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o REYEb w:Lth prman

# 31mp1e pomt llghts, no energy, no falloff

- non phys\lcal, non normahzed BRDFs
i deep shadow maps

-4t was flne because there was no secondary
® effect ¥

no ’cohcept of energy, just color and intensity
light 100, albedo 1 or light 1, albedo 100, same thing!
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- Solving the rendering equation

- L(x, wo) : outgoing radiance \ / s e
| e TR - oanahe |

Ltz w)  : / f(:c, Wi, wO)L(x, w;)cos(0)dw
o oo

= L(x, wi) ":incdmingradiance T RE

s E(x wi wo)s BRDE U

uesday, July 23,
recursion means conditions on L and f not to diverge to infinity
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= 2 parts workmg 1n tandem.

e - phy31ca11y correct llghts emlttlng energy in
' the scene

i phy31cally correct BRDFS bouncmg energY in
the Scene ' '

!-\

we can’t and shouldn’t decouple those 2
keep the same results between a rect area light and a glowing wall with same intensity
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ect to gt rid of the ion’
e different m th d of integration taking advantage of the renderer
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using heckbert’s notation
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. MUILLUMINATIONI01 = PHYSICALLY BASED LIGHTING
‘ i U aL Sl — ba S ,f LT )__ i =

- indirec'tLighting in'tegr-'ator sbl’ves LDD*E path. K
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- reflection integrator solves LS{S*,D*E path
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- indirectDiffuse integrator uses
- irradiance caching

- radiosity cache

N phOtOn CaCTh.e-'
- Teflection integrator uses -

- CauStic cache )

- radiosity cache (Optlona1 in that case we glve up
e seconda:ry Specular effects) '

Tuesday, July 23, 13

no caustic path
radiosity cache is prman specific
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- has 3 main parts

o = Light ccshader ‘
- BRDF coshader

- Integrator coshader
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K 'Filte:redim‘portance sampling

- Impo:rtance :resampllng to :reduce number of
‘ shadow rays ' o ~

I Control variates

!-\

uesday, July 23, 13

orute force is good, always work
out we want to speedup the process
principal piece -> MIS
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BSDFValueStruct

LightEmissionStruct
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- Call sample() for each BRDF coshaders

® - Create a pruned BbDFbamplebtruct us:mg the
P areallght BVH '

- Pass the orlglnal and the pruned
BbDFbamplebtruct '
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v01d 1ntegrateBRDF(output BSDFSamp]eStruct bs output BSDFSamp]eStruct bsbvh%.
. output int numSpecLobes output Int numSpecSamp]es)

‘l’ el on ol Sleslle ol o s el bsdt >getNumSpecSamp1es(numLobeSamp]es)
1 (numSpecLobes) 5! \
bs. &= bsdf - >samp1e(tacwngRatto wW.oin) ;
numSpecSamples = bs->getNumSamples();
bsbvh = BVHReduce(P, bs):
}
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IN TEuRATION o
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BRDF Samples
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brdf samples around the reflection direction
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- Call sample() on the llght
Acoshader 2 s

- Call valueAndPDF() on each
- BRDF coshade:r ‘ - R

. Call emlsSJ.onAndPDF() on 5
the llght coshader |

i ComputeMIb() o

e Computebhadows()
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void 1ntegratenght(shader 11 ’output color diffPerLTght'
output co]or specPerL1ght)

o

11L>emTSsionandPDF(bs,.1wghtValues); '

: 11—>samp1e(1s) | KN
psdf - >va1ueandPDF(facwngRatwo W s oW QRS d1ffVa1ues)

computeMIS(]s diffVa]ues SpecVa1ués, bs | 1wghtVa1ues deff Cspec CspéCBRDF)f

computeShadows(deff Cspec diffPerLight specPeerght)
' computeBRDFShadows(CspecBRDF specPeerght) NG

Tuesday, July 23, 13
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light samples on the light
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s bample f:rom lobes u31ng BRDF coshaders

e bample from llghts us:mg llght coshade:rs

- Combine samples usmg Multlple Importance
‘ bampllng ~ ’
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co1orfjﬂtegrafe()'-
1ntegrateBRDF(bs,hbSbvh,’numSpéCLobes} numSpecSamp]es);°'

‘I’ '_ for (1=O;'1<TightCount; T+=1)'{*.: S N s A '
, ~integratelight(lights[1], bs, numSpecLobes, numSpecSamples, diff, spec);

 resultDiff += diff;
ke asl Fspatish=nsner
Leopesulti FelidifTspee;

j

return result:

°
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0 BRDF sampllng only

- good samphng
~ everywhere except in
- the highlights where =
- BRDF sampled directions
- miss bright spots

- fuzzy shadows.
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- Light Sampling Only

25 good sampllng in the .
- highlights, well deflned '
shadows by Yo A

- noise in low brightness
region where the sample

- directions don't match
the BRDF peak ‘
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. Happens after MIb

8 can OPtlmlze shadow computation using the

roulette)

- gan pe:rform a :resamphng step to :reduce the
number of shadow Tays ' et

final weights of each sample (cutoff, russ:n.an i
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void cOmputeLfghtShadOWS()
AR A , S SR 3 . 7 4
- (avgvis s AreashadowRays(1S<>P,']S4>pdf,

for(i=0: 1<1wghtSamp1es 14“1)'{

~diffPer
S e

“specPer

}

bk Tg

Nt

A

ok

_g

e b B R ES oo O a0 B e i
Noshad += deff[w]

sl LS A s S G

if(1i->diffuConvolution(diffCony)) |

diffConv *= bsdf->albedo(); LR Cay |
diffPerLight += avgVis:* (diffConv -dwffPeerghtNoshad)

~diffPerLightNoShad =

dwffConv

[isheah

 SHADOWING
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” Can use multlple technlques as long as they
e don t overlap and create double shadowmg

- shadowmaps fo:r halr

- SH for large terralnvegetation 1%
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" Use of average V1S:Lb111ty to further reduce
varlance : ‘ - -

=« the 1obe‘mus‘t'be completely view independent
to be computed before rendering ‘

z thé. 'lig ht must be able to provide 'such answer

!-\

Control variates is a classic Monte Carlo technique.
Here we rely on the lights providing an analytical integral (usually of their diffuse contribution).
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- bphere. sub-hemlsphencal llght source
1ntegratlon ~

e Rect Disk: polygonal llght source
; analytlcal 1ntegrat1c>n -

- Domie: image space convolution

!-\

Tuesday, July 23, 13
Details and references are in the course notes.
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MU ILLUMINATION 101

® - - try to be energy conservmg

L reflectlons are handled through the BRDFS
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- no dlstlnctlon between plana:r :reflectlons '
and * plana:r area 11ghts ~

- no dlstlnctlon between Spherlcal
ennronments and ‘’dome area llghts

Py not only true for specular:
dlffuse and bounce are also 1nterchangeab1e
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My friend Arkell Rasiah and | shot a series of IBLs, which we initially used to calibrate materials.
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We imposed a strict energy conservation to the model and worked backwards to derive it. The details are in the course notes.
We importance sample the main exponential term in the Beckmann distribution, similarly to what Walter proposed, and thus the
ndf is the following.



MU ILLUMINATIONIOl ~  ANISOTROPY

.
\ \
. Y . N . .
. . . . . f
- ’ . { '
. 0 v . 0
' . = 1 = == — — e - = e i = -—
— p—— - 9 —_ — e = ——— P R ——— —— - — — — — — ~ _ p— — ————— ———— ————— e - ———  __  ——————————————— — ——
! e ————— _ _ _ e . P — — B e —— — —— — 3 — — - — — — - —— - = e i == — — =
g £ . .
. .
» 1 )
< ] . . . .
0 M 4 ‘.
. o . .
‘ ' ' . v ’ ’ ' . .
y . » . ’ . ~ . > . ’ .
~ : . b :
| | 1 |
.
.

Spllt roughness o 1nto 2 dlstlnct .
coefflc:u.ents along 2 surface dlrectlons

\(u1.h>2+(u2.h>2 '
e o

!-\

uesday, July 23, 13
Anisotropy is a very simple extension.
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Like in the story, many people gave us a helping hand in this work.
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So thank you
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.. to the folks in the Gl team (Bill Reeves, Jean-Claude Kalache, Davide Pesare, Jacob Kunzel, Farhez Rayani and Guido Quaroni),
the lighters and shading artists on Monsters University and The Blue Umbrella.



