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Fig. 1. The input NLFM signal: (a) The time domain wave-
form; (b) the STFT spectrum. The simulation parameters
are A=0.1,f=0,7v=50, ¢=0, t;, = 3, {, = 10.
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Fig. 2. Curves of 7-a; are obtained under different scale
coefficient 8 = By x 10, By x 75, By x 150, 8 = By xfi(¢).

The simulation parameters are b, = 1, §, = 100, m = 2.
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Fig. 3. Contour plot of the real time spectral amplification
factor 7 in the a; - b, plane. The simulation parameters are
m = 2, B, = 100.
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Fig. 4. The output response of system resonance when b; =
1: (a) The time domain waveform; (b) the STFT spectrum.

The simulation parameters are m = 2, §, = 100.
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Fig. 5. The output response of system resonance under different fixed scale coefficients 8: (a) The output STFT spectrum under 3 =
By % 10; (b) the output time domain waveform under 8 = §; x 10; (c) the output STFT spectrum under 5 = §, x 75; (d) the out-
put time domain waveform under 3 = 3, x 75; (e) the output STFT spectrum under § = G, x 150; (f) the output time domain

waveform under § = (3, x 150. The simulation parameters are 5, = 100.

NiAEZE, TEE] 5(a) HAE S IRAEIE AR A i 2
Pl 5(b) A B BRI T B 45 5 8 77 AE AR KR L.
M BN By x 75, By x 150 B, REGEIRILE]
spefUka R, 55 AR RUBE TV T (8 See A4t o i
DA K. AR, [ R RECH RGEmAm RAK
T N BRI R R AL, — B S BGE B,
bR O 2 AR AR AR 22, T AR RUBE 5 v 2R 8K
FE A NLFM {55 BB s f(0), ik 7 AR
TERRE A ZR A i 0 e AR A A

3.2 ANE-15 NLFM 55

FEARS A0 R, IE 5205550 5 8 i A (L
FHE SR —F R B NLEM 55, Z2KES
R AT BRI AR BE IS )3 2, AR LA 2%, 5T
XRAF 5 el 8 Ge P iy K 3485 HLAG H B 3L
PRI, AR S SCHR [29], A SCH I T —Fh i - 8 A5 )
NLFM {5 A5, W (11) 2XPiR:

s9(t) = 0.1 (1 + %cos <2n9t>) cos (80(n t)

+ 30(sinm t) 4+ 20 cos (57;15) ), (11)

ZOTEAR S ZFNE LR R SUE LR, anE 6
iz, B 6(a), (b) 7330 1% 45 5 0y T A

0O 1 2 3 4 5 6 7 8 9 10

01
Z o0
5

—-0.1

0.14
0.12
0.10
0.08
0.06
0.04
0.02

H6 HMAMNNLFM{ES (a) BHRIEEE; (b) STFT B
B

Fig. 6. The input NLFM signal: (a) The time domain wave-
form; (b) the STFT spectrum.
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Fig. 7. Curves of n-b; are obtained under different scale
coefficients. The simulation parameters are a; = 0.01, m =
5, By = 1000.
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Fig. 8. The output response of optimal resonance: (a) The
time domain waveform; (b) the STFT spectrum. The simu-

lation parameters are m = 5, (3, = 1000.
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Fig. 9. The resonance response under different fixed scale coefficient §: (a) The output STFT spectrum under 5 = G, x 10; (b) the

output time domain waveform under 8 = 3, x 10; (c) the output STFT spectrum under 5 = ; x 40; (d) the output time domain
waveform under § = () x 40; (e) the output STFT spectrum under 8 = 5, x 75; (f) the output time domain waveform under g =

By x 75.
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Abstract

Nonlinear frequency modulation (NLFM) signal is widely used in radar, communication and signal
processing. The response of nonlinear system excited by this kind of signal has rich information. At the same
time, enhancing different types of signals by resonance phenomenon has unique advantages in the field of signal
processing. Compared with other signal processing methods, such as empirical mode decomposition, variational
mode decomposition, wavelet transform, signal filtering, etc., this kind of method can not only enhance the
signal, but also effectively suppress the interference noise. Therefore, it has certain significance to study the
nonlinear system optimal response excited by different NLFM signals and enhance the NLFM signal through
resonance phenomenon. In this paper, what is mainly studied is the nonlinear system resonance phenomenon
excited by different NLFM signals, which is different from in previous studies. Firstly, a real-time scale
transformation method is proposed to process the NLFM signals, and its basic principle is to match different
NLFM signals by real-time scale coefficients and system parameters. The signal frequency at each time
corresponds to the coefficients with different scales and system parameters, thereby realizing the optimal
resonance response at each time. In order to describe the optimal resonance response excited by the NLFM
signal more accurately, unlike the traditional spectral amplification factor, the real-time spectral amplification
factor is introduced as an evaluation index. Then, the influence of system parameters on the optimal system
resonance response is discussed, and the optimal resonance region is obtained, which means that the optimal
resonance response can be achieved by selecting the parameters in a reasonable range. This method not only
greatly enhances the signal characteristics, but also maintains the continuity of signal time-frequency
characteristics. Finally, the real-time scale transformation method is compared with the general scale
transformation method, showing the superiority of the proposed method in processing NLFM signal. The
method and the results of this paper show some potential in dealing with complex NLFM, which provides a
reference for NLFM signal enhancement and detection, and has a certain practical significance in signal
enhancement. Furthermore, the relevant influence law of the system optimal response excited by the NLFM
signal is given, which has a certain reference value for studying the system dynamic behavior under different

signal excitations.

Keywords: system resonance, nonlinear frequency modulation signal, signal enhancement, real-time scale

transformation
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