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Abstract

Two effective regularization approaches for detecting
faults in antenna arrays are discussed in this paper. The
first one exploit the matrix method for fast and low-cost
diagnostics. The second technique relies upon an
inversion scheme in Lebesgue spaces, allowing an
effective regularization of the problem. Preliminary
results are discussed, showing the effectiveness of the
approaches.

1. Introduction

Fault detection is an important task in modern antenna
array measurement and testing. Indeed, large arrays are
typically required in modern applications, such as
communication and radar imaging, where the presence of
defective elements may affect the radiation properties and
the overall antenna performances.

In order to address this task, several approaches have been
proposed in the scientific literature in the past years [1]-
[4]. Usually, the fault detection problem is faced by
resorting to an inverse problem, in which the excitation
coefficients (or current distribution over the array) are
retrieved starting from the field radiated by the antenna
under test. However, this inverse problem poses several
issues. Indeed, it turns out to be severely ill-posed;
consequently, proper regularization procedure needs to be
adopted in order to obtain meaningful results. Moreover,
especially when dealing with high-frequency arrays (e.g.,
working in the mm-band), phase measurements may be
not fully reliable.

In this paper, two approaches for solving in a regularized
sense the fault detection problem are discussed. The first
technique, referred as matrix method [5], relies upon the
adoption of a truncated Singular Value Decomposition
(SVD) scheme combined with a dimensionality reduction
strategy, allowing fast and low-effort diagnostics of large
arrays. The second approach adopts a Landweber-like
inversion technique in Lebesgue spaces LP [6] to solve in
a regularized sense the inverse problem at hand, which
can be tuned with a proper choice of the norm parameter
(e.g., for enhancing sparsity in the solution). Preliminary
results showing the effectiveness of the approaches are
discussed.

The paper is organized as follows. Section II presents an
overview of the formulation for the considered array
diagnostic approaches. Section III reports some

preliminary results. Finally, Section IV draws some
conclusions.

2. Mathematical Formulation: Overview

An overview of the considered fault detection algorithms
is reported in this Section. In particular, a planar array
consisting of N = N, X N,, radiating elements which are
positioned in the x-y plane at positions rjy,; is assumed
(see Figure 1). The excitation coefficients of the elements
are denoted as a,, n = 1, ..., N. The diagnosis of the array
is performed starting from samples of the field radiated by
the array and measured in a set of M probing points which
are located on a measurement surface M at positions
Ieassm=1,..,M.
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Figure 1. Antenna array diagnostics: configuration.

As it is well known, it is possible to relate the field
samples to the excitations coefficients through a linear
mapping [7], i.e.,

b=[H]a )

where the arrays a and b contain the N excitation
coefficients and the M measurements of the radiated field,
whereas the matrix [H] is the discrete representation of
the considered radiation operator. Specifically, the matrix
[H] can be expressed in terms of the near-, Yy, or far-
field, Ypr ,, element patterns [8], [9], i.e.,

leF,n (rrrr?eas) Near-field

rpn O, ) e/kofmTane  Far-field

[H]mn = {

where kg is the vacuum wavenumber and (6,,, ¢,,,) is the
direction of the m -th sampling point and £, =
sin 6,, cos ¢, X + sin 6,, sin ¢,,, X + cos O, Z.

Specifically, the fault detection problem involves the
determination of the excitation coefficients a. This can be



achieved by inverting (2). However, such equation is
usually significantly ill-conditioned, thus specific
regularization strategies are required. To this end, two
approaches are considered in this work.

In the first one, referred as Matrix Method, matrix [H] is
uniformly sampled, and a fast SVD approach is applied to
detect faulty elements [5].

In the second one, a Landweber-like technique developed
in the framework of Lebesgue spaces LP is adopted to
invert (2) in a regularized sense [6]. Specifically, the
approach iteratively minimize the residual function

R(a) = 0.5||[H]g -b ||; by moving along non-standard

gradient descent directions in the dual spaces. This is
achieved through the following iterates (initialized with a
null solution, i.e., ay = 0, and stopped when a proper
termination criteria is satisfied)

a1 =y (Jp(@) - BT ([Hla = b)) (3)

where J,/,+ denotes the duality maps [6], p* = p/(p — 1)
being the Holder conjugate of p, and § > 0 is the step
length. Details on the inversion procedure an be found in

[6].
3. Preliminary Numerical Results

Some preliminary numerical results are reported in this
Section.

Concerning the Matrix Method approach, numerical
validations are performed by considering an array of 5 x 5
elementary sources, with a 4,/2 inter-element spacing (4,
being the wavelength in vacuum). The second row of the
array is assumed to contain faulty elements, and near-field
data are numerically simulated on a plane 54, away from
the array. Matrix [H], representing the radiation operator,
is then computed from eq. (2), and the fast SVD approach
is applied, after performing the uniform sampling of [H],
to detect faulty elements [5]. These are accurately
identified from the excitation coefficients, as reported in
Fig. 2.
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Figure 2. Reconstructed distribution of the excitation
coefficients. Matrix Method approach.

Concerning the Lebesgue-space approach, an array of
5% 5 patch antennas working at 2.4 GHz has been
initially considered. The inter-element spacing has been
set to Ay/2 ( Ay being the wavelength in vacuum).

Uniform excitation coefficients are used. A subset of
N, = 3 faulty elements has been randomly introduced
(full faults are assumed). A differential approach has been
followed, in which it is assumed to have at disposal a set
of measurements b, of the fully working array, along
with the corresponding excitation coefficients ;.. In this
way, the fault detection problem can be rewritten in terms
of the failure vector Aa = a — a,.p. M = 325 sampling
point equally spaced on a hemisphere in the far-field
region are considered (numerically simulated through a
FDTD code). The parameters of the inversion method has
been set equal to: norm exponent p = 1.2; maximum
iteration equal to 100; iterations are stopped when the
relative variation of the residual falls below 10~3. Figure
3 shows the reconstructed failure vector. As can be seen,
the developed approach allows to effectively detect all the
defective elements.
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Figure 3. Reconstructed distribution of the failure vector.
Lebesgue-space inversion approach.

6. Conclusions

Fault detection in antenna arrays has been tackled in this
paper. In particular, two approaches have been
considered. The first one is a matrix method that allows
fast and low-effort diagnostics of large arrays. The second
technique is based on an inversion procedure in Lebesgue
space that performs an effective regularization of the
problem at hand. Preliminary results show that the fault
detection can be achieved in a very effective way. The
proposed approach can be successfully applied to solve
the antenna diagnostics problem in the presence of high
number of elements.
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