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ОБНАРУЖЕНИЕ И СИНХРОНИЗАЦИЯ СЛАБЫХ 
ПО МОЩНОСТИ ШУМОПОДОБНЫХ СИГНАЛОВ 

В СПУТНИКОВОЙ РАДИОСИСТЕМЕ
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Задача одновременной оценки параметров несущих частот и задержек
по времени одного, либо сразу нескольких слабых по мощности копий
одного и того же шумоподобного сложного сигнала (СлС), либо
разных по структуре шумоподобных сигналов, является актуальной для
целого ряда спутниковых систем – как радионавигационных, так и
предназначенных для передачи информации. Рассматривается
проблема совместного обнаружения (поиска) и синхронизации одного
или сразу нескольких слабых шумоподобных сложных сигналов,
рассогласованных по несущей частоте, фазе частоты и задержке по
времени, в аппаратуре спутниковой радиосистемы. Предполагается
использование многоэтапной параллельно-последовательной
процедуры обнаружения и синхронизации сигналов с совместно
работающими устройствами обнаружения и слежения за изменением
параметров сигналов с формированием их копий в квазикогерентном
приемнике. Для заранее заданных значений характеристик
погрешностей оценки несущих частот и задержек по времени
шумоподобных сложных сигналов разработана методика
приближенной оценки длительности времени их обнаружения и
синхронизации в спутниковой радиосистеме. Показано, что при
отношении сигнал/шум порядка (-10…-40) дБ эта длительность
времени может составить менее 0.5 с при учете возможностей
современных методов обработки сигналов и технологических
решений, использующихся при их реализации.
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Abstract
The problem of joint detection (search) and synchronization of one or several weak complex spread spectrum signals, mismatched on
carrier frequency, frequency phase and time delay, in satellite radio system equipment is considered. It is supposed to use a multistage
parallel-serial signal detection and synchronization procedure with joint detection and tracking devices for signal parameter changes with
formation of their copies in the quasi-coherent receiver. For predetermined values of the characteristics of errors in the estimation of
carrier frequencies and time delays of complex spread spectrum signals a method of approximate estimation of the duration of their
detection and synchronization in the satellite radio system is developed. It is shown, that at a signal/noise ratio of the order (-10...-40)
dB this time duration can make less than 0.5 s at consideration of possibilities of modern methods of processing of signals and the tech-
nological decisions used at their realization.

Keywords: complex spread spectrum signals, synchronization channel, signal detection, correlator, matched filter, digital storage device, phase-locked loop, 
automatic time setting.

ЭЛЕКТРОНИКА. РАДИОТЕХНИКА



T-Comm Tом 17. #8-2023
20

References

1. Gerard Maral, Michel Bousquet, Zhili Sun (2020). Satellite Communications Systems. United Kingdom: Wiley, 800 p.
2. R.V. Volkov, V.N. Sayapin, V.V. Sevidov (2016). A model for measuring the time and frequency shift of a radio signal received from a repeater satel-
lite when determining the location of an earth station. T-Comm, vol. 10, no 9, pp. 14-18.
3. V. I. Kulakova (2020). Detection of weak signals by mutual correlation method with phase instability compensation during radio monitoring of the fre-
quency resource of satellite communication systems. Control, communication and security systems, no. 1, pp. 33-48.
4. N.Yu. Muzychenko (2019). Search and detection of noise-like signals in conditions of frequency instability of the communication channel. Radio
Engineering and Electronics, vol. 64, no. 1, pp. 44-49.
5. I.I. Snytkin, T.I. Snytkin (2021).  Method of "third solver circuit" to improve search and synchronization efficiency of complex broadband noise-like
signals. Electromagnetic waves and electronic systems, vol. 26, no. 6, pp. 44-56, doi: 10.18127/j15604128-202106-05.
6. G. Urkovits (1967). Detection of unknown deterministic signals by energy. TIIER, no. 4, pp. 50-59.
7. S.F. Gorgadze (2022). Synchronization in information and communication systems. Moscow: Media Publisher, 44 p.
8. S.D. Vu, S.F. Gorgadze (2020). Accelerated search device for noise-like signal. Information Society Technologies. Proceedings of XVI International Branch
Scientific and Technical Conference. Moscow, pp. 88-90.
9. L.E. Varakin (1985). Communication systems with noise-like signals. Moscow: Radio and Communications, 384 p.
10. V.P. Ipatov (2007). Broadband systems and code division of channels. Principles and applications. Moscow: Technosphere, 487 p.
11. S.D. Vu, S.F. Gorgadze (2023). Effectiveness of a device for rough estimation of synchronization parameters of a spread-spectrum signal. DPSA:
Questions of Application of Digital Signal Processing, vol. 13, no. 1, pp. 31-39.
12. I.I. Snytkin, T.I. Snytkin (2022). Technical solution of the "third solver circuit" for increasing the search and synchronization efficiency of complex
broadband noise-like signals. Adv. of Modern Radio-electronics, vol. 76, no. 7, pp. 40-50, doi: 10.18127/ j20700784-202207-04.
13. S.F. Gorgadze, A.V. Ermakova (2023). Efficiency of IDMA and CDMA technologies at small spectrum expansion factor. DPSA: Questions of digital sig-
nal processing application, vol. 13, no. 2, pp. 22-29.
14. S.D. Vu, S.F. Gorgadze (2022). Probabilistic characteristics of the accelerated search for noise-like signals. Telecommunications and information tech-
nologies, vol. 9, no. 2, pp. 120-127.
15. S.F. Gorgadze, T.M. Gut (2020). Accelerated estimation of spread spectrum signals synchronization parameters. 2020 Systems of Signals Generating
and Processing in the Field of on Board Communications, pp. 9078627. 
16. I.I. Snytkin, T.I. Snytkin (2021). Algorithm of the "third solver scheme" realization to increase the search and synchronization efficiency of complex
broadband noise-like signals. Electromagnetic waves and electronic systems, vol. 26, no. 3, pp. 54-63.
17. N.I. Smirnov, S.F.  Gorgadze (1997). Time duration of synchronization of receiver noise-like complex signal in satellite asynchronous information
transmission system. Zarubezhnaya radioelectronika, no. 5, pp. 41-51.
18. T.M. Gut, S.F. Gorgadze (2019). Characteristics of covariance functions and estimation of noise-like signal parameters. Telecommunications and infor-
mation technologies, vol. 6, no 2, pp. 35-41.
19. G.V. Chechin (2020). Satellite communication systems based on geostationary repeaters. Moscow: Hot Line – Telecom, 96 p.
20. N.I. Smirnov, S.F. Gorgadze (1998). Accelerated detection of ultra-long synchro-signals and identification of subscriber stations in satellite personal
radiocommunication systems with synchronous code division. Radio Engineering and Electronics, no. 12, pp. 1495-1504.
21. G.V. Chechin (2021). Satellite communication systems based on non-geostationary repeaters. Moscow: Hot Line – Telecom, 118 p.
22. S.F. Gorgadze (2006). Detection-recognition of addressable complex signals at multi-stage access with code division using fast spectral transforma-
tions. Radiotekhnika and Elektronika, no. 4, pp. 428-436.
23. K.A. Izz, A.K. Laith, S.H. Abbas (2020). Synchronization in DSSS system // International Review of Applied Sciences and Engineering, vol. 11, no. 2,
pp. 88-94, August 2020, doi: 10.1556/ 1848.2020.20003.
24. N.I. Smirnov, Yu.A. Karavaev (1982). Comparison of realizations of variants of microelectronic block for the detection of complex signals. Radio
Electronics, no. 7, pp. 22-27.
25. P.S. Akimov, F.F. Evstratov, S.I. Zakharov, et al. (1989). Detection of Radio Signals. Edited by A.A. Kolosov. Moscow: Radio and Communications,
287 p.
26. Y.S. Lezin (1963). Optimal filters and accumulators for pulse signals. Moscow: Soviet Radio, 320 p.
27. V.I. Kostylev (2015). Generalized energy detectors of the first and second genera. Vestnik VSU, no. 3, pp. 102-111.
28. S.F. Gorgadze (2005). Asymmetrical modifications of the generalized fast Fourier and Fourier-adamar transform. Radiotekhnika and elektronika, vol.
50, no. 3, pp. 302-308.
29. S.F. Gorgadze, V.V. Boikov (2014). Measuring signals with multi-position subcarriers for satellite radio navigation systems. Radiotekhnika and elek-
tronika, vol. 59, no. 3, pp. 264.
30. S.F.  Gorgadze (2017). Complex composite signals with uniform amplitude envelope for satellite radio navigation systems. Radio Engineering and
Electronics, vol. 62, no. 4, pp. 317-331.
31. T. Guangyu, C. Wenbing, Z. Hanchen, C. Yiwen, T. Yang, Y. Xuehui (2022). Research and Implementation of the Early-late Gate Bit Synchronization
Algorithm in the Non-coherent Spread Spectrum System, 2022 International Symposium on Networks, Computers and Communications (ISNCC),
Shenzhen, China, pp. 1-4, doi: 10.1109/ISNCC55209.2022.9851724.
32. M.S. Nemirovsky, B.A. Lokshin, D.A. Aronov (2021). Fundamentals of building satellite communication systems. Moscow: Hot Line – Telecom, 432 p.
33. V.I. Tikhonov (1983). Optimal signal reception. Moscow: Radio and Communications, 320 p.
34. G.M. Kvashnina, B.P. Sorokina, S.I. Burkov (2021). Excitation of Surface Acoustic Waves and Lamb Waves at the Svc in a Piezoelectric Layer Structure
Based on Diamond. Acoustic Journal, vol. 67, no. 1, pp. 45-54.
35. V.V. Losev, E.B. Brodskaya, V.I. Korzhik (1988). Search and decoding of complex discrete signals. Moscow: Radio and Communications, 224 p.
36. Debdyuti Mandal, Sourav Banerjee (2022). Surface Acoustic Wave (SAW) Sensors: Physics, Materials, and Applications. Sensors, vol. 22, no. 3.
37. M.J. Muhammad, F.M.R.W. Mohd, T.N.N. Hoang, T.H. Le, R. Rahul, K.S. Ashish, F.D. Chang, Y.C. Edward, Y.M. Burhanuddin, A.TH.T. Clarence (2023).
Surface Acoustic Wave Propagation of Gan/Sapphire Integrated with a Gold Guiding Layer. Sensors, vol. 23, no. 5.

ЭЛЕКТРОНИКА. РАДИОТЕХНИКА


