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Abstract

The aim of this paper is the development of new polarization approach to evaluate the impact of dynamic
atmosphere phenomena including turbulence into reflected radar. In this paper the liquid hydrometeors
(raindrops) are considered as objects with unstable shape. Therefore, parameters of liquid hydrometeors are
random characteristics that are susceptible to dynamic atmospheric phenomena influence. The expressions
for the electromagnetic field scattered by liquid hydrometeors for the multi polarization radar system as well
as a variable component of scattered field are obtained. The expression of phase detection for separation of
turbulence from other factors that cause the reflected signal variation is obtained. Calculation of the relation
between the average signal value and the vibrations magnitude in decibels was made to demonstrate the
possibility to fix the reflected electromagnetic wave energy variation caused by wind and turbulence. The
results of the paper can be used for segregation of reflected signal magnitude variation due to the wind

related phenomena including turbulence and other factors.
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1. The problem statement and analysis of the
research and publications

Flight operation, economy, regularity, and safety
depend on atmospheric conditions and phenomena
significantly [1]. Nowadays information for flight
planning consists of actual aerodrome weather and
the set of prognoses including aerodrome forecast,
takeoff and landing forecasts, prognostic charts for
different flight levels. Actual information can be
presented as well in aviation warnings that are
composed on the base of pilot’s observations or have
prognostic character. But the atmosphere is very
dynamic medium. The processes in it are constantly
changes as well as location, intensity, and character
of atmospheric phenomena. Therefore, it is crucial to
have operational information about atmospheric
dangerous phenomena along the flight route.
Dangerous for flight atmospheric phenomena are
aircraft icing, atmospheric turbulence, wind shear,
thunderstorm. A thunderstorm is complex
atmospheric phenomena and usually is associated

with strong up- and downdraughts, turbulence, wind
shears, icing above zero isotherm and hail.

Since the middle of 20" century, the
meteorological radars have become the main tools
for atmospheric processes and phenomena watching
and study [2]. Nowadays meteorological radars are
widely used in aviation to obtain operational
information about weather situation and dangerous
atmospheric phenomena that mostly include
significant clouds, strong precipitation, and
thunderstorm activity. During the last decades the
meteorological radars have evolved and now
Doppler and even combined Doppler and
Polarimetric radar systems are used [2]. Doppler
radars allow obtaining information about a radial
component of wind vector. Polarimetry is used to
make weather object microstructure identification
[2, 3]. The research in the field of radar meteorology
hasshown the progress in the development of
Doppler and Polarimetric algorithms and signal
processing. The latest studies demonstrated the
ability of modern radars to obtain information about
icing-in-flight, turbulence, ash cloud presence
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[4-6]. In these papers information about wind
related phenomena is extracted using the Doppler
methods. But in the paper [7, 8] it was shown that
taking into account physics of atmosphere and
hydrometeors behavior under the wind phenomena
effect it is reasonable to use polarimetric method
additionally to Doppler for deeper analysis of wind
related phenomena.

The aim of this paper is the development of new
polarization approach to evaluate the impact of
dynamic  atmosphere  phenomena  including
turbulence into reflected radar.

2. Liquid hydrometeors as the objects with
unstable shape

It is shown in [9] that the drop that is in the air flow
vibrates constantly. This fact allows us to consider
the drops as the objects with the unstable or
changeable shape. The drop vibrations are revealed
in the drop-spheroid axes fluctuations. These
fluctuations include the important information about
the drop behavior, structure, and characteristics. The
vibration character is provided by the object
characteristics and the object interaction with the
surrounding medium. The medium characteristics
are the dynamic atmospheric phenomena as well —
wind, turbulence, and others.

It is shown and substantiated in [9, 10] that liquid
hydrometeor shape parameters are not fixed
characteristics [7] and can be considered as the
random characteristics. The wind or other
atmospheric dynamic phenomena influence on the
random process of drop vibration can be observed as
the wvariations of frequency, polarization or
amplitude of the reflected electromagnetic wave.

3.Calculation of the field scattered by liquid
hydrometeors

Let us consider the case with a single sounding
antenna with polarization angle 8, and multiple

receiving antennas with the set of polarization angles
{Srk } The operation of the multi polarization radar

system is depicted in [11]. Let us make a
mathematical analysis of the field scattered by liquid
hydrometeors for the multipolarization system. In
order to simplify the analysis, we selected the zero
azimuthal and elevation angles. The direction of
v axis is the same as the sounding direction, z axis

directed to the zenith, and x axis is perpendicular to
the both previous. According to [10], we can write

the following expressions for the x- and z-
components of scattered by rain-drop field:

E =E™ {1+o.4 el p(t)},
€+2

E. =E [1—0.8 el p(t)]

e+2
Here:
E¥" = E¥"sin §,
Ej”h =g cos9,,
o D e-1
E? =E,— 5 cos[myt + 2k, r(t)],

p(t)=p, +Apcos|Qr + ],

D - equivalent spherical rain-drop of the same
volume diameter,

€ - relative dielectric permittivity of water,

®, - sounding angular frequency,

k, - sounding wave number,

r(t) - rain-drop radius-vector projection to the

sounding direction,
p - rain-drop form factor that is equal to the ratio

between the vertical and horizontal rain-drop sizes,
p, - mean rain-drop form factor,

Ap - magnitude of form factor variation,
Q and @ - angular frequency and the initial phase

of rain-drop vibration, respectively.
The scattered field received by k& -th antenna can
be expressed as:

E, =E, sind, +E,cosd, ,

Using above expressions for the £ and E,, we can
obtain the following:

E, =E"" [cos(f)rk —Si)—
_%t){cos@,k —38,)+3cos(3,, +6,.)}}= (1)

= £74,(5,.5, )~ ple)4,(6,.5, )

dependencies of

)and 4,(8,.,8

2 Tk

The
coefficients A4, (8 )

i° Tk

polarization
) on sounding
and receiving antennas polarization angles are

shown in [11]. As it can be seen from equation (1),
there is the single combination of incident and
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receiving antennas polarization angles both equal to
about the 54.7°, that give the response the same as
from spherical rain-drop of the corresponding
volume. This is in agreement with the [10].

The atmospheric dynamic phenomena cause the
deformation  of liquid hydrometeors. The
deformation is revealed in a change of linear sizes of
drops. The reflection from deformed hydrometeors,
in turn, change the polarization of incident radar
signal such a way that the maximum energy level of
received radar signal corresponds to the case when
the polarization of the reflected signal coincides with
the polarization of the sounding waveform.
Otherwise, the energy level is defined as the
projection of the electric field strength vector on the
main axis of the corresponding antenna pattern.
Turbulence is the presence of chaotic vortices that
affect the drops axes randomly and causes the drop
vibration. This vibration resulted in the appearance
of the variable component of the scattered field.

To obtain information about a variable
component of the scattered field, we need to
consider the situation with a zeroth 4, (Si,Srk)

coefficient. So, the polarization angle of receiving
antenna should be at 90° greater than the one of
thesounding antenna. In this case, we can write the
following expression for the “vibration component”
of scattered field:

il 2.5, =™ bl0)3sin®,Jeoss, -

=E""p(t )Avib (51' )

In a real situation, the radar signal is reflected
from hydrometeor assemble that consists of many
drops of different sizes. For multiple drops, under
single scattering assumption, the magnitude of
electric field component at the receiver side can be
represented by the following expression:

N
E =Y E"|4(5.5,)-
n=1
- Al (é:’ 5”1; On + AIOn COS[Qnt + ¢n ]}]7

where the n
drop, E*"

n

index corresponds to the n-th
accounts for the raindrop Doppler shift
frequency @, .

There are some different factors in nature that
can cause drops vibration and shape deformation. It

is important to separate the factors for the task of
dangerous phenomena detection. Atmospheric

turbulence can be separated from other factors that
cause the drops vibration taking into account the
frequency characteristics of the turbulence [11].
Following the turbulence frequency characteristics
that can be found in the lower part of the frequency
spectrum, we use the phase detection for separation
turbulence from other factors that cause the reflected
signal variation. The following dependence of output
detector signal can be written as:

N
U=,
n=1

_Al( i’ajk on]cos((’)nt+‘1’n)+

E}:ph‘[Ao (Siﬂark )_

N
+%A1 (Si’srk )Z

n=1

+y, +0,]+cos[(®, -Q, ) +y, -9, ]}

E;”h ‘Apn {cos[((n” +Q, )t +

4. Simulation results and analysis

The computer model of the reflections from the
liquid hydrometeors that are deformed and vibrate
due to the turbulence influence was developed in
Simulink. Receiving antenna polarizations were
taken with 15° interval: 54.7°, 69.7°, 84.7°, 99.7°,
114.7°,129.7°, and 144.7° .

In this paper, we show the simulation results for
drops 2 and 4 mm to compare and demonstrate the
turbulence impact.

In Figure 1 the redistribution of power received
by the antennas of polarimetric radar is shown.
These results are for hydrometeor ansemble of 2
mm.

Magnitude of received signal, v/m

Polarization of receiving antennas, deg

Fig.1. Envelope of signal at receiving antenna after
phase detector
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The increase in energy is observed at the
antennas with polarization about 45 degree
difference from the principle polarization, then we
observe the decrease in the energy level.

The sizes of the drops are quite large to give
significant magnitude variations. In the considered
simulated situation this variations are in the limits
0.84-1.4.

The change in ,,width” of the curve demonstrates
the impact of drop vibration in the reflected signal.
The wider curve is the more impact of drop vibration
in the reflected signal is. The maximum of impact
corresponds to the 144.7%polarized receiving
antenna (polarization of the sounding wave is 54.7°%).

In figure 2 the relation between the average
signal value and the vibrations magnitude in decibels
for drops 2 mm is shown.
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Fig. 2. Polarization of receiving antennas, deg he
vibrations magnitude

The same results for the drops with diameter 4mm
are shown in figure 3 and 4.

11

Magnitude of received signal. v/m

60 70 80 90 100 110 120 130 140

Polarization of receiving antennas, deg

Fig. 3. Envelope of signal at receiving antenna after
phase detector

From Figure 3 it is possible to see the larger
energy variation between antennas with different
polarization (within 4.8 and 10v/m). This is because
the larger drops can be deformed significantly
comparing to the smaller ones and, thus make
stronger impact into reflected signal polarization
change. In Figure 4 the relation between the average
signal value and the vibrations magnitude in decibels
for drops 4 mm is shown.

From the comparison of Figure 2 and Figure 4 it
is possible to say that the better relationship between
the average signal value and the vibrations
magnitude is observed when receiving with 144.7°-
polarized receiving antenna.

Magnitude of variations in dB
8

60 70 80 90 100 110 120 130 140

Polarization of receiving antennas, deg

Fig. 4. Relation between the average signal value and the
vibrations magnitude

This corresponds to the situation of registration of
the contribution of drop nonsphericity and vibration
into the field reflected from hydrometeors only. The
best result corresponds to the larger drops and equal
to -8dB. This magnitude of the depolarized signal is
much larger than, for example, real measurements of
LDR for oblate dry hail with the axes ratios are as
high as 2.5 or 6 [2].

5. Conclusions

In this paper, the simulation of energy redistribution
of power received by the antennas of multi
polarimetric radar is shown and analyzed to
demonstrate the impact of drop vibration in the
reflected signal and possibility to register this impact
by selection of polarization of receiving antenna.
The values of vibration magnitude with respect to
the average level of the reflected signal in decibels
for conditions of the stable and turbulent atmosphere
was calculated, presented and analyzed. The
simulation results prove the supposition that
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reflected electromagnetic wave energy variation
caused by wind and wind related phenomena can be
registered by polarimetric radar and then used for
further processing.

The results of the paper can be used for
segregation of reflected signal magnitude variation
due to the wind related phenomena including
turbulence and other factors.
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10.A. ABep’sinoBa', A.M. Pyasakosa’, ®.1. SInoBchKnii’
BararonoJssipuzaniiiHi BUMiploBaHHsl Ta OLIHKAa 3MiHM BeJIMYMHHM BiOMTOr0 CUrHajy 3a paxyHOK

TypOyJeHTHOCTI
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Meroto 11i€i poOOTH € po3poOKa HOBOTO MOJSIPUMETPHUIHOTO ITIIXOy IIOMO OIIHKK BHECKY AMHAMITHHX
aTMOCcepHHUX SBUIL B BIAOWTHH paaioNOKALIAHWNA CHUIHAJI NpPU MIKPOXBHJIBOBOMY JUCTaHLIHHOMY
30HAYyBaHHI XMap Ta omaaiB. B poOoTi pigki rimpomeTreopu (Kparwii IOILy) PO3TIIAJAIOTHCS SIK 00’ €KTH 3
HecTiKo (opmoro, mapameTpu (OpPMH SKHX € BHITAJKOBUMH BEJTHYMHAMHE, IO YYTJIMBI 110 BIUIUBY
JUHAMIYHUX aTMOC(EpHUX SBUIIL BKJIIOYHO TypOYJIEHTHICTh. B po0OTi ofepkaHO MaTeMaTHYHI BUpa3H AJIs
OIUCY EJEKTPOMArHiTHOTO TMOJIs, IO PO3CIIOETHCS PIAKMMHU TiIpoMeTeopaMy, a TaKoX JUIS 3MIHHOI
(BiOpyt0UOi) KOMIIOHEHTH IIOJISI U1l BHITAIKY OaraTOIUIPs3HINIHHOI pamioiioKaliiHoi cucteMu. OpepkaHo
MaTeMaTUYHHUN BUpa3 JJIsl CUTHANY Ticis (a30BOro JETEKTOPY Ui cermapallii BiOpyr4oi KOMIIOHEHTH, 110
BUKJIMKaHa TypOYJICHTHICTIO BiJ 3MiH CHUTHaly, sIKi BUKJIMKaHi iHIMMHU ¢axTopamu. [ns maeMoHcTpamii
MIPaKTHYHOI MOYKIJIMBOCTI peecTpallii 3MiHU BiIOMTOT €IeKTPOMArHiTHOI €Heprii 3a paXyHOK TypOyJI€HTHOCTI
a00 IHIWX SBWII, IO TIOB’S3aHi 3 BITPOM IPOBEICHO PO3PAXYHOK CITIBBITHOIICHHS MK CEpEIHIM piBHEM
CUTHaJly Ta BEIWYHMHOIO BiOpauiii B geuubenax. Pe3ynbrat poOOTH € KOPUCHUMHM AJISl BUPIIICHHS NHUTAHb,
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10 TIOB’s13aHi 3 cenapalliero BiOpariii BiIONTOro pajlioIOKAIIHOTO CHTHAITY, 0 BUKIMKAHI JUHAMIYHUMU
aTMoc(hepHUMU SBUIIAMH, HAPUKIA] TYpOyJIEHTHICTIO, BiJl iHIINX (PaKTOPIB.

Kuro4ogi cjioBa: rigpoMeTeop; METEOPOIOTIYHHNA PagioIOKaTOpP; MOJIIPUMETPIisl; TYpOYIECHTHICTh

10.A. ABepbsinoBa', A.M. PyasikoBa’, ®.H. SInoscknii’®

MHoronoasipu3alMOHHble H3MepeHHs] M OLEHKA H3MEeHEeHHsl BeJMYMHBI OTPAKEHHOr0 CHUrHaJa,
BBI3BAHHOI'0 TYPOYJIEHTHOCTHIO

HanmonanbHbI aBUallMOHHBIN yHUBEpCUTET, mpocnekT Komaposa, 1, Kues, 03680, Ykpanna

E-mails: 'ayua@nau.edu.ua; *anna.rudiakova@nau.edu.ua; *yanovsky@nau.edu.ua

Henp nanHoii paboThl — pa3paboTKa HOBOTO MOJIIPUMETPHUECKOTO MOX0/a K OLIEHKE BKJIala JUHAMHYECKHX
aTMOC(epHBIX SIBICHUH B OTPaKEHHBIM PaAMOJIOKALIMOHHBIA CUTHAN NPU MUKPOBOJIHOBOM 30HIMPOBAaHUH
005aKoB M ocajaKkoB. JKHIKHE THAPOMETEOphl paccMaTpUBAIOTCS, KaK OOBEKTHI ¢ HECTaOMIbHOU (hOpMOii.
[TapameTps! GOpPMBI 3THX OOBEKTOB SBISAIOTCA CIIyYalHBIMH BEIWYMHAMH M TAKKe 3aBHCAT OT BIIHMSHU
JUHAMHYECKUX aTMOCQEpPHBIX SBICHUM, BKIIOYas aTMOC(epHyIo TypOyJeHTHOCTh. B pabote momyueHb
MaTeMaTHYEeCKHE BBIPAYKEHUS AJISl OMHUCAHMA DJIEKTPOMArHUTHOTO TOJISl, KOTOPOE paccerBaeTcsl KUIKUMHU
THAPOMETEOpaMH M JUIA TIEPEMEHHOH COCTaBIIIOMICH TIONMSA ISl Ciydas MHOTOINOJSPU3ANNOHHOMN
PaaMoNIOKAIIMOHHON cucTeMbl. B paboTe moiydeHo MaTeMaTHUecKoe ONHCAaHHE CHUTHaya Imocie (a3oBoro
JeTeKTopa Ul Cemapaldy MEPEeMEHHOW COCTaBISIONIEH, KOTOpas BBbI3BaHA TYpPOYJIEHTHOCTBIO OT TeX
W3MEHEHUI CHTHaJa, YTO BBI3BAHBI APYrUMH (akTopamu. [yt JeMOHCTpAK MPAKTHYECKOH BO3ZMOKHOCTH
perucTpannuy N3MEHEHHH OTPaXEHHOH 3JIEKTPOMAarHWTHOW >HEPIUH, KOTOpas BBbI3BaHA TypOyJICHTHOCTBIO
WK JIPYTHMH BETPOBBIMH SIBJICHUSIMH MIPOBENEHO pacueT OTHOLICHUS MEXIy CPEAHUM YPOBHEM CHUTHAjla U
BEJIMYMHON BHOpanmu B jgenmbOenax. Pe3ynbprarbl J1aHHOW pabOTBI MOTYT HCIOJB30BATHCS JUIS PELICHUS
BOIIPOCOB CBSI3aHHBIX C cemapaiyeil BHOpaluii OTPaKeHHOTO PaJfOJIOKAMOHHOTO CHTHAJIA, KOTOpPHIE
BBI3BAaHbI JHHAMHUYECKUMU aTMOC(EpHBIMU SIBICHUSIMU (B PACCMOTPEHHOM cCiydae TypOYJIEHTHOCTBIO) OT
Opyrux (paKTopoB.

Ki1roueBble cj10Ba: ruApOMETE0P; METEOPOJIOTHUECKUI PaluoI0KaTOP; NOISPUMETPHUS; TypOYJICHTHOCTD
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