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Abstract—A new sparse sampling and compressive sensing 

based reconstruction and near-field imaging technique is 

introduced for the measurement of electrically large production 

test and diagnostics of nose-mounted commercial radomes. 

Simulated results are presented, where it is demonstrated that far-

field results with an equivalent multipath level of better than -

60dB can be obtained from circa 10% of the points required by a 

classical Nyquist equi-angular spherical near-field acquisition 

scheme for the case of an electrically large, i.e. full size, commercial 

airliner nose-mounted radome enclosing an x-band weather radar. 

Furthermore, a new method for the rapid noninvasive 

nondestructive imaging and identification of defects within these 

radomes is presented that provides significantly clearer fault 

detection at a far earlier stage within the radome measurement 

campaign than has previously been possible. 

Index Terms— commercial radome measurements, compressive 

sensing, diagnostics, imaging, robotic test system, sparse sampling, 

spherical near-field. 

I. INTRODUCTION 

The recent trend towards constructing antenna measurement 
ranges employing multi-axis industrial robotic positioners is 
becoming ever more widespread [1, 2, 3, 4, 5]. This new 
generation of test systems provides a near limitless degree of 
flexibility in terms of measurement types and scan geometries 
admitting possibilities that go far beyond the capabilities of 
classical antenna measurement systems and can even deliver 
measurement types not conceived at the time the facility was 
originally installed. One recent example involves the use of a 
dual robotic antenna measurement system for the near-field test 
and measurement of commercial aircraft nose-mounted radomes 
[6, 7]. These measurements typically involve extended 
measurement times due to the need to acquire two-dimensional 
near-field data to obtain the requisite asymptotic far-fields. This 
paper introduces a new approach for the production test, 
verification, and imaging of commercial aircraft nose-mounted 
radomes that uses a total difference based, sparse sampling 
technique that aims to drastically reduce the amount of near-field 
data required and thereby also shortening measurement times 
[7]. 

Over recent years, Sparse Sampling (SS) and Compressive 
Sensing (CS) based techniques have been deployed successfully 
in a variety of free-field antenna measurement applications 
which have included radar imaging [8], cylindrical [9] and 
spherical near-field measurements [10], far-field reflection 

suppression [11], as well as for array antenna measurements and 
diagnostics [12, 13]. Many of these applications rely on the 
inherent sparsity of the associated modal bases [14]. However, 
that is not necessarily sufficient in all cases and thus recourse to 
total-difference based techniques, analogous to that which is 
employed by Magnetic Resonance Imaging (MRI) scanners can 
become unavoidable [15]. Recently, this approach has been 
successfully applied to the SNF case, where it was demonstrated 
that it could be effectively used to characterize electrically large, 
electronically scanned, active array antennas using SNF data 
employing an equivalent current (EC) based algorithm [15]. A 
detailed treatment of the total-difference, EC based, CS method 
for the planar and spherical geometries can be found presented 
in the open literature, e.g. [14]. More recently [7], this approach 
was adapted to enable the technique to be used to accommodate 
scale model, nose mounted, radomes. In this paper, for the first 
time, that work has been extended and is applied to full size test 
articles where here, a Boeing 737 nose-mounted, commercial, 
radome is taken as an example test case. This imposes very 
specific demands in terms of machine resources and processing 
times with this point being expounded below. 

In Figure 1 we present a picture of a commercial nose-
mounted radome installed around a circular aperture linearly 
polarised slotted waveguide array weather radar antenna that is 
installed on an industrial 6-axis collaborative robot (CoBot). In 
turn, the CoBot is mounted on an azimuth stage which is used as 

the φ-axis of a conventional spherical near-field (SNF) 
measurement system. Here, the z-axis of the spherical system is 
aligned vertically with the local gravity vector. Shown to the left 
of the radome in Figure 1 is a 6-axis industrial robot which 

provide the synthesised θ-scanning axis which is of an over-head 
scanning arm type arrangement.  Together, these form the 
spherical scanning axes which allow the acquisition of standard 
SNF data in a form that is automatically amenable for processing 
using any standard spherical near-field to far-field 
transformation algorithm, cf. [14]. Figure 2 contains a 
mechanical drawing showing an exploded view of the slotted 
waveguide weather radar antenna installed on a 6-axis CoBot 
which is being used to emulate a conventional antenna gimbal 
[14, 6]. This is installed behind the nose-mounted commercial 

radome which itself is attached to the floor-mounted φ-axis 
azimuth stage. More information on the other uses of this novel, 
flexible, antenna measurement system can be found in the open 
literature, e.g. [1] and which include planar and spherical near-



field measurement geometries, far-field measurements, and 
three-antenna extrapolated gain and polarisation measurements. 

Through their standards documents [16, 17, 18], the Radio 
Technical Commission for Aeronautics (RTCA) prescribe and 
control the test and measurement requirements for nose-
mounted commercial aircraft radomes with DO-213A in 
particular specifying the minimum operational performance 
standard for these radomes which admits the use of near-field 
measurement techniques within the evaluation process. 
However, the large number of prescribed mechanical pointing 
angles at which the weather radar is required to be positioned 
during the radome measurement campaign means that total test 
times can be somewhat extensive, rendering any technique 
capable of providing faster acquisitions and reduced test times 
extremely desirable. 

 

Figure 1: Picture of a new robotic antenna measurement system 
for commercial nose-mounted radome measurements, courtesy 
of Boeing. 

 

Figure 2: Picture of weather radar antenna installed on 6-axis 
CoBot placed behind a nose-mounted commercial radome. 

II. OVERVIEW OF SS & CS RADOME PROCESSING 

A detailed development of the total-difference (TD), EC 
based, CS method for the spherical near-field measurement case 
can be found presented within the open literature, e.g. [7, 12, 13, 
15], and, because of space constraints it is not repeated here with 
only a summary overview being provided. In principle, we 
exploit the fact that our application lies within a production test 
environment where we can assume the presence of a reference 
‘gold’ radome to undertake a discretised back propagation from 
the spherical near-field measurement of the difference between 
the measurement of the, assumed defective, production radome, 
and the assumed ideal ‘gold’ reference radome. Adhering to the 
restricted isometry property (RIP) [12], this is accomplished 
using a small ensemble of, randomly located, spherical near-
field measurements. Here, the intention is to minimise the 
number of measurement points, M, required to accurately and 
reliably measure the production unit in the NF, whilst accurately 
reconstructing the weather radars far-field pattern. Merely 
reducing the number of measurement points by itself is not 
sufficient to guarantee a reduction in overall test times, we can 
assume that a suitable measurement trajectory can be found 
through the point that, providing the reduction is significant, can 
be relied upon to reduce total test times [19]. Here, we are 
attempting to reconstruct a discrete set of magnetic surface 
currents that are located across the non-canonical exterior 
surface of the radome under test. This provides additional 
valuable information concerning the health of the assumed 
defective production test radome. Although in principle, it might 
be possible to examine the excitations of the array antenna, or 
perhaps the spherical mode coefficients (SMC) of the 
measurement as a whole, as it is the radome itself that is under 
investigation, and is that which is assumed to be changing by 
virtue of being defective, neither of these traditional domains are 
in fact sparse. The array excitations are not spare because of 
spatial diffraction, and the SMCs are no sparse by virtue of the 
large electrical size of the problem. Therefore, these factors 
greatly limit the probability of success of CS and SS based 
reconstruction algorithms [7]. 

Figure 3 contains an overview of the data processing used in 
this study. Here, we start by using a model of a linearly polarised 
slotted waveguide array antenna which is installed behind an 
“ideal” radome. We next compute the fields illuminating the 
radome prior to propagating those fields to a spherical near-field 
acquisition surface. In this way, it is possible to perturb those 
fields on the radome surface in amplitude and phase to emulate 
a defective radome and thereby obtain two different SNF 
measurements that can be used to validate the new EC based CS 
processing. We compute the “total difference” field from these 
two simulated measurements before back propagating to the 
non-canonical radome surface which is taken to be the sparce 
domain. This back propagation is accomplished using the EC 
based CS processing developed in [13, 15]. A variety of different 
solver implementations can be used to accomplish the basis 
pursuit (BP) task with SPGL1 [20], YALL1 [22] being 
commonly used algorithms. This allows us to determine the true 
fields for the defective radome and allow the visualisation of any 
defects before computing the corresponding complete, i.e. non-
sparse, spherical near-fields. These spherical near-fields can 
then be transformed to the far-field using any standard probe 



corrected spherical near-field to far-field transformation 
algorithm [14]. 

 

Figure 3: Schematic representation of the data processing chain 
utilizing the compressive sensing the recover the equivalent 
surface currents. 

III. CS RECONSTRUCTION OF FULL BOEING 737 RADOME 

For the case of the full Boeing 737 radome, a SNF 
measurement radius of 1.38m was required. The classical 
Nyquist equi-angular SNF data point spacing suggested the use 

of 1° in both θ- and φ-axes resulting in 32,400 points in all. The 
equivalent surface magnetic currents were then reconstructed 

using a 0.31λ by 0.31λ discretization yielding circa 9,000 
unknowns in all, requiring individual complex arrays occupying 
~64 GB of memory. Although this was processed using a 
modern desktop workstation, it did not require any specialist 
computing hardware, e.g. workstation clusters etc. Using the EC 
based CS processing algorithm presented above and in [7, 12, 
13, 15] for this SNF case and assuming a simulated measurement 
noise level of -60 dB, the back projected x-polarised difference 
field on the non-canonical radome can be seen presented in 
Figure 4, and which accurately locates the position of the three 
defective regions on the radome surface. Here, three phase faults 
were introduced into the “defective” production test radome 

comprising 45° phase changes over a patch size of 8×8cm, or 

~2.5×2.5 wavelengths at 9.3 GHz which are typical values based 
upon prior practical experience of radome measurements. 
Although the Ey and Ez fields are also obtained, these are not 
shown here due to the constraints of available space. Here, it is 
worth noting that for the commercial radome test case, the exact 
near amplitude and phase values are of lesser importance than is 
the location of any defect within the radome. Here, as has been 
done previously [7, 13, 15], the results were averaged over 
multiple sets, in this case three, with this being done to improve 
the recovery of the individual faulty patches. Here, 600 points 
per set of variable samples were used with the remaining 1,800 
samples being fixed over the sets. This meant that the average 
number of CS points was 2,932 which corresponded to 13.4% of 

the number of samples required by a conventional equi-angular 
SNF acquisition. Figure 5a shows the azimuth cut for the true 
reference “gold”, blue trace, and true “defective”, red trace, 
radome cases when the weather radar has been mechanically 

scanned to boresight, i.e. azimuth = elevation = 0°. 

 

Figure 4: Difference Ex field between gold and defective 
radome on the radome surface showing correctly the location 
of the three faulty patches. 

A measure of the adjacency of these two patterns is provided 
by the equivalent multipath level [14] which is represented here 
by the gold trace. Figure 5b contains an equivalent plot to that of 
Figure 5a, only here, the results were obtained from the CS based 
processing. Crucially, the agreement between the plots shown in 
Figures 5a and 5b attest to the excellent degree of success 
attained by the new CS processing, with even the very sensitive 
EMPL traces exhibiting the same form. This is further 
corroborated by the two-dimensional false-color checkerboard 
plots of the EMPLs shown in Figure 5c, and 5d, which provide 
a measure of the degree of agreement not just across a cardinal 
cut, but across all of the far-field pattern. Finally, if we compare 
the respective EMPL plots, we find that the True - CS recovered 
FF EMPL for an 80% CDF level was -57.8 dB. This can be seen 
presented in Figure 6 below. 

  
a) True azimuth plot of gold 
and defective radomes. 

b) CS Reconstructed azimuth 
plot of gold and defective 
radomes. 

  
c) True Gold versus defective 
EMPL false colour plot. 

d) CS Reconstructed Gold 
versus defective EMPL false 
colour plot. 

Figure 5: 737 Radome: Array Scanned to Boresight 
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Here, it is worth noting that although the agreement attained 
is very encouraging over the main beam and wide-out sidelobe 
region, the main-beam and first few sidelobes are of most 
interest with loss and beam deflection typically being of greatest 
concern and here, denoted by the white square, we can see 
EMPL levels of -40 dB or better. 

 

Figure 6: 737 Radome with array scanned to Az = 0°, El = 0°, 
showing EMPL plot comparing true defective to CS recovered 
defective. 

By way of a further comparison, as DO-213A requires the 
weather radar to be mechanically scanned to a range of different 
pointing angles, Figure 7 contains equivalent results to those of 
Figure 5, only here the slotted waveguide antenna was scanned 

to Az =-25°, El = 0°. Again, excellent results can be seen. In this 
case, an average of 2,833 CS points were required which 
corresponded to 12.5% of a full conventional SNF acquisition. 

  

a) True azimuth plot of gold 
and defective radomes. 

b) CS Reconstructed azimuth 
plot of gold and defective 
radomes. 

  

c) True Gold versus defective 
EMPL false colour plot. 

d) CS Reconstructed Gold 
versus defective EMPL false 
colour plot. 

Figure 7: 737 Radome: Array Scanned to Az =-25°, El = 0° 

Although only two examples have been shown here, it is 
important to note that in all, many thousands of test cases were 
examined with the weather radar being mechanically scanned 

over the full ±90° azimuth and ±25° elevation angular range 
specified by DO-213A with very similar results being obtained 
in each case. 

IV. RADOME MEASUREMENT ACCELERATION AND 

IMPROVED IMAGING 

As illustrated above, cf. Figure 4, the reconstruction of 
equivalent difference magnetic surface currents as a necessary 
step within the CS algorithm provides, for free and almost as a 
byproduct, the opportunity to image the production test radome. 
This is a valuable resource to engineers as it provides a great deal 
of information regarding the precise locations on a radome that 
may require further remedial attention. However, the sensitivity 
with which this information is recovered can depend upon the 
position of the fault and the angles to which the weather radar is 
scanned. The reason for this is that since the weather radar is a 
high gain aperture antenna, it is quite possible that when the 
radar antenna is pointed away from a fault that the field intensity 
with which that fault is illuminated can be greatly reduced when 
compared to the case when the radar is looking directly at the 
fault. 

  

a) Scanned to Az = 0°, El = 

0° 

b) Scanned to Az = 0°, El =-

25° 

  

c) Scanned to Az = 0°, El 

=+25° 

d) Scanned to Az =-25°, El = 

0° 

  

e) Scanned to Az = +25°, El 

= 0° 

f) Result averaged over five 
individual measurements 
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Figure 8: 737 Radome: Surface current defects ’measured’ 
using 5 different scans of the  radar antenna, plus overall 
average 

However, as the difference fields are related to the radome 
rather than to the mechanically scanning weather radar antenna, 
we are free to average the recovered difference fields to improve 
the signal to noise ratio and provide clearer images of the 
defects. An example of this can be seen presented in Figure 8 
with the individual difference fields being shown in Figure 8a–
8e, with the averaged difference field result being found in 
Figure 8f. Here, we can clearly see the improvement in the 
clarity of the reconstructed difference-field. While DO-213A 
requires the unchanged radome to be tested with the weather 
radar mechanically scanned to a large number of different 
positions, it does not specify the order that these measurements 
should be taken in. Thus, with no overall additional cost in terms 
of either time or effort, we may commence by measuring the 
radome with the antenna looking, for example: to the left, then 
to the right, then up, then down, and then finally straight ahead. 
This is in fact the set of measurements that are illustrated in 
Figure 8a – e. In this way, we stand a very good likelihood that 
we will detect at a very early stage in the radome measurement 
campaign whether there are significant defects in the test article. 
In the event that there are significant defects, the radome can be 
removed from the facility and sent for repair with a clear 
indication of where on the radome the defect is located freeing 
up valuable facility time. In all probability, this by and of itself 
may be one of the most significant cost savings. In the event that 
this initial test does not reveal any notable concerns, then the 
operator is free to continue the test campaign and complete the 
obligations dictated by the standard in the full knowledge that 
the test is worthwhile and that no time has been wasted. 

V. SUMMARY & CONCLUSIONS 

Building on our previous work of formulating the EC total-
difference based CS process for the case of SNF measurements 
of ‘gold’ and faulty scale model, commercial, nose-mounted 
radomes [7], we have applied the technique to the case of 
detecting the location of faults on a full-size Boeing 737 radome 
surface using SNF total-difference measurements of gold and 
‘faulty’ production test radomes. Although the method does not 
allow of calibration of the exact amplitude and phase fault on the 
radome surface, the location of the fault is correctly identified 
and most importantly the defective SNF and corresponding FF 
radiation patterns are accurately reconstructed. Simulation 
results for a Boeing 737 radome have indicated that the CS 
method can recover the faulty radomes true FF radiation pattern 
to an EMPL of better than -56dB for 80% of the time using just 
~13% of the full SNF sample set with this being verified 
statistically over many thousands of test cases, and has found to 
work in each and every case. 
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