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Abstract—A new Compressive-Sensing-inspired approach is 

proposed to the detection of faulty radiators in planar antenna 
arrays from a reduced set of phaseless far-field measurements. In 
order to deal with whatever kind of arrays, the problem is cast as 
the recovery of the aperture-field distribution, and two new 
convex-programming solution procedures are introduced. The 
first one relies on an improvement of the Total Variation norm 
technique, while the second one exploits a new aperture field 
expansion which allows drastically reducing the number of 
unknowns of the problem. A wide set of numerical experiments 
involving benchmark scenarios as well as full-wave data relative 
to a realistic antenna is provided in support of the given theory.   
 

Index Terms—Antenna arrays, compressed sensing, fault 
diagnosis. 

I. INTRODUCTION 
N recent years, the problem of detecting and localizing the 
failures in given Arrays Under Test (AUTs) has stimulated 

researchers to develop new strategies allowing to address the 
requirements of the emerging technologies [1]-[13]. Amongst 
the introduced approaches, the ones based on far-field 
measurements are of large interest as they allow monitoring 
AUTs often located in non-directly accessible areas and can 
also exploit the Compressive Sensing (CS) [14] theory.  

CS is usually exploited in array synthesis to minimize the 
number of elements for fixed radiation performances [15]-
[21]. In array diagnosis, it can be used to minimize the number 
of measurements (say M) such to guarantee an accurate 
detection and localization of faulty elements. Notably, while 
being supposed to be larger than the number of faulty 
elements (say S), M can be anyway much lower than the 
number of elements of the AUT (say N) [1]-[8].  

As well known, CS theory is developed and well assessed 
for the case of linear problems which, in array diagnosis 
applications, translates into the requirement of measuring both 
the amplitude and phase of the field [1]-[6]. However, for the 
case of 1-D arrays whose far field distribution can be written 
in terms of the array factor (referred in the following as ‘ideal’ 
AUTs), an innovative CS-inspired technique has been 
introduced in [8] in order to solve the diagnosis problem by 

 
 

means of phaseless far-field measurements. In particular, it 
has been shown that, provided that the percentage of faulty 
elements is low and a smart measurement strategy is used, the 
pertaining non-linear problem can be solved as a CS-based 
Convex Programming (CP) one. Also, it has been proved that 
an accurate faults detection can be achieved provided that 
M≥8S, which agrees with the rule of thumb M≥4S determined 
in [1] for the case of amplitude and phase measurements. 

In this letter, by keeping the assumption of phaseless 
measurements, the 1-D method introduced by [8] is extended 
to the ON-OFF diagnosis of 2-D AUTs. In particular, we first 
deal with planar ideal AUTs (Section II), and then we propose 
a new technique for the diagnosis of any kind of 2-D AUTs 
having whatever layout and radiating elements (Section III).  

In the following, after having presented the proposed 
approach in Sections II and III, in Section IV we check its 
actual performances through a large set of numerical 
experiments (including CST full-wave simulations of 
benchmark realistic arrays in the presence of mutual coupling 
and mounting-platform effects). Conclusions follow. 

II. THE CASE OF IDEAL ARRAYS 
Let us suppose dealing with a 2-D AUT composed, 

according to a square equispaced grid, of 푁  elements (with a 
spacing equal to 푑 ) along the x-axis and 푁  elements (with a 
spacing equal to 푑 ) along the y-axis. Such an antenna will be 
referred in the following as ‘gold’ AUT provided that all of its 
elements are correctly operating, while it will be referred as 
‘faulty’ AUT in case 푆 of its elements are not working (i.e., 
exhibit a null excitation). Moreover, by keeping the usual 
assumption (as done in [1],[2],[5],[8]) that the AUT far field is 
given by the array factor, and denoting with 퐼  the excitation 
of the element located at the intersection between the 푝-th row 
and the 푞-th column of the layout, the fields respectively 
radiated by the gold and faulty AUTs can be written as: 

퐸 (푢,푣) = 퐼 	푒 ( ) 
 

(1.a) 
 
 

(1.b) 퐸 (푢,푣) = 퐼 	푒 ( ) 

where the apexes 퐺 and 퐹 stand for “gold” and “faulty”, 
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훽 = 2휋/휆 (휆 being the wavelength), 푢 = 훽푑 푠푖푛휃푐표푠휙, and 
	푣 = 훽푑 푠푖푛휃푠푖푛휙 (휃 and 휙 respectively denoting the usual 
elevation and azimuth angles). 

Then, by considering the differential field: 

∆퐸(푢, 푣) = 퐸 (푢,푣)−퐸 (푢,푣) = ∆퐼 	푒 ( ) (2) 

with ∆퐼 = 퐼 − 퐼 , in a generic point (푢 , 푣 ) the 
following relation will hold true: 

|퐸 (푢 ,푣 )| − |퐸 (푢 , 푣 )| = |∆퐸(푢 ,푣 )| + 훼  

훼 = −2푅푒〈퐸 (푢 ,푣 ),∆퐸(푢 ,푣 )〉 

(3.a) 

(3.b) 

Notably, the differential field and the corresponding 
excitations are sparse as long as 푆 ≪ 푁. Therefore, by 
introducing the real vector 흉 = [휏 , 휏 , … , 휏 ] (with 푁 =
푁 푁 )1, the problem of determining ∆퐼  ∀(p, q) (i.e., the 
number and location of faulty elements) starting only from the 
knowledge of |퐸 |  and the gold AUT can be solved through 
the same approach as in [8], i.e.: 

min
, ,…,

‖1− 흉‖  (4.a) 

subject to: 
‖흆‖ < 휀 

퐼 = 휏 퐼    for 푛 = 1, … ,푁 

0 ≤ 휏 ≤ 1   for 푛 = 1, … ,푁 

 

(4.b) 
 

(4.c) 
 

(4.d) 

being 흆 = [휌 ,휌 , … ,휌 ], with: 

휌 =
|퐸 (푢 ,푣 )| − |퐸 (푢 , 푣 )| − 훼 − |∆퐸(푢 ,푣 )|

|퐸 (푢 , 푣 )|  (4.e) 

In fact, by the virtue of (4.c), it will result ∆퐼 = 퐼 (1− 휏 ) 
∀n	and hence if ∆푰 is sparse then (1 − 흉) is sparse as well, so 
that CS can be profitably applied. In particular, the 
minimization of functional (4.a) is meant to enforce sparsity, 
while conditions (4.b) ensures the fulfillment of the 
(normalized) data equations (3) within a given tolerance ε. 

Notably, as long as 푆 ≪ 푁, the quadratic term in (3.a) and 
(4.e), i.e., |∆퐸| , will be small2 with respect to 훼  and hence, 
due to the linearity of constraints (4.c) and (4.d), the problem 
(4) results in a CP one, with the inherent advantages. 

The proposed approach exhibits a decisive advantage with 
respect to all techniques resorting to amplitude and phase 
measurements (e.g., [1]-[6]). In fact, it does not require an 
 
1 As long as one deals with the ON-OFF diagnosis, the introduction of τ 
allows halving the number of unknowns of the problem with respect to the 
cases wherein the complex vector 푰푭 is directly looked for [8]. 
 
2 A further lowering of the weight of |∆퐸|  can be achieved by performing the 
measurements in those points where 퐸  has a large intensity. 

 

accurate phase measurement (i.e., a stable phase reference and 
an accurate positioning of the probes in the order of a small 
fraction of λ) and hence provides a relevant simplification of 
the overall diagnosis. Moreover, formulation (4) is quite 
general and lends itself to the extension to whatever kind of 
planar arrays (including realistic arrays wherein mutual 
coupling and mounting-platform effects are present), which is 
the subject of the following Section. 

III. THE CASE OF REALISTIC ARRAYS 
Dealing with the diagnosis of realistic planar arrays (for 

which the radiation pattern is different from the array factor, 
or the array factor cannot even be defined) is possible by 
determining the aperture field distribution (rather than the 
excitations) associated to the faulty AUT. This has been done 
in [3] and [11] which, however, solved the diagnosis problem 
by exploiting amplitude and phase measurements. 

In order to apply the approach presented in Section II to 
realistic AUTs, we keep the problem formulation (4) by 
replacing the far-field expressions (1) with the following ones: 

푬푮(푢, 푣) = 푬풂풑푮 (푥 ,푦)푒 ( )푑푥푑푦 
 

(5.a) 

 
(5.b) 푬푭(푢, 푣) = 푬풂풑푭 (푥,푦)푒 ( )푑푥푑푦 

where 푬풂풑푮 (푥,푦) = 퐸
푥

(푥,푦)푥+ 퐸
푦

(푥,푦)푦 and 푬풂풑푭 (푥,푦) =
퐸 푥

(푥,푦)푥+ 퐸 푦
(푥,푦)푦 respectively are the tangential fields 

on the gold and faulty AUTs’ aperture3. Accordingly, the ∆푰 
vector relative to (2) is now replaced by ∆푬풂풑 = 푬풂풑푮 −푬풂풑푭 . 

Effective solution procedures relying on (5) are presented 
in the two following Subsections. 

A. Improved Total-Variation norm 
Since the aperture field is a continuous distribution, in the 

formulation (5) the sparsity of the new unknown ∆푬풂풑 =
[∆푬풂풑ퟏ, … ,∆푬풂풑푵풑

] (푁  denoting the number of sampling 

points in the 푥푦-plane) may be compromised. To counteract 
this issue, by taking advantage of the fact that ∆푬풂풑 is 
expected to resemble a piecewise-constant distribution, we 
solve the problem as a total-variation (TV) [22] norm-
minimization one. This has been done also in [3] (wherein 
amplitude and phase measurements are exploited) but here, 
encouraged by the good results in inverse scattering problems 
[23], also the derivatives along the principal and secondary 
diagonals 푥 = ±푦 are considered. In fact, through the arising 
modified TV-norm it is possible to counteract the resolution 
 
3 For the same reasons as the ones discussed in [8], Fourier relationships such 
as (5) guarantee a low mutual coherence between the sensing and 
representation basis and hence allow a successful application of the CS theory. 
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losses due to lack of phase information and hence achieve a 
better regularization of the problem at hand. 

Accordingly, by denoting with 푫풉∆푬풂풑, 푫풗∆푬풂풑, 푫풅∆푬풂풑, 
and 푫풅∆푬풂풑 the vectors containing the forward differences of 
∆푬풂풑 along the horizontal, vertical, principal-diagonal, and 
secondary-diagonal directions, respectively, the optimization 
problem (4) can be recast as follows: 

min
∆ ,…,∆

푫풉∆푬풂풑 + 푫풗∆푬풂풑 + 푫풅∆푬풂풑

+ 푫풅∆푬풂풑  
(6.a) 

subject to: 
‖흆‖ < 휀 (6.b) 

wherein 흆 is defined as in (4.e) by replacing (1) by using (5). 

B. The Active Element Aperture Pattern adoption 
As it can be understood from (6), in case of aperiodic or 

realistic arrays having a number of degrees of freedom [24] 
larger than the number of elements, the new formulation of the 
problem entails an increase of the number of unknowns (from 
푁 to 푁 ). This limitation, which may lead to high 
computational times in case of electrically-large arrays, can be 
overcome by extending the adoption of the original ‘active 
element pattern’ concept [25] to the case of the aperture field. 
By so doing, and denoting with 푐 , 푐 , … , 푐  arbitrary 
coefficients, the following representation can be introduced: 

푬풂풑(푥 ,푦) = 푐 푨푨푭풏(푥,푦) (7) 

In the expansion (7), which is never been used before, we 
named ‘푛-th Active-element Aperture Field’ (푨푨푭풏) the 
aperture field generated by the AUT when its 푛-th antenna has 
a unitary excitation while all the other antennas are OFF. 

Then, by considering expansion (7) for the gold and faulty 
AUTs, the differential aperture field can be represented as: 

∆푬풂풑(푥 ,푦) = ∆푐 푨푨푭풏(푥, 푦) (8) 

(with ∆푐 = 푐 − 푐  ∀n) and the problem can be recast as: 
min

∆ ,∆ ,…,∆
‖∆풄‖  (9.a) 

subject to: 
‖흆‖ < 휀 (9.b) 

wherein ∆풄 = [∆푐 ,∆푐 , … ,∆푐 ] and the expansion (8) are used. 
Notably, whatever the AUT at hand, the new 

representation allows solving the problem in terms of N 
unknowns, i.e., as in problem (4) but working, this time, also 
in case of realistic AUTs. In particular, with respect to the case 
of ideal AUTs, the only additional task will be a pre-
processing step devoted to the 푨푨푭 offline computation. 

IV. NUMERICAL ASSESSMENT 
We tested the proposed approaches in both cases of ideal 

and realistic AUTs. The results relative to the two cases are 
separately discussed in the two following Subsections. 

A. Ideal AUTs 
We used as AUT a square array with 푁 = 푁 = 5 and 

푑 = 푑 = 0.5휆 with complex random excitations. We 
considered different pairs (푆,푀) and, for each instance, we 
solved 100 times problem (4) (with 휀 = 0.001) and evaluated 
the normalized mean square error (NMSE), i.e., 

푁푀푆퐸 =
∆푰− ∆푰
‖∆푰‖

 (10) 

(∆푰 and ∆푰 denoting the vectors containing the actual and 
retrieved differential excitations, respectively). Then, we 
determined the rate of success recovery (RSER) by assuming 
‘successful’ any simulation leading to NMSE≤0.01. The 푀 
measurement locations have been randomly chosen amongst 
those sampling points wherein the far field of the gold AUT 
attained a normalized amplitude higher than -20dB. 

Fig. 1 reports the achieved RSER as a function of the ratio 
M/S in both cases of noise-free and noisy (SNR=30dB) data. 
As it can be seen, the conditions M≥6S and M≥7S respectively 
entail a probability of success of at least 90% (noise-free data) 
and 80% (noisy data). Moreover, for S>1 and noise-free data, 
M≥5S brought a probability of success larger than 95%. 
Besides confirming the high reliability of the proposed 
technique, these results reveal a reduction of M (for equal 
RSER values) with respect to the 1-D case dealt with in [8]4. 

 

 

(a) 

 
4 The improvement of performances with respect to the 1-D case can also be 
attributed to the lack of ‘zero-flipping based’ [27]-[29] multiple solutions. 
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(b) 

Fig. 1. Ideal AUTs: RSER achieved in case of noiseless (a) and noisy (b) data. 

B. Realistic AUTs 
We considered 푁 = 푁 = 5 and the same radiating 

element and inter-element spacing as in [3]. The AUT has 
푑 = 휆, 푑 = 0.5휆, and is composed of WR90 open-ended 
waveguides working at 10 GHz and having a size of 
22.86×10.16 mm2 as dictated by [26]. All fields have been 
calculated through CST Microwave Studio full-wave 
simulations. In particular, the waveguides have been excited in 
such a way that only the fundamental mode propagates and the 
diagnosis has been aimed at retrieve the 퐸푎푝퐹  distribution at a 
λ/6 distance from the AUT. The NMSE has been calculated as: 

푁푀푆퐸 =
∆푬풂풑 −∆푬풂풑

∆푬풂풑
 (11) 

wherein ∆푬풂풑 and ∆푬풂풑 are the vectors containing the actual 
and retrieved differential aperture fields, respectively. 

 

 
(a)                                                                                                    (b) 

 
(c)                                                                                                       (d) 

Fig. 2. |∆푬풂풑| achieved  through the improved TV-norm approach for different measurement configurations: (a) 푀 = 72 phaseless data; (b) 푀 = 30 
complex and 푀 = 90 phaseless data; (c) 푀 = 15 and 푀 = 75;, (d) 푀 = 10 and 푀 = 50. Faulty elements contoured in green color. 
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Fully-satisfactory results have been achieved by exploiting 
measurements of just the ϕ-component of the far field.  

Fig. 2 reports the outcomes of the modified TV-norm 
approach presented in Section III.A. In particular, subplot (a) 
shows the results achieved for 푆 = 2 and 푀 = 72 phaseless 
measurements (푁푀푆퐸 = 0.04 for 휀 = 0.1), while subplots 
(b)-(d) refers to a hybrid measurement configuration given by 
푀 complex plus 푀 phaseless far-field measurements. The 
results achieved for different values of 푀 and 푀 are 
summarized in Tab. 1. Notably, the approach allowed 
achieving fully-satisfactory results by exploiting a number of 
measurements significantly lower than the Nyquist one. In 
fact, since the AUT covers a 15λ2 area, the number of 
independent square-amplitude samples is equal to 240 [24].  

A more accurate diagnosis by exploiting an even lower 
number of measurements has been possible by exploiting the 
AAF approach. In particular, by setting 푀 = 4푆 and 휀 =
0.001, we achieved 푁푀푆퐸 = 1.1 ∙ 10  for 푆 = 4 and 
푁푀푆퐸 = 3.5 ∙ 10  for 푆 = 6 (see Fig. 3). For these test 
cases, the computational time resulted lower than 10s (while 
several minutes were required by the TV-norm approach). 

V. CONCLUSIONS 

A new approach to the diagnosis of planar arrays has been 
presented and assessed. Differently from a large body of 
literature, all the proposed solution procedures rely only on 
phaseless measurements. Despite the consequent non-linearity 
of the problem, new tools and field representations has been 
introduced in such a way to take maximum advantage of the 
CS theory and improve the computational efficiency with 
respect to the state-of-the-art approaches. 
 

푀 푀 푁푀푆퐸  

72 0 0.044 
90 30 0.015 
75 15 0.017 

50 10 0.019 
 

Tab.1. Summary of the results achieved by the improved TV-norm approach. 
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