H I 225 ¥ B 14 seed &
e FNE S CFZBE DA et EAF IR 0 E BT Flibseed » M H
FPOFNPE AL EE A DR - BE AP G0 2 seed AR P
Bk 2 haiaiseed - od@ A miiseed I B R R 2 (s

7 =

Mo dept EIRT 2O PIUTF diseed WAAA Gk o drBlZ - HTom o

[®= + -]

JE 2 seed B 40 Bk
() =35 P seed £AF

® Fro L I dhseed TR

fleo®d Fl4 F &cseed #

2R % - B seed FHEAR &

~7\ S

£ AR ) 0 TR R s ol @ frie g o seed LFE L TR A »

B ehif it 2 %> Brde » seed hvector FAARA AR E A NEHTER

=
»
Sy

o

LIEZVTUGEENSELARPLE S LY o
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B5 [ps (BOOx600), XBR8GEAS (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here
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0.90 Ips (B00x600), XBRBGEBE (D24XB)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc siatus here

(B tz] £33 Feiffari.

[R5 BRI E Wt PANGIESS PN R AL R R R e E
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42 Lg% ¢

4.2.1 map k&

oy

W g EnihEAc a8 > # 5 Al 5 Boolean B - ] H < o] % 600
% 800 # R FI M % B pixele 7 0fr | Bdrp wuld » 2 L8 fg % o b o
1% F I chpixel o

d 3R A AR S 8d e F AR RER R R T I 0 A0 3t B A AT
BE lehpixel o 2 FAFER LY H - RERI d o b 4 pixel hf F R o 2
P pEE Y s RS REBEE R R H G S ] BHRER - fRe gt 253Nk & 45 pixel
LFmRETD -

fofefomap & BPE 0 PR RN S P ARETREE R R 0 e 2
€ 2 ST o

FORNLAE LGk AT EARAPERT LA RaFE 2 ok
ST &% BB U2 Y gicd A5 ik & (Mathematical morphology) = % i 7
& A P& gty o morphology # & P % % ad? ~ o 47 PP ek e IR

B HEEA A T RS Y Sk

422  #E(dilation)

BERITABGEELEAEB % BAWHRA 25 A®OB > £ 5 A®B =

U,

R RAHE BEXEB T R EH A LTI AR
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Y- BApE R4
A®B = {xy)+u,v): (xy)eA, (uv)eB}
IR A PR ARk 0 - A S AP R A AT & LR

o BAFC) O R E - B BRI BHE~F

d f4
a |d/A4
B=8B

""""""""" AE B

o —

|
(If- Il \ ﬁf I."I

[Bl= o] 0k LW B AR bt 2 RIS %

4.2.3 %4k (erosion)
Bt A BHEBLALB 7 BhkRMA i AT B wE L

ACB =(zB cA)-+ RARB R AN LI FABz= (xy)
B zRBEB ALY c2FRE FARBREAZP > H I
R BRIEAMREASEE > RSB = P ARHRB R BT A

G Rl 3 SRIE CR ) T SR R A R




d .'q'
- lf-lf .'I'—II'

|
A B d I."I8

[Bl= +7] 47 LB > Y BHAFTRL &t > DR ELE%

4.2.4 closing
closing 5 X IERL & chid % > B2k 7 T B @REH o
B $d kil i o BB R AP TS L & P E sk o blde
L PFREAITERRKAFNGTIF > AR P EERF2Z 2 AL o
FLPRYELM BT A B A n T A oA £ 7 4
CREN F S LR RSN LSRR R ST E S R S ¥
ERT G o Y R - LT L Opixel P iF L BHAF 0 HE Al

e11% map ¥ closing °

[Bl= + = closing = % » =B & R4-Bl > @ B 5 @& * LT % Spixel (hff]7)

BHAE o LWE R L5 10 pixel HFABHEAF

35




AE e * LT 4 10 pixel (O] F

[Bl= + = Jclosing = % » B = I + 4 8] 5 R4sBlif~ & * X2 5 Spixel «11[f] 4

Fif

7

AR AT R LR HTRE IR LA £ SR
- LR FHT P Bz -0 RT g L PEATE RR N  RRR

= closing {& » B {E S FlF 1 -

4.3  FEEaf
e b - @I st BT RE R vl 5 R - BT

B FIE A SRR et B g i do R a1 o B i ind
Rl T R AL E R R AR GUEF 0 g X FF P T

ﬁ}ﬁﬁ,5wﬂﬁﬂ$iiﬁﬁ%ﬂﬁZBMRf?i%ﬁn‘xm?lkéﬁ
g NPT B R o B LR S R o - iAo AR FY

fR e € dol S £ A ST e
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[Bl= + ]
B HE LD B G
F 3 M4 kil B35

SRR AT E A QL R L A BB R R R R 2 o
et BlPd 2L H - LA L4305 B AARTE - LY g

BRI AR ARG > FRARARRRARGE o kLY FEN - R 2 > £ A fimap
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AL T A G e AR ek o

432 PR8I

RN R F TN AP SR S SR L ESI e i
H2donk cWPEE Y hd RS BT R RN ERR TS oot pen
B AR TR

MR RS e FIA AR R R A F R PR A
~
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B

g
o

¥

Fm ATk c APRGTKTLNE B AR R o SRR
- KA A A EAApR S F R g o d o R [
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bE BRI K ehgEd o
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Bom g % R B A X 20 - R EARIARG A g £ F LA P EA 1
=2

AP FARIERIMTGCERREF FLGER FEEHE @
ARG A iE U2 AR SRR A - ) SR IDER R

SRR R R e Fl- AR AR B AR EJIRF K LB h

44 3DF#

Bz MBS P T8 KA T I e o D kehF o 2
FOED - B 3D Rt ia g e _rﬂ;;ga;—J:u %% .2 3D model ¢ f& 5 &>
TR RS AR TR R R F R TRERIEF N R

THELRBE RS RN khgEd fols R o T HF (T3 E o
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B f s o AP A LA BIFE o % - BB A P~ 3D model X A 0 T ¥
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RPN R - PREAP AT g 0 B &0l % 5 600%800 B pixel o A
#-H g wghepixel G REEX 200y 2 00k E £ B & 5 800 57 600
- Booowm - FTRET RDEBLERETR FL L8 A zph E o 4ot
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Point
0-4-306464064
1-4-2.99 064 64 64
2-4-298064 6464
3-4-297064 64 64
4-4-296064 64 64
5-4-2950064 64 64

479996 3.99 2.96 0 64 64 64
479997 3.99 2.97 0 64 64 64
479998 3.99 2.98 0 64 64 64
479999 3.99 2.99 0 64 64 64
Triangle

00600 1

11600601

216012

32601 602

426023

53602 603

636034

74 603 604

846045

957196 479396 479996 479397
957197 479397 479996 479997
957198 479397 479997 479398
957199 479398 479997 479998
957200 479398 479998 479399
957201 479399 479998 479999
957202 0 599 474000

957203 599 479999 474000

[B= ] ¢ 2 8ath fd [Ha 7
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SlE > 5= Fle B#F A+ = BEFTR > HicF SR EBTESIE -

4.4.2 3D viewer

Befs o 2T HE R 3D viewer 4230 K BB D dofh ko 2 AR § HHR B0
Sl B PR T o G AP 2 S B o fomkdui e £ @B
AR G kRIS o

AR - ARk AR STk KR Y BRI R R & (e g Ae s T e

X fﬁ/]"fr;{f\ﬁi:ﬁ fe o FIM T UHER AR REE A B FORE R G B =
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)5 Transform

4.29 Ips (800x600), XBREGSBES (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

Controls {F1 o hide):
Blah: X
-SC

L I
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AEGFAPEFAT O ke { Fen S e FHGEFT T L AT Fen

- f, o http://ceda.csie.ncnu.edu.tw/gallery.htm

3‘5 Transform

4.61 ps (800x600), XBRBGEBS (D24X8)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

Controls (F1 to hide):
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)S- Transform E| @@

4.49 Ips (800x600), X8RBGEBS (D24XB)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here Toggle REF (F3)

Toggle ful

Controls (F1 to hide):
Blah: X
Quit: ESC

[Bl=1t=] 2k &EfRAET > F4 BB GHci 0.005 cfc o
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=
& Transform

4.64 Ips (800x600), X8RBGSBS (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

rotate

Controls (F1 to hide):
Blah: X
Quit: ESC

[Bl= 2] R4 B R s 0.0025 eh7-
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’5 Transform E @@

4.58 Ips (800x600), XBRBGBBE (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here Togale REF (F3)

Toggle full screen

rotate

Controls (F1 to hide):
Bl X
Quit: ESC

[R=+7] 2k &RT > F4 B R Bics 0.0025 -
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3'9 Transform E|@®

0.97 Ips (800x600), XBREGEBS (D24X8)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc slatus here Toogle REF

Toggle full en

Change d

Controls (F1 Lo hide):
Blah: X
Quit: ESC

(M= L+] gt EFng L gens g -
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4.70 fps (800x600), XBRBGBBS (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

Open Mochel

rotate

Controls (F1 to hide):
Blah: X
Quit: ES

4.64 fps (800x600), XBREGBBS (D24X8)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here Toggle REF (

Chan

rotate

Controls (F1 to hide):
Blah: X
Quit: ESC

[Bl= L+~ N Ydhav? ot gfdga - o
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0.28 fps (800x600), XBREGEBS (D24X8) ; o R
HAL (pure hw vp): NVIDIA GeForce 6800 Ulira ] : oge.s
Put whatever misc status here

Toggle R

Controls (F1 to hide):

[Fl= 4] Y pos ¢ coemenma g = o

0.29 fps (800x600), XBREGBBS (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

Controls (F1 to hide}:
Blah: X
Quit: ESC

[Ble L] Y #hid wggaiigfdae o
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0.67 fps (800x600), XBRBGEBE (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whalever misc status here

Controls (F1 to hide):

0.59 fps (800x600), XBREGEBE (D24X38)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

Controls (F1 to hide
Blah: X
Quit: ESC

(Bl t-o] mY@i?P gt gz o
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0.64 fps (800x600), XBREGBBS (D24X38)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here & ! Tog

Toggle ful

Controls (F1 to hide):

0.51 fps (800x600), XBREGBBS (D24X8)
HAL {pure hw vp): NVIDIA GeForce 6800 Ulira
Put whalever misc status here

Controls (F1 to hide}:
Blah: X
Quit: ESC

[Ble Lte] mYdhid oxg@maicigifiz ~o
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0.52 fps (800x600), XBRBGBAS (D24XB)
HAL {pure hw vp): NVIDIA GeForce 6800 Ulira
Put whatever misc status here

[(Ble L7l M Y#hid og@gaicdfia4 o

0.13 fps (800x600), XBREGBBS (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ulira
Put whatever misc status here

Controls (F1 to hide):
B X
Quit: ESC

[Ble =] Y #hsd o gggacafisa -+ o
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0.34 fps (800x600), XBREGBBS (D24X8)
HAL (pure hw vp): NVIDIA GeForce 6800 Ultra
Put whalever misc status here

Controls (F1 to hide):
Blah: X
Quit: ESC

4.65 Ips (800x600), XBREGEBE (D24X38)
HAL {pure hw vp): NVIDIA GeForce 6800 Ultra
Put whatever misc status here

Controls (F1 to hide):
Blah: X
Quit: ESC

CEESSIPAS PRI Y & EREy
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AP TR Y DL PR L F R BB R AP RBAFE A R
BAET SR EHN A LR D & o A5G ki) R B S 4T B
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tE R
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VP ERNTR - BEFRZFT LRAELLDTZ 2T R LR

SRFHRAER RS TRN{EFRT 5 AR nF (o
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* o #1 3 45 ¢ Modified Z-buffer » #-NPR&2 b 5 HfRe5r 2 AR TS »
BoanF A W AP R AT RIE a i R E R RE Ok R A
L E R T RO Bk e E A PR L

ALy

BTANT AR Rt JAanB B oe
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(a): WA B o E TR b o
dehdh e ¥ TR EIEE S B TR Heinh fo T LB $r -
A HE TEE e E LA 0 R IR - [12]

(b): HEHtLF M P A8 0 2 & B snand & o
Pav SR g T I E0R] I g R TR RSE 0 R - ) O R AT

S RAE G ik s VR RS RIF R OTRGERL S .

(©): L s FZF Mot -
SRR ISR ECE £ & et N R DX S Y T R A

BRI S R A RN F i E T R -

(e): =% % Plug-in -
B 2 e o A 4e MAYA 20 3DS-MAX % 3 #& & Plug-in 1% 8 -
i o PR F A5 AT 0 Plug-in 507 3N a2 g 0 S S b -

e Render * jE o R § g ¥ —‘ﬁ«f%—ﬁ%i%ﬁlﬂi%‘% °
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