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1. Introduction

The polarimetric measurement of weather targets is very demanding on terms of antenna parameters. In particular, it has
been found that in order to have valid measurements of the reflectivity, Z, the differential reflectivity, ZDR, and the copolar
correlation coefficient, ρhv , their respective biases should be less than 1 dB, 0.1 dB and 0.005 [1], [2]. Achieving these biases
requires well matched antenna patterns of the two antennas used for transmission/reception and very low cross-polar radiation.
It has been demonstrated that if the simultaneous transmission simultaneous reception (STSR) algorithm is used, the cross-
polar radiation is required to be significantly lower than if the alternate transmission simultaneous reception (ATSR) algorithm
is used [1], [2]. Achieving this very low cross-polar radiation pattern requires a very careful design of the reflector antennas
used in the mechanically scanned weather radars and it is challenging the development of phased array radars for weather
surveillance that also need low cross-polar radiation for all scanning directions [3].

Considering the advantages that polarimetric measurements already provide and the benefits that the use of phased array radars
could bring to the weather community, a search for algorithms and methods to obtain the accuracy required while integrating
polarimetric capabilities on agile-beam phased arrays [4], [5] is on going.

A fully polarimetric and Doppler measurement scheme (3-PolD) based on alternate transmission of three different polar-
izations while receiving with two differently polarized antennas has been proposed [6]. This measurement scheme provides
the minimum variance unbiased linear estimates of the polarimetric covariance matrix elements from the available measure-
ments. Its results compare well with those obtained with the STSR or ATSR method while not requiring any assumption on
the Doppler or polarimetric characteristics of the target. Recently, it has been demonstrated that this method can be easily im-
plemented on an agile-beam phased radar [7] without any loss in the accuracy of the polarimetric and Doppler estimates. The
goodness of these results lead to the analysis of the cross-polar radiation effects on the 3-PolD measurements. Initial results
have shown that antenna requirements for the cross-polar pattern can be relaxed with this measurement scheme. Besides, the
flexibility in choosing the three different polarizations to transmit helps to meet the demanding cross-polar level requirements
for all scanning directions.

The 3-POLD method will be briefly reviewed in the next section. Then, the effects of the cross-polar pattern on the polarimetric
parameters will be discussed to end with the conclusions.

2. 3-POLD method review

The 3-POLD method considers sequential transmission of three different polarizations while simultaneously receiving their
co- and cross-polar counterparts. This way, polarimetric and Doppler effects are decoupled. Linear least squares estimation
is used to obtain the polarimetric parameters. Doppler parameters can be estimated with any of the methods proposed in the
literature [8], [9].

Let’s consider that the three alternately transmitted polarizations are α̂, β̂ and γ̂ and N pulses are transmitted. For each
transmitted pulse two elements of the scattering matrix are obtained. If polarization α̂ is transmitted, Sαα and Sαα⊥ are mea-
sured (α̂⊥ stands for the polarization orthogonal to α̂). Analogously, if polarizations β̂ or γ̂ are transmitted, Sββ and Sββ⊥
or Sγγ and Sγγ⊥ are measured (β̂⊥ and γ̂⊥ are the polarizations orthogonal to β̂ and γ̂). From these scattering matrix ele-
ments the corresponding coherency matrices can be obtained, then considering the realtionship between covariance matrices
in different polarization bases and using linear least squares estimation the full polarimetric covariance matrix is obtained in
the desired polarization basis. Similarly, scattering matrix elements at different time instants can be combined to finally obtain
the temporal correlation function and the Doppler parameters of interest. It follows a schematic diagram of the procedure to
get the covariance matrix and the Doppler parameters from the measurements, as just described.
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and MHV−αα⊥ , MHV−ββ⊥ and MHV−γγ⊥ are unitary matrices to change the covariance matrix from HV-basis to αα⊥-
basis, ββ⊥-basis and γγ⊥-basis respectively.

3. Cross-polar radiation pattern effects on 3-PolD measurements

To analyse the bias in the polarimetric parameters of interest that cross-polar radiation causes when using the 3-PolD method,
two ideal cross-polar radiation patterns, representative of different real situations, will be considered [2]. The same co-polar
pattern is assumed for both cross-polar patterns. Two identical but orthogonally polarized radiating elements are considered to
generate alternately the three polarizations with the following assumptions: their co-polar and cross-polar patterns are equal,
there might be a phase shift between the co-polar fields radiated by each element, co- and cross-polar fields may also be phase
shifted and co-polar maximum is much higher than cross-polar one [2].

3.1. Co-polar pattern

The co-polar antenna gain is assumed to be Gaussian:

gc(θ, φ) = gce
−4 ln(2) θ

2

θ2c (3.1)

with gc the maximum gain and θc, the 3 dB beam width. A 45.6 dB gain and a 1o of half power beamwidth have been assumed
in results presented in figures 3 to 10.

3.2. Coaxial cross-polar pattern

The coaxial cross-polar pattern presents a main lobe coincident with the co-polar pattern main lobe. It is also assumed as
Gaussian,

gx(θ, φ) = gxe
−4 ln(2) θ

2

θ2x (3.2)

with gx the maximum gain and θx, the 3 dB beam width.

3.3. Four-lobe cross-polar pattern

This pattern presents a zero in the co-polar main lobe axis and four lobes equally spaced in azimuth. Each lobe follows a
Gaussian pattern as:

gx(θ, φ) = gxe
−4 ln(2)

(θ−θp)2+(φ−φp)2

θ2x (3.3)

with gx the maximum gain of each lobe, θx, the 3 dB beam width, θp the angle between co-polar lobe axis and cross-polar
lobes axis and φp the azimuth orientation angle.

Cross-polar pattern parameters, gx and θx, are determined in terms of the cross- to co-polar peak radiation pattern, XPL,
considered:

XPL(dB) = 10 log10
gx
gc

(3.4)

Knowing the antennas’ radiation patterns, the biases of the polarimetric parameters’ estimates can be calculated [2], [10].
These biases have been calculated for the reflectivity (Zh), the differential reflectivity (Zdr), the copolar correlation coefficient
(ρhv) and the differential propagation phase shift (Kdp) for different types of hydrometeors.

For a given class of hydrometeors and given antennas’ radiation patterns, the bias of any parameter depends on the propa-
gation phase shift and the phase shifts between co- and cross- polar fields [1], [2]. In the results that follow the maximum value
of the bias is shown, that is, the error bound for each parameter due to cross-polar radiation.

Biases are shown as a function of the XPL for the two cross-polar patterns defined. Absolute bias of reflectivity and dif-
ferential reflectivity are shown in dB, relative bias of copolar correlation and differential propagation phase shift are shown as
a percentage.

The worst results are obtained, as it could be expected, for the coaxial cross-polar pattern, though even for a XPL as high
as -10 dB, all parameters are measured with the desired accuracy. These results are at least as good as those obtained with
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Figure 1: Co- and coaxial cross-polar patterns Figure 2: Co- (black) and four-lobe cross-polar (red) pattern
contour.

Figure 3: Zh bias. Coaxial cross-polar pattern

Figure 4: Zh bias. Four-lobe cross-polar pattern

the ATSR method, and clearly better than the results obtained with the STSR method, which, for example, to keep the bias of
the differential reflectivity below 0.1 dB requires a XPL below -45 dB for the coaxial cross-polar pattern and of -21 dB if the
four-lobe cross-polar pattern is considered [2].

4. Conclusions

The bias due to cross-polar radiation when the 3-PolD method is considered to perform polarimetric Doppler measurements
has been calculated for two different cross-polar patterns, that could be considered extreme idealized cases. Most real cross-
polar patterns are a combination of these. Results show that the 3-PolD method provides measurements with the required
accuracy without imposing too stringent requirements on the antennas. In this regard, its behavior compares well with the
ATSR method, and clearly overcome the STSR performance. Previously, it has been shown [6] that the 3-PolD method
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Figure 5: Zdr bias. Coaxial cross-polar pattern

Figure 6: Zdr bias. Four-lobe cross-polar pattern

Figure 7: ρHV bias. Coaxial cross-polar pattern

provides minimum variance unbiased linear estimates of the polarimetric covariance matrix and Doppler parameters within the
Doppler bandwidth determined by the pulse repetition time, T. Because it decouples polarimetric and Doppler parameters it
does not require to make any assumption regarding the temporal correlation function. Besides, it has been shown in [7] how the
3-PolD method, due to its nature, it is not affected by the biases due to the change of transmitting and receiving polarizations
with the pointing direction that occurs when considering an electronically scanned planar array [7]. These properties make the
3-PolD method a good candidate, that may be considered, for the future weather phased array radar systems.
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Figure 8: ρHV bias. Four-lobe cross-polar pattern

Figure 9: Kdp bias. Coaxial cross-polar pattern

Figure 10: Kdp bias. Four-lobe cross-polar pattern
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