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1337 TUIN
E g e 3
2 3 4 5
/v 2 200 210 320 430 479
FAL/(°) 147 165 104 104 158
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Tab.2 Matlab calculation results of different interpolation algorithm with windows

, — ‘ o
S R RS ek
2 3 4 5
iy 51.705 5 102.500 4 155.165 5 205.768 1 258.593 2
Hamming % 51.701 5 103.376 6 155.120 9 206.774 2 258.526 0
i 2R /Hz
Hanning 51.700 0 103.398 9 155.099 7 206.799 7 258.499 9
Blackman i 51.700 0 103.399 4 155.099 8 206.799 8 258.499 9
iy 2200.436 0 233.410 3 324.765 0 440.544 2 485.658 0
Hamming % 2 200.009 9 210.816 0 320.289 3 431.320 3 479.995 3
I {E/V
Hanning % 2 200.000 0 210.039 9 319.997 5 430.011 0 478.993 7
Blackman 2 200.000 0 210.016 7 319.998 9 430.004 7 478.997 4
NI 145.463 2 -29.958 0 88.735 4 -23.854 9 151.855 7
Hamming 2 146.758 5 164.464 0 101.746 2 105.299 6 156.427 3
AR/ ()
Hanning 147.001 8 165.100 8 104.022 7 104.019 8 158.003 0
Blackman % 147.000 9 165.049 6 104.011 4 104.010 1 158.001 9
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Mro Hanning 77 47 {5532 0 I A9 4504 W (ECFIAR A6 1) 22 2218 1 E A X (1) ~0(5) .

f=(keta=0.5) Af (1)
w(n)=0.5-0.5 cos(2n/N) (n=0,1,---,N-1) (2)
a=1.5p (3)

ezagﬂi(kiz;fﬂ+%;=qr(a-(-l)f05) (i=0,2) (4)
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Tab.4 Resource utilization of FPGA

BEIR Ll ¢ 5 BB GEUR R %
LUT 18 186 53 200 34.18
LUTRAM 1863 17 400 10.71
FF 27 117 106 400 25.49
BRAM 17 140 12.14
DSP 62 220 28.18

BUFG 1 32 3.13
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Tab.5 Comparison of FPGA calculation results and MATLAB simulation results

e Matlab FPGA I\Eatlab liPGA Ma‘mtlab FI?GA
Wi A Hz Wi A Hz i EL/V i EL/V FABLI () HABL/ ()
1 50.110 01 50.109 38 29 679.951 14 29 679.914 06 146.999 20 147.000 00
3 150.327 74 150.328 13 246.056 54 245.633 79 104.097 38 104.878 91
5 250.549 93 250.549 80 371.007 53 370.337 89 51.000 63 50.987 30
7 350.770 16 350.771 48 177.000 63 176.697 27 18.997 93 18.934 57
9 450.990 16 450.990 23 218.001 46 217.629 88 68.994 94 68.961 91
11 551.209 86 551.208 98 366.004 30 365.357 42 41.003 93 41.390 63
13 651.429 39 651.428 71 254.005 57 253.522 46 28.021 65 28.292 97
47 2 355.170 10 2 355.166 01 50.999 62 50.960 94 10.995 91 11.162 11
49 2 455.390 06 2 455.393 55 37.999 93 37.893 55 67.997 00 68.693 36
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Design of Harmonic Detection System Based on ZYNQ

Xia Guobiao, Chen Jianyun, Xia Mengxian

(School of Electrical and Automation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: Window interpolation algorithm based on Fast Fourier transform (FFT) was adopted to analyze the har-
monics. The current harmonic detection system has many bottlenecks, such as large amount of operation, long
calculation time and poor real-time performance. Then, a scheme that takes ZYNQ which integrates Field—Pro-
grammable Gate Array’s (FPGA) high speed data processing capability and ARM efficient digital information
management capability as the main control chip was proposed. The FPGA technology was used to realize the
window interpolation FFT algorithm. The harmonic analysis system was also established in the Vivado platform.
The frequency, amplitude and phase of 50 harmonics were calculated by the ZedBoard development board e-
quipped with ZYNQ chip, and the results are compared with that of Matlab simulation. The research results show
that harmonic analysis by using this system has high accuracy.

Key words: harmonics; spectrum leakage; Hanning window; interpolation algorithm; FPGA; ZYNQ



