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Abstract—To perform the polarimetric calibration of the
Antenna Dome - a fixed multi-node over-the-air measurement
setup for antenna pattern characterization — a fast simulation
model is developed. The model enables characterization and
compensation of angle-dependent polarimetric distortions in the
transmitted field of an antenna under test (AUT). An open
ended waveguide and a horn antenna at 26.5 GHz are used
for referencing and validation, respectively. The total power
simulated at broadside with the proposed model showed an
average power difference of 0.5 dB compared with the measure-
ment results for the reference antenna. The proposed calibration
method reduces the power deviation between the full-wave
simulation model and the practical Dome measurement system
of about 67% in the antenna used for validation. The calibration
procedure compensating for systematic power imbalances across
the sensing nodes and correcting angle-dependent polarization
basis distortions.

Index Terms—antenna measurement, calibration, over-the-air,
polarimetry.

[. INTRODUCTION

Over-the-air (OTA) antenna measurements with multi-
probe systems offer efficient characterization of antennas
[1]. Accurate determination of polarimetric components in
antenna patterns is essential to enhance target recognition
performance in sensing, and to reduce polarization mis-
matches in communication via polarimetric calibration. Radar
polarimetry has been widely used in weather sensing [2],
[3], automotive driving [4]-[6] and defense applications [7],
[8]. Dual-polarized antennas have also been widely used in
communications for increased capacity [9], [10]. Achieving
accuracy in polarimetric pattern measurements remains chal-
lenging, particularly at wide scan angles where the polariza-
tion basis becomes non-orthogonal [11]. The Antenna Dome
[12], developed at TU Delft, is a sparse far-field measure-
ment system equipped with multiple dual-polarized phaseless
probes, allowing amplitude-only measurements, which pro-
vides a unique test platform for time-efficient polarimetric
pattern measurements. Its use in active array diagnostics was
recently shown [13].

This work presents, for the first time, a fast simulation
framework for the Dome’s polarimetric characterization and
calibration. The model accounts for geometrical tolerances
and variations in received power across sensing nodes, thereby
enabling robust compensation of polarimetric distortions. A
polarimetric calibration method is proposed and evaluated
with the Dome by utilizing an open-ended waveguide antenna
as a reference, and a horn antenna for validation.
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The remainder of this paper is organized as follows. Section
II introduces the Antenna Dome measurement setup and the
proposed simulation model in CST Microwave Studio and
FEKO. Section III validates the simulation model through
comparison with experimental measurements. Section IV
presents the polarimetric calibration procedure and demon-
strates its effectiveness. Finally, Section V concludes the
work.

II. MEASUREMENT SETUP AND SIMULATION MODEL
A. Geometry of the Dome

The Antenna Dome is equipped with 36 dual-polarized
Vivaldi antennas that act as probes distributed on a geodesic
skeleton, as illustrated in Fig. 1. The Dome skeleton has a
radius of 1 m. However, to mount the antenna under test
(AUT), a holder is placed at the center, raising the AUT.
For each AUT, the distance to the broadside node should be
measured separately, since the phase center differs for each
antenna. The corresponding values are presented later.

The positions of the nodes were determined by measuring
the elevation and azimuth angles with a laser mounted on a
two-axis Newmark GM-6 gimbal positioner allowing precise
rotation in both planes, as illustrated in Fig. 2. The reference
angle for each node was set when the laser beam was aligned
with the center of the corresponding node board. The gimbal
provides an accuracy of £0.02° and a resolution of 0.001°.
The detailed angle values are provided in [14].

Since the distance between the AUT and the broadside node
changes for each setup, and is also different for the rotation
center of the gimbal, the elevation cut for each transmitted
radiation pattern must be recalculated for every configuration.
This concept is illustrated in Fig. 3, from which the corrected
elevation angle for the ith node can be calculated as

Szn(ﬁm)hl >
COS(ﬁl’i)hl — (hl — h2)

where ¢;; is the initial measured elevation angle of the
ith node, corresponding to the angles given in [14] for the
reference distance of h; = 1 m. For comparison, hy = 0.67 m
is the distance between the open-ended waveguide AUT
aperture and the broadside node in our setup.

¥o; = atan < (D)

B. Dual-Polarized Sensing Nodes

Each sensing node integrates two orthogonally oriented
Vivaldi antennas, with polarization components corresponding
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Fig. 1. Top view illustration of the Antenna Dome structure, showing the

node positions as black dots labeled with numbers.

Fig. 2. Illustration of the laser setup used for angle measurements.
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Fig. 3. Illustration of the method for calculating the elevation angle of each
node based on the distance between the broadside node and the AUT. Here,
¥ denotes the initial elevation angle of the ith node, ¥ the current elevation
angle, h the reference distance, and ho the current distance between the
AUT and the broadside node.

to +45° and —45° (Fig. 4), indicated by the green and
blue arrows, respectively. These orientations are defined with
respect to the reference axis shown as the dotted line in the
figure.

Fig. 4. Dual-polarized sensing node (the green and the blue arrows indicate
the +45° pol and -45° pol, respectively).

C. Simulation Model

In the proposed simulation model, the far-field radiation
patterns of both the probes and the AUT were obtained in
CST Microwave Studio, as shown in Fig. 5 and Fig. 6. These
far-field radiation patterns were then imported into FEKO and
assigned to the source and receivers, as illustrated in Fig. 7.

In the simulation model, coupling effects — both between
different probes and between the two polarizations of a single
probe — are neglected, since the relatively large distances
between probes and the low cross-polarization levels of the
Vivaldi antennas (see Fig. 6(c)) suggest minimal interaction.
However, this assumption may be less accurate under un-
equal power illumination (e.g., in the case of a directive
AUT), where certain probes could scatter more strongly and
influence neighboring probes. The model is thus intentionally
idealized in this respect, making it suitable as a reference for
calibrating the real measurement setup. Consequently, it is
sufficient to create two separate models: one comprising all
+45° polarized antennas and the other all —45° polarized
antennas, without coupling effects between nodes, thereby
reducing the runtime.

To verify this assumption, the far-field radiation pattern of
a dual-polarized sensing node, consisting of two orthogonal
Vivaldi antennas, was simulated in CST. As shown in Fig. 8,
the coupling between the orthogonal antennas has a negligible
effect on the polarimetric results. In addition, the total pattern,
defined as the sum of the two polarization components, shows
good agreement with the AUT source pattern obtained from
CST, thereby validating the accuracy of the model.

To capture the polarimetric components at each node, the
AUT, represented by a WR-28 open-ended waveguide, was
placed beneath the Dome and rotated in azimuth by 360°.
Each probe was oriented using the measured elevation and
azimuth angles.

In most full-wave simulation software, such as the CST
Microwave Studio, the radiation pattern is often defined with
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the source located at the origin. In the physical system, and
thus in the FEKO model, however, the AUT must be mounted
on holders, which, as mentioned earlier, raise it above the
initial reference point. As a result, the AUT moves closer to
the broadside node, while the effective elevation angles of all
other nodes increase. To obtain the correct elevation angles in
CST, an elevation cut corresponding to the actual AUT height
relative to the broadside node must be identified as illustrated
in Fig. 3.

The effect of polarization-basis distortion of the transmitted
wave can be observed in the off-broadside pattern simulations.
At broadside, the polarization basis of the source remains
undistorted, resulting in a 90° separation between the adjacent
maxima of the two polarization curves. This aligns with previ-
ous broadside measurements [12]. However, at the 1; = 64.1°
off-broadside node, distortion in the transmitted polarization
basis reduces the peak separation to 40° (see Fig. 8(d)).

(©)

Fig. 5. Perspective view of the CST models of the (a) open-ended waveguide,
(b) horn and (¢) Vivaldi antennas.

III. VALIDATION OF THE SIMULATION MODEL WITH
MEASUREMENTS

To validate the model, the two orthogonal polarization
components were compared with measurement data. In the
measurement setup, the WR-28 open-ended waveguide serv-
ing as the AUT was mounted on a 2-axis gimbal to enable
full rotation, as shown in Fig. 9. The distance between the
AUT and the broadside node was 0.67 m. The Dome was
fully covered with absorbers to suppress multiple reflections
from the ground and the skeleton, and prevent degradation
of the received power. The results from the broadside node
show strong agreement between measured and simulated po-
larimetric patterns (Fig. 10), with an average power deviation
of the total power around 0.5 dB, confirming the accuracy of
the model. The ripples observed in the measured total power
at broadside result from positioning errors of the AUT. For
the off-broadside nodes, deviations between the measurements
and simulations can be observed. These are mainly caused
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Fig. 6. Far-field radiation pattern cuts of the (a) open-ended waveguide, (b)
horn and (c) Vivaldi antennas, simulated in CST.
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Fig. 7. The proposed simulation setup for the Antenna Dome in FEKO:
(a) perspective view with the pattern of the AUT; (b) bottom view of the
broadside node and the first surrounding ring. The green and the blue arrows
indicate the +45° pol and —45°, respectively, while the AUT is shown in
red at the origin.

by systematic errors in the measurement system, including
mechanical tolerances of the Dome skeleton, probe position-
ing errors, fluctuations in probe responses, and polarimetric
distortion.

IV. CALIBRATION OF THE MEASUREMENT SETUP

The simulation model proposed has been used for po-
larimetric calibration of the Antenna Dome. The reference
antenna employed was an open-ended waveguide, which pro-
vides a wide radiation pattern suitable for calibrating all nodes
inside the Dome. For validation of the proposed approach,
a WR-28 horn antenna is used. The distance between the
horn antenna and the broadside node was 0.73 m. Due to its
narrower radiation pattern, the test with the horn is limited to
the near-broadside nodes, namely the broadside node and the
first surrounding ring. Calibration of the remaining nodes can
be achieved with larger transmit power, a validation source
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Fig. 8. Comparison of the polarimetric responses of four nodes in the
proposed simulation model, with and without coupling between the dual-
polarized probes, together with the total pattern and the source pattern
obtained from CST: (a) Node 26 at 3 = o = 0°; (b) Node 22 at
¢ = 20.2° and Y2 = 30°; (c) Node 25 at ¥ = 38.5° and Yo = 54°;
and (d) Node 29 at ¥ = 64.1° and 93 = 83°. The distance between the
AUT and the broadside node was h—0.67 m.
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Fig. 9. Measurement setup with the Antenna Dome for polarimetric power
pattern measurements: (a) outside of the Dome, fully covered by absorbers;
(b) inside of the Dome (the WR-28 open-ended waveguide antenna was
rotated from 0° to 360° using the gimbal in order to obtain the full
polarimetric response of the dual-polarized nodes).
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Fig. 10. Comparison of the polarimetric responses together with the total
pattern of four nodes in the Antenna Dome measurement setup and the
proposed simulation model: (a) Node 26 at ¥ = 0°; (b) Node 22 at
¥ = 20.2°; (¢) Node 25 at 99 = 38.5°; and (d) Node 29 at 19 = 64.1°. The
distance between the AUT and the broadside node was ho = 0.67 m.
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Fig. 11. Comparison of the polarimetric responses together with the total
pattern of four nodes in the Antenna Dome measurement setup and the
proposed simulation model: (a) Node 26 at 9 = 0°; (b) Node 22 at
¥ = 20.2°; (¢) Node 24 at 9 = 20.75°; and (d) Node 33 at ¥ = 19.2°.
The distance between the AUT and the broadside node was ho = 0.73 m.
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that provides a wider beam, or with a phased array having
wide-angle scanning capabilities.

The calibration coefficient for each node is determined from
the power difference between the simulated and measured
patterns obtained with the open-ended waveguide, computed
separately for each polarization and rotation angle at each
node of interest. For the horn measurements, this calibration
coefficients are applied to the measured results. Fig. 11. shows
the horn measurement results before and after calibration,
together with the corresponding FEKO simulation as the
reference. As observed, the calibrated measurements show
significantly improved agreement with the simulations. For
each node, the mean power difference between the measure-
ments and the simulations was calculated across all rotation
angles. Considering the nodes on the first ring, the average of
these mean differences decreased from 3 dB to 0.98 dB — an
improvement of approximately 67%, — while the maximum
decreased from 4.37 dB to 1.46 dB and the minimum from
1.69 dB to 0.7 dB, thereby confirming both the accuracy of
the model and the effectiveness of the proposed polarimetric
calibration approach for the Antenna Dome.

V. CONCLUSION

A novel rapid simulation model, tailored to the fixed multi-
node over-the-air measurement system known as the Antenna
Dome is proposed. The model enables efficient character-
ization and compensation of angle-dependent polarimetric
pattern distortions. The accuracy of the model was verified
with full-wave simulations. Subsequently, measurements with
the Antenna Dome at 26.5 GHz utilizing an open ended
waveguide with a 2-axis gimbal were performed to validate
the model, yielding an average power difference of 0.5 dB
between the model and measurements at the broadside node.
Dome system calibration has been performed at each node and
rotation angle, which reduces the average power deviation by
about 67% for the horn-type AUT.
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