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Abstract—In this paper we look into a near-field measurement
setup consisting of a cylindrical reflector and a linear array
feed. The main application is Random Line-Of-Sight Over-The-
Air measurements in anechoic or semi-anechoic chambers (i.e.,
anechoic chamber with reflecting floor). More specifically, the
aim is testing the wireless communication systems on automotive
vehicles. The aim is to generate the uniform field distribution of
a plane wave over a pre-defined test zone containing the car or at
least the part of the car containing the antenna(s). The field in-
tensity variations over the testing zone have been investigated for
reference measurements over the testing frequency bandwidth,
i.e., 1.6-2.8 GHz.

Index Terms—Random Line-Of-Sight, OTA measurement, Ve-
hicular antennas.

I. INTRODUCTION

Autonomous driving cars have many potential advantages
such as reduced traffic collisions, improved traffic flow man-
agement and increased roadway capacity. At the same time
consumers require more and more connectivity in their vehi-
cles for, e.g., infotainment systems, streaming music services,
maps and satellite navigation systems. These systems require
an increasingly higher number of wireless links to and from
cars. The wireless connection must be reliable to ensure the
service quality and passenger safety, especially in the case of
the autonomous driving cars where safety is a primary concern.
This brings about a need for Over-The-Air (OTA) testing of
wireless communication to and from cars [1].

Generally, it is possible to perform OTA testing of wireless
devices in both anechoic chambers (walls fitted with absorbers)
and reverberation chambers (reflecting walls) [2], [3]. Ane-
choic chamber emulates the pure Line-Of-Sight (LOS) envi-
ronment which traditionally is used for testing the performance
of antennas in fixed installations, whereas the reverberation
chamber represents the Rich Isotropic Multipath (RIMP) en-
vironment where large amounts of scattering are present, such
as urban or indoor environments. For the automotive wireless
applications, especially in areas with less density of scatterers,
LOS is expected to play a more dominant role than RIMP
in the environment. The same is true for millimeter wave
5G telecommunications where the path loss is larger and the
spacing between the scatterers is large in terms of wavelength.

This work has been supported by two projects from Sweden’s innova-
tion agency VINNOVA, one within the VINN Excellence Center Chase at
Chalmers and another via the program Innovative ICT 2013, and by internal
support from Chalmers.

However, it should be noted that due to the randomness of
the orientation of the cars, fixed LOS does not apply to
the communication link and instead Random Line-Of-Sight
(RLOS) has been introduced to describe the new OTA test
scenario [4], [5].

In this paper, we provide an initial study of the chamber
antenna for OTA test of the automotive wireless systems in
anechoic chambers. The proposed antenna system consists
of a cylindrical reflector which is fed with a linear array.
The elements of the linear array are initially considered as
Huygens sources, but will eventually be replaced by wideband
bowtie elements [6], [7]. The goal of the design study is to
produce a good plane wave in the test zone. The quality of this
plane wave is characterized by the standard deviation of the
variations of the field distribution within the test zone when
the car is not present [8]. The test zone is defined by the
location of the turntable on which the car will be located, and
the location of the Antenna Under Test (AUT) relative to the
axis of rotation as well as the AUT height. In the reference
measurements, the AUT is a vertical monopole, whereas in
the actual car measurements it will be the antenna on the car.
We have performed a previous study with a linear array as
the chamber antenna. This showed that by using 24 elements
in the array, it is possible to achieve a standard deviation
(STD) of the field distribution of almost 0.7 dB over a test
zone of radius 1 m [8]. This radius was chosen to allow for a
1 m displacement of the AUT relative to the rotation axis. In
another study we have used a 24 x 24 elements square array in
order to emulate the plane wave in the testing zone and also to
be able to model base station antennas’ height and tilting [9].
Here, we employ a cylindrical reflector in conjunction with
the linear array to achieve the same capabilities as the planar
array. We use the ideal digital threshold receiver model [10]
to determine the theoretical Probability of Detection (PoD) of
the reference simulations, and this will be a vertical line if
the field distribution is constant. In this work we limit the
simulations to vertical polarization because most car antennas
are located on the roof of the car and thereby can only receive
vertically polarized waves.

II. FIELD SIMULATIONS AND RECEIVER MODEL

The geometry of the reflector, the feed and the test zone are
illustrated in Fig. 1. The reflector’s focal distance, height and
length are assumed tobe F' = 1.5m, h; = 2F =3 mand L, =
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Fig. 1: Cylinndrical reflector, linear array feed and the test zone.

4 m, respectively. The length of the feed array is Ly which will
be defined by the number of antenna elements and element
spacing. The test zone is located at a 4 m distance from the
feed and its radius and height are R and h, respectively. In
practice R and h are defined by the location of the AUT on
the vehicle with respect to the turntable’s axis. The feed is
designed to have its main beam at an angle § = 55° from the
—z direction while illuminating the reflector.

We have used Physical Optics (PO) to calculate the scattered
field from the reflector. The feed is assumed to be an array
of vertically polarized Huygens sources. Fig. 2 illustrates the
intensity of the incident field from the source (E"), scattered
field from the reflector (E®), and the total field (E' = E'+ E®)
over the xz-plane for a single element feed. As can be seen in
this figure, the feed itself can have strong direct radiation into
the test zone. This direct radiation from the feed has an adverse
effect on the accuracy of the measurement. In fact, in the
actual realization of the chamber antenna, we will choose array
elements with more directive beams than Huygens sources,
or block the direct radiation by a corrugated shield. For this
reason, all the results in the current paper are based on the
values of the scattered field E°. Hence, basing the results on
E” instead of E' is a practical assumption.

The receiver is modeled by the ideal threshold receiver
model [10]. In this model the system throughput is given by

TPUT = TPUT ey (1 — CDF (Py,/Pyy))

1
= TPUT o PoD (P /Py) )

where TPUT,x is the maximum system throughput, CDF is
the Cumulative Distribution Function, PoD is the Probability
of Detection, Py, is the threshold power level which can
be determined by conducted measurements, and P,, is the
available average power at the input of the threshold receiver.

III. FIGURES OF MERIT

We have chosen two figures of merit to characterize the
accuracy of the chamber antenna. Both of these figures of merit
are related to the variation of the field inside the test zone.
As mentioned earlier, the location of the test zone depends
on the placement of the AUT with respect to the axis of the
rotating platform in the chamber. Based on typical size of
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Fig. 2: The intensity of the incident, scattered and total electric fields
at 2 GHz. The test zone is a circle in zy-plane and its side view is
shown with the dashed line.

personal cars, we choose R = 1 m, h = 1.5 m, and D =
4 m. The first figure of merit is the standard deviation (STD)
of the normalized received power at a vertical small dipole
antenna moving over the surface of the test zone, in dB scale.
Assuming a vertical polarization for the chamber antenna and
the AUT, the normalized received power is computed as

& _ |Ez(r)|2 (2)
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TR2
where F, is the vertical component of the electric field.

The second figure of merit is the difference (in dB scale)
between the received power and the threshold power at 0.9
PoD level, which corresponds to receiving 90% of the trans-
mitted bitstream. Our target accuracy is 1 dB or less for both
figures of merit.

IV. RESULTS

We have used the same number of elements (/V,,), element
spacing (dy), and amplitude tapering for the feed array as in
[8]. That is, Ny = 24, dp = 130.9 mm, and a linear-in-dB
amplitude taper from 0 to —6 dB on 25% of the elements on
each side of the array. The scattered field E* at the middle
of the reflector’s height (h = 1.5 m) and the corresponding
PoD curves for various values of R between 0 and 1 m are
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Fig. 3: The scattered field E* at the middle of the reflector’s height (h = 1.5 m) at different frequencies. The test zone is shown with the

dashed black circle.
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Fig. 4: PoD curves for various values of R between

shown in Fig. 3 and 4 for several frequencies, respectively.
As can be seen from Fig. 3, grating lobes appear at higher
frequency. On the other hand, it is shown in Fig. 4 that more
homogeneous field distribution is obtained in the testing zone
as the frequency increases. As the field distribution in the
testing zone becomes more homogeneous, the PoD curves get
closer to the vertical line at 0 dB which is the ideal threshold
level when the plane wave has constant amplitude over the
test zone.

Pav/Plh [dB]

0 and 1 m in the test zone at different frequencies.

We have compared the performance of the array-fed cylin-
drical reflector, with that of a 24 x 24 elements square array
of comparable size and same vertical and horizontal element
spacing, and the same height as the cylindrical reflector. Two
different amplitude tapering schemes are used on the planar
array: Horizontal taper denotes the case where tapering is
applied only in the horizontal array dimension. Horizontal
and Vertical (2D) taper indicates the case where the same
tapering is applied in both array dimensions. Fig. 5 shows the



1.6 T T T 2.4 T : :
=)
—
— Q
=) =
=k x
a S
= (]
n =
X
>
DE
.4 | = Planar array - Hor. taper | | — Planar array - Hor. taper
0.4 Pl H Pl H
=== Planar array - 2D taper y === Planar array - 2D taper
----- Reflector - Tapered feed 0.4 ... Reflector - Tapered feed i
Reflector - No taper Reflector - No taper
-© Single antenna «© Single antenna
0 0

I 15 2 25 3
Frequency |GHz]|

1 15 2 25 3
Frequency |GHz|

Fig. 5: The two figures of merit vs. frequncy for Cylindrical reflector
compared with those of planar arrays with two different amplitude
tapering schemes and a single antenna.

two figures of merit over the frequency band 1-3 GHz for the
cylindrical reflector with both tapered and uniform feeds. The
values are compared to those of the horizontally-tapered planar
array, and the 2D-tapered planar array. The case of a single
antenna is also plotted in the same figure for comparison. It
can be seen that the reflector with a non-tapered feed provides
an uncertainty similar to that of a planar array with horizontal
taper. Also, the single antenna has a similar uncertainty as the
reflector with a non-tapered feed. Furthermore, the reflector
with tapered feed has an accuracy comparable to that of the
2D-tapered planar array. But, the reflector with linear array
feed employs much smaller number of antenna elements.
Hence, a less complex and more practical feeding network is
required for the array structure. As shown in Fig. 5, the use of a
cyclindrical reflector and linear array feed can provide smaller
than 0.8 dB STD values and smaller than almost 1 dB values
of power at 90% PoD level, at frequencies above 1.5 GHz.
For frequencies below 1.5 GHz, the size of the reflector is not
large enough to radiate homogeneous field distribution at the
distance of the testing zone.

Another factor which affects the accuracy levels and the
figures of merit over the test zone is elevation. The elevation of
the AUT measured from the floor of the measurement chamber
will depend on the size and shape of the vehicle. The height of
personal cars typically varies between 1.5 and 1.8 m. Hence,
it is interesting to investigate the accuracy of the chamber
antenna at horizontal planes with different heights. To this
end, Fig. 6 shows the two figures of merit for the cylindrical
reflector, over the frequency band, for different elevations from
1.5 m to 1.8 m. It can be observed in this figure that variations
in elevation can lead to around 0.4 dB change in the figures of
merit. However, the effect of the elevation on the uncertainty
levels is complex and requires further investigation.

V. CONCLUSIONS

A setup consisting of a cylindrical reflector and a linear
array feed is proposed as the chamber antenna for RLOS
automotive OTA measurements in anechoic chambers. The
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Fig. 6: The two figures of merit vs. frequncy for cylindrical reflector.
The test zone is located at different elevations between 1.5 m to
1.8 m.

goal is to generate a uniform plane wave field distribution over
a circular testing zone, inside which the antenna on the car
will be located. Two figures of merit are used to measure the
accuracy. It is shown that values below 1 dB are achievable for
both figures of merit over the desired frequency band, i.e., 1.6—
2.8 GHz. The achieved accuracy levels with only 24 antenna
elements in the feed are comparable to those of a large planar
array with 24 x 24 elements.
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