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Circularly polarized waves are most sensitive to the influence of the propagation medium factors
such as differential phase shift and differential attenuation. The reason of that is a feature of the
wave polarization transformation. Such circumstances require consideration during designing
radars working with circularly polarized waves. The aim of the study is to develop of approach for
estimating the effect of the wave polarization transformation on a value of one of the most informative
parameters based on the use of Jones vector component functional dependence on a polarization
ellipse orientation angle and ellipticity angle. The task of this work is obtaining the analytical equation
for the determination of that polarimetric radar informative parameter. As a result, the solution for the
case of wave backscatter by the propagation medium was obtained when the medium basis orientation
differs from the radar basis orientation. The estimation of the circular depolarization ratio providing
the determination of regions with its raised value was obtained.
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H3MeHuYnBOCTH KPYIroBoOro acnojJsipu3alifiOHHOIr0O OTHOIICHUA
Inpu TMCTAHINHOHHOM 30H/IMPOBAHUHU CPEIbI,
3an0JIHEHHOM rmipoMeTeopamMmu
E.B. Macanos, H.H. KpuBun, A.C. PynomeroBa
Tomckuii eocyoapcmeenHblil yHugepcument

cucmem ynpasienus u paouod1eKmpoHuKu
Poccus, 634050, Tomck, np. Jlenuna, 40

Cuenanvl ¢ Kpyeogoi noaspuzayueti 6 Cuiy CHeyupuku mpanchopmayuu noaapuU3ayUuoHHO
CMPYKMYpbl CUSHALA HAuboJlee CUTbHO NOOBEPIICEHbL 8030eUcmeuo OupepeHyuatbubix pakxmopos
(Oupghepenyuanvrozo ghazooeo cosuea u ouggepenyuarpro2o ociabnenuss) cpeosbl pacnpPOCmMpPAHEeHUsl.
Vkaszannvie obcmosmenvcmeéa  mpebyiom  0013amMeNbHO20  Yuemda npu  NPOeKmMupo8aHull
PAOUONIOKAYUOHHBIX CUCMEM, UCTIONb3VIOWUX OaHHbli U0 noaapusayuu. Lleavio dannoil pabomul
AGNAEMCA PA3PAOOMKA ROOX00A 0151 OYEHKU GNUSHUSL MPAHCHOPMAYUY NOTAPUSAYUOHHOT CIMPYKIY Dbl
Ha 6eIUYUHY 0OHO20 U3 HAUOONee XapaKMepHbIX UCHONb3YeMbIX 68 PAOUOTIOKAYUY UHMOPMAMUGHBIX
napamempos, OCHO8AHHO20 HA UCHONb308AHULU (DYHKYUOHATLHOU 3A8UCUMOCU KOMIOHEHM 8eKIMopa
Joiconca om yena anaunmuyHoCmu u yend HakaioHa 3IIunca noaspuzayuu. 3adaua 0anHol pabomel —
NONYUeHUe pACYemHblX COOMHOWIeHUN 015 OnpedeNeHUss YKA3AHHO20 @blile UHPOPMAMUBHO2O0
napamempa RONAPU3AYUOHHOU paouonokayuu. Tlomyuenvl pacuemmuvle cOOMHOWEHUS ONs CILYUAS
00pamHo20 paccesHus cpeooll, OPUeHmMayus NOIAPUIAYUOHHO2O 0A3UCA KOMOPOU OMIUYHA Om
OpueHmayuu uzMepumenbHo2o 6asuca. Bulsignenbl OYeHKU YKA3AHHO20 Gblule UHBOPMAMUBHO2O
napamempa, no3eonsouue OnPeoeiums 06IACMU ¢ €20 NOBLIUEHHBIM 3HAUCHUEM.

Knrouesvie crosa: xkpyeosas nonspuszayus, ouggepenyuanvioe ociabnerue, ougghepenyuanvhviti
Gaszosuvlii cogue, NOIAPUZAYUOHHASL PAOUOTIOKAYU.

Introduction

The prerequisite to the use for displaying and interpreting the measurements results of the
circular depolarization ratio (CDR) [1] is pronounced dependence of the circularly polarized
received signals amplitude on the shape of the water droplets. The ratio, as it shown in [2—4], is
independent of the orientation of the hydrometeors and is less subject to the influence of third
party noises. The higher intensity of the rain (in other words, the more water droplets shape differs
from the spherical shape), the more differences of a signal received with right and left circular
polarizations [5] in the case when the probe signal polarization has one of the pointed above

circular polarization states.

Task statement

The character of the differences pointed above is the leading cause of the variability of the circular
depolarization ratio CDR which determines in decibels (dB) on the base of amplitude measurements
when the wave with the right circular polarization is transmitted, and the wave with the right circular
polarization is received (e. g. Egy), or when the wave with the right circular polarization is transmitted,

and the wave with the left circular polarization is received (e. g. Eg;)

CDR(z) = 20 -lg(|Eggr|/|ErL]|)s )
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where Egy is the amplitude of the signal transmitted and received with the right circular polarization
(the first letter of the index means polarization of the transmitted signal, the second letter of the index
means polarization of the received signal); Eg, is the amplitude of the signal transmitted with the right
circular polarization and received with the left circular polarization.

The differential attenuation Ao [dB/km] and the differential phase shift A® [deg/km] concern to
the main factors determining the transformation of the signal polarization structure in the process
of its propagation in the medium filled with hydrometeors. These circumstances dictate the need for
searching paths to evaluate the importance of the effect of these factors on the obtained measurement
results and to determine the character of the variability of the measured parameter CDR.

The task of this work is obtaining the analytical solution for the evaluation of the circular
depolarization ratio on the base of Jones vector component functional dependence on a polarization

ellipse orientation angle § and ellipticity angle a.

Method of determining the circular depolarization ratio

According to the results of [6—8], the Jones vector of the radar signal in the eigen basis of the

propagation medium can be represented using trigonometric functions of angles o and f as

cos B(z) cos a(z) + jsin B(z) sin a(z)

EOM () = —sin B(z) cos a(z) + j cos B(z) sin a(z) |’

@
where z is the length of the signal propagation path in a medium filled with hydrometeors. The
ellipticity angle o and the orientation angle B of the polarization ellipse of the circular polarized signal

propagating in the medium defines by results of [9] as

. (2:1000580Z gin(Adz+0.5T)

a(z) = 0.5arc51n( PPPTETTD ), 3)
2.100-0580Z gip (ADz+0.5T)

B(z) = O.Sarctg( 1_121:1MZZ R ) + 0.57n, @

wheren=1, 2, 3...
The complex amplitude of the received circularly polarized signal can then be determined from

the following operator sequence:

EN@) = [T]- [R(B)I* - EV"(2), )

where [T] is the operator of the polarization converter of the received signal; [R(B,)]' — the operator
of the transition from the medium basis to the measuring basis; B, — the angle of orientation of the
measuring basis relative to the medium basis.

For the case of receiving the signal with the right circular polarization [T] defines as

il = Lea|l

[1] = e[, 3 ©)
For the case of receiving the signal with the left circular polarization [T] defines as

o1 jE 1 ]

[1] = e+, o )

The received right circularly polarized signal can then be found by performing multiplication of

the matrixes as:
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e A Ko o oA B
- v—% /¥ cos B(z) cos a(z) + cos B(2) sinalz) +j(cos a(z) sin B(2) + sina() sinf@)] -
- (cos By — j sin Bo).
After the simple manipulations, we finally obtain:
E@ = L") cosa) + sina). ©)

As can be seen from (9), the expression for the amplitude of the signal received with right circular
polarization is
|ERk ()| = % (cos a(z) + sin a(z)). (10)

The phase of the signal received with right circular polarization is

¢rr(z) = E— Bo + B(2). (11)
In the case of receiving a signal with left circular polarization, we have

1 _]E|1 j| ) cosfBy —sinf

¢ *lo ol |sinp, cosB,
cos B(z) cos a(z) + jsin B(z) sin a(z)

"|—sin B(z) cos a(z) + j cos B(z) sin a(z)

ERL(2) =

12)

By performing the transformation similar to the previous one, we obtain the expression for the

received signal with left circular polarization:
EN(@) = \/—15 e—i(;+Bo+B(Z)) (cos a(z) — sin a(z)). (13)

Then the amplitude of the signal defined in (13) will be

[EN(@)| = \/% (cos a(z) — sin a(z)). (14)

The phase of the signal received with left circular polarization is

¢Qrr(z) = — (E +Bo + B(Z))~ (15)

To obtain desired expression for the circular depolarization ratio, let us define its value at the

output of the logarithmic receiver as

CDR(a(z)) = 20-lg(|Ere@)|/|ErL(@)])- (16)

After the substituting (10) and (14) expression (16) can be written as

CDR(«(z)) = 20 -Ig(S222-20e®) (17)

cos a(z)+sin a(z)

Results analysis

Fig. 1-3 show the plots of the CDR as a function of the observation distance z calculated according

to (17) for several values of the rain intensity. Differential attenuation Aa and differential phase shift
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Fig. 1. CDR as a function of observation distance z for the rain intensity R = 12.5 mm/h
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Fig. 2. CDR as a function of observation distance z for the rain intensity R = 50 mm/h
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Fig. 3. CDR as a function of observation distance z for the rain intensity R = 150 mm/h
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A® values measured for the three-centimeter distance signals have used in the calculations. For the
different values of the rain intensity R, these values were [9]: (a) Ao = 0.02 dB/km, A® = 1 deg/km
for R = 12.5 mm/h; (b) Ao = 0.1 dB/km, A® = 4 deg/km for R = 50 mm/h; (c) Aa = 0.8 dB/km,
A® = 14 deg/km for R = 150 mm/h.

The analysis of the calculated curves of the CDR (see Fig. 1-3) at short distances z (for the front
boundary of the meteorological formation) shows a substantial difference in the ratio value which at
z =15 km is about 25 dB for R = 12.5 mm/h, 15 dB for R = 50 mm/h, 40 dB for R = 150 mm/h respec-
tively.

In this case, starting with the precipitates intensity of 50 mm/h, areas of positive values of the
CDR evaluation appear. For R = 50 mm/h, the maximum of the CDR in the positive region is 12.5
dB, and for R = 150 mm/h is 6...7 dB. In the last two cases, CDR equals zero at a distance of 22.5
km (for R = 50 mm/h) and has four zero values at the distances of 6.45; 19.3; 32.15 and 45 km (for
R =150 mm/h).

Conclusion

The analytical solution for the evaluation of the circular depolarization ratio CDR on the base of
Jones vector component functional dependence on a polarization ellipse orientation angle B(z) and el-
lipticity angle a(z) was obtained.

As it seen from (17), the characteristic feature of CDR is its dependence only on the vari-
ability of the ellipticity angle a(z). In this case, the ratio is independent of the orientation angle
B(z) changing.

The magnitude of the circular depolarization ratio CDR as it follows from (3) and (17) depends on
differential characteristics of propagation medium — differential attenuation Aa and differential phase
shift AD.

The variability of the ratio has a pronounced character and substantial differences (up to 50 dB) at
the short distances (z is about 12 km) from the front boundary of the meteorological formation.

Established CDR sign change is an undoubted indication of high-intensity precipitates presence
in the sensed meteorological formation.

The procedure of high-intensity precipitation meteorological formations determining can be per-
formed with the use of the algorithm (see above) for the CDR evaluating based on transmission and
reception of signals with circular polarization (|ERR| and |ERL|). In this case, the appearance of the

positive ratio can indicate the meteorological formation with a high rain intensity.
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