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Abstract— The equivalent source technique (EQC) has 

proved to be a useful aid in antenna processing, diagnostics 
and in the link with Computational ElectroMagnetic Tools 
(CEM). For broadband frequency antennas or in case of very 
large number of frequencies, reduction of the number of 
frequency points to be computed is a desirable feature, to 
significantly limit the global computational time. In recent 
applications this is a realistic need, since antennas are present 
in almost all commercial products, operating on a large set of 
frequency bands, and exhibiting a wide variety of pattern 
types. Therefore, they need to be analysed on a relevant 
number of frequency points, to finally check compliance with 
standards. For this purpose, in case of multifrequency 
processing, an interpolation technique based on radiation 
patterns and antenna S-parameters has been implemented in 
the EQC. In this paper the new implementation is applied and 
demonstrated on a large band antenna. 

Index Terms— Antenna measurements, broadband 
antennas, equivalent currents, integral equations. 

I.  INTRODUCTION  

Antennas are present nowadays everywhere: in vehicles, 
roads, domestic appliances, houses, offices, factories, 
airplanes, satellite communications buildings and military 
sites. This is just a subset of different possible specific 
applications and for each of them particular frequency bands 
have been allocated by standards to guarantee all 
communication services. To keep up with these different 
communication needs and applications, antennas are 
designed to operate on wider frequency bands and sometimes 
with an adaptable radiation pattern that guarantee the 
reliability of the communication even in case of complex 
scenarios. This is relevant to either low frequency band 
antennas or high frequency band antennas, like devices for 
EMC applications or 5G devices, respectively. Indeed, 
antennas for EMC applications need to be tested on a broad 
frequency ranges (such as 30 MHz to 1 GHz) and based on 
the normative, the testing should be extended to higher 
frequencies up to 6 GHz or higher. Instead in 5G devices 
beamforming antennas are widely used, which are 
characterized by a high pattern variability. Therefore, a 
relevant number of measured frequency points are needed to 
fully characterize the antenna radiation on the entire 
frequency band. In order to deal with a high number of 
frequency points and reduce the processing time, an 
interpolation technique has been introduced in the equivalent 

source method (EQC), reported in [1-2] and also [3-5]. When 
the EQC technique, implemented in [6], is applied on 
antenna for diagnostics [7-10] or for link with CEM tools 
[11-13], this new implementation allows a reduction of the 
computational time, without sacrificing the accuracy of the 
results.  

In this paper the new implementations of the EQC 
technique is applied to an MVG Dual Ridge Horn SH800, 
measured on a relevant number of frequency points to 
demonstrate the enhancements in total computational time 
and to guarantee the accuracy of the results. 

II. BROADBAND EQUIVALENT SOURCE TECHNIQUE 

The method tries to build an interpolator which takes as 
input the values of a function on a reduced set of frequency 
points and a larger set of frequency points and gives values 
of the function on the larger set of frequency points. The 
algorithm to build such interpolator uses the available Near 
Field (NF) measurement data on all the frequency band and 
the S-parameters. It iteratively selects frequency nodes, i.e. 
frequency points where the equivalent currents should be 
computed directly and build the interpolator to reconstruct 
the currents on other frequency points.  

III. DUAL RIDGE HORN SH800 

The antenna under test (AUT) is the MVG SH800 dual 
ridge horn, shown in Fig. 1. The AUT is linearly polarized 
and has been designed to operate in the frequency band 08-
12GHz with stable gain with respect to frequency. The AUT 
dimensions are HxWxL = 270 x 146.2 x 225 mm. 

  
Fig. 1. AUT: MVG dual ridge 800MHz – 12 GHz horn. 



A plot of the measured return loss in the full operational 
frequency band is reported in Fig. 2. 

 

Fig. 2. Measured reflection coefficient [dB] of the SH800 dual ridge horn. 

The SH800 has been measured in MVG StarLab (SL) 
multi-probe spherical NF system in 1.2 – 6.0 GHz frequency 
range, see Fig. 3. The Horn has been placed in the 
measurement system with its lower interface offset of 15cm 
along the vertical axis respect to the centre of the arch.  

 

  
 

Fig. 3. SH800 dual ridge horn during NF measurement within the MVG 
SL-18GHz measurement system. 

As an example, Co-polar and Cross-polar directivity 
radiation patterns at 1.0, 2.5, and 6GHz, on the E and H 
planes are shown in Fig. 4. and Fig. 5, respectively.  

 

 

Fig. 4. Directivity radiation pattern of the SH800 dual ridge horn on the E 
plane @6Hz. 

 

Fig. 5. Directivity radiation pattern of the SH800 dual ridge horn on the H 
plane @6GHz. 

The equivalent current reconstruction technique has been 
applied to the measured field of the antenna on the 1.2-6GHz 
frequency band.  

IV. RESULTS 

Results obtained with direct computation at all the 97 
frequency points (reference) against results obtained with 
interpolation are compared along the frequency axis. Setting 
a threshold of 0.005 on the error on the input data (i.e. 
measured NF data and measured S11), the algorithm 
automatically selects 58 frequency points out of the 97, 
where the direct computation should be performed, and build 
the interpolator to reconstruct the data at the missing 39 
frequency points. The overall reduction is then around 40%. 

The error on the reconstructed NF is shown in Fig. 6 both 
for the reference case and for the interpolated case. The error 
is kept lower than 2.5% on the whole band. At 4.1GHz the 
error in the case with interpolation is the largest.  

 



 
Fig. 6. NF error with direct evaluation and with interpolation along the 
frequency axis. 

Then the equivalent currents are compared at 4.1GHz. 
Fig. 7 shows the surface electric current obtained with direct 
computation on the left panel and the currents obtained with 
interpolation on the right panel. Fig. 8 shows instead the 
distribution of the magnetic currents with direct computation 
on the left panel and the currents obtained with interpolation 
on the right panel. 

 

 
Fig. 7. Surface electric current amplitude [dBA/m] at 4.1 GHz (where the 
NF error is the largest). Left panel: reference; Right panel: obtained with 
interpolation 

 

 
Fig. 8. Surface magnetic amplitude [dBV/m] current at 4.1 GHz (where 
the NF error is the largest). Left panel: reference; Right panel: obtained 
with interpolation. 

V. CONCLUSION 

Results concerning the source reconstruction problem for 
a large number of frequencies, where the currents are 
computed directly on a reduced set of frequency points and 
interpolated on the remaining frequency points, are 
presented. The interpolation algorithm uses all the available 
measured NF data and the S-parameter to iteratively select 
important frequency points, where the currents should be 
computed directly, and to build an interpolator to reconstruct 
currents at the remaining frequency points.  

The interpolation technique allows a reduction of the 
computed frequency points of around 40%, while the error of 
reconstruction is kept lower than 2.5% on the whole 
frequency band. The agreement of the computed equivalent 
currents between the direct method and the interpolation 
technique is good. These results demonstrate the 
enhancements of the EQC method in total computational 
time and to guarantee the accuracy of the results. 
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