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AT K2+ CAD&CGE oK H /5 S0 6 =



iﬁzx%alz,@'z@zz s s 1

= Non-photorealistic Rendering (NPR)
= 14 0YStylistic Rendering
i R A AT

Using a term line ‘nonlinear science’ is like referring to the
bulk of zoology as ‘the study of nonelephant animals’.
-Stanislaw Ulam

AT K2+ CAD&CGE oK H /5 S0 6 =



FELSL K T2 4] 2

% & 7 (Photo-realistic) iR K 4= 1A
e %

SRk [ ﬁ,(Nonphoto realistic)-5 2 #H
%fﬁ/m*% SIGGRAPH2002

AT K2+ CAD&CGE oK H /5 S0 6 =



(b}

0.05,0 . =40);

scale = "min

Figure 6: (a) A source image {1024 » 688} and fixations gathered by the eve-tracker: (b} the resulting line drawing i«
{c) region boundaries before and after smoothing.

SIGGRAPH2002&

(a) () (c)

Figure 7: Comparison with and without eve-tracking data for the 768 = 768 image in (a). The drawing in (b} uses fixation data, and important
details {as seen by the user) are retained (¢ ;4. = 407 ). The drawings in (¢} instead use a constant eccentricity (3° on top, 12” on the bottom

image) across the entire image so that no meaningful abstraction is performed. (All use ¢, =014 ; =15}

AT K2+ CAD&CGE oK H /5 S0 6 =
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AT K2+ CAD&CGE oK H /5 S0 6 =




PR XU T AE B SE B 2 . HViewpoint LineStyle A i

AT K2+ CAD&CGE oK H /5 S0 6 =



iToon Shading

= McCloud in Understanding Comics:
= Amplification through simplification

AT K2+ CAD&CGE oK H /5 S0 6 =



. Gouraud-shaded duck

13
‘tl: silhouettes rendered, with solid shading, diffuse
two-tone shading, and specular/diffuse three-tone

AT K2+ CAD&CGE oK H /5 S0 6 =



i Toon Rendering )12 -2z 5l X%

= boundary or border edge: N\ — N2 1LE
WERLI . Bk, — ARG T A IX
PRI

= crease or hard edge: AL IL I )
W5, HMAZILERJe (Fkh dihedral
angle) KT—ABME. XANEEIZ%E
JE60/ . XFMILF N 4 Mridge CFF) valley
() .

= material edge: AN[EM A ZLIER A
Ll 5. W LR EARE A HE B2 BRI

= silhouette edge: X THATT RIS, M
] AN [R]5H 7] PRI P AS 2 3T (1A 30 5

AT K2+ CAD&CGE oK H /5 S0 6 =



7.2.1 [H % Eisurface Angle
Silhouetting

n RS n LA ST ) AIER TRV [n) ) A R 8
o HNFENTOI, Wi W 210 SR R )5
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AT K2+ CAD&CGE oK H /5 S0 6 =
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AT K2#CAD&CGE K B S s =



7.2.2 2L 4 )5 Procedural
Geometry Silhouette

= Basic ldea
» 1F% 2l front faces
« (£ %back facesht, #%5ER 5o
o JUMTT: BTE BT 1RER O 5E & Hilfront
faces#l|Z-buffer,?x J5 1 % 1ilback faces
» N2 Hillback facesifiZz, AN ZHI[661,462]
= WA biassl 7.4 ) HEARAT Hn] W,
o G H] T AR B 0 R R SRR 2k

AT K2+ CAD&CGE oK H /5 S0 6 =
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o UM B 2R S B pE— 4k, n] DU BB AL
back faces
o WINEEZ-buffer F{EH TR, 5 N]back
faces¥ A A] I,
« WA L IEE::
[ € H
57 HAAEL M R AR
1 FH e % gIPolygonOffset
n 0] BT AT AR B8 7 VAR AN R AT 12 1) 5 FEAH [A]
— MR IMNE AR, PG RE AR A TH A7 )

AT K2+ CAD&CGE oK H /5 S0 6 =



i backface
/. visible Ny

eye <j front back

%17.6 A 3

translate

s Back facef)#H£n] >k v g HofmAs & . ﬁﬂg
7.67~, Hu] WAy, BUEESSHIFHZ019R 5
front face )3 /A FH %,

s — A IR S S )RR B € back face

WRES TR, A A RORLAN LT 2
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AT K2+ CAD&CGE oK H /5 S0 6 =
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Think lines Z bias Fattened triangle

algorithm
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AT K2+ CAD&CGE oK H /5 S0 6 =




i H'el 572 - shell technique

-ULﬁﬁ%ET%LﬁKEMJ*%k
TV R, APk, WE S

’ﬂ%ﬁ ﬁ%;FLMMEﬁ %3]
back face ) Il ;i AR #x[323]

expand and render
backfaces in black

render frontfaces

5]7.9

AT K2+ CAD&CGE oK H /5 S0 6 =
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AT K2+ CAD&CGE oK H /5 S0 6 =
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Shell and fatterning techniques /8 2% % U5: KEGE
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techniquef) =4 M AE V2 W] M A2 I s Z-biasid H]

TP
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AT K2+ CAD&CGE oK H /5 S0 6 =



7.2.3 1S R AE A e 3
Silhouetting by Image Processing

s NPRA] LGRS T2 R 22 ip X B4 B BEA T AL B 1M
%%?%!: [6681 163] ©
s TS EE, H5ILMERTESTLR
= TR Z-buffer PR BEAERIE DT 4, Al LAFRE]K
o TR HE R 2k
= Card and Mitchell[112]11 /7%
= Hpixel shaderts iz 5 it AL AR KR R vk m) R Z- VK 5
HE 2E A, L RAE A Bl (normal map) s £
githiliE, Z{EE 2| AlphailiE

. RIS, DRAE L

AT K2+ CAD&CGE oK H /5 S0 6 =



LU 3k 21 AT 114

AT K2+ CAD&CGE oK H /5 S0 6 =



i Mitchell[557]4#iiA T /EFf

shadersk 34k 7, (kT
=¥

jvertex 1.4 pixel

LS N D) SR AT
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s ZIEPIRSANTG ZEERE, BRIRFFIE D

o ANEEEAFFHCPURG Etil
RII=E
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AT K2#CAD&CGE K B S s =



4 Fe R/l 2 Al Silhouette Edge
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i Detection

s Ik

bb@% Ig/v

w2 PRI 2 TR ER 13 e 5

s XN} Ihﬁ/f(procedural geometry)ﬁ‘ﬁ =K

it 1 (back facing pass) 7 22 Ak Bl Hﬁ;&ﬁT Tju

S EZSEANL
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AT K2+ CAD&CGE oK H /5 S0 6 =



i IR{EWIRES

= XF P AR 5 it EiR R A [521]
o OdE: BFIWRIa RS R, AR R
gl
n ROE AR A 2071 [105]:
o FREEHEFAR /S A, LA IR EARE, W
21wt v 2 A front/back, 54— € &1L 5t
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AT K2+ CAD&CGE oK H /5 S0 6 =
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o PRI TR A B LI R TT VA
s SCIRE KRR, KRR S HITURAHE
(K13, BRI e B IL Al 48 2 2
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ViR JFRia
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AT K2+ CAD&CGE oK H /5 S0 6 =



i KB 5 FE ) TR 2

o HIHECE X To 7 BN AT I VT 1]
w OGRS S TR RN AT HE Py a2 4 ok TR HE T [826]

= il Hvertex shader>k L1£[112]

o RS I0ARYAE IR DY i JE ik T vertex shader,
PR AR AT Y2 )t — FFIE N

= R SV S L L s =R U A A DR )] P
AR . BRI AT L

= 11512 (boundary edge)LﬂzTuiﬁJ)\, LB )
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o WAL OKEIIN TR R, WERRRS BT IRk
AR, BORANGS

AT K2+ CAD&CGE oK H /5 S0 6 =
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» HEHBRS L
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{1 JCZR TR R IR G Fe R 25
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o ST I f T RTRS B — AN IDHRES, I

A
= BHXAND
o« IR

uffer, XFETAMILREG T
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AT K2+ CAD&CGE oK H /5 S0 6 =
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= % 7 toon rendering & — 52 XM 1) Rk
IR IR 2 B KA R 23l e NPREIR
M Zi %5/ 2 (modifying) B 52 [ 4 3
(realistic texture)[432,412,470], 2% 11
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= Praum et a/.[|633]

Wiz St

= FHZE K texture(stroke texture)fF T mipmap

texture ', HIEATAE
textureskR 24X, XFE
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Imipmap i
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AT K2+ CAD&CGE oK H /5 S0 6 =



i 7.4 Zi5%lines

= 20 1¥) %8 By e B (Edge Higlighting)
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AT K2+ CAD&CGE oK H /5 S0 6 =



WESUBI A2
= glPolygonOffset()n] LAfiE w1 1a) @t
= [356] 1Y) 7 v LLIEE S 72
« /£ FIRIRE NEHEAZUE
¥ z-bufferyi® 5 T 7T
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¥scolor bufferf] Jf
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¥ B z-buffer] I
¥tcolor bufferc 4]
« WLV ERCRAE, {H2&XTedge highlighting g S A 4f-

AT K2+ CAD&CGE oK H /5 S0 6 =



o 220, [FBEstencil buffer
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AT K2+ CAD&CGE oK H /5 S0 6 =



