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High-accuracy identification for instantaneous frequency of non-stationary
response signals from time-varying structures based on LOMS-STFRFT
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Abstract: To enhance the accuracy of instantaneous frequency (IF) identification for non-stationary response signals of time-vary-
ing structures, a locally optimized multi-synchrosqueezing-short time fractional Fourier transform (LOMS-STFRFT) algorithm is
proposed in this paper. Firstly, the local rotation parameters of the short time fractional Fourier transform (STFRFT) are optimal-
ly selected in this method. Subsequently, the time-frequency coefficient matrix projected to the fractional domain is obtained
through STFRFT. After that, IF estimation and multiple iterations are performed on the time-frequency coefficient matrix. The
time-frequency coefficient matrix is reassigned by the multi-synchrosqueezing operator, and IF curves are then extracted via the lo-
cal mode maxima method. The accuracy of the proposed method is validated through a numerical example of a multi-component sig-
nal and a linearly time-varying cable test. The results demonstrate that the proposed LOMS-STFRFT algorithm behaves better

than traditional multi-synchrosqueezing transform on IF identification of non-stationary signals from time-varying structures.
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(d) The identification results based on LOMS-STFRFT
within 4.5~7 seconds
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Fig. 6 The post-processed time-frequency analysis results of

the noisy y(7)
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Fig. 7 The instantaneous frequency identification results of

the noisy y(7)
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Tab.1 Theinstantaneousfrequency identificationaccuracy

of the noisy y(t)

o RMSE
Srfn s
MSST LOMS-STFRFT
RMSE-IF1 0.6359 0.4218
RMSE-IF2 0.6451 0.5214

Shy U6 UE AR SC T 0 el i e S 80 R AR
BRAE HES v () 435K 3T 4e i (8 R A
2 B LOMS-STFRFT il 3k F ot F 8 R %W
LOMS-STFRFT, 45 R tZE 2R, HFE2TH. &

2 HEREEYRMI

Tab.2 Comparison of the effectiveness of the searching

algorithms
LOMS-STFRET  &f7fid RMSE

(=87 WFEl/s  RMSE-IF1 RMSE-TF2
T YR8 KL 699.448 0.5690 0.6312
TR REL 134.245 0.4099 0.5032
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Tab.3 Theoretical values of instantaneous frequency

under tensile linear variation conditions

$ii 71 /kN FISMH /Hz $i1 71 /kN FISMH /Hz

21.8 15.67 25.5 16.88
22.0 15.72 26.0 17.02
22.5 15.93 26.5 17.20
23.0 16.08 27.0 17.34
23.5 16.26 28.5 17.47
24.0 16.41 29.0 17.62
24.5 16.54 29.5 17.89
25.0 16.73 30.0 18.20
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Fig.9 The measured acceleration response of the time-

varying cable
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Fig. 10 The measured forces with linearly varying overtime

tension
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Fig. 11 The pre-processed time-frequency analysis results of

the measured acceleration response signal
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Fig.12 The post-processed time-frequency analysis results

of the measured acceleration response signal
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Fig. 13 The instantaneous frequency identification results of

the measured acceleration response signal
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Tab.4 Theinstantaneous frequency identification accuracy

of the measured acceleration response signal

7k RMSE
MSST 0.1830
LOMS-STFRFT 0.1372

4 # it

SR AT RO B A 55 R A SRR e R A 1Y IR
AR SCHR T — R B B9 LOMS-STFRFT 7 3 3f
Xt HERE SR TR, it — A2 a0 REY
R LA B — A~ S M B 28 28 A0 %o Jr 2 7 vk 1Y
A RN ERA T AT B R, FE IR
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