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BERIERHE

AR | B | BEER A=
1 2 A HEVNERZESSR, FENEEY
2 2 XIR IRIELHE, ERHTNE, Review of Linear Algebra
3 2 IR Geometry 1 (Introduction), Geometry 2 (Curves and Surfaces)
4 2 iR Geometry 3, Rasterization 1 (Triangles)
5 2 =g Rasterization 2 (Antialiasing and Z-Buffering)
6 2 =R Shading 1(lllumination, Shading and Graphics Pipeline)
7 2 R Shading 2(Shading, Pipeline and Texture Mapping), Shading 3 (Texture Mapping cont.)
8 2 R Transformation, Transformation Cont.
9 2 R Ray Tracing 1 (Whitted-Style Ray Tracing)
10 2 R Ray Tracing 2 (Acceleration & Radiometry)
11 2 e Ray Tracing 3 (Light Transport & Global lllumination)
12 2 s Materials and Appearances, Advanced Topics in Rendering
13 2 e Cameras, Lenses and Light Fields
14 2 iR Color and Perception
15 2 R Color in Graphics and Visualization, I+EHEZEN]
16 2 e Animation, Physics Simulation
17 2 =R IR




BERIERHE

A ENRAEE (FRE)

SRRER R ERMITRIR. SRR,

LR (/hEE)

/Tl

>



BRI RH

FS SEISRER S g F I3
1 AT=AMRINERRA | (1) ®Rl—HMEE, BiEfEE, FRYRETTERTE, 2
47 (2) BHEEFAMDIR;

(3) BRDINEERILEMB=FEE

2 BézierfhZea9sCI (1) sCHIDe Casteljau &% 2
(2) EMEFLRIHEGE,

3 Catmull-Clarké5 &% SCER 459 Catmull-Clark 895 75%, ATRIEMED 4

4 AR IRFI TERTLERIMCEDIEZE T, HEIREEM Sk EME, (IS ieE=A 2
SRS GHNELE,

5 =RARSEHML 1 {&rasterize_triangle(): FUT=AIMIEHEX 2
2 StHlinsideTriangle(): MK REBE=HTA.
BRAERS LREH— " LO=/H

6 Pipeline and Shading ST/ NDAFRYESR, BiREAE. M. STEEERYEEFISCI 2
Blinn-Phong . Texture Shading Fragment Shader. Bump
Mapping. Displacement MappingZF&gY,

7 HE&IBR TELETEMASESR PO LR, FHEBIIMoller-TrumBore&i% 2
FIKT 5 S =RIAER,

8 FLBEREIENNR N FEETERINAIIESR, (ERINEERFAIE L SYIRERTEAL, 2
sEHRay-Bounding Volumexk3az 5BVHE,

9 FEHUEERRISTREME NS | Z3=)ittor, SCH—NGIEEMEERY)IZ, STHNRAIFEEHUES, 2

i T fR)ittorRYEA LR,
10 Jittor B HAE . BN | REittonSqE, STTREMBIE— ERYIMIEMEE" K 2
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* Good programming skills in C (or C++)
* Basic Data Structures
- Linked lists (=3 st
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* Geometry
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* Simple Linear Algebra N
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HEHEREREE

lvan Sutherland - Father of Computer Graphics

19625, MITHMELIEATIvan
E. Sutherland MBI 1E T18 X

"Sketchpad: — 1N ANIRZEIES |

B RS R E/R(ER 7T &1
Z|fi2 = "Computer Graphics" iX i_
ARIE, TEH T SR E N ER
—/\_JWEI’J 5 FAHYRA 5T OUEL,
MITIRERE & It ENERFEA—1
ERFTHIIEN R F 0 SZHIHEA,

lvan E Sutherland,

born 1938, Hartings,
Nebraska



lvan Sutherland - Father of
Computer Graphics

IVAN SUTHERLAND @

United States — 1988

CITATION

For his pioneering and visionary contributions to computer graphics,
starting with Sketchpad, and continuing after.

19884F ER3Z
1998%F IEEETT &R H LRI
19834 CoonsiZ °










B https://lwww.bilibili.com/video/BV1Sq4y1N7Hx/?spm_id_from=333.337.search-
card.all.click&vd_source=c9ca290d3dbf1895alade9e33b4c524a



Virtual Reality

In 1966 Sutherland, while an
Associate Professor at Harvard,
took another huge step towards the
future of computing — one that we
still haven’t completed today.

The Head-mounted Display worn byDonaId L.
Vickers, one of Ivan E. Sutherland’s Students at The
University of Utah. Photo courtesy of Ivan Sutherland.




Virtual Reality

* Vision Pro:
https://www.bilibili.co
m/video/BV1Rs4y1li7
MD/?spm_id_from=3
33.337.search-
card.all.click&vd sou
rce=c9ca290d3dbhf18
05ala4e9e33b4c524
a
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FEHEH RS (CNCC 2014) #iFZEllvan Sutherland#3%

MRS . LA AEHEREITS JL T i Z 3
Sutherland#iE#1T T — % MBI

B?F\’fﬂiﬁl?%’—ﬁsmmlandi’iﬁﬂ

https://mp.weixin.ag.com/s/nBjhf TWNUEImFbs-5P7rVw



https://mp.weixin.qq.com/s/nBjhfTwNuElmFbs-5P7rVw
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Claude Shannon

Steven A. Coons Award

The Association for Computing Machinery SIGGRAPH has an
award named for Coons. The Steven Anson Coons Award for
Outstanding Creative Contributions to Computer Graphics is given in
odd-numbered years to an individual to honor that person's lifetime
contribution to computer graphics and interactive techniques.

It is considered the field's most prestigious award.
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«2003FEREEZFAlan Kay
-EsFUtah A=, M Evan Sutherland
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The best way to predict the future
IS to invent it.
—Alan Kay
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«2019 FERIZEF Edwin E. Catmull ]

Patrick M. Hanrahan

- Edwin E. Catmull Ee)lF Utah, JmMEvan Sutherland

- Hanrahan #0 Catmull #f& Y RenderMan (EIf2ZE+3X
14)

3DIEHERE, YR HIEREIE
S (COl) ST B R




ACM A.M. TURING AWARD
2019

EDWIN E. CATMULL @

United States — 2019

CITATION
For fundamental contributions to 3D computer graphics, and the impact of
computer-generated imagery (CGI) in filmmaking and other applications.

-

RESEARCH
SUBJECTS

PATRICK M. HANRAHAN &

United States — 2019

CITATION
For fundamental contributions to 3D computer graphics, and the impact of
computer-generated imagery (CGI) in filmmaking and other applications.

-

RESEARCH
SUBJECTS




Edwin Catmull —

« Known for Texture mapping, Catmull-Rom spline,
Catmull-Clark subdivision surface

 co-founder of Pixar, President of Walt Disney
Animation Studios

Pat Hanrahan —

« Known for simulating subsurface scattering of light in
translucent materials, etc.

 founding employee at Pixar, co-founder of Tableau
Software
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Haisen Zhao Shiging Xin
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Yunhai Wang

Yangyan Li

31




—n #

= el A IR -~

Globally Consistent Normal Orientation for Point Clouds
by Regularizing the Winding-Number Field

2%, EE5, TTH. TLE, BUE. IHE iR IXT, 5kT
WA, Sk, BEEMASAITSE, TORNEAE, BTENRTAS

3 3 8 “. ¥ ] ¥ 5

3 k3 ¢ 1

HERR= Wixx % c.’ b:ll\ Consmm Normal
izing rhz Winding—Number Field” FERHEWTE. EXE
FHENE L REISER.

520225 ACM SIGGRAPHASE T R{EY
-\C\x SIGGRAPH 2023;‘:—

. a:;*;;;_%éw 31EE— ;fea:.é, S
NET SIGGRAPH 20238 RSN EEH .
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PIXAR

O N 5

AN T 1

List of Pixar films |

Film

Toy Story

A Bug's Life

Toy Story 2

Monsters, Inc.

Finding Nemo

The Incredibles

Cars

Ratatouille

WALL-F

Up

Toy Story 3

Release date

November 22, 1995

November 25, 1998

November 24, 1999

November 2, 2001

May 30, 2003

November 5, 2004

June 9, 2006

June 29, 2007

June 27, 2008

May 29, 2009

June 18, 2010

-

Directed by ¢ Screenplay by

Released films

Joel Cohen, Alec Sokolow, Andrew
Stanton & Joss Whedon

Donald McEnery, Bob Shaw & Andrew

John Lasseter

John Lasseterl®]
Stanton

John LasseterlP]

Pete Docterl¢]

Andrew Stanton[d]
Stanton

Dan Fogelman, Jorgen Klubien,
Lasseter, Phil Lorin, Kiel Murray & Joe

John Lasseterl®]
Ranft

Brad Bird[f]

Andrew Stanton

Pete Docterld!

Lee Unkrich Michael Arndt

Doug Chamberlin, Rita Hsiao, Andrew
Stanton & Chris Webb

Dan Gerson & Andrew Stanton

Bob Peterson, David Reynolds &

Jim Reardon & Stanton

Docter & Bob Peterson

Story by

Pete Docter, Lasseter, Joe Ranft & Stanton

Lasseter, Joe Ranft & Stanton

Ash Brannon, Pete Docter, Lasseter & Stanton

Jill Culton, Docter, Ralph Eggleston & Jeff
Pidgeon

Stanton

Lasseter, Klubien & Ranft

Bird, Jim Capobianco & Jan Pinkava

Pete Docter & Stanton

Docter, Tom McCarthy & Peterson

John Lasseter, Andrew Stanton & Unkrich

a

a

Produced by ¢

Bonnie Arnold &
Ralph Guggenheim

Darla K. Anderson
& Kevin Reher

Karen Robert
Jackson & Helene
Plotkin

Darla K. Anderson

Graham Walters

John Walker

Darla K. Anderson

Brad Lewis

Jim Maorris

Jonas Rivera

Darla K. Anderson

34

Music by

Randy
Newman

Thomas
Newman

Michael
Giacchino

Randy
Newman

Michael
Giacchino

Thomas
Newman

Michael
Giacchino

Randy
Newman

-
-



PIXAR
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Film ¢ Release date ¢ | Directedby ¢ Screenplay by Story by ¢ | Producedby ¢ | Musichy #
h . . Michael
Cars 2 June 24, 2011 John Lasseterlhl Ben Queen Dan Fogelman, Lasseter & Brad Lewis Denise Ream Giacchino
Mark Andrews .
. Katherine .
Brave June 22, 2012 & Brenda Andrews, Chapman, Irene Mecchi & Steve Purcell Chapman Sarafian Patrick Doyle
Chapmanl]
Monsters . )
. . June 21, 2013 Dan Scanlon Robert L. Baird, Dan Gerson & Scanlon Kori Rae Randy Newman
University
: i . i Michael
Inside Out June 19, 2015 Pete Docterl] Josh Cooley, Docter & Meg LeFauve Docter & Ronnie del Carmen Jonas Rivera Giacchino
The Good Sohn, Erik B , LeF , Kelsey M & Bob . Jeff & Mychael
fe oo November 25, 2015 Peter Sohn Meg LeFauve onhn, Erik benson, Lerauve, Relsey Viann © Denise Ream € ychae
Dinosaur Peterson Danna
And Th
Finding Dory June 17, 2016 " rewk Stanton & Victoria Strouse Stanton Lindsey Collins omas
Stanton(K! Newman
. ) . . Fee, Eyal Podell, Ben Queen & Jonathon E. )
Cars 3 June 16, 2017 Brian Fee Kiel Murray, Bob Peterson & Mike Rich <t ! Kevin Reher Randy Newman
ewar
Tl . . . . . . Darla K.
Coco November 22, 2017 | Lee Unkrichl!! Matthew Aldrich & Adrian Molina Aldrich, Jason Katz, Molina & Unkrich Anderson
- i Michael
Nicole Paradis Giacchino
Incredibles 2 June 15, 2018 Brad Bird Grindle & John
Walker
Cooley, Folsom, Martin Hynes, Rashida Jones, Kiark Nl a
Toy Story 4 June 21, 2019 Josh Cooley Stephany Folsom & Andrew Stanton Valerie LaPointe, John Lasseter, Will McCormack Jar |:_sen Randy Newman
& Stanton onas Rivera
. . ) Jeff & Mychael
Onward March 6, 2020 Dan Scanlon Keith Bunin, Jason Headley & Scanlon Kori Rae Danna
Trent R &
Soul December 25, 2020 | Pete Docterl™] Docter, Mike Jones & Kemp Powers Dana Murray FEI-'I eznor
Atticus Ross[M
Luca June 18, 2021 Enrico Casarosa Jesse Andrews & Mike Jones

Andrews, Casarosa & Simon Stephenson

Andrea Warren

Dan Romer




H*
L3

39
40
41
42
43

45
46
a7
43
49
50
51
52
53
54
55
56
57
58

59
60

List of Walt Disney
Animation Studios Films

LirEEE ¢
200055H19H
20005128158
20016H3H
20025-6H21H
20025-11827H
2003F1181H
200454H2H
2005511854H
20075:3H23H
2008511821H
2009511825H
2010511824H
201157H15H
2012511H2H
2013511827H
201451187H
20165354H
20165:11823H
2018511821H
2019511822H

SR
HOEEE

&
#yJe/Dinosaur
S E T /The Emperor's New Groove

S ZRUTE/Atlantis: The Lost Empire

Er=M/Lilo & Stitch
EiR5/Treasure Planet
BEAY(LI5 /Brother Bear
WiHEFHZ/Home on the Range
PUERFIG/Chicken Little
FENEEH—3/Meet the Robinsons
INEEY)/Bolt
AT 55%/The Princess and the Frog
EAZ5/Tangled
/NERUEEAFEE/ Winnie the Pooh
FoEEEA T /Wreck-It Ralph
KEEF45/Frozen
#BgERRLLRA/Big Hero 6
JRAEEHE/ Zootopia
iS55/ Moana
FEEEAT2: AR EELN/Ralph Breaks the Internet
WKEEFE2/Frozen Il

Raya and the Last Dragon

Encanto

$175,000,000

¢ BB (Xm) ¢
$349,822,765
$169,327,687
$186,053,725
$273,144,151
$109,578,115
$250,397,798
$103,951,461
$314,432,837
$169,333,034
$309,979,994
$267,045,765
$591,794,936
$33,152,846
$471,222,889
$1,276,480,335
$657,818,612
$1,023,784,195
$617,093,294
$529,323,962
$1,419,312,568

202153H5H
2021115248 (L)

RT #
65%
85%
49%
86%
69%
38%
54%
36%
66%
89%
84%
90%
90%
87%
89%
89%
98%
95%
88%
76%

IMDb #

6.5
73
6.8
7.2
7.1
6.8
54
5.8
6.9
6.9
7.1
78
73
78
7.6
78
8.2
7.7
7.1
73

ALT@!SN

ANIMATION STUDIOS

36
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https://www.bilibili.com/video/BV1Tk4y1r7bQ/?spm_id_fro

m=333.337.search-
card.all.click&vd_source=c9ca290d3dbf1895ala4e9e33b4c52
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What is Computer Graphics?

Computer graphics Is a sub-field of
computer science which studies methods
for digitally synthesizing and manipulating
visual content.

* Although the term often refers to the study
of three-dimensional computer graphics, it
also encompasses  two-dimensional
graphics and image processing.

--Wikipedia
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What is Computer Graphics?

What? 1T BB ZR—MEREFE R e = EERRE/ITEBiE
TesHIMHERZZCHIREE .

What? &2 (Modeling), i§Z(Rendering) z1E/(Animation), 3B (HCI
), BEHAIISE(Virtual Reality), aI#{k(Visualization), BI#RAITE S4E
(Visual Media Processing), E=E{%&4: 1 (Medical Imaging), #JIREHL (
Physical simulation) ,JU{a/4t# (Geometry Optimization)

Why? JTFE, 8FZFE, %, B, f&sA, EeedhiE

http://staff.ustc.edu.cn/~Igliu/Resources/CG/What_is_ CG.htm

46



Real World

Xin Tong

~ Partner Research Manager

training Al & people




More Applications on
Computer Graphics?

Besides movies and animations.



Video Games




Video Games

SE

\ 7 4

— ‘Borderlands 3 (2019)

5 it — o



Autodesk Gallary



lkea - 75% of catalog is rendered imagery




Visualization

Growth in Employment, 2005-2011

Science, engineering, medicine, journalism, etc.



Virtual Reality




Augmented Reality

/

Microsoft Hololens

gaL. = \
I\.



Digital lllustration

N7 W % 1

) AT ;'\ )y
https://ww .youtube.comiwateh?v=uEdRLIgdgA4


http://www.youtube.com/watch?v=uEdRLlqdgA4
http://www.youtube.com/watch?v=uEdRLlqdgA4




Simulation

The Dust Bowl phenomena Black hole from Interstellar



Graphical User Interfaces

lagi
’ 15°/T" Faie

Constanta
“ 18°/13* Partly Cloudy

Eforie Sud

BAROBRFLTO®A™ MY




Typography

The QuickBrown
Fox Jumps Over
TheLazy Dog

ABCDEFGHIJKLMNOPQRSDTUVWXYZ
abcdefghijklmnopqrstuvwxyz 01234567890

The font Baskerville



Why Study Computer Graphics?

® Fundamental Intellectual Challenges

 Creates and interacts with realistic virtual world

* Requires understanding of all aspects of physical

world

 New computing methods, displays, technologies



Why Study Computer Graphics?

® Technical Challenges

« Math of (perspective) projections, curves, surfaces

* Physics of lighting and shading

* Representing / operating shapes in 3D

« Animation / simulation



Computer Graphics vs.
Computer Vision

Computer Graphics

(Rendering)
@DEL < > IM@
Computer Vision

Computer Graphics Computer Vision
(MOdellng, SImU|at|0n) (|mage Processing)
(Not Comp. Photography)

63



3D AIGC

AIGC Sora:

3D AIGC:
https://www.bilibili.com/video/BV1jadylw7Rqg/?spm_id_from=333.
337.search-

card.all.click&vd source=c9ca290d3dbf1895alade9e33b4c524a

64


https://www.bilibili.com/video/BV1ey421b7xy/?spm_id_from=333.337.search-card.all.click&vd_source=c9ca290d3dbf1895a1a4e9e33b4c524a
https://www.bilibili.com/video/BV1ey421b7xy/?spm_id_from=333.337.search-card.all.click&vd_source=c9ca290d3dbf1895a1a4e9e33b4c524a
https://www.bilibili.com/video/BV1ey421b7xy/?spm_id_from=333.337.search-card.all.click&vd_source=c9ca290d3dbf1895a1a4e9e33b4c524a

Thank you!
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