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Обледенение внешних конструкций воздушного судна является опасным метеорологическим явлением. В реаль-
ных условиях экипаж воздушного судна не всегда способен оперативно распознать постепенное ухудшение уп-
равляемости, происходящего, как правило, в течение продолжительного промежутка времени, обусловленного
обледенением. Данный факт приводит к возникновению аварийных ситуаций. Для предотвращения таких ситуа-
ций необходимо наличие своевременной и достоверной информация о существующих переохлаждённых гидро-
метеорах на трассе полета воздушного судна, что позволит экипажу своевременно принять профилактические ме-
ры. Зоны вероятного обледенения характеризуются наличием большого объема переохлажденной воды в жид-
ком состоянии. В радиолокационном диапазоне объем жидкости характеризуется отражаемостью метеоявления,
а фазовое состояние воды - отражаемостью и дополнительными характеристиками, доступными только для ра-
диолокационных систем с поляризационной обработкой отраженных сигналов. В настоящий момент в метеороло-
гических РЛС ближней аэродромной зоны отсутствует функционал обнаружения переохлажденной жидкости. Ре-
шение о наличии обледенения может производиться лишь на основе косвенных признаков и прогностических мо-
делях, которые не обладают необходимой степенью достоверности. В данной статье предлагается использовать
РЛС обеспечивающей получение полной поляризационной матрицы рассеяния гидрометеоров, что позволяет
связать характеристики отраженных сигналов с такими параметрами гидрометеоров, как их размеры, форма, про-
странственная ориентация и диэлектрическое состояние, откуда можно перейти к практически важным метеоро-
логическим характеристикам, в том числе таким, которые невозможно получить без учета поляризации. Отсюда
задачу обнаружения переохлажденной жидкой воды можно свести к задаче классификации гидрометеоров. Для
решения данной задачи в статье предложен нечетко-логический алгоритм классификации гидрометеоров, специ-
фичных явлению обледенения воздушных судов и произведено его первичное обучение по данным имитацион-
ного моделирования. Произведен анализ эффективности предложенного алгоритма классификации. Показано,
что разработанный алгоритм обеспечивает оправдываемость классификации при наблюдении гидрометеоров в
случае опасного обледенения воздушного судна порядка 98%.
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Abstract
Icing is a dangerous meteorological phenomenon for aircraft and is a process of ice deposition on the external elements of the aircraft
structure. In real conditions, the aircraft crew is not always able to quickly recognize the gradual deterioration of controllability, which
usually occurs over a long period of time due to icing. This fact leads to emergencies. To prevent such situations, it is necessary to have
timely and reliable information about the existing supercooled hydrometeors on the aircraft flight path, which will allow the crew to
take preventive measures in a timely manner. The zones of probable icing are characterized by the presence of a large volume of super-
cooled water in the liquid state. In the radar range, the liquid volume is characterized by the reflectivity of the meteorological phe-
nomenon, and the phase state of water is characterized by the reflectivity and additional characteristics available only for radar systems
with polarization processing of reflected signals. At the moment, there is no functionality for detecting supercooled liquid in the mete-
orological radars of the near airfield zone. The decision on the presence of icing can be made only on the basis of indirect signs and
predictive models that do not have the necessary degree of reliability. This article proposes to use a radar that provides a full polar-
ization scattering matrix of hydrometeors, which makes it possible to relate the characteristics of reflected signals to such parameters
of hydrometeors as their size, shape, spatial orientation and dielectric state, from which one can proceed to practically important mete-
orological characteristics, including such , which cannot be obtained without taking polarization into account. Hence, the problem of
detecting supercooled liquid water can be reduced to the problem of classifying hydrometeors. To solve this problem, the article pro-
poses a fuzzy-logical algorithm for the classification of hydrometeors specific to the phenomenon of aircraft icing and performed its ini-
tial training using simulation data. The effectiveness of the proposed classification algorithm has been analyzed. It is shown that the devel-
oped algorithm ensures the justification of the classification when observing hydrometeors in the case of dangerous icing of the aircraft
of the order of 98%.

Keywords: weather radar, near airfield area, classification of hydrometeors, aircraft icing, fuzzy logic, polarimetry, radar meteorology.

References

1. Guifu Zhang, Weather Radar Polarimetry, CRC Press, 2017, 396 p.
2. E.A. Bolelov, O.V. Vasiliev, S.A. Zyabkin, “The structure of the algorithm for detecting zones of probable icing in airfield meteorological radar sta-
tions,” Scientific Bulletin of the State Research Institute of Civil Aviation. 2021. No. 34, pp. 146-157.
3. O.G. Bogatkin, “Fundamentals of aviation meteorology,” St. Petersburg: Ed. RSHU, 2009. 339 p.
4. Guidance on forecasting meteorological conditions for aviation. Edited by K.G. Abramovich and A.A. Vasilyeva. Moscow: Goskomgidromet, 1985, 308 p.
5. Vasiliev O.V., Bolelov E.A., Galaeva K.I., Peshko A.S., Sinitsyn I.A. et al., “The Design and Operation Features of the Near-airfield Zone Weather Radar
Complex "Monocle",” Proceedings of the 18th Technical Scientific Conference On Aviation Dedicated To The Memory of N.E. Zhukovsky. 29-30 October 2021.
Moscow, Russia, 2021, pp. 64-72.
6. V. Pejcic, K. Muhlbauer and S. Tromel, "A new Dual-Frequency-based Hydrometeor Classification Approach for the Global Precipitation Measurements
Core-Satellite," 2022 23rd International Radar Symposium (IRS), Gdansk, Poland, 2022, pp. 426-430, doi: 10.23919/IRS54158.2022.9905054.
7. V. Pejcic, C. Simmer and S. Tromel, "Polarimetric radar-based methods for evaluation of hydrometeor mixtures in numerical weather prediction mod-
els," 2021 21st International Radar Symposium (IRS), Berlin, Germany, 2021, pp. 1-10, doi: 10.23919/IRS51887.2021.9466201.
8. J. Straka, D. Zrnic, and A. Ryzhkov, “Bulk hydrometeor classification and quantification using polarimetric radar data: Synthesis of relations,” Journal
of Applied Meteorology, no. 39, 2000, pp. 1341-1372.
9. A. Ptitsev, F. Yanovsky, “Evaluation of the effectiveness of the parametric algorithm for radar detection of areas of probable icing of aircraft,”
Proceedings of the international scientific and practical conference "Modern information and electronic technologies", Odessa, Ukraine, 2013, pp. 238-241. 
10. F. Marzano, S. Scaranari, M. Montopoli and G. Vulpiani, “Supervised classification and estimation of hydrometeors from C-band dual-polarized radars:
A Bayesian approach,” IEEE Trans. Geosci. Remote Sens., no. 46, 2008, pp. 85-98.
11. N. Roberto et al., "Hydrometeor classification for X-band dual polarization radar on-board civil aircrafts," 2015 IEEE International Geoscience and
Remote Sensing Symposium (IGARSS), Milan, Italy, 2015, pp. 2319-2322, doi: 10.1109/IGARSS.2015.7326272.
12. Y. Lu and J. Kumar, "Convolutional Neural Networks for Hydrometeor Classification using Dual Polarization Doppler Radars," 2019 International
Conference on Data Mining Workshops (ICDMW), Beijing, China, 2019, pp. 288-295, doi: 10.1109/ICDMW.2019.00050.
13. L. Kou, J. Tang, Z. Wang, Y. Jiang and Z. Chu, "An Adaptive Rainfall Estimation Algorithm for Dual-Polarization Radar," IEEE Geoscience and Remote
Sensing Letters, vol. 19, pp. 1-5, 2022, Art no. 1004805, doi: 10.1109/LGRS.2022.3143118.

ЭЛЕКТРОНИКА. РАДИОТЕХНИКА



T-Comm Tом 17. #10-2023
12

14. H. Park, A. Ryzhkov, D. Zrnic and K. Kim, “The hydrometeor classification algorithm for the polarimetric WSR- 88D: Description and application

to an MCS,” Weather Forecasting, 24, pp. 730-748, 2009.

15. A.G. Maslennikov, “Experimental research of traffic control application in linux-router queue discipline based on fuzzy logic,” T-Comm. 2016. Vol. 10.

No.1, pр. 19-24. (in Russian)

16. O.V. Vasiliev, S.A. Zyabkin, A.V. Nikonenko, D.S. Chirov, “A Functionally-Oriented Model of the Formation of a Meteorological Product in the X-

range from Hydrometeors of a Supercooled Liquid with Full Polarization Reception,” Digital Signal Processing. No. 1, 2023, pp. 54-61.

17. D. S. Chirov, E. A. Bolelov, S. A. Zyabkin and O. V. Vasiliev, "Fuzzy-logical Classifier of the Phase State of Hydrometeors in X-band Weather Radars,"

2023 Wave Electronics and its Application in Information and Telecommunication Systems (WECONF), St. Petersburg, Russian Federation, 2023, pp. 1-4, doi:

10.1109/WECONF57201.2023.10148003.

18. M. I. Mishchenko, “Calculation of the amplitude matrix for a nonspherical particle in a fixed orientation,” Appl. Opt., 39, 2000, pp. 1026-1031.

19. Temporary guidelines on the use of information from the Doppler meteorological radar DMRL-S in synoptic practice. Second edition. RosHydroMet.

Moscow, 2017. 121 p.

Information about authors:

Eduard A. Bolelov, Doctor of Technical Sciences, Associate Professor, Head of the Department of Technical Operation of Air Transport Radio-Electronic

Equipment, MSTU GA, Moscow, Russia

Oleg V. Vasiliev, Doctor of Technical Sciences, Professor, Professor of the Department of Technical Operation of Air Transport Radio-Electronic Equipment, MSTU

GA, Moscow, Russia

Sergey A. Zyabkin, Leading Software Engineer, JSC Concern International Air Navigation Systems, Moscow, Russia

Denis S. Chirov, Head of the Department of Radio Engineering Systems, MTUCI, Moscow, Russia

ЭЛЕКТРОНИКА. РАДИОТЕХНИКА


