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The well-known discrete Fourier transform (DFT) can easily be generalized to arbitrary nodes in the spatial
domain. For M ∈ 2N we define the multi-index set
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with cardinality |IM | = Md. For given coefficients f̂k ∈ C, k ∈ IM , as well as arbitrary nodes xj ∈
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j = 1, . . . , N , in the space domain, we are interested in the fast evaluation of the N values

f(xj) =
∑

k∈IM

f̂k e
−2πikxj , j = 1, . . . , N .

The fast procedure for this generalization is referred to as nonequispaced fast Fourier transform (NFFT) and
has complexity O(|IM | log(|IM |) +N).

Various applications such as MRI, solution of PDEs, etc. are interested in the inverse problem, i. e., com-
puting Fourier coefficients f̂k ∈ C, k ∈ IM , from given nonequispaced data fj = f(xj) ∈ C, j = 1, . . . , N .
In contrast to iterative solvers we study direct methods for this inversion, when we are in the overdetermined
setting. For this purpose, we use the matrix representation of the NFFT. Besides the study of the approach of
so-called density compensation factors, we introduce a new method using optimization. Modifying one of the
matrix factors of the NFFT leads to an optimization problem, which can simply be solved in a precomputational
step using normal equations. Thereby, we are able to compute an inverse NFFT up to a certain accuracy by
means of a modified adjoint NFFT, which preserves the arithmetic complexity of O(|IM | log(|IM |) +N).
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