), N );
efl * £ * diffu
= true;

VAXDEPTH)

survive = SurvivalProl

estimati

if;

"adiance = Samplelight
*.x + radiance.y + radiar
v = true;

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

NGO walk
jive)

yt3 brdf = SampleDiffuse( diffuse, N

srvive;
pdf;

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

3on = true:*
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Lecture 7: “Accelerate”

Welcome!
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Recap

), 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( Arand
».x + radiance.y + radiance.:

v = true;

st 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)

Color Trace( vec3 0, vec3 D )
{
I, N, mat = IntersectScene( O, D );
if (!I) return BLACK;
return DirectIllumination( I, N ) * mat.diffuseColor;

4
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:ﬁ / \‘\/ (’,)
: X
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Ax+By+Cz+D =0
A6+ B3+ C3+D =0
0Ox64+1*x3+0+«3+D=0

3+D=0=>D=-3 2D=—(P-N)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

srvive;

pdf;

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

), N

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

= * diffuse
= true;

fl + refr)) &S

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

WAXDEPTH)

survive = SurvivalProbabl
estimation

if;

-adiance = Samplelight( &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;

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

Color Trace( vec3 0, vec3 D )
{
I, N, mat = IntersectScene( O, D );
if (!I) return BLACK;
return DirectIllumination( I, N ) * mat.diffuseColor;
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Recap

Color Trace( vec3 0, vec3 D )
{
I, N, mat = IntersectScene( O, D ); ) A
if (!I) return BLACK; -
return DirectIllumination( I, N ) * mat.diffuseColor; -
}
'r) R = (I e = > . ?
* diffuse D N\ R
= true
: (=
sfl + refr)) & (Q. f _ﬂ
), N ) E
efl * E * diffuse E
et D u=N(D-N) v

survive = SurvivalProbabl
estimation

if;

“adiance = SampleLight )

s.x + radiance.y + radiance R

2
Ny
v = true; — e 2
14 brd::df » EvaluateDiffuse k LN 1 A (n ) (1 = Cosel )
2

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

|
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sive) ? =<{n B ~(ny \/_ N R N
it}ibﬂ‘if = SampleDiffuse( diffuse, N n_z + N n_zcosel B k ’ for k 2 0 R a D _ ZN(D N)

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

= Efficiency
)

ca st = Boxes, AABBs & Groupings

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

- difuse; = To Rasterization

= true;

xfl + refr)) &8 (dept | 3D Engine OverVieW

), N )
efl * € * diffuse;

i =  Textures

JAXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly,
rive)

]

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

pdf;

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

Note:

Measuring Performance Accuracy may vary. Measure lots of
work, not a single line of code. Aim for
Stopwatch class: tens of milliseconds, not nanosecondes.

Using System.Diagnostics.Stopwatch;

e Useful property: Note:
e * long ElapsedMilliseconds { get; } Multithreading affects measurements.
61+ refc Profile single-threaded code; tune
i Ve ae Methods: your multi-threading independently.
' = Reset
W = Start

survive = SurvivalProb
{matio

7 = Stop
e Note:
3 factor = ditfuse » TWPT Use a profiler for more accuracy and

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

detail. Try e.g. SlimTune, or Prof-It:

http: rof-it.sourceforge.net

sndom walk done prof
rive)

yt3 brdf « SampleDiffuse( diffuse, N
srvive;

pdf;

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

Optimization Primer

Some things to keep in mind:

= Float or double
= Don’t do work you don’t need to do

3t a
5t Tr

") B = Early out

Pellm = Reduce precision

= Lights with finite radius

= Things that can’t occlude light

»fl + refr))

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

WAXDEPTH)

survive = SurvivalProl
estimatio

if;

"adiance = Samplelight

*.X + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

yt3 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;

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

) 4\ 2
distance
radius

saturate <1 — (

attenuation = -
distance? + 1

From:
Real Shading in Unreal Engine 4, Karis, 2013
(also used in Frostbite).

» Use smooth attenuation [Karis13]

iAttenuation
‘Radius

Inverse square

=
Distance
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Efficiency

Optimization Primer

Some things to keep in mind:

= Float or double
= Don’t do work you don’t need to do

3t a

5302 = Precalculate
SRty = Loop hoisting

=  Vertex shaders

»fl + refr

), N );
efl * £ * diffu
= true;

VAXDEPTH)

survive = SurvivalProl
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 done prog
sive)

yt3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

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

Loop hoisting:
Take expressions that do not rely on the loop
counter outside the loop.

for( int i = 0; i < lights; i++ ) {
vec3 N = intersection->GetNormal();
vec3 L = light[i]->pos -
intersection->pos;
L.Normalize();
if (dot( L, N ) > 0) {

vec3 N = intersection->GetNormal();
for( int i = 0; i < lights; i++ ) {
vec3 L = light[i]->pos -
intersection->pos;
if (dot( L, N ) > @) {
L.Normalize();

s A.\’.“
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Efficiency

Optimization Primer

Some things to keep in mind:

= Float or double
= Don’t do work you don’t need to do

3t a

i = Precalculate
= Expensive operations
»fl + refr ] Sin, COS
in Ve - air = sqrt
| |
AXDEPTH) i
survive fVSurvivBva‘ L -
s = 4, -

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

v = true;

st brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI

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

E * ((weight * cosThetalut

sndom walk done prof
rive)

yt3 brdf « SampleDiffuse( diffuse, N
srvive;

pdf;

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

Look-up tables:

If you need sin/cos, it’s often much faster to
use a look-up table.

float sintab[3600], costab[3600];
for( int i = @; i < 3600; i++ )
{
sintab[i] = Math.Sin( i / 10 );
costab[i] = Math.Cos( i / 10 );

float s = sintab[(int)(a * 10)];
float ¢ costab[(int)(a * 10)];
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Efficiency

Optimization Primer

Some things to keep in mind:

= Float or double
= Don’t do work you don’t need to do

), N

A = Precalculate
e fu = Expensive operations
W "= Programming Language

e Grrone = C#/C++
» C++/Asm

WAXDEPTH)

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-*

-g—.—y-
2N

STTIR]
<SR

<2y

o130

~LSIAN



INFOGR - Lecture 7 - “Accelerate”

12

Efficiency

Perceived Performance

Incremental Rendering

1. Real-time preview:

il = Depth map

= * diffuse .

S = Depth map plus materials

1+ refr)) 88 (¢ = Render without recursive reflections
e e - aisuse = Render with very limited recursion
WAXDEPTH)

Still not real-time?

survive = SurvivalProbabi

!:ziance - Sampltu’ght» Ara

».x + radiance.y + radiance u Render half_res

v = true; = .
e " Adaptive resolution

st weight = Mis2( directPdf, brdf

e cmenone - w0 @ Optimize the application a bit

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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Efficiency

), N

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

= * diffuse
= true;

»f]l + refr)) &3 (4

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

WAXDEPTH)

survive = SurvivalProbabl
estimatior )

if;

"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-*

Perceived Performance
Incremental Rendering

2. Stationary camera:

= Render with normal recursion
Keep the application responsive:

Render lines of pixels until a certain number of
milliseconds has passed; continue in the next frame.
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Efficiency

), N

it a
st Tr
'r) R

* diffuse
= true;

»fl + refr)) &3 (d

), 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 prope
rive)

3t3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Perceived Performance
Incremental Rendering

3. ‘Photograph mode’:

= [nvoked with a key

= Render with extreme recursion
= Use anti-aliasing

=  Add screenshot feature

Keep the application responsive!
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Today’s Agenda:

= Efficiency
)

ca st = Boxes, AABBs & Groupings

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

- difuse; = To Rasterization

= true;

xfl + refr)) &8 (dept | 3D Engine OverVieW

), N )
efl * € * diffuse;

i =  Textures

JAXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly,
rive)

]

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

pdf;

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

Hierarchical Grouping

Using AABBs, we can recursively group
objects.

)52t =
), N );
)

3t a = nt - ¢ |
st Tr = 1 F
') R= (D * 1

= * diffuse;
= true; ||

fl + refr)) &8 (dept

), N ); n
efl * € * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilis
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L. I

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, clos
rive)

3

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

pdf;

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

-3on = true:*

A ray that misses a green box will not
check the triangles inside it;

A ray that misses a blue box will skip
the two green boxes inside it;

A ray that misses the red box doesn'’t
hit anything at all.
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Boxes

Hierarchical Grouping

In a rasterization-based world:

it

)52t =

), N ); | |
)

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

E * diffuse;
= true; ||

xfl + refr)) &3 (dept

), N );
efl * € * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L, ©

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, brdird!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndos walk - done properly, <l
sive)

]

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

pdf;

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

If a green box is outside the view
frustum, we don’t have to render the
triangles inside it;

If a blue box is outside the view
frustum, we don’t have to test the green
boxes inside it;

If the red box is outside the view
frustum, we don'’t see anything.
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Boxes

Why Do We Care

We can use an AABB to quickly discard objects.

it
)52t
), N
)

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

= * diffuse;
= true;

sfl + refr)) &8 (de

, N )
efl * £ * diffuse;
= true;

WAXDEPTH)

survive = SurvivalProbabills
estimation - doing it

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, M
N f .

sive)

yt3 brdf = SampleDiffuse( diffuse, N, 1
srvive; 4l
pdf; JAAAD
V= € * brdf * (dot( N, R ) / pdf); \)*ZL.}}

3an = true-*
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Boxes

Intersecting a Box

Basic ray/box intersection:

\b,

: 1. Intersect the ray with each of the 6 planes;

O 2. Keep the intersections that are on the same side of /
g the remaining planes;

<o 3. Determine the closest intersection point.

»f]l + refr)) &

), N )

efl * E * diffuse
= true;

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)

: \go-g'?} -O?\:‘

sndom walk done prog

rive) B A
-3 <

‘ . ; r N “

yt3 brdf « SampleDiffuse( diffuse, N " <

srvive; 7 ~/

pdf; 4 bi \,V

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

3an = true-*
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Boxes

d= —(IV - P), where P is a point on the plane.
In this case, for N = (1,0,0):
d = —P, = —Xpjane, and thus:

Special Case: AABB t=—(0x Ny +d)/(Dy - Ny)
= —(0x — xplane)/Dx tZ

:(xplane - Ox)/ﬁx

AABB: Axis Aligned Bounding Box.

Slab test: L2
i Intersect the ray against pairs of planes.
= true; tmln — —I—OO’ tmax = —0O
f1 + refr)) & tmln = maX(tmin, mln(tl, tZ) )
e Ve - g tmax = Min(t,,q,, max(tl,t2))
- intersection if: t,,;, < tiax

survive = SurvivalProbs
Wl Since the box is axis aligned, calculating t is cheap
2.x + radiance.y + radiance

v = true; S R .
it brdfPdf = EvaluateDiffuse

yt3 factor = diffuse * INVPI t — —(0 . N —I— d)/(D . N)
st weight = Mis2( directPdf, bed

3t cosThetaOut = dot( N, |

£ * ((weight * cosThetaut) / direct = _(OX . ﬁx _|_ d)/(ﬁx . ﬁx)

sndom walk done prog

rive)

= = (xplane Ox
yt3 brdf « SampleDiffuse( diffuse, N

srvive;

pdf;

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




INFOGR - Lecture 7 - “Accelerate”

21

Boxes

3t a
5t Tr
'r) R

* diffuse
= true;

»fl + refr))

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

WAXDEPTH)

survive = SurvivalProl
estimatio

if;

"adiance = Samplelight

*.X + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

yt3 factor = diffuse * INVPI

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

E * ((weight * cosThetalut

sndom walk - done prog
rive)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Special Case: AABB

In pseudo-code:

bool intersection( box b, ray r )

{

float tx1 = (b.min.x - r.0.x) / r.D.x;
float tx2 = (b.max.x - r.0.x) / r.D.x;
float tmin = min( tx1, tx2 );
float tmax = max( tx1, tx2 );
float tyl = (b.min.y - r.0.y) / r.D.y;
float ty2 = (b.max.y - r.0.y) / r.D.y;

tmin
tmax

max( tmin, min(tyl, ty2 ) );
min( tmax, max(tyl, ty2 ) );

return tmax >= tmin;

Intersecting a box in 3D:
6 multiplications (*)
6 subtractions

10 min/max
1 comparison.
(cheaper than a sphere)

tndn

tmax




Today’s Agenda:

= Efficiency
)

ca st = Boxes, AABBs & Groupings

st Tro= 1
'r) R = (D *

- difuse; = To Rasterization

= true;

xfl + refr)) &8 (dept | 3D Engine OverVieW

), N )
efl * € * diffuse;

- true; = Rasterization

JAXDEPTH)

survive = SurvivalProbabilis
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly,
sive)

]

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

pdf;

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

Primary Rays

Ray tracing versus
o Rasterization

)52t = 1.9
), N );
)

VAR VLY A

3t a = nt
3t Tr =1 - (RO
'r) R= (D * nnt

VA VA AR Y

VAW R

VA A YA A

VAT R

t * diffuse;
= true;

[RNVAVANRTS

O LT A

fl + refr)) &3 (dept!
), N )

efl * € * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabi’ :":

estimation - doing it A

if;

“adiance = Samplelight( Arand —
2.x + radiance.y + radiance.:) Sty _:::\ //

MR

/

v = true;

st brdfPdf = EvaluateDiffuse! L, I

3t3 factor = diffuse * INVPI: 1

st weight = Mis2( directPdf, brdfird!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid: L —
/
/

sndom walk - done properly, close
sive)

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

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

Primary Rays

Rasterization:

DL s G IS

Ray tracing versus
i Rasterization
)52t
), N
3)
3t 4 = nt
5t Tr = 1
'r) R = (D
= * diffuse;
= true; ]
»fl + refr)) &8 (de //’ e E //
- - /

), N ) L —]
efl * E * diffuse; // | —
= true; //
WAXDEPTH) — | P
survive = SurvivalProbabi " : | —
estimation - doing it proNg 9==IlII- | A= ol
if; ST |
-adiance = Samplelight( &rand \l. Tl [ TP -l L —
.x + radiance.y + radiance. : el //"’ --|- _______ . ]

] =gy 5
v = true; N s //
st brdfPdf = EvaluateDiffuse( L //‘/‘\\: ~~~~~~~~~ 1
3t3 factor = diffuse * INVPI: .
st weight = Mis2( directPdf, brdird! = L — “~~\)~<
st cosThetaOut = dot( N, L ); // s e
E * ((weight * cosThetaOut) / directs L —] // /
sndom walk - done properly, | —1
five) T //

/

: —
yt3 brdf = SampleDiffuse( diffuse, N, 1 _—

srvive;

pdf;

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

Transform primitive into camera space
Project vertices into 2D screen space
Determine which pixels are affected

Use z-buffer to sort (pixels of) primitives
Clip against screen boundaries
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Rasterization

Shadow Rays
The rasterization pipeline renders triangles one at a time.

= Shading calculations remain the same

e = But determining light visibility is non-trivial.

5t Tr

'r)

K

* diffuse

* true Rasterization does not have access to global data.

1

),
ef

+ refr)) &

N )
1* E * diffuse

= true;

WAXDEPTH)

Sur
es
if;
~ad
. X

N =
it
3t3

vive = SurvivalProba
timatior

iance = SamplelLight
+ radiance.y + radiance

true;
brdfPdf = EvaluateDiffuse
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);

=3 o

n = true-*

- —g —;‘r -~
372N

'q’t.;‘rk.‘q

peif]

o3

~LsIpY
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Rasterization

Spaces
Ray tracing typically happens in a single 3D coordinate system.

In rasterization, we use many coordinate systems:

2y = (Camera space
E * diffuse
i = (Clip space
1+ refe)) = 2D screen space
el Ve - astuze = Model space

= Tangent space
AXDEPTH)

survive = SurvivalProbs

o We need efficient tools to get from one space to another. We will make
adiance = Samplelight

R ey extensive use of matrices to do this.

:t-b:;::;f » EvaluateDiffuse

yt3 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-*
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Rasterization

), N

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

= * diffuse
= true;

»f]l + refr)) &3 (4

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

WAXDEPTH)

survive = SurvivalProbabl
estimatior )

if;

"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-*

Common Concepts

Many things remain the same:

= Normal interpolation
= Shading

= Texture mapping

= The camera

= Boxes.



Today’s Agenda:

= Efficiency
)

ca st = Boxes, AABBs & Groupings

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

- difuse; = To Rasterization

= true;

xfl + refr)) &8 (dept | 3D Engine OverVieW

), N )
efl * € * diffuse;

i =  Textures

JAXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly,
rive)

]

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

pdf;

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

it

), N

)

3t a4 = nt

5t Tr = 1
'r) R = (D

= * diffuse;
= true;

»fl + refr)) &3 (d

), 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, brdff
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directs

sndom walk - done properly,
sive)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

srvive;

pdf;

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

Topics covered so far:

Basics:
=  Rasters
= Vectors

Color representation

Ray tracing:

= Light transport
= (Camera setup
Textures

Shading:

= NdotL

= Distance attenuation
= Pure specular
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3 D Englne Animation, culling,
tessellation,
Rendering - Functional overview meshes
1. Transform: Transform
: translating / rotating / scaling meshes 1
vertices
o 2. Project: .
e -1 : - Project
CERC calculating 2D screen positions I
= * diffuse
i _ vertices
»f]l + refr)) &3 (4 3- Rasterlze: +
’ﬂ’ : aittuse determining affected pixels Rasterize
|
m:m) e 4. Shade: fragment positions
g e calculate color per affected pixel £
-adiance = Samplelight( &ra
:.x + radiance.y + radiance Shade
pixels
S\ 722
Postprocessing 5 - 2
1= wy
v ~
7 N

A
~

Y
7_ L ° -y)’
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3D Engine

Rendering - Data Overview

: e
N
& {
-
£ 5 DN

it a / S
5t Tr = 1 p «
'r) R = > 5
= * diffuse

= true; T

sfl + refr)) &8

T

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

VAXDEPTH)

survive = SurvivalProl
estimation doing

if;

-adiance = Samplelight( &r3

».x + radiance.y + radiance
v = true;
st brdfPdf = EvaluateDiffus)

whee) | @hee]

st weight = Mis2( directPdf, berd!
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut) direct turret @ dUde

CToISH
sndom walk - done properl 46 07\
sive) (o .
= =
3t3 brdf = SampleDiffuse( diffuse, N, 1
srvive; A y
pdf;

\)_ Yy
v = E * brdf * (dot( N, R ) / pdf); YTINE A
3an = true-*

>

q/t;T Riz>
“Usipy
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3D Engine

Rendering - Data Overview

Objects are organized in a hierarchy: the

scenegraph.
s In this hierarchy, objects have translations and SOV R ) P
5t Tr = 1 . . . . “‘g»_:‘;ﬁ"..— g, N ‘
RIS orientations relative to their parent node. N ” .
e B .as
1+ refey) 88 (d Relative translations and orientations are
el Ve - atrruse specified using matrices.
VAXDEPTH)

survive = SurvivalProbabi

Mesh vertices are defined in a coordinate
e system known as object space.

"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;

' = E * brdf * (dot( N, R ) / pdf);
3an = true-*
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Rendering — Data Overview
vertices, transforms p
Transform takes our meshes from > Transtorm
: camera transform |
object space (3D) to camera space ,
vertices
(3D). ]
T . Project
ks Project takes the vertex data from i
* diffuse
camera space (3D) to screen space vertices
»fl + refr)) & (ZD). +
’n’ + dittuse connectivity data ——» Rasterize
1AXDEPTH) I ",
_ fragment Eosnlons
survive - SurvivalProba
’f; imatior
-adiance = SampleLight
T A textures, shaders, lights — Shade
:t-b:;::;f » EvaluateDiffuse
3t3 factor = diffuse * INVPI = |
 Soathetaut = Ao by L 1 pixels
E * ((weight * cosThetaOut) / T
oo screen buffers «— SN2
rive) ’*T ).
; > b =
’tB‘brt:Jf = SampleDiffuse( diffuse, N ,‘{\ 71
it % >
\ = € * brdf * (dot( N, R ) / pdf); Uyl

3an = true-*
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3D Engine

Rendering - Data Overview

The screen is represented by (at least) two buffers:

SCREEN FRAME BUFFER Z-BUFFER

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

= * diffuse
= true;

;fl + refr)) &8 (d
), N - I

efl * E * diffuse Z-vValues
= true;

VAXDEPTH)

NSNS NNENENN

survive = SurvivalProbabl
estimation - doing

if;

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

N
N
N
N
N
N
N
N
N
N
N
N
N
8
N

color N depth
f:;*’;fffﬁt gl information
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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3D Engine

Rendering - Components

Scenegraph
Culling Lecture 10

it
52t
), N

) Vertex transform pipeline
r) Matrices to convert from one space to another Lecture 9
- ditpuse: Perspective Lecture 11
= true;
;fl + refr)) &8 (de Rasterization
HLO e Interpolation
= true; o o
Clipping Lecture 14
VAXDEPTH)

Depth sorting: z-buffer Lecture 14

survive = SurvivalProbabil it
estimation - doing it

f:t;ﬂmce = Samplelight( &rand Shadlng

. x + radiance.y + radiance.: . . . !

0 Light / material interaction P2
R i iy Comp]ex materials P3

3t weight = Mis2( directPdf, bedipd!
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:*




INFOGR - Lecture 7 - “Accelerate”

37

3D Engine

it a
3t Tr
'r) R

* diffuse
= true;

»f]l + refr)) &

), N )
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)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

Transformations

Rendering a scene graph is done using a recursive function:

void SGNode: :Render( mat4& M )
{
mat4 M’ = My .., * M;
mesh->Rasterize( M’ );
for( int 1 = @; i < childCount; i++ )
child[i]->Render( M’ );

Here, matrix concatenation is part of the recursive flow.

,«g“.*y,
SO\ |77

CSorT
SE\[RA

~LISAN
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3D Engine

Transformations void SGNode::Render( mat4& M )

{
mat4d M’ = Mg * M;
To transform meshes to world space, we call mesh->Rasterize( M’ );

SGNode::Render with an identity matrix. for( int i = @; i < childCount; i++ )
child[i]->Render( M’ );
}s

3t a

To transform meshes to camera space, we call it
with the inverse transform of the camera.

* diffuse
= true;

e Remember: the world revolves around the viewer;
MO e instead of turning the viewer, we turn the world in
the opposite direction.

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

E * ((weight * cosThetalut

sndom walk
rive)

<
; [+4
. : 2 '—
yt3 brdf « SampleDiffuse( diffuse, N \n
srvive; 38
pdf; N \
v =E * brdf * (dot( N, R ) / pdf); e 3
3on = true:*
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3D Engine

it a
3t Tr
'r) R

* diffuse
= true;

»f]l + refr)) &

), N )
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)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

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

3an = true-*

After projection

The output of the projection stage is a
stream of vertices for which we know 2D
screen positions. ¥

The vertex stream must be combined with I
connectivity data to form triangles.

¥

Triangles ona raster consist of a connectivity data — Rasterize
collection of pixels, called fragments. i

fragmentﬁositions

Shade

pixels

,«g“.*y,
SO\ |77

WeTTTRT

,AD"T Rz
A

~LISAN

7_ { .y,\'



Today’s Agenda:

= Efficiency
)

ca st = Boxes, AABBs & Groupings

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

- difuse; = To Rasterization

= true;

xfl + refr)) &8 (dept | 3D Engine OverVieW

), N )
efl * € * diffuse;

i =  Textures

JAXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI:

st weight = Mis2( directPdf, bedipd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly,
rive)

]

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

pdf;

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




1+ re
s N
efl * E
= true
WAXDEPTH)
survive = SurvivalProl
estimati
if;
~adiance = Samplel
».x + radiance.y
v = true;
st brdfPdf » EvaluateDd
3t3 factor = diffuse *
st weight = Mis2( dire
3t cosThetaOut = dot(
E * ((weight * cosTh
sndom walk
jive)
3t3 brdf = SampleDif
srvive;
pdf;
= E * (d
-3on

INFOGR - Computer Graphics

Jacco Bikker & Debabrata Panja - April-July 2017

END OF lecture 7: “Accelerate”

Next lecture: “OpenGL”
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