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Abstract A new optimization algorithm is presented, which is based on the genetic algorithm (GA) and quantum-
behaved particle swarm optimization (QPSO) algorithm. The algorithm uses the crossover and mutation operators
of GA to optimize the QPSO algorithm, improves its global search ability and overcomes the disadvantage that QPSO
algorithm easily falls into local extremum. It is used to extract the character of the Pseudo—-Voigt—shaped Brillouin
scattering spectrum. The parameters estimation and simulation analysis of Brillouin scattering spectrum are analyzed
under different weight ratios, line widths and signal-to—noise ratios. The experimental data of Brillouin scattering
spectrum are collected in different temperatures and processed by GA-QPSO algorithm.The experimental results
show that the GA-QPSO algorithm can improve the frequency shift extraction accuracy of Brillouin scattering
spectrum. The maximum error of frequency shift fitting is 2.18 MHz under 25 C and the average fitting error
decreases with the increase of temperature, gradually.The frequency shift fitting maximum error is 0.065 MHz under

80 °C. Therefore, the new algorithm can be used for measuring the temperature and strain in Brillouin scattering
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sensing system. It has a very good application prospect in improving spatial resolution and detection precision.

Key words fiber optics; distributed optical fiber sensing; Brillouin scattering spectrum; genetic algorithm;
quantum-behaved particle swarm optimization algorithm; temperature
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Table 1 Fitting results of different parameters

R« /dB Linewidth /MHz Brillouin frequency shift error /MHz Temperature error /K
40 0.7432 0.664
20 60 0.5128 0.456
80 0.8488 0.758
40 0.7903 0.706
30 60 0.7641 0.682
80 0.3117 0.278
40 0.2751 0.246
40 60 0.6971 0.622
80 0.2581 0.230
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Table 2 Comparison of Brillouin frequency shift errors and fitting degrees

Algorithm Brillouin frequency shift error /MHz Fitting degree R
PSO 4.85 0.8393
QPSO 2.55 0.9521
GAPSO 1.25 0.9719
LM-PSO 0.79 0.9741
GA-QPSO 0.42 0.9913
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Fig.4 Distributed optical sensing system based on Brillouin scattering
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Table 3 Comparison of Brillouin frequency shift errors and fitting degrees under 25 °C .50 C .60 “C .70 °C .80 C

Brillouin frequency shift error /MHz Fitting degree R’
Algorithm
25<C 50 C 60 C 70 C 80 C 25C 50 C 60 °C 70 C 80 C
PSO 4.5 8.0 11.0 4.3 2.1 0.888 0.949 0.710 0.972 0.954
QPSO 2.6 7.0 3.9 2.2 1.9 0.697 0.964 0.866 0.985 0.966
GAPSO 2.5 3.0 3.8 2.9 1.8 0.896 0.971 0.897 0.977 0.976
LM-PSO 34 6.6 4.1 4.9 2.0 0.889 0.966 0.840 0.984 0.970

GA-QPSO 2.087 1.065 0.920 0.203 0.036 0.907 0.980 0.961 0.993 0.973
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Fig.7 Comparison of fitting results between five kinds of algorithms under 60 °C. (a) PSO; (b) QPSO; (¢) GAPSO; (d) LM-PSO; () GA-QPSO
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Fig.8 Comparison of filling results between five kinds of algorithms under 70 °C. (a) PSO; (b) QPSO: (c) GAPSO; (d) LM-PSO; (¢) GA-QPSO
H1 & 5~9 F1E 3 AT A, GA—QPSO 53 i 5 HAth DU A 35075 1M 5, 76 25 °C .50 °C .60 °C .70 “C 1 80 °C 1 4H i
SRR B LG b Y ReAE B TN By A B K O R 158 25, H R AE T, Al ] PSO AL B QPSO Bk

0205002-7



L G-
FEAR AT AT A LR BRSPS (H B TR RO R AN T4, & R R R R R RE S A
Jai 30 B A e i Ak RS R B A A RN L B GA YRR AR S B GA B & R SR B B AR
AR SRR T AT AR R T T OB RL T A R A8 R AR T, s X 4 Sy f O R O SI, Bk S R S
i GA-QPSO B 3L 7F FFp B AR B T S5 /N O BB RS 12 22

1.2 1.2
£ @ g “[®
L ; 5 1‘0 |
S 0.8+
=
2 0.6
g
204
=
Eoz¢™
=]
0 i i =z 0 L L "
11.24 1126 1128 1130 11.32 1124 1126 1128 1130 11.32
Brillouin frequency shift /GHz Brillouin frequency shift /GHz
1.2 1.2 1.2

g £ 7@ -G

= 10} %’31_0 ]

5 0.8+ %, 08t

& 0.6} £ 06}

B

N04r H04+

E 0 0.2

2y " .
=] =}
z =

0 . o . 0 . : . 0 4 :
11.24 1126 11.28 1130 11.32 11.24 1126 11.28 11.30 11.32 1124 1126 11.28 1130 11.32
Brillouin frequency shift /GHz Brillouin frequency shift /GHz Brillouin frequency shift /GHz

9 80 CFHME LA MLMIT L. (a) PSO; (b) QPSO; (c) GAPSO; (d) LM-PSO; (e) GA-QPSO
Fig.9 Comparison of fitling results between five kinds of algorithms under 80 °C. (a) PSO; (b) QPSO: (c) GAPSO; (d) LM~PSO; (¢) GA-QPSO
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Table 4 Comparison of Brillouin frequency shift errors under 25 °C .50 °C .60 C .70 °C and 80 C

Temperature 25C 50 C 60 C 70 C 80 C
0.83 0.96 0.98 0.52 0.005

1.30 1.83 0.88 0.82 0.052

1.60 0.58 0.95 0.47 0.002

1.40 0.34 0.78 0.20 0.002

Brillouin frequency 0.57 1.46 0.99 0.29 0.008
shift error /MHz 0.77 0.87 0.97 0.26 0.065
1.16 0.27 0.58 0.54 0.056

2.18 0.42 0.30 0.56 0.060

0.15 1.76 0.56 0.04 0.047

1.33 0.30 0.78 0.44 0.058

Average error /IMHz 1.13 0.88 0.78 0.41 0.036

£ GA-QPSO vk iy iH B b Bt vy, bl 1 a7 R BE S0k A8 H AR S 8030 BT X Bl ORERL - 1 90 4 Ak 2 BE HIL
B4, T LR 6 0 PR 2% ARk B b A 28 S AR S B AR AR R 1 38 U A S R T BEBL AT Y,
PR R T B 1 B 28 Lk A 1 2 W . — 8 AR BB A W — 8 R 22 7 R, I 5 B0 FH GA-QPSO B X R
Ivi) 020 3 S 560 500 01 A B, ¢ 0k i 220 45 81 4 A BL DR o0 SRS 1R 22 (LR OR TR B o X638 4 43 AT R, B R 6 TR) —
T BT A A LUK O 1% S 56 B ) B 2 RN ) ARG DR 2 AR A R — Y P, LR A R T T R
2B W/ . IIEW T GA-QPSO B3k B Tk i FH 1 .
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AN I S

6 4 B

o7 FH T 452 £ 98 19 G A—QPSO B3 12k 42 B Pseudo—V oigt 78 A7 HL YK B35 5 AF , 04T T 1EAN 43 AT o 38 2 X
AN ACEE B AN () 2 58 FAS 5] 45 W L 0 A BRI 35 09 2 B0 T H R 43 17, R GA-QPSO B303 X AN [m] i J3E
Ak %) A L DR ST 3 2 06 B dl E A7 AL B 25 R R I, GA-QPSO B3 vk & FH T A HL UK WIS % R AF (0 $R 1L, 25 C Rt
HRRS AU 1R 25 B KWy 2.18 MHz, LBl 35 U B2 09 TH &1, ~F- 40400 & 15 22 B W 0] 5 80 CH A B 400 & 13 25 B Ko
0.065 MHz, At , % T Pseudo—Voigt B i GA-QPSO B3k A LA K5 B 55 3 L 5 BUMh T e 25 4% 05, vl
F LR A B R AL R G rh i AR A5 A S O B B
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