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Photon mapping 1 Steps

1. Photon tracing

2. Rendering with
photon maps

v global photon
J map lookup

caustic lookup

Advanced 3D Graphics (NPGRO010) Vorba 2020



‘ Final gathering 7

ering

500 1 5000 rays

Information in the global Inaccuracy in the global

photon map too inaccurate maps gets naver
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‘ Progressive photon mapping

Progressive photon mapping BDPT

Figure 8: Lighting simulation in a bathroom. The scene is illuminated by a small lighting fixture consisting of a light source embedded in
glass. The illumination in the mirror cannot be resolved using Monte Carlo ray tracing. Photon mapping with 20 million photons results in
a noisy and blurry image, while progressive photon mapping is able to resolve the details in the mirror and in the illumination without noise.
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Motivation

A Distribution path tracing (DPT)
Final gathering (FG)

Z Estimate illumination integral at a point by
tracing many rays (566000)

Z Costly computation

Alrradiance caching accelerates DPFGfor
diffuse indirect illumination



Motivation

ASpatial coherence

Z Diffuse indirect illumination changes slowly over
surfaces

Indirect irradiance i changes slowly



Irradiance caching

ASparse locations for full DRT computati
AResulting irradiance stored in a cach§|%

AMost pixels interpolated from cached records

Image credit: Okan Arikan



Irradiance caching

A Faster computation of theliffuse componeruf
iIndirect illumination

A Diffuse reflection

L(p)=Ep)* rqp)/p

A View-independence
Z Outgoing radiance independent of view direction
Z Total irradiance is all we need => cache irradiance



Irradiancecaching

A Lazy evaluation of new irradiance values

Z Only if cannot be interpolated from existing
ones

A Example ValuesE1l ad E2already stored

Z Interpolate at A(fast)

Z Extrapolate at Bfast)
Z Add new record at C (slow)



Irradiancecachingpseudocode

Getlrradiance( P):
Color E = InterpolateFromCache( 9)}
( E ==invalid )
E = SampleHemisphere( p);
InsertintoCache(E ., P);
E,



Indirect irradiance calculation

E = SampleHemisphere(p);

A Cast500-5000secondary rays
(userspecified
A Compute illumination at

Intersection

Z Direct illumination onlyor

Z Path tracing or

Z Photon map radiance estimater

Z Query in (another) irradiance cache

Z No emissiortaken into accounit




Indirect irradiance calculation

E = SampleHemisphere(p);

A Stratified Monte Carlo
hemisphere sampling

Z Subdivide hemisphere
Into cells

Z Choose a random
direction in each cell ancE=s
trace ray (¢




Indirect irradiance calculation

E = SampleHemisphere(p);
A Estimating irradiance &p:

E(p) = WLi(p, wi) cosgr du

A General form of the stratifie@stimator
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Indirect irradiance calculation

E = SampleHemisphere(p);

A For irradiance calculation, the integrand is:
L(6,¢) cost
A PDF:

cos 6
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Indirect irradiance calculation

A Irradiance estimator for IC:
M—1N-1

MN > 2 L

7=0 k=0
AL,8 OAAEAT AR OAI BI A AC

j+c, R+,
(s Dji) = (arccos \/1 — M’J e NJ, )

AM,N8 1T Ol AAO | £ AdaBIPEOEI
A28 OAT AT 101 AROO



Irradiancecachingpseudocode

Getlrradiance( P):
Color E = InterpolateFromCache( 9)}
( E ==invalid )
E = SampleHemisphere( p);
InsertintoCache(E ., P);
E,



Record spacing

A If E(p) changes slowly>interpolate more
A If E(p) changes quicklyg>interpolate less

A What is the upper bound on rate of change (
gradient) of irradiance?

AlT OxAO £O01T i OEA Ox1 00
(omitted)



Record spacing

A Near geometry
A dense spacing

7 Geometry = source of indirect
illumination

A Open spaces
A sparse sampling




Record spacing




Irradiance interpolation

E = InterpolateFromCache(p)

> Ei(pwi(p)
A Weighted average: E(p) = -

LeS(p)
A Records used for interpolation:

S(p) = {i; w;i(p) > 0}



Welighting function

[Tablellion and Lamorlette 04]

Ip- pi J1-nQ, TJ
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Irradiancecachingpseudocode

Getlrradiance( P):
Color E = InterpolateFromCache( 9)}
( E ==invalid )
E = SampleHemisphere( p);
InsertintoCache(E ., P);
E,



Irradiancecache record

InsertintoCache(E, p);

A Vector3 position Position in space

A Vector3 normal .1 Ol Al AO OP
A float R Validity radius

A Color E Stored irradiance

A ColordEdH3] Gradientw.r.t. translation
A ColordEdN3] Gradientw.r.t. rotation




Irradiancecache data structure

InsertintoCache(E, p);

A Requirements

Z Fast incremental updates
(records stored on the fly)

Z Fast query for all records (spheres) overlapping a
given pointp



Data structure Octree

InsertintoCache(E, p);
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Data structure Octree

A A A E EGlinteépolateFromCache(p)




