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We consider the (approximate) reconstruction of a high-dimensional (e.g. d = 10) peri-
odic signal from samples using a trigonometric polynomial pI : Td ' [0, 1)d → C,

pI(x) :=
∑
k∈I

p̂k e2πik·x, p̂k ∈ C,

where I ⊂ Zd is a suitable and unknown frequency index set. For this setting, we
present a method which adaptively constructs the index set I of frequencies belonging
to the non-zero or (approximately) largest Fourier coefficients in a dimension incre-
mental way. This method computes projected Fourier coefficients from samples along
suitable rank-1 lattices Λ(z,M) := { jM z mod 1 : j = 0, . . . ,M − 1}, z ∈ Zd, and then
determines the frequency locations. For the computation, only one-dimensional fast
Fourier transforms (FFTs) and simple index transforms are used. When we assume
that the signal has sparsity s ∈ N in frequency domain and the frequencies k are con-
tained in the cube [−N,N ]d ∩ Zd, N ∈ N, our method requires O(d s2N) samples and
O(d s3 + d s2N log(sN)) arithmetic operations in the case

√
N . s . Nd.

This method can be transfered to the non-periodic case, where we consider the (ap-
proximate) reconstruction of a multi-dimensional signal restricted to the domain [−1, 1]d

using an algebraic polynomial aĨ : [−1, 1]d → R in Chebyshev basis,

aĨ(x) :=
∑
k∈Ĩ

âk Tk(x) =
∑
k∈Ĩ

âk

d∏
t=1

Tkt(xt), âk ∈ R,

where Ĩ ⊂ Nd0, x := (x1, . . . , xd)
> ∈ [−1, 1]d, k := (k1, . . . , kd)

> ∈ Nd0 and Tk(x) :=
cos(k arccosx) for k ∈ N0. Here, we sample along suitable rank-1 Chebyshev lattices
CL(z,M) := {cos( j

M πz) : j = 0, . . . ,M}, z ∈ Nd0, and again only use one-dimensional
FFTs / discrete cosine transforms as well as simple index transforms.

This is joint work with Daniel Potts.
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