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A rapid algorithm for harmonic analysis based on four-spectrum-line interpolation FFT
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Abstract: In the case of non-synchronous sampling and in non-integral period truncation, the fast Fourier transform (FFT)
can’t analyze harmonic parameters correctly. So the window functions and interpolation algorithms are made to improve
the accuracy of harmonic parameter computation by FFT. This paper derives an algorithm based on four-spectrum-line
interpolation. This algorithm uses the four most spectrum lines around true location to computer the accuracy position of
the harmonic spectrum line through analyzing the discrete-time Fourier transform of the windowed signal. Then the true
values of frequency, amplitude and phase can be calculated. Based on four-spectrum-line interpolation algorithm, this
paper gives four practical rectification formulas by using the polynomial approximation method. It is proved that the
phase difference of any two adjacent spectrum is 7 . According to this rule, this paper induces a rapid algorithm so that
square root is only calculated one time when analyzing some harmonic parameters. The algorithm can save computing
complexity and computing time greatly. The simulation results show that the four-spectrum-line interpolation algorithm
has higher precision than double/triple- spectrum-line interpolation algorithm especially when estimating the even
harmonics and the order of polynomial is lower than two others if obtaining same precision.
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Table 1 Coefficients of the windows
AR AR
b, b, b, by
Hanning 0.5 0.5
Blackman 0.42 0.5 0.08
Blackman-harris 0.358 75 0.488 29 0.141 28 0.011 68
A TR 03125 046875  0.1875  0.03125
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1) Hanning

a =1.130136823—0.184086803° +
0.072248598° —0.044518323
u(e) = 0.53549869+0.17622103 ¢ +

0.09310826a* + 0.066449460°
2) Balckman %
a =1.446490124 —0.293265783° +

0.13858447/° —0.09578617p’
u(e) =1.1575129+0.56110888 o +

0.38707997a* +0.33290703 °

3) Balckman-harris
a =1.858620735 —0.402997385° +
0.197257154° —0.132931185’
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Table 2 Parameters of the harmonic signals

TR B 1 2 3 4 5 6 7 8 9 10
A IV 220 4 15 3.5 7 2 3.7 2 2.3 0.8
0, /() 0 25 66 120.4 50 135 80 46 43.1 -19

# 3 Hanning BHIMRME. SAEFMIBAIEXHRZE
Table 3 Relative errors of Hanning window in calculating amplitude, frequency and phase

LRI L2 ik U e LR ke Iy 2k
D, -8.19x10°° 2.07x107° -5.09%x107 D, -9.10x10™ —3.25%10°° 1.79x107
D,, ~7.17x107 1.83x10° —8.41x107 D, ~1.86x10™" 6.33x107 -1.57%x107
D, 1.15x107 721107 6.23x107 D, —2.48x107 6.45%107 1.64x107
D, 4.80x107 -1.32x10™" —-6.63x107° D, 6.84x10"" —4.83x10™ 3.52x107°
D, -9.02x10™ -3.69x10°° 2.07x10° D, -3.95x107° -5.07x10™ 1.52x10™
D, 6.78x107 -2.71x10™ 7.80x107° D, 2.35%x10™ -7.89x107° -3.79x107°
D, -1.42x10° 477x10° -2.10x10° D, 2.65x107 -1.33x107 -1.28x10°
D, 1.25x107 -8.57x107 -7.79x10° D, -3.65x10™" —9.54x107 -5.54x107
D, -1.01x107 ~7.00%10°° -5.55x10° D, -9.27x107 -1.85x10° 2.46x10™

D, —4.21x107 1.10x107 9.06x107° D, 8.56x10™" -3.87x107 -1.21x107°

Dy, -3.32x107 —2.24x10°° -2.71x107

% 4 Blackman W RINRIE. SAFRFBLIAEITIRE
Table 4 Relative errors of Blackman window in calculating amplitude, frequency and phase

LB AT PSS —ikk UIE2S LE AT PSS =il UIE2S
D, 3.22x107° 1.50x10°° 1.52x107 D, —436x10™" -1.25x107* 8.17x10°°
D, -2.90x107 1.58x10™° -2.91x10° D, -9.60x107* 2.91x107 6.60x107°
D, 6.98x10™ —2.36x10°¢ ~1.28x10° D,, ~1.42x107 3.00x107 5.66x10™
D, 1.95%10™ —4.84%x10™ 2.36x107 D,, 3.86x10™ —2.05%10™ 9.97x10™
D, -3.08x107* -1.86x10°° 7.07x10° D, -1.99x107° -1.80x107" 3.39x10™
D, 4.57x107 -2.07x107 2.94x10° D, 1.24x10™ 5.84x107° -9.75x107*
D, -6.01x10™ 1.73x10°° -6.82x10° D, 1.54x107 5.68x107 2.17x10™
Dy, 1.02x107 ~7.34%x10° -2.88x10° D, 1.28x10™ —7.45%107 —4.42%10™
D, 429x107* —4.30x107 -1.17x107 D, 4.71x107 —-7.23x107* 3.54x107™
D, 2.14x107? 2.56x107° —4.03x107° D,, 420%107" 1.56x107° 4.77x107
Dy, -8.02x10°° —6.01x107 ~131x107
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Table 5 Relative errors of Blackman-harris window in calculating amplitude, frequency and phase

Ll AT ik 2 BN DU 2 Ll ATt B =ik D 2
D, -1.76x10™ —-7.39x107 —-6.37x10" D, -1.76x10°° —-8.40x107 -5.37x107
D, —-2.89x107° 4.11x10°° 2.64x107 D, -1.15x107 3.30x107 6.93x10™
D, -1.44x10™ -1.73x107 -8.74x107 D, 2.16x10° 417107 1.62x107°
D,, 1.07x107 -9.10x10°° 2.22x107 D, 2.41x107 -1.89x107 3.99x107°
D, -1.72x107° -7.19x107 5301077 D, 3.29x107™ 6.96x107° 2.98x107°
D, -1.98x107 8.94x107° 4.75%x107 D, 7.52x107 8.96x10™ -5.43x10°°
D, -3.57x10™* 539%10° —2.95x10"* D, 1.55x107 3.17x107 -3.67x10°
D 2.56x107° 5.63x107 -3.20x107° D, 1.01x107" 3.10x107 -1.73x10™
D, —-1.54x10™* 5.83x10™° -2.44x107" D, 2.30x107° 5.28x107 1.51x10™
D,y 1.09x107 452%x107 6.35x10° D,, 2.34x10™ 1.10x107 ~7.66x107™
Dy, —4.38x107 -3.92x107* 1.25%107

R6 AMRAZTHRBENBE. SEMBAAEIRE

Table 6 Relative errors of 4-term maximum-lobe decay speed window in calculating amplitude, frequency and phase

Lb A3t L2 225 DY k2k Lb A3t Rtk =itk DY 2

D, 2.59x1077 7.80x107 -1.34x107* D, -2.87x107 2.53x1077 —4.77x107
D, -3.07x10™ 4.59%107 —4.23x10°° D, 2.53x107° -1.95x107* 4.66x107°
D, —2.49x10°° —4.25x107 -7.60x10"* D, 1.75%107° 5.79x107° 1.51x107°
D, 1.96x10™ -3.39x10°° 6.28x107 D, 6.61x107 —4.45x107 9.13x10°°
D5 —6.69x107 —2.03x107 2.54x107 D, —-7.23x10°° 4.62x107° 1.98x107
D -1.09x107 7.98x107° 6.17x107 D, 457x107 7.54x107° —-8.11x107°
D, -1.06x10™ —2.03x1077 -3.34x107 D, 2.51x107° 5.73x107° —2.17x10
D 1.66x107 -3.55x10™ —7.74x107 D, —-6.32x107 1.12x10° —6.85x107°
D, —2.94x107 9.27x107 -2.92x107 D,, —4.03x10°° 4.89x107 1.50x107
D,y 8.78x107 1.69%x107 —6.25x1077 D,, 5.42x107 -3.67x10° 9.25x107
Dy, -1.97x107 —-6.01x107 1.33x107°
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