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Abstract

Deformation monitoring can analyze and evaluate the safety status of engineering facilities and is
an important research content of engineering survey. This article will study the basic principles of
wavelet analysis, simulate deformation monitoring data, and establish the data processing models
of deformation monitoring. MATLAB software’s wavelet function is used to write the relevant
program. The RMSE, SNR and other indicators are used to guide the wavelet decomposition, ex-
tract the gross error, and determine the optimal wavelet base and the maximum decomposition
scale. At the same time, the wavelet threshold denoising function is studied to determine the best
threshold denoising function. Finally, an optimal model is established according to the simulation
experiment, and an example of deformation monitoring data is processed, and the processing re-
sultis analyzed and the accuracy is evaluated.
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Figure 1. The accumulative total settlement changes over time
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Figure 2. The speed of sinking varies with time
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Table 1. Bridge deformation monitoring data

F 1 HREMENEE

Hi%(A) AR FYLR/Mm Rt FUR/mm Hi%(A) AR FYLR/Mm Rt FUiR/mm
1 0 0 21 -0.3 -37.7
2 -0.7 -0.7 22 0.1 -37.6
3 -1.15 -1.85 23 0 -376
4 -1.15 -3 24 -0.8 -38.4
5 -16 ~4.6 25 -0.1 -385
6 -0.95 -5.55 26 05 -38
7 -1 —6.55 27 -0.45 -38.45
8 -7.35 -13.9 28 -0.6 -39.05
9 -3 -16.9 29 0.6 -39.65
10 -2.35 -19.25 30 -1.05 -40.7
1 -2.35 -216 31 —0.25 ~40.45
12 -1.7 -233 32 -0.2 ~40.65
13 ~155 ~24.85 33 -0.2 ~40.85
14 -3.95 -28.8 34 0.15 -40.7
15 —4.55 -33.35 35 -0.05 -40.75
16 -2.05 -35.4 36 -0.2 -40.95
17 -1.7 -37.1 37 -0.05 -41
18 0.2 -36.9 38 -0.2 -41.2
19 0.1 -36.8 39 -0.13 -4133
20 -0.6 -374 40 0.03 -41.3
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Figure 3. Non-stationary signal image
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Figure 4. The signal after adding the noise
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Figure 5. 1-level decomposition of non-stationary signals
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Figure 6. 2-level decomposition of non-stationary signal
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Figure 7. 3-level decomposition of non-stationary signals
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Figure 8. 4-level decomposition of non-stationary signals
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Figure 9. Raw data image and denoised data image
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Figure 10. The original signal image and the decomposed low frequency signal
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Table 2. Root mean square error at different levels of decomposition and relative changes
% 2. NEIDBRBRINHFRIREAREXTEL

J 1 2 3 4 5
RMSE 0.0084 0.0108 0.0120 0.0421 0.0087
Iy 1.285 1111 3.508 0.2066

Table 3. Signal to noise ratio of all kinds of wavelet

= 3. BANKHEREEE

Harr /N§ Sym6 /NE Db6 /g Db10 7MBE Db3 /M Coif3 /P
5.4239 6.6528 6.6991 7.0084 6.2971 6.7846
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Figure 11. High-frequency information after the decomposition
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Table 4. Gross error detection results
= 4. HERMNER

A% RZ MLERHE 306=2.97mm %R
4 0.7205 <3¢ EH
5 0.2583 <3¢ TEH 5
6 1.2863 <3¢ TEH 5
7 3.0955 >30 B
8 1.2539 3o IEH S
10 0.4986 3o TEH R
12 1.3654 <3c TEH A
13 2.5579 <3¢ EH 5
15 1.2843 <3¢ TEH &
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Figure 12. The original signal and reconstruction signal
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Table 5. 4, 5 Interpolation results
5. 45 HIRELER
1 2 3 4 5
-0.2007 -0.1596 0.2478 0.5287 -0.6227
- - - 0.5285 -0.6228
Table 6. 6, 7, 8, 10 Interpolation results
6.6, 7, 8, 10 HIGHEAER
6 7 8 9 10
—0.7443 1.611 -0.9219 -0.0323 0.3494
—0.7444 0.3494 -0.9220 - 0.3494
Table 7. 12, 13, 15 Interpolation results
F=7.12, 13, 15 HAHRMELER
11 12 13 14 15
-0.1124 —-0.3804 0.4436 0.1289 —0.5561
- —-0.3804 0.44336 - —0.5562
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Figure 13. The signal after the gross error is removed and the hard threshold
denoising.
B 13. AMRAERMESSERELRRENES

T T T .

— = BT
IR EIRIF 35

L 1

1 |

5 10 15 20 25 30 35 40
B iE] D
Figure 14. The signal after the gross error is removed and the soft threshold
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Figure 15. Remove the signal after the gross error and the signal after the

new threshold denoising
15. EMBEERNESSHREERENES

Table 8. Signal-to-noise ratio and mean square error of various threshold functions after denoising

8. BMEERKERENEREENYEIRE

Tk HEREREAT
fZM Lk (Snr/db) ¥R %E(RMSE)
TEBIME 2k 26.3735 0.4709
p LI 373 46.5599 0.0617
Ut 5 B E 2= Bk 46.8592 0.0587
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B2 18 f, HFRVRIE T ARUEN, AWRRTIRE, TIREEEE th a2, 10 2 31 4, Hr
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Table 9. Deformation monitoring data after denoising (mm)

F+ 9. KIRERITR BN EHE (mm)

BI%(A) AR TFYLR/Mm At FUiR/mm B%E) AR TFHTE/mm R TUE/mm
1 0.2593 0.2593 21 -0.018 —37.531
2 —0.5246 —0.2653 22 0.009 —37.522
3 —-1.7188 —1.9841 23 —0.432 —37.954
4 —1.3288 —3.3129 24 —0.352 —38.306
5 —0.7118 —4.0247 25 —0.009 —38.315
6 —1.0535 —5.0782 26 0 —38.315
7 —4.5878 —8.3115 27 —0.326 —38.641
8 —4.5875 —12.899 28 —0.53 —39.171
9 —3.908 —-16.807 29 —0.509 —39.680
10 —2.824 —19.631 30 —0.645 —40.325
1 —1.846 —21.477 31 —0.194 —40.519
12 —1.649 —23.126 32 —0.104 —40.623
13 —2.26 —25.386 33 —0.16 —40.783
14 —3.709 —29.095 34 0.031 —40.752
15 —3.687 —32.782 35 —0.015 —40.767
16 —2.923 —35.705 36 0.02 —40.747
17 —-1.06 —36.765 37 —0.163 —40.910
18 021 —36.555 38 —0.237 —41.147
19 —0.314 —36.869 39 —0.194 —41.341
20 —0.644 —37.513 40 —-0.117 —41.458
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Figure 16. The sinking speed of the original signal and the sinking speed of
the de-noised signal
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