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* nsdansuuuanaas (modeling)
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— anaazineFaunntingdu 418341 Computer Graphics
Working Environment (1 OpenGL)
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ms uawazin (Rendering)

* AF97UNINAINULLANARINNATIRAART

40, 3765 246. 3446 -13. 3601
41. 7488 226. 0027 -5. 0658
48. 3294 235. 3752 -7. 3497
37.2949 230. 1558 -9, 6773
46.8526 239. 2049 -10. 7724
35.0925 232. 2118 -10. 9210
49,2234 231. 9015 -5, 4622
39.5274 227.7154 -6. 8570
36. 7923 240. 2518 -18. 0725
40,9546 241, 5318 -16. 3400
53.2942 227.1024 -17. 4600
51.4157 231. 8651 -20. 9840
45. 7685 234, 6469 -25. 0268
32.3952 239. 7475 -5, 4070
36,2495 235, 5937 -5, 3574
31. 0568 236. 1462 -9, 5742
34. 1015 253. 4861 -8. 2545
31,5809 291, 6262 -9, 3695
33.9048 256. 8511 -4. 1244

http://en.wikipedia.org/wiki/Global_illumination

Physically Based Rendering

o THuaan lfianasanuuannand

Non-Photorealistic Rendering
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The Legend of Zelda: The Wind Waker
http://en.wikipedia.org/wiki/Toon_shading
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* wiu Physically Based Rendering
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— Tassasedayantdos lidanesiumanivinnuldatngna




msi Physically Based Rendering
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Lighting: Diffuse Reflection

Surface Color Diffuse Shading
Point Light Source

C5348B Lecture 1 Pat Hanrahan, Spring 2007

Lighting: Shadows

No Shadows Shadows
Point Light Source Point Light Source
CS348B Lecture 1 Pat Hanrahan, Spring 2007

Lighting: Soft Shadows

Hard Shadows Soft Shadows
Point Light Source Area Light Source

C€S348B Lecture 1 Pat Hanrahan, Spring 2007




Lighting: Radiosity

Early Radiosity

Soft Shadows Inter-reflection, Diffuse)
Area Light Source Area Light Source
CS348B Lecture 1 Pat Hanrahan, Spring 2007 CS348B Lecture 1 Pat Hanrahan, Spring 2007
Early Diffuse+Glossy Caustics

Tribute to Vermeer
Program of Computer Graphics, Cornell

C5348B Lecture 1 Pat Hanrahan, Spring 2007

Jensen 1995

C5348B Lecture 1 Pat Hanrahan, Spring 2007




Complex Indirect lllumination

Mies Courtyard House with Curved Elements

Modeling: Stephen Duck; Rendering: Henrik Wann Jensen
CS5348B Lecture 1 Pat Hanrahan, Spring 2007

Translucency

Surface Reflection Subsurface Reflection

CS348B Lecture 1 Pat Hanrahan, Spring 2007
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* usazdeaiFandn Wnua (pixel)
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http://en.wikipedia.org/wiki/Pixels
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Trichromatic Theory of Vision
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* wade Meliuasuaznfimileuiunisanagy
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* A nulnman N AIAANARS

pndasann http://en.wikipedia.org/wiki/Camera

Graphics Pipeline
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Graphics Pipeline (q9)
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gulan http://ocw.mit.edu/ 3 6.837: Computer Graphics (Fall 2003)

Graphics Pipeline (o)
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¢ Interreflection
¢ Caustics




Ray Tracing Ray Tracing (vo)

o danesnuazEaulumnantl o duiuiinimanne Anaauuszuy {
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— fiundae, Monster Inc., Ratatouille WALUIAUINNTAANNIENL

Shade
http://en.wikipedia.org/wiki/RatatouilIé_%28fi|m%29
o ' . 1
Ray Tracing (o) Ray Tracing (o)

* dan
— ﬁmmﬂmﬂgmmiﬁﬁmﬁﬁdw
=
* daide

TN R — 4

I 4+ — funaqsldinan render mmﬂmﬁ@uq
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* AAULDINWIUATIAHED

o

* Fryanund: ABNEIFINNWIANYUN

* HAUBIINADTAINNF
R® = {(z,y,2) : x,y,2 € R}

* LINLADTNLAL
x = (1,0,0), y = (0,1,0), z = (0,0,1), 0 = (0,0,0)

4 Aan 1
NAADITINUG (D)

® AMNUNNE

— qnluauis

3)

— fann9luanui

a wvAa 4 Aana
ﬂ{(]‘]J NITUUINDITIUUAN
* Anuua L
u = (3717291,2’1)
v = (22,Y2,22)

* NTLANULATALLINEAS

u+v=(z1+x2, y1 +y2, 21 +22)
* niIgnINWaTAEaINanT

cu = (cxy, ¢y, cx3)

a A 4 Aan 1
ﬂQU NMIUVUINADTAIUUR (§19)

* N17UAN = LINEFADTIN




Ufiamsuunmees muila (so) Linear Combination

* msgnisaaanans = nstin/vn * Wi vi,va,...,v, Hwanmesla

WAY C1,C2 -5 Cn PBRIUAUATILAY)
=
Balerhy

c1Vvy +cove + ...+ vy,

11 linear combination aaa vi,va, ..., va

Linear Combination (ae) Span

* wnwasawiannnwaesidu linear combination weq * M vy, va,...,v, dunmesla] udd

X, y, uaz Z LN EFENLT

(z,y,2) = 2(1,0,0) + y(0,1,0) + 2(0,0,1) = 2x + yy + 22 lavitevat - Fevnie e e eR}

91'SPaN 1849 vy, va,..., vy,




Span (av)

Span aas X, Yy, uay Z dA1winfiy g3
Span aas X dAwiaiuunu X

Span wes y dawiniuwny y

Span a8y Z JAwvinuuny Z

Span 289 X uaz y davinduszuiy Xy
Span 289 X uaz Z SAwviniuszuny XZ

Span w83 y waz Z HAviiuszuny yZ

Linear Dependence

3INAI Vi, Vo, ..., Vi

funguaasonmein linearly dependent

v ' d‘d o o dl a 1 1 o
fflainans e, co,. .., o NSRRI AY WAL O
Ik

civi+ceve+...+¢c, v, =0

Linear Independence

navinuiu linear dependence

13INANI V1, V2, .-+, Vi

Wunguasannimesn linearly independent

AN cea, .. TRNISK
civi+cve+...4+¢c,v, =0

AB ¢y =cy=---=c, =0 Wil

Linear Independence (vo)

X, Y, uaz Z --- linearly independent

(1,2,0) uaz (2,4,0) --- linearly dependent
wmaz 2*(1,2,0) - (2,4,0) = (0,0,0)

(1,0,2), (2,3,0), (2,1.5,1) --- linearly dependent
wae (1,0,1) + 0.5*(2,3,0) - (2,1.5,1) = (0,0,0)

(0,0,0) --- linearly dependent |
w1z ¢(0,0,0) = (0,0,0) dwiuen ¢ lor Aldwindu O
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* 1 u+0uds Span 199 U Aadunssiiuaa O uaz U * & u uaz v iflunnmash linearly independent fuuda

span 193 U uaz vV Asszunuieuan O, U, uaz v

X

{eru+cav iy, € R}

Aa a J .
Usgunnnes Basis
* du, v, uar W ilunneas® linearly independent riu * f1span ass U, v, uaz W
W&2 SPan 289 U, V, uay W A1a9aniaafauinname S AL AR LA RS LE B
x B1Gen W, v, uaz W aniilu basis aesiBniunnasaiuiis

u

(0) y
\%

VA

{ciu+ cav + 3w : ¢1,¢9,c3 € R}




Basis (a9)

* X, Y, uaz Z \flu basis assfiginnimasaiuils
* (1,1,0), (0,1,1), uaz (1,0,1) fAiflu basis

* wi(1,0,1), (2,3,0), (2,1.5,1) il
wazduld linearly independent

%
WafaaLNag

* nagainans (dot product)

u-v==122 + Y1Y2 + 2122

* YUIAINLADT
1
[ull = a3 + 95 + 21 = (u-u)?

* ANLRA
u-v=v-u
u-(v+w)=u-v+u-w
u-(ev) =c(u-v)

o+ v* = [l + ] + 2(u - v)

[cul| = c[lull
o 1 4 d! 1
Nﬁﬂmﬁlﬂﬁ'ﬁ (G]?J) LANEDI U UI N UHIY
* Au1TA . Lqmmfﬁﬁmmmwiﬁu 1
u-v=|uf|v] cosb

N 2 . o
LN gﬁ@HN?ZMQ’W\‘i unuv

u

/0

* U iUV faniuisaie u-v =0

® fluf=1
e fu Wlunnpasuilandaeuan

u-v=||v]cosf AamINENRT8s V iauwanuaslllufidues u
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* wapuwnmef (cross product)

uxv=(yiz2 — Y221, 21%2 — 221, T1Y2 — T2Y1)

= (1122 — y221)xX + (2122 — 2221)y + (T1Y2 — T2Y1)2

4 1
NAAULINIADT (AD)

* WANINIDY u x v ARRINNHNALN
— i@ laufidres u ddeiulinie v

— u X v isaniuszunufisanlag w Au v seeenldfdniialilanag

X 'y z
=71 Y1 2
T2 Y2 22
Y e ¥ 1
® uXVERINNUM U ey V u v
o [fux vl =ulv]sin6
uxv v u
ﬁ u x v wadnszae u X v WNeannITa
J 1
NANMULIINIADT (AD)
* ANLRA
uxXv=-vxau

ux (v+w)=uxv+uxw

ux(rv)=(ru) xv=r(uxv)




