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Abstract—This paper presents a technique for reduction the 
acquisition time in the measurement of antennas in spherical near 
field systems using multifrequency on-the-fly acquisitions. When 
these acquisitions are performed, a shift in the pattern is 
performed. This shift appears in polarization when the scan is in 
roll axis, or in pointing direction when the scan is azimuth or 
elevation axis. In any case, this shift has to be corrected in order to 
compensate the different trigger time for each frequency point. 
This paper presents a technique for compensating this rotation in 
spherical near field system, by rotation of the radiation pattern in 
the scan axis through an easy calculation of the that shift.  

I. INTRODUCTION 
Antenna measurement requires the reduction of time for many 
applications, in particular when measuring commodity antennas 
as base station antennas, horn antennas… where the test cost has 
to be very limited. This paper presents a technique for reduction 
of the acquisition time in the measurement of these antennas in 
spherical near field systems using multifrequency on-the-fly 
acquisitions.  

In near field antenna measurement systems [1-2], on-the-fly 
multifrequency acquisition can be directly performed in planar 
near field systems or cylindrical near field systems if the scan 
axis is the linear one. In those cases, since the near to far field 
transformation is based on Fourier Transform, if the grid of 
acquisition points is not exactly the same for all the frequency 
points, maintaining the step between points, there is not any tilt 
in the far field pattern. However, if on-the-fly acquisition is 
performed in spherical near field systems [3], and a 
multifrequency acquisition is performed, the transformed far 
field presents a tilt in the radiation or polarization pattern 
depending if the scan axis is azimuth, elevation or roll (for 
different configurations). The same happens for cylindrical near 
field systems when the scan axis is the azimuth.  When these 
acquisitions are performed a shift in the pattern is performed. 
This is clear since the near to far field transformation is 
performed using the data on a sphere, and the samples are shifted 
for each frequency. In any case, this shift has to be corrected in 
order to compensate the different trigger time for each frequency 
point. The direct way to correct the patterns is the calculation of 
the trigger relative time for each frequency point, calculating the 

shift angle derived of that trigger relative time for each 
frequency point and rotate the acquired grid or far field for this 
value. Even if it is possible to calculate this times and angles, the 
values would depend on the synthesizer, number of 
frequencies… Therefore, this technique remains unpractical for 
a general case.  

What we propose in this paper is to measure the cross-polar 
pattern for the broadside direction at different frequency points. 
Then, perform the complete acquisition using on-the-fly 
multifrequency technique. Then, calculate the shift for each 
frequency point minimizing the difference between the 
broadside measurement and the scan done in the real acquisition 
and obtaining the shift angle for each frequency point.  

The paper is divided in following sections. Section II 
explains the LEHA-UPM spherical near field systems used for 
this technique. Section III explains the technique, Section IV the 
results for a horn antenna and Section V the conclusions of the 
paper.  

II. LEHA-UPM SPHERICAL NEAR FIELD SYSTEM  
LEHA-UPM is the Antenna Measurement Laboratory of the 
Universidad Politécnica de Madrid. This Laboratory got the 
ISO17025 accreditation for Antenna Measurements in 2010, 
although is performing measurements since 1981. In 2000, the 
Laboratory began to offer services for external companies and 
universities in a professional way. LEHA-UPM has three 
different anechoic rooms: the first one is a Spherical Near Field 
System, the second and largest one shares a Gregorian Compact 
Range with a Spherical-Cylindrical-Planar Near Field System, 
while the smallest one is a semi-anechoic system with an arch 
for the measurements of antennas on scaled ships.  All the 
combined systems allow the measurement of antennas from 650 
MHz up to 110 GHz in one or different set-ups.  

This facility is used for different purposes: external 
measurement services, research in antenna design and new 
antenna measurement techniques and supporting teaching 
activities with antenna measurement practical exercises.  

 



 

Figure 1. Antenna Positioner: roll over azimuth on a 
linear slide. 

 

 

Figure 2. Polarization positioner: roll axis. 

 

The set-up used for this technique is the Spherical Near Field 
System (Figures 1 and 2). This set-up works up to 40 GHz, with 
rotary joints in all the positioners (Antenna Under Test and 
Antenna Probe) and slip rings for the Antenna Under Test. The 
dimensions of the room are 7.3 x 4.3 x 4.3 meters, the axes are 
controlled by an ORBIT controller, and there are two vector 
network analyzers: HP8530A and the Agilent PNA-X. In any 
case, the test-sets are located close to the probe to reduce the 
losses of the cables. The separation between AUT and probe can 
be adjusted between 2.4 and 4.5 meters using a linear slide where 
the complete AUT positioner is placed. For lower and higher 
frequency bands, the set-up is located at 2.4 meters, while for 
intermediate frequency bands is located at 5.5 meters. 

The measurements are performed using either scan in roll or 
scan in azimuth. In fact, when the combination of frequency, 
antennas size and distance between antennas gives the far field 
condition (𝑟 ≥ 2𝐷%/𝜆), the scan uses to be done in azimuth, 

while if the measurement is done in near field, the scan uses to 
be done in roll.  

LEHA-UPM has been working during the previous years in 
trying to implement different techniques for reducing as much 
as possible the measurement time. For instance, we presented a 
paper in this AMTA symposium [4] a method for fast calculation 
of antenna gain in Near Field using only single or dual cut 
acquisition. Also, in [5] it was presented the study for single cut 
near to far field transformation, that was valid for specific 
antennas (separable excitation) and main cuts (E and H plane). 
The reason for this time reduction is basically the need to reduce 
as much as possible the measurement costs but keeping bounded 
uncertainty in the measurements. 

In this case, it is required to performed complete 
acquisitions, but sometimes in a huge number of frequencies. 
This makes unfeasible the use of conventional mono-frequency 
techniques, and for some antennas and frequency bands, the 
dimensions of our chambers do not allow us to perform far-field 
measurements. The only way to reduce measurement time is the 
execution of multifrequency on-the fly measurements.  

After some tests, the implemented technique uses scans in 
roll and step in azimuth. In this situation, a shift in polarization 
is produced during the measurement for the different frequency 
points. This shift is compensated using the technique explained 
in the following section. 

III. ON-THE-FLY MULTIFREQUENCY SHIFT COMPENSATION 
TECHNIQUE 

The algorithm used in this method is the following one: 

1. The co-polar to cross-polar ratio is measured in the broadside 
direction at each frequency point. This value is XPD1 for each 
frequency point. 

2. Two polarizations on-the-fly spherical near field scan is 
performed in multifrequency performance at the same 
measurement system.  

3. If there is a phase drift, a correction is applied in order to get 
the same XPD in broadside direction for all the f angles in q=0º. 
This is done correcting the co-polar phase and amplitude for the 
4 main cuts and correcting all the cuts to that value. Now, XPD 
is the same for all the f angles in q=0º (due to reflections or other 
mechanical inaccuracies this value could be different for the f 
angles in q=0º in the measurement set-up even if the value is 
unique).  

4. Co-polar and Cross-polar pattern for f=0 is extracted. From 
these patterns XPD2(a=0) is calculated. 

5. Rotating that pattern an angle equal to a, XPD2(a) can be 
calculated for each a. 

6. The difference between the measured co-polar to cross-polar 
ratio in the first measurement (fixed AUT) and the 
multifrequency acquisition, rotating a variable angle (a in Figure 
3) in polarization, is minimized. The maximum shift angle is 
bounded in 1 or 2 degrees, depending on the number of 
frequencies. This is done to help in the convergence of the 
optimization algorithm. 



 

 

Figure 3. Required shift for different frequencies using 
on-the-fly multifrequency scan. 

7. This minimization process gives the required shift for each 
frequency point.  

𝑚𝑖𝑛|𝑋𝑃𝐷. − 𝑋𝑃𝐷%(𝛼)|%  (1) 

8. The calculated angles are checked: for instance, the shift has 
to be progressive for each frequency point.  

9. The near field is rotated this angle for each frequency point 
and the far field is calculated through near to far field 
transformation software. 

Some problems could appear in the calculation of these shift 
angles. Typical ones are that for some frequency points, the cross 
polar is very low, and the final error is high. Another one is for 
low directive antennas, where the reflections in the walls can 
distort the final result. In those cases, if the shift for a specific 
frequency point is not coherent, an interpolation between the 
obtained for the other points can be used. 

In any case, we have applied this algorithm for a high number 
of antenna measurements, and usually there is not any problem 
in the calculation of these angles. In next section, an example is 
presented. 

IV. RESULTS FOR A HORN ANTENNA 
A spline circular horn working in Ku frequency band from 10 to 
16 GHz was measured in LEHA-UPM (Figure 4). In this case, 
the required number of frequency points was very large and full 
sphere acquisitions were required for getting the directivity and 
full sphere pattern. The method explained in previous section 
was applied. This horn has been designed for acting as feeder of 
the Compact Antenna Test Range. 

 

Figure 4. Horn antenna in the LEHA-UPM Spherical 
Near Field System. 

Figure 5 shows the different acquisition patterns (near field) 
before and after performing the shift rotation. 3 frequencies are 
shown, 10 GHz, 12 GHz and 15 GHz. For the first frequency it 
is not necessary to rotate the angle, since we assume the trigger 
time is 0. For the other 2 frequencies, the angle has to be rotated. 

  

  

  

Figure 5. Near Field acquisitions for the 4 main patterns. 
Left side before shift in polarization. Right side after shift 
in polarization. Top 10 GHz, Centre 12 GHz, Bottom 15 
GHz. 

 

 



From these measurements it is observed that for the first 
frequency point there is almost not shift effect, while the 
discrepancies in the acquired and corrected near field patterns 
are increasing with the frequency, as expected.  

Table 1 gives the results for the different frequency points. 
XPD1 is the second column, XPD2(a=0) is the third column and 
XPD2(a optimum) is the fourth column. The optimum a is in the 
fifth column. It is observed that the shift is progressive with the 
frequency as it is expected. The maximum shift is less than 1 
degree for this case of 8 frequency points. The error between 
XPD in the fixed position and the rotated XPD to the optimum 
angle is very reduced, only significant in the case of XPD equal 
to -73.44 dB, where other inaccuracies are important. Also, in 
the case of the first frequency a small angle is rotated. This is 
due to the fact that the system still requires a small time to trigger 
the synthesizer. 

 

Table 1. Different XPD values and optimum shift angle. 

 

Figure 6. Corrected far field pattern at 15 GHz. 

As an example of final results, the corrected radiation pattern 
at 15 GHz is presented. As it is observed, the cross-polar pattern 
corresponds to what it is expected for a spline horn. 

In this case, the AUT was measured practically in far field 
distance. However, similar results are obtained for other cases 
with larger antennas. 

V. CONCLUSIONS 
This technique has been used to drastically reduce measurement 
time, using multifrequency acquisitions instead of single 
frequency point in spherical near field systems, keeping good 
results in the antenna radiation pattern measurement. The 
process is very simple, since the calculation of the shift angle 
due to the time required by the synthesizer in stepping from one 
frequency to the other in multifrequency scans, is done through 
the minimization of the error between the XPD measured in 
broadside direction and the XPD calculated through rotation of 
the acquired pattern. 
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