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»fl + refr
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efl * £ * diffu
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WAXDEPTH)

survive = SurvivalProt
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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
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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 2: “Graphics Fundamentals”

Welcome!
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Synchronize

it a
5t Tr
'r) R

. di
= tru

fl + 1

), N
efl *
= trul

WAXDEP

surviwvi
estimi
if;

adiance = Samplelight{ Ssand
.x + radiance.y + rod{a% >
v = true;

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

st weight = Mis2( directPdf, bed!

3t cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / direct

sndom walk - done properly

sive) ‘&
=3
; £~
3t3 brdf = SampleDiffuse( diffuse, N, a
srvive; \7
pdf; % »
v =E * brdf * (dot( N, R ) / pdf); L4« 3

3an = true-*


http://www.cs.uu.nl/docs/vakken/gr
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= true;
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), N )
efl * E * diffuse
= true;

WAXDEPTH)

survive = SurvivalProbabl
estimatior

if;

“adiance = SampleLight

2.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 p
rive)

3t3 brdf « SampleDiffuse( diffuse, N

srvive;

pdf;

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

3an = true-*

Today's Agenda:

= The Raster Display
= Vector Math

= Colors

= 2D Primitives

= 3D Primitives
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Raster Displays

Discretization

Rasterization:
i)
)52t = 1.9
S “Converting a vector image into a raster image
T - (o for output on a video display or printer or
'P) R= (0 * nn . . . »
- storage in a bitmap file format.
= true;

fl + refr)) &3 (dept! ([/l/jklpedja)
:f'].. 2;E * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilic,
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L, 0

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, brdfird!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, close
sive)

3t3 brdf = SampleDiffuse( diffuse, N, r1, -
srvive;

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



INFOGR - Lecture 2 - “Graphics Fundamentals”

Raster Displays

Rasterization

= = insid
it = nt
)52t = 1.8
), N );
)

it a = nt
3t Tr =1 - (R®
'r) R = (D * nn

£ = diffuse;
= true;

fl + refr)) &8 (dept!

), N
efl * £ * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !
2.x + radiance.y + radiance.:)

v = true;

st brdfPdf = EvaluateDiffuse! L, I

3t3 factor = diffuse * INVPI;

3t weight = Mis2( directPdf, brdipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, closel

rive)

]

3t3 brdf = SampleDiffuse( diffuse, N, r1,
srvive;

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

Improving rasterization:

1. Increase resolution;
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Raster Displays

Rasterization

= = insid
it = nt
)52t = 1.8
), N );
)

it a = nt
3t Tr =1 - (R®
'r) R = (D * nn

£ = diffuse;
= true;

fl + refr)) &8 (dept!

), N
efl * £ * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !
2.x + radiance.y + radiance.:)

v = true;

st brdfPdf = EvaluateDiffuse! L, I

3t3 factor = diffuse * INVPI;

3t weight = Mis2( directPdf, brdipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, closel

rive)

]

3t3 brdf = SampleDiffuse( diffuse, N, r1,
srvive;

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

Improving rasterization:

1. Increase resolution;
2. Anti-aliasing;
3. Animation.
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Raster Displays

Discretization

% |
it a I
5t Tr
'r) R

* diffu
= trye

»fl + refr

a2+ b2=v/a + Vb

VAXDEPTH)

survive = SurvivalProl

........

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

v = true;

st brdfPdf » EvaluateDiffuse
st3 factor = diffuse * INVPI
3t weight = Mis2( directPdf

3t cosThetaOut = dot( N, L

E * ((weight * cosThetalut

sndom walk

PaCIQEY,
;éo O?.__.

sive) I
[+4

: _ 4 = A
yt3 brdf = SampleDiffuse( diffuse, N \n
srvive; \

’ ‘7 N
pdf; 4 O
v =E * brdf * (dot( N, R ) / pdf); [« 3

3on = true:*

TN
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Raster Displays

CRT - Cathode Ray Tube

£ = diffuse;
= true;

fl + refr)) &3 (depth
), N )
efl * E * diffuse;
= true;
JAXDEPTH)

survive = SurvivalProbabilitc,
‘estimation - doing it prope !
if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L, W

3t3 factor = diffuse * INVPI:

3t weight = Mis2( directPdf, brdipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, closel, ¢

rive)

]

yt3 brdf = SampleDiffuse( diffuse, N, r1, =
srvive;

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

Physical implementation - origins

Electron beam zig-zagging over a
fluorescent screen.
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Raster Displays

CRT - Cathode Ray Tube

eyt Physical implementation - consequences
e

)52t = 1.97

S * QOrigin in the top-left corner of the screen

it & = nt - ne
st Tr =1 - (RO
'r) R = (D * nmt

= Axis system directly related to pixel count

£ = diffuse;
= true;

Not the coordinate system we expected...

fl + refr)) &3 (depth

), N )

efl * E * diffuse;

= true;

WAXDEPTH)

survive = SurvivalProbabilit, o
estimation - doing it prog

if;
-adiance = Samplelight( &rand, ! :
2.x + radiance.y + radiance.:) ]

v = true;

st brdfPdf = EvaluateDiffuse! L, I

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, bedfird!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, closel, ¢
rive)

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

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

Frame rate

it
52t
), N
)

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) / directdd

sndoe walk - done properly,
sive)

]

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

pdf;

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

PAL: 25fps

NTSC: 30fps (actually: 29.97)
Typical laptop screen: 60Hz
High-end monitors: 120-240Hz
Cartoons: 12-15fps

Human eye:
‘Frame-less’

Not a raster.

How many fps / megapixels is ‘enough’?
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Raster Displays

it
)52t
), N
)

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

= * diffuse;
= true;

»fl + refr)) &8 (de

), N
efl * E * diffuse
= true;

WAXDEPTH)

survive = SurvivalProbabil
estimation - doing

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

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

E * ((weight * cosThetaOut) / directs

sndom walk - done properly,
sive)

Frame rate

0 ms 20 ms 40 ms 60 ms

il
P

Even 100 frames per second may resultina 1
noticeable delay of 30ms.

A very high frame rate minimizes the
response time of the simulation.

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

srvive;

pdf;

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

' RER:
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Raster Displays

Generating images

Rendering:

“The process of generating an image from a 2D or 3D model by means of a computer program.”
(Wikipedia)

it a
3t Tr

*) R Two main methods:

* diffuse
= true;

1+ retey) 1. Ray tracing: for each pixel: what color do we assign to it?
S S 2. Rasterization: for each triangle, which pixels does it affect?

efl * E * diffuse
= true;

WAXDEPTH)

jurvive = SurvivalProbs
estimatior

if;

"adiance = SamplelLight

*.X + radiance.y + radiance

v = true;

3t brdfPdf » EvaluateDiffuse

3t3 factor = diffuse * INVPI

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

E * ((weight * cosThetalut

sndom walk
rive)

~
- o
yt3 brdf « SampleDiffuse( diffuse, N !;\
srvive; \
pdf; ‘7\ 4
' = E * brdf * (dot( N, R ) / pdf); o |

3an = true-*

o3

,«g“.*y,
A\ /7

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

WAXDEPTH)

survive = SurvivalProbabl
estimatior

if;

“adiance = SampleLight

2.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 p
rive)

3t3 brdf « SampleDiffuse( diffuse, N

srvive;

pdf;

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

3an = true-*

Today's Agenda:

= The Raster Display
= Vector Math

= Colors

= 2D Primitives

= 3D Primitives
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Vector Math

it a
5t Tr
'r) R
* diffus
= true;
»fl + refr
), N );
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( directPdf
3t cosThetaOut = dot( N, L

E * ((weight * cosThetalut

sndom walk
jive)

yt3 brdf = SampleDiffuse( diffuse, N

srvive;

pdf;

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

3on = true:*

2D space

Conversion:

")

x * width
(1-y) * height
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Vector Math

v I
e
.
.
.
e
.
4
,/
.
it a 5 o7 L
st Tr = 1 s s
'r) R = (D o o
// ,/
: * diffuse z ‘
= true;
fl + refr)) &S
), N );
efl * E * diffuse
= true;
e L .. ¥ N B B I I ———————S
’ 71
‘i I
survive = SurvivalProbabi A A
estimation - doi - e i
. \ . ;
if; At ! Pid 1
-adiance = SampleLight( 4} al ' I :
*.x + radiance.y + radianke L 1 e i
. : . 1
e | P 1
v = true; e i L :
3t brdfPdf » EvaluateDifflism 1 L \
3t3 factor = diffuse * INVT: ' )
st weight = Mis2( directPdf, berd! : i
3t cosThetaOut = dot( N, L ); | :
E * ((weight * cosThetaOut) / di : 1
! : 6;’—'3\. >
sndom walk - done prope : : :é ?\.
1 / \
sive) : : & 2
3t3 brdf = SampleDiffuse( diffuse, N | : " ]
rvive; i ' 2 Y
pdf; : 497 y yy
' = E * brdf * (dot( N, R ) / pdf); <A 3

3an = true-*
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Vector Math

Vectors

The Euclidean length or

In R4 a vector can be defined : | : i :

as an ordered d-tuple: magnitude of a vector is
R calculated using:
3t 3 : e ~N v — 4 0——'-"-"-"-"-"-'5"- “““ : E “““ E “““ : ]
AZAES y 2 | 1 | 1 1
r) R = (I V I I I /T 5]

1 ' | : : |
£ * diffuse 1 1 1 1 -
s_ |V S —— L1 IBIl=vv2 + v,2 + - + vd?
’ef'l‘ 2;5 . diffuse Vd :T | :T :T :T
' ./ i | | i | In 2D, this is similar to the

. ; | | | Pythagorean theorem:
survive f”Survxvava obabi : : : :
’:?tlmatl_' | ! ! é
~adiance = Sampltu’ght» Ara )
A R A vector can also be defined by =
v = true; . . .
A e its length and direction. a? + b? = ¢?
st weight = Mis2( dircc;‘Pdf, brdf
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut) s
sndom walk - done prope :éog yo?\:
sive) < A
' -4 ‘ <
;t}ibﬂ‘if = SampleDiffuse( diffuse, N ’;\ :
- NS
v =E * brdf * (dot( N, R ) / pdf); 4!« 3

3an = true-*
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Vector Math

Vectors

A unit vector is a vector i | i i i A vector can be normalized by
with length = 1: T/ BN dividing it by its magnitude:
ok 150 =1 e
= * diffuse ki i i i = v
Batruss I 1 T 1 v . = =

| o N (7]
sfl + refr)) &3 (¢ . | | ] |
ol A null vector is a vector | I ! !
= o with length = 0, e.g.:
Ein i i i
s:::?::;:urvi\wlmrLv.~ i i i E i Can We HOFmaljZE
S Datcas cmplatigpe( 0 ' ' ' | every vector?
2.x + radiance.y + radiance I
. inR?: v=1| 0
3t brdfPdf » EvaluateDiffuse
3t3 factor = diffuse * INVPI O
st weight = Mis2( directPdf, berd!
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut) —
sndom walk - done prope :éﬂg 3\0?\.
rive) < -
. o 4
3 brdf = SaepleDiffuse( diffuse, N |5 N &
srvive; N
pa % 2 V-
' = E * brdf * (dot( N, R ) / pdf); <A 3

3an = true-*
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Vector Math

), N

it a
3t Tr
'r) R = (I

* diffuse
= true;

»f]l + refr)) &3 (4

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

WAXDEPTH)

survive = SurvivalProbabl
estimatior

if;

-adiance = Samplelight( &r
2.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)

sndos walk - done prope
rive)

3t3 brdf = SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Vectors

A 2D vector (vy, vy,) can be
seen as the point vy, v, in the
Cartesian plane.

A 2D vector (vy, vy,) can be

seen as an offset from the
origin.

———————e

S B e B

\

S e e e I
e et o R

|C——
_
| ——

\[o] =F

Positions and vectors in R?
can be both represented by
3-tuples (x, y, z), but they
are not the same!

S1° 137
2N

Z e .y'\.,

~LSIAN
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Vector Math

Vectors

The sum of two vectors in R, Example:

5 R B
v=(v,V,..,V,) and | ; | | | 41) + (1,2) = (5,3)
) R - (0 w= (W, W,,.., W,) 1
* iffuse | | | : W
i< defined as: M Vector subtraction is
:Tl,.';m I | _— AT /S similarly defined.
efl * E * diffuse : | : :
= true; 1—)) + W) - / : i

1AXDEPTH) :
;urvae:furvivalpv-,L,.~ i (vl + Wl’ vz + W2’ ey vd + Wd) %
if; I

“adiance = SampleLight( #
*.x + radiance.y + radiance

v = true;

3t brdfPdf » EvaluateDiffuse

& welght = hisa( directrdf, brd Vector addition is commutative (as can be easily seen from the geometric interpretation):
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut)

e (AD + (L,2) = (53) = (1,2) + (41). ST

rive)

~LSIAN

~

o
: ! : A
3t3 brdf = SampleDiffuse( diffuse, N \n
srvive; Z »
pdf; 2 :
= E * brdf * (dot( N, R ) / pdf); Uyl Y

3an = true-*
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Vector Math

Vectors

The scalar multiple of a d- | | | i / Two vectors ¥ and w are

: dimensional vector v is | ! | 1 i parallel if one is a scalar
) defined as: / multiple of the other; i.e.:

e AV = (Avy, v, .., Avy) / there is a A such that v = Aw.

= true; ] 1 T
Ny Scalar multiplication can ! e |
e change the /ength of a vector.
s : i E i
et It can also change the direction | | 5 |
!S;m.d; swpletige i of the vector, which is reversed ' | ' |
*.X + radiance.y + radiance
v = true; lf}\ < 0.
st brdfPdf = EvaluateDiffuse
st3 factor = diffuse * INVPI
st weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut) e
sndom walk - done prope /‘éog yo?\
sive) ,{; .,\
' -4 ‘ <
;t} brdf = SampleDiffuse( diffuse, N ’;\ :
srvive; N
PR < 2 N
Y= E * brdf * (dot( N, R ) / pdf); L 3

3an = true-*
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Vector Math

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;

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

3an = true-*

Vectors

Parallel vectors are called
linearly dependent.

If they are not parallel, vectors
are linearly independent.

A special case is when two
vectors are perpendicular to
each other; in this case, each
vector is a normal vector of the
other.

In R? we can easily create a

normal vector for (v,,v,):

———————e

n=(-v,v,)

or

n=(v,,—v,)

—=f======qf=====—qj======qj======l======

Question: does this also

e
]

R [T R it e e

work in R3?

,ag".“}-
Wz

B

q’gT‘Rz
~LSIpD

\) \
N 7_17..1),»/
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Vector Math

Bases

We can use two linearly
independent vectors to
produce any vector:

), N

A { )

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

: * diffuse C_i - Alﬂ + }\2 1_}

= true;

T e
R e

\\

ofl + refr)) &8 3

it iy S é‘;""‘"""'

), N

This doesn’t just work for
s perpendicular vectors.

\

VAXDEPTH)

survive = SurvivalProbabl
estimation - d 3

if;

-adiance = Samplelight( &rand
2.X + radiance.y + radiance

N

<l

v = true;

3t brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, berd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

SO0 [0,
sndom walk - done properly Vi N\

<l

sive) s A
[+ <

; : : = N =

3t3 brdf = SampleDiffuse( diffuse, N, 1 o <

srvive; .\7 <

pdf; % »

v =E * brdf * (dot( N, R ) / pdf); L4« 3

3an = true-*
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Vector Math

Bases

We can use two linearly
independent vectors to
produce any vector:

3t a

33; d=AU+A\, D ’

e This doesn’t just work for

Sa perpendicular vectors.

WAXDEPTH)

urvive = Survivaloroos Any pair of linearly This extends naturally to
e it independent vectors form a higher dimensions.

».x + radiance.y + radiance

v = true; ZD baSjS

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

- —g —;‘r -~
372N

sndom walk - done prog

rive) = A
-3 <

: ‘ . = A =

3t3 brdf = SampleDiffuse( diffuse, N " =

srvive; 7 N

pdf; A% N

" = E * brdf * (dot( N, R ) / pdf); L 3

3an = true-*
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Vector Math
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-adiance = SampleLight( &
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it brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI
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sndom walk - done prope
rive)

3t3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Bases

‘Any pair of linearly independent
vectors form a 2D basis”:

The Cartesian coordinate system is
an example of this.

In this case the vectors (1,0) and
(0,1) form an orthonormal basis:

———————e

R e

R e

e e e T e

R [T R it e e

1. The vectors are
perpendicular to each other;

2. The vectors are unit vectors.

,ag—.—y‘
2N

g —~
™~ 4
> b =¢
) ¥
7 Y
2 Yy
. 7‘ e _31,\"



INFOGR - Lecture 2 - “Graphics Fundamentals”

Vector Math

Bases

A coordinate system can be /eft
handed or right handed.

), N

it a

e r 1 Note that this only affects the

'r) R = (D

- giffuse interpretation of the vectors; the

= true; .
vectors themselves are the same in
each case.

xfl + refr)) &3 (d

), N
efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation - d 2

if;

-adiance = Samplelight( &rand
2.X + radiance.y + radiance

v = true;

3t brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

3t weight = Mis2( directPdf, brdfp

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

sndom walk - done properly,
sive)

:

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

pdf;

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

3an = true-*
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Vector Math
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"adiance = SamplelLight( &r
2.x + radiance.y + radiance

v = true;

3t brdfPdf » EvaluateDiffuse

3t3 factor = diffuse * INVPI

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

E * ((weight * cosThetalut)

sndom walk - done prope
sive)

3t3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

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

Dot product

Given vectors @, 1 and v, we
know that:

d=Ai+ 2, ¥

We can determine A, and A,
using the dot product™

*: AKA inner product or scalar product

U

———————e

Qu

\

R e e

e e e T e

R [T R it e e

<l

The dot product of vector
v and w is defined as:

"}) * W - U1W1 + v2W2 + i + Ude

or

d
>  —>
=0
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Vector Math
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if;

"adiance = SamplelLight

*.X + radiance.y + radiance

v = true;

3t brdfPdf » EvaluateDiffuse

3t3 factor = diffuse * INVPI

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

E * ((weight * cosThetalut

sndom walk
rive)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Dot product

The dot product projects one
vector on another.

If @ and U are unit vectors, we
can calculate the angle between
them using the dot product:

A=cosX=1uU-d

or, if they are not normalized:

-

&l

COS X = ————
Il llal

> I

Projecting a vector on two
linearly independent
vectors yields a coordinate
within the 2D basis.

> U

This works regardless
of the direction and scale
of  and ¥, and also in R?.

,«g“.*y,
SO\ |77
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2D Transforms

3t a
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= true;

WAXDEPTH)

jurvive = SurvivalProbs
estimatior

if;

"adiance = SamplelLight

*.X + radiance.y + radiance

v = true;
it brdfPdf = EvaluateDiffuse

Cross product

The cross product can be used to
calculate a vector perpendicular

to a 2D basis formed by 2 vectors.

[t is defined as:

\[e] <k
The cross product is only defined

<
S|

yt3 factor = diffuse *

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

INVPI

E * ((weight * cosThetalut

sndom walk
rive)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*
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2D Transforms
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= » inside
it = nt ne
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) N );
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it & =nt - ne, b
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'r) R= (D * nnt - ¢
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x + radiance.y + radiance.
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E * ((weight * cosThetaOut) = =
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' = E * brdf * (dot( N, R ) / pdf);
cion = true:*



INFOGR - Lecture 2 - “Graphics Fundamentals”

2D Transforms

 (depth

=-» inside ! !

= nt/ ne, &

)s2t = 1.8 ine

), N )i

)
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st Te =1 - (R@ + (&
'r) Ri= (0 * nnt -

= SurvivalProbabilit, o
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= Samplelight( drand, 1

.x + radiance.y + radiance.z) - o

dfPdf = EvaluateDiffuse( L, 1 = =
t3 factor = diffuse * INVPI;

sndom walk - done properly, closely fo!
sive) '

'nalu-df = SampleDiffuse( diffuse, N, ri, =

pdf;
= € * brdf * (dot( N, R ) / pdf);
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2D Transforms

= = insid
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Today's Agenda:

= The Raster Display
= Vector Math

= Colors

= 2D Primitives

= 3D Primitives
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Colors
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Color representation

Computer screens emit light in three colors: red, green
and blue.

By additively mixing these, we can produce most colors:
from black (red, green and blue turned off) to white (red,
green and blue at full brightness).

In computer graphics, colors are stored in discrete form.
This has implications for:

= (Color resolution (i.e.,, number of unique values per
component);

= Maximum brightness (i.e., range of component values).

‘; .
S\ [72
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Colors
Color representation
The most common color representation is
32-bit ARGB, which stores red, green and
1 blue as 8 bit values (0..255).
’ Alternatively, we can use 16 bit for one
pixel (RGB 565),
& or a color palette. In that case, one byte is
used per pixel, but only 256 unique colors
- can be used for the image.

st brdfPdf = EvaluateDiff

3t3 factor = diffuse * I

3t weight = Mis2( directPdf

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut direct

%" 50
sndom walk - done properl :\{ }\.\\
sive) ,’/? ’\

23 <
; . > & =
yt3 brdf = SampleDiffuse( diffuse, N, 1 \n f
srvive; \7 7
pdf; % >
v = E * brdf * (dot( N, R ) / pdf); NIRESS

3an = true-*
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Colors

Color representation
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srvive;

pdf;
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3an = true-*

True color (24bit)
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Colors

Color representation =
.
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T ' Hicolor (1Bhit)
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Colors

Color representation g
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Palettlzed (8bit)

srvive; . — . - BZYF7IITY
pdf; e —__ \Y
' = E * brdf * (dot( N, R ) / pdf); ll,,ﬂ)’
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Colors

Color representation

Textures can typically safely be stored
as palletized images.

oo Using a smaller palette will result in
RISHE smaller compressed files.

= * diffuse
= true;

xfl + refr)) &3 (d

), N s ST A R A

.:'.J!I.

VAXDEPTH)

w &, ok e i = h o r - (Lo |
- il L H Xt e F L Rn

; R FC i 3 TRl bty & i - & 1y
survive = SurvivalProbabi Lol £ ool R W x A
estimation - doing e SR ORI TS R SR T R
if; L Tl SRR SR G S i s el E =t e Al b

T B 3 i i i o e 3 3 ] % g = i
-adiance = SampleLight( &can= 7 - G 1 ; [ FRan ¥ T ; A o
2.x + radiance.y + radiance, ™'» : gt t 2 § T P

L !

Rt F S TR ¢ - R m e e

't brdfPdf = EvaluateDiffuse Gt b}'?"',_\' S oo ; L ?"1 g -'y _
3t3 factor = diffuse * INVPI A e o o e b 1
st weight = Mis2( directPdf,

3t cosThetaOut = dot( N, L )

E * ((weight * cosThetalut) ——

efl * E * diffuse i Gk i T _‘_!"'J" __--’ L - £ _"
ey o ok i & A i
= true; @,—" s % f@fr/ : % @ Rk
/7 A VR g ks _:__r_? Ee & Fa. *f? i :
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H |||||||I:|:h.:|”|-||||||l
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]
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i EENEEEEE
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Colors

Color representation

Using a fixed range (0:0:0 ... 255:255:255) places a cap on the
maximum brightness that can be represented:

. = A white sheet of paper: (255,255,255)

3t Tr

s = A bright sky: (255,255,255)
1+ refey) 88 (3 The difference becomes apparent when we look at the sky and
o1 *'e - asruse the sheet of paper through sunglasses.

(o, when the sky is reflected in murky water)

survive = SurvivalProbabi
estimatior

if;

-adiance = SampleLight( &
*.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 prope
rive)

3t3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

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

Color representation

For realistic rendering, it is important to use an internal color
, representation with a much greater range than 0..255 per color
component.

it a
5t Tr

s HDR: High Dynamic Range;

1+ refey) 88 (3 We store one float value per color component.

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

Including alpha, this requires 128bit per pixel.
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sndom walk - done prope
rive)

3t3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);
3an = true-*
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Today's Agenda:

= The Raster Display
= Vector Math

= Colors

= 2D Primitives

= 3D Primitives
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2D Primitives

Recap

Vectors and their properties:

= Magnitude, direction

o o = Scalar product

'R » Null vector, normal

e = Parallel, linear (in)depence

0 retey) 8 = Commutative addition & subtraction
f;f':‘ S ivrons = Dot product, cross product

WXDEPTH)

survive = SurvivalProbabl

estimation .
" Concepts:
“adiance = SampleLight( #

*.x + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI

st weight = Mis2( directPdf, brdf

= R spaces
& CosThetaout = dot( W, L 1 = (orthonormal) 2D basis, Cartesian
E * ((weight * cosThetalut) di t §
e = Left handed, right handed

rive)

3t3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);
3an = true-*
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2D Primitives
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WAXDEPTH)

survive = SurvivalProbs
estimatior

if;

"adiance = SamplelLight

*.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)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Implicit representation

Implicit curve:

fx,y) =0

Function f maps two-dimensional
points to a real value, i.e.

(x, ) = f(x,y)

The points for which this value is 0
are on the curve.

p
Example: circle T
L g C
x> +y2—1r2=0 A f |
If p = (x,y) is a point on i | / ,,,,,,,,, XD
. - I : ;
the circle, and L A\
= P | 2 : |
p is a vector from the origin | I , ;
to p, it's length mustber, —— ' T
> : : :
so|p|| = . \ e
" H . . H gy
[ S L | - _ _____i.______.
Example: circle with center c and radius r:
(xc)e+(y—c,)e—12=0 ST TR
Cx y y < 2
AT -
> N =
v S
"/
NSTARRY
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2D Primitives

Implicit representation Example: line

Implicit curve: Slope-intersect form: | [ R L e i
fGx,y) =0 y=ax+c . S
ORI N + i f
t Tr = 1 . ) . e | : l 1 \ l :
e B = Function f maps two-dimensional Implicit form: i | | | 5
E * diffuse . . " : i N : :
- true; points to a real value, i.e. | | A , ;
»fl + refr)) & ‘ _ax + y - C e O i i y i E
; e————t——" . H 1
b Ve - s () = f(x,y) - A o
: In general: i 5 5 |
e The points for which this value is 0 1= T
e . are on the curve. Ax + By +C=0 s bbb oo
e
B it Ay
t3 factor = diffuse * INVPI; a = —
el e Sl AX
E * ((weight * cosThetalut) T
sndom walk - done prog éo O?\
rive) B A
' -4 <
;t} brdf = SampleDiffuse( diffuse, N ’; ‘ :‘
srvive; “7‘
\pgfé * brdf * (dot( N, R ) / pdf); p4) 13

3an = true-*
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2D Primitives

Implicit line representation Slope-intersect form:
y=ax +c¢

Ax+By+C=0

Implicit form:

In this case: > —ax+y—c=0
o ) i T T

) ® = (0 PRSP = —1 | | General form:

 * diffuse 3 :

Ax+By+C=0

»f]l + refr)) &3 (4

), N

The vector (A,B) is a normal of U S

s the line. p(y, —x)

B(x,y)

VAXDEPTH)

p———

survive = SurvivalProbabl |
estimation dafnk -$tipraperly, ciocsl L
if;

~adiance = SampleLight( &4ra

2.X + radiance.y + radiance

___________________________

v = true;

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

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

E * ((weight * cosThetalut)

sndom walk - done properl ' ﬁ(—x’ —y) :€6§-.—3\0>\.

rive) N & o

—_— -4
= G = | =<
3t3 brdf = SampleDiffuse( diffuse, N - <
srvive;

7 N

pdf; 2
Y = E * brdf * (dot( N, R ) / pdf); Uyl

3an = true-*
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2D Primitives

Implicit line representation We can use the normal to
calculate the distance of a point

Ax+By+C=0 T [Tl T T e to the line:
In this case: T > d=N-p+C
S C= 1 s e Forp = (3,3):
: Ay | _ 2 _
Ny The vector (A,B) is a normalof =~ 4 —t——e——f—+ o= Grdsrlas =1
e the line. A . =—2+3-1=0
For p = (0,0):

“adiance = SampleLight( #
*.x + radiance.y + radiance

2
v = true; d:—§*0+1*0_1

it brdfPdf = EvaluateDiffuse
3t3 factor = diffuse * INVPI
st weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L );

~LSIAN

E * ((weight * cosThetalut) di t e — 1 (7 ) < Te
' o\’ [3/0

sndom walk - done prope /é ?\‘
sive) v' A

o
: ! : > &
3t3 brdf = SampleDiffuse( diffuse, N \n
srvive; Z »
pdf; % N
Y= E * brdf * (dot( N, R ) / pdf); L 3

3an = true-*
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2D Primitives

), N )
efl * E * diffuse
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WAXDEPTH)
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if;

"adiance = SamplelLight

*.X + radiance.y + radiance

v = true;

3t brdfPdf » EvaluateDiffuse

yt3 factor = diffuse * INVPI

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

E * ((weight * cosThetalut

NGOm ¥

rive)

yt3 brdf « SampleDiffuse( diffuse, N
srvive;

pdf;

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

son = tru

Implicit line representation
Ax+By+C=0

Given point p, and p,, we
determine A, B and C as follows: ‘

)

l=p,—p,

N =(-1,1,) p,® @

A=N,,B=N,,C=—(N"p)

[t is convenient to normalize the normal:
Only when IN'll = 1, |C| is the distance of the line to the origin.

Test with the line from the
previous slides:

P1= (_31 _1)
pZ 5 (313)

[ = (6,4)

N = (—4,6)

A=—4B=6

C=—((=4%—=3)+ (6+—1))
=—6

—4x+6y—6=0

ety —_1=0
XY T AT



it
5t T

= * diffu
= true

D ENL)
efl * E * diff
= true;

AXDEPTH )

survive = Survivalp

if;

-adiance = SampleLight
».x + radiance.y + radia

v = true;

st brdfPdf » EvaluateDiff
yt3 factor = diffuse * INV
st weight = Mis2( directPdf
3t cosThetaOut = dot( N, L
E * ((weight * cosThetalut

sndom walk

sive)

yt3 brdf = SampleDiffuse( diffuse
irvive;

pdf;

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

st3 brdf » SampleDiffuse(
srvive;

pdf;

= E * (do )
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