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K-S Transformation and Its Application to Superharmonic Time—Frequency

Analysis in Power System

TENG Zhaosheng, LIANG Chengbin, TANG Qiu,ZHANG Leipeng, CHENG Da’
(College of Electronic and Infotmation Engineering, Hunan University, Changsha 410082, China)

Abstract: According to the idea of FFT (Fast Fourier Transform)— optimization window — IFFT (Inverse Fast
Fourier Transform), the performance constraints of window function integration in linear time—frequency transformation
are broken through, achieve the application of high—performance optimization window function in linear time—
frequency transformation is achieved, and establish a new time—frequency transformation algorithm, K-S
transformation is establisged. After frequency shifting for the FFT spectrum vector of signal x (¢) is carried out,
Hadamard multiplication with the spectrum vector of Kaiser optimization window at the frequency shift point, and then
inverse FFT transformation (IFFT) on the product result is performed, the K-S transform complex time—frequency
matrix is constructed to obtain three—dimensional time—frequency amplitude and time—frequency phase information of
x(2). The mathematical derivation, local properties, linear properties, and variable resolution properties of inverse
transformation are given; simulation experiments on steady state and time—varying superharmonic signals from
0~150 kHz power grids show that the K-S transform has better resolution in both time and frequency domains than

popular short—time Fourier transform and S—transform, and has excellent variable resolution performance. The actual
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measurement of 0~40 kHz superharmonic signals proves that the absolute error of superharmonic voltage amplitude

measurement based on K-S transformation is less than 0.032 3 V.

Key words: K-S transform; time—frequency analysis; Kaiser optimization window; variable resolution

characteristic ; grid superharmonics
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Fig.8 K-S transformation test experimental platform
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Tab.1 Multiple frequency signals amplitude

measurement data

WA I 2l 3 4l S HM

1kHz  0.601 1
5kHz 0.3006
10 kHz 0.499 8
20kHz 0.396 8
40kHz 0.668 2

0.6007 0.6011 0.6010
0.3004 0.3005 0.3002
0.4996 0.5005 0.5002
0.3970 03970 0.3973
0.6677 0.6679 0.6683

0.6016 0.6000
0.3004 0.3000
0.5001 0.5000
0.3968 0.4000
0.6682 0.700 0
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