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Photon mapping ïSDS paths
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Photon mapping ïSteps

1. Photon tracing

2. Rendering with 
photon maps
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Final gathering ?

direct use final gathering

500 ï5000 rays

information in the global 
photon map too inaccurate

inaccuracy in the global 
maps gets ñaveraged outò
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Progressive photon mapping
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Approximate GI methods
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ÅDistribution path tracing (DPT)
Final gathering(FG)

ɀEstimate illumination integral at a point by 
tracing many rays (500-5000)

ɀCostly computation

ÅIrradiance caching accelerates DPT/FGfor 
diffuse indirect illumination

Motivation



ÅSpatial coherence

ɀDiffuse indirect illumination changes slowly over 
surfaces

Motivation

Indirect irradiance ïchanges slowly



ÅSparse locations for full DRT computation

ÅResulting irradiance stored in a cache

ÅMost pixels interpolated from cached records

Image credit: Okan Arikan

Irradiance caching



Irradiance caching

ÅFaster computation of the diffuse componentof 
indirect illumination

ÅDiffuse reflection

Lo(p) = E(p) * rd(p) / p

ÅView-independence

ɀOutgoing radiance independent of view direction

ɀTotal irradiance is all we need => cache irradiance



ÅLazy evaluation of new irradiance values

ɀOnly if cannot be interpolated from existing 
ones

ÅExample: Values E1 and E2 already stored

ɀInterpolate at A (fast)

ɀExtrapolate at B (fast)

ɀAdd new record at C (slow)

Irradiance caching

E1

E2
A

B

C ­ E3



Irradiance caching pseudocode

GetIrradiance( p):

Color E = InterpolateFromCache( p);

i f ( E == invalid )

E = SampleHemisphere( p);

InsertIntoCache(E , p);

return E;



ÅCast 500-5000 secondary rays
(user-specified)

ÅCompute illumination at 
intersection
ɀDirect illumination only, or

ɀPath tracing, or

ɀPhoton map radiance estimate, or

ɀQuery in (another) irradiance cache

ɀNo emission taken into account!

E = SampleHemisphere(p);

Indirect irradiance calculation



ÅStratified Monte Carlo
hemisphere sampling

ɀSubdivide hemisphere 
into cells

ɀChoose a random 
direction in each cell and 
trace ray

E = SampleHemisphere(p);

Indirect irradiance calculation



E = SampleHemisphere(p);

Indirect irradiance calculation

E(p) = ÚLi(p, wi) cosqi dwi

ÅEstimating irradiance at p:

ÅGeneral form of the stratifiedestimator



Indirect irradiance calculation

ÅFor irradiance calculation, the integrand is:

ÅPDF:

E = SampleHemisphere(p);



Indirect irradiance calculation

ÅIrradiance estimator for IC:

ÅLj,kȣ ÒÁÄÉÁÎÃÅ ÓÁÍÐÌÅ ÆÒÏÍ ÄÉÒÅÃÔÉÏÎȡ

ÅM, Nȣ ÎÕÍÂÅÒ ÏÆ ÄÉÖÉÓÉÏÎÓ ÁÌÏÎÇ qand f

Å ȣ ÒÁÎÄÏÍ ÎÕÍÂÅÒÓ ÆÒÏÍ 2ɉΦȟΧɊ



Irradiance caching pseudocode

GetIrradiance( p):

Color E = InterpolateFromCache( p);

i f ( E == invalid )

E = SampleHemisphere( p);

InsertIntoCache(E , p);

return E;



ÅIf E(p) changes slowly => interpolate more

ÅIf E(p) changes quickly => interpolate less

ÅWhat is the upper bound on rate of change (i.e.
gradient) of irradiance?

Å!ÎÓ×ÅÒ ÆÒÏÍ ÔÈÅ Ȱ×ÏÒÓÔ ÃÁÓÅȱ ÁÎÁÌÙÓÉÓ 
(omitted)

Record spacing



ÅNear geometry
Ą dense spacing
ɀGeometry = source of indirect 

illumination

ÅOpen spaces
Ą sparse sampling

Record spacing



Record spacing



Irradiance interpolation
E = InterpolateFromCache(p)

ÅWeighted average:

ÅRecords used for interpolation:



Weighting function
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(ÅÕÒÉÓÔÉÃ ȰÂÅÈÉÎÄȱ ÔÅÓÔ

ÅRecord at pi rejected from interpolation at p if 
pÉÓ ȰÂÅÈÉÎÄȱ pi



Irradiance caching pseudocode

GetIrradiance( p):

Color E = InterpolateFromCache( p);

i f ( E == invalid )

E = SampleHemisphere( p);

InsertIntoCache(E , p);

return E;



Irradiance cache record

ÅVector3 position

ÅVector3 normal

Åfloat R

ÅColor E

ÅColor dEdP[3]

ÅColor dEdN[3] 

Position in space

.ÏÒÍÁÌ ÁÔ ǬÐÏÓÉÔÉÏÎȭ

Validity radius

Stored irradiance

Gradient w.r.t. translation

Gradient w.r.t. rotation

InsertIntoCache(E, p);



Irradiance cache data structure

ÅRequirements

ɀFast incremental updates 
(records stored on the fly)

ɀFast query for all records (spheres) overlapping a 
given point p

InsertIntoCache(E, p);



Data structure: Octree
InsertIntoCache(E, p);



Data structure: Octree
ÂÁÃË ÔÏ ȣ  E = InterpolateFromCache(p)


