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BRDF-based Sampling 

𝑝𝑓𝑟 𝜔𝑖 𝜔𝑜, 𝑥 ∝ 𝑓𝑟 𝑥, 𝜔𝑜, 𝜔𝑖  
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Guided Illumination Sampling 

𝑝𝐿 𝜔𝑖 𝜔𝑜, 𝑥 ∝ 𝐿𝑖 𝑥, 𝜔𝑖 ⋅ 𝑐𝑜𝑠𝜃 
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[Vorba: Participating Media Illumination Using Light Propagation Maps, ACM ToG, 

2009] 
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Optimal (Product) Sampling 

𝑝𝑜𝑝𝑡 𝜔𝑖 𝜔𝑜, 𝑥 ∝ 𝑓𝑟 𝑥, 𝜔𝑜, 𝜔𝑖 𝐿𝑖 𝑥, 𝜔𝑖 ⋅ 𝑐𝑜𝑠𝜃 
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Related Work 
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[CAM08]: Practical product importance  

sampling for direct illumination 

 

Importance sampling spherical harmonics 
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BRDF GMM Representation 

𝑝𝑓𝑟 𝜔𝑖 𝜔𝑜, 𝑥 ≈ 𝐺𝑓𝑟(𝑦, Θ) 

 

  

18 



S. Herholz: Product Importance Sampling for Light Transport Path Guiding 

Illumination GMM Representation 

𝑝𝐿 𝜔𝑖 𝜔𝑜 , 𝑥 ≈ 𝐺𝐿(𝑦, Θ) 
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Gaussian Mixture Model (GMM) 

𝐺 𝑦, Θ =   𝜋𝑖𝑁(𝑦, 𝜇𝑖 , Σ𝑖) 

𝐾

 

Θ = {𝜋0… , 𝜇0… , Σ0…} 
 

 

  

20 

−∞                                                                                          ∞ 



S. Herholz: Product Importance Sampling for Light Transport Path Guiding 

Gaussian Mixture Model (GMM) 

𝐺 𝑦, Θ =   𝜋𝑖𝑁(𝑦, 𝜇𝑖 , Σ𝑖) 

𝐾

 

Θ = {𝜋0… , 𝜇0… , Σ0…} 
 

 

  

21 

−∞                                                                                          ∞ 



S. Herholz: Product Importance Sampling for Light Transport Path Guiding 

Gaussian Mixture Model (GMM) 

𝐺 𝑦, Θ =   𝜋𝑖𝑁(𝑦, 𝜇𝑖 , Σ𝑖) 

𝐾

 

Θ = {𝜋0… , 𝜇0… , Σ0…} 
 

 

  

22 

−∞                                                                                          ∞ 



S. Herholz: Product Importance Sampling for Light Transport Path Guiding 

Gaussian Mixture Model (GMM) 

𝐺 𝑦, Θ =   𝜋𝑖𝑁(𝑦, 𝜇𝑖 , Σ𝑖) 

𝐾

 

Θ = {𝜋0… , 𝜇0… , Σ0…} 
 

 

  

23 

−∞                                                                                          ∞ 



S. Herholz: Product Importance Sampling for Light Transport Path Guiding 

Product of two Gaussians is a Gaussian 

𝜋𝑖𝑁 𝑦, 𝜇𝑖 , Σ𝑖 ⋅ 𝜋𝑗𝑁 𝑦, 𝜇𝑗 , Σ𝑗 = 𝜋𝑖𝑗𝑁(𝑦, 𝜇𝑖𝑗 , Σ𝑖𝑗)  

𝑤𝑖𝑗 = 𝑤𝑖𝑤𝑗𝑁(𝜇𝑖 , 𝜇𝑗 , Σ𝑖 + Σ𝑗)  

𝜇𝑖𝑗 = Σ𝑖 Σ𝑖 + Σ𝑗
−1
𝜇𝑗 + Σ𝑗 Σ𝑖 + Σ𝑗

−1
𝜇𝑖 

Σ𝑖𝑗 = Σ𝑖 Σ𝑖 + Σ𝑗
−1
Σ𝑗 
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• Full GMM product contains 𝐾2 components 
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Product GMM Representation 

𝑝𝑓𝑟 ⊗𝑝𝐿 ≈ 𝐺𝑓𝑟 ⊗𝐺𝐿 = 𝐺⊗(𝑦, Θ) 
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Product GMM Representation 
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Illumination Fit: [Vorba2014] 
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GMM Illumination caches 

[Vorba2014]    
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BRDF Fitting and Caching 
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Fitting BRDF GMM 

• Weighted MAP EM [Vorba2014]  

 

• Sample BRDF (N=512) 

 

•  𝑤𝑖  =  
𝑓𝑟(𝑥,𝜔𝑖,𝜔𝑜)

𝑝(𝜔𝑜)
 

 

• Init components using K BRDF  

samples (QMC sampler)  

 

• Non-linear optimization 

 

• Init with weighted EM 

 

• Objective function:  
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Weighted EM    CERES 
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𝐺 𝑦 Θ
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wEM vs CERES 
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rough conductor 𝛼 = 0.15 

𝐾 = 8 
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Caching 

• Isotropic 

 

 

 

 

 

 

 

 

 

• 512 different elevation angles 

• Anisotropic 

 

 

 

 

 

 

 

 

 

• 4096 spherical Fibonacci points [KISS15] 
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• Kullback-Leibler discrimination:  𝑑𝐾𝐿  
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• BRDF: 

- Full  𝐾 = 8  

- Red. avg. 𝑲 = 𝟐  

 

• Illumination 

- Full  𝐾 = 8  

- Red. 50% to 4 comp. 

 

• Product GMM:  

- Avg. 𝐾𝑖𝑗 = 64 

- Red. avg. 𝑲𝒊𝒋 = 𝟏𝟐 

Component Reduction 
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Discussion / Future Work 

• Path Length and Russian Roulette 

- Adjoint-driven RR and Splitting 

[Vorba2016] 
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Discussion / Future Work 

• SVBRDFs 

- Enlarge BRDF caches 

- Direct function transform  

BRDF->GMM 
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Discussion / Future Work 

• Extension to other MC-algorithms 

- BDPT 

- MCMC 

- Gradient domain 
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Discussion/Future Work 

• Optimizing Illumination caches 

- Poorly fitted illumination caches 

cause inconsistent convergence rates 
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Gradient Domain 
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Preporcessing times: 
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