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Solar Shading  
And the analysis of building environments



The Solar Shading Project
Goals :

Environment: 
Cut energy use by 10% by the close of 2024 
Reduce Greenhouse gas emissions (building sector 
representing 23% of the total outputs) 

Application: 
Enable large scale computations 
Application with Accurate & Verified Results 



My Role and Objectives
Goals

Optimization: 
Vectorization 
Benchmarking (Speed, qualityRNG, techniques) 
Ray Tracing Parallelization 
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My Role and Objectives
Goals

Implementation: 
Solar Radiation 
Automated Retrieval of Meteorological Data 
Perez all-Weather Sky Distribution Model 
GPU implementation

Image from the article: The Application of Shading Masks in Building Applications



Tools
My Role and Objectives

Benchmarking: 
Shell 
Reframe 
GoogleTest 

Optimization: 
CUDA (to HPC convertor), NVIDIA’s OptiX API 
Compilation Flags 
Github for seemless integration in the Feel++ project 



Outline of the presentation
Mathematical Framework: 

Monte Carlo Integration 
Implications of Random Number Generators 

Bounding Volume Hierarchy: 
Construction (Context & Previous Work)

Optimization 
Traversal (Context & Previous Work)

Optimizations (Speculative Traversal)


Shading Masks: 
Context & Previous Work 
Optimizations 
Compilation Flags 

Perez Sky Distribution Model: 
Implementations 
Warnings 
Optimizations



Mathematical Framework
Monte Carlo Integration

If   are N samples 
chosen from the distribution 




{x̄i}i∈N

p(x̄)
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But if the   are uniformly chosen
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Mathematical Framework
Monte Carlo Integration

Due to the law of large numbers


lim
N→∞

QN = I

Since 








As long as  is bounded

Var( f ) ≅ σ2 =
1
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Bounding Volumes
Context / Previous Work

Image from  Real-Time  Collision Detection



Bounding Volume Hierarchy
Context / Previous Work

Image from NVIDIA’s website



Bounding Volume Hierarchy
Context / Previous Work

Bounding Box covering all given 
Primitives



Partition of the Primitives in the 
specified cutting dimension

Bounding Volume Hierarchy
Context / Previous Work



Image from NVIDIA’s website

Partition of the Primitives in the 
specified cutting dimension

Bounding Volume Hierarchy
Context / Previous Work



Creation of a leaf, or split into clusters

Bounding Volume Hierarchy
Context / Previous Work



Agglomerative Clustering

Bounding Volume Hierarchy
Optimizations

Image from NVIDIA’s website



Bounding Volume Hierarchy
Context / Previous Work

Image and Pseudo-Code from Efficient Stack-less BVH Traversal for Ray Tracing



Shading Masks
Context / Previous Work

Image from Andrew Marsh’s WebApp
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Creation of a ray

Shading Masks
Context / Previous Work



Intersection Test

Shading Masks
Context / Previous Work



Iteration over the lambda function

Shading Masks
Context / Previous Work



Shading Masks
Context / Previous Work

Est

Ouest

Nord

Top

Test Case: 2 Buildings

Our 
Perspective 

(Bat1)

Casted 
Shadows 

(Bat2)



EigenRand’s Thread Safety and 
Vectorization Capabilities 

Shading Masks
Optimizations



Shading Masks
Optimizations

EigenRandPCG

Validation of different RNGs

PCGEigenRand

Case Bat1 Est

Way more problems to map 
back during the asynchronous 

task



Shading Masks
Optimizations std::uniform : 400 msXoshiro-Cpp : 125 ms

3.2 x faster



Shading Masks
Optimizations

Up to 8.63% performance boost


Randomness causes inconsistent results



Perez all-Weather Sky Distribution Model
Implementations

Element-wise Product for the diffuse radiation factor

Image from the article: The Application of Shading Masks in Building Applications

General Multi-purpose Robust Adaptive



Perez all-Weather Sky Distribution Model
Implementation

 

  

where  

lv = f(ζ, γ) = (1 + a exp(
b

cos(ζ)
))(1 + c exp(dγ) + e cos2(γ))

x = x1(ϵ) + x2(ϵ)Z + Δ(x3(ϵ) + x4(ϵ)Z)

x ∈ {a, b, c, d, e}

cos(γ) = cos(Z)cos(z) + sin(Z)sin(z)cos( |A − a | )

Lv =
lv × Evd

∫ lv(γ, ζ)cos(ζ) dω



Perez all-Weather Sky Distribution Model
Implementation

Hourly computation of the integral 
using a deterministic method (and 

solid angle)


Leveraging Monte Carlo

Image from eecs.berkeley



Perez all-Weather Sky Distribution Model
Implementation

Computation of Normalized 
Luminance over the Sky Hemisphere

cos(γ) = cos(Z)cos(z) + sin(Z)sin(z)cos( |A − a | )

Image from ResearchGate



Perez all-Weather Sky Distribution Model
Implementation Strasbourg - 20.07.21

Test case : example Buildings
Without Interpolation algorithm



Perez all-Weather Sky Distribution Model
Implementation Strasbourg - 20.07.21

Test case : example Buildings
With Interpolation algorithm



Perez all-Weather Sky Distribution Model
Implementation Strasbourg - 20.07.21

Test case : example Buildings
With Interpolation algorithm



Perez all-Weather Sky Distribution Model
Implementation New-York - 03.03.20

Test case : example Buildings

Image from Andrew Marsh’ WebApp



Perez all-Weather Sky Distribution Model
Warnings



Conclusion and Summary of the Internship
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END



Shading Masks
Optimizations

EigenRandPCG

Validation of different RNGs

PCGEigenRand

Case Bat1 South



Perez all-Weather Sky Distribution Model
Implementations

 

  

where  

Where  is the angle between the sky element and the sun 

lv = f(ζ, γ) = (1 + a exp(
b

cos(ζ)
))(1 + c exp(dγ) + e cos2(γ))

x = x1(ϵ) + x2(ϵ)Z + Δ(x3(ϵ) + x4(ϵ)Z)

x ∈ {a, b, c, d, e}

γ

cos(γ) = cos(Z)cos(z) + sin(Z)sin(z)cos( |A − a | )



Shading Masks
Optimizations



Bounding Volume Hierarchy
Context / Previous Work

Image and Pseudo-Code from Efficient Stack-less BVH Traversal for Ray Tracing

Speculative Traversal


