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Abstract—Software has been developed for the system most suitable for wind shear detection. The
formulation of the target designation problem is presented. The features of modern radars are
considered. The aim of the work is to find the most suitable system for detecting wind shear and to
develop software for this system that offers the pilot a turnkey solution for flying through the danger zone
of wind shear. The paper presents the definitions of wind shear, statistics of air crashes caused by this
phenomenon. The systems for determining wind shear are described and the most suitable system is
selected. The principle of operation and the algorithm of operation of the Doppler radar station are
given. A simulation of the detection of a dangerous wind shear zone was carried out. The pilot uses the
proposed software solution. Thus, the task of determining the wind shear zone and the decisions proposed
on this basis to fly around the dangerous zone have been completed. The results show that introducing
random noise into labeled samples degrades the accuracy of the model, while introducing random noise
into unlabeled data can, on the contrary, increase the accuracy of the model.

Index Terms—Wind shear; doppler radar; algorithm; modeling; target designation; dangerous zone;

software.

I. INTRODUCTION

Wind shear, sometimes called wind gradient, is
the difference in wind speed and / or direction over a
relatively short distance in the atmosphere.
Atmospheric wind shear is usually described as
vertical or horizontal wind shear.

Imagine a situation where the pilot receives
information about the wind shift from the onboard
equipment, then on the walkie-talkie from the
dispatcher. Wind shear data may vary slightly, and
there are many instructions on how to proceed.
There is little time to make a decision, and the
decision itself is important because it affects flight
safety. The pilot is not able to absorb all the
information in a short time and find one right
solution for further action. But an automated system
can help him make a decision, which will quickly
process all the data on the wind shift and give the
right decision on how to act.

The most important parameter of wind shear is its
indicator, which is determined by the formula:

szvl'(zz/zl)aa (1)

where v, is the speed at the height zi; v, speed at
height z,; @ wind shear index [1].

II. PROBLEM STATEMENT

To begin with, the phenomenon of wind shear
must be determined in order to further decide what
to do in a particular situation.

There are systems for detecting wind shear, such
as:

1) The Low Level Wind Shear Notification
System (LLWAS) is a ground-based system for
detecting wind shear near an aerodrome. The system
uses anemometers for its work.

2) NEXRAD or Nexrad (Next Generation Radar)
is a network of 160 high-resolution meteorological
radars. These radars are located on the ground and
are used to determine weather precipitation in the
atmosphere, it allows you to predict the weather in
different regions.

3) The on-board wind shear prediction system is
located on board the aircraft and issues a warning of
a wind shear ahead [5].

4) Terminal Doppler Meteorological Radar
(TDWR) is a Doppler meteorological radar system
with a three-dimensional "pencil beam", used mainly
to detect dangerous conditions of wind, precipitation
and wind shear at large airports and near them.

Terminal Doppler Meteorological Radar uses a
carrier wave in the frequency band 5600-5650 MHz
(wavelength 5 cm), with a narrow beam and an
angular resolution of 0.5 degrees, and has a peak
power of 250 kW. In terms of reflectivity, the
distance resolution is 150 meters (500 feet) within
135 kilometers (84 miles) of radar and 300 meters
(1000 feet) of 135 kilometers (84 miles) to 460
kilometers (290 miles) of radar. The reason for this
difference is that the width resolution, being angular,
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at a greater distance, the beam width becomes quite
large, and to obtain better averaging of the data in
resolution, it is necessary to increase the number of
pulses in the range. This cut-off is arbitrarily set for
software at 135 kilometers (84 miles).

The main advantage of TDWR over previous
meteorological radars is that they have a finer
resolution, which means that it can see smaller areas
of the atmosphere. The reason for the resolution is
that TDWR has a narrower beam than traditional
radar systems, and that it uses a set of algorithms to
reduce ground noise [2].

Therefore, we use terminal  Doppler
meteorological radar to detect wind shift. The
principle of radar is as follows: weather detection is
based on the reflectivity of wind currents. The echo
of the weather appears on the navigation display
(ND) with a color scale that varies from red (high
reflectivity) to green (low reflectivity). Echoes of
meteorological radar vary in intensity depending on
the size, composition and number of wind currents.
Thanks to the use of orbital satellite systems and / or
terrestrial communication channels, weather
information can be sent to an airplane that is in
flight, almost anywhere in the world [6].

Now let's build a block diagram of the system. It
is shown in Fig. 1.

Wind
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Fig. 1. Structural scheme of the system

The terrestrial antenna sends the beam reflected
by wind flows, the antenna receives the reverse
beam, and if it shelters, the shift shifts. A receiver
antenna is established to receive the signal on the
aircraft, which works on the same frequency with
the terrestrial antenna. The accepted singal is
submitted on doppler radar. It processes the signal
according to a certain algorithm shown in the third
section. The processed signal is sent to a program
that visualizes all data on the radar display. It
visualizes such parameters as aircraft coordinates
and wind shift, taking into account the aircraft speed
of the plane, offers a pilot flights.

III. PROBLEM SOLUTION
Signal Model of Target Echo
We assume that ; denotes the speed component
of target scatter body; V, represents the speed

component of airplane along the radial. =2m/A is
constant. We defined

2TC(V1. —Va)
o .

The in-phase component / and quadrature Q

Ao=o,+0, =p(V,-V,)= 2)

component of the target echo signal can be
expressed, respectively, as

I(nT)) :ﬁAi cos[d)i +B(V, -V, )nT, +A$]
+n(nT)).
Q(:ﬂ;):ﬁAi sin ¢, +B(V, —V, )nT, + A |

+n(nT)),
(4)

where 51. is the random phase of the scatter target

3)

and A¢ represents the transmitted phase error.
n(nT,) is the receiver noise. n expresses the
number of pulses. 7, is the pulse time interval.
Signal amplitude 4, can be obtained by radar
equation and reflectivity factor. 4; can be expressed as

A =./Rae-E, -E-Vol -G, 5)
where
P\’

: (6)

Rae = 3 )
(4-1t) ‘R*-R _loss

where Rae is the constant of radar equation and
R _loss represents the receiver loss. Vol indicates

the volume of the scatter body. & shows the

multipath fading factor. G is the antenna gain. E, is
wind shear wind field reflectivity.

Signal phase is mainly decided by the Doppler
frequency shift. Doppler frequency shift consists of
two parts, ®, and o, .

The total rain echo signal phase can be expressed as

v =0, +B(V,—V,)+Ad. (7)

The principle diagram of wind shear target echo
simulation is shown in Fig. 2.

In order to simulate the whole space wind field
within the scope of the x—y—z three direction of

the wind speed, we build a microburst wind shear of
wind field model, and the simulation process is as
follows:
1) The speed of the vertical flow
(a) The calculation of the radial distance

RC=\(X_XC) +(Y-YC)Y, (8
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where X and Y are the airplane’s x and y

position coordinates and XC and YC are the center
of wind field in x and y position. RC is the radial

distance of airplane. The minimum value of RC is
set to 2.0.
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Fig. 2. The principle diagram of wind shear target echo
simulation
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(b) We define a parameter RA; RA is related to
the position of airplane, wind shear, and distortion
factor

RA=RT+\/RT2+R2-(1—GR2), 9)
where
RT =RcosA-GR,

X—XC‘GX+Y—YC oY
RC  GR

cosAd =

. , 10
RC GR (10)

GR=~GX*+GY?,

where GX and GY are the distortion factors in x
and y position. The minimum value of GR is set to
0.002. The minimum value of RA is set to 2.0.

2) The radial velocity of horizontal flow.

The variable of radial velocity distribution is
defined by VRR : VRR=0;, H=>HT,

RA
HT?
where H is the height of airplane, VZO is the
initial reference velocity, HT is the height limit of

horizontal airflow, and GVZ is the gain factor of
wind field.

VRR=0.75-GVZ-VZO-

(HT-H), (11)

The wind shear model
According to the changing rule of the horizontal
wind ©_ and vertical wind o, the following wind

shear model is established:
o, = Asin( oyt +@,),

12
cay:B[l—cos(coot+(po)]. (12)

In the formula, 4 and B denote the size of
horizontal wind and vertical wind, respectively.
2 .
o, =T t, shows the total time of the plane
tO
through the microburst. ¢, expresses the initial

phase. To solve the derivative #,, we also can get

o, = Ao, cos( @yt + ¢, ),

(13)

®, = Boy, sin (o).

The conclusions of the calculation are presented
in Table I, according to these data simulated
determination of wind shear. The simulations are
shown in Figs 3 and 4.

TABLE 1. DATA FOR SIMULATION

Variable Value Unit

Pulse repetition frequency 3500  Hz
Pulse width 1.5 us
Sampling interval 1 us
Operating frequency 9.0 GHz
Range resolution 150 m
Antenna gain 34 dB
Antenna beamwidth 28 dB
System noise 2.5 dB
Transmitter power 200 W

Power (W)

Fig. 3. Distribution of wind shift spectrum
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Fig. 4. Dangerous wind displacement zone

After we can use radar to determine the wind
shear zone, develop radar software that offers a
solution on the radar display in the form of a route
around the danger zone, the pilot in turn decides
whether to use the route proposed by the program.

The program is developed in the PYTHON
programming language. It is recorded on an on-
board computer specifically for on-board Doppler
radar. The program uses the computing power of the
computer and the radar display to display the result.

When the wind shift is detected by the terrestrial
antenna, information about it is fed to the onboard
radar, which in turn processes the signal. The
processed signal is fed to the computer where the
program works with it [8].

The software works according to the algorithm

presented in Fig. 5.
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Fig. 5.
Hley Oleg. Student.

IV. CONCLUSIONS

The paper considers the phenomenon of wind shear.
The task of determining the zone of wind shear and
calculating its index is set. An analysis of wind shear
detection systems was carried out. This made it possible
to choose the most appropriate system for this in the form
of a Doppler radar. An algorithm of radar operation was
developed, which made it possible to perform rough
calculations according to this algorithm. Based on the
calculated parameters listed in the table, the determination
of the dangerous zone of wind shear was simulated.
Modeling according to the parameters showed that the
Doppler radar copes with the task of determination. This
gave rise to the development of software that works
together with the radar and displays the finished solution.
The pilot uses the proposed software solution. In this way,
the task of determining the zone of wind shear and, on the
basis of this, proposing a decision to fly around the
dangerous zone, has been completed.
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0. C. I'neii, B. M. Cuneraazos. [Ipo anropurmMu nisieno3uuionyBaHHsi

Po3pobneno mnporpamue 3a0e3nedeHHsl sl CHCTEMH, IO HAaWOUIBII IIAXOAWTH JUIS BUSIBICHHS 3CYBY BITpY.
IlpencraBiero mocTaHoBKy 3a7a4i LiIENO3UIIOHYBaHHs. PO3IIIsHYTO 0COOMMBOCTI CydacHUX pajapis. Mera poGoTn —
3HAUTH CHCTEMY, 10 HAHOLIbIIC MIAXOAUTH UL BUSBJICHHS 3CYBY BITPY, I PO3pOOUTH JUIsl L€l CHCTEMH IPOrpaMHe
3a0e3MeueHHs, M0 IPOIOHYE MUJIOTY T'OTOBE PIIlIEHHS Ul IPOJILOTY HEOE3Ne4HOi 30HU 3CYBY BiTpy. JlisnbHICTH
MIPE/ICTaBJIeHI BU3HAYEHHS 3CYBY BITpY, CTaTHCTHKa aBiakatacTpod), BUKIMKAaHHX IIMM sBUIIEM. Po3nmcano cucremu
BH3HAYCHHS 3CYBY BiTpY Ta o6paHo HalbLIbII mifxoasy cucteMy. HaBeneHo npuHumn po6oTu Ta anroput™ podoru
HOILIEPiBCHKOI paionokauiifHoi craHuii. [IpoBeneHo MOaeNIOBaHHS BUSBICHHS HEOE3NEUHOI 30HN 3CyBY BiTpY. Ilior
BHKODHCTOBYE 3aNPOTIOHOBAHE MPOrPaMHE pimwenns. Takum 4MHOM, 3aBIaHHS 10JI0 BU3HAUCHHS 30HH 3CYBY BITPY Ta
3aNPONIOHOBAHI Ha L{iii OCHOBI PilCHHs PO OOJIT HEGE3MEYHOI 30HM BUKOHaHI. Pe3y/bTaTi MOKa3yioTh, 1O BBEACHHS
BUIAJKOBOIO LIYMY B MAapKOBaHI 3pa3Ku IHOTIpIIye TOYHICTb MOZENI, a BBEACHHS BHIIAIKOBOIO IIyMY B HEMapKOBaHi
JlaHi MOYKe HaBITaKH ITABUIINTHA TOYHICTh MOIEII.

KirouoBi cioBa: 3cyB BITDV; NOIUICPIBCBKUN pamap; aJrOpUTM; MOJICTIOBAHHSI, I[IJICIIO3WIIIOHYBaHH, HeOe3meuHa
30Ha; IporpaMHe 3a0e3MeUeHHsI.
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0. C. I'neii, B. M. Cunersia3on. 06 aaropurMax no3uiiuOHMPOBAHUS LN

Pazpaborano mporpamMMHoe oOecrieueHHe JUisi CUCTEMbl HamOoJee MOAXOAsIIeH Uit oOHapyKEeHUsl CIBUTa BETpa.
[pexncraBnena mocraHoOBKa 3a/1a4y lieeyKa3aHus. PaccMoTpeHbl 0COOEHHOCTH COBpEeMEHHBIX paaapoB. Llenb paboTer —
HAalTH cHucTeMy, HauOollee MOOXOJIIYI0 s OOHApPY)KEHHs CJIBUTA BeTpa, W pa3paboTaTh Ui DTOH CHUCTEMBI
IporpaMMHOe o0ecIieueHre, npeaararolee MIIoTy TOTOBOE pellieHue JUisl TpojieTa OIacHOM 30HBI clIBUra BeTpa. B
paboTe TmpeACTaBICHBI ONPEACICHUSA CABHMIa BETpa, CTATUCTHKA AaBHAKAaTAaCTPO(, BBI3BAHHBIX 3THUM SBJIICHUCM.
Pacnvicanbl cUCTEMBI OMpECICHUS CABHra BETpa M BhIOpaHa Hamboyee MOaXomasiias cuctema. [IpuBeIeHBI MPUHIINT
paboTHI U aTOPUTM PadOThI JOIUICPOBCKOI PaJlOIOKAIIMOHHON CTaHIUK. [IpoBEeIeHO MOACTHPOBaHUE OOHAPYKCHUS
OIIAaCHOM 30HBI CIBUTa BeTpa. [IMnoT ucnonp3yer npeayioxKeHHoe MporpaMMHoe penienue. Takum oOpazoM, 3a1ada 1o
OITpeJIeTICHUIO 30HBI CIIBUra BETpa U MPeUIOKEHHBIE Ha ATOM OCHOBE pelleHHs: 00 00JIeTe ONacHOH 30HBI BHINOJIHEHBI.
Pe3ynbTaThl MOKa3bIBAIOT, YTO BBOJ CIYYaHHOrO IIyMa B MapKHPOBaHHBIC 00pa3Ilbl YXY/IIIACT TOYHOCTh MOJCIH, a
BBOJI CJTYYaifHOTO IITyMa B HEMapKUDOBAHHBIC JTAHHBIC MOYKET HA00ODOT MOBBICHTH TOYHOCTh MOJICITH.

KnaroueBsble ciioBa: caBur BeTpa; IOIUIEPOBCKUI pajap; alropuTM; MOAENIMPOBAHHUE; leleyKa3aHHe; OllacHas 30Ha;
MporpaMMHOE 0OecIieYeHue.
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