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Abstract. The necessity of introducing fiber-optic communication lines for the frequency
tuning codes transmission and frequency regulation is substantiated. A new scheme is presented
for constructing the radar station radiation path in the range from 1 to 18 GHz. A functional
expansion of the radar station capabilities is presented through the introduction of a modernized
radiation path and the study of radiation formations. Fiber-optic lines investigations have been
carried out in terms of launching frequency codes and a control channel. The corresponding
characteristics have been given.
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AHHOTALUS. O06ocHOBaHa He00XOIMMOCTh BHEJPEHUS BOJIOKOHHO-OIITUYECKUX
JIUHUM CBA3M [UISI TMepeJayd 4acTOTHBIX KOIOB HACTPOMKM M YaCTOTHOTO PEryJMpOBaHUs.
IIpencraBieHa HOBasl cxeMa MOCTPOEHUS TpakKTa M3JIy4eHUs PaauoIOKAIIMOHHON CTaHIIMU B
nuanaszoHe oT 1 go 18 I'Tu. IlpeacraBieHo (QpyHKIMOHAIbHOE paclliMpeHre BO3MOXKXHOCTE
PagMOIOKAIIMOHHON CTAaHIIUM 3a CUET BHEIPECHUS MOIEPHM3MPOBAHHOIO TpaKTa M3TyUCHUS
W WCCICIOBaHUS pagualOHHBIX oOpa3zoBaHuWii. [IpoBemeHBI MCCIEIOBAaHUS BOJOKOHHO-
ONTUYECKUX JIMHUM B 4YacTU 3allycka KOJOB YaCTOTbl M KaHaja KOHTPOJIsl, MPUBEACHbI
COOTBETCTBYIOLINE XapaKTEPUCTUKMU.
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Introduction

Much attention is paid to monitoring the airspace and environment state in the modern world
[1—3]. A large number of different instruments and devices have been developed to solve these
problems [3—6]. Most of these devices have a number of disadvantages that are associated with
weather factors, detection range, and others, especially for the airspace state monitoring [6—9].
The radar station usage eliminates many of these shortcomings. Therefore, increased attention is
paid to the radar station development and modernization [6, 7, 9—13]. One of the radar develop-
ment areas is the expansion of its functionality to the airspace state control [6, 10, 11, 13—15].

The operation of any nuclear power plant results in the release of radioactive isotopes through
ventilation systems into the air [3, 6, 8]. The reflected microwave signal is associated with the
natural radionuclide isotopes resonant frequencies (for example, 3'I, N, '33Xe, 38Kr and others).
It is required to ensure a change in the microwave frequency f, . of the radar microwave signal
radiation in the range of all radionuclide natural frequencies. The microwave radiation frequency
f - varies in the range from 1 to 18 GHz, providing the same power level over the entire fre-
quency range for plasmoid research. Therefore, the article goal is new fiber-optic communication
line (FOCL) design development for controlling and monitoring voltage-controlled oscillator
(VCO) frequency changes in the range from 1 to 18 GHz.

Materials and Methods

The stationary post includes equipment for processing and generating commands. A micro-
wave signal is transmitted from it to the antenna. The distance between them is from 50 to 2000
meters. The FOCL can be placed in various temperature conditions, areas of increased electro-
magnetic activity, areas with y-radiation, etc. Fig. 1 shows a block diagram of the two-channel
FOCL developed by us for solving problems of controlling f,,. in the VCO and controlling its
nominal value.

Fig. 1. Block diagram of the two-channel FOCL for VCO frequency monitoring and control:
Read Only Memory (ROM) 1; digital-to-analog converter (DAC) 2; laser module with direct modulation 3;
photodetector module 4; low-noise amplifier 5 based on an operational amplifier (LNA); voltage controlled analog
oscillator 6; 1:4 power divider 7; electro-optical modulator 8; analog-to-digital converter (ADC) 9; indication and
control device 10; amplifier 11; bandpass filter 12 in the feedback circuit of the amplifier; short emitter-dipole 13

of a parabolic antenna; single-mode optical fiber 14
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The designer loads special codes into the memory device (1) during the development and
manufacture of the radar transmitting path in this work. The launch codes are applied to VCO
to generate a signal of a certain frequency f,,. in the range from 1 to 18 GHz with a given step.
These frequency codes are unique for the developed FOCL, are loaded on a permanent basis and
remain unchanged during the FOCL operation. The frequency codes usage makes it possible to
set a master signal stable frequency. The launch codes are sent in turn to the DAC (2). An analog
signal is formed for a given frequency at the output (2). It is necessary to transmit the signal to
the antenna complex. This construction is located at a distance of 50 to 2000 meters from the
premises with the installed equipment. The trajectory of the line and the features of its laying are
taken into account on development stage. It is possible to increase the distance. Typical construc-
tion length of solid fiber is 2, 3, 4 and 10 km. There is no big problem to have such path length.
A single-mode fiber of the G.652 standard is used with a core doped with 2% germanium oxide
GeO, to microwave signal transmit. The power loss is 0.32 dB/km at 1 = 1310 nm. Therefore, the
margin is more than sufficient to signal transmit. The analog signal is fed to the laser module 3
with direct modulation of the pump current. The optical signal is fed through the fiber 14 to the
antenna complex (to the input of the photodetector module 4).

Results and Discussion

The studies were carried out for two channels of the developed FOCL under laboratory con-
ditions with different characteristics. Fig. 2 shows the FOCL frequency response.
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Fig. 2. Frequency response of the FOCL for the frequency code transmission
channel (a) and the radiation frequency f,,. control channel (b)

Analysis of the obtained results shows that the frequency code transmission channel charac-
teristic unevenness is 3—6 dB at a radiation frequency f;,,. up to 18 GHz (Fig. 2,b). This fact
confirms the high degree of the reliability of signal transmission over FOCL. The uneven char-
acteristics of the code transmission channel is less than 1 dB, which ensures high information
transmission stability (Fig. 2,a).
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Fig. 3. Frequency response of the FOCL frequency control channel £, for various temperatures 7.

Graphs 1, 2 and 3 correspond to the following temperature values 7 in °C: —23; —5; 27
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An analysis was made of the temperature factor influence on the channel for controlling the
radiation frequency f . in the research course. Fig. 3 shows the amplitude-frequency character-
istics of the FOCL at three temperatures.

The obtained data analysis showed that the temperature factor has practically no effect on sig-
nal transmission over FOCL. Temperature shift is about 0.5 dB. Stable operation of the frequency
control channel is maintained in the operating range of the FOCL. A similar situation applies to
the code transmission channel.

Conclusion

The obtained results show the reliability of the developed two-channel FOCL to provide
the necessary operating mode of the radiating antenna in each frequency range and to conduct
research on radioactive formations.

The introduction of an additional control channel on the FOCL makes it possible to control
the radar transmitting path operability, serviceability of the frequency generation system by means
of the VCO, and to determine the exact value of the steady-state radiation frequency f,,. for
atmospheric research. It becomes possible to localize weak reflected signals from supposed ioniza-
tion radiations formed as a result of the ingress of radioactive elements into the atmosphere, and
to establish a possible type of particles, since the microwave signal reflected at different frequen-
cies fg,, is closely related to the natural frequencies of radionuclide isotopes that have entered the
atmosphere.

The obtained results show that the FOCL developed design allows to control the operation of
the antenna complex radiator at distances of the order of 100 km. It is especially important for
work in the areas of the far north.

REFERENCES

1. Davydov V. V., Fokin G., Lazarev A., Instantancous Interference Evaluation Model for Smart
Antennas in 5G Ultra-Dense Networks, Lecture Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics). 13158 LNCS (2022)
365—376.

2. Nhan N.T., Podstrigaev A.S., Likhachev V.P., Myazin N.S., Makeev S.S., Study of detection
characteristics in recognition of simple radio pulses and signals with Ifm and psk in the autocorrelation
receiver, Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics). 12525 LNCS (2020) 415—423.

3. Davydov R.V., Dudkin V.I., Nikolaev D.I., Makeev S.S., Moroz A.V., Structure of a Nuclear
Magnetic Resonance Signal in a Small Relaxometer, Journal of Communications Technology and
Electronics. 66 (5) (2021) 632—636.

4. Likhachev V.P., Podstrigaev A.S., Nhan N.T., Study of the accuracy of determining the location
of radio emission sources with complex signals when using autocorrelation and matrix receivers
in broadband tools for analyzing the electronic environment, Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics).
12525 LNCS (2020) 326—333.

5. Petrov A.A., Grebenikova A.A., Some Directions of Quantum Frequency Standard Modernization
for Telecommunication Systems, Lecture Notes in Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics). 11118 LNCS (2018) 641—648.

6. Fadeenko V.B., Fadeenko 1.V., Vasiliev D.A., Rud V.Yu., Multifunctional radar system for remote
control of environment and the Earth’s surface, Journal of Physics: Conference Series. 1745 (1) (2021)
012023.

7. Tarasenko M.Y., Lenets V.A., Akulich N.V., Yalunina T.R., Features of use direct and external
modulation in fiber optical simulators of a false target for testing radar station, Lecture Notes in
Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics). 10531 LNCS (2017) 227—232.

8. Elokhin A.P., Ran D.F., Berkovich V.M., Vinogradov A.P., Zhilina M.V., Estimate of the emission
rate of radioactive rare gases during an unanticipated accident at a VVMR-1500 reactor, Atomic
Energy. 104 (1) (2008) 62—76.

426



Radiophysi
? adiophysics -

9. Podstrigaev A.S., Lukiyanov A.S., Smolyakov A.V., Nikitina M.I., The expediency of fiber-optical
communication line used in different schemes of receiver tract of the radio-monitoring complex,
Journal of Physics: Conference Series. 1368 (2) (2019) 022027.

10. Moroz A.V., Davydov V.V., Malanin K. Y., Krasnov A. A., Development of a Compensation
System Based on Horn Antennas for an Active Phased Antenna Array, Proceedings of the 2019 Antennas
Design and Measurement International Conference, ADMInC 2019. 8969090 (2018) 114—116.

11. Moroz A.V., Malanin K.Y., Krasnov A.A., Rud V.Yu., Features of the construction of the noise
compensation circuit of a small-sized active phased antenna array, Journal of Physics: Conference
Series. 1400 (4) (2019) 044009.

12. Davydov R.V., Saveleiv I.K., Lenets V.A., Rud’ V.Yu., Fiber-optic transmission system for the
testing of active phased antenna arrays in an anechoic chamber, Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics).
10531 LNCS (2017) 177—183.

13. Sviatkina V., Kuptsov V., Rud V., On possibility of using of spectral analysis for control the
energy distribution of electromagnetic waves in radar channels, Proceedings of ITNT-2020 — 6th IEEE
International Conference on Information Technology and Nanotechnology. 9253166 (2020) 232—237.

14. Gryaznova E.M., Malanin K.Y., A system with a fiber-optic communication line for measuring
the parameters of active phased antenna arrays in the far zone in landfill conditions, Proceeding
8th International Conference on Information Technology and Nanotechnology, (ITNT-2022) (2022)
234—258.

15. Fadeenko V.B., Pchelkin G.A., Beloshapkina O.0., Rud V.Y., Features of construction of the
scheme of fiber-optic communication system for transmission of analog signals in the frequency range
from 0.135 to 40 GHz, Journal of Physics: Conference Series. 1410 (1) (2019) 012238.

THE AUTHORS

FADEENKO Varvara B. VALOYV Anton P.
v21.07.96@mail.ru tony.valov2015@yandex.ru
RYZHOVA Daria A. SHAVSHIN Artyom V.
gwdaryal234@gmail.com shavshin2107@gmail.com
ORCID: 0000-0002-7155-1892 ORCID: 0000-0002-3597-8901

Received 28.07.2023. Approved after reviewing 18.09.2023. Accepted 22.09.2023.

© Peter the Great St. Petersburg Polytechnic University, 2023

427



