HL T 5 AR 2 4R Vol.37 No.5
JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION - 143 -

¥37% HSW
2023 45 A

DOLI: 10. 13382/j. jemi. B2306255

F A GWO-LSSVM E &34 & B ss
HITIREAME"

ERE FXA £ %
(RAERAE RS SHASEE L 201620)

o ECE LR TAE M REZ IR S M B, TR AT IR M . %X — [l 38 T RO Bk 5 /N 3fe SRy L
(GWO-LSSVM ) SE7EAHE,S G (A4 4 ME T 58, R FH ARARSA VA A6 46 72 5 1B 9 32 A Ak i/ N e S e 1) AL AR ST IRl F ¢ A S8
o DR EEAMEE AR, EARRIREE RS T X RS A A 2 100 7542 B (0 i Ao L 5% , o G R F il 254 . LA
TN 1) 10 DU 5 1) 25 D7 R R 2 DM 338 7 B PR, e TR BE 2 [ R A SR s 2 SR A o R A AR ), 25 SR B MR T M
B, VR AME S BOOGET TR A5 I8 2% Y R AR IR T BB 9. 405 107 /°C 32 FH 3 1. 201 6x 1074 /°C , T B Aim 15 22 AH %5 {4 i
28. 215% 48 TH5 0. 481% , F&JRER (R R e AR 21 T AR R AR 1 %

KRR JCE R AL RS 5 I AMEE ARSI s B/ N I SR 1) AL

FESES: TP212.1 XEFRRE: A EREERSEND: 460. 4020

Temperature compensation of optical fiber pressure
sensor based on GWO-LSSVM

Li Baofeng Lu Wenke Zuo Feng
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Abstract: The optical fiber pressure sensor needs temperature compensation because its performance is greatly affected by temperature.
To solve this problem, a software compensation scheme combining grey wolf optimization and least squares support vector machine
(GWO-LSSVM ) algorithm is proposed. The penalty factor { and kernel parameter o of least squares support vector machine are
iteratively optimized by grey wolf optimization algorithm within the specified range to construct the compensation algorithm model. In
different temperature situations, the input and output data of the sensor are measured by calibration test and are divided into test set and
training set. By taking the root mean square error which is calculated from the predicted values of the test set as the fitness function, the
temperature compensation problem is transformed into a convex quadratic optimization problem with constraints. The results show that
compared with previous compensation, the sensitivity temperature coefficient of the fiber optic pressure sensor after temperature
compensation is increased from 9.405x107/°C to 1.201 6x107*/°C, and the relative value of the additional temperature error is
increased from 28.215% to 0. 481%. The temperature stability of the sensor is greatly improved.
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Fig. 1 Theory of reflective fiber optic pressure sensor
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dominance from top to bottom)
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Fig. 4 The effect of the modulus of A

on the behavior of gray wolves
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Fig.5 Flow chart of the GWO-LSSVM algorithm
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Fig. 6 Temperature compensation block diagram

of optical fiber pressure sensor
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Fig.7 Hardware structure diagram of optical

fiber pressure sensor measurement system
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Fig. 8 Static curve of sensor input and output

before temperature compensation
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Table 1 Calibration test data of fiber optic pressure sensor
P/MPa 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065 0.070 0.075 0.080 0.085 0.090 0. 095

T/7°C Up/V Up/mV
15.0 0.150 0.560 1.090 1.550 1.970 2.320 2.670 3.000 3.290 3.560 3.830 4.070 4.270 4.490 4.690 4. 850
18.5 0.185 0.510 1.020 1.440 1.860 2.210 2.600 2.950 3.240 3.520 3.750 4.020 4.230 4.430 4.590 4.770
22.0 0.220 0.410 0.910 1.350 1.770 2.130 2.440 2.760 3.120 3.400 3.640 3.830 4.050 4.230 4.410 4. 540
25.5 0.255 0.290 0.740 1.200 1.610 1.960 2.300 2.710 2.970 3.220 3.490 3.740 3.930 4.080 4.290 4. 450
29.0 0.290 0.210 0.630 1.060 1.480 1.810 2.140 2.560 2.850 3.130 3.380 3.570 3.780 3.930 4.130 4.310
32.5 0.325 0.120 0.490 0.950 1.270 1.670 2.080 2.490 2.770 3.020 3.250 3.490 3.670 3.840 4.010 4. 140
36.0 0.360 0.030 0.380 0.870 1.200 1.640 1.990 2.370 2.680 2.900 3.120 3.370 3.550 3.750 3.920 4. 060
39.5 0.395 -0.210 0.330 0.740 1.140 1.510 1.920 2.240 2.510 2.770 3.010 3.250 3.480 3.620 3.810 3.920
43.0 0.430 -0.306 0.260 0.650 1.080 1.460 1.790 2.180 2.390 2.680 2.900 3.130 3.340 3.510 3.690 3.850
46.5 0.465 -0.339 0.210 0.590 1.020 1.410 1.740 2.050 2.280 2.600 2.780 3.050 3.270 3.360 3.530 3.690
50.0 0.500 -0.512 0.130 0.450 0.950 1.230 1.600 1.980 2.190 2.450 2.660 2.900 3.110 3.270 3.410 3.540
55.0 0.550 -0.608 0.020 0.290 0.730 1.080 1.420 1.690 1.980 2.180 2.450 2.710 2.920 3.040 3.180 3.310
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Table 2 The predicted value of pressure after temperature compensation
P/MPa 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065 0.070 0.075 0.080 0.085 0.090 0. 095
T7°C UyV P'/MPa

15.0 0.150 0.024 91 0.030 07 0.035 15 0.040 13 0.045 08 0.049 97 0.054 93 0.059 99 0.064 90 0.070 00 0.075 09 0.079 95 0.084 910.090 16 0.095 15
18.5 0.185 0.024 83 0.029 92 0.03497 0.039 93 0.044 98 0.050 13 0.05519 0.059 93 0.065 11 0.069 89 0.075 16 0.080 21 0.085 20 0.090 21 0.095 40
22.0 0.220 0.025 00 0.030 04 0.035 06 0.040 15 0.045 01 0.049 90 0.054 92 0.060 10 0.065 08 0.070 07 0.074 89 0.079 96 0.084 94 0.08990 0.095 11
25.5 0.255 0.024 92 0.029 84 0.035 01 0.039 87 0.045 08 0.050 05 0.055 19 0.060 12 0.064 91 0.069 96 0.075 22 0.080 12 0. 084 88 0.090 22 0. 095 40
29.0 0.290 0.024 89 0.029 97 0.035 08 0.040 17 0.044 92 0.049 99 0.054 94 0.059 88 0.065 14 0.070 16 0.074 98 0.079 96 0.084 89 0.090 15 0.095 11
32.5 0.325 0.02500 0.029 87 0.035 06 0.039 97 0.044 88 0.050 14 0.055 04 0.059 86 0.065 20 0.070 05 0.075 17 0.079 90 0. 084 94 0. 090 18 0.095 06
36.0 0.360 0.024 94 0.029 99 0.035 14 0.040 04 0.045 17 0.050 00 0.055 12 0.060 02 0.064 99 0.069 86 0.075 18 0.079 99 0.085 19 0. 090 08 0.095 08
39.5 0.395 0.024 99 0.030 15 0.034 98 0.039 94 0.045 06 0.050 18 0.055 16 0.059 94 0.064 97 0.070 03 0.075 11 0.080 12 0. 084 88 0.090 05 0.095 30
43.0 0.430 0.02500 0.029 86 0.034 98 0.039 89 0.045 21 0.049 90 0.055 03 0.059 93 0.065 24 0.069 90 0.074 90 0.079 92 0.085 20 0.090 19 0.095 14
46.5 0.465 0.024 86 0.030 02 0.035 27 0.040 07 0.045 08 0.049 99 0.055 02 0.059 94 0.065 08 0.069 92 0.075 18 0.080 12 0.084 950.090 14 0. 09506
50.0 0.500 0.024 66 0.029 98 0.034 93 0.040 15 0.044 96 0.050 01 0.055 17 0.059 94 0.065 08 0.069 82 0.074 94 0.080 21 0.085 01 0.090 05 0.095 10
55.0 0.550 0.02500 0.030 01 0.035 08 0.039 97 0.044 89 0.050 20 0.055 00 0.060 14 0.064 99 0.069 90 0.074 98 0.080 09 0.084 92 0.089 94 0.095 29
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