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Meteorological radars have proven to be of great utility in remotely sensing the 

structure and evolution of clouds and precipitation [1].

The signal received due to backscattering contains information that helps to 

identify the type of hydro-meteor in the exploration area and to predict how  the 

weather phenomena evolves and move.

POLARIMETRIC DOPPLER RADAR

They constitute the state of the art in weather radar. 

Most Doppler national weather networks are upgrading 

their systems to polarimetric. Polarimetric Doppler radar 

systems transmit and receive with two orthogonal 

polarizations [1].

Coherent processing of the polarization components of 

the returned signal, provides information regarding to 

the shape, velocity and orientation of the hydro-meteors 

in the pulse volume.

THESIS

● Collecting all previous work.

● Extracting conclusions 

3-POLD AND ANTENNA RADIATION PATTERN

● Developing a mathematical model to calculate bias with 3POLD and  

specific antenna's polar and cross-polar radiation patterns. 

● Showing  the results in a relevant publication and in scientific 

symposiums.

3-POLD IN PPAR

● Developing a mathematical model to avoid bias with 3POLD in PPAR. 

● Showing  the results in a relevant publication and in scientific 

symposiums.

BIAS IN WEATHER POLARIMETRIC MEASUREMENTS

● Understanding Bias and its relationship with the radar system 

specifications.

● Finding the maximum Bias level limits reported by relevant authors.  

BIBLIOGRAPHIC REVIEW

● Learning the existing weather radar technology, limitations and 

challenges.

● Finding the typical hydrometeor polarimetric  signatures.
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More precisely:

● The Doppler radar is the only remote sensing instrument that can reveal a storm’s 

internal structure, helping forecasters to understand its genesis and behavior [1].

● It allows to estimate accurately the amount of rain, hail or snow in altitude and at 

ground level. 

● All the weather measurements of doppler radars can be digitally stored for statistics 

and research.

● It is able to remotely detect  severe storms and damaging hail, so that timely 

warnings can be issued.

       ISSUES AND CHALLENGES

● For classification joint estimation of hydro-meteor’s full polarimetric covariance matrix and doppler 

spectrum [2] is required.

● Despite the acceptable accuracy obtained for the parameters estimated from the measurements, 

research still continues to improve these estimates accuracy. The coupling between polarimetric and 

Doppler parameters obstructs this purpose. Actual algorithms assumed different hypothesis to 

overcome this problem. Besides, coupling between polarizations produce measurement bias [3]. The 

system specifications limits should be established in order to keep bias below  tolerable levels.

● On the other hand, the actual parabolic reflectors with electromechanical beam steering, present some 

limitations as [4]:

• The radar's scanning speed and angular resolution is constrained by the orientation system rotation 

speed.

• It is hard to avoid synchronization and pointing angle errors. 

THESIS OBJECTIVESTHESIS OBJECTIVES

In view of the challenges a new measurement algorithm, not yet implemented, the 3-POLD method has been 

proposed in [2]. This method, based on alternatively transmitting 3 different polarizations, allows decoupling of 

polarimetric and Doppler parameters while providing minimum variance unbiased estimators of polarimetric 

parameters. This good behavior motivated the first objective of this thesis: 

● To study how  the cross-polar radiation patterns affect polarimetric estimates obtained with the 3-POLD 

method, more specifically, to establish the antenna cross-polar requirements to obtain the desired estimates with 

the accuracy required.

● Recently, in order to overcome the limitations imposed by the electromechanical steering systems, use of 

electronic phase array radars is being considered. It has been found that implementation of the polarimetric 

measurement systems actually used present important difficulties, so the second objective of this thesis is to study 

the integration of the 3-POLD method with phased array radars.

RESEARCH PLANRESEARCH PLAN

4-lobed cross-polar pattern 3-POLD 
differential reflectivity bias bounds.

Coaxial cross-polar pattern 3-POLD 
differential reflectivity bias bounds.

Cross-polar radiation is found to affect to 3-POLD in a manner similar  to present polarimetric measurement schemes,

but with previously mentioned advantages.

Results are presented  in [6], [8], [9]. More 

relevant results are expected to be submitted

for publication,as part of a new research 

article currently under preparation.
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