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Abstract. Near-field measurements are commonly per-
formed in anechoic chambers which limits the flexibility of
the measurements and requires high precision equipment to
achieve exact results. In this contribution, we investigate a
simple near-field measurement setup which does not use any
sophisticated positioning system nor operates in a controlled
environment. Instead, the probe antenna is moved by an op-
erator person while the probe position is measured by a laser
tracker. This implies that the measurement results will have a
higher error level in comparison with antenna chamber mea-
surements. However, excellent error levels are not always
necessary, especially when it comes to on-site testing of the
principle functionality of antennas. Measurement results are
shown to illustrate the performance of the system.

1 Introduction

Antennas are usually characterized in terms of their far-field
(FF) radiation pattern. An efficient method to obtain the
pattern involves near-field (NF) measurements from which
the FF can be calculated by a NF to FF transformation
(NFFFT) (Yaghjian, 1986; Gregson et al., 2007; Parini et al.,
2014). Such NF measurements are usually performed in ane-
choic chambers, since this echo free measurement environ-
ment is an acceptable approximation of free space. However,
performing in-situ measurements becomes more relevant as
the operation environment of an antenna may influence its
performance. Moreover, many relevant antennas cannot be
brought into antenna measurement chambers and the inter-
est in portable and flexible antenna measurement solutions
is, thus, growing. A key enabler of portable and flexible mea-

surement solutions with irregular measurement locations and
measurement probe orientations is the availability of an ap-
propriate NFFFT algorithm, which is able to handle the col-
lected measurement data. Advanced NFFFT algorithms such
as the fast irregular antenna field transformation algorithm
(FIAFTA) can perform such tasks and offer even additional
diagnostic capabilities (Eibert et al., 2010, 2015). Another
important property of this kind of transformation approach
is its capability to consider the measurement environment at
least in parts, e.g., by the consideration of a reflective ground
half-space, either metallic or even dielectric (Mauermayer
and Eibert, 2016; Eibert and Mauermayer, 2018), or by the
direct modelling of scatterers (Yinusa et al., 2012).

A very sophisticated measurement system for high-quality
measurements of antennas in assembly halls by utilizing an
overhead crane is described in Geise et al. (2019). This sys-
tem works with a measurement gondola positioned by the
overhead crane where the exact position and orientation of
the measurement probe is determined by a 6D laser tracking
device.

Another even more flexible approach for the realization
of in-situ measurements is the employment of a UAV which
carries the probe antenna to the desired positions (Fritzel
et al., 2016). First experiments and tests in the field of UAV-
based antenna measurements are found in Garcia-Fernandez
et al. (2017) and Virone et al. (2014). A severe problem with
these published approaches is that the used receivers can only
measure the magnitudes of the fields. Since available algo-
rithms for phaseless NFFFTs are not yet accurate and reli-
able enough (Paulus et al., 2017), the results and error levels
are still far from what is achievable with NF measurements
performed in anechoic chambers.
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Sometimes the exact characterization of an antenna in its
real environment might not be necessary, since the principle
antenna behavior is known and only the influence of the oper-
ation environment shall be revealed, e.g., of the mast carrying
a radio broadcast antenna or other nearby scattering objects.
Another application scenario is the verification of antennas
mounted onto a satellite. Satellites are built on construction
sites and then shipped thousands of kilometers to a space-
port for take-off to space. In this case, the antenna behavior
is known and only the correct operation needs to be verified
in a fast check-up because of possible damages due to pack-
aging and transportation.

In this paper, we present a simple method for the NF mea-
surement of antennas with manual collection of the field sam-
ples. Within traditional NF ranges, the probe antenna is com-
monly mounted on a positioning system which is capable of
moving the antenna to a predefined position. Instead of using
a sophisticated positioner or a UAV as mentioned before, the
probe antenna is moved manually by an operator person. This
implies that the position and orientation of the probe antenna
are not exactly known from the positioning itself. To cope
with this, the position of the probe antenna is measured by a
laser tracker. The orientation data is not determined or mea-
sured at all and, therefore, introduces some uncertainty into
the measurement data. Because of its simplicity, the measure-
ment setup is very flexible for transportation and can be used
for fast on-site testing of antennas.

The basic arrangement of such a measurement system
was already described in Eibert et al. (2013). A similar sys-
tem with manual movement of the field probe has recently
been published in He et al. (2016) for field monitoring and
for radar applications in Alvarez-Narciandi et al. (2019).
The main difference to the system in this paper is the em-
ployed positioning system. In He et al. (2016) and Alvarez-
Narciandi et al. (2019), an optical tracking system was em-
ployed while our system is based on a laser tracker. On the
one hand, the optical tracking system provides orientation
data of the probe while the laser tracker does not. On the
other hand, the laser tracker is much more more flexible in
terms of operation range and area while an optical tracking
system has a limited range and is more applicable for indoor
operation.

This paper is structured as follows. Section 2 describes
the setup and hardware implementation of the measurement
system. Measurement results for two different scanning ge-
ometries, quasi-planar and quasi-cylindrical, are presented in
Sect. 3.

2 Setup and implementation

A schematic drawing of the measurement setup is shown in
Fig. 1. The two main components are a laser tracker of model
FARO Vantage (FARO Technologies Inc., 2016) and a vec-
tor network analyzer (VNA) of type R&S ZVL (Rohde &
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Figure 1. Schematic drawing of the measurement setup. The field
and position data of the manually moved probe antenna are recorded
by a vector network analyzer (VNA) and a laser tracker, respec-
tively. The probe antenna is connected by an optical fiber link to the
VNA and a Raspberry Pi (RPi) is used to read and store the data
from the VNA and laser tracker.

Fiber converter

Figure 2. The Vivaldi probe antenna is attached to a handle which
carries the retro-reflector target (SMR), the RF-over-fiber converter
and a battery.

Schwarz, 2020). The laser tracker is capable of measuring
the position of a spherical-mounted retro-reflector (SMR) up
to sub-millimeter accuracy. The SMR is attached to the bot-
tom of the utilized probe antenna handle. The network ana-
lyzer is connected to the antenna under test (AUT) and the
probe antenna, so that the complex transmission parameter
can be recorded during the measurement. While the AUT is
connected to the VNA via an SMA-cable, which exhibits
an attenuation of 4.45dB at 1 GHz, the probe antenna is
connected to the VNA by an optical fiber link. For this,
an RF-over-fiber module (ViaLite Communications, 2020)
is mounted on the probe handle together with a battery as
power supply for the RF-over-fiber module. Despite its at-
tenuation of 4.83 dB, the advantage of the optical fiber link
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Figure 3. Far-field radiation pattern of the probe antenna including
the handle and all electronics. The pattern has been measured in an
anechoic chamber.

over an SMA-cable is the flexibility of the probe handle and
it also diminishes the influence of possible cable bending due
to the movement of the probe. In particular, the phase stabil-
ity of the optical fiber link has been found to be very good
and the attenuation of the optical fiber link is also low with
about 0.05dB at 1 GHz. However, it must be kept in mind
that the noise figure of the optical fiber link is on the order
of 15 to 20dB. Both, laser tracker and VNA are triggered
from a Raspberry Pi (RPi). After each trigger impulse, the
data from both devices are read out and stored before a new
trigger impulse is sent, in order to ensure that the field and
position data correspond to each other. The utilized measure-
ment probe is a PCB fabricated Vivaldi antenna working in
the frequency range of 1 to 3 GHz and as seen in Fig. 2. Its
radiation behaviour, when it is mounted on the probe han-
dle together with the RF-over-fiber converter and the battery,
has been measured in the anechoic chamber at the Technical
University of Munich and validated by simulation. An illus-
tration of the measured probe pattern is found in Fig. 3.

3 Measurement results
3.1 Planar measurement geometry

The described setup has been tested in a large sports facility.
Figure 4 shows the setup where the double-ridged horn an-
tenna DRH400 was used as AUT, mounted on a stand 2.4 m
above ground. The measurement frequency was 1 GHz while
a set of position and field data was recorded every 50 ms. The
AUT near-field was scanned on an almost planar surface in
horizontal lines as depicted in Fig. 5.

The main beam of the AUT can clearly be seen within the
NF data. However, there are fluctuations in the field mag-
nitude which is due to improper orientation of the probe
antenna and noise due to parasitic echo contributions and
external interference. An operator person carried the probe
antenna during the measurements, where a long wooden
stick extended the positioning range to larger heights above
ground at the risk of a less accurate probe orientation. During
the NFFFT via FIAFTA, it was assumed that the probe ori-
entation did not change during the whole measurement data
acquisition. Obviously, this introduces some errors into the
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Figure 4. On-site measurement scenario. An operator person moves
the probe antenna on a planar scanning surface in front of the an-
tenna under test. The probe position is tracked by a laser tracker,
while the probe antenna itself is connected to a vector network ana-
lyzer by an optical fiber link.
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Figure 5. Magnitudes of the near-field samples located on the quasi-
planar measurement surface. Each dot represents one measurement
sample where the field magnitude is coded in color.

field transformation since the correction of the probe influ-
ence on the measured field data cannot be fully corrected due
to possibly wrong orientation data of the probe antenna. The
probe correction is performed utilizing the FF pattern of the
Vivaldi antenna including the handle and all electronics, as
shown in Fig. 3. In most parts of the scan area, the sampling
of the NF is considerably finer than required by the sampling
theorem. This was desired as it reduces the error influence of
single measurement samples. A comparison of the resulting
FF pattern with a reference measurement, performed in the
anechoic chamber of the Technical University of Munich, re-
veals a deviation of up to —20 dB within the expected valid
angular range. The FF main cuts for & = 90° and ¢ = 0° are
depicted in Fig. 6.

The deviation between the manual measurements and the
reference is given by

Eman

€ =20log ‘ ref ‘—'
max (| Eref|) max (| Eman|)

‘, 6]

where E.f is the FF of the reference measurement and E
the FF of the manual measurement. Due to the finite scan
surface, the transformation results are only valid in a certain
angular range. The valid angles are calculated according to
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Figure 6. Far-field main cuts in the valid angles with and without
ground consideration. The phi-cut (a) is evaluated at 6 = 90° and
the theta-cut (b) at ¢ = 0°. The maximum deviation of the mea-
surement from the reference is —20 dB.

A _
Pvatia = tan~! (M) 2)
and

A —h
Oyatia = tan~ ! (W) , 3)

where AXmeas and Aymeas are the width and length of the
measurement surface and way and 7,y the width and height
of the AUT. The finite scan surface also introduces errors
within the valid angular range, especially near the edges, as,
e.g., also described in Qureshi (2013).

On-site antenna measurements are inherently different
from NF measurements performed in anechoic chambers in
terms of external influences such as scatterers and ground
effects. Therefore, these influences should be taken into ac-
count within the NFFFT. The measurement has been per-
formed in a large sports facility to ensure free space around
the AUT and lower the influence of scatters. Figure 6 also
includes the results of the NFFFT performed with consider-
ation of dielectric ground. A comparison of the FF cuts with
and without ground consideration reveals that the ground in-
fluence is little in this measurement. In fact, this quasi-planar
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Table 1. Comparison of the far-field errors of multiple quasi-planar
measurements. Meas 1 is the measurement described in detail in
Sect. 3.1, while all other measurements have been performed in a
similar manner. Note that the frequency of Meas 4 is different from
the others.

makx. far-field error

frequency
phi-cut (8 =90°) theta-cut (¢ = 0°)
Meas 1 1GHz —22.29dB —20.18dB
Meas2 1GHz —22.51dB —17.06dB
Meas3 1GHz —24.37dB —20.36 dB
Meas4 2.4GHz —24.33dB —17.28dB

(b)

Figure 7. The laser tracker was placed under the AUT (a) to per-
form a manual measurement with a cylindrical scan geometry. In
the NFFFT, an AUT mesh (yellow) was used for the computation of
the far-field while a mesh of the laser tracker (copper) was declared
as scatterer (b).

measurement has been performed several times with simi-
lar results in terms of error level and ground influence. The
errors of some measurements are given in Table 1, which
shows the repeatability of such manual antenna measure-
ments within the stated error bounds.

3.2 Cylindrical measurement geometry

To increase the valid angular range in horizontal direction,
another measurement with a cylindrical scan geometry has
been performed. For this, the laser tracker was placed un-
der the AUT as depicted in Fig. 7a. This was necessary since
line-of-sight between the laser tracker and the SMR is re-
quired and could otherwise not be realized for all measure-
ment positions. Again, the probe antenna handle was moved
by an operator person with the extension of a wooden stick
in the upper field parts. The AUT itself was placed 2 m above
ground and the vertical distance between AUT and laser
tracker was 30 cm. Once more, the field has been measured
at a frequency of 1 GHz while the recording interval was de-
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Figure 8. Magnitude of the measured near-field where red repre-
sents high and blue low magnitude. The field has been measured on
a cylindrical scan geometry to increase the valid angles.
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Figure 9. Far-field main cuts in the valid angular range for 60 =
90° (a) and ¢ = 0° (b). The transformation results are shown with
and without the consideration of the laser tracker as an echo source.

creased to 5 ms to collect even more samples. Figure 8 shows
the magnitude of the measured field data. The transformed
FF cuts are shown in Fig. 9. A comparison of Figs. 6a and 9a
reveals that the valid angular range could be increased with a
similar error level of the results.

Due to the close vicinity between AUT and laser tracker,
some influence on the measured field in terms of scattered
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field contributions from the laser tracker is expected and
should be considered in the NFFFT. For this, the laser tracker
was modeled and included into the mesh file as depicted
in Fig. 7b. The employed NFFFT algorithm, FIAFTA, com-
putes the equivalent currents on the whole mesh while even-
tually only the AUT currents are used for the computation of
the FF. The FF cuts in Fig. 9 show the transformation results
with and without the modelling of the laser tracker as echo
source. It can be seen that the error level is reduced in Fig. 9b
when the laser tracker is considered.

4 Conclusion

A simple NF measurement setup for on-site testing of an-
tennas has been presented. The operation performance was
shown by two near-field measurements that have been trans-
formed into the far-field by near-field far-field transforma-
tion. Even if the error level is higher in comparison with tra-
ditional near-field measurements in anechoic chambers, the
system performs well for the principle validation of anten-
nas. It was further shown that the measurement system is
very powerful in particular in combination with appropriate
near-field far-field transformation algorithms, which enable
the consideration of ground effects and echo sources. The
clear advantage of this setup over traditional near-field ranges
is its mobility and flexibility that enables on-site antenna test-
ing.
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