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𝑋 ൌ 𝑋 𝑡, 𝜔 , 𝑡 ∈ ℝௗ, 𝜔 ∈ Ω

Gaussian (random) field

A collection of Gaussian‐distributed random variables.

White Noise

Random field

A collection of random variables:
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With the fractional integral operator 𝐼
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Hurst parameter  𝐻 ൌ 𝑠 െ ௗ
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We model 𝜎௧ as a FGF :

௧  ఓ

Macro‐scale: Constant

Micro‐scale: FGF

Fixing 𝒙, 𝜎௧ 𝒙 is a random variable with mean 𝜎 and its variance is controlled by the FGF

varሾ𝜎௧ 𝒙 ሿ ൌ?
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We model 𝜎௧ as a FGF :

The line‐averaged extinction 𝜎௧ 𝒙 ൌ  ఙ 𝒙ା௦ఠෝ
బ ୢ௦

௧
ൌ ఛ 𝒙,௧

௧
is a

Gaussian‐distributed random variable.
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Numerical verification:
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Pink noise k‐fBm

One‐point 
scale‐independence

Numerical verification:
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The variance of 𝜎௧ 𝒙 :
White noise

Pink noise

K‐fBm



Transmittance

Ensemble‐averaged transmittance
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Ensemble‐averaged transmittance

characteristic function  𝜑ఙ 𝐢𝑡
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ሻ Use gamma distribution for non‐negative extinction
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𝐻 ൌ െ0.2 𝐻 ൌ 0.5 𝐻 ൌ 0.8



Rendering Techniques

Energy‐Conserving Volumetric Rendering Equation

Transport kernel:
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Comparing to the GBE [Jarabo et al. 2018]



Comparing to the Bitterli model [Bitterli et al. 2018]
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Conclusion

 A mathematical tool for physically‐based modeling spatial correlations in 
random media.

Using k‐th order fBm to generate long‐range correlations.

 The usage of the non‐exponential transmittance functions in an energy‐
conserving RTE framework.
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