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Research on real-time monitoring algorithm for tunnel safety status based on
fiber Bragg grating strain sensors

Ma Sasa, Wang Bin,Li Chuan, Xiong Xin, Liu Hui

(Faculty of Information Engineering and Automation, Kunming University of Science & Technology, Kunming 650500, China)

Abstract ; In this paper we discuss the tunnel safety monitoring principle, the monitoring system layout and data acquisition method using
embedded FBG strain sensors in a certain practical tunnel construction project. Based on above discussion, the synchronous
multidimensional strain data streams collected from the same cross section are analyzed, an abnormal data real-time diagnosis algorithm is
proposed based on double slide window model technology. With the first sliding window, the current stress data gathered by the FBG
sensors are combined with the historical data to form the current observation window data; then, principal component analysis is
conducted on the data in every observation window, corresponding eigenvectors are extracted to obtain the dynamic characteristics of the
present observation window. Next, the second sliding window is used to merge current dynamical observation vector into historical ones to
get the dynamical feature matrix, and correlation analysis is performed. Finally, the variance of the correlation coefficient is computed,
which is used as the criterion to judge the stability of the supervised data streams. Field observation report and comparison experiment
result show that the proposed method achieves better real time monitoring effects. This method also provides a strong support for the
application of FBG strain sensor in real-time engineering safety monitoring.
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Fig. 1  Detection principle of FBG strain sensor
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Fig.2 Strain gauge layout in one section
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Fig.3 Partial strain data streams for sections P1 and P2
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Fig.4  Overall processing flow chart

2.1.2 fHZEOT R

B SER MG RO R i S R
P ny BB 2 ~ 4, [ i e BT 11 8% 3l 4
KA U, — Ui & 1A% 8l 254 /s DU 3R B 3l 25 R
MR IR BN D SEE A L = ny +1 o 205l =
2,3, 4 i 2 I 220 UL i 11, SR A AR B A5 A i)
F—FC RRTTHRWEL 2 Pros, 2T sTiRam 1
FA T W9 TT 22 i 4wl T 22 09 FU D, STk AR R
W32 2 Ry i B 5 1 D0 A Y £ BB, O 1R
7 R ) TTRR AR E , AR SO AR B /N B S P AL



552 1 L 25 HE T FBG )i

O A A2 St ) R 3 4 SR W I B 307

®2 n =23 4MNE—ETTRRTHE
Table 2 First principal component cumulative

contribution rates when n, =2, 3 and 4

i P1 1 2 3 4 5 6 7

n; =2 91.82 84.93 73.65 65.69 65.19 73.88 90.77
n, =3 92.14 92.98 91.78 94.56 95.33 93.32 92.57
n =4 94.96 95.08 95.11 95.60 95.72 95.18 95.83

Wi P2 1 2 3 4 5 6 7

n; =2 78.90 65.10 68.71 79.64 89.70 88.50 89.59
n; =3 82.30 76.79 83.20 86.67 85.04 93.58 90.26
n; =4 93.00 90.49 95.03 85.51 95.31 94.64 92.57
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Table 3 Partial correlation coefficient sequence
M for section P1

i1 P1 1 2 3 4 5
my 5 0.9997 0.9997  0.999 9 1 1
m; 3 0.9997  0.9996  0.999 8 1 0.999 9
ms 4 1 1 1 1 0.999 9
my s 1 0.9999  0.999 8 1 1
ms ¢ 1 0.9999  0.999 9 1 1
Mg 7 1 1 1 1 1
my g 1 1 1 1 1
m; 6 0.9997 0.9995  0.999 9 1 1
ms s 0.9999  0.9999  0.999 8 1 0.999 9
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Table 4 Partial feature vectors
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44 -0.328 5 -0.337 4 -0.3910 -0.4050 -0.363 1 -0.404 2 —-0.407 6 0.082 3
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