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1. Introduction

The German Meteorological Service DWD is currently
replacing all radar systems with new dualpolariza-
tion radars. With the introduction of dualpolarization
systems improved quantitative precipitation estimations
and a better classification of meteorological and non-
meteorological targets are expected. This, however, re-
quires good data quality delivered by the radar system.
One of the key components is the antenna (e.g. Chan-
drasekar and Keeler,1993, Zrnic et al., 2010, Bringi et
al., 2011). In particular, the quality of dualpol moments is
sensitive to the quality of the antenna and its proper char-
acterization. Commonly the compliance with the speci-
fications of the antenna is proven through antenna pat-
terns which are usually provided by the antenna manu-
facturer as cuts through the main planes of the antenna
including the strut plane. In the course of the accep-
tance tests of the antenna it appeared that for example
the proof of the match between the main beam for both
polarizations is limited with the existing equipment on the
antenna manufactures test range. In particular the me-
chanical antenna pointing accuracy at the antenna man-
ufacturers site appeared not sufficient to show the com-
pliance with our specifications. We therefore test the an-
tennas on the radar manufactures test range making use
of the capabilities of the new radar system. Those tests
are carried out during factory acceptance tests (FAT) for
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the radar system delivered to DWD.
On site antenna tests are a unique effort during the

radar replacement project. They have two main goals.
One is to prove that the on site antenna assembly pro-
cedures guarantee the same antenna performance as
shown during FAT. The second aspect is related to the
combined performance of the antenna and the radome
which in the end determine the operational data quality
of the new dualpol radar system.

The radome is an important protecting component of
the radar system as it guarantees a high availability of
the radar system under bad weather conditions. On
the other hand it must not affect the dualpol data qual-
ity in a significant way. For example, previous studies
have shown azimuthal dependencies of differential mo-
ments due to the radome designs (e.g. Gourley et al.,
2006). The specifications to the radome performance
are strict and hard to prove. In an effort to prove parts
of the radome performance, dedicated antenna pattern
measurements with and without radome were carried out
at the Hohenpeissenberg Meteorological Observatory in
Spring 2011.

The radome that is installed together with the new
radar system has a random panel design which is op-
timized for dualpol applications. The design is aiming at
electrically seamless RF performance. The layout of the
design is based on a impedance matching procedures
which includes laboratory measurement of the electro-
magnetic field due to the scattering effect of the radome
panels.

In the following we first give an overview about the an-
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tenna and radome specifications. We then describe the
approach to verify parts of the specifications. In the main
body of this paper we discuss the results from the mea-
surements before we summarize the main findings.

2. Brief description of the EEC radar
DWSR5001C/SDP/CE

Here we summarize briefly some key aspects of the
radar system relevant for this paper:

Pedestal unit: pointing accuracy < 0.05◦, maximum az-
imuth rate 48 ◦/s

Receiver: The receiver is mounted behind the antenna
(“receiver-over-elevation” concept). The analog sig-
nals are digitized by the ENIGMA3p IFD and the dig-
itized IQ-data are transmitted in realtime through a
fiber optic rotary joint to the ENIGMA3p signal pro-
cessor which is mounted in the radar control cabi-
net.

Antenna: The parabolic antenna has a diameter of 4.3
m and consists of 9 elements. It is made of a com-
posite material and has a center-fed antenna design
with four struts supporting the dualpol feed.

Radome: The radome is manufactured by AFC and has
a random panel design which is optimized for du-
alpol applications. The panels have a sandwich
foam core design. They are coated with a highly
hydrophobic material.

Signal processor: Linux based signalprocessor
ENIGMA3p

3. Requirements to the antenna per-
formance.

In dualpol application a good match of antenna charac-
teristics of the two polarizations planes H and V is a pre-
requisite for a good performance of the radar system. In
particular the mains beam in H and V require a good
matching. Furthermore we are aiming at low side-lobe

levels in all planes including the struts. Low side levels
are important in the presence of high spatial reflectivity
gradients and low reflectivity situations where side lobe
contributions may degrade data quality.

Following specifications for the new dualpol antenna
where established:

• beam width (BW) < 1◦

• difference in H/V BW < 0.03◦

• beam squint≤ 0.08◦

• gain > 45 dB

• gain difference H/V ≤ 0.1 dB

• side lobe main axes < −30 dB (< ±10◦), < −43 dB
(> ±10◦).

• cross-polar isolation < −32 dB

• axial symmetry < −5 dB in a range < ±10◦ around
the main beam.

4. Requirements to the radome per-
formance

Here we summarize the specifications of the radome:

• one way (dry) attenuation < 0.27 dB.

• beam squint caused by radome < 0.02◦.

• side lobe changes ≤ 0.5 dB

• variation of ZDR (in el and az) < 0.0005 dB.

• variation of Φdp (in az and el) < 0.03◦.

• one-way attenuation for ZH and ZV < 0.005 dB.

• variation of ρhv (in az and el) < 0.005◦ for ρhv >
0.99).

• variation of LDR (in az and el) < 1.5 dB.

These specifications indicate very high quality num-
bers as they were provided by the radome manufacturer.
In principle, such small numbers will be difficult to prove
in-field. In an attempt to quantify possible radome ef-
fects, we will analyze antenna patterns with and without
the presence of a radome.

2



5. Hohenpeissenberg measurement
set up and scan strategy

The basic approach to obtain an antenna pattern is to
place a transmitter at the radar frequency in the far field
of the receiving radar antenna. The location of the trans-
mitter has to be chosen such that there are no obsta-
cles in the path. Furthermore, the site has to be se-
lected that minimum scattering at the orography along
this path may occur. A favorable source site may be a tall
tower or a mountain with e.g. a valley along the transmit
path. Contrary to typical antenna test ranges, we have
the new radar system with its precise positioning system
and state-of-the-art radar receiver and signal process-
ing available. This allows to acquire high resolution vol-
ume data during the pattern measurements. Figure 1
shows the radar system during one the pattern tests with
and without radome. In total three external transmit sites
could be identified for the Hohenpeissenberg test: Auer-
berg, Bromberg and the Hohenpeissenberg TV tower.

The Auerberg test site has been used in previous an-
tenna pattern measurement campaigns. The Bromberg
site is a new test site which has been chosen in order
to evaluate Auerberg pattern with an independent set of
measurements. In particular, it is expected that reflec-
tions due to obstacles in the vicinity of the radar site can
be better identified. This then allows for a better quan-
titative interpretation of the antenna pattern. The third
source site may further help in evaluating azimuthal de-
pendencies in the RF field due to the radome. Some ba-
sic informations of the two sites are summarized in Table
1.

Dedicated antenna scans were defined using DWD’s
standard operational radar software MURAN 4.1 with fol-
lowing settings in STAR-mode:

1. “High” resolution volume with elevation angle steps
of ∆el = 0.1◦ close to the main beam and coarser
elevation steps starting at 5◦ with ∆el = 0.5 − 1◦ up
to 30◦ elevation.

• in general 117 sweeps are recorded starting
from el = -2◦ to el = 30◦. Every 10 sweeps, one
sweep is carried out at the elevation of maxi-
mum signal strength. This allows for a monitor-
ing of the signal source during the scan.

Figure 1: Radar system during a pattern test in April
2011, upper picture without the radome, lower picture
with the new radome.

Table 1: Basic information about the two transmitter
sites, Auerberg and Bromberg, respectively.

Auerberg Bromberg TV tower
Coordinates 47◦44’11”N 47◦43’38”N 47◦48’4”N
(lat/long) 10◦44’17”W 11◦01’53”W 11◦1’28”W
Height ASL 1039 m 952 m 936 m

z=158,76 m
Distance to 21.7 km 8.5 km 1.14 km
radar site
az/el Position 250.25◦/0.0◦ 168.5◦/-0.39◦ 93.3◦/+1.21◦

rel. to radar
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• PRF = 3000 Hz, AZ-rate 6◦/s, range= 20 km.
• Raw-range bin resolution: 25 m, range averag-

ing 1 km
• pulse width: 0.4 µs
• Dynamic angle synching (DAS) with 0.05◦ ray

width.
• The following moments are recorded: SNRh

SNRv, Φdp and UZDR.

2. RHI: in order to sample a larger range of the 90◦

plane, we carried out a number of RHI sweeps.

• in general 5 sweeps are recorded starting from
el = -2◦ to el = 90◦.

• PRF = 3000 Hz, AZ-rate 6◦/s, range= 20 km.
• Raw-range bin resolution: 25 m, range averag-

ing 1 km
• pulse width: 0.4 µs
• Dynamic angle synching (DAS) with 0.05◦ ray

width.

The radar of course is not radiating during the scans,
but peaked to the transmitting frequency. One volume
scan and a set of usually four RHI scans for one polar-
ization are acquired in about 2 1/2 hours.

The transmitter dish assembly is shown in Figure 2.
The picture is taken at the Bromberg site. The dish has
a diameter of 150 cm. A close-up view of the dual-pol
feed is shown in Figure 3. On the TV-tower a different
antenna assembly is used provided by EEC.

At the radar site, a standard gain horn provided an
independent monitoring of the received power (Figure 4).

In total three transmit modes where used: H only, V
only and V and H simultaneously. The latter is referred to
as the STAR mode, where the source transmits linearly
polarized signals in H and V at constant phase differ-
ence. In STAR mode we can measure antenna patterns
of differential phase and power. When transmitting in sin-
gle polarized mode (H or V only), the transmitted cross-
polar signal is minimized manually by adjusting the feed
before starting the volume scan. In general, a feed-dish
assembly never shows a perfectly cross-isolation, so that
the received cross-polar signal of the antenna pattern is
at least in part related to the limited cross-isolation of the
transmitting and antenna and feed.

Figure 2: The transmitter dish/feed assembly.

Figure 3: The single-pol feed of the transmitter dish.

Figure 4: Standard gain horn monitoring setup. The pic-
ture shows a view towards the Auerberg site.
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6. Analysis of antenna patterns

a. The measurements

Fortunately, we had very stable and ideal weather con-
ditions during SAT tests with and without radome. The
measurement dates and the corresponding temperature
ranges during the tests are summarized in Table 2. We
document this for a proper interpretation of the antenna
patterns.

b. Outline of the analysis

We focus on the difference between the measurements
with and without radome. In order to obtain a more
generalized view on the antenna performance and the
radome we generate composites centered around the
main lobe from all measurements and show average cuts
through the main planes and their variability from mea-
surement to measurement, and site to site. The best
sampling is available for the zero degree plane where we
have 20 sweeps for each polarization through the main
beam for a particular source site. So in total 60 sweeps
(three source sites) through the main plane are avail-
able for copolar measurements with and without radome
each.

c. Antenna patterns with and without radome

We first show some examples of antenna patterns for a
specific source site with and without radome in order to
illustrate the main features of the radome influence on
the antenna pattern.

The two examples show the copolar signal received
from the TV tower site. Clearly visible are the pencil
shaped main beam of the antenna and the struts. Fig-
ures 5 and 9 show copolar H signal without radome, and
Figure 6 with radome. Qualitatively there is an increase
in copolar signal in some locations to levels above -43
dB, but the difference between the two measurements
seems not significant. Figures 7 and 8 show the corre-
sponding cross-polar HV signal (transmit H, receive V).
It is obvious, that the cross-polar levels are increased
significantly by the radome structure. This increase is
mainly seen in between the struts up to levels of about
-50 dB. There seems to be no significant increase in the
strut plane and the in the main beam region.

Figure 5: Copolar H plot, source site is the TV tower.
Data are taken without radome.

Figure 6: Copolar H plot, source site is the TV tower.
Data are taken with radome.
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Figure 7: Copolar HV plot, source site is the TV tower.
Data are taken without radome.

Figure 8: Copolar HV plot, source site is the TV tower.
Data are taken with the radome in place.

Table 2: Temperature ranges during the antenna tests (in
◦C, time in UTC). Shown are source sites (AUER: Auer-
berg, BROM: Bromberg), the polarization during the test
(H-V-STAR), date, duration, minium, median and maxi-
mum temperature during the test.

site / mode Date / duration Min Med Max
without
radome
BROM V 5.4.11, 11:41-13:34 10.2 12.7 13.8
BROM H 5.4.11, 13:44-15:37 12.0 12.8 13.4
BROM STAR 5.4.11, 15:44-17:01 10.2 11.8 12.7
AUER STAR 6.4.11, 09:27-10:43 14.9 16.3 19.1
AUER V 6.4.11, 11:52-13:43 14.9 16.0 18.2
AUER H 6.4.11, 13:55-15:56 15.7 16.0 16.8
TV V 6.4.11, 16:15-18:07 13.1 15.1 16.7
TV H 6.4.11, 18:32-20:15 12.2 12.8 13.1
TV STAR 6.4.11, 20:48-22:10 11.9 12.2 12.6
with
radome
TV V 11.4.11, 07:37-09:29 14.3 15.1 16.3
TV H 11.4.11, 09:35-11:27 16.3 17.3 18.5
TV STAR 11.4.11, 11:36-13:09 18.6 19.5 20.4
BROM H 21.4.11, 08:46-10:38 19.4 20.1 20.7
BROM V 21.4.11, 10:49-12:42 20.8 21.5 22.1
BROM STAR 21.4.11, 12:50-14:06 22.1 22.6 23.0
AUER H 18.5.11, 07:22-09:14 17.8 18.3 19.3
AUER V 18.5.11, 09:25-11:17 19.3 20.1 21.3
AUER STAR 18.5.11, 11:31-12:47 21.5 22.3 22.8

The typical four cross-polar peaks located around the
center of the main beam are nicely visible (Figure 9, Zr-
nic et al., 2010).

As mentioned before, these figures provide a first qual-
itative view on the main features of the measured an-
tenna patterns. In the following we will make a more
quantitative analysis focusing on cuts through character-
istic planes of the antenna diagram.
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Figure 9: Cross-polar HV plot, source site is the TV
tower. Data are taken without radome.

7. Slices through the main axes

Here we show slices through the main axis (0◦), the 90◦

and the strut plane (±45◦). We first show a comparison
of the results from the three source sites without radome.
Ideally, no differences should be expected. Any differ-
ences in the patterns from different source sites may be
attributed to our test range conditions. In general, the re-
sults for the copolar measurements are similar from site
to site. For example, the first side lobes match very well
in location and level (Figure 10). Furthermore, the lo-
cation of the side-lobes from the on site measurements
match well with those from FAT. We note however, that
the FAT side-lobe levels tend to differ from the on site
measurements. We attribute this to the test range con-
ditions during FAT. The cross-polar measurements show
larger scatter (Figure 11). This can also be attributed to
test range effects where part of the transmitted copolar
signal may be scattered at obstacles along the propa-
gation path. The state of the boundary layer may also
contribute to scattering effects. We notice also an asym-
metry in the first side lobe in H. The reason for this is not
clear. This might be due to a lateral feed dis-alignment
(Skolnik, 2008). The increased filling of the first null in the
copolar H pattern compared to the V pattern may point

to different blocking effects due to the feed, depending
on the polarization state.

In the following analysis, we average the measure-
ments from on the different source sites as outlined be-
fore. This is done for the tests with and without radome
and includes the measurements from the STAR tests
where applicable. When averaging the data we also
compute the 1st and 3rd quartile of the data which will
serve as an indication of the antenna pattern variability
as a function of azimuth angle. The resulting variability
then can be attributed to the radome, test range effects
and measurement uncertainties of the radar receiver.
The variability due the radome may be attributed to the
different azimuthal positions of source sites. As such the
antenna aperture looks through different radome panel
combination and geometries.

The average copolar results in H and V through the
main plane (zero degree) show no significant differences
between measurements with and without radome in the
main beam area including the first side lobe (Figure 12,
upper panel). There is a significant increase in side lobe
levels beyond the first side lobes compared to the mea-
surements without radome. The typical roll-off of the side
lobes is not seen and the copolar signals remain on av-
erage on a constant level. At some azimuthal positions
copolar levels are above the specified -43 dB level (Fig-
ure 12, lower panel). From an operational perspective,
the levels of the first side lobes are important as they de-
termine level of clutter echos at low elevations. Table 3
summerizes the average first side lobe levels in the main
plane. Without radome, the antenna fails to achieve the
specified maximum side lobe of -30 dB by 0.4 dB. The
other side lobe levels are well within the specifications,
also with the radome present. Based on the specifica-
tion, the first side lobe must not be increased by > 0.5
dB due to the radome. Here in all but one case, this is
achieved. In V, we find an increase of 0.9 dB (from -34.3
to -33.4 dB). This might be a measurement artifact, but
the large number of measurements and the small vari-
ability from measurement to measurement suggest an
effect related to the radome. However, the overall perfor-
mance of the antenna-radome assembly with respect to
the influence on the copolar antenna pattern in the main
beam area is still very good. The corresponding cross-
polar slices are shown in Figure 13. In the main beam
there is no significant difference between measurements
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Figure 10: Slices through the 2-D pattern. Shown are
copolar results through the main axes at 0◦ from mea-
surements during FAT and SAT. We compare results
from FAT at EEC, MOHP Bromberg (BROM), Auerberg
(AUER) and the TV tower source site with a focus on the
main beam area. The black graphs denote the specifica-
tion.

Figure 11: Slices through the 2-D pattern. Shown are
cross-polar results through the main axes at 0◦ from
measurements during FAT and SAT. We compare results
from FAT at EEC, MOHP Bromberg (BROM), Auerberg
(AUER) and the MOHP TV tower source site with a fo-
cus on the main beam area. The black graphs denote
the specification.
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Figure 12: Average copolar power H and V, with and
without radome. The average is based on 60 sweeps
(single pol and STAR mode tests). Shown are also the
antenna specifications.

Figure 13: Average cross-polar power HV (transmit H,
receive V) and VH (transmit V, receive H), with and with-
out radome. The average is based on 40 sweeps (single
pol tests). Shown are also the antenna specifications.
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Table 3: The average first side lobe levels in H and V
for the measurements with and without radome. Power
levels are relative to the main beam.

polarization w/o radome, with radome,
az / power level az / power level

H −2.6◦/− 33.3 dB −2.5◦/− 35.4 dB
2.5◦/− 29.6 dB 2.5◦/− 30.0 dB

V −2.5◦/− 33.8 dB −2.4◦/− 34.3 dB
2.4◦/− 34.3 dB 2.5◦/− 33.4 dB

with and without radome. The cross-polar signal are
about 10 dB larger for azimuth angles > ± 10◦. How-
ever, on average the cross-polar levels are always within
the specifications.

The variability (defined by the 1st and 3rd quartiles)
of the copolar measurements with and without radome
is shown in Figures 14 and 16. Largest variations are
usually seen near minima where slight differences in az-
imuthal position can cause large variations. For data
without radome, side lobe peaks usually show small vari-
ations which suggest quasi-constant azimuthal locations
of those peaks between measurements. Those vari-
ations are larger for the measurements with radome.
Though we have only three source sites with respectively
different azimuthal positions, we might argue that the
increased variability seen here can be attributed to the
radome. In doing so, we relate this to an azimuthal de-
pendence of the antenna pattern caused by the radome.
This may be explained by different panel combinations
seen by the antenna aperture at varying azimuthal posi-
tions and associated variable scattering effects.

The variability of the cross-polar measurements is
shown in Figures 15 and 17. In the main beam area
the observed variability is likely to be dominated by test
range effects. Outside the main beam area we observe
a similar behavior as for the copolar measurements: the
variability of the cross-polar measurements is on aver-
age larger for measurements with radome.

Similar to the results for the main plane we now show
the copolar side lobe levels in the strut plane (±45◦). The
mean copolar levels in the strut plane is based on an av-
erage over all three source sites (Figure 18). The num-
ber of samples for this average is much smaller than for

Figure 14: Variability of copolar power H with and without
radome in the main plane. Shown are also the antenna
specifications.
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Figure 15: Variability of cross-polar power HV with and
without radome in the main plane. Shown are also the
antenna specifications.

Figure 16: Variability of copolar power V with and without
radome in the main plane. Shown are also the antenna
specifications.
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Figure 17: Variability of cross-polar power VH with and
without radome in the main plane. Shown are also the
antenna specifications.

the main plane, in particular for elevation angles > 5◦.
Overall, the difference between the results with and with-
out radome appear small in the strut plane. The block-
age and scattering effects due to the struts dominate.
The first side lobe in both cases is between -27 and -28
dB for both H and V. Up to 10◦, the side lobes remain at
an almost constant level of around -33 dB. There is no
significant difference between measurements with and
without radome. This has to be compared to the main
plane results where we see a pronounced roll-off of the
side lobe levels down to -50 dB or less for measurements
without the radome, and -40 dB for measurements with
the radome (see Figure 12). From radial angles > 10◦

on, we see a steady decrease in side-lobe levels. The
specification are satisfied for angles of about > 20◦. The
variability in the strut plane is shown in Figures 20 and
21. It is comparable for measurements with and without
the radome. The cross-polar results in the strut plane
are shown in Figure 19. A double peak at about ±0.8◦

can be seen where we cut through the typical cross-polar
antenna pattern of a center fed antenna assembly (see
also Figure 9). On average, the cross-polar levels in
HV are within the specs whereas the peaks in VH are
above the specification (near ≈ -28 dB). Similar to the
variability of copolar cuts, the variability of cross-polar
cuts through the strut plane is relatively small for both
the measurements with and without radome (Figure 22
and 23). Clearly the copolar and cross-polar data in this
plane is dominated by the presence of the struts.
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Figure 18: Average copolar power H and V, with and
without radome. Shown are also the antenna specifica-
tions.

Figure 19: Average cross-polar power HV and VH, with
and without radome. Shown are also the antenna speci-
fications.

Figure 20: Variability of copolar power H with and without
radome in the strut plane.

Figure 21: Variability of copolar power V with and without
radome in the strut plane.
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Figure 22: Variability of cross-polar power HV with and
without radome in the strut plane.

Figure 23: Variability of cross-polar power VH with and
without radome in the strut plane.
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8. Measurements of differential
phase and differential power

In this section we focus on the match of the phase and
power patterns.

A good match of the phase patterns is important to ob-
tain good quality phase dependent radar moments, such
as the differential phase Φdp and the cross correlation
coefficient ρhv. Especially across the main beam, where
most of the energy is located, variations of differential
phase and power should be small. A variability of the dif-
ferential measurements would limit the accuracy of radar
moments under real weather conditions. However some
variability might be expected due the presence of struts
and errors in feed alignment (Mudukutore et al., 1995).
As illustrating examples we show the spatial distribution
of differential phase and power in the main beam ar-
eas for the measurements without radome (the figures
with radome are comparable). The differential phase
distribution is shown in Figure 24. The corresponding
differential power measurement is shown in Figure 25.
In the main beam area, the observed patterns for mea-
surements with and without radome show similar pattern.
Larger differences are found roughly at the border of the
main beam. These differences will be quantified in the
following. Large differences outside the main beam area
related to usually low SNR values.

For a more detailed analysis we compute the phase
difference as function of radial distance. The center or
zero radial distance is defined as the location of the SNR
peak power. For a given radial distance interval we com-
pute the statistics of the data from all angles. This is
done individually for all data with and without radome.
The results based on the three source sites are then av-
eraged to obtain the overall distribution of the phase dif-
ference in the main beam area. For the differential phase
the results are shown in Figure 26. Up to about a radial
distance of 1◦, variations of differential phase are small
for the measurements without radome. At about 1◦ we
find a mean difference of -2◦ relative to the peak value
in the main beam center. This corresponds to SNR val-
ues of about -15 dB below the main peak. Differences
start to increase from about r = 0.7◦ on which also coin-
cides with increased variability as seen in the 1st and
3rd quartile values. (Figure 26, lower panel). Up to

Figure 24: Differential phase without the radome. Source
site is the TV tower.

Figure 25: Differential power without the radome. Source
site is the TV tower.
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this value the phase difference is quasi-constant over the
main beam. The measurements with radome on average
show a somewhat larger increase in phase difference in
the main beam area. Also the 1st and 3rd quartile appear
to show a larger range suggesting an increased variabil-
ity in differential phase due to the radome. The largest
variability in differential phase is found around r ≈ 1.8◦

where we find the first minium in received copolar power
(below -30 dB in SNRh).

The results for differential power are shown in Figure
27. On average, differential power is essentially 0 dB
up to a radial distance of r = 0.5◦, which roughly cor-
responds to the 3dB beam width. This is found for the
measurements with and without radome. With increas-
ing radial distance r, the power difference increases up
to ≈ 0.7dB at r = 1◦. The increase is larger with radome
where we reach a power difference of about ≈ 1dB at
r = 1◦. If the scattering volume is not beam-filling or
heterogeneous, the observed differential power variabil-
ity will affect the resulting data quality of ZDR (likely more
than for the differential phase measurements).

9. Beam squint and beam width

Beam width and beam squint are important character-
istics of an antenna. In the following we compute the
beam width from the 3-D data by extracting the loca-
tion of the -3 dB isoline relative to the peak of the main
beam. We analyze data from the STAR and Single-Pol
tests from three source sites. This is done separately for
the tests with and without the new radome. In order to
illustrate the differences in H and V, we show the H and
V beam widths with and without radome on a one-to-one
plot (Figure 28). First of all the beam widths are all be-
low 1◦. The results from the measurement with radome
show a larger scatter (one outlier). Also, the data seem
to suggest that the V beam widths are on average always
larger than the H beam widths: without radome 0.90◦ (H)
versus 0.93◦ (V), with radome 0.88◦ (H) versus 0.91◦ (V).

In order to compute the beam squint, we initially de-
termine the position of the V peak relative to the main
peak position in H. Then we fit a 2-D surface to the SNR
data from which the peak positions in H and V are calcu-
lated. Those data are used to compute the beam squint.
The errors in beams squint are determined by the un-

Figure 26: The differential phase without and with the
radome as a function of radial distance relative to the
main SNR peak. Shown are the median and the 1st
and 3rd quartiles, respectively based on the pattern data
from the three source sites. The upper panel shows the
full range, whereas the lower panel shows a narrowed
range in phase in order to see the differences in the main
beam area.
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Figure 27: The differential power without and with the
radome as a function of radial distance relative to the
main SNR peak. Shown are the median and the 1st
and 3rd quartiles, respectively based on the pattern data
from the three source sites. The upper panel shows the
full range, whereas the lower panel shows a narrowed
range in differential power in order to see the differences
in the main beam area.

Figure 28: Beam widths in H and V, with and without
radome.

Figure 29: Beam squint with and without radome.

certainties of the surface fit. The results are shown in
Figure 29. It should be noted that we the results actually
represent the one-way beam squint. The beam squint
with radome is always smaller than 0.04◦, whereas two
measurements without radome show a somewhat larger
squint, but still below the specified 0.06◦.

The results for beam width and squint are summarized
in table 4.

Overall, the specification for beam width and squint are
fulfilled with and without the radome.
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Table 4: Beam widths (BW) and beam squint (BSQ) re-
sults with and without the radome and the differences in
BW H and V. We show the average beam width in de-
grees.

polarization w/o radome with radome
BW H 0.91 ± 0.07 0.89 ± 0.07
BW V 0.93 ± 0.06 0.90 ± 0.05
BW H-V 0.023 0.012
BSQ 0.034 0.027

10. Conclusion

This unique measurement campaign is the first approach
to quantify on site the performance and the effect of a
radome on the HF performance of the antenna. Clearly,
the specifications of the radome (in particular in the main
beam area) and their proof are difficult achieve, since
the numbers are at or beyond the measurement accu-
racy of the radar system. Plus, there are always some
uncertainties related to the test range conditions. Nev-
ertheless, the statistics of the measurements indicate at
least the magnitude of an radome effect, in particular if
we compare the measurements with and without radome
in the main plane directly. There, we have a very good
data base to derive quantitative results. We find that the
beam width, shape and squint do not degrade due to the
radome. This in turn also means that the gain of the
antenna should not degrade. The first side lobe level is
raised in one polarization plane compared to measure-
ments without radome. The side lobe levels are raised
significantly off the main beam, but in general the result-
ing levels are on average still within the specifications.
The STAR mode tests indicate that the inhomogeneity of
differential phase in the main beam is larger due to the
radome. The larger inhomogeneity appears related to
different panel combinations seen by the antenna aper-
ture considering the three source sites. This in turn im-
plies some azimuthal dependence of the radar moments
which still has to be quantified. The differential power
measurements indicate a very good match up to the -
3 dB level of the main beam. The power difference for
the measurements with radome becomes larger with in-
creasing radial distance (up to 1 dB). Here we may have

a larger ZDR bias due to the radome especially for situ-
ations with non-beam filling targets.

The data set is not yet fully analyzed. Ongoing anal-
ysis considers are the antenna patterns which have to
be quantitatively related to resulting moments. We also
analyze weather cases in order to investigate antenna
effects under strong spatial reflectivity gradients.
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