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Interharmonic detection algorithm based on a matrix pencil and singular value decomposition

TAO Shun, GUO Ao, LIU Yunbo, YAO Haijiang
(State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China)

Abstract: At present, it is difficult to accurately detect interharmonics at an adjacent frequency and in signals with
transient disturbances in a power system. For the above two types of interharmonic components, first, a matrix pencil
algorithm is used to detect the steady-state signal with adjacent interharmonics in noise. Secondly, for the interharmonics
in the transient disturbances signal, the Singular Value Decomposition (SVD) and matrix beam algorithm combined
detection method is proposed. This uses SVD to accurately locate the moment when the signal is abrupt, decomposes the
transient disturbance signal into multi-segment stationary signals and then uses the matrix pencil algorithm to calculate
the modal parameters. The accuracy of the above method is verified by the detection of Matlab simulation data and the
sub-synchronous oscillation simulation signal of the fan. The method is used to detect the harmonics and interharmonics
in the stator current when the output power of a wind farm double-fed fan is changed. The results are consistent with the
theoretical analysis and the methods have strong practicability.
This work is supported by the National Natural Science Foundation of China (No. 51777066).
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Table 1 Detection error of matrix pencil method
when the SNR is 20 dB

BE SR IHZ B IHz A% Az /rad
48 0.053 6 -1.9720 -0.102 6
50 0.0009 -0.7230 0.004 6
74 0.016 8 -10.562 0 0.040 6
76 0.067 5 -12.102 0 -0.022 4
100 0.0023 0.3383 -0.0109
150 0.0039 0.8955 -0.001 9




-60 - ® )% RBY 5 R

% 2 SNR=30 dB EfFERERIEALME RIRE
Table 2 Detection error of matrix pencil method
when the SNR is 30 dB

BE MR IHZ B IHz W {E/% Az /rad
48 -0.023 2 -5.6420 -0.012 8
50 -0.004 5 0.3590 0.0035
74 0.0175 1.854 -0.0314
76 -0.0327 0.262 0.0451
100 -0.000 4 -0.1917 -0.000 3
150 -0.002 4 0.0400 -0.002 0

F< 3 SNR=40 dB B} 3ERERIEE A RIRE
Table 3 Detection error of matrix pencil method when
the SNR is 40 dB

BEHHIHZ AR IHz W E/% AR /rad
48 0.000 9 0.9510 -0.069
50 0.000 8 -0.086 0.0013
74 0.004 2 0.7240 -0.002 7
76 -0.001 2 0.669 0 0.005 3
100 -0.000 7 0.068 0 -0.001 4
150 -0.000 6 0.1310 -0.000 4
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Table 5 Frequency and amplitude variation range during
interharmonic oscillation between sub-synchronization

I ] Bt/ B [ Hz UERIERASEILLY
0~1 50 682.8

17.12~21.27 208.4~95.6

1~2 49.98~50.06 324~240.8
82.88~78.73 136.6~92.8

19.13~20.98 142~313.2

2~3 50.05~49.45 87.4~24.8
80.86~79.02 110.4~281.2

22.2~20.6 563~320.8

3~5 49.97~50.01 251~312.8
77.8~79.4 660.8~288.8
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Fig. 8 Recorded waveform of wind farm stator current
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Table 6 Frequency and amplitude variation range in each
time period of wind farm stator current
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PWEMz  EEHA  SRMz A SRMz IREA

50.03 1190 50.03 1381 49.98 1607.8
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1923 9.8 1922 9.7 1923 8.3

2077 10.48 2078 9.46 2077 8.58
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