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Analysis of multifractal characteristics of lightning AR spectrum
and discharge type identification

HUO Yuanlian® , ZHANG Jian, AN Yaqi

(College of Physics and Electronic Engineering, Northwest Normal University, Lanzhou, Gansu 730070, China)

Abstract: The fractal study of the lightning time domain waveform ignores its frequency characteristic, so
that all the characteristics can not be fully characterized. In order to solve this problem, this paper intro-
duces the multifractal theory into modern spectral estimation,and proposes a multifractal characteristic
analysis and discharge type identification method of the lightning electric field signal based on auto-re-
gressive (AR) spectrum. Firstly, the power spectrum of the lightning electric field signal is obtained
based on the AR model spectrum estimation method. Then the multifractal detrended fluctuation analysis
(MF-DFA) method is used to verify that the lightning AR spectrum sequence has multifractal character-
istics,and the Hurst exponent and multifractal spectrum of AR spectrum sequence are further discussed.
Finally,these parameters are input into support vector machine as the effective eigenvalues to identify
different discharge types of intracloud lightning (IC) and cloud-to-ground lightning (CG). The experi-
mental results show that the effective recognition rate of the proposed method reaches more than 94 %.
The research results have certain reference value for the research of lightning characteristics and auto-
matic recognition technology.
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Tab.2 The o, of the AR spectrum of IC and CG electric field signal

Number 1 2 3 4 6 7 8 9 10

ICCay ) 1.932 1. 815 1. 965 1.832 1. 839 1.736 1. 815 1.639 1. 825
CGCa ) 1. 963 2.185 2.000 1. 965 1. 956 1. 982 1. 965 1. 968 1. 883
1CC Aa) 1. 226 1.253 1.117 1. 335 1. 344 1.129 1.194 1. 269 1. 346
CG( Aa) 1.025 0.953 0. 998 1. 008 1.121 1. 054 0.977 1. 096 0.927
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Tab.3 The result of IC and CG recognition
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CGH+1IC 96 91.6
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