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Abstract

Non-Photorealistic Rendering (NPR) has been an important research topic in the field
of Computer Graphics. Instead of highlighting the realism of CG synthesized images, NPR
focus on the representation of the stroke and painter’s style. For the research of NPR

watercolor, simulating water diffusion and flow in paper is an important task.

In this paper, we implement a NPR watercolor system. Our scene is composed with 3D
models. The special visual effects of watercolor paintings are created by simulating the

color mixing and the different concentration of watercolor.

To achieve the above goal and the “Brush-Washing” effect, the water flow on 2D paper
is simulated based on the Lattice Boltzmann Method (LBM). Moreover, the strokes of
watercolor are simulated by utilizing the auxiliary bone structures and the shapes of

three-dimensional models.

A stroke consists of multiple pixels. The color on each pixel is calculated by Phong’s
reflection model. Therefore, the color on a stroke gradually transits from pixel to pixel.
This approach creates nature and vivid appearances of strokes. In another word, our
proposed method creates the tone of strokes automatically based on the 3D information of

scene.

As shown in the experiment results, our system synthesizes watercolor NPR
animation with interesting and nature color, tone and strokes.

Keyword: CG ~ Non-Photorealistic Rendering(NPR) ~ Lattice Boltzmann Method (LBM) -

watercolor ~ washing ~ color mixing ~ tone * animation
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HEHIpEHE R 2B che & 087 € # 6 0 @ & - =0 drstream step

BN R RS R FSR - B £ 74 B o S B oo A particle distribution

functions » 3 ¥ * f, K &T o AE R ALY o3 E A BT PR Y T PR

71> #7127 collide step * k #c % #73 particle distribution functions e+ & fe > & B

FALE PR 13 0T o

[B®] 8]stream step = B
X D[]~ 3 AD2QY - A
PEREEN . streaming 7w {4 e F A
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— _J_ — e —— - ' T '\
/ ™ rd o d ] ; .
: I. .I > Il ‘-I-
velocity /' tau weighting
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1
distribution functions local equilibrium distribution functions
after streaming distribution functions after collision

[®] 9]collide step ° - collide step #f FF > §1 * stream step #7 A& # 7 distribution
functions( = Bl) % 3+ & velocity £2 density > £ 4] * velocity ¥2 density 3* & ¥ 3| local
equilibrium distribution functions(® B]) > 2. {¢ » & i functions 5 d # € 3+ 4p4c »

¥ 12 {8 3] & collide step 2. {8 #7141 & 4 #7e0 distribution functions(+ B]) °
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ROTUERIEE R A - L am & Pt - Wod Buffer S hn S
o - FH “$ 7 1 ke pixel - Z information 2. ¢ o B GF A 53 5 T R AR 0 F

WA T GG hshape TR SRR S a0 d g A -

4o B 111977 > 5 NPR-System #7 4 2% 4 3D model data ™ % J 450404 FF

=

# 5 Modified Z-Buffer &8 & TR & # o & - 1 Buffer + enifd 2 k- B

Triangle data i@ & > 14 > if & Modified Z-Buffer + 1% - #.iqZ ¥ 1 if 7%+ 3D
RASTA 2 3% TG i g R (A R R 2 R R REE s AR [
12D projected model data> # =% » 5 7 £ 32 144 Triangle-Triangle 2. ¥ 4p 3 B % >
MR AN F R OB BRAL > AP AT R R4 2 430 Index AL

E #7R¢ % 5 Triangle data °

Y-Axis

3D model data

Buffer Entity Triangle Data

Z-\Value
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stroke color Modified Z-Buffer
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Weight
Triangle pointer
etc,

\ LR g =S , 2D Projected mode! data
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412 EFIw4R

d 5 5 49 5 NPR-System Pegs k5 > ¥ 1A 5 = B4 & A 4o 12] -

(A) 3D model loader — Pre Processing part

Adpd Xfile 3 » enFR > EATIVEE B AN KT & DT AL o H0E]

R T T =B LT SV VY. B
(B) Modified Z-Buffer: Rasterizing & Depth test — Per Frame part

1. Z)R]AE T o 30 T & g W s

2. 47451 modified Z-buffer » i #-3D-model =52k F 3k 4 14 135 ~ Z-buffer o
3.§§M$’ﬁﬁ%§@°

(C) Stroke Calculator & Stroke Drawer
I E/ pendffa &2 50 4 X3 fFehd o o

2. BHEREGOEL -

3. A E Rk o
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Single frame procedure

Pre Processing Part

3D model data (constant)
X-loader: Generate —m_Vertices LoadXFile
I
7 Frahgies SetupBone
m_FrameRoot =1
m_meshRoot Setupﬂesh
AdaptMesh
Per Frame Part Perspective profection Initialize modified Z-buffer

Generate m_projvertices

Modified Z-Buffer filler: =

Check Cutline
Rasterize and Depth test
Drawlfne

I
Rasterize & Depth test

Stroke Vector Calculator Single Direction Stroke
Shpae Based Stroke
Skeleton Based Stroke
Outline Stroke Calculator
Draw Stroke

& =

[ 12] s seinfe e & 59 % AT 12 B % B AL A -

42 FTHHERZ EEET

s > A iEiE R * Direct3D e X-file % 5 FAL g w23 o ¥ ¢k o d 3
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¥ a2 i 4e Maya~3DsMax % 3 242 Xfile s F #5755 L @I p B M R
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Q.
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421 FAF 2 FR

v

A PR R T AR Xcfile enF AR HIRBEL B 5 A F b 2B
% o d 3 Xfile » 0B BEF 2 5 “non-unique” edFE o FIL G LB EEIRE Pk § A

HTR SR B B AR Y o M A BRI LR EE TR
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Fpo 50T LR TR LA PR B o A A B R A 7 R e -
i# Data Adapter> * % #- X-file crfif s Tl fhH & A P eh o S & @ F chi R g 4g -
Bk A > AP R P ¥ vertex 28T~ BIZ & — i Vertex List 0 @ #-F e Bl
%% Triangle % % d Triangle List F 32 c ¢ 7 Index F3l > FHEF > F EFFRE o

F) gt 4 # Input £ X-file & 3745 % « £EIL o

Root Frame{ G
Object1 Group
Frame{
FrameTransformMatrix{...}
Mesh{Vertex.Index...}
Material{...} m_Triangle
MeshTextureCoords{...}
SkinWeights {Bonel, BoneZ:..}

+ access data
Object2 Group
Frame{ m_FrameRoot

FrameTransformMatrix{...
Mesh{Vertex...Index...}
Material{...}
MeshTextureCoords{...}

SkinWeights {Bonel, Bone2...¥ m_meshRoot

H
Bonel{
FrameTransformMatrix{...}
Bone2{
FrameTransformMatrix{... ¥
27
F

[® 13] Adapter 7 #L% » 7 & B
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(A)Vertices Data :

d % Object 2 Vertex 3 #2B~{¥ o d ** Maya / 3DsMax #& 3% 77 X-file # 7 8- F 3
TAEFE- ﬁ{:m— BPHEDTI e 8 frg IR 3X4=12 BEEF I o F]
P & R R i - = B AL EFiE 1 % 2F 2 Replace Table { 2 Index 2B F M2 15> A

fo -2 rE— 07 BEE A~ Vertices List o
(B)Triangle Data :

F345 + & i Replace Table 4 2 #» 12 fF 1 Offset Table & { A7 FALF 16 > ﬁs?] » 3

Index List
(C)FrameRoot :

%75 Bone cfF & B (%02 2 Bone i ¥ 4B~ EFE TR o

poob s g B Xfile 5 A A RCR] FALPF 0 0t X-file Adapter » f 4 0
FAAEA SRR F AL #5320 ¢ Bone 73 & 0 H4- % Vertex #7F % B ¢ Matrix o
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Model vertex data

bone;no\\ vertex data X offset Matrix X bone Matrix
bone Matrix[i] = combine trans Matrix[i]

[®] 14] *|%7 X-file * 7 Bone £ %
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422 B¥#E # : Modified Z-buffer

AR p R AR kR F- B Zbuffer TAB TR SBIRE T o & 977G D
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stroke t+ B 12 2 4 L3HF 4] L F A E I F gk o

4o[ B 15]#77F > + Rlend 5 Buffer Entity > &% - B ¥ & F Hmeanifg - 2 ¢
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3D-model #7 % F hF 3 o

class mZbuff { class mZentry {
public: public:
mZentry buffHEIGHT][WIDTH]; D3DXVECTOR3  vector;
D3DXVECTOR3 strokeVector[3];
int getSize();
void clear(); DWORD color;
DWORD strokeColor[3];
int pointNum;
float intensity;
mZbuff();
~mZbuff(); TRIANGLE *tPtr;
+ LPSTR meshName;
bool exist;
int type;
float ¥
float weight;
mZentry(};
~mZentry();

[ 15] % i modified Z-buffer ehi £ il 54
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5.1 shading
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6.1 Simulation Overview

Ak A & F A A5 o B o0 3D model-based NPR-System & A # > %’ﬁ d
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AP R S FEEE B - BRI G o RIS M BAREA G AFERT F vk

TER > RAA DKL I D AR L ok & iR EER o

GRELY O APRRRE T A EA R A s & TR e - B
RE G RERE Y 0 B TR R R f B R R

B KR G BB RITERE P RS R o

SEILs AR A RGOS BHCRRIN D 0 A B R K R AT BT K -

6.2 kI HERIAZ T

FAES AR R Aok ® e RS 4k kR

B ek R AR

28



Y

4. Stream step

7. B U P g RS ko

# push i& pixel } 7stack ®

8. i K b enpEdl i collide step

\4

O =

Wy

(]

Aq\]‘fja

[B] 22] -k %2 B 42 B

29

&
<




LT RSP R R AR R S L TR 3

F oo g SR LT LG pixel b 5 TS ke pixel kA g

* % 2|47 pixel £F AT L AT F TS APELE DM E AR L B ¥
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[ ®] 23] stream step simulation =+ {5 B] ° + B 5 &5 stream step simulation {$ 4 fie ] »
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6.3 color blending

TS ¥ F L ks R4 (RGB) R A 4 4 3Lk (red) ~ % (green) »

F(blue) c RGB & * eh¥_T4cd & 0 ZfigFd $f 44 v U FIG - aa 40
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(A) 2D shape-based Stroke: edge

(B) 3D model-based Stroke: skeleton

(a) Feature- based Stroke

(b) Texture- based Stroke
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