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Harmonic and inter-harmonic detection algorithm based on improved TLS-ESPRIT
and a self-convolution window

WANG Youcheng, CHEN Rong, YANG Yong
(School of Rail Transportation, Soochow University, Suzhou 215131, China)

Abstract: With the large-scale connection of PV power generation systems to the power grid, serious harmonic pollution
is inevitable. In order to effectively monitor the output current’s harmonics and inter-harmonics of a PV grid-connected
system, this paper proposes a detection method based on the improved fast TLS-ESPRIT algorithm combined with the
2-order Blackman-Harris self-convolution window. First, the signal is sampled three times and the frequency is detected
by the fast TLS-ESPRIT algorithm. Then the detection results are analyzed based on the simplified K-means clustering
algorithm and the real harmonic components are extracted. Finally, the 2-order Blackman-Harris self-convolution window
is used to interpolate the signal, and the amplitude and phase information of the signal are accurately estimated. The
high-precision detection of harmonics and inter-harmonics is realized. Simulation and field data test results show that the
proposed method has higher harmonic and inter-harmonic detection accuracy and stronger anti-interference ability than
the traditional methods.
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Fig. 1 Singular value distribution of different amplitude

signals under different noise levels
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Fig. 2 Three-frequency detection and clustering results
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Table 1 Common windows’ MLW and MSLL
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Table 2 Parameter of multi-frequency electrical signal
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Table 3 Frequency detection results comparison of the

improved algorithm in this paper and [24]
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H 50 1.046x107° -1.026x107° 8.236x107'° -5.364x107"2
28.9 3.562x107* 3.105x107° -7.036x107° -1.336x107"
[ 38 180.6 -1.203x107* 3.229x1077 7.336x107° 1.258x107"2
608.9 -5.333x107* 4236x107° -4254x107"° 3.224x1072
250 7.556x107* 8.236x107 9.254x107" -1.345x107"
BRI 750 2.102x107* -9.113x107° 6.2201x107° -3.811x107"
1250 8.964x107* 1.239x107° 9.334x107° 4336x107"
< 6 BIMESENHELRNEFIRE
Table 6 Relative error of phase detection of each frequency component
EReEEs M Hz Blacman-Harris & Hanning H & & Blcakman HE—EME 2 B Blacman-Harris H & &
%) 50 5.632x1072 -4.258x107° 8.935x107° 3.001x107"
289 -1.033x107° 6.395%107* 1.254x10°° -4.003x107"°
IR 180.6 7.289x107° 3.584x107° 6.325x107° -1.002x107'°
608.9 7.236x107* -5.226x107* 4336x107° 3.248x107"
250 -1.445x107° 9.251x107* -3.229%x107° 42211071
TR 750 -3.112x107* 5.741x107 3.984x107° -1.003x107'°
1250 9.254x107* 4359x107° -4.259x107° 6.225x107"
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Fig. 6 Amplitude, phase detection errors

under noise interference
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