it a
3t Tr
'r) R

* diffu
= true

»fl + refr

DMLY e
efl * £ * diffu
= true;

WAXDEPTH)

survive = SurvivalProt
estimati

if;

"adiance = SampleLight
*.x + radiance.y + radiar

v = true;

st brdfPdf » EvaluateDiffuse
st3 factor = diffuse * INVPI
st weight = Mis2( directPdf
3t cosThetaOut = dot( N, L
E * ((weight * cosThetalut

sndom walk
jive)

yt3 brdf = SampleDiffuse( diffuse, N

srvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);

3on = true:*

INFOGR - Computer Graphics

Jacco Bikker - April-July 2016 - Lecture 1: “Introduction”

Welcome!



+

)52
), N
3)

it a4 = nt
3t Tr = 1
'r) R = (D

E * diffuse
= true;

fl + refr)) &3 (¢

), N
efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation - doing

if;

"adiance = Samplelight( &rand
2.x + radiance.y + radiance.:

v = true;

3t brdfPdf = EvaluateDiffuse! L
3t3 factor = diffuse * INVPI:

3t weight = Mis2( directPdf, brdfF
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

sndom walk - done properly,
sive)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

srvive;

pdf;

v = E * brdf * (dot( N, R ) / pdf);
3an = true-*

Today's Agenda:

* Topic Introduction
= Course Introduction
" Team

= Practical Details

= Assignments

= Field Study

= State of the Art

-4
= b |
7
R
¢ 2‘ lt.'_y




INFOGR - Lecture 1 - “Introduction”

Introduction

fl + refr)) &

), N
efl * £ * dif
= true;

VAXDEPTH)

survive = Surv
estimation -
if;

~adiance = Sam
*.x + radiance

v = true;
it brdfPdf « E
3t3 factor = d
st weight = Mi
3t cosThetaOut
E * ((weight 1.

sndom walk - dp.’_

sive) ‘:‘.}:: & <
; - - —
coo-o-JustCause3 o=
pdf;

V= E * brdf * (dot( N, R ) / pdf);
3an = true-*



INFOGR - Lecture 1 - “Introduction”

Introduction

it a
3t Tr
'r) R =

= * diffuse
= true;

+fl + refr)) &

), N )
efl * E * dif
= true;

WAXDEPTH)

survive = Surv
estimatior X
if;
-adiance = Sm-|P
*.x + radiance

v = true;
it brdfPdf «
3t3 factor =

Ao
3t cosThetaOut® NS ; — ’ - =
4 =1 . .

E * ((weight } L . ¢ L 2 : . i

E _ 2 : NN, e a43. ST
indom walk - deiPeg , UARBIAN{‘:: MULTIPLAYER BETA = ' 1"/ ders .'f'- / %DUSTRIGS' *{ ?\
sive) % ! N \ 2. == / $ o . 7 .’, ,\“
= ~ > N =
t3 brdf = samgfef) iguse, 1w, 1 " >
srvive; 7 ~
pdf; _4!!’ \z by &)/
» = E * brdf * (dot( ) / pdf); o BICAF 5

3an = true-*



INFOGR - Lecture 1 - “Introduction”

Introduction

)

3t a4 = nt
5t Tr = 1 R
'r) R = (D * r

E * diffuse;
= true;

fl + refr)) & =

), N );
efl * € * dif
= true;

MULTIRLAYER BETA

JAXDEPTH)

survive = Surv:
estimation - ¢
if;

-adiance = Sam
>.x + radiance

v = true;
st brdfPdf = B
1t3 factor = d§ \f
3t weight = Mii~
3t cosThetaOut -
E * ((weight §

<




INFOGR - Lecture 1 - “Introduction”

Introduction

= » insid
it -~ nt
)52t = 1.9
), N );

)

it a = nt
5t Tr =1 - (R
'r) R=(D*m

£ = diffuse;
= true;

f1 + refr)) &

), N s
efl * E * dif
= true;

JAXDEPTH)

survive = Surv:
estimation - |
if;

-adiance =

2.x + radiance.

sndom walk - di
sive)

- urat - sslomeworld Remastered

srvive;

pdf;

V= E® brdf ® (dot( N, R ) / pdf
:3on = true:



INFOGR - Lecture 1 - “Introduction”

Introduction

= » insid
it - nt
)52t = 1.9
) N )
)

it & = nt - n
5t Tr =1 -~ (R®
'r) R = (D * nnt

£ = diffuse;
= true;

fl + refr)) &3 (dept!

), N)s
efl * € * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilic,

estimation - doing it ¢

if;

adiance = Samplelight( Arand.
2.x + radiance.y + radiance.:)

v = true;

st brdfPdf = EvaluateDiffuse! L, I

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, brdfird!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, close
rive)

1t3 brdf = SampleDiffuse( diffuse, N, r1,
srvive;

Y= E * brdf * (dot( N, R ) / pdf);

:3on = true:




INFOGR - Lecture 1 - “Introduction”

Introduction

it a
st Tr
'r) R

* diffuse

= true;
+fl + refr)) &
), N )

efl * € * diffuse

= true; - § L . —— ———

Sl S
B TR W
b e g VL S )

WAXDEPTH)

survive = SurvivalProbabl
estimation

if;

“adiance = SampleLight

s.x + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI

st weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L

E * ((weight * cosThetalut)

4—‘;—?}-
sndom walk - done prog — - \go o?\

sive) o o / -

TR
V|
ISInDY-

q’ 5
/\

;t} brdf = SampleDiffuse( diffuse, N Crysis

srvive;
pdf; 2 Y
= E * brdf * (dot( N, R ) / pdf); IR S
3an = true-*



INFOGR - Lecture 1 - “Introduction”

Introduction

A (depth

= » inside

it = nt / ne,

52t = 1.97

), N

)

it & =nt - e, b
st Te =1 - (RO +
'e) Ri= (D * nnt - H
 * diffuse;

= true;

fl + refr)) &8 (depth =

), N )i
efl * £ * diffuse;
= true;

vive = SurvivalProbabilic, |
- timation - doing it prope!

iance = SampleLight( &rand, I
radiance.y + radiance.z) =

v = true; 7

st brdfPdf = EvaluateDiffuse! L, 1
3t3 factor = diffuse * INVPI:

3t weight = Mis2( directPdf, brdfrdi

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directids

sndom walk - done properly, closely ¢
sive)

:
t3 brdf « SampleDiffuse( diffuse, N, ri, =
e

2

pdf;
' = E * brdf * (dot( N, R ) / pdf);
cion = true:*






INFOGR - Lecture 1 - “Introduction”

Introduction

it a4 = nt
3t Tr = 1
'r) R = (D

E * diffuse
= true;

»fl + refr)) &8

), N
efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation - doing

if;

"adiance = Samplelight( Arand
».x + radiance.y + radiance.:

v = true;

st brdfPdf » EvaluateDiffuse

3t3 factor = diffuse * INVPI:

3t weight = Mis2( directPdf, brdfp
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

sndom walk - done properly,
sive)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

srvive;

pdf;

v = E * brdf * (dot( N, R ) / pdf);
3an = true-*




INFOGR - Lecture 1 - “Introduction”

Introduction

b (dept

= = inside
it = nt
)52t = 1.97
) N )

)

it & =nt - ne, |
5t Tr =1 -~ (R®
'r) R = (D * nmt

£ = diffuse;
= true;

fl + refr)) &3 (depth

), N )
efl * E * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilit,
‘estimation - doing it prog

if;

-adiance = SampleLight( &rand. |
».x + radiance.y + radiance.:)

v = true;

3t brdfPdf = EvaluateDiffuse! L,
3t3 factor = diffuse * INVPI;

3t weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / di

sndom walk - done properly, close
rive)

]
3t3 brdf = SampleDiffuse( diffuse
srvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
:3on = true:



INFOGR - Lecture 1 - “Introduction”

Introduction

it a
3t Tr = 1
'r) R =

= * diffuse
= true;

sfl + refr)) &8

), N );
efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation z

if;

“adiance = SampleLight

2.X + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, berd!
3t cosThetaOut = dot( N, L ); ,‘«
E * ((weight * cosThetaOut) / dird ¥

sndom walk - done properl

rive) '\_-\j‘ <2 15

3 " ] ﬂ -— -
t3 brdf = SampleDiffuse( diffuse, just C'zause 3 r‘
srvive; -

pdf;

' = E * brdf * (dot( N, R ) / pdf);
3an = true-*



INFOGR - Lecture 1 - “Introduction”

Introduction

b (dept

= » inside
it = nt
)52t = 1.91
) N );

)

it & =nt - nec, |
St Tr =1 - (RO »
'r) R = (D * nmt

: * diffuse;
= true;

fl + refr)) &8 (depth

), N )
efl * € * diffuse;
= true;

WXDEPTH)

survive = SurvivalProbabilic
‘estimation - doing it proper!
if;

-adiance = SampleLight( &rand. |
».x + radiance.y + radiance.:)

v = true;

3t brdfPdf = EvaluateDiffusel L, I

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, brdfpdf

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directids

sndom walk - done properly, closel, ¢
rive)

]
1t3 brdf = SampleDiffuse( diffuse, N, ri,
rvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
:3on = true:



INFOGR - Lecture 1 - “Introduction”

Introduction

 {dept

= = inside
it = nt
)s2t = 1.97
), N );

)

it &4 = nt - nc
5t Tr =1 -~ (R®
'r) R = (D * nmt

£ = diffuse;
= true;

fl + refr)) &3 (depth

), N
efl * £ * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilic, |
estimation - doing it prog I
if; |
-adiance = Samplelight( &rand, !

».x + radiance.y + radiance.:)

v = true;

3t brdfPdf = EvaluateDiffuse! L, 1
3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, bedfird!
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

o

sndom walk - done properly, closel, ¢
rive)

]
yt3 brdf = SampleDiffuse( diffuse, N, r1, =
rvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
:3on = true:




INFOGR - Lecture 1 - “Introduction”

Introduction

)

3t 4 = nt
5t Tr = 1
'r) R = (D

= * diffuse;
= true;

sfl + refr)) &8 (de

, N )
efl * E * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilis
estimation - doing it

if;

"adiance = Samplelight( Arand
. x + radiance.y + radiance.:

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedfipd!
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directs

sndoe walk - done properly,
sive)

]

yt3 brdf = SampleDiffuse( diffuse, N, 1
srvive;

pdf;

v = E * brdf * (dot( N, R ) / pdf);
-3on = true:*




INFOGR - Lecture 1 - “Introduction”

Introduction

A (depth

= » inside

it = nt/ ne,
52t = 1.97
), N

)

it & =nt - e, b

st Tr =1 - (R@ +
'F) R = (0 * nnt - K

/ *."i.mvmbnlty‘ difs
stimation - doing it prope !

ance = Samplelight( &rand, 1.
+ radiance.y + radiance.z) - o

brdfPdf = EvaluateDiffuse( L, I
t3 factor = diffuse * INVPI;

st weight = Mis2( directdf, brdfrd’

cosThetaOut = dot( N, L );

((weight * cosThetaOut) / directid:

sndom walk - done properly, closely fo!
sive)

2 *
t3 brdf « SampleDiffuse( diffuse, N, ri, -
irvive;

pdf;

' = E * brdf * (dot( N, R ) / pdf);

ion = true:

Show -

Hokd RV 10 ortvl scene.
Preas LMS over sovironment for
destructon

Shards - 0



INFOGR - Lecture 2 - “Field Study”

Introduction

Computer Graphics 2016:

Looking for realism (in several wrong places):

1. Rasterization

3)

el = Geometry

'r) R = (D

s = Textures, shaders
= true;

= (lipping, culling
= Post processing

xfl + refr)) &3 (d

, N )

efl * E * diffuse ™

= true;

mEPTN)

arvive = Survateroas 2. Ray tracing 3. Mathematics

if;

e el = Ray/triangle intersections = Vectors
i = Bounding volume hierarchy = Matrices

3t3 factor = diffuse * INVPI: .

't weight = Mis2( directPdf, brdfr ™ Snell, Fresnel, Beer - Tr‘anSfOI‘matlonS

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct - Whltted, COOk, Ka] 1ya

sndom walk - done properly,

sive) ™

:

3t3 brdf =« SampleDiffuse( diffuse, N, 1
srvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);

3an = true-*




INFOGR - Lecture 1 - “Introduction”

Introduction

it a
5t Tr
'r) R

* diffuse
= true;

»fl + refr

), N );
efl * £ * diffu
= true;

WAXDEPTH)

survive = SurvivalProl
estimatio

if;

"adiance = Samplelight
2.x + radiance.y + radian

v = true;

st brdfPdf = EvaluateDiffuse
3t3 factor = diffuse * INVPI
st weight = Mis2( directpPdf,
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut

sndom walk
rive)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

H
v =E * brdf * (dot( N, R ) / pdf);

3on = true:*

Fundamentals

i

Language: Dutch, il Zg{«§
because of reasons. N 3:?;

/ Peter Shirley

Prerequisites: C#.

Literature: Fundamentals of Computer Graphics (3™ edition), by
Peter Shirley and Steve Marschner (or 4%, or 214, or 15Y).

15 lectures.

Supporting working colleges in all lecture weeks except the first:

= On Tuesdays,
= |n many different rooms - see schedule.




INFOGR - Lecture 1 - “Introduction”

Introduction

it a
5t Tr
'r) R
* diffus
= true;
»fl + refr
Al e )
efl * £ * diffu
= true;

VAXDEPTH)

survive = SurvivalProb

estimati

if;

"adiance = Samplelight
2.x + radiance.y + radian
v = true;

st brdfPdf = EvaluateDiffuse
3t3 factor = diffuse * INVPI
st weight = Mis2( directpPdf,
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut

sndom walk
jive)

yt3 brdf = SampleDiffuse( diffuse, N

srvive;
pdf;

H
' =E * brdf * (dot( N, R ) / pdf);

3on = true:*

Exams:

= Mid-term: May 24,

= End of term: June 30,
= Retake: July 14,

Attendance:

You are not required to attend any of the lectures / tutorials /
practica (i.e., if you are here, it’s because you want to*).

*Obviously, attendance is highly recommended.

YW Ly
‘éo O?\‘ ‘
s A
5 <
> b =¢
n 4
7 )
v/



Graphics
UNIVERSITEIT UTRECHT - INFORMATION AND COMPUTING SCIENCES

academic year 2015/16 - 4th period

http://www.cs.uu.nl/docs/vakken /gr

News Lectures (Topics, Slides)

Course Qverview Schedule Practica Literature & Links



http://www.cs.uu.nl/docs/vakken/gr

[Gacco” [[=F a5

™ Inbox - bikker j@gmail.com x ¥ I Google Calendar - Week of = X . general | Graphics 2015/20° x WhatsApp Web x4

€« C https://infogr2016.slack.com/messages/general/details/ w O ¥ 6 =
2% apps 9k Bookmarks S google [l gmal (] news (] tech [ games (] misc (] coding [ download (] tools [ vFocr [ ag | Slack B Thesis Tigran

Graphics 2015/2... #aneral & (B Q_ Search @ % :

13 I TTnErs ol D Y =WWILIE aDTHOUNCEmeTils arild Wi b SEL AL LETS

& Send this link to your team to invite them

# general About #general
April 22nd

jbikker 2:3:pn 5, Channel Details

i
JOHreEd] y e MIEN

Purpose

' jbikker 2.4z pn Discuss INFOGR related topics here.

[t

) S —
AEL LNE Crannel purpose; LNSCUSS Mok FEldieEd CORICS NEre.

hugo.hogenbirk =:19 1. Created by you on April 22nd
joined #general. Also, @aquila149 joined, @extrabb joined,

@

https://infogr2016.slack.com | "

‘ mthg 245 Ph 1/13 Members
Kan je je ook aanmelden voor deze slack met een @students.uu.nl
adres? ' jbikker
' jbikker 5.5 e _ | M aquila169 o
+ Invite People Ik had m ingesteld op uu.nl, hoe voeg ik domains toe? . . .
garautcnauae
. jbikker 5:540n )
- . ™


https://infogr2016.slack.com/

R GMT T

E ® Forums [ TRRET]TE R © + &

) Search < Login & Register

# Board index * Game Technology Bachelor Courses * Graphics (INFOGR) D

Graphics (INFOGR)

W T el | Search this forum.. Q | & 0 topics » Page 1 of 1

Announcements Replies Yiews Last post

by Arjan Egges @

General forum rules
0 1318 Tue Mar 01, 2016 3:25 pm

by Arjan Egges » Tue Mar 01, 2016 3:25 pm * in General

Display topics from previous:  All Topics v | Sort by Post time ¥ || Descending ¥ | Go

New Topic & 0 topics » Page 1 of 1

¢ Return to Board Index

Jump to |~
Who is online . .
. . |
wnmesnans e | NELPS: / /WWW.projects.science.uu.nl/gmt
P9 I 4 Y 4 P9 "4 r 4

Forum permissions
You cannot post new topics in this forum
You cannot reply to topics in this forum
You cannot edit your posts in this forum
You cannot delete yvour posts in this farum
You cannot post attachments in this forum

# Board index & Contact us #@&The team W Delete all board cookies = All times are UTC+02;00

Drsrmsred Fir mbenBEES Emriirmy CeafbFuarsres = o mbhesBPE D iee i dbed


https://www.projects.science.uu.nl/gmt

INFOGR - Lecture 1 - “Introduction”

Introduction

it a
st Tr
'r) R

* diffuse
= true;

+fl + refr)) &

), N )
efl * E * diffuse
= true;

WAXDEPTH)

survive = SurvivalProbabl
estimation

if;

“adiance = SampleLight

s.x + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI

st weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut)

sndom walk - done prog
rive)

3t3 brdf = SampleDiffuse( diffuse, N

srvive;
pdf;

H
v =E * brdf * (dot( N, R ) / pdf);

3an = true-*

Course characteristics:

This is a very intensive course. Be sure to keep up, i.e. don’t miss lectures.
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= [nformatics guys.
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Assignment Overview:
i. P1: Tutorial;

ii. P2:Ray Tracing;
iii. P3: Rasterization.

Final practicum grade is 0.2 * P1 + 0.4 * P2 + 0.4 * P3.

Exam overview:

i. T1:Mid-term exam;

ii. T2:Final exam.

Final exam grade is 05 * T1 + 0.5 * T2.

Final grade: (2T +P) /3
Passing criteria:

Final Grade = 6.0 (after rounding); both T and P = 5.0 (after rounding).
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Practical Details

How to hand in assignments:

= http://www.cs.uu.nl/docs/submit
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Retake: only if you failed the course, and scored at least a 4.0 (before rounding).
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Assignments
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PART 1: Mathematics

Tutorial 1 will be available on Thursday, April 28,
PART 2: Programming assignment

P1 (OpenTK Tutorial) is now available from the website.

Assistance is available on Tuesday, May 3" in rooms
BBG-079, -083,-109 and -112.
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Field Study
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Field Study
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Field Study
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Field Study
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History of Graphics
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History of Graphics
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Field Study

Game production: Crysis:
Code > 1M lines of code; 85k shaders
& Unreal 3 engine:
| Sl RSOy - e 2M lines of code
~ WA 7‘* Y
ShigE Tl W Frostbite:
“10x Unreal 3”
Minecraft:

< 200k lines of code.
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Field Study
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History of graphics in games, digest
Initially fast progression:

= from 2D to 3D,

» from monochrome to true-color,

= from wireframe to shaded,

= from sparse to highly detailed.

But also:

*= from reasonably efficient to produce to extremely labor-intensive.
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State of the Art
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Industry example: Unreal Engine 4
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= Shadows
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* Ambient occlusion

= Light shafts
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State of the Art
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State of the Art
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BN Engine Features

State of the Art
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State of the Art
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State of the Art

Modern rendering in games:

Stacking algorithms that solve part of the problem:
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Participating media
- ditfus Indirect light
,”,,)i ‘ ‘ Designed to ‘look good’, not to be (necessarily) correct
Each partial solution comes with parameters and limitations
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Next week:

Foundation
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END of “Introduction”
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