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A harmonic and interharmonic analysis method based on integrated DFT and Prony algorithm

GUO Cheng?, YIN Keb 2, ZHANG Yanping® 2, DUAN Ruimin!
(1. Electric Power Research Institute of Yunnan Power Grid Co., Ltd., Kunming 650217, China;
2. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Aiming at the limitation of traditional frequency domain harmonic detection method in time domain analysis, a
harmonic and interharmonic analysis method based on frequency domain and time domain is proposed. First, the Discrete
Fourier Transform (DFT) is applied to the harmonic and interharmonic signals to obtain the spectrum range of the signal.
Thus, the sampling rate of Prony algorithm is selected according to the spectrum range, and the model order of Prony
algorithm is selected according to the signal-to-noise ratio. Then, the frequency, amplitude, phase and attenuation factor of
each harmonic and interharmonic component in the signal are obtained based on Prony algorithm. Finally, the dominant
harmonics and interharmonics components are selected based on the energy coefficient, and the temporal variation trend
of the dominant harmonics and interharmonics components is obtained through the data reconstruction based on Prony
algorithm. The analysis of measured data shows that the proposed analysis method can accurately obtain the time-domain
index and change trend of dominant harmonics and interharmonics components, and has strong practicability, which
provides an effective means for accurate accident traceability analysis.
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4 S/dB 4 S/dB % S/dB
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Table 2 Identification results of DFT and this method in

noiseless environment

i@ BV BEIHz ARz /rad FERH T
DFT 50.400 0 50.000 0 — —
Prony 50.400 0 50.000 0 1.256 6 -0.095 0
DFT 24.999 3 150.000 0 — —
Prony 25.0000 149.999 9 1.8850 -0.3200
DFT 8.502 6 138.003 4 — —
Prony 8.5000 137.999 9 25133 -1.5400
DFT 6.199 4 349.998 6 — -
Prony 6.200 0 349.999 7 2.796 0 -0.3400
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Table 3 Order and signal to noise ratio (P-S)
B $ S/dB (U S/dB B % S/dB

20 35.98 23 47.36 26 51.57
21 40.13 24 50.33 27 51.80
22 42.13 25 51.19 28 51.20
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Table 4 Identification results in 20 dB noise environment

Y ETAYS R IHz i fi/rad BEU I F
50.391 6 50.003 7 12555 -0.094 2

25.088 4 149.989 9 1.8878 -0.3859

8.506 0 138.029 3 25014 -1.5289

6.1921 350.011 8 2.795 4 -0.3278

0.230 6 215.685 2 14300 —-265.3158
0.1905 409.021 2 -2.780 4 -210.619 5
0.176 5 453.757 2 0.536 6 —247.825 4
0.166 1 156.181 2 -0.800 4 -226.1210
0.099 4 351.4010 2.786 3 -115.895 4
0.0859 274.0155 -2.714 4 -143.410 8
0.0517 85.808 4 2.047 8 -136.387 3
0.022 4 266.299 0 3.036 4 -545397
0.010 4 480.117 5 -2.1291 -110.442 7
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Table 5 Energy coefficients for each frequency component

B Hz AR R B Hz RERARK
50.003 7 5678.79 138.029 3 3.64
149.989 9 168.47 351.4010 7401076
350.011 8 57.63 215.685 2 519106
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Table 6 Order and signal to noise ratio (P-S)

W S/dB (U184 S/dB (U114 s/dB
143 27.09 147 34.70 151 37.38
144 29.78 148 35.90 152 37.39
145 32.40 149 37.28 153 37.35
146 33.85 150 3755 154 37.63
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Table 7 Energy coefficients for main frequency component

BiEIHz [ i [Hz REERH
49.9340 3.27>107 116.551 6 132.70

83.2300 2000.42 339.0229 1.06x10-
249.710 1 142.47 1041.6 8.89>107
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Table 8 Identification results of measured signals

XY SiZE/Hz Hifiz/rad TR T
83.698 8 49,9340 -2.665 3 -0.001 6
7.964 9 83.2300 2.607 5 -0.0631
3.356 8 249.7101 0.602 2 0.1535

2.690 8 116.551 6 1.336 6 -0.142 4
25379 349.626 8 0.467 7 -0.418 6
2.426 2 216.449 6 1.596 0 0.083 6

2.260 2 183.236 9 22221 -0.2514
2.023 3 416.168 7 -1.1809 0.020 8

18196 283.0334 -0.648 3 -0.4197
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