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Abstract—This paper presents a measurement strategy for 

the Intrinsic Cross Polarization Ratio (IXR) of Jones 
polarimeters operating at VHF /UHF bands. It is based on a  
suitable representation of the Jones matrix which identifies the 
relevant antenna parameters for IXR evaluation. The same 
representation is used within a best-fit procedure with 
experimental results that can be obtained using a rotating 
UAV-mounted test source.  

Index Terms— antenna measurement, polarization 
measurement, Unamanned Aerial Vehicle, polarimeter 
calibration, Intrinsic Cross Polarization Ratio, IXR 

I.  INTRODUCTION  

 
The Intrinsic Cross-Polarization Ratio (IXR) is a very 

important figure-of-merit for radio-frequency polarimeters 
[1]. Such a parameter quantifies the orthogonality of the two 
channel transfer functions regardless of the adopted 
reference system.  It has been demonstrated that the channel 
orthogonality directly affects the residual polarimeter error 
after calibration. 

The IXR parameter has already been adopted for the 
performance evaluation of polarimetric phased arrays for 
radio astronomy in [2]-[6]. It can be determined from the two 
complex radiation patterns of the dual-polarized polarimeter 
antenna system. From the experimental point-of-view, this 
task is very challenging for low-frequency instruments 
(VHF, UHF) such as the Square-Kilometer-Array Low-
Frequency Aperture Array  [7], as well as its pathfinders and 
precursors. In this framework, the Unmanned Aerial Vehicle 
(UAV) technology has already been adopted in order to 
characterize the single-element, embedded-element and array 
radiation pattern of several antenna configurations [8]-[11]. 
Fig. 1 shows a dipole antenna fed by an RF source, which 
has been mounted on a micro UAV in order to operate as a 
flying test source.   

In this paper, the exploitation of a UAV-based test source 
to characterize the IXR parameters without a complete 
knowledge of the phase patterns is discussed. The 
experimental results on both reference antennas and array 
prototypes will be presented at the conference. 

 
 

 

 
 

Fig. 1.  A micro-UAV equipped with a RF generator and a dipole antenna. 

 

II. PARAMETRIZATION OF THE JONES MATRIX 

The IXR formulation has already been developed in [1],  
for both Jones and Müeller polarimeters. As far as the Jones 
scheme is concerned, a generic polarimeter response can be 
described with its Jones matrix   

 

 ቂݒ௔ݒ௕ቃ = ൤J௔ణ෡ J௔ఝෝ
J௕ణ෡ J௕ఝෝ ൨ ൥ܧణ෡௜௡௖ܧఝෝ ௜௡௖൩  , (1) 

 
where  ݒ௔ and ݒ௕ are the voltage output of the two 
polarimeter channels and ܧణ෡௜௡௖ and ܧఝෝ ௜௡௖ represents the 

two-field components of an incoming plane-wave. It should 
be noted that the all the terms in (1) depends on the 
observation angle (ϑ,	߮), which is understood for the sake of 
brevity. In this formulation, the IXR parameter can be 
directly evaluated as  

ܴܺܫ  = ቀ఑(J)ାଵ఑(J)ିଵቁଶ , (2) 

 
where (ܬ)ߢ is the condition number of the Jones matrix. 
Moreover, it can be shown (by reciprocity) that the Jones 
matrix can be directly computed from the radiation pattern of 
the two polarimeter antennas ܽ	 and ܾ 
 



ܬ  ∝ ൥ܧణ෡௔ ణ෡௕ܧఝෝ௔ܧ ఝෝ௕ܧ ൩   (3) 

 
where ܧణ෡௔ ఝෝ௔ܧ ,  and ܧణ෡௕ ఝෝ௕ܧ ,  are the corresponding field 

components. For example, it should be remembered that a 
basic antenna configuration for Jones polarimeters consists 
of a pair of crossed dipoles. 
    A suitable representation of the Jones matrix has been 
developed in order to both provide some additional physical 
insight and to identify which pattern parameter will affect the 
IXR 

	ܬ ∝ 		 ቂ1 00 ݁௝ఝೌ್ቃ ൤1 00 ݉௔௕൨	ቈ (௔ߜ)	ݏ݋ܿ ௝ఝ್݁(௕ߜ)	݊݅ݏ−௝ఝೌ݁(௔ߜ)	݊݅ݏ (௕ߜ)	ݏ݋ܿ ቉			(4)	
The magnitude and phase of the complex ratio between the 
radiation pattern of the two polarizations ܽ	 and ܾ are 
described with  ݉௔௕ and ߮௔௕, respectively. The two 
polarization vectors i.e. normalized field components are 
instead parametrized using the angles ߜ௔	, ߮௔, ߜ௕ and ߮௕. As 
shown in Fig. 2, such a parametrization is complete since it 
can describe all the possible polarization states (only channel ܽ	is shown). It should be noted (Fig. 2) that ߜ coincide with 
the tilt angle of the polarization ellipse only when ߮ is equal 
to zero. 

 
Fig. 2.  Polarization ellipses obtained from the parametrization in (4), only 

channel ܽ is shown. The phase paramter ߮ܽ is swept from -90° to 90° in 
each plot.  

 
It should be observed that the first matrix in (4) is unitary. 
Hence, it does not affect the condition number. Therefore, it  
becomes apparent that the knowledge phase term ߮௔௕ is not 
required to evaluate the IXR. The only required parameters 
are the relative magnitude ݉௔௕ and the four angles defining 
the polarization state of the two channels. Their experimental 
evaluation is discussed in the next section.  

 

III. UAV-BASED POLARIZATION MEASUREMENT 

A suitable UAV-based polarization measurement scheme 
is shown in Fig. 3. The UAV is programmed to perform a 
sequence of complete rotations along its vertical axis 
(variation of the bearing/yaw angle α) at different zenith 
angles ϑ. 

 

  
Fig. 3. Scheme of a spin flight above a ground-based Antenna Under Test: 
α  is the UAV bearing (yaw) angle.  

 
At zenith, the incident field to the polarimeter antenna 
system can be described as  

ణ෡௜௡௖ܧ  ∝ 		(ߙ)	ݏ݋ܿ ఝෝܧ ௜௡௖ ∝ 		(ߙ)	݊݅ݏ (5)	
 
The polarimeter response can be computed multiplying the 
column vector in (5) and the parametrized Jones matrix in 
(4). Only one polarization is discussed hereinafter for the 
sake of brevity. The amplitude results |ݒ௔| as a function of 
the bearing angle α, for different values of the parameter ߜ, 
are shown in Fig. 4. The effect of the parameter  ߮ for 45°=ߜ 
is instead shown in Fig. 5. 

 
Fig. 4. Amplitude response for a complete spin-flight at zenith (ϑ=0°) for 
three values of the parameter ߜ. 
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Fig. 5. Amplitude response for a complete spin-flight at zenith (ϑ=0°) for 
three values of the parameter ߮. 

 
It should be noted that only linear polarization cases are 
shown in Fig. 4, whereas the transition from linear ߮ = 0° to 
circular ߮ = 90° is shown in Fig. 5 (45°=ߜ). From both 
Fig. 4 and 5, it is clear that ߜ and ߮ affect the amplitude 
curve versus bearing angle in a different way. The parameter ߜ mainly sets the angular position of maxima and minima, 
whereas ߮ changes curve dynamics. Examples of 
experimental results confirming the simulated behaviors  can 
be found in [9]. From the experimental point of view, it 
becomes apparent that both parameters ߜ and ߮ can be 
evaluated by means of a best-fitting procedure between 
measured data and the parametrized curves presented above. 
In particular, the same procedure can be simultaneously 
applied to both polarimeter polarizations in order to obtain ߜ௔	, ߮௔, ߜ௕ and ߮௕. The signs of ߮௔	and ߮௕, which 
determines the right- or left-handedness of the polarization 
cannot be determined from amplitude measurements. 
However, it can be shown that both signs can be estimated 
observing the variation of the phase difference between the 
two polarizations ݒہ௔ −  ௕ as a function of the bearingݒہ
angle ߙ (absolute value ߮௔௕ in not required). Such phase 
variation can be evaluated from the cross-correlation product 〈ݒ௔ݒ௕∗〉.  
Finally, the parameter ݉௔௕ in (4) can be evaluated from the 
ratio between the maximum values of received power (versus 
bearing angle) for the  two channels. Therefore, it can be 
concluded that all the relevant parameters for the IXR 
measurement can be evaluated with the proposed technique. 

 
With reference to Fig. 3, it should be noted that the UAV 
rotation axis is nominally parallel to the ground. Therefore,  
at observation angles  ϑ>0°, the incident field to the 
polarimeter antenna system during the UAV rotation is also 
affected by the source pattern, which is not rotationally-
symmetric [12]  

ణ෡௜௡௖ܧ  = 	(ߙ)ణ෡௦ܧ

 
ఝෝܧ  ௜௡௖ = ఝෝ௦ܧ 	(ߙ) (6)	

 
In other words, the relationship between the amplitude 
response versus bearing angle ߙ and the two parameters  ߜ 
and ߮ is not constant with respect to the observation angle ϑ. 
For example, Fig 6 show the amplitude response for two 
orientations of the polarimeter antenna 0°=ߜ and 90°=ߜ at an 
observation angle  ϑ=45°.  The amplitude difference between 
the two maxima in Fig. 6 is entirely related to the difference 
between the test-source E- and H-plane radiation patterns.  
As far as the variation of ߮ is concerned (Fig. 7), the absence 
of UAV rotational symmetry produce an oscillating curve 
(blue) even if the polarization is circular for ߮ = 90°. 
Moreover, for 45°=ߜ and ߮ = 0° (red curve) i.e. linear 
polarization with a tilt angle of 45°, the position of the 
maximum is actually about 30° instead of 45°.  

 

 
 

Fig. 6. Amplitude response for a complete spin-flight at zenith (ϑ=45°) for 
two values of the parameter ߜ. 

 

 
 

Fig. 7. Amplitude response for a complete spin-flight at zenith (ϑ=45°) for 
two values of the parameter ߮. 
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The more complex behavior shown in Figs. 6 and 7, requires 
that the curve parametrization with respect to ߜ and ߮ should 
also include the test source radiation pattern. This task can be 
accomplished combining (6) and (4). 

 

IV. CONCLUSION 

A  measurement method to study the IXR of ground-based 
low-frequency polarimeters as well as the other polarization 
characteristics has been proposed. It is based on a sequence 
of spin flights (rotations of the UAV along its vertical axis) 
performed at different observation angles. It has been shown 
that the relevant data can be obtained by means of a best-
fitting procedure between measurement data and a set of 
parametrized curves. The application of such a procedure to 
real experimental data will be presented at the conference. 
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