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Abstract

© 1963-2012 IEEE. This paper addresses the problem of nonreciprocity of propagation
conditions in meteor-burst communication systems (MBCSs). In prior publications, this problem
has not gained appropriate attention. The channel nonreciprocity may have a significant impact
on such advanced communication systems as meteor synchronization systems with nanosecond
precision and meteor key distribution systems intended to securely create two identical copies
of a shared secret key at both channel sides. These systems are based on the processing of
phase characteristics of meteor radio reflections that need to be accurately modeled. We
propose a new MBCS simulation model that is based on a rigorous solution to the problem of
oblique diffraction of radio waves on ionized meteor trails. Our diffraction approach allows more
accurate simulation of the amplitude and phase characteristics of oppositely propagating signals
that makes possible detailed investigation of the channel nonreciprocity effects. Using this
approach, we present some preliminary simulation results on the channel nonreciprocity at
meteor-burst propagation that prove satisfactory immunity of MBCS to ionospheric disturbances
even while operating in severe conditions of polar regions.

http://dx.doi.org/10.1109/TAP.2017.2669730

Keywords

Diffraction of radio waves, meteor-burst communications, nonreciprocal wave propagation, radio
propagation

References

[1] V. A. Korneyev, L. A. Epictetov, and V. V. Sidorov, "Time&Frequency coordination using unsteady, variable-
precision measurements in meteor-burst channel, " in Proc. IEEE Int. Freq. Control Symp. PDA Exhibit. Jointly
17th (EFTF), Tampa, FL, USA, May 2003, pp. 285-289.

[2] V. A. Korneyev and V. Sidorov, "Optimization of concurrent data and high-precision time transfer modes in
meteor burst synchronization equipment, " in Proc. IEEE Int. Freq. Control Symp. Joint 21th (EFTF), Geneva,
Switzerland, May/Jun. 2007, pp. 923-926.

[3] V. Sidorov, A. Karpov, V. Korneev, and A. Nasyrov, "Meteor time transfer and meteor cryptography, " in Proc.
IEEE Int. Freq. Control Symp., Joint 21st Eur. Time Forum, May 2007, pp. 315-317.

[4] A.l. Sulimov, "Secure key distribution based on meteor-burst communications, " in Proc. 11th Int. Conf. Secur.
Cryptogr. (SECRYPT), Vienna, Austria, Aug. 2014, pp. 445-450.

[5] A.I. Sulimov, "Performance evaluation of meteor key distribution, " in Proc. 12th Int. Conf. Secur. Cryptogr.
(SECRYPT), Colmar, France, Jul. 2015, pp. 392-397.


http://dx.doi.org/10.1109/TAP.2017.2669730

(6]

(7]

(8]

[9]

[10]

A. E. Bazlov, "Experimental study of nonreciprocity of a meteor radio channel, " Radiophys. Quantum Electron.,
vol. 35, no. 1, pp. 66-67, Jan. 1992,

R. I. Desourdis, Jr., "Nonreciprocity of meteor scatter radio links, " in Proc. lonospheric Effects Symp. (IES), May
1993, pp. 165-173.

T. R. Kaiser, "Theory of radio reflections from meteor trails: I, " Philos. Mag. J. Sci., vol. 43, no. 336, pp. 1-32,
1952,

A. Karpov, "The computer model 'KAMET': The new generation version, " in Proc. Meteroids Conf., Kiruna,
Sweden, Aug. 2001, pp. 367-370.

R. G. Khuzyashev, "Calculation of the amplitude and phase characteristics of a signal scattered obliquely off a
meteor trail, " Radiophys. Quantum Electron., vol. 27, no. 9, pp. 778-782, Sep. 1984.

[11] J. A. Weitzen, M. Sowa, R. Scofidio, and J. Quinn, "Characterizing the multipath and Doppler spreads of the high-

[12]

[13]

(14]

[15]
[16]

latitude meteor burst communication channel, " IEEE Trans. Commun., vol. 35, no. 10, pp. 1050-1058, Oct.
1987.

P. S. Cannon, "Polarization rotation in meteor burst communication systems, " Radio Sci., vol. 21, no. 3, pp.
501-510, May/Jun. 1986.

K. C. Yeh and V. H. Gonzalez, "Note on the geometry of the Earth magnetic field useful to Faraday effect
experiments, " J. Geophys. Res., vol. 65, no. 10, pp. 3209-3214, 1960.

C. C. Finlay et al., "International geomagnetic reference field: The eleventh generation, " Geophys. J. Int., vol.
183, no. 3, pp. 1216-1230, 2010.

D. Bilitza, "International reference ionosphere 2000, " Radio Sci., vol. 36, no. 2, pp. 261-275, 2001.
D. W. R. McKinley, Meteor Science and Engineering. New York, NY, USA: McGraw-Hill, 1961.

[17] J. A. Weitzen, "Distributions of underdense meteor trail amplitudes and its application to meteor scatter

(18]

communication system design, " Radio Sci., vol. 26, no. 2, pp. 451-458, 1991.

R. S. Mawrey and J. A. Weitzen, "Measured performance of meteor burst systems using antenna beam steering,
" |EEE Trans. Commun., vol. 43, no. 234, pp. 1467-1476, Feb/Mar./Apr. 1995.

[19] J. S. Greenhow and E. L. Neufeld, "Phase changes and resonance effects in radio echoes from meteor trails, "

[20]
[21]

Proc. Phys. Soc. Sec. B, vol. 69, no. 11, pp. 1069-1076, 1956.
H. Vollard, Ed., CRC Handbook of Atmospherics, vol. 1. Cleveland, OH, USA: CRC Press, 1982, p. 279.

G. R. Sugar, "Radio propagation by reflection from meteor trails, " Proc. IEEE, vol. 52, no. 2, pp. 116-136, Feb.
1964.

[22] T.R. Kaiser, "Radio echo studies of meteor ionization, " Adv. Phys., vol. 2, no. 8, pp. 495-544, 1953.

(23]

0. Belkovich, S. Suleymanova, and V. Tokhtasjev, "Meteor height distributions: A new look, " in Proc. Int. Conf.
Meteoroids, Tatranska Lomnica, Slovakia, Aug. 1998, pp. 63-66.



