Description wind0
In the document of Paul Veers a stochastic wind field is obtained via summation of harmonics (cosine and sine functions) with amplitudes related to the turbulence spectrum and random phases. In the Matlab function wind0 an alternative is used: the amplitudes are random (and there are no phase angles). The covariance matrix of the random amplitudes equals the turbulent (co) spectra. Below the details are given.
We start with a common random simulation of a normal random vector c with covariance matrix M and zero mean. A practical way to make a simulation is to generate first a set of normally distributed random numbers r with mean zero, unit variance and mutually independent:
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(A.1)

with I the identity matrix.
With this set of random numbers one computes the vector c:
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(A.2)

with the weight matrix W chosen in such a way that
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(A.3)

It is easily verified that c generated by application of Eq. (A.2) indeed results into a random vector with zero mean and covariance matrix M. The decomposition of M into W (which is not unique) is the main part of the computation; since a covariance matrix is positive definite Cholesky decomposition can be applied.
The above general treatment can also be applied for the generation of stochastic wind fields. For wind field generation the number of involved random variables is generally very large: the product of the number of space points and the number of time points. Furthermore wind speeds are correlated; this holds both for wind speeds at different time instants and the same space point as for wind speeds at different space points and the same time instant. The problem can be considerably simplified by not considering the wind speeds as random variables but their Fourier coefficients instead, since the Fourier coefficients are uncorrelated for different frequencies. So the spatial wind field, of N wind speeds in the rotor plane, is written as:
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(A.9)

The covariance matrix for the Fourier coefficients ak and bk (for each frequency) is:
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(A.10)

with S the spectrum and γ the coherence.

The Fourier coefficients ak and bk can be put, for each frequency,  into one vector c with 2*N elements:
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(A.11)

Note: the subscript indicates the number of space point. Application of the method of Eq. (A.1-3), for each frequency, all the Fourier coefficients are determined and via IFFT, Eq. (A.9), a random wind field is generated. It is convenient to rewrite (A.9) in complex notation. In order to ensure that the IFFT results in real (wind speed) values a “trick” is used: the IFFT is performed on [c,c*] with c* the vector c in reversed order.
In the Matlab functions Coher and Autopow certain coherence function and spectrum resp., are assumed. In case one wants to use some other coherence function and/or spectrum these Matlab functions should be adopted accordingly.
· Coher.m

· Autopow.m

· wind0.m

For an advanced gust generator look here. 
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