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Abstract

quantum particle swarm optimization (QPSO) is proposed. In the proposed method, the objective function is

A parameter reconstruction method for the physical parameters of fiber Bragg grating (FBG) based on

constructed according to the transfer matrix theory. the physical parameters of fiber gratings are represented in the
form of particle, and the optimized parameters are obtained by the particles’ searching in the solution space according
to the quantum behavior. When compared with genetic algorithm (GA) and particle swarm optimization (PSO) . the
proposed QPSO-based method simulates the quantum behavior, which leads to a better convergence performance and a
better static-state performance. The simulation results show that, for both uniform and nonuniform fiber grating
evolving 100 or 200 times, the proposed method has the reconstruction parameter error of less than 0.5% when the
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swarm population is 40.
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Fig. 1 Fiber grating transfer matrix model
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Table 1 Reconstruction result of uniform Bragg grating

Parameters L /mm A /nm An Sercor Tteration
Target 6.0 535.2210 2.0X107"
Reconsracted 5.99768 535.22106146 1.9957X10"* 3.36396X10° 81. 25
GA Error /% 0.039 1.25X10°° 0.21
Std. 0.061468 14.8661X10"* 3.7567X10 ° 2.03746X10° 13.167
Reconsracted 5.991888 535.22108184 1.9977X10"* 3.61379X10°° 80. 125
Algorithm PSO Error /% 0.135 1.63X107° 0.114
Std. 0.01913 4.2207X107"  1.0826X10"°% 1.2912X10°° 10. 248
Reconsracted 6.000326 535.2210107  1.9995X10°* 6.42559X10°° 69. 350
QPSO Error /% 0. 0054 3.032X10°° 0. 024
Std. 0.002315  6.4537X10°° 1.5040X10 " 1.45847X10 7 23.25
2 LMWL LM S R F 45 R
Table 2 Reconstruction result of linearly chirped fiber grating
Parameters L /mm A /nm An C /(nm/cm) ferror Iteration
Target 11.3 535.9613 1.12x10* 0. 6305
Reconsracted  11. 50305 535. 96145 1.1084X 10" 0.613539 7.436X107°  97.750
GA Error /% 1.80 3.355X10°° 1.033 2.69
Std. 1. 5403 1.0512X10°° 1.7055X10°° 0.014395 1.93018X10° 14.754
Reconsracted  11. 33713 535.961412 1.1158X 107" 0.627280 6.21952X107° 93.50
Algorithm PSO Error /% 0. 33 2.75X107° 0.37 0. 51
Std. 3.9104X10°% 5,35775X 10" 6.120X10°7 0.003853 2.9496X10"° 14,264
Reconsracted  11. 30039 535.96126 1.12001 X 107" 0.6303676 3.68217X107% 77.55
QPSO Error /% 0.0035 2.13X10°¢ 0.0012 0.021
Std. 0.0031 3.7782X107° 4,7388X10°°% 2.84775X10 " 1.07875X10° % 29,25
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Fig. 2 Reflection of uniform Bragg grating with

reconstructed parameter

Fig. 3 Reflection of linearly chirped fiber Bragg

grating with reconstructed parameter

0205004-4



HEEY. BT

felm

TRL T BRI AL S 1 OB OBl 2 B

Time delay /ps

1.56485 1.5495 1.5505  1.5515  1.5525
Wavelength /um

4 LRPEVAWOL AN S B A rY B AE 2
Fig. 4 Time-delay of linearly chirped fiber Bragg

grating with reconstructed parameter

10°
10
g 100 \
~ \
10-%
10-20 | | | | | | N
0 40 80 120 160 200

Iterations ¢

K5 &BEMIRSuL
Fig. 5 Comparison of convergence curves

for linearly chirped grating

6 SEEREEIR 5

T SRR R AT R L I T R OB LT e,
S8 L=233 mm,A=527. 93 nm, An=0. 0008, C=
1. 27 nm/cm, & #f 3% 1K S 1546. 33 nm, 2% 11 3F K R
1554. 58 nm, 7 75 A 8. 25 nm, QPSO 5y Iz G i3
i e 2 E A S 8 L= 32. 9986 nm, A =
527.9299 nm,An=0. 000800016,C=1. 270635 nm/cms,
IR DA N 1546, 312 nm, 28 R Ky 1554. 573 nm, iy
P&k 8.265 nm, FIGIEAUIN R SR GEF UM 2 Y

reconstructed
measured

Reflectivty /dB

110 et .
1540 1544 1548 1552 1556 1560
Wavelength /nm

P 6 SIS EE A S i

Fig. 6 Reflection of measured and reconstructed

S S EAL S IE 6 Prs . i &l 6 ) WL YOG
U ER) S i 5 5 6 S A P S I 3 S AS AR ) L i 5E
SRS HRAE A 2 5 3t S PR A e A v R
B fR) R 22 2 PR T B

7 % e

¥ QPSO 515 GALPSO 5 L # W E Y
SEERHLEE I A3 QPSO Bk 5 At 5 3 i A it IX
SR IR . SR 5 LASE ST S N v R KOG S
16i] s SR FH T T B 0 44 1 SR R B L DU T
T A R BRI S . f AR KSR
BOE e W0IZ o B 5 AR ¥ A1 SRR e i S 8 E
FRE BE o (45 S8R 22 /N F 0. 5%) . 5 PSO Al
GA BIEARLL B 1 o e SIGH B2 B AR 8 AN
ST R Ec . BT OL L e B A A 500
U ) B TR AR e A i A 1 2 o BT AR 38 5T 6 Y
o fHBE H %58 Jy ik AR SCHE S OB A el S 5 E
T3 38 R E— 25 N B0 A RS 6 IBORE S B K
WA 2 5L M S R

Z & X #t

1 R. Kashyap. Fiber Bragg Gratings [ M]. London: Elsevier
Science Press, 1999

2 Song Yun, Zhu Tao, Rao Yunjiang et al.. A humidity sensor
based on ultra-long-period fiber gratings with asymmetric
refractive index modulation[J]. Chinese J. Lasers, 2009, 36(8) :
2042~2045
KWK W BRI S BT AEXRRYT AR BB K JE OGO
Hbi) 350 B A5 R L) ], Bk, 2009, 36(8): 2042~2045

3 Yin Guolu, Lou Shuqin, Peng Wanjing et al.. Sensitivity of fiber
Bragg grating-based Fabry-Pérot interferometric sensor [ J J.
Chinese J. Lasers, 2010, 37(6): 1490~1495
FrEE . WEE, WAL AR, SRR RLROEM A A - P T
G RO )], Bk, 2010, 37(6) . 1490~1495

4 Jiang Meng, Zhang Weigang, Jin Long et al.. Wavelength
tunable band-pass filter based on chirped fiber grating[J]. Chinese
J. Lasers, 2009, 36(4) . 873~878
X0, SRARRL, & B SE. T URMOGER SRR B K T IR A
WP AELI]. F B sk, 2009, 36(4) ., 873~878

5 Ma Weitao, Zhou Jun, Xu Tiefeng et al.. Design of optical comb
filter with multi-concatenated linearly chirped fiber gratings[]J].
Chinese J. Lasers, 2010, 37(5);: 1284~1289
Ofd. B B, ARk S 2 GO M R KOG £ DGR R 8
HRAL D] P Bk, 2010, 37(5): 1284~1289

6 Pei Li, Ning Tigang, Qi Chunhui e al.. Research on PMD
compensation of CFBG in high speed optical communication
system[ J]. Chinese J. Lasers, 2010, 37(1): 142~146
#om, TN, MEK F. SHOGEE RGO L@ s
F IR PR BT RUIFSE L],k Bk, 2010, 37(1) . 142~146

7 Wang Yubao, Lan Haijun. Study of fiber Bragg grating sensor
system based on wavelength-division multiplexing/time-division
multiplexing[J]. Acta Optica Sinica, 2010, 30(8): 2196~2201
FESE, 2WE. BT OCL A Hr M G /i 43 52 A% 1% ) 2% AT
F8[J]. % F3k. 2010, 30(8): 2196~2201

8 K. A. Winick, J. E. Roman. Design of corrugated waveguide

0205004-5



H |

# ot

filters by Fourier-transform techniques[J]. IEEE J. Quantum
Electron. , 1990, 26(11) . 1918~1929

9 E. Peral, J. Capmany, J. Marti. Iterative solution to the Gel’
Fand-Levitan-Marchenko coupled equations and application to
synthesis of fiber gratings[J]. IEEE J. Quantum Electron. ,
1996, 32(12): 2078~2084

10 M. A. Muriel, J. Azana, A. Carballar. Fiber grating synthesis
by use of time-frequency representations[J]. Opt. Lett., 1998,
23(19): 1526~1528

11 R. Feced, M. N. Zervas, M. A. Muriel. An efficient inverse
scattering algorithm for the design of nonuniform fiber Bragg
gratings [ J]. IEEE J. Quantum Electron., 1999, 35 (8).
1105~1115

12 P. Dong, J. Azana, A. G. Kirk. Synthesis of fiber Bragg
grating parameters {rom reflectivity by means of a simulated
annealing algorithm [J]. Opt. Commun., 2003, 228 (4-6):
303~308

13 J. Skaar, K. M. Risvik. A genetic algorithm for the inverse
problem in synthesis of fiber gratings [J . J .
Technol. , 1998, 16(10): 1928~1932

14 G. Cormier, R. Boudreau, Sylvain Theriault. Real-coded genetic

Lightwave

algorithm for Bragg grating parameter synthesis[J]. J. Opt.
Soc. Am. B, 2001, 18(12): 1771~1776

15 Mu Kejun, Zhou Xiaojun, Ren Guorong et al.. Reconstruction of
parameters of fiber gratings {rom time-delay characteristics using
the genetic algorithm [J]. Chinese J. Lasers. 2007, 34 (5).
688~693
B, B, AR E R 4. 8% 5k NI I Ry PR 5 AL B 27Ok
W2H1]. +F Bk, 2007, 34(5): 688~693

16 Lt Bo, Gong Taorong, Xu Ou et al.. Performance optimization
of linear chirped gratings using genetic algorithm[]]. Acta Optica
Sinica, 2008, 28(8) . 1434~1440

Bt gEkaR . 0 RY SR R AL A A 1 R 1 WA WK TG Al
fie[J]. k% FIR, 2008, 28(8): 1434~1440

17 Turan Erdogan. Fiber grating spectra [J]. J. Lightwawve
Technol. , 1997, 15(8) . 1277~1294

18 Liu Yumin, Yu Zhongyuan, Zhang Jianzhong e al.. An
investigation of particles swarm optimization algorithm for the
synthesis of fiber Bragg gratings [J]. Laser Journal. 2005,
26(4): 69~70
XIEBL, ArE I, SR . R TR L EE A TOLAr M B AR Ot
Mhes 45 ) g ()], #ok 4 &, 2005, 26(4): 69~70

19 Xie Junhua, Qin Zixiong, Zeng Qingke. Design of fiber Bragg
gratings using particle swarm optimization [ J ]. J. Applied
Optics, 2009, 30(4): 674~677
WA, ZF i, WORE FRF RO RS 2 T OB A A B Ot
HECID. & A k5. 2009, 30(4): 674~677

20 Gao Zhipeng, Yu Zhenhong, Xing Lihua. A novel method for
reconstructing strongly reflecting fiber Bragg grating[J]. Acta
Optica Sinica, 2006, 26(7): 991~996
ARG AR RN AR, — A R S S O AT A B AR A B
kL], kg5 3R. 2006, 26(7) . 991~996

21 J. Sun, B. Feng, W. Xu. Particle swarm optimization with
particles having quantum behavior [ C]. Conf. Evolutionary
Computation, CEC2004, Portland, June, 2004, (1) 325~331

22 Jun Sun, Wenbo Xu, Bin Feng. A global search strategy of
quantum behaved particle swarm optimization [ C]. Proc. IEEE
Conference on Cybernetics and Intelligent Systems, 2004, (1):
111~116

23 S. Mikki, A. Kishk. Investigation of the quantum particle
swarm optimization technique for electromagnetic applications
[C]. Proc. IEEE Antennas and Propagation Society Int. Symp. ,
Jul. 3-8, 2005, (2A):45~48

0205004-6



