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ABSTRACT We present a cylindrical dual-polarization phased array antenna for weather surveillance
radars that features high isolation, matched copolar beams, low sidelobe levels, and adaptive null steering.
We present a crossed dipole antenna element to replace the patch antenna on the currently deployed
cylindrical polarimetric phased array radar (CPPAR). The crossed dipole element offers suppressed surface
wave and lower coupling between adjacent elements of an array. As a result, we achieved lower backlobe
and sidelobe levels, and a higher match between copolar beams of CPPAR compared to the currently
deployed multi-layer patch antenna. Further reduction of the sidelobe level and adaptive null steering
are obtained using a modified particle swarm optimization. The proposed null steering mitigates the
interference among the four concurrent beams of a cylindrical phased array radar. The improvement in
CPPAR radiation characteristics has been verified by comparing the presented crossed dipole antenna’s
radiation patterns and the existing aperture coupled patch antenna. The proposed crossed dipole phased
array can benefit national weather radar networks to provide accurate multiparameter measurements
enabling reliable observation of severe weather phenomena.

INDEX TERMS Pattern synthesis, particle swarm optimization, radiation pattern, phased array radar.

I. INTRODUCTION

MULTIFUNCTION Phased Array Radar (MPAR) inves-
tigates the feasibility of a shared radar system to replace

the weather surveillance, terminal weather, and air-traffic con-
trol radars [1]–[3]. MPAR offers significant cost savings and
efficiency in operation. The mechanically rotating weather
surveillance radar (WSR-88D) requires about five minutes
to complete a volumetric scan. This is too slow to observe
the detailed evolution of severe weather phenomena. To do
so, the national weather radar network requires a fast vol-
umetric scanning of about one minute. In addition, weather
observations impose stringent requirements on the polarimet-
ric radiation patterns. For instance, to distinguish rain from
melting snow, the error of the copolar correlation coefficient,
ρhv, must be less than 0.01 [4]–[5]. This can be translated
as a higher than %99 resemblance between horizontal and

vertical copolarization patterns. Moreover, the intrinsic dif-
ferential reflectivity, ZDR, ranges from 0.2 dB for dry snow
to 4 dB for large raindrops. To obtain the precision of 0.2
dB, the antenna should have cross-polarization isolation of
better than 40 dB within the entire scanning.
To fulfill the requirements for MPAR, we proposed and

prototyped a cylindrical polarimetric phased array radar
(CPPAR) [2], [3], [6]. The conceptual drawing of the CPPAR
is shown in Fig. 1. The electronically scanning of the vol-
ume with four concurrent beams provides a rapid data update
compared to conventional mechanical scan radars [7]–[10].
CPPAR circumvents most of the shortcomings of the pla-
nar polarimetric phased array antenna. Rather than scanning
with a planar aperture, CPPAR commutates azimuthally pro-
viding scan-invariant beams in azimuth direction and high
polarization purity [1].
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FIGURE 1. CPPAR schematic along with the unit cell illustration in HFSS for obtaining the patch antenna active element pattern in a cylindrical array.

We fabricated and characterized the CPPAR demonstrator,
as shown in Fig. 1, with 2m diameter at the Advanced Radar
Research Center (ARRC) of the University of Oklahoma [7].
The CPPAR demonstrator, though beneficial as proof of con-
cept, seems to have room for further modifications. For
instance, CPPAR ideally is supposed to have four inde-
pendent sectors. However, the four beams of the CPPAR
with relatively high side and backlobes may destructively
interfere. This is due to strong surface wave excitation on
the continuous grounded dielectric of the cylinder that results
in a significant coupling between elements. Different natures
of these couplings for horizontal and vertical polarizations
manifest themselves as a mismatch between copolar beams
of two polarizations. Finally, the coupling between elements
deteriorates the polarization purity of the array antenna.
These drawbacks necessitate revisiting the antenna structure
on CPPAR to enhance its polarimetric performance.
This article proposes a cylindrical polarimetric phased

array using a new antenna structure with enhanced polari-
metric performance. We designed a crossed dipole as an
element for CPPAR to replace the currently deployed multi-
layer patch antennas. The proposed crossed dipole does not
require a thick substrate over the ground plane. Therefore,
reduced mutual coupling between adjacent elements and
lower sidelobes are achieved owing to surface wave suppres-
sion. The cylindrical active element pattern for the proposed
crossed dipole is accurate calculated using phase mode
analysis. Then, this active element pattern is used in a mod-
ified particle swarm pattern optimization. An adaptive null
steering technique is proposed to mitigate the interference
among four concurrent scanning beams of CPPAR. To do
so, we adjust the nulls of a beam, right in the main
beam directions of adjacent quadrants. Other goals of the
optimization are to achieve the desired sidelobe levels (SLL),
beam-width (BW), and matched copolar radiation patterns.
The implemented optimization method is modified by an

iterative particle swapping feature to improve computational
efficiency and increase the convergence rate for the proposed
multi-objective optimization. In addition to CPPAR, we
will investigate radiation characteristics for larger cylindri-
cal arrays with 5m and 10m diameter, technically called
Terminal-MPAR (TMPAR) and MPAR, respectively.

II. PROPOSED CROSSED DIPOLE AND ITS
CYLINDRICAL ACTIVE ELEMENT PATTERN
One of the main objectives of this research is to intro-
duce a new element and demonstrate its enhanced radiation
performance over the existing CPPAR element. In doing so,
we first analyze the cylindrical active element pattern of
the currently deployed patch antenna. CPPAR demonstra-
tor is a 2m diameter cylindrical array which is populated by
96 columns of 19-element series-fed patch antenna shown in
Fig. 1 [11]. To cover the required frequency range of MPAR,
2.7 to 2.9 GHz, a stacked patch structure is utilized as an
element [11]. This structure includes seven layers for feed-
lines, apertures, and radiating patches. Such thick grounded
substrate creates a proper medium that can support vari-
ous modes of circumferential surface waves [12]–[13]. As
these modes propagate around the cylinder, they radiate and
diffract from the edges. This can be observed as some ripples
near the broadside direction in the active element pattern of
the cylindrical array [13], [14]. Therefore, the CPPAR active
element pattern can be considered as a means to investigate
surface wave excitation around the cylinder. To obtain the
cylindrical active element pattern (EAEP), we adopt phase
mode analysis in conjunction with HFSS master/slave bound-
ary condition capability [14]–[15]. Eq. (1) defines a periodic
cylindrical active element pattern as the sum of N harmonics,
where N is the number of elements around the cylinder and
θ is the elevation angle in which the active element pattern
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FIGURE 2. CPPAR measured and simulated embedded element patterns.

is calculated.

EAEP(θ, ϕ) = 1

N

N−1∑

l=0

El(θ, ϕ) (1)

According to Eq. (1), each of these harmonics, El(θ, ϕ),
can be treated as a linked boundary condition (master/slave)
in a FEM solver (HFSS) whose corresponding problem is
shown in the subset of Fig. 1.

El(θ, ϕ) =
N−1∑

n=0

ElHFSS

(
θ, ϕ − n

2π

N

)
ej

2π
N nl (2)

The N far-field components of the HFSS unit cell,
ElHFSS(θ, ϕ), can be treated as N independent problems.
These are simultaneously simulated saving a great amount
of computation time. Then these far-field components are
extracted, post-processed according to Eq. (2), and added
to obtain the cylindrical active element pattern. The above-
mentioned steps for the currently deployed patch antenna
were carried out for the 2m-CPPAR, 5m-CPPAR, and
10m-CPPAR, and their corresponding active element patterns
are provided in Fig. 2a, Fig. 2b and Fig. 2c, respectively.

The CPPAR active element patterns have been mea-
sured in-situ, and the experiment environment is illustrated
in Fig. 3. The measurement results, in Fig. 2a, verify
the above-mentioned phase mode analysis to extract the
active element patterns of large cylindrical arrays. As
observed, there are some undesired features in the active
element pattern of the patch antenna, which is due to its
intrinsic properties. The multi-layers patch antenna hav-
ing a thick grounded dielectric supports various surface
modes propagating around the cylinder and diffracting from
discontinuities [13], [14]. As a result, we observe high
cross-polarization, side, and back lobe levels. The coupling
mechanisms and surface wave excitations are not similar
for both polarizations of the patch antenna. In an array of
rectangular patch antennas, the horizontal radiating slots are
located in close proximity, facing one another. This causes a
strong coupling between elements resulting in a strong sur-
face wave excitation for horizontal polarization. Therefore,
we observe a mismatch between vertical and horizontal copo-
lar patterns in Fig. 2a close to broadside direction. This
mismatch between two radiation patterns increases the cor-
relation coefficient, which adversely affects the polarimetric
performance.
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FIGURE 3. CPPAR in-situ experiment environment.

FIGURE 4. Proposed crossed dipole structure. (a) Conceptual drawing of the antenna, (b) Physical implementation and the corresponding unit cell illustration (Parts of the
substrates are removed to disclose the bent dipoles in between.), (c) crossed dipole antenna.

To address the above-mentioned failures of the currently
deployed patch antenna, we propose a crossed dipole antenna
shown in Fig. 4. The proposed dipole stands a quarter
wavelength above the ground plane, eliminating the need
for a grounded continuous substrate. This way, we sub-
stantially suppress the higher-order modes of the surface
wave [12], [16], which is reflected in the reduced rip-
ples of the crossed dipole coplanar patterns, as shown in
Fig. 2d. Moreover, we designed identical radiation elements
for two polarizations. As seen in Fig. 4a, two radiation
elements have similar dipoles, parallel lines, and half-
wavelength baluns. The crossed dipole is center-excited as
opposed to patch antenna having an offset excitation [16],
[17]. As a result, we obtained an enhanced match between
copolar patterns of the crossed dipole, which gets bet-
ter as the radius of the cylinder increases. Fig. 4a shows
the fabricated cylindrical array of the proposed cross-
dipole antenna. The antenna elements are soldered to the
ground planes. Each column is accurately mounted on the
fixture to create a cylindrical array. We have measured
the reflection coefficient and cross coupling of a mid-
dle element and compare them with simulation results in
Fig. 5. The measured reflection coefficients of both polar-
izations are below −14 dB across the entire bandwidth,
showing a well matched antenna to 50-ohm impedance.
Also, the isolation between horizontal and vertical polar-
izations is better than 56 dB. Comparing to prior proposed
antennas with the same polarimetric application [18],

[19], we have achieved higher isolation between two
polarizations [20].
Figs. 2d, 2e, and 2f demonstrate a significantly enhanced

match between copolar patterns of the proposed crossed
dipole compared to those of the patch antenna on the
2m-CPPAR, 5m-CPPAR, and 10m-CPPAR. The other con-
siderable enhancement is the backlobe reduction of the
crossed dipole active element patterns. This is achieved due
to suppressed surface waves and reduced coupling between
the proposed crossed dipole elements. For its balun imple-
mentation, we used stripline structures with two sub-ground
planes on both sides of each balun, along with a row
of surrounding metalized vias. This cavity-shaped structure
considerably reduces the balun to balun coupling between
adjacent elements. Comparing to those of the patch antenna,
we achieve about 17 dB and 5 dB backlobe reductions for
vertical and horizontal polarizations, respectively. Finally,
the baluns are hidden below the principal ground planes and
attached to dipoles through crossed slots cut in the ground
plane. This way, the parasitic radiations of the baluns are
blocked by the ground plane, leaving the array with pure
radiations of the dipoles. Using such a technique, we have
significantly reduced the cross-polarization level of the cylin-
drical array. Compared to aperture coupled patch antenna,
more than 15 dB cross-polarization reduction is achieved
using the crossed dipole antenna. This gives rise to signif-
icant enhancement in differential reflectivity (ZDR) of the
polarimetric performance.
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FIGURE 5. Simulated and measured reflection coefficients and isolation between
the horizontal and vertical polarizations.

III. CYLINDRICAL ARRAY RADIATION PATTERN AND
PROPOSED OPTIMIZATION METHOD
A modified PSO algorithm is proposed to optimize the beam-
forming weights of CPPAR antennas by minimizing the
interference between adjacent beams and achieve a radia-
tion pattern with the desired SLLs, beamwidth, and matched
copolar patterns. The array radiation pattern of CPPAR in
(θ0 , ϕ0) direction can be calculated as: [21]–[23]

E(θ, ϕ) =
M∑

m=1

N∑

n=1

{
w(n,m)fn,m(θ, ϕ)

× exp{+jk((r sin(θ) cos(ϕ − n�ϕ)

+ zm cos(θ))}
× exp{−jk((r sin(θ0) cos(ϕ0 − n�ϕ)

+zm cos(θ0))}
}

(3)

where N is the total number of elements around the cylinder
and M is the total number of elements along the axis of the
cylinder, ϕn = �ϕ, and zm are the location of elements on the
cylindrical coordinate system, r is the radius of the cylinder,
w(n,m) is the complex beamforming weights, fn,m(θ, ϕ) =
EAEP(θ, ϕ − n�ϕ) are the rotated active element patterns
with respect to elements’ locations on the circumference of
the cylinder.
Having this framework, we optimize the beamform-

ing weights (i.e., w(n,m)) using the modified parti-
cle swarm optimization (MPSO) to achieve the above-
mentioned goals. Several iterative/evolutionary optimization
algorithms have been previously proposed for beamform-
ing optimization [21], [23]–[28]. PSO is an evolutionary
optimization method that can obtain an acceptable solution
for non-convex optimization problems. PSO simulates bird
flocking behaviors [25], [26], [29]–[32]. A group of birds,
as social animals, is randomly searching for food. For our
case, the complex beamforming weights (w) are considered
as particles, in which both amplitude (|w|) and phase (∠w)
needs to be optimized. While the amplitudes of beamform-
ing weights basically contribute to achieve desired SLLs

and BWs, the adaptive null steering is mainly controlled by
the phase of beamforming weights. Mask is defined as the
desired radiation pattern, and the distance of the radiation
patterns to the mask is considered as the distance of PSO
particles to the optimal value.
In the PSO, the best strategy to find the optimal value is

to follow the best particle, which has the nearest position
to the optimal value. The PSO uses a learning / iterative
technique to update the beamforming weights to solve the
optimization problem. The optimization starts by initializing
the beamforming weights, as the PSO particles, with semi-
random values. Deterministic distributions such as Taylor or
Chebyshev distributions can be used as the initial guess to
increase the convergence rate of the optimization. In each
step, each beamforming weight is scored based on how well
that weight solves the problem by calculating the distance
of its array pattern to the mask. The beamforming weights
then updated in the solution space by using an advanced
method. Then, the beamforming weights are scored again in
their new states [21], [25], [26].
The optimization problem is defined for our case to obtain

sidelobe levels less than a desired mask, steering the nulls
right in the main beam directions of adjacent quadrants, and
matching the copolar patterns for all beams. Therefore, in
the nth iteration, the position of the kth particle is updated as:

pkn+1 = pkn + vkn (4)

where pkn stands for the position of the kth particle at the
nth iteration. The new location of each particle is obtained
from their current position and velocity of the particle. The
velocity of each particle is updated as:

vkn+1 = ωvkn + ϕ1rn+1

(
pkn{local best} − pkn

)

+ ϕ2rn+1

(
pkn{global best} − pkn

)
(5)

where ω is Inertia or Momentum; vkn is the current velocity
of the kth particle; ϕ1, ϕ2 are correction factors; rn+1 is a ran-
dom values between [0, 1]; pkn{local best} is the best position
of the kth particle at the nth iteration, and pkn{global best} is
the best position of all particles.
The pattern synthesis for the CPPAR is a non-convex

problem, and thus, some of the particles may fall into local
optima and never converge to the global optimal value.
Hence, we proposed an adaptive particle swapping technique
to improve the convergence rate. This feature is utilized
to replace the particles with the farthest distance to the
optimal value after a specific number of iterations. These
particles could not be converged within an acceptable range
from the optimal value during the optimization and need
to be replaced by new particles. New particles are ran-
domly distributed in the solution space with the mean equal
to the global best position. This feature can improve the
optimization performance by increasing the convergence rate,
especially for multi-objective optimization problems.
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FIGURE 6. Optimized radiation patterns for horizontal polarization using crossed dipole and patch elements for a) 2m-CPPAR, b) 5m-CPPAR, and c) 10m-CPPAR.

IV. OPTIMIZATION RESULTS
The modified PSO algorithm is used to optimize the beam-
forming weights. The goals of this optimization are to
minimize the SLLs, maximize the matching between copo-
lar beams, and create a null at 90o degrees away from the
boresight of each quadrant radiation pattern. This way we
have the minimum interference between radiation patterns
of adjacent quadrants. Therefore, the optimization problem
is defined as:

Minimize
w

PiH,V

(
ϕi = ϕ0i ± 90◦)

Subject to SLLiH,V < SLLth,

BWiH,V < BWth,

MEi ≈ 0, i = 1, . . . , 4

where w stands for the beamforming weights, SLLH,V is the
SLLs for horizontal and vertical polarizations compared to
the mask, ϕ0i is the ith main beam direction (i.e., 0o, 90o,
180o, 270o), and Pi is the power of ith radiation pattern in ϕi
direction.MEi is the mismatch error between copolar patterns
and is defined as the difference between copolar beams of the
H- and V-polarized beams. The mismatch between patterns in
the vertical or horizontal plane can cause inaccurate weather
observations. MEi is defined as:

MEi �
∑

N

|Ph − Pv| (6)

For the polarimetric weather sensing, it is required to have
a mismatch error of less than 0.1dB to achieve accurate
dual-polarization weather measurements.
Fig. 6 shows the optimized radiation pattern for

2m-, 5m-, and 10m-CPPAR with dipole elements compared
to the patch design. It can be seen from this figure that
the dipole elements yield lower SLLs and lower backlobs
compared to the patch elements. For horizontal polariza-
tion with the patch antenna, the backlobe levels of 2-,
5-, and 10m-CPPAR size, are around −33dB, −38dB,
and −50dB, and with dipole antennas are around −40dB,

−66dB, and −75dB, respectively. It can be seen from Fig. 6
that the MPSO optimization for 5m-, and 10m-CPPAR dipole
element design can achieve desired nulls to reduce the
interference effects. As can be seen from Fig. 6b,c, it is
more efficient to use dipole antennas with at least 10dB
lower backlobe level, compared to patch antennas. Also,
the radiation patterns of the 5m-CPPAR, and 10m-CPPAR
have lower than −60dB nulls on ±90o and 180o degrees,
which offers lower interference between radiation patterns
of adjacent quadrants.
The optimized radiation patterns are compared to Taylor

distribution (4, −30), and the results for H-pol with dipole
antennas are shown in Fig. 7. It can be seen from Fig. 7b that
two acceptable nulls are achieved by the proposed MPSO
algorithm (i.e., −68dB, and −76dB) on ±90o, with 17dB
and 24dB lower levels compared to the Taylor distribution.
Fig. 7c shows the radiation patterns for 10m-CPPAR with
around −77dB, and −78dB nulls on ±90o degrees for H-
pol, which are at least 24dB less than Taylor distribution. It
should be noted that the null steering on ±90o is more sen-
sitive to the phase of beamforming weights rather than their
amplitude. This figure also shows that our proposed MPSO
algorithm can achieve at least 6dB improvement in SLLs
compared to Taylor distribution with the same beamwidth.
The BW, SLLs, and the null levels for both H-pol and

V-pol are presented in Table 1. The BWs for 2m-CPPAR are
around 4o and for 5m- and 10m-CPPAR sizes are around
2o, and 1o, respectively. It is normally expected that the
beamwidth decreases as either the number of elements or
the spacing between them increase. The element spacing in
the horizontal plane is selected to be 0.58λ. The beamwidth
could also be reduced at the cost of increasing the sidelobe
levels. However, the optimization goal is to steer two nulls on
±90o subject to achieve relatively low SLLs while matching
all copolar beams. Also, the optimization is supposed to
achieve the same BWs for all four concurrent beams, and for
both H- and V- polarizations to minimize the mismatch error
not only between H- and V-polarizations but also between
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FIGURE 7. MPSO optimized radiation patterns for a) 2m-CPPAR, b) 5m-CPPAR, and c) 10m-CPPAR using the proposed crossed dipole antenna compared to Taylor
distributions.

FIGURE 8. MPSO optimized radiation patterns for H- pol and V-pol for a) 2m-CPPAR, b) 5m-CPPAR, and c) 10m-CPPAR using the proposed crossed dipole antenna.

TABLE 1. Beam characteristics (sidelobe level, beam width, null levels) for different CPPAR size, polarization and antenna type.

different beam patterns, which can cause inaccurate weather
observations, especially for commutating beam scan.
The SLLs for both H- and V-polarizations are also

presented in Table 1. The SLLs for 2m-CPPAR with patch
elements are around 22dB for H-pol, and around 25dB for
V-pol. It can be observed that the MPSO algorithm can
achieve better SLLs for CPPAR with dipole elements com-
pared to those of patch antenna. As shown in Table 1, the
V-pol generally have lower SLLs compared to H-pol. It is
more difficult to optimize the H-pol compared to the V-pol,
because of the ripples on the main beams for H-pol, as shown
in Fig. 2a. The ripples on the main beam of the H-polarized

beam are due to the higher level of coupling for H-polarized
pattern compared to the V-polarized pattern, as mentioned
in Section II.
The optimal beamforming weights are achieved using an

evolutionary optimization algorithm which does not provide
a unique solution to the optimization problem [28]. The
MPSO algorithm is performed to optimize the beamform-
ing weights of all elements. It is clear that the presented
multi-objective optimization problem causes an asymmetri-
cal current distribution, and it will not affect the practical
implementation [28]. In the case of practical limitations, the
smooth amplitude distribution can be achieved by adding
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FIGURE 9. Optimized radiation pattern for a,d) 2m-CPPAR, b,e) 5m-CPPAR, and c,f) 10m-CPPAR.

another constraint to the optimization problem. However, it
may reduce the solution space of the optimization problem
and reduce its degree of freedom.
Fig. 8 shows the optimized radiation patterns for

the CPPAR with dipole antennas for H-polarization and
V-polarization. It is required to achieve a mismatch error of
less than 0.1dB, for the accurate polarimetric weather sens-
ing. As can be seen from Fig. 8, the main beam of H-pol and
V-pol patterns are entirely matched by the proposed MPSO
optimization. The mismatch between the copolar beams
could reduce the correlation between horizontal and ver-
tical polarized beams and could result in inaccurate weather
sensing, especially for the polarimetric parameters such as
copolar cross-correlation coefficient ρhv [5].

Fig. 9 shows the concurrent radiation patterns for the 2m-,
5m- and 10m-CPPAR. Four dual-polarized beams simultane-
ously scan the 360-degree in azimuth to provide faster data
updates for the radar system. The main beam on 90o direc-
tion and the achieved nulls of other beams in this direction
are shown in Fig. 9d, e, f. It is shown that as the radius of the
cylinder increases, the sharper nulls are achieved, and thus,
less interference can be achieved. For the 10-m CPPAR the

nulls levels reach below −70dB compared to the peak of the
main beam showing a substantial amount of independency
between the concurrent beams.
It can be seen from Fig. 9a,d that the backlobe level for the

2m-CPPAR using dipole antennas is around −40dB, which
results in destructive interference to adjacent beams. The
backlobe level for the 2m-CPPAR using patch antenna for
H-polarization is around −33dB as shown in this figure and
Table 1. Fig. 9b shows the four radiation patterns for the 5m-
CPPAR. The backlobe level for the 5m-CPPAR using patch
antenna is around −38dB for H-pol and for CPPAR with
dipole elements is around −66dB, which are acceptable to be
used for the radar system. The radiation patterns for the 10m-
CPPAR is shown in Fig. 9c,f, and the backlobe level using
dipole antennas is around −75dB compared to the patch
antenna with around −50dB. It can be observed that the
desired nulls are achieved for the 10m-CPPAR with dipole
elements. Therefore, a 10m-CPPAR system with dipole ele-
ments is destined with the desired radiation patterns with low
SLLs and matched co-polarization patterns, and the proposed
adaptive null steering technique can be used to mitigate the
interference among the concurrent beams. It is presented in
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Table 1 that the MPSO can achieve at least −75dB nulls
for 10m-CPPAR with dipole antenna compared to at least
−66dB for 5m-CPPAR and −40dB for 2m-CPPAR.

V. CONCLUSION
In this article, we have proposed a beamforming optimization
technique to achieve a radar system that can provide fast
data updates using the conformal phased array radar system.
Seeking the optimized pattern, we followed two paral-
lel approaches in both the element scale and the array
scale. In the element scale, we have proposed a cylindri-
cal crossed dipole phased array antenna and demonstrated
its feasibility through simulation and experiments. Surface
wave suppression and lower coupling between elements, as
demonstrated in the proposed crossed dipole’s active element
pattern, simplify achieving the optimized pattern. A modified
PSO algorithm was proposed to optimize the beamforming
weights of CPPAR antennas to achieve the radiation pat-
tern with low sidelobe levels, desired beamwidth, and highly
matched copolar patterns. To achieve fast data updates for
severe weather observations, a radar system was proposed to
transmit multi-scanning beams in each 90-degree sector of
CPPAR. The interference between adjacent beams was mit-
igated by using a novel adaptive nulling technique. CPPAR
pattern synthesis was presented for different CPPAR sizes
(i.e., 2m, 5m, and 10m) using the crossed dipole and patch
antennas. The proposed crossed dipole cylindrical array can
benefit weather surveillance through its fast data update and
precise polarimetric performance.
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