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Un modèle de BRDF bi-échelle combinant Diffraction et Micro-facettes

• Microfacet Theory 

Observations on Measurements

• Specular lobe 

Microfacet Hypothesis

• Microfacet: Perfect Mirror with a Fresnel Coefficient

• Microfacet ≫ λ = light wavelength

• Geometrical Optics

• Fresnel is the only wavelength dependent term

• How can we model this phenomenon? • Gaussian Surface Profile 

OPD = (cos✓ i + cos✓ o )h(x, y) random phase = 2⇡ OPD i o ⇢(i, o) = F resnel(i, o) h A (ref l(i), o) + (1 A) F |x,y {C(x, y, i, o)} | {z } 2D Fourier Transform i i o ⇢(i, o) = F resnel(i, o) h A (ref l(i), o) + (1 A) F |x,y {C(x, y, i, o)} | {z } 2D Fourier Transform i i o C(x, y, i, o) / AutoCovariance(x, y) C 0 (i, o)
F |x,y {C(x, y, i, o)} : Fourier Transform per light and view

A = exp{ (2⇡(cos ✓ i + cos ✓ o ) s ) 2 }

Summary on Generalized Harvey-Shack

• Valid for all roughness and all angles

• Reflectance Depends on Wavelength • Each Microfacet is a diffractive element

• Final BRDF :

• Convolution of Diffractive Elements with Micro-geometry

⇢(i, o) = F resnel h A (ref l(i), o) + (1 A) F{C(x, y, i, o)}
Our Approach for Smooth Regime

• Fourier Transform depends only on the surface

21 ⇢(i, o) = F resnel h A (ref l(i), o) + (1 A) F{C(x, y, i, o)}
Our Approach for Smooth Regime

• Fourier Transform depends only on the surface

21 ⇢(i, o) = F resnel h A (ref l(i), o) + (1 A) F{C(x, y, i, o)} n i λf refl(i) o F{C(x, y)} : P SD(Surf ace) ⇡ K-Correlation( s , f ) ||f || = 2 sin ✓ h cos ✓ d
Our Approach for Smooth Regime

• Fourier Transform depends only on the surface

21 ⇢(i, o) = F resnel h A (ref l(i), o) + (1 A) F{C(x, y, i, o)} • f ⟺ Alternative Parametrization [Barla et al. Mam 2015] n i λf refl(i) o F{C(x, y)} : P SD(Surf ace) ⇡ K-Correlation( s , f ) ||f || = 2 sin ✓ h cos ✓ d n i λf refl(i) o F{C(x, y)} ⇡ K-Correlation( s , f ) 2 s = Z Z K-Correlation( s , f ) df • Renormalization
• Enforce Energy repartition between dirac and diffraction

[Harvey2012]

• Comes from the Autocovariance Function Property

• Precomputed for a large range of values: 8.9MB 

⇢(i, o) = Z ⌦ m ⇢ m (i, o, m) | {z } M icrof acet BRDF G(i, o)D(m) d! m ⇢ m (i, o, m) = F resnel h A (ref l(i), o) + (1 A) K s (f ) i • In Our Case, Smooth Diffractive Microfacet: ⇢(i, o) = Z ⌦ m F resnel(i, o) h A (ref l(i), o) + (1 A) K s (f ) i G(i, o)D(m) d! m ⇢(i, o) = Z ⌦ m F resnel(i, o) h A (ref l(i), o) + (1 A) K s (f ) i G(i, o)D(m) d! m ⇢(i, o) = Z ⌦ m F resnel(i, o) A (ref l(i), o) G(i, o) D(m) d! m | {z } Microfacet-based BRDF + Z ⌦ m F resnel(i, o) (1 A) K s (f )G(i, o)D(m) d! m | {z } Di↵raction Part ⇢(i, o) = Z ⌦ m F resnel(i, o) h A (ref l(i), o) + (1 A) K s (f ) i G(i, o)D(m) d! m + Z ⌦ m F resnel(i, o) (1 A) K s (f )G(i, o)D(m) d! m | {z } Di↵raction Part ⇢(i, o) = F resnel(i, o)D(✓ h )G(i, o) 4 ⇡ cos ✓ i cos ✓ o ⇢ ghs (i, o) = Z ⌦ m F r(i, o) (1 A s (i, o)) K s (f )G(i, o)D(m) d! m ⇢ ghs (i, o) = Z ⌦ m F r(i, o) (1 A s (i, o)) K s (f )G(i, o)D(m) d! m ⇢ ghs (i, o) ⇡ F r(i, o) G(i, o) (1 A s (✓ d )) Z ⌦ m K s (f ) D(m) (h • m) 2 d! m | {z } Convolution ⇡K 0 s (f ) f = 2 cos ✓ d p (1 (h • m) 2
✓ h ⇢ ghs (i, o) = Z ⌦ m F r(i, o) (1 A s (i, o)) K s (f )G(i, o)D(m) d! m ⇢ ghs (i, o) ⇡ F r(i, o) G(i, o) (1 A s (✓ d )) Z ⌦ m K s (f ) D(m) (h • m) 2 d! m | {z } Convolution ⇡K 0 s (f ) f = 2 cos ✓ d p (1 (h • m) 2

Convolution of a Diffractive Microfacet

Convolution Computation 

(i, o) ⇡ F r (1 A) G(i, o) Z ⌦ m K s (f ) D(m) (h • m) 2 d! m | {z } Convolution ⇡K 0 s (f ) D(m) f = 2 cos ✓ d p (1 (h • m) 2 cos ✓ d

Our Model for Conductor

• Combination of a Specular Lobe and Diffractive Lobe

• Specular Lobe: Exponential Power Disbribution (EPD)

27 • Approx. 10 minutes on 2.6 GHz Intel i7

⇢(i, o) = A s (✓ d ) ⇢ epd (i, o) | {z } specular + ⇢ ghs (i, o) | {z } dif f raction epd(x) = p ⇡ 2 (1/p)
• C++. Levenberg-Marquardt impl. Lourakis

• Based on Beckman-Kirchoff Diffraction

• Our implementation and fitting

• Overall POOR Results

• Better:

• Fitting: 3 materials 

Conclusion

Our two-scale model:

• Better explanation of Measured Data

• Lobe Size/Width depends on Wavelength

• Micro-facet Theory: Specular Peak

• Limitations:

• No multi-bounces

• One Layer of Diffraction

Future Work

• Using Diffraction as shading "enhancer"

• Virtual transformation of a non-metallic surface

• Anisotropic Version of the Model 

•Figure 1 .

 1 Figure 1. BRDF divided by DHR for grit-blasted Ni at: (a) 3.39 µm, and (b) 10.6 µm.

  per directions GHS is too expensive for CG 19 ⇢(i, o) = ...(1 A) F{G(x, y, i, o)}

  , y)} ⇡ K-Correlation( s , f )

Figure 40 . 2 :⇢

 402 Figure 55.2: Pictures for nickel s

  s (i, o)) = 1 e 2⇡ s (cos ✓ i +cos ✓ o ) (1 A s (i, o)) ⇡ (1 A s (✓ d ))(h • m) 2 ⇢ ghs (i, o) = Z ⌦ m F r(i, o) (1 A s (i, o)) K s (f )G(i, o)D(m) d! m s (i, o)) ⇡ (1 A s (✓ d ))(h • m) NOT the Fresnel Term • Q comes from Rayleigh-Rice Theory • For Perfect Specular direction Q = 2 Fresnel_Coefficient• Q is re-introduced into GHS empirically for comparisons

  

Autocovariance Function Generalized Harvey-Shack Main

  Idea: Surface = Transfer Function on the incident wave

	Generalized Harvey-Shack	Modified Beckman-Kirchoff
	• Arbitrary Autocovariance Function Surface height O P h { D θ i	θ o
	Our Model utilizes it Average surface level
		17

• Gaussian Surface Profile

• Gaussian

Ashikmin & Shirley [2000]Cook & Torrance[1982] 

Rayleigh-Rice [Löw 2012]Smooth

• Multiple Scattering and Diffraction

• Multi-Layers and Diffraction Surface Surface + polarisation ?

• Further Validation with precise Measurements:

• Surface height-field

• Wavelength BRDF