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Fig. 1. (color online) Example of a Kolmogorov phase

screen: (a) Two dimensional image; (b) three dimen-

sional image.
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Fig. 2. (color online) The associated theoretical and

simulated structure functions: (a) Direct summing;
(b) NUFFT.
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Fig. 3. Relative error of simulated atmosphere turbu-

lence phase screen.
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Table 1. The simulation time of single phase screen (the unit is s).
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Fig. 5. Grid of phase screen versus structure function.
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Abstract

The generation of atmosphere turbulence wave-front is important for studying the light propagation and imaging
through the atmosphere, and correcting the atmosphere turbulence, such as the adaptive optics system. The power
spectral density method generates phase screens quickly for using the fast Fourier transform (FFT). The main drawback
to this approach is that lower order aberrations such as tilt are often under represented. The reason is that the low
frequency is sampled inadequately. Since the low order aberrations include a major percentage of the atmospheric energy
spectrum, the error of simulated phase screens makes this method less desirable to use. To overcome this shortcoming,
a non-uniform sampling method is proposed to generate phase screens accurately. Unfortunately, when the sampling is
nonuniform, the FFT does not apply directly. Generating such a phase screen is computation intensive which greatly
reduces simulation speed. In this paper, we develop a fast, more accurate method to generate atmospheric turbulence
phase screens, according to non-uniforming sampling.

The nonequispaced fast Fourier transform (NUFFT) arises in a variety of application areas, ranging from medical
imaging to radio astronomy to the numerical solution of partial differential equations. Speeding up the simulation of
atmospheric turbulence phase screens is possible by using the non-uniform fast Fourier transform. In this paper, the
atmospheric turbulence phase screen is decomposed into a series of harmonics. Then the non-uniform distributed har-
monics are projected onto over-sampled uniform grid by using the Gaussian kernel function. Atmospheric turbulence
phase screen will be generated using the standard fast Fourier transform on the over-sampled uniform grid. The at-
mospheric turbulence phase screens can be generated quickly. Using Kolmogorov spectrum model in this paper, the
phase screens can be generated quickly. The performances of generated phase screens are analyzed through their phase
structure functions. The statistical results are in very good agreement with the theoretical values. The relative error
curve of simulation phase screens is calculated and analyzed. The more the oversampling grid, the more the relative
error is. Compared with the result from the direct harmonics summation method, the error here mainly concentrates in
high-frequency region where the sampling frequency points are sparse. However, the atmosphere turbulence phase screen
is simulated in high accuracy on the whole. Compared with the time cost of the harmonics summation, the time using
NUFFT is decreased to about 800 times. The simulated phase screens indicate that non-uniform fast Fourier transform

is able to generate atmospheric turbulence phase screen with high accuracy and fast speed.

Keywords: atmospheric turbulence, phase screen, power spectrum inversion, nonequispaced fast Fourier

transform
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