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Power harmonic analysis based on Rife-Vincent window and triple-spectral-line interpolation

HUANG Dong-mei, GONG Ren-xi, JIAO Feng-chang, ZANG Hui, TANG Zhi-tao
(School of Electrical Engineering, Guangxi University, Nanning 530004, China)

Abstract: On the basis of the analysis of the Rife-Vincent window and the characteristics of triple-spectral-line interpolation

algorithm, an approach for power harmonic analysis based on the Rife-Vincent window and the triple-spectral-line interpolation is

proposed to solve the problems of fast Fourier transform in the power harmonic analysis, the modified formula is obtained by using

polynomial fitting method and simulation of the power harmonics is made based on it. The simulation results show that under the

same condition, it takes less than 0.225 ms and the amplitude correction error is less than -1.4x10° % with the simple harmonic

signals processed, while it takes less than 0.997 ms and the amplitude correction error is less than -9.68x10 % with the complex

signals dealt with. Therefore, the algorithm has not only higher detection precision, but also faster operation speed.
This work is supported by National Natural Science Foundation of China (No. 60962008).
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Table 1 Time domain coefficients of common and the
Rife-Vincent windows
I3 R AL ao a as a3

Hanning 0.5 0.5 — —
Hamming  0.54 0.46 — —

Blackman  0.42 0.5 0.08 —
RV(1)-3 1 1.33333  0.33333 —
RV(I1)-4 1 1.43596 0.49754 0.06158

RV(I)-4 1 1.5 0.6 0.1
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Table 2 Sidelobe characteristics of combination of cosine

windows
FMREE PR SF/AB REIRIE A /(dB/oct)
Hanning -34.2 18
Hamming -43.2 6
Blackman -58.1 18
RV(I)-3 -46.8 18
RV(I)-4 -73.9 12
RV(I)-4 -61 18
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Table 3 Fundamental wave and harmonic components of the
simulation signals
WEBIREL 1 2 3 4 5 6 7
IR eV 1o 8 1 2 3 1 0.5
AV /rad 09 08 07 06 05 03 02

15 LI A . (DI AAS 5 & I k4T
FFT; (2)#H 40~60 Hz AUEN T yiv yas y3s (3)
WHa, 6 g, BHEEBESH, @E
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Table 4 The relative errors of each harmonic amplitude

m 1 2 3 4 5 6 7

A 32E-7 23E-5 52E-6 20E-5 3.1E-6 4.9E-6 1.2E-5
B 1.7E-7 1.4E-5 3.2E-4  3.3E-5 1.4E-5 1.6E-4  5.3E-4
C 1.9E-7  7.0E-6 1.4E-6  5.8E-6 1.7E-7 1.8E-6  4.8E-6
D 73E-8 43E-6 2.0E-6 1.6E-6 1.6E-6  4.5E-6  6.5E-6
E 1.4E-8 1.4E-6  6.2E-7 8.1E-7  6.6E-9  8.2E-7  9.9E-7

R 5 BIRERBLIAMIRE

Table 5 Relative errors of each harmonic phase

m 1 2 3 4 5 6 7

A -54E-6 85E4 -20E-3 -84E4 -45E4 -26E-3 -25E3
B -21E4 -15E3 -17E2 -93E-3 -76E-3 -36E2 -99E-2
-22E-6 -3.6E4 -90E4 -3.6E4 -19E4 -1.1E-3 -1.1E-3
1.4E-6 1.5E-4 3.1E-4 1.3E-4 7.9E-5 5.1E-4 5.2E-4

= T 0
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Table 6 Relative errors of fundamental wave and operation time

W R AT BT A S o 2 i FT ik v
SRR AT A 1R 2 3.6E-7 1.5E-7 1.0E-8
BN 0.40 ms 0.286 ms 0.225 ms
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Fig. 2 Phase absolute errors
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Table 7 Composition of the complex signals

B 1 2 3 4 5 6 7
EE/ vV 220 4.4 10 3 6 2.1 3.2
ARL/A° ) 0.05 39 605 123 <52 146 97
B 8 9 10 11 12 13 14
EE/ vV 19 23 0.8 1.1 07 085 0.1
A ) 56 431 -19 41 40 105 115
B 15 16 17 18 19 20 21
EE/ vV 1 006 04 004 03 005 0.0l
A/ ) 25 531 -132 85 0.8 53 -72
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Table 8 Simulation data

TR{EHXHRZE
R 1 2 3 4 5 6 7 8 9 10 11
DTH 3.1E-06 1.8E-04  5.0BE-04 —23BE-05 -5.1E-06 1.8E-05 44E-05 4.1E-04  24E-04 1.1IE-04  6.1E-06
D 2.0E-06 1.5B-02  3.6E-03 52E-03 —2.0E-04  2.1E-03 1.4E-03  9.4E-03  -29E-03 -3.6E-03  3.0E-03
Blackman —5.7E-06 -3.7E-05 -19E-04 -4.5E-05 -3.5E-06 59E-06 ~6.2E-06 -1.1E-04 -6.1E-05  2.9E-05 1.8E-06
RV(D)-3 1.5E-05 1.6E-04  4.6E-04  7.1E-05  4.0E-06 2.6E-07  4.5E-05  3.4E-04  22E-04 1.9E-05  —1.9E-07
RV()-4  -14E-07 -15E-06 -9.6E-06 -1.1E-06 -12E-07 1.8E-07 -3.6E07 -62E-06 -3.7E-06 59E-07  7.7E-08
HEH 12 13 14 15 16 17 18 19 20 21
XTHE 3.2E-05 52E-05  9.0E-05 53E-05  2.1E-04 -13E-06 19E-04  2.1E-04 1.2E-03 1.3E-04
XEAE 8.8E-03  7.8E-03  28E-01 -4.1E-03  7.4E-01 1.9E-02  9.3E-01 3.1E-02  12E+01  5.5E+00
Blackman  7.7E-06 ~ —4.5E-05 -49E-04 -34E-05 6.9E-05 -93E-07 54E-05 -99E-05 1.6E-04  2.9E-05
RV(D)-3 6.5E-06 1.2E-04  6.2E-04 1.0E-04  -69E-06  6.2E-07 1.9E-05  2.6E-04  2.8E-04  3.8E-05
RV(D)-4 2.7E-07 -19E-06 -15E-05 -1.5E-06 20E-06 -2.0E-08 13E-06 -49E-06 -3.1E-06 -44E-07
A A X 2
R 1 2 3 4 5 6 7 8 9 10 11
BTHE -23B-02  -1.6E-02  4.0E-03 7.6E-05  7.1E-05 -3.5B-04 -32E-04 -3.5E-03 2.8E-03 -3.5B-03  2.9E-03
W% -12BE+00  1.1E-01  -12E-02  1.8E-02 1.3E-02 1.7E-02 1.4E-03  -5.5B-02 -7.5B-02  1.9E-01 -7.3E-01
Blackman ~ 2.5E-02  —62E-03 -64E-04 -84E-05 33E-05 -1.6E-04 -7.1E-05 22E-04 -7.7E-05 -14E-03  1.3E-03
RV(D)-3 7.3E-03 1.2E-03  -1.6E-04 -12E-05 -1.1E-05 26E-05 27E-05 2.1E-04 -16E-04 28E-04 -1.1E-04
RV(D)-4 1.0E-02  -49E-05 -20E-04 -18E-05 45E-06 —4.1E-06 12E-05 1.5E-04 -14E-04 -12BE-06 1.1E-05
T R 12 13 14 15 16 17 18 19 20 21
WTFHE  -59E-04 -3.0E-03 -34E-06 1.2E-03 82E-03  3.2E-05 -13E-04 -12E-01 27E-02 -9.5E-04
W% -13BE-01 -5.0E-01 -74E-01 -13E-01 -10E+00 -58E-02 -18E+00 -72E+00 -15E+00 -9.0E-01
Blackman —24E-04  9.0E-04 -1.7E-03 -24E-04  3.5E-03 1.3E-05  -64E-05 32E-02  9.7E-03  -3.7E-04
RV(D)-3 59E-05 29E-04 -83E-06 -92E-05 -48E-04 -63E-07 6.2E-05 6.6E-03 -10E-03  2.3E-05
RV(D-4  -13E-06 3.1E-04 -14E-04 -12E-04 6.5E-05 -14E-07 -12B-07 89E-03 —6.8E-05  1.7E-05
10'A
—» hamming 0}, o hamming
* . 107
;‘Tf .......... . :EE 102 .~>hanning
2 oGt Y I~ oA ) —» hannilg = 107 i\
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osb— VL 107
2 4 6 8 10 12 14 16 18 20 b R
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VB X B n
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Fig. 3 Amplitude absolute errors of different window function
amendment
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Fig. 4 Phase absolute errors of different window function
amendment
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