), 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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3t Tr
'r) R

* diffuse
= true;

»fl + refr))

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

WAXDEPTH)

survive = SurvivalProl
estimatio

if;

"adiance = Samplelight|
».x + radiance.y + ra

v = true;
st brdfPdf » EvaluateD
yt3 factor = diffuse *
st weight = Mis2( dir
3t cosThetaOut = dot(
E * ((weight * cosThe

4‘5—.~g>
sndom walk done ¢ éo o?\
rive) fo AN
g -
: 5 ‘ <
st3 brdf « SampleDiffuse( diffuse, | !— 49
srvive; \J; Y
5 N
pdf; iy N , 2 Yy
y = E * brdf * (dot( N, R ) / pdf); 2yl 3y
3an = true-* )



Smallest Ray Tracers:

#import<cmath>
#import<cstdio>
#define R return
#define O operator
#define P putchar

##define I int
##define f float

e I 1=2e9;struct v{f x,y,z;v(){}v(f a,f b,f c){x=a;y=b;z=c;}v 0+(v o){R{x+0.X,y+0.y,z+0.2};}
12k v 0-(){R*this*-1;}v O*(f s){R{x*s,y*s,z*s};}f 0%(v o0){R x*o.x+y*o.y+z*o.z;}v 0! (){v t=*this;
o0 fem R t*(1/sqrt(t%t));}};struct b{v p,c;f r;};f T(v o,v d,b*W,v*C,I M){if(M>9)R 1;f Z=1,t,h;
i) V C,p,q;for(I i=3;i--;)c=W[i].p+-0,t=c%d,c=c+d*-t, (h=W[i].r-c%c)>0&(t-=sqrt(h))>.018Z>t?
1 + refr)) (*C=W[i].c,Z=t,c=d*Z+o,p=!(c+-W[i].p),p=d+p*-2*(p%d),T(c,p,W,&c,M+1),*C=v(C->x*c.x,C->y*c.y,
DURY C->z*c.z),1):1;if(d.y<0){q={0,1,0};t=-0%q/(d%q);if(t>.018&Z>t)Z=t,c=d*Z+0, *C=T(c,p=!v(5-c.X,
e, M 5-c.y,-c.z),W,C,M+1)<1?v(0,0,0) :v(t=I(c.x)+I(c.z)&1,t,t)*(q%p);}Z==1&d.y>0?*C={.5,1,1}:q;
R Z;}main(){printf("P6 512 512 255 ");v c;b W[]={{{2,3,6},{1,0,0},3},{{5,1,4},{6,1,0},1},{{
WAXDEPTH) 9,3,7},{90,0,1},4}};for(f y=512;y--;)for(f x=512;x--;)T({5,2,0},!v(1-x/256,y/256-1,1),W,&c,0)

jurvive = SurvivalProb ,C=C*255, P(C.X),P(C.y),P(C.Z);}

estimatio

if;

R L= : OcOe=:1e_4h=:%:@: (+/@:*: )n=:%hd=:+/@:*Y=: :0r=:4 Yt=.(-8&9.5)@:%8&s(3%$0); (n(t x),(t s-y),1);L)V=:3 Y(;0{y)+(8{;2{y)*;1{y)i=:4 Y
1.9 c=.(;0{0{y)-;0{xt=.c d;1{xg=.t-%: (*:;1{0{y) -+/*:c-t*;1{xe=.(<;2{x),<yif.0<*:q-tdo.if.(qg<;2{x)*q>0do.e=.(<q),<yend.end.e)k=:4 Yif.

ST (. 0{x)<;0{ydo.xelse.yend.)G=:3 Yk/1(y&i)\4 5%$((_3,90,8);1;(0,0,1);0.1;0),((0,0,8);1;(0,1,0);0;0),((3,9,8);1;(1,0,0);0.4;0),

xa:gx:u;g?ﬁi;(0,_10001,8);1e4;(3$e);8.2;1)K=:4 Y0.5>(x{y)-<.x{y)c=:3 YD=:D+1F=.G ye=.0{;0{FS=:0{;1{Fm=.0{;3{Sr=.(2{.y),<ei=.V rN=.n i-;0{Su=.

SERLEESREEE (e<L)*(1-m)*((;2{S)*3%-.(;4{S)*(@ K 1i)=2 K i)*r A SM=.0if.(e<L)*(m>0)*D<9do.M=.m*c i;(n(;1{r)-N*((;1{r)d N)*2);Lend.u+M)T=:4 Y

E * ((weight * cosThe

. p=.V;0{xs=.(;0{0{y)-pD=.n st=.h s(3%(;0{G(p+D*e);D;t)>=t)*(;1{0{y)*(1%*:t)*(;1{x)d D)F=:4 Y(©>.;x)+0>.;y)A=:4 YF/1(<@: ((x;-(;0{y)-V <é6z’ng>\
:xg'”“' B < )&T))\2 2%$(0,9,0);3%$99)P=:3 YD=:0“:255(.(.255*c(s|y)r<.y%s)s=:5h25tdout'P3 512 512 255°,1 P\i.*:sexit"’ &: A
; > b
)t3‘br¢‘:lf = SampleDiffuse( diffuse, N v\\n
a;:; H 7) »
y = E * brdf * (dot( N, R ) / pdf); Ul

3an = true-*



Fastest Ray Tracer:
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* diffuse
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»fl + refr))
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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( directpPdf,
3t cosThetaOut = dot( N, L

E * ((weight * cosThetalut

éds-rb?

sndom walk done prog / \,

rive) '*r A
ke 4

: A - r ‘ Y

st3 brdf « SampleDiffuse( diffuse, | (S =

srvive; 7 N,

pdf; 4 O

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

3an = true-*



o Today’s Agenda:

= = insid
it = nt
)52t = 1.97
), N );

- = Depth Sorting
he .
2 diffuse; . Cllpplng
;fl + refr)) &3 (depth - VlSlblllty
3;'f'].. 3'E * diffuse;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !

.x + radiance.y + radiance.:) ) *c -, . ;—.,
v = true; ' - i i

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;

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

Scenegraph

camera

), N
~efl
= true;

WAXDEPTH)

survive = Survivalp ol
estimation doi

if;

-diance = SampleLight( 4r3
.X + radiance.y + radian

v = true;

st brdfPdf = EvaluateDiffus)

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, berd!
;t cosThetmt dot{ N, L );
* ((weight * cosThetaOut) / di turret
sndom walk - done prop
sive)
bt3 brdf =« SampleDiffuse( diffuse, N
srvive;
pdf;

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

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

= * diffuse
= true;

sfl + refr)) &8

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

VAXDEPTH)

survive = SurvivalProbabl
estimation z

if;

~adiance = SampleLight( &4ra
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) / direct

sndom walk - done properl
sive)

]

3t3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

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

> <

—(o) » X

Z

The world according to the camera:

Camera space
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Perspective

), N
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3t Tr
'r) R = (D
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= true;

f1l + refr)

), N );
PR S E S T
= true; . L

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-*

Transformation Pipeline

World space = =» cameraspace =» orthographicview =>

I X M X M

camera ortho

These can be collapsed into a single 4 X 4 matrix.

X

canonical view

Y|

canonical



o Today’s Agenda:

= = insid
it = nt
)52t = 1.97
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- = Depth Sorting
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2 diffuse; . Cllpplng
;fl + refr)) &3 (depth - VlSlblllty
3;'f'].. 3'E * diffuse;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !

.x + radiance.y + radiance.:) ) *c -, . ;—.,
v = true; ' - i i

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;

pdf;
Y = E * brdf * (dot( N, R ) / pdf);
:3on = true:
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Depth SOI‘tlng Animation, culling,

tessellation,
Rendering - Functional overview meshes
1. Transform: Transform
translating / rotating meshes !
vertices

), N
)

e s 2. Project: .
S ) " Project
2RI calculating 2D screen positions -
= * diffuse
T _ vertices
»f]l + refr)) &3 (4 3- Rasterlze: l
o Ve o airtuse determining affected pixels Rasterize
i 4. Shade: - o
survive = Sw-vivalp i ) a e. fragment OSlthnS
v el calculate color per affected pixel
-adiance = Samplelight( &ra
>.x + radiance.y + radiance Shade
pixels
ST
Postprocessing £ - 2
r “
v x4
% >

Y
7_ 1. -y)’
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it a
3t Tr
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if;
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Depth SOI‘tlng Animation, culling,
tessellation,
3. Rasterize: meshes
determining aftected pixels
Transform
Questions: I.
vertices
= What is the screen space position of the fragment? +
e - . Project
)R = (0 = [s that position actually on-screen? I
Sl = [sthe frag_ment the nearest fragment for the . —
1+ refey) 88 (d affected pixel? 3
S S it N _ . _ Rasterize
How do we efficiently determine visibility of a pixel? i
o fragmenvtﬁositions
L Shade
pixels
PN
Postprocessing / :

STTIR]
PNz

.7‘1)

Lsipy



\ Part of the tree is off-screen

' =
| ey

Y.

~ . Torso closer than ground

. ——

= |

-.’
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Depth Sorting

it a

5t Tr

'r) R

= * diffuse

= true;

+fl + refr)) &

), N )

efl * E * diffuse
= true;

WAXDEPTH)

survive = SurvivalProbabi

“adiance = SampleLight

>.x + radiance.y + radiance

Old-skool depth sorting: Painter’s Algorithm
= Sort polygons by depth

= Based on polygon center

= Render depth-first

Advantage:

= Doesn’t require z-buffer

Problems:

Cost of sorting
Doesn’t handle all cases
Overdraw

PSR
¢ \
-3 <
> b =¢
= 5

< 4

7_ l, ..y,\'
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Depth Sorting

Overdraw:

Inefficiency caused by drawing
multiple times to the same pixel.

J

)52t

), N

)

it a = nt
3t Tr :
'r) R 0

survive = SurvivalProbabilis
estimation - doing it

if;

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

o . e .
4 i o
Ne F 4 . AR
20 1y o \ S
v = E * brdf "'E%ot %,’R)\)\)/ pd?ﬁ '
cdon = true: 4 /
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Depth Sorting

Overdraw:

Inefficiency caused by drawing
multiple times to the same pixel.

it
52t
), N
)

3t 4 = nt

5t Tr = 1

'r) R = (D

= * diffuse;

= true;

sfl + refr)) &8 (de
), N

efl * £ * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilis
estimation - doing it

if;

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

P ¥
£
bl LI

-

s | WME "\ & A
e ¥ 4 AN
\ = E * brdf L"'(dot‘%&,’k )}Pd
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Depth Sorting

Overdraw:

Inefficiency caused by drawing
multiple times to the same pixel.

it
52t
), N
)

3t 4 = nt
5t Tr = 1
'r) R = (D
* diffuse;
= true;
sfl + refr)) &8 (de
), N

efl * £ * diffuse;
= true;

JAXDEPTH)

survive = Survivalproba
estimation - doing i

’f.

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

v g AN

J‘R.

£ prar M (dot
cion = true-
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Depth Sorting

Correct order: BSP

), N );
efl * £ * diffu
= true;

VAXDEPTH)

survive = SurvivalProl

estimati

if;

adiance = Samplelight
*.x + radiance.y + radiar
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Depth Sorting

Correct order: BSP

front back

), N );
efl * £ * diffu
= true;

WAXDEPTH)
survive = SurvivalProl
estimati

if;

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

Aeiia s

——
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Depth Sorting

Correct order: BSP

front

»fl + refr

), N );
efl * £ * diffu
= true;

VAXDEPTH)
survive = SurvivalProl
estimati

if;

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

s
it b -\d_; “

t3 T\\

back
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Depth Sorting

Correct order: BSP

front back

it a

5t Tr

'r) R

= true;

»fl + refr

), N );

efl * £ * diffu
= true;
WAXDEPTH)

survive = SurvivalProb

estimati

if;

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

Correct order: BSP

front back

it a
3t Tr
'r) R

= true;
»fl + refr))
), N )

efl * £ * diffu
= true;

e |

survive = SurvivalProb

if;
"adiance = Samplelight

2.x + radiance.y + radian
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Depth Sorting

Correct order: BSP

front back

it a
3t Tr
'r) R

E * diffuse

= true
»f]l + refr)) &
), N )

efl * € * diffuse
= true;

. 1 ~J & 41 3 11 1 1 111 ]

survive = SurvivalProbs
estimatior
if;
"adiance = SamplelLight
*.X + radiance.y + radiance
,.h% .
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Depth Sorting

Correct order: BSP

front back
it a
5t Tr
'r) R

= true;
»f]l + refr)) &
), N )

efl * € * diffuse
= true;

. 1 ~J & 41 3 11 1 1 111 ]

survive T,Surv““p, oba
’:it‘.m3~A.
-adiance = SampleLight
*.X + radiance.y + radiance
L (R s e e ‘ L ‘ L Sorting by BSP traversal:

Recursively

1 1 1 1 J 1 1 1. Render far side of plane

2. Render near side of plane

r -4
,m <
Z Y
NSRRI
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Depth Sorting

Draw order using a BSP:

= Guaranteed to be correct (hard cases result in polygon splits)
= No sorting required, just a tree traversal

), N

e But:

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

= * diffuse
= true;

Requires construction of BSP: not suitable for dynamic objects
1+ refe)) 88 (¢ Does not eliminate overdraw

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

VAXDEPTH)

survive = Survivalp rob
estimation - d

if;

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

<SS
T ,47.
' L+ N ¢ o ‘
3 ' %‘ Vi |
o | 2
‘pc-l £’ braf '-"(d :(\n\'n \\}’ g I‘L.j)y

c3on = true-

"J“'(-SAA.A\’.’
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Depth Sorting

Z-buffer

A z-buffer stores, per screen pixel, a depth value.

The depth of each fragment is checked against this value:
o If the fragment is further away;, it is discarded
) 8 - Otherwise, it is drawn, and the z-buffer is updated.

'r) R

= * diffuse
= true;

»fl + refr)) &3 (d

S The z-buffer requires:

sl = An additional buffer

survive = SurvivalProbabi S . .

i = [nitialization of the buffer to z,,,,
~adiance = SampleLight( 4ra . .

S radianeey + rasiance = [Interpolation of z over the triangle

= A z-buffer read and compare, and
possibly a write.

<SS\ 72
él .‘)
=3 <
> b =
¢ 7

% >

7‘ e _y,\"
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Depth Sorting

Z-buffer

What is the best representation for depth in a z-buffer?

1. Interpolated z (convenient, intuitive);
n

o 2. 1/z(orin+ f — f;) (more accurate nearby);

- 3. (int)((2731-1)/z);

= true; o A i i . 32
i 451 (u}nt) ((3/\3; 1)/ Z); Note: we use 2. = (2—z+11):
W )3 ] (U.lnt) (( 32- )/(_Z T 1)) this way, any z < 0 will be in the range
efl * E * diffuse

= true; Zadjusted = _Zoriginal +1=1.. 0, therefore
- 1/Z44justea Will be in the range 0..1, and thus
oI = S vaTPiobe the integer value we will store uses the full
e - range of 0..23% — 1.
e Here, z;,, = 0 represents Zyyiging; = 0, and

Zine = 23% — 1 represents Zyyiging = —°.

Even more details:

PSR
¢ \
-3 <
> b =¢
" -

S
% N

7_ { .y,\'


https://developer.nvidia.com/content/depth-precision-visualized
http://outerra.blogspot.nl/2012/11/maximizing-depth-buffer-range-and.html
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Depth Sorting
Z-buffer optimization
In the ideal case, the nearest fragment for a pixel is drawn first:
= This causes all subsequent fragments for the pixel to be discarded;
. » This minimizes the number of writes to the frame buffer and z-buffer.
e The ideal case can be approached by using Painter’s to ‘pre-sort.
), N )3 5
VAXDEPTH)
PN
NS
% Y

Y
7_ 1. -y}’
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Depth Sorting

‘Z-fighting’:

Occurs when two polygons have almost identical

z-values.

o );

- Floating point inaccuracies during interpolation
)R (0 will cause unpleasant patterns in the image.

= * diffuse;

= true;

fl + refr)) &8 (dept

), N );
efl * € * diffuse;
= true;

JAXDEPTH)

survive = SurvivalProbabilis
estimation - doing it

if;

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

}.«/fan.

) Jupdf)s
,P

4 )
 =E " brdf "Z%o: N, R
cion = true-



\ Part of the tree is off-screen

Stuff that is too far to draw

’ o
-

B
: 518 BN

———— Q 4 (6 R o

-.’



o Today’s Agenda:

= = insid
it = nt
)52t = 1.97
), N );

- = Depth Sorting
he .
2 diffuse; . Cllpplng
;fl + refr)) &3 (depth - VlSlblllty
3;'f'].. 3'E * diffuse;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !

.x + radiance.y + radiance.:) ) *c -, . ;—.,
v = true; ' - i i

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;

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



INFOGR - Lecture 12 - “Visibility” 32

Clipping

\/

Clipping </ B
A ? : *‘:

' ?é :’?!”7{7

e / |

B

Many triangles are partially off-screen. This is
handled by c/ipping them.

it
), N
3)

et Sutherland-Hodgeman clipping:

¢ Tr = 1
'r) R = (D

= * diffuse;

Clip triangle against 1 plane at a time;
1+ refe)) 88 (¢ Emit n-gon (0, 3 or 4 vertices).

), 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-*
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Clipping

1

0
)

27

N
Sutherland-Hodgeman 25 “{g@?&v

Input: list of vertices

Algorithm:

it a

lt Tr =1 - L
RIS Per edge with vertices v, and v;:
el = Ifv,and v, are ‘in, emit v,
1+ refe)) 88 = [fv,is‘in, butv, is ‘out, emit C
T = [fv,is ‘out, butv,is ‘in, emit C and v,
where C is the intersection point of the edge and the plane.
VAXDEPTH)
survive = SurvivalProbabil . ]
ey Output: list of vertices,
s N defining a convex n-gon
O : ' Vertex O Vertex 1

3t brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI; .

€ weight = Mis2( directrdf, bed Vertex 1 Intersection 1
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut)

sndom walk - done properl Vertex 2 Intersection 2 463 *J3 O>\

sive) 4. .>
-3 <

‘ A

3t3 brdf « SampleDiffuse( diffuse, N Ve rtex O :\ :

srvive; > R

pdf; 2 Y

v =E * brdf * (dot( N, R ) / pdf); )‘L.-y)/

3an = true-*
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Clipping

it

), N

)

3t a4 = nt

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

= * diffuse;
= true;

»fl + refr)) &3 (d

), N
efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabil
estimation - doing

if;

"adiance = Samplelight( Arand
».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 *

sndom walk
sive)

- done properly,

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

srvive;

pdf;

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

cosThetalut) / direct

Sutherland-Hodgeman

Calculating the intersections with
plane ax + by + cz +d = 0:

a
dist, =v-|b
C

+d

|dist,,
|distyg| + |dist,]

f

I'=vy+ f(v1 — vp)

e
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After clipping, the input n-gon may have at most 1
extra vertex. We may have to triangulate it:

01234=20,1,2+0,2,3+0, 3, 4.
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Clipping

Guard bands
To reduce the number of polygons that
: need clipping, some hardware uses
% guard bands: an invisible band of
—— pixels outside the screen.
'r) R £ rla :
b = Polygons outside the screen are
1+ refey) 88 (deo discarded, even if they touch the

. W) guard band;

efl * € * diffuse;

S » Polygons partially inside, partially
A - in the guard band are drawn
ety radiance - = Polygons partially inside the screen,
it - Elusenifuse | partially outside the guard band are
L e et i clipped.

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:*
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Clipping

Sutherland-Hodgeman

Clipping can be done against arbitrary planes.

it - nt
)52t = 1.9
), N );

)

it 4 = nt
5t Tr = 1 2
'r) R= (D * nnt

E * diffuse;

T 7

fl + 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, I

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, brdird!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directid:

sndom walk - done properly, close

rive)

]

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

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



o Today’s Agenda:

= = insid
it = nt
)52t = 1.97
), N );

- = Depth Sorting
he .
2 diffuse; . Cllpplng
;fl + refr)) &3 (depth - VlSlblllty
3;'f'].. 3'E * diffuse;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !

.x + radiance.y + radiance.:) ) *c -, . ;—.,
v = true; ' - i i

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;

pdf;
Y = E * brdf * (dot( N, R ) / pdf);
:3on = true:
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Visibility
Only rendering what’s visible:

“Performance should be determined by visible geometry, not overall world size.”

o = Do not render geometry ""‘*‘Cfg/g\g ~ Z«%/‘%, //@?ﬁ@) N
' i qF

(4
outside the view frustum NG A 4 2\ [
HN N
\

el N i ._'\\ o . AR S :% b . ) “\ \ // = >
) - ( = Better: do not process e ‘a‘j j ', TR ’%\% % N
\ &Y \5' 7 \ ~.‘.' A \ .

N
= * diffuse N N

e geometry outside frustum

1+ refey) 88 (¢ = Do notrender occluded

e geometry

o * Do notrender anything
more detailed than strictly

necessary

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

7/

R .
LI

N i‘/ / |@ 7 7

N ¥ % 7

VAXDEPTH)

¥
N

'\ XY}

~
)

v = true;

3t brdfPdf = EvaluateDiffuse! L
3t3 factor = diffuse * INVPI: O o317 N »
3t weight = Mis2( directPdf, brdfp o . @ DWANR =N
3t cosThetaOut = dot( N, L ); - f 0
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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Visibility
Culling

Observation:
50% of the faces of a cube are not visible.

), N

On average, this is true for all meshes.

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

E * diffuse

e Culling ‘backfaces’:

»f]l + refr)) &3 (4

e Y - diteuse Triangle:ax + by +cz+d =0
Camera: (x,y, z)
Visible: fill in camera position in plane equation.

VAXDEPTH)

survive = SurvivalProbabi
estimation 3

if;

~adiance = SampleLight( &4ra

».x + radiance.y + radiance ax + by + CZ + d > O: ViSjblé'.

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

ek e e Cost: 1 dot product per triangle.
E * ((weight * cosThetalut) i t

. -
sndom walk - done properl :66 ¢ O>\.

sive)

]

3t3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

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

Culling

Observation:
: If the bounding sphere of a mesh is outside the
view frustum, the mesh is not visible.
o) - 0 But also:
Sl If the bounding sphere of a mesh intersects the
e view frustum, the mesh may be not visible.
), N )3 5
s View frustum culling is typically a conservative
VAXDEPTH)

test: we sacrifice accuracy for efficiency.

survive = SurvivalProbabi
estimatior

if;

-adiance = Samplelight( &r

x + radiance.y + radiane Cost: 1 dot product per mesh.

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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Visibility

Culling

Observation:
; If the bounding sphere over a group of bounding
spheres is outside the view frustum, a group of
—— meshes is invisible.
el We can store a bounding volume hierarchy in the
»f]l + refr)) &3 (4 Scene graph:
), N );
efl * E * diffuse

» Leafnodes store the bounds of the meshes

VAXDEPTH)

they represent;

survive = SurvivalProbabi

e = Interior nodes store the bounds over their
~adiance = Samplelight( 4ra n

X+ rudhnce?y + Eodinmv Chlld nOdeS_

v = true;

3t brdfPdf » EvaluateDiffuse
3t3 factor = diffuse * INVPI:

T = Gt L3 Cost: 1 dot product per scene graph subtree.

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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Visibility

s (dept

= = inside
it = nt
)52t = 1.97
’0 N

)

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

E * 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;

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:

Culling
Observation:
If a grid cell is outside the view frustum, the

contents of that grid cell are not visible.

Cost: 0 for out-of-range grid cells.
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Visibility

Indoor visibility: Portals

Observation: if a window is invisible, the room it
links to is invisible.

it
)52t
), N
)

: NN | R } T T PR oo X 525
3t a = nt \ : Whts oo T < g gead
st Tr =1 R b 2 5 5 - 53
'r) R = (D < \\ =5 e T A »

~ S

= * diffuse;
= true; ,'""ﬁbu.

‘ a

sfl + refr)) &8 (de

, N )
efl * £ * diffuse;
= true;

WAXDEPTH)

survive = SurvivalProbabilis 8 -rorees
estimation - doing it caar # ¢
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)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1 = )

srvive; . 7
pdf; k&S )7
y = E * brdf * (dot( N, R ) / pdf); .

3an = true-*
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Visibility

Visibility determination

Coarse:

» Grid-based (typically outdoor)
= Portals (typically indoor)

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

= * diffuse Finer:

= true;

* Frustum culling

fl + refr)) &S

ny = QOcclusion culling
efl * E * diffuse
e Finest:

survive = SurvivalProbabi
estimation - d z

U e = Backface culling
o = (Clipping

2.X + radiance.y + radiance

3t brdfPdf = EvaluateDiffuse! L b ff

t3 factor = diffuse * INVPI; = 7-buffer
st weight = Mis2( directPdf, berd!

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

'g 3
sndom walk - done properly ’46 07\

sive) £ \
g -
; -3 ‘ <
1t3 brdf = SampleDiffuse( diffuse, N, ri r “
srvive; v .
s 7 Y
pdf; 2
v = E * brdf * (dot( N, R ) / pdf); 2glmy

3an = true-*



o Today’s Agenda:

= = insid
it = nt
)52t = 1.97
), N );

- = Depth Sorting
he .
2 diffuse; . Cllpplng
;fl + refr)) &3 (depth - VlSlblllty
3;'f'].. 3'E * diffuse;

JAXDEPTH)

survive = SurvivalProbabilit,
estimation - doing it proy

if;

-adiance = Samplelight( &rand, !

.x + radiance.y + radiance.:) ) *c -, . ;—.,
v = true; ' - i i

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;

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



+ re
N )
efl * E
= true
AXDEPTH
survive = SurvivalProl
estima
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 12: “Visibility”

Next lecture: “Postprocessing”
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