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A new algorithm for electric energy measurement based on Hanning self multiplication-convolution
window triple-spectrum-line interpolation FFT
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Abstract: This paper designs a Hanning self multiplication-convolution window function, which integrates the
advantages of the self-multiplication window and self-convolution window and has better main-lobe and side-lobe
performance. Based on the formula of self multiplication-convolution window FFT triple-spectrum-line interpolation
correction, the frequency shift characteristics of FFT and the spectrum of the Hanning self multiplication-convolution
window function, the fundamental and harmonic’s general amplitude, phase and frequency interpolation correction
formula are given, and a new approach for electric energy measurement algorithm is also proposed. The experimental
results based on calculation accuracy comparative simulation and fundamental frequency fluctuation simulation show that
the new algorithm has better calculation accuracy and better calculation stability.
This work is supported by National High-Tech R & D Program of China (863 Program) (No. 2015AA050404).
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Fig. 1 Comparison of spectrum characteristics of the four windows
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Fig. 2 Flow chart of electric energy measurement algorithm
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Table 1 Components of the simulated harmonic signal

et U,/V 0,/ I/A 0,/
1 220 32 10 29
2 3 20 0.15 5
3 15 68 0.8 64
4 2.5 46 0.13 77
5 10 19 0.65 49
6 2 85 0.10 15
7 8 53 0.48 61
8 2 28 0.05 37
9 3.5 50 0.32 53
10 1.5 16 0.03 20
11 2 72 0.21 38
12 1 40 0.05 25
13 1.5 10 0.15 20
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Table 2 Simulated results of electric energy measurement
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HRE  HGRE  R-GEE
1 219.6985  -5.0E-06  -3.0E-06  9.0E-06 1.0E-06
2 0.0435 71E-03  -33E-04  6.1E-02 2.5E-03
3 1.1971 1.0B-04  -12E-05  3.8E-04 1.2E-05
4 0.0279 23E-02  -15E-03  1.1E-02 5.9E-04
5 0.5629 -7.8E-04  2.6E-05 5.2E-04 3.6E-05
6 0.0068 -44E-02  8.8E-03 4.6E-02 4.8E-03
7 0.3803 5.4E-04 0.0E+00  3.5E-04 1.6E-05
8 0.0099 43E-02  -3.8E-03  8.9E-03 3.1E-04
9 0.1118 2.5E-04 1.5E-05 6.0E-04 3.0E-05
10 0.0045 3502  -32E-03  8.1E-03 3.0E-04
11 0.0348 1.6E-02  -12E-03  39E-04  —9.0E-06
12 0.0048 -1.8E-02  22E-03 6.1E-03 3.9E-04
13 0.0222 6.5E-04 4.9E-03 6.0E-04 3.9E-05
RAE 2221049 2.0E-06 -3.0E-06  2.9E-05 2.0E-06
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Table 3 Computing time of electric energy measurement
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