Representations and Algorithms
for Interactive Relighting

Nick Michiels

Promoter: Prof. Dr. Philippe Bekaert

mverswel | ﬁ ‘ -
»» hasselt EDM iMinds



Representations and Algorithms for Interactive Relighting

[Hilsmann et al., Eurograhics 2013]

Clothing Industry

[Matterport , 2016] [Microsoft Hololens, 2016]

Real Estate Augmented Reality
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Picture Revolution

Immersive experience
view-dependent
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Representations and Algorithms for Interactive Relighting
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Representations and Algorithms for Interactive Relighting

1. Relighting of Virtual Objects 2. Relighting of Real Objects
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Key Challenges

1. Texture-illumination ambiguity

2. Simulation of light propagation
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Triple Product Integral

b (@1 )

pixel domain

new basis
representation

triple product
binding coefficients
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Spherical Harmonics

AOriginal approach /sican et al, 2002
AEquivalent of Fourier series on the sphere
ASet of orthogonal functions

ALinear combination of sine and cosine waves

+Efficient
- Low-frequency lighting effects only
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2D Haar Wavelets

AHaar Tripling Coefficient Theorem /ng et al, 2004
APiecewise constant functions

. Vor(x,y) = Uig(x,y) = Ui (x,y) =
AOrthonormal basis Sl RS e R "

+Few coefficients g
+All-frequency lighting
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Proposed Representations

1. High-Order Wavelets

2. Spherical Radial Basis Functions
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Why high -order wavelets?

ARepresentation should be tailored to the signal

ASmooth high -order wavelets (e.g. Daubechies-4) require an order
of magnitude less coefficients to represent a smooth signal

inceasing number of coefficients
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Why Is it sO dlfflcult to use high

-order wavelets?
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Haar wavelets tensor of binding coefficients
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Why is it so difficult to use high

-order wavelets?

6
samedilation, samedilation, different dilation,
sameposition different position  different position
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General Wavelet Tripling Coefficient Theorem

ANaive approach Test example

: : A 'Oddimensionality of the integral
AHierarchical approach double. tinle. quadruple)
ASymmetry A “Ydsignal of O@Cresolution ('Q pFE RO)
AWavelet sliding A U dnumber of dilations and translations

o of the basis function for Y
AVanishing moments
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General Wavelet Tripling Coefficient Theorem

ANaive approach
A Iterate over all binding coefficients

A0 0 i
A h operations

At vph coq@dd@to
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General Wavelet Tripling Coefficient Theorem

AHierarchical approach Haar wavelets Daubechies wavelets
A Exploiting support of wavelet I_—u'T I II‘%_ b
A Non-overlapping cases can be skipped W . el — - L —

Tt _m ~ T ~T1T ~H—
1 - T ~r
Ao 68l Toe H= = U iy = Y | N
Vool IuC I — U H 00— O Ho—
- v L[ —

A 6 relates to the enlargement of support n I 0 -~ iy
A h operations EIIL - I Y i
Al v p 0 1o R 1 s
P @S - II_P— - -~
\ \ Y Y

! ! » + +

H o ow

; + - 1
—E S
| — _'u' ‘-l‘—
. o 1A
v - V- V-
W ! W W W
. 1 gl —V - gl

20 universitei ‘ ﬁ |....- :
»hasseiit EDM iMinds



General Wavelet Tripling Coefficient Theorem

ASymmetry
A Homogeneous products

A.ww | wuw
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General Wavelet Tripling Coefficient Theorem

AWavelet sliding
A Reuse duplicate branches in the tensor
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General Wavelet Tripling Coefficient Theorem

AWavelet sliding
A Reuse duplicate branches in the tensor
A Calculate products for 1 T0Cbranches instead of 0 branches

AO 61 10C i
A 6 relates to the enlargement of support
A h operations

Al vpli cogdid®to
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General Wavelet Tripling Coefficient Theorem

AVanishing moments
A High-order wavelets provide more vanishing moments
A Causeszero integrals for certain translations within their support
A Increased sparsity in tensor of binding coefficients
A 1dentified and incorporated in wavelet sliding algorithm
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Sparsenessf

v

Haar2

non-zerocoeffs

total coeffs

sparseness

Haar2 Haar2 (] 1288 2.6E+5 0.4913%

Daub4 Daub4 Daub4 /R 99088 2.6E+5 37.7991%

Daub6 Daub6 Daub6 /I 214252 2.6E+5 81.7307%

Coiflet5 Coiflet5 Coiflet5 U g 186706 2.6E+5 71.2227%

Haar2 Daub4 Daub4 gy 31960 2.6E+5 12.1918%

Haar2 Coiflet5 Coiflet5 U 59902 2.6E+5 22.8508%
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Sparseness- p @ p @

- resolution non-zerocoeffs total coeffs

sparseness

Haar2

Haar2 Haar2 PO PO 1288 1.6E+7 0.0443%

Daub4 Daub4 Daub4 PO PO 99088 1.6E+7 8.2263%

Daub6 Daub6 Daub6 PO PO 214252 1.6E+7 25.9928%

Coiflet5 Coiflet5 Coiflet5 PO PO 186706 1.6E+7 20.8433%

Haar2 Daub4 Daub4 PO PO 31960 1.6E+7 1.6133%

Haar2 Coiflet5 Coiflet5 PO PO 59902 1.6E+7 3.7315%
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Sparseness- 0 ¢ O G

- resolution non-zerocoeffs total coeffs sparseness

Haar2 Haar2 Haar2 0OC 0C 38920 1.1E+9 0.0036%

Daul4 Daul4 Daul4 0OC OC 9720040 1.1E+9 0.9052%
Daub6 Daub6 Daub6 0C OC 29582032 1.1E+9 2.7550%
Coiflet5 Coiflets Coiflet5 0OC OC 16408816 1.1E+9 1.5282%
Haar2 Daul4 Daulb4 0OC OC 1555120 1.1E+9 0.1448%
Haar2 Coiflet5 Coiflet5 0C OC 2715112 1.1E+9 0.2529%
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Sparseness- @ T @ T

- resolution non-zerocoeffs total coeffs sparseness

Haar2 Haar2 Haar2 T QT 192520 6.9E+10 0.0003%

Daub4 Daub4 Daub4 eT QT 47918464 6.9E+10 0.0697%
Daub6 Daub6 Daub6 QT @1 145473456 6.9E+10 0.2117%
Coiflet5 Coiflet5 Coiflet5 T QT 48918464 6.9E+10 0.0712%
Haar2 Daub4 Daub4 QT QT 7327168 6.9E+10 0.0107%
Haar2 Coiflet5 Coiflet5 T QT 8699044 6.9E+10 0.0127%
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Render Appllcatlon

Haar wavelets Daubechies-6 wavelets
0,0940 0,0570

ground truth 16 coeffs 64 coeffs 128 coeffs ground truth 16 coeffs 64 coeffs 128 coeffs
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What Is Wrong with Wavelets?

A2D Haar wavelets /Ng et al, 2004]
ASpherical Haar wavelets /pPutetal, 2014]
AHigh-order wavelets jmichiels et al., 2014

+Few coefficients
+All-frequency

- Preprocessing S
- No efficient rotation operator /wang et al., 2006]
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Contributions

1. High-Order Wavelets

2. Spherical Radial Basis Functions
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Spherlcal Radial Basis Functions (SRBFS)

ARadial Basis Functions, defined on the sphere
AOT EOXWAI ¢ o
A- Ol OENOAMGA OELD (O &P
Aq$0o vvorliyid  He o

+All-frequency

+Decent compression performance

+Efficient rotation operator

+Analytic evaluation of the binding coefficients
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Trlple product rendering with SRBFs

all-frequency | dynamic lighting | dynamic geometry | dynamic brdf
Sloan et al., 2003 X X X X
Ng et al., 2004 v X X X
Tsai and Shih, 2006 v rotation only X X
Haber et al., 2009 v X X X
Wang et al., 2009 v rotation only X v
Lam et al., 2010 v rotation only X X
Iwasaki et al., 2012 v rotation only low-poly v
our method v v v v

- Current techniques constrain one or several factors
+0ur approach is able to dynamically construct and update all three

factors
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Dynamic Materials

SRBFs Previous approaches

+ Directly approximated with Gaussianlobes - Sampled in pixel domain for
+ Phong, Cook-Torrance, Ward, Blinn-Phong, 0 : each BRDF slice ¢ft

[Wang et al., 2009] - On-the-fly transformation to

wavelets

' . . . A

Lambertian Diffuse Phong Glossy Phong Specular Phong
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Dynamic V|S|b|||ty

Our approach (SRBFs) Previous approaches
+ Combination of PRTand voxelization : - Rely on precomputation
+ One-pass voxelization /Crassin and Green, 2012] - Limited to static scenes
+ Mapping of visibility SRBFsto voxel cones - Ray tracing in pixel domain

[Haber et al., 2009]

- Approximated with Spherical

Signed Distance Functions
[Wang et al., 2009]

- Projecting bounding volumes

on hemisphere
[lwasaki et al., 2012]

+ Entirely on GPU
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3
5 s hasselt ﬁ EDM iMinds



Dynamic Visibility ¢ Cone tracing
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Dynamic V|S|b|||ty I Mapping SRBF to Visibility Cone

ASampling of visibility in the SRBF lobe
AMapping SRBF to a corresponding visibility cone
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Dynamlc V|S|b|||ty I Subsampling Scheme

ASubsampling of SRBF lobe is essential

AAvoid integration of high -frequency visibility detail over larger area of the
hemisphere

ACircle packing: maximize density of subsampled cones
AAdaptive subsampling based on BRDF lobe

Lambertian Glossy BRDF Specular BRDF
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Dynamic Lighting

Our approach (SRBFs) Previous approaches
+ HDR omnidirectional photo/video - Optimization [/7sai and Shih, 2006]
+ SRBF fitting + Good compression

- Slow

- Leastsquare projection
[Lam et al., 2010]

+ Multi -scale algorithm using fixed grid

+ SRBF centers defined by Healpix distribution
+ Entirely on GPU
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Dynamlc nghtlng

AMulti -scale residual transform

residue

reconstruction

12 SRBFs

0 SRBFs

48 SRBFs
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12 SRBFs

inceasing number of SRBF levels

192 SRBF

60 SRBFs

768 SRBF

252 SRBFs

1020 SRBFs
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Overlapping Lighting SRBFs

v

BRDF SRBF visibility SRBFs lighting SRBFs
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Overlapping Lighting SRBFs
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bins for BRDF position BRDF slice overlapping SRBS per environment map level
# levels dependent on BRDF lobe
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Peak Detection

- Problem: bright area light sources
ARequires too fine -grained subsampling of visibility cones

+Solution: peak detection
ATreated as a special case
AThresholding / connected components / fitting

.

- 5

environment map connected components SRBF fitting rendering
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Results
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Relighting Use Cases

1. Relighting of Virtual Objects 2. Relighting of Real Objects
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Relighting of Virtual Objects
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