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IMPROVEMENT OF DIGITAL DEVICE FOR SUPPRESSION OF ERRONEOUS
REQUEST BY LATERAL PETALS OF THE ANTENNA OF AIR TRAFFIC CONTROL
SYSTEMS

This article considers the expansion of the capabilities of digital devices of three-pulse suppression of the request of
aircraft responders with side petals in terms of increasing the accuracy of measuring the azimuth of flight of aircraft. In existing
devices, the response of aircraft responders is carried out at the time of the boundary crossing by the aircraft of the frequency
pattern of the antenna. The directional pattern of the radar systems of the main petal has an angle of 20-40 in the horizontal plane
depending on the type of radar system and the request period of terrestrial radar stations is 500 Hz, and the antenna rotation
speed is 10 rom and the distance between pulses P1 and P3 is 14 us. The time the aircraft is within the directional pattern of the
main petal will be requested 17 times and the same number of responses, which in turn leads to ambiguity in fixing the definition of
the aircraft in azimuth, especially over long distances. The response of the aircraft respondent to the request will be answered
when approaching the middle of the directional pattern of the antenna of the main lobe, where the highest power of the emitted
signal, which will significantly reduce the error of determining the aircraft by azimuth.
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TETSIHA TOBOPYII[EHKO, OJIEKCAH/IP THOBUILIbKUI

XMenbHULBKHI HAL[IOHAIBHUN YHIBEPCHTET

BJAOCKOHAJIEHHA HUPPOBOT'O NTPUCTPOIO INTPUAYIIEHHSA
INOMUJIKOBOT O 3AIIUTY BOKOBUMMU NNEJIJIOCTKAMU AHTEHU CUCTEM
KEPYBAHHJ ITIOBITPAHUM PYXOM

B AaHIVI CTaTTI pO3r/ISAaETECS POLIMPEHHS MOXJ/IMBOCTEH LMGPOBUX MTPUCTPOIB TPLOXIMITY/ILCHOIO MPUAYILIEHHS 3aITUTY
JIITaKOBUX BIAINOBIAAYIB GOKOBUMM IE/IIOCTKAMMU B [1/1aHI 30I/IbLIEHHS TOYHOCTI BUMIPY asuMyTa [10/1bOTY MOBITPSIHUX CyAeH. B
fCHYtoYnX NpUCTPOSIX BIAMNOBIAL JIITAKOBUX BIAMOBIAAYIB 34IMCHIOETbCS B MOMEHT PaHUYHOrO EPETUHY [OBITPSIHUM CYAHOM
YaCTOTHOI giarpamu Harpas/ieHoCTi aHTEHU. Lliarpama HarpasaeHoCTI pagio/ioKaLiviHux CUCTEM FOJ/I0BHOI NE/IIOCTKM MA€e KyT 20-40 B
TOPU30HTA/IbHIV T/IOWMHI B 3a/IEXHOCTI Bl TWITY PafionoKaLiiHoI cuctemu | nepiog 3amuTy Ha3eMHUMHU pPagiosiokaliiHiMmu
cranuiamm cknagae 500 I, a Takox LWBUAKICTE 06EPTaHHS aHTEHM ckiagae 10 o6/x8, a BigcTaHb Mix iMrysibcamu Pl i P3 ckiagae
14 MKC. Yac 3HaxofxXeHHS MOBITPAHOMO CyAHa B MEXAX AiarpamMu Harpas/eHOCTi OCHOBHOI MeMOCTkU 6yAe 3[IMCHEHO 3ammuT 17
pasiB [ CTi/Ibkv XX BIAMOBIAEY, WO B CBOK YEDIY MPUBOAUTL [O HEOLHO3HAYHOCTI QIKCALi BU3HAYEHHS TMOBITPSHOIrO CyAHa 1o
azuMyTy, 0CO6/MBO HAa AA8J/IbHIX BIACTaHAX. 34IMCHEHHS BIAINOBIAI JITaKoBUM BIAMOBIAAYEM PU 33rUTy 6y4e BIArnoBigatv rpu
HAG/MKEHHI [0 CEPEAMHM [iarpamu HarnpasaeHOCTi aHTeHW [O/I0BHOI MEMOCTKM, A€ HavBULE [TOTY)XHICTb BUIPOMIHIOBAHOMO
CUrHAY, IO 3HAYHO 3MEHLLUNTL TOXMOKY BUIHAYEHHS TOBITPSIHOIO CyAHa 10 a3uMyTy.

KnroyoBi cnoBa: pagionokalivina cictema, KEpyBaHHS IMOBITPSIHUM PyXOM, JIITAKOBUM BiArNoBIAaY, rOBITPSHE CyAHO,
aHanoro-Un@pPoBIMK MNEPETBOPIOBAY, TPbOXIMITY/IbCHE MPUAYLLEHHS], PEXUM «3aINT-BIAMOBIAb».

Introduction

Known devices for three-pulse suppression of erroneous request by side lobes of antennas of air traffic
control systems built on analog elements (resistors, capacitors, bipolar transistors) [1, 2] give a fairly high
probability of erroneous determination of azimuth of flight range defendants placed on board the aircraft in the
"request-response” mode (active radar) [3-5]. Incorrect determination of the flight amplitude of the aircraft is
possible when receiving a request by the lateral petals of the radar antenna, emitting a "response" signal by
relatively simple analog devices of three-pulse suppression of the request by the lateral petals, they have a
significant (-60°N — +60°N).

In order to reduce the probability of response of aircraft responders to the request by side lobes was
developed digital device suppression of the request using small high-speed analog-to-digital converters [6, 7] which
increased by 30% range at a given level of false response.

This article considers the expansion of the capabilities of digital devices of three-pulse suppression of the
request of aircraft responders with side petals in terms of increasing the accuracy of azimuth measurement of the
aircraft [8]. The essence is that in existing devices the response of the aircraft transponder is carried out at the time
of the boundary crossing of the aircraft frequency diagram of the antenna.

Given that the radiation pattern of the radar system of the main petal has an angle of 2°-4° in the horizontal
plane depending on the type of radar system and the request period of terrestrial radar stations is 500 Hz, and the
antenna rotation speed is 10 rpm [6], and the distance between pulses P; and P3 is 14 ps [7], then due to simple
calculations it can be determined that during the stay of the aircraft within the directional pattern of the main petal
will be requested 17 times and the same number of responses, which in turn leads to ambiguity fixing the definition
aircraft in azimuth, especially over long distances [9-12].
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The goal is to respond to the aircraft responder when asked when approaching the middle of the directional
pattern of the antenna of the main lobe, where the highest power of the emitted signal, which will significantly
reduce the error of determining the aircraft by azimuth.

Related Works

Device for suppressing erroneous request of aircraft responders of the air traffic control system includes an
input bus which is connected to the first input of the second analog-to-digital converter and the first input of the
synchronizer, outputs 1, 2, 3 are connected according to inputs 2 "Start" of the first, second and third digital
converters, the output of the second analog-to-digital converter is connected to the first inputs of the first and second
comparison circuits, the outputs of the first and second comparison circuits "YES" are connected to the first and
second inputs of the coincidence circuit "AND", the outputs of the first and second to the first and second inputs of
the circuit "OR", and its output is connected to inputs 3 of the first, second and third analog-to-digital converters and
to the fourth input of the synchronizer Set "0", the output of the driver is connected to the output bus. Additionally,
the first and second digital dividers "9 dB", the third matching circuit "AND", the counter first input is connected to
the output of the matching circuit "AND", the first input of the third comparison circuit is connected to the output of
the first analog-to-digital converter and the first input of the first digital divider "9 dB", the output is connected to
the second input of the first comparison circuit, the output of the third analog-to-digital converter is connected to the
first input of the second digital divider "9 dB" output is connected to the second input of the second comparison
circuit, the second inputs "9 dB" are connected to the output of the circuit "OR", the first inputs of the first and third
analog-to-digital converters are connected to the input bus, the output of the third comparison circuit is connected to
the second input Set "0" counter and input shaper.

Figure 1 shows a functional diagram of a device for suppressing erroneous requests of aircraft responders
of the air traffic control system.
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Fig. 1. Functional diagram of the device for suppressing erroneous request of aircraft responders of the air traffic control system:
entrance bus - In; the second analog-to-digital converter - ADC2; the first analog-to-digital converter - ADC1; the third analog-to-digital
converter - ADC3; synchronizer - SYNC; the first digital divider - DD1; the second digital divider - DD2; the first scheme of comparison

- CC1; scheme "OR" - OR; the second comparison scheme - CC2; the scheme of coincidence "AND'" - AND; counter - C; the third
scheme of comparison - CC3; shaper - F; output bus - Out.

Figure 2 shows the radiation pattern of the antenna of the ground radar station that emits the request signals
Py, P3, as well as the radiation of the omnidirectional antenna of the suppression signal P3 which is 9 dB below the
values of the request signals Py, P> [13-15]. Figure 3 shows a timing diagram of the request and suppression signals.

The device works as follows. The input bus receives pulses P, P», P3 from the amplifier with a logarithmic
amplitude characteristic, which are emitted by a ground-based radar station (figure 2). Pulses P; and P3 of the
interrogator code are emitted by a directional antenna, and pulse P, (suppression pulse) is emitted by a separate
omnidirectional antenna (suppression antenna) which is much smaller than P; and P; and the difference is 9 dB
(figure 3).

If the aircraft is aimed at the main petal, then the pulse P, is much smaller than P, and P3; by 9 dB, which
indicates a normal condition and the aircraft responder emits a response signal.

When receiving a signal from the side petal, the levels of signals Py and P; compared to P», the difference is
less than 9 dB, these signals are erroneous and suppressed.
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Fig. 2. Directional chart of the ground radar station
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Fig. 3. Time diagram of request and suppression signals

When pulse Py appears on input bus 1, it is fed to the first inputs 1 of SYNC and ADC3, while from the
first output 1 of SYNC 1 signal "Start" to 2 input ADC3, which fixes the digital value of the amplitude of the input
signal P; as the number N;, which is fed to the first digital divider DD1 in which the value of the number N; is
reduced by 9 dB (Np1).

At the time of occurrence on the bus input 1 of the pulse P, coming to the first inputs 1 of the synchronizer
SYNC and ADC2 from the output 2 of the synchronizer SYNC receives the signal "Start" to the 2 input ADC2 at
the output of which is fixed digital value N, amplitude.

At the time of the appearance on the bus input 1 of the pulse P, it is fed to the input 1 of the SYNC from
the output 3 which receives the signal "Start" to the 2 input ADC4, 1 input which receives the signal P;. At the
output of ADC4 we obtain a digital value of the amplitude of the signal P3;, which is fed to 1 input of the second
digital divider DD2 (9 dB) at the output of which we obtain a digital value N3 of the amplitude of the signal P;
reduced by 9 dB (Np3).

The outputs of the second ADC2 and the first digital divider DD1 receive digital values N, of the amplitude
of the suppression signal P, and the digital value of the signal P; reduced by 9 dB Np, by 1 and 2 inputs of the first
comparison circuit CC1 where the condition Np; > N 1 input of the coincidence circuit "AND", this corresponds to
the condition that the amplitude of the pulse P, is greater than +9 dB from the pulse suppression P..

Similarly, the analysis of the condition of comparison of determining the amplitude of the signal P, and
signal P; using the second comparison circuit CC2.
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When the condition Np3 > N, from the output "Yes" of the second comparison circuit CC2 receives a signal
to the 2 input of the matching circuit "AND".

In the presence of 1 and 2 inputs of the coincidence scheme "AND" signal "Yes" from the output of the
coincidence circuit "AND" receives a signal to the 1 input of counter C from the output of which the signal to the 2
input of the third comparison circuit CC3.

In the second request and fulfillment of the condition Np; > N> and Np3 > N> is performed in the scheme
comparing the value of the pulse amplitude P; in the first request N o amplitude of the pulse P; in the second request
Nirif condition N; o < N 1 is not met, the process the measurement is repeated, and the comparison of the amplitudes
of the signals P; of each previous request with the valid one takes place as long as the condition Nj-1)< Ni).

This condition is possible when the center of the pattern of the request antenna with the main petal will be
directed to the aircraft. In this case, the comparison circuit outputs a signal to the driver which issues a request signal
on the output bus to the aircraft transponder to generate a response signal, while the output signal of the driver is fed
to the 2nd input of counter C to set it to "zero" position.

If the condition Np; > N or Np, > N3 is not met, the first or second comparison circuit sends a signal "No"
to 1 or 2 input of the circuit "OR", which indicates an erroneous request on the side lobes of the antenna and the
device stops determining the request signal. In this case, the output signal of the circuit "OR" Set "0" is fed to 2
inputs ADC2,3,4 digital splitters DD1,2 input synchronizer SYNC, the device accepts the initial state.

Conclusions

The use of digital three-pulse method to suppress the erroneous request by the side lobes of the antenna in
aircraft transponders of air traffic control systems will significantly improve the tactical and technical characteristics
of the radar system: increase the accuracy of determining the position of the aircraft by the controller; increasing the
stability of the suppression threshold through the use of digital signal processing methods, especially when exposed
to temperature devices of aircraft transponders, which significantly increases the efficiency of air traffic control
systems.

In the next work it is planned to carry out computer simulation using the MATLAB Simulink software
environment, which will allow to investigate the exact characteristics of digital three-pulse suppression with
changing their amplitude from changing the position of the radar antenna in real time.
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