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Title of Thesis: Shape-Oriented Brush Stroke Synthesis in Non-Photorealistic Rendering
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Graduation Time: August 2006 Degree Conferred: Master

Student Name: Jimmy Lin Advisor Name: Dr. Lieu-Hen Chen
Abstract

Non-photorealistic rendering (NPR) has been an important topic in the research field of
Computer Graphics. Instead of pursuing the photo-realism of images, researchers of NPR
focus on the representation of painting style, such as the exaggeration expression over the
subjects and the visual effects of brush strokes. In this paper, we propose a new
model-based NPR method to simulate and synthesize continuous brush strokes by utilizing
the auxiliary bone structure of models and other necessary information which is extracted
from the shapes of three-dimensional models. Furthermore, painting techniques of artists
are considered and simulated in our system. By applying our methods, images of scenery,
that consists both of moving and still objects, with the painting styles of great
impressionists, C’ezanne and Van Gogh, are synthesized. The experiment results show that
our method successfully generates interesting NPR animation with continuous brush

strokes.

Keyword: brush stroke, paint style, Non-Photorealistic Rendering (NPR), model,
computer graphics, Line-Integral-Convolution (LIC), 3D-skeletons, Impressionism.
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X-file 1T 5 FALORE F 50 o ¥ ob o d 20 F L2 {4 Maya ~ 3DsMax & 7 £ #

X-file i #e3% » L A3 p 8 endp Bl B 38 o

4.1 X-loader

A

z & p = Group

21N

X-file g attest o 8 BEBES B P frphondr M o5 - g i

Name ~ Vertex ~ Index ~ Normal ~ UV ~ Bone 7 % p B #& % 55*L o 4B+ 7 #7571 o

Frame Objectl {
FrameTransformMatrix {
-0.024018,-0.999711,0.000000,0.000000,0.999711,-0.024018,0.....
}
Mesh {
18;
0.000000;0.000000;0.000000;,
9.286357;0.000000;0.000000;,

¥

MeshNormals {
K
MeshMaterialList {
+
Frame Object2{
XXX
XXX
Frame Object3{
}
¥

[B+ 7 ] X-file #h % Bt & hrg & M % :0bjectl->0Object2->0Objectd
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4.1 X-file Adapter

d *t X-file ® 7B BF M 57 non-unique” aFld » FiXF GEFELE PIrg § pan

R A R > Mg I RN REL TR

Bt 0 AT OUEFALLE A L kB > AP AT R ARt TR 4 - B
Data Adapter - * % #-X-file thhh% Ttk & ot NPR-System i@ * chfif g4
% NPR-System 42 > 3% i 3-8 ¢ 973 Vertex »#8% » #®@ = - i» Vertex List>
MR- e 2 Triangle #42 % d Triangle List g3 - ¢ 7 Index T3t » ¥ 2F

ook BT ME o FP &K Input e X-file £AT47/F ~ BT o

Root Frame{

m_vertices

Objectl Group
Frame{

FrameTransformMatrix{...}

Mesh{Vertex.Index...}

Material{...} m_Triangle

MeshTextureCoords{...}

Skinweights {Bonel, BoneZ:...}
T access data
Object2 Group
Frame{ m_FrameRoot

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

SkinWeights {Bonel, Bone2...} mEmeshRaot

}
Bonel{
FrameTransformMatrix{...
Bone2{
FrameTransformMatrix{...}
b
}

(Bl ] Adapter F#L% » 7 L. Bl -
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(A) Vertices Data :
d & Object 2 Vertex FALP~18 o d *t Maya / .
3DsMax # 4 chX-file H BREF Y 2 & 5 vE-

[31[9][11]

Mo 4 i&{;;b— BPHESDTI e G4 frg IR

|
3X4=12 BEBEF I o F 0 & A B - & TG el

{1 % i > Replace Table { #c# Index #BF [W-+ - ]2 Erir— e

2 fer e BE G orE- M BT ~ Vertices Vertex List - J13R 12
Liste i 77 gk

(B) Triangle Data :
195+ & e Replace Table 12 %2 4+ i+ &F c7Offset Table k £ ATFHFLF 1 > ﬁ%l »

F] Index List °

(C) FrameRoot :
# 73 Bone eFs A B 7201 2 Bone g B B~ EEFTME o
5 787 ka3 Stroke i *t3 ¥ Bone e 2 v 0 AP _Bone e B 4L 1

AR RN GY 0 P E MR T
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Bonel TransMatrix = {0.973795,-0.227426,0.000000,0.000000,
0.227426,0.973795,0.000000,0.000000,
0.000000,0.000000,1.000000,0.000000,
0.350951,1l,?62055,0,00000|}l1.000000};

Bone03:Head = Bone03TMXBone02ZTMXBone01TM

z

Bone01:Head /

e

i

e

Bone02:Head = Bone01:Tail = Bone02TM X BonelTM

[Bl+ ~ ] Bone =% & 27 H # % 550 chpf % o

4oB -+ ~ #77F » Bone0l:Head = BoneOl:TransMatrix(TM) ¥ #vm4l, m42, m43 58 ;
+ ¥ Bone02 ¥ > Bone02:Head = Bone02:TM X Bone02:CombineMatrix °

H# ¢ CombineMatrix B % ** k% Bone g ¥ 58" ehie & o
(D) MeshRoot :
33 5 RCA] eodp M R 3 4o Material ~ FrameTransMatrix ~ Mesh Name ~ UV % -

% #2143 Triangle List d Pointer ift % i KB~ (B M B e 30 o

ek B X-file W5 A A PECA| TR > 2 X-file Adapter » f F @&
FA A F A $03] ¢ Bone 93 & 0 #d-w Vertex 7% %o Matrix o

vertex data X combine trans matrix

bone:yes combine trans Matrix[i] = current frame Matrix[i] X combine trans Matrix[i-1]

Model vertex data

bone:na vertex data X offset Matrix X bone Matrix
bone Matrix[i] = combine trans Matrix[i]

[®-++4 ] X-file ® 7 Bone & & » #+ % Vertex List #7F %R Matrix -
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%I % mHEFF: Modified Z-buffer

A poren N kg F- B Z-buffer AT TR g E F o 75 ¢ Stroke

PFEE A AT g R F Rk o

5.1 Modified Z-buffer

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

[R=+] & B nodified Z-buffer shi & FALi4f

4oBlz L #rw 0 L lehd 2 Buffer Entity» A& F - B¥ 1 Deanikd o
2 % 1A AT value » ¢ 7 7 M Pixel 99 £ (weight) ~ 5% 3D 3§

Y secolor s M E LAY 4w (vector[i]) 2 APt g 4

(strokeColor[i]) % -
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B tPtr PRI k@ gorfhenz £ - S - dpik » AT b B A

B & & 3D-model #7ifFF HF M o

'li[”g],: £ _ »g’Li—ﬂ- ,TRIANGLE E“hF‘ﬁ 7}_]_ class TRIANGLE

{
public:
= ’f#- v “,Zf 7 8 A 0 Index F DWORD point[3]; // Indices
D3DXVECTOR3 normal;
) }ﬁoﬁ » ij b ,}3 % § ’3». v-| D3DXVECTORS3 color; //for debug

D3DXMATERIAL *pMaterials; // i H &k i {ir #>mesh i@ @ & material 3 &
@B haplri[3] s e = 7 TRIANGLE *pTri[3]; //[0]:0-1 [1]:0-2 [2]:1-2
bool exist[4]; /f [0]:0-1 [1]:0-2 [2]:1-2 [3]:the triangle
7’% ﬁﬁ;‘ K?’ l} m eXl St |: 4] LPSTR meshName;
D3DXVECTORS3 sVector;
Triangle #7/& 2 meshName ;
TRIANGLE()}{
normal = D3DXVECTOR3(0,0,0);
color = D3DXVECTOR3(0,0,0);
for(int i=0; i<3; i+4+)

pointer % o £

Triangle #7/& “ Material

pTri[l] = MULL;
exist[i] = true;
}
exist[3] = true;
pMaterials = NULL;
meshName = MULL;
H
h

[B= - - ] TRIANGLE F# %1

Bl- -3 A,k »Triangle List ~ Vertex ~ Buffer ~ MeshRoot 2z B eif % o

pTri[3]# X-file Adapter » » ¢ #= £ HF ez &P BT T K o 4o

e 1 e o b e
peF R 2 (s e Edge HI¥T T O S hE R o

@ Point[3 ] Index F 3 A4 “4p ¥l m_Vertices ™4 2 m_projVertices & i "% B85
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m_Vertices{

point{Q] [0]: 0.345123, 12.335, 112,3;
[1]: 23.34, 543,23, 44;
[2]: 47, 22.56, 12;

[7]: 12.3,77, 123;

\ prrijuyf }
7]

data|access : :
m_projVertices{

[ay: 0.12, 10.22, 0;
m_zBuffer tPtr [1]: 22.12, 510.31, 0;
[2]: 42.77, 52.15, 0;

[7]: 10, 67.55, O0;

1

m_meshRoot

[ B = -+ = ] TRIANGLE-Buffer-Vertex-MeshRoot z B ifd % o

5.2 Rasterization
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[Bl= -+ = ]Rasterization 7+ & B °
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B s Z-Buffer g * pf > ¥ g 3len2 H ¥4 & pixel ciFER > ¥ 2 2 &8 3 g p B4
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30 fRAE B R AL - AP enae 1 Depth-Test e& iR = 2 o R AR ARACT ¢

Rasterization:
For Each Triangle in Scene
Rasterization

for Each Pixel
Adapt Depth Test
end
end of Rasterization
end

Adapt Depth Test:

£ Pl 5 P % kst Z-Buffer + 12k ~ P2 5 %4 & Pl i® Depth test ¢h@k o

ETRE—MEFRE

Y/ N
P1, P2 Normual VectorBERAAK20 \
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TR Tiangle
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Depth Test; ME@12EEEE

[Bl= -+ = ] Adapt Depth Test /42 o
(A)F PL, P2 A w3 e enge 2 0 PIE B IFRRPIE -
(B)» 2. » @ %7 P1, P2 2} e NormalVector(d 3Dmodel B~t8 )2 # & »
FALE - R 2 P20 B) R Mg ) 2 iE 2 (0)

(C)P1, P2 &yt 2 2u4p 82 Triangle » B iT/% & PIFE o
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6.1 Volume Shadow

Volume Shadow method ¢ — i Shadow Mesh £ Depth-Buffer ¢7Depth Test #7H = °
%’%’ d Direct3D s-2Shadow Mesh function 2% i j& m # chMesh F #L4F W & & % 5 Shadow
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(B)Single Direction Stroke

(C)2D shape-based Stroke
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6.3 2D Shape-based Vector
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6.3 3D-Model based Vector: skeleton
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8.1 Line Integral Convolution (LIC)
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