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Simultaneous measurement of stress and temperature of fiber Bragg
grating under local transverse force using differential evolution algorithm

Liu Tundong', Fu Xiaoli', Chen Jing', Tao Jiping', Jiang Hao'*
(1. School of Information Science and Engineering Xiamen University Xiamen 361005 China;
2. School of Electrical & Electronic Engineering Nanyang Technological University ~Singapore 639798  Singapore)

Abstract: Considering that fiber Bragg grating ( FBG) sensors are sensitive to both transverse stress and temperature simultaneously
which leads to the difficulty in the independent measurement of these two measurands we transform this problem into nonlinear system pa—
rameter identification with identification parameters of temperature and stress. A theoretical reflection spectrum is first constructed based on
the sensing principle of FBG transverse stress and temperature. Then a novel identification model is established based on the discrepancy
between actual measured spectrum and the constructed spectrum. The differential evolution ( DE) algorithm a simple yet powerful evolu—
tionary algorithm is applied to solve the proposed model and obtain the appropriate values of temperature and stress simultaneously. Exper—
iment and simulation results show that the measurement error of transverse stress is typically smaller than 4.0 x 10 N and the measurement
error of temperature is smaller than 3.0 x 10 °°C  the temperature sensitivity of the sensor is 11.7 pm/°C. The result indicates that the
proposed approach is effective in discriminating the cross-sensitivity of FBGs while maintaining high measurement accuracy.
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Fig. 3 Actual measured spectrum and theoretical reflection

spectrum under the condition of F =6 N andT =0 °C
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Table 1 Theoretical values average sampling data errors and variances of stress and temperature
N IN I IN I
/10 *N /10 *<C 107°N 1073c¢
1 6.0 0 6.001 357 4 0.001 253 9 1.357 4 1.2539 0.003 19 0.000 78
2 6.0 2.0 5.997 9216 1.999 398 2 -2.078 4 -0.601 8 0.000 32 0.000 17
3 6.0 4.0 5.996 475 3 4.001 6559 - 3.5247 -1.6559 0.000 05 0.000 06
4 6.0 6.0 6.000 405 7 5.999 119 3 0.405 7 -0.880 7 0.001 90 0.000 54
5 6.0 8.0 5.997 481 8 8.000 005 9 -2.5182 0.005 9 0.000 18 0.001 20
6 6.0 10.0 6.000 456 3 9.999 968 9 0.456 3 -0.0311 0.000 13 0.000 06
7 6.0 12.0 5.996 943 3 12.002 453 9 - 3.0567 2.4539 0.002 41 0.000 92
8 6.0 14.0 5.999 059 7 13.998 488 2 -0.9403 -1.5118 0.000 10 0.000 04
9 6.0 16.0 6.002 908 6 15.997 436 1 2.908 6 -2.563 9 0.000 27 0.000 20
10 6.0 18.0 6.003 239 0 18.001 625 8 0.2390 1.625 8 0.000 34 0.000 07
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Table 2 Temperature sensitivities of different methods
for the simultaneous measurement of strain

and temperature of FBG
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