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ABSTRACT 

The 3D reconstruction algorithm is applied to a slotted 

waveguide array measured at the DTU-ESA Spherical 

Near-Field Antenna Test Facility. One slot of the 

array is covered by conductive tape and an error is 

present in the array excitation. Results show the 

accuracy obtainable by the 3D reconstruction 

algorithm. Considerations on the measurement 

sampling, the obtainable spatial resolution, and the 

possibility of taking full advantage of the 

reconstruction geometry are provided. 
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1. Introduction 

Accurate and general antenna diagnostics techniques to 

identify, from the radiated measured field, the electrical 

and mechanical errors affecting the antenna under test are 

of high importance for the antenna measurements 

community. Microwave holography, based on the well-

established relation between the antenna far-field and the 

visible region of the plane wave spectrum [1], has been 

widely used for this purpose. The algorithm is general, 

simple and computationally very fast but has a limit in the 

spatial resolution of the computed extreme near-field, 

since the invisible region of the plane wave spectrum is 

always neglected. The technique presented in [2] allows 

the reconstruction of part of the invisible region of the 

plane wave spectrum, thus providing higher resolution in 

the computed extreme near-field, but shows some 

limitation when dealing with large antennas and typical 

measurement noise.  

To overcome these limits, a new class of antenna 

diagnostics algorithm has been introduced in the last 

decade. These new methods are based on the 

discretization of integral equations, see [3]-[9], which are 

derived by placing unknown equivalent electric and 

magnetic currents on a surface conformal to the antenna 

and requiring that the currents radiate the measured field 

outside the surface and zero field inside the surface. A 

discrete set of equations are obtained by using a standard 

Method of Moments discretization, e.g., RWG functions 

on flat triangular facets [5], or higher-order basis 

functions on curved surfaces [8]. The latter choice has 

shown to provide better accuracy and lower memory 

requirements [8]. Although more demanding in terms of 

memory usage and computation time as compared to 

microwave holography, these new methods allow 

reconstructing the field on an arbitrary 3D surface 

enclosing the antenna. The 3D reconstruction algorithm 

developed by TICRA in [8]-[9] is implemented in the 

commercial software DIATOOL. 

The identification of array element failure is of particular 

interest for antenna diagnostics, and mainly documented 

in the literature through experimental results, see for 

example [13]. Diagnostics of array failure, however, 

focuses often on results achieved by microwave 

holography, which is intrinsically limited in accuracy. 

Though noticeable improvements were recently achieved 

by [14], all proposed techniques assume the knowledge of 

the array element factor, either from a dedicated 

measurement or a software simulation. To our knowledge, 

the enhanced capabilities of the 3D reconstruction 

algorithm on array diagnostics have not been studied in 

detail yet.  
The purpose of this work is thus to study the accuracy 

achievable by the 3D reconstruction algorithm when 

dealing with a slotted waveguide array of which measured 

data are available. Considerations on the measurement 

sampling, the obtainable spatial resolution, and the 

possibility of taking full advantage of the reconstruction 

geometry will be provided. 

The paper is organized as follows: Section 2 summarizes 

the main features of the 3D reconstruction algorithm 

implemented in DIATOOL, Section 3 describes the 

investigations performed on a slotted waveguide array 

measured at the DTU-ESA Spherical Near-Field Facility, 

while conclusions are drawn in Section 4.  

 

2. The 3D Reconstruction Algorithm 

The higher-order inverse Method of Moments algorithm, 

[8]-[9], was introduced as an extension of previously 

available integral-equation based reconstruction 

techniques. The method computes the tangential electric 

and magnetic fields ,E H  on the reconstruction surface S 

enclosing an antenna, based on the field measured at 

discrete points outside the surface. 



The tangential fields on the reconstruction surface S are 

obtained by the equivalent electric and magnetic surface 

current densities Js and Ms according to 

 ˆ ,Js n H  (1) 

 ˆMs n E  (2) 

with n̂ being the outward normal unit vector. These 

equivalent currents correspond to Love’s equivalence 

principle, since they produce zero field inside S, and are 

found by solving the so-called data equation, which 

relates the measured data and the unknown surface current 

densities,  

 L K ,0
measE Js Ms  (3) 

where 0 is the free space impedance and L and K are 

integral operators defined in [8]. The a priori information 

that the fields radiated by the surface current densities 

must be zero inside S is then enforced as a boundary 

condition equation [6] and the correct set of equivalent 

surface current densities is finally found. The surface of 

reconstruction is discretized using curvilinear patches of 

up to fourth order. The electric and magnetic surface 

currents densities on each patch are expanded in higher 

order Legendre basis functions 
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where [ , ]X Js Ms , uamn and vamn are unknown 

coefficients, uM and vM are the expansion orders along 

the u- and v- directions, and uBmn and vBmn  are the u- and 

v-directed higher-order Legendre basis functions defined 

in [8] and [10]. The current expansion of Eq. (4) is then 

inserted in the data equation of Eq. (3) and the above 

mentioned boundary condition equation. These coupled 

equations are finally solved by the iterative solution 

scheme described in [9], which allows one to achieve an 

accurate solution by balancing the effects of noise with 

the requirement of achieving Love’s currents. The inverse 

Method of Moments algorithm in DIATOOL differs from 

other similar methods [4]-[6] in three important aspects. 

First, the geometry and unknown currents are represented 

by smooth polynomial functions. Second, the testing of 

the boundary condition operator is performed on the 

actual surface of reconstruction. Third, a new 

regularization scheme is employed, in which the data 

equation and the boundary condition are treated 

separately. These differences result in improved 

efficiency, enhanced accuracy, and better resolution 

properties. 

3. Slotted Waveguide Array 

The 3D reconstruction was applied to a 6 by 7 slotted 

waveguide array of dimensions 30 cm by 27 cm working 

at 5.25 GHz, with different row excitations and a 

conductive tape covering one slot, as shown in Figure 1. 

 

Figure 1 – The 6 by 7 slotted waveguide array in the 

DTU-ESA Spherical Near-Field Antenna Test Facility.  

The antenna was measured at the DTU-ESA Spherical 

Near-Field Antenna Test Facility on a full sphere, with 

sampling in t eta and p i equal to     and  .    

respectively, and a SNR of 70 dB. The measurement 

coordinate system is shown in Figure 1: the origin 

coincides with the geometrical center of the array, the x-

axis is horizontal, the y-axis is vertical and the z-axis 

points out of the paper. The distance between slots is 

0.67 λ, with λ being the wavelength, along the vertical y-

axis, and 0.85 λ along the horizontal x-axis. Since the 

product kro, where k is the wavenumber and ro the radius 

of the antenna minimum sphere, is equal to 21, one finds 

that the Spherical Wave Expansion (SWE) of the field 

radiated by the antenna can be truncated to N=31, 

according to [12] 

 3max 10,3.6 .N kr kro o  (5) 

Once the maximum N is found, the sampling on the 

measurement sphere must at least be equal to 

 
180

N
 (6) 

which becomes Δθ=Δφ= .   for N=31. Consequently, the 

field measured at the DTU-ESA Facility has an 

oversampling factor of 2.9 in theta and 1.3 in phi, 



relative to the value of  .  , and provides 7280 field 

samples distributed over the measurement sphere.  

The number of measured field samples sets an upper limit 

for the maximum number of unknowns that the 3D 

reconstruction algorithm can solve. In DIATOOL the 

maximum number of unknowns is approximately equal to 

twice the number of measurement samples, in the present 

case around 14500. The number of unknowns depends on 

the number of patches used to mesh the closed surface, on 

which the currents are reconstructed. Moreover, it 

depends on the accuracy of the polynomial expansion 

used to represent the unknown currents. The polynomial 

expansion order is automatically adapted to the electrical 

size of each patch, leading to the so-called “normal” 

accuracy. It can, however, be increased by an order at a 

time, by using  “en anced”, “ ig ” or “extreme” accuracy, 

if necessary. T e “normal” and “en anced” settings are in 

general sufficient when dealing with measured data with 

70 dB SNR. The maximum dimension of the patches used 

in the mesh of the reconstruction is 2 λ. Though it is 

recommended to use as large patches as possible, in order 

to limit the memory usage and the computation time, it 

was found that the possibility of decreasing the patch 

dimension plays an important role in the reconstruction 

capabilities, as it will be discussed in the next paragraph. 

The reconstruction surface was a box enclosing the slotted 

waveguide array of Figure 1, with sizes 32 cm by 28 cm 

by 2 cm, with the top face coinciding with the array 

aperture. First, the maximum dimension of the patches 

was set to the default value of 2 λ and the “en anced” 

accuracy was chosen. This gave rise to 30 patches over 

the reconstruction box and 4536 unknowns. The 

amplitude in dB of the y-component of the reconstructed 

tangential electric field on the top face of the box is shown 

in Figure 2, together with the used patches and the 

location of the covered slot. It is seen that it possible to 

distinguish the 6 by 7 slots and that the radiation on the 

covered slot location looks different with respect to the 

rest of the aperture.  

 

Figure 2 – Amplitude of the y-component of the 

tangential electric field from the 3D reconstruction, 

with patch size of 2 λ and enhanced accuracy. 

The length of the patches was then reduced to 0.8 λ, 

which almost coincided with the spacing of the slots along 

the horizontal axis, and gave rise to 142 patches over the 

reconstruction box. By keeping t e “en anced” accuracy 

the number of unknowns became 8608. The result of the 

reconstruction is shown in Figure 3. It is seen that the 

individual slots are better resolved when compared to 

Figure 2, both in the columns and rows, and that the 

covered slot is now clearly identified. Moreover, it can be 

observed that the slot rows 2 and 3 are strongly excited 

whereas rows 6 and 7 are very weak. This is in 

contradiction with the expected array excitation, which 

postulates a symmetric excitation relative to row 4, with 

row 4 being the one excited the most. This indicates that 

an error is present in the array feeding network. The result 

given by the traditional microwave holography on a plane 

of 32 cm by 28 cm located on the array aperture is shown 

in Figure 4. While the picture shows areas of high and low 

excitation similar to what is shown in Figure 2 and Figure 

3, it is evident that the individual slots cannot be resolved, 

and that the resolution of the 3D reconstruction is far 

higher than the one provided by microwave holography. 

 

Figure 3 - Amplitude of the y-component of the 

tangential electric field from the 3D reconstruction, 

with patch size of 0.8 λ and enhanced accuracy. 

 

Figure 4 - Amplitude of the y-component of the 

tangential electric field from traditional microwave 

holography. 

 



3.1) Effect of Truncated Measurement Sphere and 

Sampling Density 

It was then decided to study if truncating the measurement 

sphere and decreasing the number of measured samples 

had an effect on the reconstructed field. 

To study the measurement truncation effect, the measured 

sphere was truncated to     ,   ile keeping t e original 

sampling o      in t eta and  .    in p i. This gave rise to 

3280 measured samples. By zero padding the remaining 

part of the sphere the available samples became 5315 and 

allo ed to reconstruct t e  ield  it  “en anced” accuracy 

and 0.8 λ for the patch size. The result is shown in Figure 

5: the reconstructed field is less accurate than that 

presented in Figure 3, i.e. the slots start overlapping, but 

still better than Figure 4 since the slots can still roughly be 

identified. The truncated sp ere  as t en reduced to      

and      respectively, always zero padding the remaining 

part of the sphere. The reconstruction was performed 

again with  0.8 λ and  it  “en anced” accuracy and it  as 

observed that with 60  , see Figure 6, slots could no longer 

be resolved and the result looked similar to the microwave 

holography picture of Figure 4. By inspecting the 

measured field pattern, it was found that  or t eta 

 elonging to  -            and to   -            t e lowest value 

of the co-polar component was -35 dB from the peak, 

while for theta belonging to  -            it became equal to 

-30 dB. 

 

Figure 5 - Amplitude of the y-component of the 

tangential electric field from the 3D reconstruction, 

with patch size of 0.8 λ                          

                                   

 

Figure 6 - Amplitude of the y-component of the 

tangential electric field from the 3D reconstruction, 

with patch size of 0.8 λ                          

                                   

To study the measurement sampling effect, the SWE of 

the original measured field was used to compute the field 

on a full sp ere  it  sampling in t eta and p i o   .   . 

This value corresponds to an oversampling factor of 1.6 

relative to t e minimum sampling o   .   . This produced 

5100 field samples on a full sphere, which allowed one to 

use again t e “en anced” accuracy and 0.8 λ of patch size. 

The result of the reconstruction is shown in Figure 7.  

 

 

Figure 7 - Amplitude of the y-component of the 

tangential electric field from the 3D reconstruction, 

with patch size of 0.8 λ, enhanced accuracy, full sphere 

data, and oversampling of 1.6. 

It is seen that all slots are identified and that the result 

almost coincides with that of Figure 3. As long as full 

sphere data is available, with a sampling according to Eqs. 

(5)-(6), the sampling does not play a key role in the 

reconstruction. T e sp ere  it   .    sampling  as t en 

truncated to   .   , giving rise to      measured points 

and thus approximately 4800 possible unknowns. To 

decrease the number of unknowns of the reconstruction, 

the patch size was kept equal to 0.8 λ while the accuracy 

 as set to “normal”, generating      unkno ns. T e 

result is shown in Figure 8.  



 

Figure 8 - Amplitude of the y-component of the 

tangential electric field from the 3D reconstruction, 

with patch size of 0.8 λ                            

                                                    

If we compare it with Figure 4 and Figure 6 we can see 

that the pictures are very similar. This means that a lower 

oversampling, combined with a truncated sphere, affects 

the resolution achievable with the 3D reconstruction, 

producing results almost equivalent with the traditional 

microwave holography. This conclusion is also confirmed 

by the results presented in [11], where the 3D 

reconstruction achieved the same results as microwave 

holography, when applied to a slotted waveguide array 

with measured data truncated to a 80   sphere and an 

oversampling factor of 1.6. 

4.  Conclusions 

The 3D reconstruction algorithm was applied to a slotted 

waveguide array measured at the DTU-ESA Spherical 

Near-Field Antenna Test Facility. One slot of the array 

was covered by conductive tape and an error was present 

in the array excitation. Both defects could successfully be 

detected, and all slots could be identified. It was shown 

that the spatial resolution provided by the 3D 

reconstruction is much higher than that provided by 

traditional microwave holography, where the individual 

slots cannot be resolved. This happens when measured 

full sphere data are available and when the measured field 

sampling is almost a factor 3 or 1.5 higher the minimum 

sampling defined by spherical wave theory. It was also 

illustrated that when the length of the patches describing 

the reconstruction surface is chosen equal to the spacing 

of the array elements the accuracy of the reconstructed 

field increases. Finally it was shown that truncated 

measurements data affects the accuracy of the 

reconstructed field. When the measured field is truncated 

but oversampled by a factor 3 relative to the minimum 

sampling defined by spherical wave theory, this reduction 

in accuracy is however limited and the obtained results 

still allow to roughly identifying the individual slots. 

However, when the oversampling of the truncated 

measured field is decreased to around 1.5, slots cannot be 

resolved and the result almost coincides with that 

provided by microwave holography. 
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