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Fig. 2 Time-domain and frequency-domain curves of longitudinal acceleration signals at tower top
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Fig.3 Reconstruction results by the OMP method
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Fig. 4 Iteration curves of autoregressive error and reconstruction error when reconstructing original signals by the proposed method
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5 0.958 3 0.601 6 0.3750 0.216 7 0.1392 0.0120 0.008 3 0.006 8 0.0059 0.004 8
10 1.059 4 0.760 7 0.5453 0.410 2 0.364 6 0.2559 0.1459 0.0190 0.0139 0.0123
15 1.2345 0.994 3 0.7519 0.645 0 0.589 1 0.508 1 0.3970 0.2919 0.0199 0.017 8
20 1.125 4 1.194 0 0.927 4 0.824 2 0.750 3 0.624 3 0.533 1 0.456 4 0.3018 0.017 0
25 1.264 2 1.049 5 1.060 2 0.8775 0.852'5 0.699 4 0.584 7 0.5479 0.424 2 0.362 2
30 1.2139 1.213 4 1.094 4 1.000 6 0.906 6 0.8590 0.684 1 0.629 8 0.584 3 0.467 3
35 1.2377 12273 1.086 0 1.036 2 0.9212 0.883 3 0.778 3 0.668 9 0.6277 0.587 6
40 12134 1.1814 1.1577 1.036 4 0.969 2 0.8757 0.864 1 0.725 4 0.698 5 0.579 8
45 12726 1.2538 1.240 6 1.036 6 0.966 9 0914 4 0.8240 0.7515 0.6811 0.623 2
50 1.236 7 1.2919 1.246 2 1.089 1 1.0253 0.901 9 0.884 0 0.772 8 0.739 2 0.6316

F4 FREREMHIART, FRTEGRRESHEMEIRE (=10, L=20)
Tab.4 Reconstruction errors of filtered signals by the proposed method under different compression-sampling ratios
and cutoff frequencies (p=10, L=20)
ERDIES
RS f/Hz

r=0.05 r=0.10 r=0.15 r=0.20 r=0.25 r=0.30 r=0.35 r=0.40 r=0.45 7=0.50
5 0.6141 0.143 1 0.0149 0.006 8 0.005 1 0.003 4 0.002 6 0.002 5 0.002 1 0.0015
10 0.8419 03551 0.208 0 0.0151 0.003 8 0.003 5 0.002 7 0.002 3 0.002 2 0.001 9
15 1.2210 1.0173 0.690 8 0.144 7 0.008 2 0.002 1 0.002 2 0.001 8 0.001 5 0.0013
20 1.664 8 1.600 5 0.654 9 0.459 0 0.080 4 0.006 9 0.000 9 0.000 6 0.000 7 0.000 6
25 1.383 1 1.785 7 0.9870 0.754 4 0.303 9 0.086 5 0.005 6 0.001 2 0.0010 0.000 7
30 1.5527 1.366 1 1.3596 0.968 5 0.556 3 0.310 1 0.0553 0.004 3 0.002 1 0.001 4
35 1.2825 1.246 5 1.2876 1.074 2 0.765 7 0.552'1 0.209 2 0.042 3 0.004 3 0.001 6
40 1.3815 1.2689 1.344 2 1.1959 09195 0.657 6 03828 0.162 9 0.0325 0.004 7
45 1.378 5 1.6720 1.386 4 1.290 6 0.968 0 0.797 5 0.494 9 0.3336 0.1575 0.061 4
50 1.458 6 1.469 8 1.264 6 1.2219 1.019 1 09157 0.6393 0.456 1 0.354 7 0.203 0
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Reconstruction of compressed signals for bridge structures based on

autoregressive iterations

LI Cui"® HUANG Kan"’ LIAO Yanfu’ ZHU Daopei’
(1. School of Information Engineering, Jiangxi V&T College of Communications, Nanchang 330013, China)
(2. Key Laboratory of Traffic Incident Intelligent Monitoring of Jiangxi Provincial Department of Education, Nanchang 330013, China)
(3. Jiangxi Tohui Science and Technology Group Co., Ltd., Nanchang 330032, China)
(4. School of Software Engineering, Jiangxi University of Science and Technology, Nanchang 330013, China)

Abstract: [Objective] The vibration signals of bridge structures under ambient excitation usually present low signal-to-
noise ratio and poor sparsity, which makes it difficult to realize high-precision compressed sensing. To solve this problem, a
compressed signal reconstruction method based on autoregressive iteration was proposed. [Methods] The unknown
reconstruction error was characterized by the autoregressive error, the autoregressive coefficients were taken as the
optimization variables, and the minimization of autoregressive error was set as the optimization objective. An autoregressive
iterative calculation model for signal reconstruction was established, and the measured signals of an actual bridge were adopted
for calculation and analysis. [Results] The results show that the autoregressive iteration has the characteristic of transferring
high-frequency energy to the low-frequency band. The minimum reconstruction error can be obtained only when the
autoregressive errors of the reconstructed signal and the original signal are close. Compared with the orthogonal matching
pursuit method, the proposed method achieves significantly higher reconstruction accuracy of compressed sensing. For the
original signal, the minimum reconstruction error appears at the second iteration step under different model orders; for the
filtered signal, the minimum reconstruction error can be acquired after iterative convergence with a reasonable combination of
compression-sampling ratio and cutoff frequency. The proposed method can be well applied to the compressed sensing
reconstruction of vibration signals with low sparsity.

Key words: Structural health monitoring; Compressive sensing; Bridge structure; Signal reconstruction; Autoregressive
model
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