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Introduction

How can we see better in the fog? 

Fog = reduced visibility = risk of accident
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Radiatif transfer equation

𝑢. 𝛻𝑟𝐿𝜆 𝑟, 𝑢 = −𝛽𝜆𝐿𝜆 𝑟, 𝑢 +
𝜎𝜆
4𝜋

න
𝑆2
𝐿𝜆 𝑟, 𝑣 Φ𝜆 𝑣. 𝑢 𝑑𝑣

r : position in 3D space

u, v : directions in 3D space

𝛽𝜆 : extinction coef. (𝛽𝜆 = 𝜎𝜆 + 𝜅𝜆)

𝜎𝜆: scattering coef. 

𝜅𝜆 : absorption coef. 

𝑆2 : unit sphere in 3D space

Φ𝜆 : phase function

𝐿𝜆 : radiance

𝜆 : wavelength

Irradiance equation

𝐸𝝀 𝑟 = න
𝜃=0

𝜋
2

න
𝜑=0

2𝜋

𝐿𝜆 𝑟, 𝜃, 𝜑 sin 𝜃 𝑑𝜑 𝑑𝜃

𝜃,𝜑 : latitude and longitude in 3D space

Assumptions
• Homogeneous medium (𝜎𝜆, 𝜅𝜆, Φ𝜆 do not depend on r)

• Stationarity

• Lambertian light sources



Radiatif transfer equation

3D CASE

𝑢. 𝛻𝑟𝐿𝜆 𝑟, 𝑢 = −𝛽𝜆𝐿𝜆 𝑟, 𝑢 +
𝜎𝜆
4𝜋

න
𝑆2
𝐿𝜆 𝑟, 𝑣 Φ𝜆 𝑣. 𝑢 𝑑𝑣

Beer-Lambert Case :
𝑢. 𝛻𝑟𝐿𝜆 𝑟, 𝑢 = −𝛽𝜆𝐿𝜆 r, 𝑢

no collision term

1D CASE (slab modelling)

𝑢.
𝜕𝐿𝜆 x, 𝑢

𝜕𝑥
= −𝛽𝜆𝐿𝜆 x, 𝑢 +

𝜎𝜆
4𝜋

න
𝑆2
𝐿𝜆 x, 𝑣 Φ𝜆 𝑣. 𝑢 𝑑𝑣

𝐿𝜆does not depend on y and z



Monte Carlo algorithm (Backward ray-tracing)
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Experiement map and granulometry

𝑀𝑖𝑒 𝑡ℎ𝑒𝑜𝑟𝑦 𝑑𝑜𝑚𝑎𝑖𝑛 ∶ 0.1 <
𝑟

𝜆
< 1.6

∗ 𝑀𝑂𝑅:𝑀𝑒𝑡𝑒𝑜𝑟𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑂𝑝𝑡𝑖𝑐𝑎𝑙 𝑅𝑎𝑛𝑔𝑒



Comparison of methods



Application in the visible (550 nm)

κ = 1.83E-08 m-1

𝜎 = 1.41E-01 m-1

Without fog With fog (MOR 21m), 3D model With fog (MOR 21m), Beer-Lambert model



Conclusions

• Robustness of the 3D model and ability to stick to the measurements, despite the uncertainties

• Ability to simulate various scenes in the visible and in the thermal infrared

Ongoing work

• Uncertainties quantification

• Developing a digital twin to complete the PAVIN plateform of Cerema (based on digital simulation and 

artificial intelligence)
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