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An algorithm for harmonic analysis based on multiplication window function

ZHANG Junmin', LIU Kaipei’, WANG Li*, CHEN Wenjuan®

(1. College of Computer Science, South-Central University for Nationalities, Wuhan 430074, China; 2. College of Electrical
Engineering, Wuhan 430072, China; 3. State Grid Tianjin Electric Power Company, Tianjin 300000, China)

Abstract: The conventional interpolation windowed FFT algorithms will have a greater error when the number of the
truncation is not enough. For this reason, a new construction method of multiplication window functions is presented to
analyze electrical harmonics. Based on three conventional window functions, this paper constructs nine kinds of window
functions and verifies an algorithm for harmonic high-precision analysis based on three-spectrum-line interpolation FFT.
The performance of new window functions is listed, and the new window function is used for the harmonic analysis
algorithm of three interpolation FFT. Simulation experiments show that the algorithms using multiplication windows has
higher accuracy than using conventional window functions when the sample number length is about 10 periods and the
polynomial is 5 order. In the practical engineering, the constructed window functions can be chosen as required.
This work is supported by National Natural Science Foundation of China (No. 50677048).
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Table 1 Multiplication window function based on

conventional window

Hn Bm Bh ERe BRI ek

(1) (v2) (®3) (xm) (dB)
3 0 0 0.005 4 -61
2 1 0 0.005 8 -84.5
2 0 1 0.006 3 -110.2
1 2 0 0.006 1 -100.6
1 0 2 0.007 1 -138.1
1 1 1 0.006 6 -1215
0 3 0 0.006 6 -120.4
0 2 1 0.007 1 -139
0 0 3 0.007 8 -176.1
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Table 2 Parameters of the harmonic signals

B 1 2 3 4 5 6 7 8 9 10 11
A1V 220 4 14 3.5 7 2 3.7 2 2.3 0.8 0.5
®,/(°) 0 10 55 120.4 53 35 80 46 43.1 -19 20
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Table 3 Relative errors of multiplication window in calculating phase

PRI 300 210 201 120 102 111 030 021 003
Dyy 2.57x10” —2.78x10” 131x10" -1.82x10" 3.19x10” 265%10°" 2.59%10° —6.84x10" —4.24x10"
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Table 4 Relative errors of multiplication window in calculating amplitude

LK?"'XIBI DAI DAZ DA3 DA4 DAS DAG DA7 DAX D.49 DAIO DAII
300 784x107  —1.05x10°  —L73x10°  -566x107  -588x10°  -125x10°  -195x10°  226x10” 9.88x10” 1.79%10° 9.50x10”
210 6.54x10”7 270x10°  -3.15x107  681x10°  -393x10° 1.06x10°  -1.94x10°  2.18x10” 5.87x10" 9.72x10” 6.53x10"
201 5.58x10" 358x107  -133x10°  591x10°  —393x10°  —109x10°  -1.94x10°  2.18x10” 5.87x10" 9.72x10” 6.53x10"
120 558x107  —691x107 836x10° 871x107  -3.98x10° 1.18x10° 140x10°  —324x107  506x107 8.57x10” 437x10"
102 441x107 279x10°  —949x107  -158x10°  —358x10°  —119x10°  -148x10°  6.71x10” 6.09x107 8.62x10” 6.01x107
111 497x10” 1.83x10° —1.10x10°  —1.57x10°  -359x10°  —1.24x10°  —1.53x10° 6.98x10”7 6.98x10”7 1.04x10° 6.70x10”7
030 5.04x107 1.75x10° —L12x10°  -1.60x10°  —4.01x10°  —1.25x10°  —1.53x10° 7.15%107 7.13x107 1.06x10°° 6.80x10”
021 4.14x107 —394x10°  -1.44x10° 451x10° —5.07x10° 2.54x10° 2.25%x10° -1.80x10°  -7.83x10" 2.36x10" 9.28x10"
003 347x107 —571x10° 4.79x107 1.57x10° -2.56x10° 111x10° 121x10° —4.37x10”7 2.84x107 527x107 2.55x10”
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Table 5 Relative errors of multiplication window in calculating phase
Bzl D, D, D, D, D, D, D, D, D, D, D,,
300 -122x10°  -237x10"  —-478x107  -6.66x10° 1.16x10" ~7.40x10” 1.09x10° L11x10" 9.70x10” 4.16x10™ 1.52x10”
210 L13x107  -7.73x10°  -1.55x10°  L11x10° 22x10° 278x10°  1.34x10° 4.97x10° 203x10° -937x107  -1.10x10"
201 1L05x10°  43x10°  -501x10°  -778x10°  -126x10"  -83Ix10°  7.24x10° 1.15x10" 1.08x10"  —493x10"  181x10”
120 558x107  —691x107  836x10° 871x107  -398x10°  1.18x10° 140x10°  -324x107  5.06x10” 8.57x10” 4.37x10”
102 638x107  —441x10"  -120x10°  -764x10°  —148x10"  -12x10" 129x10° 146x10" 125x10"  -535x10"  1.98x10°
111 729x107  -435x10"  -9.07x10°  -7.61x10°  —4.50x10°  -1.01x10” 1.29x10° 1.46x10" 125x10"  -5.35x10" 1.87x10”
030 7.38x10” -435x10" -9.07x10°  -7.61x10°  -148x10"  -101x10" 131x10° 1.45x10° 125x10"  -5.32x10" 1.85x10”
021 ~1.08x10" 125x10° 2.73x10° 1.56x10" —450x10°  2.19x10"  -3.14x10°  -325x10"  -2.72x10" L15x10"  -3.90x10"
003 -446x107  3.57x10™ 1.69x10° 8.18x10° -121x10° 128x10"  -1.03x10°  -164x10"  —145x10" 641107 -2.19x10"
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