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An accurate approach for harmonic detection based on 6-term cosine window and
quadruple-spectrum-line interpolation FFT

XU Yanchun, LIU Yulong, LI Zhenhua, LI Zhenxing
(Hubei Key Laboratory of Cascaded Hydropower Stations Operation & Control,
Three Gorges University, Yichang 443002, China)

Abstract: The accuracy of harmonic detection in the real power grid is not high enough at present. So a 6-term cosine
window with maximum sidelobe decay which is applied into the FFT algorithm is analyzed, and an improved FFT
method for harmonic detection based on 6-term cosine window and quadruple-spectrum-line interpolation is proposed.
The applicable rectification formula of the quadruple-spectrum-line interpolation is obtained by using polynomial curve
fit functions so that calculating burden is reduced. The simulation results show that in the algorithm the analysis precision
is better than 4-term Nuttall window and 4-term Rife-Vincent window interpolated FFT in the 21 orders harmonics.
Simultaneously, the precision of quadruple-spectrum-line interpolation is also better than that of triple-spectrum-line
interpolation correction algorithm when the same window is used. At last the results of experiment verify that detection
accuracy will be kept high when facing the noise interferences that may be encountered in real grid.
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Table 1 Comparison of the windows’sidelobe characteristics
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Fig. 1 Comparisons of spectrums in non-window and
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Table 2 Model of simulation harmonic signals

WBIHL D IR {EL 4, IV Hist ¢ /%)
1 59.920 -43.1
2 1.198 113.6
3 5.982 -19.7
4 0.599 174
5 3.996 111.4
6 0 —
7 1.195 -16.8
8 0 —
9 0.798 -68.7
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Table 3 Comparisons of time consumption in different algorithms
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Fig. 3 Comparisons of relative errors of harmonic amplitude
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Fig. 4 Comparisons of relative errors of harmonic phase angle
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Table 4 Relative errors of the algorithm based on 6-term

cosine window

B AR 1 22/% MR IR 2%
BIRHEL h

=g DUk =g DUk
1 9.50e-6 3.56¢-9 1.85¢-4 1.30e-6
2 3.6le7 2.14e-7 9.92¢-5 3.42¢-5
3 -7.10e-6 2.06¢-7 1.23¢-3 2.11e-5
4 -1.22¢-5 -7.02¢-6 2.6le3 -6.46¢4
5 2.74¢-6 -1.37e-7 3.77e4 9.58¢-6
7 4.52¢-6 -1.70e-6 2.95¢-3 3.47e4
9 5.74¢-6 2.87¢-6 1.06e-3 1.68¢-6
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Table 5 Components of the complex harmonic signal
i R EL Githit) W R EL i
€3 A4, N 2, /(%) &3 A4, N 9, /(%)
1 220.00 5.05 12 0.70 40
2 0.01 39 13 0.85 10.5
3 10.00 60.5 14 0.10 115
4 3.00 123 15 1.00 25
5 6.00 -52.7 16 0.06 53.1
6 2.10 146 17 0.40 -132
7 3.20 97 18 0.04 85
8 1.90 56 19 0.03 0.8
9 2.30 43.1 20 0.05 103
10 0.80 -19 21 0.01 22
11 1.10 4.1
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Table 6 Comparisons of relative errors of amplitude

T (AT 8 22 /% E, E, E, E, E,; E E, E, E, Eo E,,
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Table 7 Comparisons of relative errors of phase
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Table 8 Comparisons of relative errors in 50dB noise

environments
T IR R 7% IR ZEY%
OB RSCEE SCERISIRNE O RTCENE STIRISIEE
1 -7.9e-5 -1.2e-3 4.6e-4 1.6e-2
3 -1.2e-3 -3.4e-2 5.8e-3 -4.3e-2
5 1.8e-4 1.9e-2 3.3e-3 1.3e-1
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Table 9 Comparisons of relative errors in 70dB noise

environments
T WA R 7% MR ZEY%
W OREE SCR[ISIHENE ARSCEE SCHR1S150%
1 2.3e-6 -7.9¢-6 -1.5e-5 3.1e-5
3 -3.7e-5 -5.3e-4 -1.8e-4 -3.3e-3
5 -1.7e-5 2.0e-3 -3.5¢-4 -7.4e-3
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Fig. 8 Relative error distribution of amplitude under white noise
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Fig. 9 Relative error distribution of phase under white noise
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