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Abstract: Aiming at the suppression of spectral leakage caused by non-synchronized sampling or non-
integral period truncationin FFT-based harmonics detection method, this paper proposed a new harmonics
detection method based on spectrum interpolation of apFFT (all-phase FFT). Three discrete spectral lines
near the real frequency component was used to correct the frequency and amplitude of power harmonic. By
this method, it is not necessary to perform the harmonic phase correction because the peak spectral line
phase of discrete apFFT spectrum was just in correspondence with the actual phase of harmonic
component. On the basis of the square attenuation characteristics of the main lines in the apFFT spectrum

and the fast sidelobe attenuation characteristics of Nuttall window, the interference between adjacent
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harmonic components in FFT spectral line was effectively suppressed, resulting in the improvement of
harmonics detection accuracy. The simulation results verified that the proposed method performed better
than the Triple-spectrum-line Interpolation method and all-phase time-shifting phase difference method.
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Fig. 1 Relationship between FFT and apFFT
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Fig. 2 Structure of apFFT
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Table 1 Components of the simulated harmonic signal

T UL AV 0:/ (" 22V 1 AV 0./
1 220.00 0.05 11 1.10 4.10
2 4.40 39.00 12 0.70 40.00
3 10.00 60.50 13 0.85 10.50
4 3.00 123.00 14 0.10 115.00
5 6.00 —52.70 15 1.00 25.00
6 2.10 146.00 16 0.06 53.10
7 3.20 97.00 17 0.40 —132.00
8 1.90 56.00 18 0.04 85.00
9 2.30 43.10 19 0.30 0.80
10 0.80 —19.00
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Table 2 Comparisons of relative errors of amplitudes
J5 i SR AMALE A M AL IR (E J5 ik SR AMAEE RAHALIEE
A, 1.13X10°7  1.26X10°° 9.69X10 " Ay 6.74X10°% 1.26X10°° 3.03X10° "
A, 3.19X10°°% 5.12X10°° 2.93 X107 Ay, 3.54X1077  5.07X107° 1.30X107 "
A, 2.35X10°% 1.15X10°* 2.22X10°" Ay —1.66X10"% 1.15X10° " —4.31X10° "
A, —9.26 X107 2,06X10* —7.71X10 " Ay 1.19X10°° 2,06 X10 " 5.81X10 "
A —3.34 X107 3.25X107" 1.79 10" Ays 1.39X10°%  3.26X10* —4.25X10" "
As —1.08X10°% 2,06 X10* —7.52X10 " Ass 5.48X10°°  2.07X10°* 4.42X10 "
A; 2.48X1077  1.15X107" 4.88X10° " Ay 7.02X107%  1.15X107" —1.87X107 "
Ag 4.17X10°7  5.07X10° 1.55X10 ' Asg —1.84X10 ° 5.02X10 ° —9.57X10 "
Ay 1.49X10° 7  1.26X10°° 4.85X10° " Ay 8.17X1077  1.26X107° —8.33X107"
Ay 2.15X10° 7 2.25X10°® 3.63X10 "
R3 HASEMEIREILE
Table 3 Comparisons of absolute errors of phases
J7 SR A Ei G J7 ik SHEEE S Mk SMAEE
0, 2.69X10°°% 2.43X10°° 3.49X10° " 011 —1.09X10"* 6.79X10° 7 9.81X10 "
0, 5.46 X107°% —1.91X107° —3.21X10°" 0> —5.25X107" —2.63X107°—3.62X10""
0, 1.45X10°*  5.36 X107 6.42X10 " 015 —1.95X10°* 1.66X10 % 2.62X10 "
0, 2.51X107" —1.83X107° —3.41X10°" 014 5.76 107" —1.03X10" " —1.46 X107
0 —3.24X107*" —1.37X10° " —1.96x10 " 015 3.02X10°° 7.73X10°7 1.01X10"
0s —5.01X10"" —1.90X10"°* —8.02x10 " N 2.32X107% —3.92X107° —3.75X107 "
0, 3.19X10°*  1.19X10°° 7.42X10" 07 —7.78X107° —1.33 X107 " —4.41X10" "
0 6.28 107" 3.57X10°° 4.58x10" 015 1.98X10°%  1.47X10° 1.30X10°"°
0y 1.99X10°*  3.85X10°7 5.13X10 " N 6.55X10°° 1.86X10° 7 3.92X10° "
010 6.98X10°° 1.59X10°° 2.53X10°" { 5.89X10°% 6.78X10 " 1.07X10°"
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