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Abstract: A feasibility study on the compensation of 3D mispositioning errors of the probe occur-
ring in the characterization of a long antenna, via a non-redundant (NR) near to far-field (NTFF)
transformation with helicoidal scan, is conducted in this article. Such types of errors can result from
imperfections in the rail driving the linear motion of the probe and from an imprecise synchronization
of the linear and rotational movements of the probe and the antenna when drawing the scan helix. To
correct them, an approach, which proceeds through two steps, is proposed. The former step uses a
technique called cylindo rical wave (CW) correction for compensating the phase of the near-field (NF)
samples, which, owing to the rail imperfections, result in not being acquired over the measurement
cylinder surface. The latter exploits an iterative scheme to restore the samples at the sampling points
required by the adopted NR representation along the scan helix from those obtained by applying
the CW correction technique and impaired by 2D mispositioning errors. The so compensated NF
samples are then effectively recovered via a 2D optimal sampling interpolation (OSI) scheme to
accurately obtain the input data required to carry out the standard cylindrical NTFF transformation.
The OSI representation is determined here by assuming a long antenna under test as enclosed in a
prolate ellipsoid or cylinder ending into two hemispheres (cigar) in order to make, depending on the
particular geometry of the considered antenna, the representation effectively non-redundant. The
reported numerical simulation results show the capability of the proposed approach to compensate
even severe 3D mispositioning errors, thus enabling its usage in a real measurement scenario.

Keywords: antenna measurements; near to far-field transformations; non-redundant sampling
representation; helicoidal scanning; probe mispositioning errors compensation

1. Introduction

Antennas are becoming more and more sophisticated to meet the needs of increas-
ingly demanding technical applications. This leads to an increasing requirement for more
advanced testing techniques in order to verify their performance. Several factors are in-
volved in the choice between outdoor or indoor far-field (FF) and near-field (NF) setups
and between different adopted scanning types: frequency, electrical size, application, mea-
surement specifications, FF angular coverage, environmental and security requirements,
and other factor (i.e., weight and physical dimension). Nowadays, NF antenna measure-
ments are becoming more and more a fundamental tool, since they represent a valuable
alternative to classical FF measurements, when weather and security do not permit the
option of an outdoor FF range or the FF conditions cannot be satisfied in an indoor FF
setup and when the complete pattern and polarization measurements are required [1–10].

Electronics 2024, 13, 3767. https://doi.org/10.3390/electronics13183767 https://www.mdpi.com/journal/electronics

https://doi.org/10.3390/electronics13183767
https://doi.org/10.3390/electronics13183767
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/electronics
https://www.mdpi.com
https://orcid.org/0000-0003-2529-8811
https://orcid.org/0000-0002-3286-0879
https://orcid.org/0000-0003-3090-9656
https://orcid.org/0000-0002-4966-6343
https://orcid.org/0000-0001-8161-3121
https://orcid.org/0000-0002-6594-6820
https://doi.org/10.3390/electronics13183767
https://www.mdpi.com/journal/electronics
https://www.mdpi.com/article/10.3390/electronics13183767?type=check_update&version=1


Electronics 2024, 13, 3767 2 of 15

In such a case, the antenna far-field is achieved by using near to FF (NTFF) transformation
techniques, which particularize depending on the specific NF scanning facility adopted
for the data collection, which, therefore, can be with planar, cylindrical, or spherical scan.
Among these techniques, that using cylindrical scan [11–21] is particularly advisable when
characterizing a low-directivity fan beam pattern antenna under test (AUT), as those used
in the base stations of the modern mobile communication networks [22] or body-centric
communication systems [23].

Over the years, researchers and technicians have spent many resources to meet the
ever-growing demand of advanced antenna measurement techniques. A significant contri-
bution to the reaching of this aim has been offered by the exploitation of the non-redundant
(NR) sampling representations of the electromagnetic (EM) field [24]. As a matter of fact, by
applying them to suitably represent the voltage detected at the scanning probe terminals,
effective cylindrical NTFF transformations [15], requiring the collection of a drastically
reduced amount of NF data with regard to those required by the classic cylindrical trans-
formation [11–13], have been proposed. The NR sampling approach, unlike the classical
one, is characterized by sampling rings, whose distances increase when going from the
center of the measurement cylinder to its peripheral zones, whilst the number of samples
on them decreases. Then, the classical NTFF transformation [11,13] is performed after
recovering, from the acquired NR samples, the required equally spaced NF data by means
of an optimal sampling interpolation (OSI) expansion of the central type.

Taking the hint of Yaccarino et al. [25], an additional reduction of measurement time
has been obtained in [26,27] by contriving NR NTFF transformations with a helicoidal scan
for long AUTs, wherein the NF data are acquired on-the-fly by synchronizing the continuous
motions of the AUT and probe positioners. Such techniques, unlike that in [28], arise from
the results on the unified theory of spiral scans for non-volumetric antennas [29] and adopt
a prolate ellipsoid [26] or a cigar [27], i.e., a cylinder terminated by two hemispheres,
to model the considered AUT and effectively devise the NR representation of the probe
voltage along the scanning helix. Moreover, they adopt an ad-hoc 2D OSI formula to obtain
the input NF data for the classical NTFF transformation [11,13].

Unfortunately, the measurements of the NF samples exactly at the locations deter-
mined by the utilized NR sampling representation can be impaired by the imprecise control
of the AUT and probe positioners and/or by their low resolution as well as by the inac-
curate synchronization of their continuous movements when drawing the scan helix. In
addition, the rails that drive the linear movement of the probe may be impaired by the
poor mechanical precisions, and this might make the radius at which any NF sample is
actually acquired different from the nominal scanning cylinder one. The gathered NF
samples are, therefore, corrupted by 3D positioning errors, whose amount could actually
be detected using optical devices through interferometric methods. On the other hand, if
the scan helix is drawn by an unmanned aerial vehicle [30,31] in an outdoor environment,
the weather conditions and limited resolution of inertial navigation systems may prevent
the preservation of the preset flight trajectory [32]. Nevertheless, GPS can provide the
information on the actual sampling points, thus allowing one, as in the indoor case, the
3D mispositioning errors to be considered known. A matrix formulation-based approach
has been proposed in [33–35] to correct such types of errors affecting the standard NTFF
transformations using the plane-rectangular, cylindrical, and spherical scans. In any case, it
cannot be conveniently applied in the case of the here-adopted NTFF transformation with
the helicoidal scan.

Recently, these types of errors affecting the NR planar [36] and cylindrical [37] NTFF
transformations have been properly compensated for by developing two-step procedures
whose first step is similar to that proposed in [38].

This article aims to carry out a feasibility study on the compensation of 3D mispo-
sitioning errors affecting the helicoidal NTFF transformations [26,27]. To this end, the
use of the two-step technique in [37] is suitably extended to correct such types of errors
affecting the collection of the NR helicoidal samples. Accordingly, in the former step, a
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proper phase correction, the cylindrical wave (CW) correction [37], is applied to correct
the phase errors owing to the acquisition of the helicoidal NF samples at radii different
from that of the nominal scan cylinder. The so restored NF samples, which now lie on the
correct measurement surface, are corrupted by 2D mispositioning errors only. These 2D
errors are supposed to be such that it is always possible to associate each NF sample at the
correct sampling point to that at the nearest mispositioned point. Such an assumption is
certainly fulfilled if the mispositioning error sources are those realistically considered here.
Therefore, in the latter step, the iterative scheme, developed and experimentally validated
in [39,40], is applied to restore the correctly positioned helicoidal NF samples from the 2D
mispositioned ones.

This article is structured as follows. First, the key results, to obtain an efficient sampling
representation of the voltage gathered by a non-directive probe on the scanning helix, and
the 2D OSI formula, allowing the recovery of the voltage at any point on the measurement
cylinder from a NR amount of its helicoidal samples, are summarized in Section 2. The
two-step method able to compensate for the 3D probe positioning errors, preventing the
acquisition of the helicoidal NF samples at the points dictated by the prolate ellipsoid or
cigar-based NR representation, is devised in Section 3. Numerical results are shown in
Section 4 to appraise the efficacy of the proposed correction procedure. Finally, conclusions
are collected in Section 5.

2. OSI Representation over a Helix

As shown in Figure 1, depicting the geometry of the problem in a 0xyz reference
system, a long AUT is characterized in a cylindrical NF setup through a helicoidal scanning,
to make the NF measurement speedier. The NR representation of the voltage gathered by
the chosen non-directive probe is developed according to the results in [26,27], properly
exploiting the theoretical background on the unified theory of NR spiral scans for non-
volumetric AUTs [29]. Accordingly, a long AUT is considered as surrounded in a convex
domain limited by a rotational surface Σ that, depending on its geometry, can be a prolate
ellipsoid of minor and major semi-axes equal to b′ and a′ or a so-called cigar, as it is obtained
by a cylinder of radius ac and height hc, ending into two hemispheres (see Figure 2). From
the volumetric redundancy reduction standpoint, the prolate ellipsoid is suitably chosen if
the given AUT does not have a regular shape but shows a maximum in the central region
of its transverse section; otherwise, the cigar represents the best choice [26,27].
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Figure 2. (a) Cigar. (b) Prolate ellipsoid.

It has been demonstrated in [41] that the effective spatial bandwidths of the voltage
V revealed by the scan probe and the field radiated by the AUT coincide. This result
enables the application of the NR sampling representations of the EM field [24], according
to which V can be suitably represented by the “reduced voltage” Ṽ. This last is obtained
by describing any curve on the scan cylinder via an optimal parameter, say µ, and by
extracting from the expression of the voltage V(µ) a phase factor e−jψ(µ), with ψ(µ) being a
suitably determined phase function. Thus, Ṽ, referring to the voltage detected either by
probe (V1) or by the rotated probe (V2), is defined as

Ṽ(µ) = Ṽ1,2(µ) = V1,2(µ)ejψ(µ). (1)

Ṽ(µ) is a spatially quasi-bandlimited function but can approach a strictly spatially
bandlimited function by enlarging its bandwidth Wµ by an excess factor χ′ [24], determined
such that the related band limitation error results negligible. Usually, excess factors slightly
greater than the unity are utilized in the case of AUTs, which are large in term of the
wavelength λ [24].

Let us turn now to the determination of the scan helix and to the development of the
NR representation over it, which allows the recovery of the voltage value at any point on
the measurement cylinder through an effective 2D OSI algorithm. The helicoidal trajectory
is suitably determined by projecting onto the scan cylinder of radius d the spiral which
enfolds the surface Σ with a pitch equal to the sample spacing necessary for interpolating on
the cylinder generatrices. The NR representation over this helix is then devised according
to a heurist reasoning which parallelizes the exact one obtained when adopting a spherical
modeling of the AUT [29].

By choosing the following as the spatial bandwidth,

Wµ =
↕(C′)

λ
, (2)

with C′ being the curve obtained by intersecting Σ with the meridian plane that passes
across the observation point P and its length ↕(C′), the phase function and the optimal
parameter representing a cylinder generatrix can be expressed as

µ =
(
π/↕(C′)

)[
DPP1 + s′(P1)− DPP2 + s′(P2)

]
(3)

ψ = (π/λ)
[
DPP1 + s′(P1) + DPP2 − s′(P2)

]
(4)

where DPP1 and DPP2 are the distances between P and the tangency points P1 and P2 on C′,
respectively, and s′(P1) and s′(P2) are their arc length abscissas.



Electronics 2024, 13, 3767 5 of 15

Relations (2), (3), and (4) particularize depending on whether the cigar or the prolate
ellipsoid is chosen as the AUT modeling.

When adopting the cigar, ↕(C′) = 2(hc + πac) and the parameters involved in (3) and
(4) can be determined (see Figure 3) via the following [27]:

DPP1,2 =

√
(z hc/2)2 + d2 − ac2; s′(P1) = ac sin−1

(
acd + DPP1((hc/2)− z)

DPP1
2 + ac2

)
(5)

s′(P2) = hc + ac

[
π− sin−1

(
acd + DPP2((hc/2) + z)

DPP2
2 + ac2

)]
(6)

When adopting the prolate ellipsoid, ↕(C′) = 4a′E
(
π/2

∣∣κ2 ) and relations (3) and (4)
can be rewritten as [26]

µ =
π

2

1 +
E
(

sin−1 v′
∣∣κ2
)

E(π/2|κ2 )

; ψ =
2πa′

λ

v

√
u′2 − 1
u′2 − κ2 − E

cos−1

√
1 − κ2

u′2 − κ2

∣∣∣κ2

 (7)

where E(•|•) denotes the elliptic integral of the second kind, κ = f /a′ is the eccentricity of
the ellipse obtained as the intersection of a meridian plane with the ellipsoidal modeling
surface Σ, 2f is its focal distance, u′ = (d1 + d2)/2a′, v′ = (d1 − d2)/2 f are the related
elliptic coordinates, with d1,2 being the distances from P to the foci of the ellipse.
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The equations of the scan helix, by forcing its passage through a point P0 of the cylinder
generatrix at φ = 0, are [26,27] 

x = d cos(ϕ − ϕs)
y = d sin(ϕ − ϕs)
z = d cot[ϑ(µ)]

(8)

where ϕ is the angular parameter describing the helix, ϕs is its value at P0, and µ = kϕ,
with k fixing the helix step. This last is determined such that it is equal to the sample
spacing ∆µ = 2π/(2M′′ + 1) on a generatrix, where M′′ = ⌊χM′⌋+ 1 and M′ =

⌊
χ′Wµ

⌋
+

1, ⌊·⌋ symbolizes the floor function, and χ is an oversampling factor [24]. Therefore,
k = 1/(2M′′ + 1).

As regards the determination of the NR representation along the scan helix, the
parameter σ describing it and the related phase function γ, as well as bandwidth Wσ, can
be attained as shown in [26,27,29]. In particular, since the helix is achieved as a projection
of the spiral enfolding Σ via the curves at µ = const, σ has to be related to the curvilinear
abscissa s of the corresponding point on the projecting spiral according to the constant
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2π/(λWσ). The related phase function γ is obtained by assuming any helicoidal sampling
point as belonging to the generatrix passing through it; thus, γ equals ψ. The bandwidth
Wσ is instead related to the arclength of the spiral enfolding Σ from pole to pole by the
constant 2/λ.

The voltage value can then be recovered, from a NR number of samples gathered
along the helix, at any point, P, on the scan cylinder surface, by using the following 2D
OSI formula:

V(µ(ϑ), φ) = e–jψ(µ)
m0+p

∑
m=m0−p+1

{
OSF

(
µ, µm, µ, M, M′′) n0+q

∑
n=n0−q+1

Ṽ(σn)OSF(σ(µm), σn, σ, N, N′′)
}

(9)

where 2p × 2q is the number of the nearest samples retained in the interpolation, and

µm = µm(φ) = µ(ϕs) + kφ + m∆µ = µ0 + m∆µ; σn = σ(ϕs) + n∆σ = σs + 2πn/(2N′′ + 1) (10)

N′′ =
⌊
χN′⌋+ 1; N′ =

⌊
χ′Wσ

⌋
+ 1; N = N′′ − N′; M = M′′ − M′ (11)

m0 = ⌊(µ − µ0)/∆µ⌋; n0 = ⌊(σ− σs)/∆σ⌋. (12)

Moreover,
OSF

(
α, α↕, α, K, K′′

)
= DK′′

(
α − α↕

)
ΩK

[
(α − α↕), α

]
(13)

is the OSI function, wherein

ΩK(α, α) =
TK
[
2 cos2(α/2)/cos2(α/2)− 1

]
TK[2/cos2(α/2)− 1]

; DK′′(α) =
sin[(2K′′ + 1)α/2]
(2K′′ + 1) sin(α/2)

(14)

are the Tschebyscheff sampling and Dirichlet functions [24,26,27,29], respectively, TK(·)
being the Kth- degree Tschebyscheff polynomial.

3. From 3D Probe Positioning Errors Affected Data to NR Helicoidal Samples

Regardless of the modeling used to develop the NR OSI representation, the positions
of the collected helicoidal NF samples are supposed to be impaired by 3D probe misposi-
tioning errors as a result of the imperfections in the rail driving the linear movement of
the probe and inaccurate synchronization of the probe motion with that of the AUT when
drawing the scan helix. Moreover, the actual position is assumed to be known, since it
can be detected by optical devices. Under these hypotheses, the mispositioning 3D errors
can be successfully compensated for by adopting the following two-step approach (see
Figure 4).

In the former step, the CW phase correction [37] is exploited to correct the radial
deviations of the collected samples with respect to the radius of the nominal scan cylinder.
Accordingly, by denoting the shifts of the collected voltage samples from the scan cylinder
by δρν, ν = 1, . . . , NHS, with NHS being the number of the collected NR helicoidal samples,
the samples at the exact radial coordinate d can be restored via

V(d, φ, z) = V(d + δρν, φ, z)ej2πδρν/λ (15)

where V(d + δρν, φ, z) are the samples impaired by 3D position errors.
The so retrieved samples now belong to the nominal scan cylinder, but they still remain

to be affected by 2D mispositioning errors. To compensate for these errors, an iterative
algorithm [39,40] is applied in the latter step, as long as a biunique relationship, allowing
one to associate at each uniform sampling point σi the “closest” non-uniform one (ζi, εi),
can be reliably built. Taking into account the sources of the probe mispositioning errors,
this hypothesis is surely verified. The OSI expansion (9) can be applied to relate the value
of each of the voltage samples erroneously collected at each (ζi, εi) to those of the unknown
samples at the nearest uniform sampling points, thus obtaining a linear system:
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Ṽ(ζi, εi) =
m0+p

∑
m=m0−p+1

{
OSF

(
ζi, µm, µ, M, M′′) n0+q

∑
n=n0−q+1

Ṽ(σn)OSF
(
σ(µm), σn, σ, N, N′′)}. (16)

In order to adopt an iterative scheme to solve the linear system (16) in the unknown
Ṽ(σi), it is convenient to rearrange it in the following matrix form:

WU = C, (17)

with U being the column vector of the unknown NF helicoidal samples, C the column
vector of the NF samples obtained at the first step by applying the CW phase correction,
and W a NHS × NHS-sized matrix, having the OSI formula weight function as its elements
and to split the matrix W in terms of its diagonal WD and not diagonal Λ parts. The
iterative scheme is then obtained by rearranging the terms of the resulting matrix equation,
multiplied on both sides by W−1, as

U(j) = W−1
D C − W−1

D ΛU(j−1) = U(0) − W−1
D ΛU(j−1) (18)

with U(j) being the vector of the restored samples at the jth iteration.
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Taking into account the hypothesis relevant to the non-uniform samples distribution,
the necessary conditions for the convergence of the iterative relation, requiring that the
magnitude of each element on the main diagonal of W be different from zero and greater
than the magnitudes of the other elements on the same row or column [39,40], are surely
fulfilled. Furthermore, (18) can be explicitly expressed as

Ṽ(j)(σi) =
1

DEN

{
Ṽ(ζi, εi)−

m0+p
∑

m=m0−p+1
OSF(ζi, µm, µ, M, M′′)×

n0+q
∑

n = n0 − q + 1
n ̸= i

Ṽ(j−1)(σn)OSF(σ(µm), σn, σ, N, N′′)
}

(19)

where
DEN = OSF

(
ζi, µmi , µ, M, M′′)OSF

(
σ(µmi ), σi, σ, N, N′′) (20)
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with mi = ⌊(ζi − µ0)/∆µ⌋.
Once the NF samples have been restored at the points imposed by the NR representa-

tion along the helix based on the use of either the prolate ellipsoid or the cigar, they can
be interpolated via relation (9) to determine the NF data at the points of the cylindrical
equispaced lattice, whose knowledge allows performing the standard NTFF transforma-
tion [11,13] with compensation of the probe effects.

4. Numerical Assessment

A lot of numerical simulations have been performed in order to verify the capability
of the proposed approach to compensate for 3D mispositioning errors, which impair
the antenna characterization of a long antenna in an anechoic chamber provided with
a helicoidal scan system. The results, reported in the following section, refer to two
distinct simulated AUTs, which, due to their geometric features, are modeled using a
prolate ellipsoid or a cigar. Note that these results are independent of the kind of the
considered AUT, since the approach requires, as a priori information, only the knowledge
of its geometry.

The former example (CASE 1) is relevant to an ideal long antenna with a non-regular
shape. To this end, a uniform planar array, lying in the xz-plane and covering an ellipse
shape, with minor and major semi-axes equal to equal to 6 λ and 20 λ, has been considered.
Its elements are z-polarized Huygens sources, spaced by 0.7 λ along x and 0.8 λ and along z.
As such an array shows a maximum in the central region of its transverse section, a prolate
ellipsoid with b′ = 6 λ and a′ = 20 λ has been utilized to effectively model it.

The latter example (CASE 2) refers to an ideal long AUT now having a regular shape.
In such a case, a uniform planar array of elementary Huygens sources, lying in the xz-plane
and covering a surface made by a 14λ × 28λ rectangle ending into two hemicircles with a
radius of 7 λ, has been simulated. The array elements are, again, polarized along the z-axis
but are now 0.7 λ and 0.8 λ spaced along z and x, respectively. A cigar, having ac = 7 λ and
hc = 28 λ, has been employed to obtain an effective NR representation over the scan helix.

In both cases, the NF measurements have been simulated as gathered by an open-
ended rectangular waveguide operating the X-band center frequency [42] along a proper
helix enfolding a cylinder with the following dimensions: d = 12 λ and h = 120 λ. Moreover,
the sampling points have been considered as impaired by known 3D position errors, as it
occurs in real measurements. In particular, the radial coordinate of each of the σn helicoidal
sampling points has been modeled as a random variable uniformly distributed in the range
[d − 0.07 λ, d + 0.07 λ]. Also, the position (σ, µ(σ)) of each of them deviates from the exact
one, and the shift has been modeled as a random variable uniformly distributed in [−0.3∆σ,
0.3∆σ] and [−0.3∆µ, 0.3∆µ].

The efficacy of the devised compensation procedure has been verified by comparing
the exact NF patterns with those reconstructed from the helicoidal NF samples impaired
by 3D mispositioning errors. Representative examples relevant to reconstructions of am-
plitudes and phases of the voltages along the generatrix at φ = 90◦ are shown in Figure 5
for the AUT considered in the CASE1 and in Figure 6 for that of the CASE2. For the
sake of completeness, the comparisons relevant to the generatrix at φ = 60◦ are shown
in the Figure 7 for the AUT of the CASE1 and Figure 8 for that of CASE2. As can be
seen, the error compensation obtained by using the CW correction in (15) followed by the
iterative technique works well, and, although the considered mispositioning errors are
large, it allows for quite accurate NF recoveries, as compared to those achieved by the
direct interpolation of the mispositioned NF samples, which, on the contrary, result in
being significantly deteriorated. Note that 10 iterations have been found sufficient [39,40]
for the iterative scheme (18) to converge. It must be stressed that the application of the
first step, namely, the CW phase correction, is straightforward and not time-consuming.
Also, the application of the iterative technique requires very short times. For instance, the
10 iterations required for the convergence of the iterative algorithm have taken 14.5 and
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8.5 s in the CASE 1 and CASE 2, respectively, on an old Apple MacBook provided with an
Intel Core I7 processor @1.7 GHz.

To underline the need to adopt both the steps of the developed procedure, Figure 9
shows, in both cases, a representative recovery of the voltage amplitudes on the generatrix
at φ = 90◦, attained by applying only the CW phase correction, whilst Figure 10 refers to the
reconstructions of their phases obtained by using only the iterative technique. According
to the shown results, it should be evident that the CW correction has to be necessarily
combined with the iterative technique to attain an accurate 3D mispositioning errors
compensation. To stress the robustness of the two-step procedure, the amplitudes and
phases of the voltage samples, already impaired by 3D positioning errors, have been altered
also by a background noise with arbitrary phase and amplitude limited to ∆α and an
uncertainty of ±∆Ar in amplitude and ±∆ηr in phase to simulate an actual measurement
performed in an anechoic chamber.
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Figure 11. Voltage amplitude on the generatrix at φ = 90◦. ——– exact. • • • • obtained from the
positioning and measurement errors altered NF samples by using the two-step procedure. (a) CASE 1;
(b) CASE 2.

At last, the E- and H- plane FF patterns reconstructed from the errors corrupted
samples by using the described procedure are compared in Figure 12 (CASE1) and in
Figure 13 (CASE2) with the exact ones and with those obtained without applying it. As can
be seen, very satisfying recoveries result when applying the two-step procedure, whilst
those obtained, wherein it is not applied, appear severely deteriorated. The necessity to
employ the iterative technique after the CW phase correction to effectively compensate
for the 3D position errors is demonstrated in Figures 14 and 15 for CASE1 and CASE2,
respectively, where it is shown the FF reconstruction in the E- and H- plane obtained
by applying only the CW phase correction (see red triangles). On the other hand, the
application of the iterative technique is not sufficient to obtain accurate reconstructions (see
green rhombi), thus justifying the need to perform both steps.
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Finally, it is noteworthy that the number of employed helicoidal NF samples is 13,162
for CASE1 and 15,312 for CASE1, hence, much smaller than that (30,720) needed by the
classical Leach and Paris’s NTFF transformation [11,13].

5. Concluding Remarks

In this paper, a feasibility study on possibility to compensate for 3D probe mispo-
sitioning errors in a NR helicoidal NTFF transformation for long AUTs, using either a
prolate ellipsoid or a cigar to model them, has been carried out. To this end, an effective
approach has been proposed. It requires two steps: the CW phase correction to correct
the errors caused by the deviations of the NF samples from the nominal scan cylinder and
the iterative technique to restore the correctly positioned samples from those obtained
after the CW phase correction, which result in being affected by 2D mispositioning errors.
The reported numerical results, relevant to the characterization of two distinct simulated
AUTs from 3D probe mispositioning errors affected NF data, have thoroughly assessed the
effectiveness of the developed procedure and the need to adopt both the CW correction and
the iterative technique to achieve accurate NF and FF reconstructions. It must be stressed
that the application of the two-step procedure takes a very short time, since the first step,
namely, the CW phase correction, is straightforward and not time-consuming, whilst the
iterations required for the convergence of the iterative technique take very few seconds,
even on an old computer. A measurement campaign aiming to verify the feasibility of the
approach also from the practical standpoint will start when the upgrade of the NF facility
at the University of Salerno, required to make it possible, will be realized.
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