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Abstract—The ambiguity diagram of rectangular chirp RF pulse has been analyzed. The characteristic
point of ambiguity diagram was identified. It was proposed to identify the signal on the basis of
correlation level at the characteristic point of ellipsoidal ambiguity diagram built in a special coordinate
system. The quasi-optimal autocorrelation algorithm with quadrature processing is proposed. This
algorithm is resistant to a priori uncertainty of parameters of input energy-hidden signals with unknown
waveform and unknown initial phase against the background of Gaussian stationary noise. The tuning
parameters of identification scheme and the decision-making rule regarding the availability of chirp
signal in the input mixture were determined. The simulation modeling of identification procedure was
conducted using the software package Matlab R2016a. The simulation results confirmed the ability of the
proposed algorithm to identify the chirp signal in the input mixture at small values of the signal-to-noise
ratio.
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1. INTRODUCTION

In recent times, there is a tendency to the rise of the number of telecommunication systems (TCS) that use
signals with spread spectrum of radiations: code PSK (phase-shift keyed) signals and chirp signals. At the
expense of this feature, the noise immunity of TCS is increased and the hidden mode of operation of these
signals is provided that is important for military systems.

Hence, there is a need to develop the radio monitoring (RM) systems. The use of broadband signals in
TCS significantly reduces the power spectral density of radiofrequency (RF) radiation and their energy
availability. To detect such radiofrequency radiations and classify the applied signals, measure their
parameters, and perform further processing in the situation without any a priori information about TCS
liable to monitoring is a complex scientific and technological task.

2. PROBLEM STATEMENT

One of the most important scientific and technological tasks in radio monitoring of TCS using chirp
signals [1], [2] is the identification of chirp modulation.

The problem of detecting an energy-hidden chirp signal and determining its parameters on the basis of a
discrete model of autocorrelation receiver with quadrature processing was solved in [3], [4]. Therefore, it is
expedient to identify the chirp modulation in these signals using the results obtained in these papers.

There are few publications in research literature dealing with the issue of identifying the chirp
modulation in TCS signals under conditions of a priori uncertainty regarding the waveform and parameters
of signal and energy hiding [1], [2]. The research studies focused on solving this issue are topical.

398


mailto:andrewyoo@i.ua

404

STEISKAL et al.
CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

ADDITIONAL INFORMATION

The initial version of this paper in Russian is published in the journal “Izvestiya Vysshikh Uchebnykh
Zavedenii. Radioelektronika,” ISSN 2307-6011 (Online), ISSN 0021-3470 (Print) on the link
http://radio.kpi.ua/article/view/S0021347020080026 with DOI: 10.20535/S0021347020080026.

10.

REFERENCES

M. Horai, H. Kobayashi, and T. G. Nitta, “Chirp Signal Transform and Its Properties,” J. Appl. Math. 2014, 1
(2014). DOI: 10.1155/2014/161989.

J. G. Proakis and D. K. Manolakis, Digital Signal Processing, 4th ed. (Pearson, 2006). URL: https:/www.
amazon.com/Digital-Signal-Processing-John-Proakis/dp/0131873741.

A. B. Steiskal, “The results of scheme’s design of detecting middle frequency of energy-hidden chirp signals,”
Mod. Inf. Technol. Sph. Secur. Def., No. 1, 109 (2018). URL: http://sit.nuou.org.ua/article/view/159093.

S. O. Kovtun and A. B. Steiskal, “Analysis results of signals receiver parameters with linear frequency
modulation under the power hidden operating conditions,” Mod. Inf. Technol. Sph. Secur. Def., No. 1, 34 (2015).
URL.: http://sit.nuou.org.ua/article/view/36491.

. O. D. Mrachkovskiy, V. E. Bychkov, and A. A. Oleinik, “About degradation of uncertainty function broadband

signal with the linear inside impulse frequency modulation,” Visnyk NTUU KPI Seriia - Radiotekhnika
Radioaparatobuduvannia, No. 38, 41 (2013).

. L. Zhang, Y. Liu, J. Yu, and K. Liu, “Low-complexity spatial parameter estimation for coherently distributed

linear chirp source,” IEEE Access 6, 75843 (2018). DOI: 10.1109/ACCESS.2018.2883530.

. A. B. Steiskal, “Synthesis and Modulation Results of Functional Unit of Frequency Deviation Measurement of

Chirp Signal with Low Spectral Power Density,” in Zbirnyk Naukovykh Prats Viiskovoi Chastyny A1906 (2018),
pp. 67-76.

. M. Joneidi, A. Zacemzadeh, S. Rezaeifar, M. Abavisani, and N. Rahnavard, “LFM signal detection and

estimation based on sparse representation,” in 2015 49th Annual Conference On Information Sciences And
Systems, CISS 2015 (IEEE, 2015). DOI: 10.1109/CISS.2015.7086856.

A. A.Kolchev and A. E. Nedopekin, “Application of model of mixture of probabilistic distributions for definition
of the signals of radiophysical probing,” Radioelectron. Commun. Syst. 59, No. 8, 362 (2016). DOI:
10.3103/S0735272716080057.

IEEE Std 802.15.4a-2007, IEEE Standard For Information Technology-Telecommunications And Information
Exchange Between Systems-LANs And MANs-Specific Requirements-Part 15.4: Wireless MAC And PHY
Specifications For LR-WPANs-Amendment 1: Add Alternate PHYs, in IEEE Std 802.15.4a-2007, Vol. 2007
(2007). DOI: 10.1109/IEEESTD.2007.4299496.

RADIOELECTRONICS AND COMMUNICATIONS SYSTEMS Vol.63 No.8 2020


http://radio.kpi.ua/article/view/S0021347020080026
http://doi.org/10.20535/S0021347020080026
https://doi.org/10.1155/2014/161989
https://www.amazon.com/Digital-Signal-Processing-John-Proakis/dp/0131873741
https://www.amazon.com/Digital-Signal-Processing-John-Proakis/dp/0131873741
http://sit.nuou.org.ua/article/view/159093
http://sit.nuou.org.ua/article/view/36491
https://doi.org/10.1109/ACCESS.2018.2883530
https://doi.org/10.1109/CISS.2015.7086856
https://doi.org/10.3103/S0735272716080057
https://doi.org/10.1109/IEEESTD.2007.4299496



