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Phase Shift of Optical Fiber Sensor Coated with ZnO Based on
Hybrid Particle Swarm Optimization Algorithm
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Abstract An optimization model for phase shift of transmission light in optical fiber sensor coated with ZnO is
established, and the model is optimized by the hybrid particle swarm optimization algorithm. Simulation results show
that the optimal value of phase shift of transmission light is obtained by the algorithm. The effect of relevant
parameters of the optical fiber sensor on phase shift of transmission light is analyzed. The theoretical value and the
experimental value of phase shift are compared, and they are basically consistent.
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Fig. 1 Two-port network equivalent model of optical fiber sensor coated with ZnO
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Fig. 2 Circuit diagram of external signal source for acousto-optic device
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Table 1  Statistical results of phase shift optimization

Phase shift /rad

Algorithm Mean
Test 1 Test 2 Test 3 Test 4 Test 5
GA 0.029128 0.029128 0.029128 0.029128 0.029128 0.029128
PSO 0.060493 0.049910 0.056077 0.057212 0.062278 0.057194
HPSO 0.069482 0.075461 0.064030 0.071110 0.071694 0.070355
£ 2 SESERAE
Table 2 Optimal values of device parameters
Test d, / R / dy / d./ r/
L /m ] . Z Z

number (107 m) (10" m) (107" m) (107° m) (10° Hz)
1 0.0054 4.3019 4.8029 2.1707 1.5000 1.9331 15.5468+29.51121  73.2783-+26.5335i
2 0.0055 2.9445 2.0449 3.9190 1.3068 1.4868 39.918340.3101i  72.8200-+20.75141i
3 0.0048 3.6858 8.1489 3.4032 1.2430 1.1106 26.9747+27.10221  31.2484+429.4112i
4 0.0022 3.5179 5.7306 2.3558 1.0912 1.6167 40 55.9662429.2160i
5 0.0056 4.5549 9.7146 4.0000 0.5733 0.1895 8.8400+7.2871i 34.6467+437.2798i
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Fig. 5 Effect of thickness of piezoelectric layer Fig. 6 Effect of fiber radius R on phase shift Ag
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Fig. 10 Diagram of experimental setup of phase shift measurement
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Table 2 Experimental results of phase shift when frequency is from 400 MHz to 700 MHz

Frequency /MHz a,;/mV a,/mV A4 /mrad Frequency /MHz a,/mV a,/mV A¢ /mrad
400 715 15.2 42.47 535 630 20.0 63.12
415 780 15.0 38.63 550 625 13.0 41.75
430 710 14.5 40.87 565 660 16.5 49.85
445 670 13.5 40.29 580 700 14.5 41.59
460 690 11.5 33.33 595 750 13.0 34.67
475 670 11.0 32.10 610 730 22.5 61.93
490 640 15.0 46.94 625 660 12.5 37.85
505 770 12.5 32.47 640 675 15.0 44,38
520 720 15.0 41.66 655 740 21.0 56.23
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