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tural frequency errors in working condition 1
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Rl Kalser[@lﬂﬂﬂ FRFT %’a\m

& Kaiser %
0.00 20.00 21.16 20.66 5.81 3.30
1.25 18.80 19.90 19.39 5.89 3.14
3.40 16.95 17.96 17.42 5.95 2.81
5.95 15.11 16.00 15.46 5.90 2.33
6.65 14.68 15.54 15.00 5.85 2.18
10.55 12.79 13.46 12.95 5.27 1.23
13.05 12.06 12.61 12.13 4.59 0.57
15.25 11.73 12.17 11.73 3.80 0.00
16.60 11.67 12.04 11.63 3.24 0.33
20.60 12.13 12.31 12.00 1.45 1.08
21.15 12.27 1242 12.13 1.20 1.16
28.35 15.76 15.53 15.53 1.46 1.44
33.00 19.67 19.19 19.44 2.46 1.18
36.45 23.41 22.73 23.20 2.89 0.90
40.00  28.00 27.12 27.83 3.14 0.59
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38.40 10.64 10.47 10.77 1.68 1.21
40.00 10.75 9.82 10.80 8.60 0.55
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Fractional Fourier transform based Kaiser window and time-frequency analysis

LU Lian', REN Wei-zxin®, WANG Shi-dong’
(1.School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, China; 2.Key Laboratory for

Resilient Infrastructures of Coastal Cities, Ministry of Education, Shenzhen University, Shenzhen 518060, China)

Abstract: As a generalization form of traditional Fourier transform to deal with non-stationary signals, the fractional Fourier trans-
form often faces the same spectrum leakage problem as the traditional Fourier transform in analyzing stationary signals. In order to
reduce the spectrum leakage error and improve the accuracy of fractional Fourier transform and time-frequency analysis, according
to the characteristic that the Kaiser window can freely choose the width of main lobe and side lobe, this paper proposes an algo-
rithm of fractional Fourier transform combined with Kaiser window. The function principle of Kaiser window in fractional Fourier
transform is discussed. The theoretical formula of time-frequency representation for Kaiser window based fractional Fourier trans-
form is then derived. The time-frequency distribution and time-varying structure parameter identification algorithm of non-station-
ary signals are obtained. The feasibility of the proposed method is verified by a simulated linear frequency modulation signal and a
three-storey model frame excited by non-stationary inputs through a shake table in the laboratory. It is demonstrated that the identi-
fied instantaneous frequencies of the proposed method are in good agreement with the theoretical values and involved Kaiser win-

dow in fractional Fourier transform does increase the accuracy to identify the time-varying parameters with a certain robustness.
Key words: time varying structure ; fractional Fourier transform ; spectrum leakage ; Kaiser window ; time-frequency distribution
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