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. EachScenas adynamicalsystem.
. Objectsinteractwith their ervironments.

. Thepresenc®f anew objectchangesheenepgy
balancan thescene.

. Theproblemis underconstrained.

[llumination: The Why, theWhatandthe How — p.2/49



Dir ect lllumination

)

Illumination: The Why, the Whatandthe How — p.3/49



Global lHlumination
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The Solution

m TheDistantScene
m ThelLocal Scene
= The SyntheticObjects
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Distant Scene

= A Model of incominglight.
= Contributesdirectillumination only.

m There ectionsin thescenedo not affectthedistant
Hlumination.

= Modelledusinga envionmentmanp.
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A modelof thelocal geometryof thescene.

A modelof thelocal re ectancein thescene
estimatedrom the sceneor prior knowledge.

Contributesdirectaswell asindirectilluminationto
the syntheticobjects.
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Synthetic Objects

= A modelof thegeometryof the objects
= A modelof there ectanceof the object
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Capturethedistantilluminationin thescene.
Measurghelocal BRDF.
Modelthe syntheticobjectsandthelocal geometry

Renderthe objectsandthelocal scenausingfull
globalilluminations.

Compositinto the original scenausingdifferential
rendering.
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Anatomy of a light source

= Whatis alight source?
= Whatis thespaceof all light sources?
= How canwe move aboutin this space?
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Radiance
Radiancas theamountof enegy perunit time perunit
solid angleperunit areain thedirectionof travel.

or

Thenumberof photonsstriking a pointfrom a particular
directionpersecond.

Radianceemainsconstantlongaline in freespace.
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De nitions

FreeSpacq F)
A boundedppenconnectedgubsebf 3d eucledian
space(@ Istheboundaryof F .

Setof rays(M (F))
Thesetof all closeddirectedlines[x; X»] s.t.

1. X1 6 X5

2. X1:Xo 2 @

3. Theline joining x1 andx» Is containecentirelyin
=
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Ray Manif old

Givenazy, letr bearaywhich passeshrough
Xo = fXo; Yo, Zog, In thedirection(pg; ip; 1), thenwe
make theassociation

r!' (Xo; Yo; Po; )

Ray Manifold : Given a free spaceF , the setof rays
M (F) isa4-D manifold
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Ray Manif old

R:M(F)! [0;1)

R istheradiancealongarayr. Radiancaemains
constanalongin aline in freespace.

Rz, (Xo0; Yo; Po; @) = Rz, (X+( 21 Zo)pPo; Yot(Z1  Zo); Po; o)
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The Lightsource Hypercube

GivenaplaneP,,, considerthesetof rays

M = (X;y;p;Q : X2

eachhaving uniformradianceR (hy; hy; hy; hg).
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Lightsource Hypercube

Someintegrationshawvs thattheradiant ux from this set
of raysis

VA hp=2 VA hg=2 dpdq

=2 he=2 (1+ p*+ g9)°

= hyhyR(hy; hy; hy; ho)

set

Z =L he= # 1

dpdg
hx hy hp=2 hg=2 (1 + p2 + q2)2

R(hy; hy; hp; hg) =

sothat
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Let | ( ) denotetheindicatorfunctionontheinterval
[ 1=2;1=2]. A uniform cubicsourceof unit ux
centeredat position(0; O; zg) Is asourcewith the
radiancgunction

Rz, (X;y;p;Q) =

X
. . . . e L I o
R(hihyihyhgl - p= 1 g 1= 1

The setof all light sourcescannow be obtainedby re-
strictingthe coordinatesn variousmanners.
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RealSource |dealmodel hy | hy | hy | hqg
OvercastSky UniformSource |1 |1 |1 |1
Laser SingleRay O 0|0]|O0
FlourescentTube Linear Source 1 101 |1
Sunlight DirectedPointSource/1 |1 | 0| O
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RealSource ldealmodel | hy | hy | hp | hq
Louveres Fanofrays |1 | 0| 0 |1
SmallPanelLight | PointSourcef 0 | 0 |1 |1
Light throughcrack| ParallelRays|1 | O | 0 | O
Rotatingspotlight | Fanofrays | 0 | O |1 | O
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SourceRays
Thatminimal subseM . M (F), s.t.if they are

removed,theradianceon the manifoldM (F ) would be
identically zero.
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RadianceMap

St. Peters Basilica

An omni-directionalhigh dynamicrangeimagethat
recordgtheincidentillumination conditionsat a
particularpointin space.
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Real Pixelsare oats

| = L- = codt (1)
= LPe (2)

L : SczeneRadiance
e= -t : exposure.

Thereis no boundonthe magnitudeof | .
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The radiometric responsdunction

A

M=1(l)
= M Istheobseredimagebrightness.

= M Is boundedwvith nite dynamicrange.
= Estimatingl requiresestimatingg= f 1.
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Estimating g

= Usemultiple exposuredo estimateg.
= Non-ParametricRegression Debevec& Malik
= ParametricRegression Mitsunag & Nayar
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Debevec& Malik

= Therangeof f Is discreteand nite.

= f IS monotonicandsmooth.

Mij = (i)
g(Mi;) = 1y
g(Mij) = LiPig

logg(Mi;j) =

(3)
(4)
(5)

ogL; + logP; + logeg ©)
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Non-Parametric Regression

X X X
o [g(Mij) logLiP; loggl+  g%z)?

i ] Z

0%z) =gz 1) 29(z)+ g(z+ 1)
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Mitsunaga & Nayar

= Assumea e xible polynomialmodel.

= Performregressiorno estimatahe parametersf the
mode.

X
lij = g(Mj;) = CnMiE}
n=0
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Mitsunaga & Nayar

li;, _ LiPigg _ _ 9(Mi;)
= = Rgqr1 =
lij+1  LiPig+1 g(Mi;j +1)
11 #2
X X X ) X ]
O = CnMi;j Rj;j +1 CnMi;j +1
i ] n n
and X
Ch = I'max

n
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Re-estimatingExposure Ratios

P
R(k) _ 1 X\I _ ank)Mig}
jij +1 N (k)
N 1=1 nCn ME} +1
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Calculating the HDR Image

P
 W(Mi5)(g(M;;)  loge))

logl; =

| i W(Mj;)
w(z) = Z Znin forz %1(Zmin + Zmax)
Zmax Zforz> Q(Zmin T Zmax)
a(2)
w(z) = =2
@) g{2)
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Estimating g: a secondlook

Ma=1(la) =T (LPe&n)
Mg =T (Ig) = f(LPes)

|
a_le_p
€r ©B

or
g(Mg) = kg(Ma);, k= esg=6&n
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Brightness Transfer Function

Mg = T(Ma) = g “(kg(Ma))

The brightnesstransfer function relatesthe brightness
changefrom one image to the other as the exposure
changes.
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Propertiesof T

If g is smoothandmonotonicallyincreasingvith a
smoothinverse.g(0) = 0;9(1) = 1andk > 1, then

= T Is monotonicallyincreasing.
mTO)=0

= T(M) M

mlimpy T "(M)=0
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9(T(M)) = kg(M)
if T(M) 2 [a;1], thentheabore equatiornrelates

ga;t) $ g(IT “(a;T (b))
in thecaseof [a; ] = [T ¢(1); 1] itis

o™ (11D $ o(T *(1);T @)

o™ "(1);T " P $ o(T MV@);T "))
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Theabove equationsonstrainthe behaiour of g on
[0;T (1))
Thebehaiouron[T *(1);1]is underconstrained.

We canchooseanabitrarysmoothmonotonic
functions, s.ts(1) = 1, ands(T (1)) = 1=k and
extendit to a solutiong.

Debevec& Mailk solvedtheambiguityby imposing
asmoothnessonstraint.

Mitsuna@ & Nayarconstrainedhesolutionto bea
polynomial.
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Exponential Ambiguity

Whatif, k aswell asg arebothunknown ?

g(T(M)) = kg(M)
[g(T(M))] = [kg(M)]
g (T(M)) = kg (M)
Hencels (g; k) Isasolutionthen(g ;k ), > Olisalsoa
solution.

g andk cannotbejointly estimated.
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Recovering the Exposure Ratio

It IS possibleto recover the exposureratio of two images
without knowing theresponsdunctiong.

9(T(M)) = kg(M) (7)
g{T(M)TAM) = kg{M) )
If g'(0) ¢0, then
k = TY0)

Whathappenedo the exponentialambiguity?
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Estimation without registration

= Previousapproachewerebasedn exactpixel
correspondences.

= Dif cult gettingdatawhichis perfectlyaligned.

= |s it possibleto recoverthetransferfunctionwithout
exactpixel correspondence?
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H, andHpg areempiricaldistribution functionsof image
orightnessralues.

H A (u) = # of pointsin A with brightnesdessthanor

equalto u.

Hence,

Hg (T (u)) = # of pointsin B with brightnessessthanor
equalto T (u)

= # of pointsin A with brightnees$essthan
or equalto u.

Hg (T(u)) = Ha(u)
T(u) = Hg (Ha(u))
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Back to inserting objects
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Estimating local sceneBRDF

1. Assumere ectancemodel.

2. Renderthelocal scene.

3. Comparecomputedwith actual.

4. Adjustparamert®f re ectancemodel.

5. Goto?2.

lllumination: The Why, the Whatandthe How — p.41/49



Differ ential Rendering

1. Rendetrthelocal scend. g

2. Calculatedifferencebetweertheactualandthe
computed.

Lerror = Lactuar Liocal

3. Renderthelocal sceneawith the syntheticobjects
LoMed
4. Compositusingtheerror.

I—final — I—actual + (I—object Lerror)
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RNL
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Flat Lux
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