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Optimal Window Function and Its Application in Harmonic Detection of Power Grid
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Abstract: For the harmonic detection method based on discrete fourier transform (DFT), the existing window per-
form low accuracy in measuring the signal with high-order and weak amplitude harmonic component in the situation
when the frequency of power grid fluctuate. Therefore, a minimum sidelobe optimization window is proposed and its
application in harmonic detection of power grid is analyzed. Firstly, the cosine window function is optimized accord-
ing to the constraint condition, a minimum sidelobe window is proposed and the spectrum characteristics of the pro-
posed window is analyzed. Then, an improved DFT harmonic detection algorithm based on six-term minimum side-
lobe optimization window interpolation is proposed. The calculation formula of harmonic parameters is obtained by
applying mathematical fitting method. Furthermore, simulation experiments in complex conditions are carried out to
validate the improved performance of the proposed six-term minimum sidelobe optimization window. The research re-
veal that the six-term minimum sidelobe optimization window have smallest peak sidebobe compared with existing
window, which can effectively suppress the interaction of spectrum leakage, improve the measurement accuracy of
DFT harmonic detection method, and can meet the acquirement of harmonic measurement in complex situations.
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Fourier transform ; mathematical fitting method
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Table 1 Coefficient of the minimize sidelobe optimization window
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Table 4 Detection of harmonic amplitude in smart grid with high-order and weak amplitude component
A W (AR R 1R 22/%
1Kk 2K 3 41K 5K 61K TR 8K 9K 10 11K
BIH  3.52x10™ 2.02x10° 2.80x107 5.11x10° 7.64x107 4.05x10° 1.07x10° 2.32x10° 1.39x107 1.66x10° 5.13x10”
BI-H  2.17x10° 3.07x107 2.23x10* 2.41x107 5.99x10°* 1.66x107 8.01x10™°* 1.89x107 2.38x10™* 1.82x107 7.14x10°*
Nutf  1.11x107 3.97x107 1.43x107° 4.22x107 2.54x10™* 4.47x107 4.66x10° 6.05x10° 7.84x10° 3.08x10™ 3.72x10°*
73U MSW 1.50x107™" 2.96x107° 1.92x10™ 1.87x107 2.30x10™ 6.78x10™° 1.99x10”° 3.47x10”° 2.11x10” 3.66x10” 1.64x10”
A W AELAR R 1R 22/%
121k 131k 141K 151K 161k 171k 18Kk 197k 201k 21k —
BITA  8.26x107 9.26x107 5.22x10° 2.85x10™* 2.75x10” 2.28x107 1.59x10” 1.16x10”° 6.60x10° 3.34x107  —
BI-H#  1.46x107 1.10x107° 1.76x107 4.26x107 1.080x10° 7.01x10” 4.72x107 5.68x10” 1.560x10° 3.42x107  —
Nutf  8.27x10™ 1.47x107 5.77x107 3.12x10” 3.250x107° 3.11x10™ 1.62x10™° 5.28x10” 7.250x10° 4.13x10*  —
FNHIMSW 2.63x10™ 6.40x10™" 3.15%10™ 1.21x10™ 4.350x107 1.67x10” 1.01x10™ 5.75x10™ 5.340x10™* 6.19x10™""  —
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Table 5 Detection of harmonic phase in smart grid with high-order and weak amplitude component
5 AR ARRR 22 1%
1R 21K 3K 47K 51K 61K 7R 8K 9k 101k 11K
BIfd  7.04x107° 3.78x10™ 2.77x107 7.72x107° 1.54x10™ 6.34x10™ 4.00x10° 1.43x10™ 6.17x10” 6.49x10™ 3.16x10™
BI-HE  1.90x10° 3.26x107° 2.85x107 2.22x10™° 2.38x10™° 6.11x10™° 6.68x10™ 2.05x107° 1.36x10” 4.99x10° 5.41x10™°
Nut 1.14x107° 1.93x107° 4.21x107 5.55x107° 8.83x107 4.97x10° 2.48x107° 9.13x10° 1.69x10™° 3.59x10~ 4.76x10°°
FRIMMSW  1.73x10° 1.44x107 3.89x10™ 4.30x10™° 6.27x107° 3.16x10™ 7.79x10* 2.37x107 2.01x107 3.38x10™ 1.62x10™°
i AL AEXT 1R 2E/%
121K 137K 141K 15 167K 171k 181K 19K 20K 21K —
BIfd  9.58ex107 2.90x10” 3.17x10” 1.60x10° 0.002 1.00x10° 0.001 2.380x10™* 0.008 4.79x10™* —
BI-H#  2.18x107° 4.86x10” 6.10x107 2.28x107 7.890x10™ 1.26x10~ 3.230x10™  0.001 0.001 5.67x10" —
Nutf  4.11x10° 7.02x10° 6.87x10° 1.55x10™° 1.650x10™* 1.92x107 7.730x1074.530x107°5.360x10™ 7.33x10°  —
FNIIMSW 5.76x107 8.80x107 1.23x10° 4.80x107 5.080x10° 2.94x107 4.600x10°2.760x10°5.590x10° 1.30x10°  —
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Fig.4 Measurement error of six—term MSOW
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