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Abstract

The spectral analyses of non-stationary data for plasma experiments are reviewed for beginners. It is
shown that, when compared to the conventional Fast Fourier Transform (FFT), better time- and
frequency-resolved spectra of the non-stationary data can be obtained using the Wigner distribution and
Wavelet transform. However, artificial spectral peaks called cross-components appear in the Wigner
distribution of multi-component signals. Some elimination methods for the cross-components are intro-
duced. The basic theory and the image of the Wavelet transform are explained, and its time and fre-
quency resolutions are compared with the FFT and the Wigner distribution.
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Fig. 1 A waveform of the chirp signal.
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Fig. 2 Time resolved frequency spectra calculated by the
FFT using a rectangular window, where the data
length N = 256.
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Fig. 3 Time resolved Wigner distributions of the chirp sig-
nal of Fig. 1, where the data length N = 256.
THHCE =2 DARZ P UVBELNE, ZOR»LE
WHOY— 7 HEREBERLRODLIZEIESTH
0, 72, BHEORY - MEA LR Y X S HER KL
LTwa., TRBTRENB LI, 717+ -S4k

ZOECEREH - HERSREIFETH S,

(LR TERINDTF R TOY 4 7 —5hTlE
ERE/OF - 2HADTT IO THT—1) Tk
BRI R RIIERNE 25, Lo L, Mk —
T OEE, (6)XEHVWARKEF— 128 L FET
2o TRET 2O TRERS M 1/CNAY) & 7%
5. LaL, BESMHEERFFT 0 X512 N4 THP
ENBZLiFhv. 2L ziE, HABITOAMEL D
TS HBROBMAEEZEZ CARLS. FFT THEITT 2
IR NAt T Ao TWAIRY FO M8 2 28,
T AT =G TE, ZOHAPAOIEI N BT
BB OMED 0 & %2 2 O THEBIEIBIA W, L7255 T,
BRI AR PVORRE IR S S, R4
B> 7) v TR ARIEE 2 5.

7T A2 DIFEETICBNTIEARY M VEKROT
HETHEHY, L CE—2ORER - B - PHEiE%
PEELZYRWERE 52 25808\, Lo T,
ARG MV TIZENLDFE LR T A Z LI E
BThb. Thbk FFT &4 7 F —5AF CHRBIL /2.
TAMETE LCIIEEREE T 2 W BAELBIR
2243 % FM % x(t) = sin[0.5x¢ — 5cos (27 X 0.01¢)] %
w7z, FFT TOMFIER% Fig 412, w4 7+ —4
TORR%E Fig. 51 RT. (@ OHBORIEE—2F
Bz, 2RI EEE2 R, R
ALY 5 ERIIBRGE R KOMBBME L RS, (b) THH
BB LAY—-—270BE%2EKT. FFT TR LS
CRBBAUCEBIT A X9 RESTIE, A7 ML

NI | -El ectronic Library Service



08I -1

0.6

[ 4
+ (@)
>
0.4
ozl -
0.0 | ! { | 1
Q0 100 200 300 400 500 600
t
T I | T 1
10— — — = —— O — —
o o
0
08} 0 o i
—_ 00° %00 000 (b)
o 06 o) o -
< o o O
) 04+ -
o2t -
0.0 | ! I 1 {

o] 100 200 300 400 500 600
t

Fig. 4 Frequency spectra of the FM signal calculated by
the FFT. (a) The peak frequency and the half ampli-
tude level. (b) The peak amplitude normalized by
the true level.
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Fig. 5 Wigner distributions of the FM signal. (a) The peak
frequency and the half amplitude level. (b) The
peak amplitude normalized by the true level.

Fig. 6 Real parts of the Wigner distribution of the station-
ary signal x(t) = sin(2x x 0.1¢) + sin(2z % 0.4t). There
are two actual peaks and cross-components be-
tween actual peaks.
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Fig. 7 A Morlet wavelet.
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Fig. 8 Real parts of the Gabor wavelets, (a) 0= 3, (b) 6 =
10, and (c) o' = 30.
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Fig. © A wavelet transform of the chirp signal of Fig. 1.
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