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The theory of generalized sampling operators was developed at RWTH Aachen by P.
L. Butzer and his students in the late 1970s and has been extended thoroughly since
then. A generalized sampling operator generated by a kernel function ϕ ∈ L1(R) (which
is constructed via the FCT of some window function) is defined for f ∈ C(R) by

(1) SϕWf(t) :=
∞∑

k=−∞

f(
k

W
)ϕ(Wt− k) (t ∈ R; W > 0).

In [1] the authors introduced the Kantorovich version of operator (1) by replacing the
exact value f(k/W ) with the Steklov mean of f on the interval [k/W, (k + 1)/W ]. We
generalize the notion of Kantorovich-type sampling operator given in [1] by replacing the
Steklov mean with its more general analogue, the Fejér-type singular integral and get for
f ∈ Lp(R) (1 6 p 6∞) the operator (t ∈ R; W > 0; n ∈ N)

(2) Sχ,ϕW,nf(t) :=
∞∑

k=−∞

 ∞∫
−∞

f(u)nWχ(nW (
k

W
− u)) du

ϕ(Wt− k).

The operators are well-defined when the following conditions are satisfied: ϕ, χ ∈ L1(R),
∞∫
−∞

χ(u)du = 1,
∑

k∈Z ϕ(u− k) = 1, and
∑∞

k=−∞ |ϕ(u− k)| <∞ (u ∈ R).

By means of the operator (2) we are able to reconstruct functions (signals) which are not
necessarily continuous. Moreover, our generalization allows us to take the measurement
error into account. Our main goal is to estimate the rate of approximation by the above
operators via high-order modulus of smoothness. We obtain these estimates for kernels
with some certain properties.

We also consider the application of multivariate generalized sampling operators in
digital image processing (more specifically, in resolution enhancement challenge). We
demonstrate the superiority of some kernels ϕ over the commonly used bicubic kernel.
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