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Digital Twin of Real-World Material
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General Reflectance Function
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General model of light-material interaction
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Taxonomy of Appearance Representations

=N Homogeneous materials

Bidirectional
urface scattering

Reflectance Fields / BSSRDF _JEiEsenes

{}.. i i B i, ol Uy By, ;r:r.'} distribut?on
function
7D Spatially varying BRDF Bidirectional texture

Bidirectional scattering distribution function
function
SVBRDF X BTF

(A, y, 8,0 By, 00)
5D Surface light field  Surface reflectance field

Textured materials
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Bidirectional reflectance / transmittance
distribution functions

BRDF
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4D Dynamic Texture Jl& |sotropic BRDF

(X, 0;, By, |
Texture, bump-map, albedo map, etc.

3D Multispectral Texture




ion (1/2)
BTF / SVBRDF

Textured Material Representat
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Textured Material Representat
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Multispectral/dynamic texture
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Homogeneous Materials Representat
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Materials Representations Examples




Appearance rendering

* Total material radiance & emitted + reflected:
L (z,y,wy) = Lem(x,y,wy) + Lys(,y, wy)
* General rendering equation

L.(x,y,w,) :/ BRDF (w;,w,)Li(x,y,w;) cos(8;)dw;

Surface ~lllumination  Illuminated area

reflectance contribution foreshortening
Hlum./view

direction



Material visualization

* Global illumination — ray tracing approaches
* Approximation by set of pointlights
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Radiometry

Irradiance £ [75]  , _d®
- dA
Radiance L[5~ I d>®
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Radiometry

— Helmholtz reciprocity
V@in, Dout € Q1 f(Giny Douts ) = f(GDouts Din, A)
— Energy conservation
Vidin € Q:a(@ip, A) <1
— |sotropy
Vip = (@-a'n-. 9-m)~. Dout ‘= (@o-uts Hout) :
F(@in, Oin), (Pout Oout ), A) = F((0, 0in), (Pout — Pins Bout ), \)



Bidirectional Reflectance Distribution Function

* Distribution of radiance reflected (L)

dLy (A, 0y, ¢)

BRDF)\ 9@', iag’uv v) —
( ’ ¢ Cb ) LZ(A79Z7¢Z) COSQidwi

—

_ irradiance FE;
* Properties

1. Illum./view directions reciprocity

" swapping source and sensor
2. Energy conservation

= portion of energy reflected to all directions has to be
between O and 1

3. Non-negativity




Bidirectional Reflectance Distribution Function
* lllumination and view dependent reflectance
BRDF(Au 9’3'3 Cb?j, Q’UJ d)‘u)

* |sotropic vs. anisotropic BRDF
B(G”&? 9’09 ’(10’& o (PUD 8(9%7 (101',;9'0; ()O’U)




Bidirectional Texture Function

BTF — Bidirectional Texture Function G ®
lllumination/view directions dependent © %:@: @

texture / ] / @(
BTF(A,LE,y,Qi;@i:QUJé’U) _\/_ \/_

masking shadowing  sybsurface
scattering

Includes: inter-reflections, sub-surface
scattering, local masking and shadowing

. single texture bidirectional texture function
One of the best practical
representations of textured
materials appearance

Massive data & thousands of
images per material (GBs)

Compression and modelling is
inevitable




Bidirectional Texture Function




BRDF vs BTF




BTF vs Spatially-Varying BRDFs

Captured spatio-angular reflectance Decreasing storage

size and visual fidelity

-—

Model | /_ mip

=== parameters 7 .
estimation J

M
Bidirectional Texture Function  Directional-dependent pixel’s Estimated SVBRDF/PBR

(BTF) — thousands of images reflectance ABRDF parametric maps

view. directions

ny

M = n; ilum. directions



BTF vs Spatially-Varying BRDFs

Contrary to SVBRDF, BTF face problem with rough structure samples
* Different views & Pixel-wise misalignment, due to occlusion
* Solution & process individual views separately
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BRDF vs Pixel’s Apparent BRDF

BRDF , [




Spatially-Varying BRDFs

Lacquered wood Wallpaper

SVBRDF (X, z,y,0;, ¢:. 0y, dy)

e Restrictions

— Opaque surfaces (no subsurface scattering)

— Nearly flat surfaces (no occlusions, masking & reciprocity), no
interaction between pixels

* Advantages
— No complicated light transport effects in material

— Allows spatial clustering & each cluster single BRDF & sparse
effective measurements



Challenges in material appearance
* Semitransparent materials




Challenges in material appearance
* Anisotropic materials

Directional fibers Surface finishing

Weaving pattern

S,




Challenges in material appearance
* Anisotropic materials




Challenges in material appearance

* Textured Specular materials




Challenges in material appearance

* Textured Specular materials




Challenges in material appearance
* Sparkle in effect coatings




Challenges in material appearance
* Color-shifting materials

photographs measured & rendered BTF




Challenges in material appearance

e ... and their combinations




