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Abstract. Nowadays, antenna arrays are important tools adopted in a great num-
ber of applications including radar, mobile and satellite communication systems,
and electromagnetic imaging. Moreover, in these applications, arrays with a high
number of elements are ever more requested, which results in a growing pos-
sibility of damages in the array. The identification of defective components in
array of antennas is really significant due to their applicative use: indeed, faulty
detected elements can be fixed, thus avoiding to replace the whole antenna. In
this work, a diagnostic technique for planar antenna arrays is presented. This app-
roach enables recovering the eventually defective elements of the antenna under
test using far-field data. To this end, an inversion approach established outside the
standard context of Hilbertian spaces is used to address an inverse-source problem.
A numerical validation concerning simple array antennas has been carried out to
study the performances of the approach versus some antenna parameters, e.g., the
size of the array.

Keywords: Diagnosis of antenna array · Inverse problems · Non-Hilbertian
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1 Introduction

Arrays of antennas have a wide variety of applications, including telecommunications
and microwave imaging [1–5]. Indeed, their main benefit is the capability to fit their
radiation properties to the framework in which they operate.

In this scenario, antenna diagnosis is fundamental to identify defects that might
result in changes of the radiated fields required by the specific application. Furthermore,
current applications often require arrays composed by a high number of antennas. This
increases the probability of faulty elements occurrences and makes their identification
and replacement a very important task.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
M. Valle et al. (Eds.): SYSINT 2022, LNNS 546, pp. 173–181, 2023.
https://doi.org/10.1007/978-3-031-16281-7_17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-16281-7_17&domain=pdf
https://doi.org/10.1007/978-3-031-16281-7_17


174 V. Schenone et al.

The antenna array diagnosis may be considered an inverse problem: measured far-
field data are used to reconstruct the distribution of currents (or the corresponding feed
coefficients) on the inspected antenna [6]. However, this problem requires to face ill-
posed equations. Many solutions have been offered by the current scientific research to
cope with such an inverse problem. For instance, methods relying upon the so-called
equivalent source reconstruction method to reconstruct an equivalent currents distri-
bution through Huygens’ principle have been proposed [7–9]. Compressive sensing
(CS)-based approaches were also presented [10–14], assuming that failures belong to a
sparse distribution.

A new diagnostic approach is devised in this paper to extract the excitations of dam-
aged antennas. This procedure relies on an non-Hilbertian spaces-based technique to
perform inversion in a regularized way [15–17]. This family of methods has been able to
produce promising reconstruction outcomes with an appropriate tweaking of the expo-
nent function, which allows enforcing sparsity without that sparseness conditions are
severely fulfilled [18, 19]. This technique brings some advantages over existing meth-
ods. Indeed, as regards procedures based on compressive sensing, they allow obtaining
good reconstructions but mainly in the case of sparse solutions. Furthermore, in order
to apply these techniques, some specific conditions need to be met, the so-called RIP
conditions [10, 18, 19]. On the contrary, inversion in non-Hilbertian spaces frees users
from the need to check the RIP conditions. It is also worth mentioning the approaches
formulated in the classic Hilbert spaces. The use of these techniques often leads to solu-
tions characterized by significant smoothing effects, which therefore are not suitable for
the reconstruction of sparse defects. In this sense, the non-Hilbertian strategy makes it
possible to restore different types of solutions, through an appropriate adaptation of the
exponent function. The approach is validated through numerical simulations concerning
antenna arrays under test of different sizes. More in details, a study has been conducted
with two percentage of faulty elements for each size of antenna array.

This contribution is structured as follows. Section 2 presents the involved inverse-
source problemand discusses the solving strategy. In Sect. 3, the devised solvingmethod-
ology is assessed in a numerically simulated framework. At the end, conclusions are
given in Sect. 4.

2 Mathematical Formulation

In Fig. 1 the analyzed antenna diagnostic configuration is sketched, where S = Sx × Sy
antennas are centered at points (xs, ys). The spacings between antenna elements are δx
(on the x axis) and δy (on the y axis). A working angular frequency ω0 is considered.

The developed procedure detects eventually present faulty elements from measure-
ments of the radiated electric far-field. In particular, a reference planar array is considered
with a being the vector of element feed excitations. As concerns the antenna under test
(AUT), it is supposed to have Sh = hS faulty elements in the array (h the percentage of
failure) and a

∧

is the vector of the AUT excitations. Two vectors F and F
∧

are obtained
for reference array and AUT by measuring the components of the radiated field in D
points (θd , ϕd ), in the far field region. These measurements are collected with an angular
interval between measurement points of �θ = �ϕ and 0 ≤ θ ≤ π

2 , 0 ≤ ϕ < 2π.
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Fig. 1. Sketch of the considered array of antennas.

The radiated far field pattern at the measurement points (θd , ϕd ), for d = 1, . . . ,D,
can be written as [20]

Fc(θd , ϕd ) =
S∑

s=1

asE
c
sd (θd , ϕd )ej

2π
λ

(xssinθd cosϕd+yssinθd sinϕd ) (1)

where c = {θ/ϕ} represents the θ/ϕ-pattern component and Ec
sd represents the embed-

ded pattern for the antenna s in (θd , ϕd ) [13, 21], which is the array’s far-field pat-
tern when the antenna s is stimulated with unitary excitation while other antennas are
matched. By combining all the available D observation directions with reference and
faulty array measurements, a linear system, which joins the vector H = F −F

∧

with the
unknown vector of faulty feed coefficients b = a − a

∧

, is obtained, i.e.,

H = [M ]b (2)

where [M ] is an D × S matrix with elements given by
[M ]sd � Ec

sd (θd , ϕd )ej2π(xssinθd cosϕd+yssinθd sinϕd )/λ. Therefore, each coefficient of the
matrix can be obtained knowing a-priori the array geometry and the embedded pattern
measurement for each antenna in the array. It is worth noting that b has zero-value in
correspondence of non-faulty elements, whereas non-zero coefficients reveal a damaged
antenna and their value provide information about fault entity. Thus, the diagnosis is
performed by inverting this equation and recovering b.

To this end, a regularization strategy in Lp spaces based on the truncated Landweber
algorithm is proposed to solve the inverse problem [22–24]. Specifically, this is an
iterative method where, after defining an initial value b0 (e.g., b0 = 0 if no a-priori
information is available), at each iteration the solution is updated as follows:

bk+1 = Jq{Jp(bk) − α[M ]∗Jp([M ]bk − H)} (3)

where α > 0 defines the length of each step and is equal to α =
1/4

{
1/‖[M ]‖21 + (p − 1)

(
1/‖[M ]‖22 − 1/‖[M ]‖21

)}
, [M ]∗ is the adjoint of [M ], that



176 V. Schenone et al.

is under the examined situations, the Hermitian transposition, and q = p(p − 1)−1 is the
Hölder conjugate of p. The key elements in the truncated Landweber-like method formu-
lated in non-Hilbertian Lp spaces are the so-called duality maps of the Lp space, Jp, used
to associate a vector x to its corresponding vector in the dual space, whose l-component
is given by

{
Jp(x)

}
l = |xl |p−1sign(xl)‖x‖2−p

Lp [22]. In this way, the approach minimizes
the residual R(bk) = 0.5‖[M ]bk − H‖2p by moving along non-standard gradient direc-
tions in the dual space. The step reported in Eq. (3) is repeated for k = 0, 1, . . . ,K and
until a predefined halting criterion is met.

3 Results of Numerical Simulations

A numerical framework has been adopted to validate the devised diagnostic approach. A
planar antenna array with one-parameter Taylor excitations is simulated with a sidelobe
level equal to R = 25 dB [25]. Besides, ideal isotropic antennas are considered, with
δx = δy = λ/2 (λ = 0.15m). D = 325 far-field points are considered, with �θ =
�ϕ = π/18. A zero mean value Gaussian noise with SNR = 25 dB is used to corrupt
the synthetic data. Moreover, as regards the antenna under test, total failures randomly
distributed in the array are considered (i.e., as = 0 if element s is faulty).

The relative recovery error on the reconstructed vector of faulty feed coefficients,
defined as:

erec = ‖ ∼
b −b∗‖1
‖b∗‖1

(4)

where
∼
b and b∗ stand for the vectors of the recovered and actual faulty feed coefficients,

respectively, has been used to assess the correctness of the diagnosis.
Arrays with equal number of elements along the x-axis and y-axis, i.e., Sx = Sy = N ,

are considered, and the behavior of the method versus the parameter p is studied for
1.1 ≤ p ≤ 2.0 with numbers of array elements in the range N ∈ [15, 20]. Such a
range for the norm parameter has been selected starting from values of p close to 1,
which have been demonstrated in imaging application to be useful for sparse solution
[15, 16] and choosing as upper bound p = 2, which represents the classical method
in Hilbert spaces. This study has been accomplished for percentage of failure h = 0.1
and h = 0.3. As concerns method parameters, the method is stopped when reaches the
minimum normalized root mean square error, and K = 10000 has been fixed as the
upper bound for iteration number.

The values of erec versus the exponent parameters p achieved by the developed
method with h = 0.1 are shown in Fig. 2. In this case, the error is minimum for p = 1.1
and then increases for higher values of p. Regarding the variation on array dimensions, as
can be noticed, by considering the best recovery error, good reconstructions are achieved
for all the arrays. In Fig. 3, two cases of the recovered magnitude of the failure vectors of
the examined antenna, obtained with the best value of the exponent parameter (p = 1.1),
are shown. Such figures confirm that the developed inversion strategy enables a good
identification of faulty elements. Moreover, the values of the amplitude of the vector of
faulty feed coefficients are very close to the actual ones.
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Fig. 2. Relative recovery error for a percentage of failure h = 0.1,with array dimension parameter
N ∈ [15, 20] and norm parameter p ∈ [1.1, 2].

Fig. 3. Feed coefficients magnitude of the damaged antenna for h = 0.1 and (a) N = 15 and (b)
N = 17 elements. Best recovered vector of faulty feed coefficients magnitude for (c) N = 15 and
(d) N = 17.
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Figure 4 displays the values of erec against p and the number of array elements with
h = 0.3. As can be seen, the error has a minimum for a value of p ∈ [1.2, 1.3] and then
it rises again with greater values of p. In this case, by increasing the array dimension,
the optimum value of p slightly increases (for N = 20, p = 1.3). Moreover, a worsening
in the reconstruction can be observed as the array dimension increases, since a higher
and higher number of non-zero elements has to be reconstructed. Figure 5 shows the
magnitude of the actual feed coefficients of the inspected antenna and the best recovered
vector of faulty feed coefficients (obtained by setting p = 1.2) for N = 15 and N = 17.

By this analysis, it can be concluded that lower p values enable a good reconstruction
when few faulty elements are present (as it happens when h = 0.1 and large array are
considered), whereas higher values of p ∈ [1.2, 1.3] perform better for the recovery of
unknowns with higher numbers of non-zero elements (h = 0.3 and quite large array).
This result is consistent with the intrinsic sparsity enhancement of all the methods which
minimize the L1 norm of the solution. In our proposal, p > 1 exponents close to 1
allow obtaining sparse solutions, while larger values of p are more suited for non-sparse
restorations. Therefore, by this study it is evident how this approach allows reconstructing
both sparse and non-sparse solutions through an adequate selection of the exponent
parameter (differently from the methods relying upon compressive sensing) and without
the need of fulfilling the RIP condition. Besides, by comparing the best solution with
those achieved with p = 2.0, which coincides with the regularization in the classic
Hilbert spaces, it can be observed that this technique enables to get better results for all
the analyzed cases.

Fig. 4. Relative recovery error for a percentage of failure h = 0.3, array dimension parameter
N ∈ [15, 20] and norm parameter p ∈ [1.1, 2].
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Fig. 5. Feed coefficients magnitude of the damaged antenna for h = 0.3 and for (a) N = 15 and
(b) N = 17. Best recovered vector of faulty feed coefficients magnitude (c) N = 15, (d) N = 17.

4 Conclusion

An antenna array diagnosis method, which aims at solving an inverse-source problem
to reconstruct the presence of defective antenna elements in arrays, has been proposed
in the present work. In details, a procedure based on the Landweber method in non-
Hilbertian Lp spaces was developed to solve the problem at hand in a regularized fashion.
Numerical experiments were performed to test the proposed methodology, including a
variation of the array size and of the exponent parameter p, considering the test case of
a planar antenna array. By fine-tuning the p parameter, accurate diagnostic results can
be produced. A comprehensive numerical evaluation of the method and the validation
in more realistic settings will be part of future advancements.
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