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Modelling the beam propagation through the turbulent 
atmosphere using the phase screen method 

The turbulent atmosphere makes the index of refraction of air to fluctuate,
inducing a phase fluctuations that act on the beam as multiple lenses with
different optical powers and inclinations.
Following a statistical approach [1] [2], this effect can be simulated using the
phase fluctuations power spectral density (PSD) Φ𝜃.

Generating phase screens through the random phase 
method

Implementing the random phase method (RPM) [3], the phase screen 𝑢(𝒙) is 
obtained as:

𝑢 𝒙 = 𝑅𝑒 ℱ−𝟏 𝝁
𝟐𝝅

𝑫𝒙𝑫𝒚
𝑵𝒙𝑵𝒚 Φ𝜃 𝒌 ; (2)

where Φ𝜃 𝒌 , in case of a 2D Von Karman spectrum, is:
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The random phase method discretization errors

By using the Discrete Fourier Transform (DFT), the wavenumber domain of the
PSD is determined by the spatial resolution on which the dataset is reconstructed.
This can lead to an underestimation of the power in the dataset.

An alternative method: generating phase screens from 
the structure function

Implementing the structure-based method (SBM) [4], the phase screen 𝑢(𝒙) is 
obtained as:

𝑢 𝒙 = 𝑅𝑒 ℱ−𝟏 𝝁 Φ 𝒌 𝑵𝒙𝑵𝒚 ; (4)

where Φ 𝒌 is the PSD calculated as the inverse Fourier Transform of the 
autocorrelation function 𝐵𝜃(𝒓), computed from the theoretical structure 
function 𝐷𝜃(𝒓).

Comparing the random phase method and the structure 
based method

The RPM and the SBM were compared for different spatial domain sizes.
Although the SBM has not been compared with more accurate methods, such as
the one implementing the sub-harmonics correction [5], the results show how the
SBM is way more accurate than the RPM.

References
[1] V. I. Tatarski, Wave Propagation in a Turbulent Medium (McGraw-Hill Book Company, Inc., 1961);
[2] F. Roddier, The effects of Atmospheric Turbulence in Optical Astronomy (Progress in Optics XIX, 1981);
[3] D. K. Wilson, Turbulence Models and the Synthesis of Random Fields for Acoustic Wave Propagation
Calculations, Information Science and Technology Directorate (Army Research Laboratory, 1998), p. 60;
[4] M. Faccioni, D. Kiehn, and P. Vrancken, A new, fast and accurate method to synthesize Gaussian random
fields*;
[5] G. Sedmak, Performance analysis of and compensation for aspect-ratio effects of fast-Fourier-transform-
based simulations of large atmospheric wave fronts, Appl. Opt. 37, 4605–4613 (1998).

*under review


