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Abstract: When the traditional Fourier transform is used for harmonic signal analysis, it is difficult to
strictly synchronize the sampling and truncate the whole period, which inevitably produces spectrum leak-
age and fence effect, and reduces the accuracy of the detection results. To improve the accuracy of detec-
tion results based on FFT, four-line interpolation algorithms of Hann window, Blackman window, Black-
manharris window, and Nuttall window are studied. The correction formulas of amplitude, frequency and
phase corresponding to the four-line interpolation of different corotation windows are derived by polyno-
mial fitting. In addition, the simulation experiments of different four-line interpolation algorithms for coro-

tating windows and the corresponding three-line interpolation algorithms for corotating windows are com-
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pared and analyzed in Matlab. The simulation results show that the amplitude accuracy of the four-line

interpolation algorithms for four third-order Nuttall windows can reach 10 °~10 7 orders, and the fre-

quency accuracy can reach 10 °~10"7 orders. The phase accuracy can reach 10 °~10 " orders of magni-

tude. Compared with other algorithms, the accuracy is higher, the sidelobe performance is better, and the

spectrum leakage and fence effect can be better suppressed.

Key words: spectrum leakage; fence effect; window function; three-line spectral interpolation; four-line

spectrum interpolation
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Fig. 1 Interpolation diagram of three spectral lines
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Tab.3 Relative amplitude error of signal |
MRELAF X 1 22
Vot Hann i Blackman?  Blackmanharris &  Nuttall =2k Hann % Blackman# Blackmanharris & Nuttall %
=2 AGH =2 AGH =R AGH il ARG Y(EN DY LA {EL DY LA {EL USEBEGIY(E
0 6.836X107*  5.873X10°* 4.460<10* 4.983X107%  3.013X10°* 4.101x10* 4.935X107*  3.678X10°®
1 7.089<10 * 5.410X10 * 1.743X10 * 1.402X10 °  5.658X10 % 9.715X10 * 7.112X10°*  2.431x10°
2 6.589< 10 * 5.760<10* 4.755X10* 2.860X1077  2.699X10°° 6.217X10* 5.711x10°4 1.483x10° 7
3 6.665>X10 *  5.828X10 ¢  4.792x10°*  1.113X10°° 3.490X10 * 4.469X10 *  5.062X10*  7.236X10°
4 7.330X10° % 4.206x10* 4.713x10* 2.342X10°  2.714X10°* 3.854x10* 4.838X10 % 3.445%x10 8
5 6.707X10"*  5.838X10°* 4.733x10* 1.848X10°°%  1.958X10° %  7.068x10* 6.070X107*  2.325X10°°
6 6.573X10* 5.768X10* 4.808%10* 9.873X107%  4.020X10°* 4.929x10* 5.220X107*  3.031x10°®
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Tab.4 Relative amplitude error of signal Il
M {ELAF X R 22
L ) . )
Yok Hann & Blackman Blackmanharris 75 Nuttall =4k Hann 7 Blackman i Blackmanharris  Nuttall 7
=2 AG = 2R AG = ARG i R GY(ES DY LR A {EL DY LR A {EL USEBEG Y (E
0 3.419X10°* 2.870X10* 2.043%x10°* 4.940X10°°  2411X10* 1.960Xx10 * 1.480<10* 1.670<10"°
1 3.286 <10 * 2.892x10 * 2.420x10°* 1.849X10° 7 2.390X10 % 2.386x10 * 1.830<10 * 6.670<10
2 4.980x107*  3.503x10* 2.580x10* 1.080X107°  2.416X10°* 1.970x10* 1.410X10°*  2.850x10°®
3 4.390< 10 * 3.446 10 * 1.430%x10 * 1.017X10°°  2.740X10 % 2.482x10* 1.400%10 % 7.040X10 5
4 3.277x10°* 2.874x10°* 2.390x10* 7.860X107%  2.750x107*  2.373Xx10°* 1.115X10°*  2.150x 108
5 3.389X10* 2.910x10* 2.200X10* 3.391X10°%  2410X10*  2.073x10* 1.510x10* 1.470<10°®
6 6.870<10 * 5.480<10 * 3.601 <104 3.320X10°°  2.782X10°*  2.170X10 * 2.110x10* 1.710<10 °
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Tab.5 Relative frequency error of signal |
AR AR 2%
iinlid ] — ]
VKL Hann 4 Blackman i Blackmanharris f  Nuttall =4k Hann 4 Blackman i Blackmanharris %~ Nuttall %
SR SR e i DY 2 AT (ESZLITIED [UESZLITIED DU 2 AT 7
0 3.067 6X10 % 3.0664x10 % 3.0658x10 % 3.0680x10 % 1.9890x10 ° 1.9840X10 ° 1.2240X10 ° 1.1390x10 ®
1 1.5323X10°2 1.5346X10 % 1.5355X10% 1.5339X10 % 1.4670X10 * 4.5540X10 " 2.7530X10 ° 6.0480x10*
2 1.0227X10°% 1.0228X10° % 1.0229X10°2 1.0226X10 2 3.6720X10 % 2.0470X10"° 1.2140X10° 2.0610x10 8
3 0.766 8X10 % 7.6674X10 ° 7.6666X10 ° 7.6701X10 * 0.8170x10 7 7.8850x10 ¢ 4.6130x10 ° 7.5140x10 "’
4 0.6159X1072 6.1368X10°  6.1287X10° 6.1366>X10 % 1.336 0X10™ 7 2.2130x10"7 1.5520X10° " 1.604 0x10""°
5 0.5114x10 % 5.1154X10 ° 5.1162X10 ° 5.1134X10 ° 3.2520X10 * 1.1620X10 ° 7.1350X10 ° 4.1230x10 "’
6 4.3823X10 % 4.3822X10° 4.3820X10 ° 4.3829X10 * 5.9270X10 ° 5.8970x10 ¢ 3.4310x10 ° 3.1110x10 "’
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Tab. 6 Relative frequency error of signal Il
T X R 22
Vot Hann i Blackman?  Blackmanharris & Nuttall =& Hann % Blackman# Blackmanharris &~ Nuttall &
=2 AGH =2 AGH =R AGH il YL A E DY LA {EL DY LA {E USEBEGY(E
0 3.0683X10°% 3.0673X10 % 3.0669X10 % 9.1996X10 7 9.7780X10 ° 9.6400X10 " 2.024 0X10"° 0.650 0X10"°
1 4.3825X107° 4.3824X107°  4.3825X107° 1.0680X107" 2.667 0X10° 2.3700X107° 6.004 01077 0.601 0> 10~*
2 3.8380X10 % 3.8330X10 % 3.8330X10 % 1.6800X10 7 8.8200X10 " 8.2000x10 " 1.6914x10 7 0.8800x10 "’
3 34100X107 34090X10 7 3.4070X10° 5000010 % 2.8500X10 * 4670010 ° 1046710 ® 0.8000%10 "
4 3.0682X10 % 3.0681X10 % 3.0680X10 * 7.4600x10 * 3.3100X10 ° 2.5300x10 °® 5.4330xX10 7 0.3190x10 ¢
5 2.7890X10°% 2.7885X10 % 2.7882X10 % 7.6500X10"* 9.750 010 " 9.100 010" 2.2330xX10 7 0.5300x10*
6 2.5580X10°7 25565X10 7 2.5517X10 ° 6.0480X10 ® 2.460 010 * 3.7700X10 ° 9.3310x10 7 1.5100X10 "
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Tab.7 Relative phase error of signal |
W AELAH X 152 22
I . , ) e . . ) .
Yok Hann % Blackmanfi Blackmanharris  Nuttall =4k Hann % Blackmani  Blackmanharris  Nuttall f
= = T — 2R A BN DU LR AR {EL [EEZLT(EN () ES R i (F N I ES % e f )
0 0.000 918 200 0.000 914 000 0.000 726 100 0.000 853 000 0.000 858 200 0.000 321 500 0.000 122 900  0.000 037 810
1 0.094 873 992 0.002 176 869 0.001 014 581 0.001 553 896 0.001 587 216 0.001 918 731 0.000 228 000 0.000 419 200
2 0.053 494 100 0.002 666 038 0.001 468 125 0.000 631 900 0.000 627 336 0.000 246 800 0.000 087 400  0.000 067 130
3 0.004 262 545 0.004 157 146 0.002 897 342 0.002 154 159 0.002 157 998 0.000 371 200 0.000 299 900  0.000 005 504
4 0.008 779 919 0.008 773 968 0.008 668 061 0.016 719 019 0.017 401 629 0.042 477 385 0.002 472 347  0.009 547 663
5 1.136 699 585 0.033 017 635 0.017 415 581 0.015 109 977 0.015 104 205 0.004 559 533 0.002 047 321 0.000 724 462
6 0.043 152 442 0.044 054 844 0.027 970 192 0.008 977 227 0.009 013911 0.001 827 659 0.001 444 153 0.001 420 945
*8 ESMAERE
Tab.8 Relative phase error of signal Il
: MRELAF X 1R 22
gl . o - . . )
VoK Hann & Blackman i Blackmanharrisfd  Nuttall =2k Hann i Blackman i Blackmanharris i Nuttall %
= LAHME =G ARG Tl DY LA {EL DU LR AT (R USEBE Y (E UL A
0 9.02X107*  8.93x10°* 8.63x10* 5.26x107*  8.59X10°*  5.37Xx10°* 1.25x107* 8.53x107°
1 1.41x107°  1.35X10°° 4.27X1074 3.00x10°* 591X107°  4.06x10°* 4.46X107° 3.00xX1077
2 8.61xX10°* 5.54x10* 5.39X10°* 3.02x10* 4.37X107*%  4.28X10°* 1.88x10°* 7.86X10°
3 250x107" 3.22x10°° 2.64x10* 1.91X10°*  1.91X10% 4.18X10* 1.88x10* 2.17X10°
4 4.85X107%  3.60X10° 6.65x<10* 2.70x10°* 1.33X10°*  4.93X10°° 3.19X10°° 2.67X107°
5 6.05x107%  5.82X10°* 5.13x10* 3.36X107%  2.08X10°*  7.24X10°° 5.09x107° 2.10x10°°
6 4.79X10°%  5.07X10* 4.42x104 6.95X10°° 1.23X10°°%  2.67X10* 4.14X10°° 2.50X10°°
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