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Non-Uniform sampling in near field measurement: Experimental results
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Abstract

In this paper, the problem of sampling the field radiated by a
planar source observed over a finite planar aperture located
in the near-field is addressed. In particular, the paper is de-
voted to assess the performance of the sampling strategy
proposed in [9] in a real environment. Accordingly, such a
strategy is compared to the classical half-wavelength sam-
pling approach by processing some experimental data. It
is shown that in spite of the resulting sampling points are
much lower than the ones required by the half-wavelength
sampling, the proposed strategy allows to obtain good re-
sults.

1 Introduction

Near field measurement techniques are the most advanced
antenna testing procedures, currently used in most tech-
nologically advanced contexts. They consist of measur-
ing the field radiated by the antenna under test at a short-
range within an anechoic environment, by means of a probe
whose position is mechanically scanned over planar, cylin-
drical, or spherical surfaces. Then, the measured data are
numerically processed by the so-called "near/far-field trans-
formations" to obtain the radiation pattern. Within this
framework, the reduction of measurement point number is
a very important issue since it impacts on acquisition time
[1]-[4].

From a general perspective, such a task can be cast as a sen-
sor selection problem [5], where one selects a finite number
of positions among the ones available over a generally very
dense grid. A number of methods, based on convex opti-
mization, greedy procedure and heuristics, have been de-
veloped. By these ones, the selection is basically achieved
by optimizing some metrics which are related to the singu-
lar values of the radiation operator [6, 7, 8].

In [9], a different approach that is not based on the itera-
tive procedure is proposed. More in detail, said A radi-
ation operator, the problem is cast as the discretization of
the composed operator A A † (with A † being the adjoint
of the radiation operator) and the sampling points are cho-
sen as the ones that allow approximating the more signif-
icant eigenvalues of A A †. To this end, thanks to a suit-
able variable transformation that ‘warps’ the spatial obser-
vation variables [10]-[11], the kernel function of A A † is

Figure 1. Geometry of the problem.

approximated as a band-limited function and then the Shan-
non sampling theorem is used for the discretization. In this
paper, the performances of the sampling strategy proposed
in [9] are assessed by processing experimental data. It is
shown that in spite of the resulting sampling points are
much lower than the ones required by the common half-
wavelength sampling, the proposed strategy allows to ob-
tain good results.

2 Experimental setup

In this section, we provide some experimental examples
in order to assess the performance of the sampling strat-
egy proposed in [9]. A pictorial view of experimental
setup is reported in 1. Let λ be the wavelength. A
radar array antenna whose equivalent magnetic current has
a bounded finite planar support SD = [−Xs,Xs]× [−Ys,Ys]
with Xs = Ys = 13.78λ is considered. Suppose to col-
lect the field radiated data over another planar domain
OD = [−X0,X0]× [−Y0,Y0] (i.e., the observation domain)
with X0 = Y0 = 25.1λ located in near-field at a distance
zo = 8.2λ .

In [9], it is shown that by introducing the following warping
variable [11] transformations

ξx : xo→

→ ξx(xo) = αx
k
2
[
√

(xo +Xs)2 + z2
o−

√
(xo−Xs)2 + z2

o]

ξy : yo→



→ ξy(yo) = αy
k
2
[
√
(yo +Ys)2 + z2

o−
√
(yo−Ys)2 + z2

o],

(1)

and

γx : xo→

→ γx(xo) =
k
2
[
√
(xo +Xs)2 + z2

o +
√

(xo−Xs)2 + z2
o]

γy : yo→

→ γy(yo) =
k
2
[
√
(yo +Ys)2 + z2

o +
√

(yo−Ys)2 + z2
o]. (2)

-30 -20 -10 0 10 20 30

x
o
/

-30

-20

-10

0

10

20

30

y
o
/

Figure 2. Illustrating the sampling points positions re-
turned by proposed approach for Xs = Ys = 13.78λ , zo =
8.2λ , X0 = Y0 = 25.1λ and αx = αy = 1.3

the field radiated by an antenna supported on SD, E, can be
expanded as

E(ξx,ξy) = e jγx(ξx)e jγy(ξy)∑
m,l

E(ξxm,ξyl)

e− jγx(ξxm)e− jγy(ξyl)sinc[ξx−ξxm]sinc[ξy−ξyl ], (3)

with ξxm = mπ and ξyl = lπ being the sampling points and
m and l integer indexes. Note that the oversampling factors
αx and αy allow controlling the representation error when
OD is larger than SD. In [9], such factors are set to 1.3.
In order to pass from the sampling points in (ξx,ξy) to the
ones in (xo,yo) (the actual observation variables), Equation
(1) must be used. For example, the sampling position along
xo, i.e., xom, are obtained by solving for xom the follow-
ing equation

ξx(xom) = mπ (4)

A similar equation of course holds true for the sampling
points yom along the variable yo. Since the non-linear link-
ing between the warping variables ξx, ξy and xo,yo, this

sampling strategy leads to a non-uniform arrangement of
observation points. In Fig. 2, the sampling point distribu-
tion returned by the proposed strategy for the considered
experimental example is shown. It can be appreciated that
the sampling step increases as the observation point ap-
proaches the edge of the measurement domain. It must be
highlighted that the number of samples required by the non-
uniform sampling scheme is actually much lower than the
ones arising from a λ/2 sampling. Indeed, the proposed
method requires N = 4624, whereas the λ/2 sampling re-
quires 10404 samples.

The radiation pattern is evaluated by Fourier transforming
(by means of a FFT procedure) the near-field data. In par-
ticular, as far as the non-uniform arrangement is under con-
cern, the field is first interpolated over a uniform λ/2 grid
and finally, Fourier transformed. In order to appreciate the
capability of the proposed sampling method of approximat-
ing the radiated field, we use the following representation
error metric (RE) computed over the measurement aperture,
that is

REdB(X0,Y0) = 20log10
||E−Eλ/2||
||Eλ/2||

, (5)

where E is the near-field data collected on the non-uniform
sampling scheme and then interpolated over a λ/2 grid,
Eλ/2 is the near-field data directly collected over the uni-
form λ/2 grid and ‖ · ‖ is the Euclidean norm.

The Figures 3 and 4 show the radiation pattern results con-
cerning the two different radiation patterns radiating by the
considered radar: the sum and difference one.

In all figures, the radiation patterns are reported as a func-
tion of the normalized spectral variables kx/k = sinθ cosφ

and ky/k = sinθ sinφ , with θ and φ being the usual polar
angles, and shown only for the so-called ’visible’ domain,
that is for k2

x + k2
y = k2. Moreover, in all the figures is re-

ported also REdB(X0,Y0).

As concern the sum pattern, the results are reported in Fig.
3. As can be seen, in this case, the radiation pattern looks
like a unique focusing beam with a side lobe level lower
than −40dB. In spite of a very low side lobe, the repre-
sentation error is about −25dB. In Fig. 4, the case of dif-
ference pattern is under concern. Same results as before in
terms of representation error can be obtained. Accordingly,
also in the real environment, the proposed sampling strategy
allows obtaining results comparable to the ones returned
by the more standard uniform λ/2 sampling, although the
number of required points is reduced.

3 Conclusion

In this paper, the performances of the sampling strategy
proposed in [9] are assessed by processing some experi-
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Figure 3. Amplitude of the sum radiation pattern for the steered direction (φs,θs)= (−58.3◦,42.2◦). In (1), the radiation pattern
is obtained by employing the near-field data according to the proposed non-uniform sampling scheme and then interpolated over
a λ/2 grid. In (2), the radiation pattern is obtained by directly employing the near-field data over a uniform λ/2 grid. Panels
(3) and (4) show the radiation pattern cut-views passing through the main-beam maximum along kx and ky, respectively. The
blue lines report the radiation pattern computed by using the uniform λ/2 sampling and the red ones show the radiation pattern
obtained by the proposed method. The representation error is REdB(25.1λ ,25.1λ ) =−25dB.

mental data. It is shown that in spite of the resulting sam-
pling points are much lower than the ones required by the
common half-wavelength sampling, the proposed strategy
allows to obtain good results. Only a degradation of the
side lobe level beyond the valid angle region is observed.
Further theoretical investigations are required to compen-
sate for such an effect.
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Figure 4. Amplitude of the difference radiation pattern for the steered direction (φs,θs) = (−58.3◦,42.2◦). In (1), the radiation
pattern is obtained by employing the near-field data according to the proposed non-uniform sampling scheme and then interpo-
lated over a λ/2 grid. In (2), the radiation pattern is obtained by directly employing the near-field data over a uniform λ/2 grid.
Panels (3) and (4) show the radiation pattern cut-views passing through the main-beam maximum along kx and ky, respectively.
The blue lines report the radiation pattern computed by using the uniform λ/2 sampling and the red ones show the radiation
pattern obtained by the proposed method. The representation error is REdB(25.1λ ,25.1λ ) =−22dB.
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