55 50 45 9 1] T o Vol.50 No.9
2021 % 9 H ACTA PHOTONICA SINICA September 2021

5] F #% X . SHANG Qiufeng, YANG Genbei. Fiber Bragg Grating Demodulation Method Based on Improved Manta Ray
Foraging Optimization Algorithm[J]. Acta Photonica Sinica, 2021, 50(9):0906001
FRUEE A AR SE | R T B 4 st T 2 Bk R G 2T A R A SRR IR s [T]. 08 T 244, 2021, 50(9) : 0906001

S P Y B M5 DB TR 1Y 8 2T A AR el
L RES
CECREN T E
(LApdbd R i 5l fE TR, Wt {5 071003)

(2 Adb L 7 K% b4 v 7 W) 6 TR HOAR o R S 38, JTIE € 071003)
(3Adb L Iy R RE TOLET I8 5L R B R B A S0 %, b f%E 071003)

i

=

W OEAASAEAAMEL AN, B TALRTEAMRTRAEFHLEET R, MY 0B E G
7] A8 J}»—%ﬂi*ﬂ’#‘ﬁﬁéﬁj’c?‘riﬁﬁ%;"@#ﬂﬁ:‘f%iﬁfé@iﬁif%o AR Sl & R B O B
Tent b e S A FE B S A M, R £ 0 B R RN R B 8 37 £k, ok T 58 8% 0 R R AL
HEHRNRITIRIGEME, S EAALG LA EME S ERTHES 0, S REAV TR %k
BEAMBIAEEE B POR KR ERES T AE LT iR E R KR 0.01 nm; F & A & FEAK
TRANEZFRRGBE G T L EGBTH THER,

FERR AT B RS R A AR B S L R AL s SR A A Ak M 0k o BLR 5 ok K A

FE 2SS TN256 XEkFRIZAD . A doi: 10.3788/gzxb20215009.0906001

Fiber Bragg Grating Demodulation Method Based on Improved Manta
Ray Foraging Optimization Algorithm

SHANG Qiufeng"**, YANG Genbei'
(1 Department of Electronic and Communication Engineering, North China Electric Power University,
Baoding, Hebei 071003, China)
(2 Hebei Key Laboratory of Power Internet of Things Technology, North China Electric Power University,
Baoding, Hebei 071003, China)
(3 Baoding Key Laboratory of Optical Fiber Sensing and Optical Communication Technology,
North China Electric Power University, Baoding, Hebei 071003, China)

Abstract: When the fiber Bragg grating is multiplexing, the limited source bandwidth may cause spectral
overlap, then affects the accuracy of demodulation. A new type of fiber Bragg grating overlapping spectrum
demodulation method is proposed. This method is based on an improved manta ray foraging optimization
algorithm. The Tent chaotic map is used to optimize the initial population, and the differential evolution
algorithm is used to optimize the individual location update strategy, which solves the problem that the
manta ray foraging optimization algorithm is easy to fall into the local optimum. The simulation and
experimental results of multiple fiber Bragg gratings overlapping spectrum show that the proposed method
can accurately demodulate the center wavelength of the overlapping spectrum, even in the case of spectral
distortion, the maximum error does not exceed 0.01 nm; at the same time, it effectively reduces the
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probability of fall into local optimum , and improves the stability and reliability of the algorithm.

Key words: Information optics; Fiber optic sensor; Manta ray foraging optimization; Fiber Bragg grating;
Wavelength division multiplexing; Wavelength demodulation
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#*1 MRFO.DEMRFO HERiH&ER
Tablel Demodulation results of MRFO algorithm and DEMRFO algorithm
MRFO/DEMRFO MRFO/DEMRFO
Times Error/nm Number of local optimal solution
FBG1 FBG2Z FBG1 FBG2
1 0.003 143 7/0.000 001 1 0.000 091 2/0.000 000 9 0/0 0/0
2 0.000 020 5/0.000 000 4 0.002 177 5/0.000 000 3 0/0 0/0
3 0.000 024 5/0.000 000 6 0.000 043 3/0.000 000 1 0/0 0/0
4 0.000 925 6/0.000000 1 0.002 685 2/0.000 000 1 0/0 0/0
5 0.029 096 5/0.000000 2 0.030 606 7/0.000 000 6 1/0 1/0
6 0.022 674 2/0.000000 4 0.027 496 0/0.000 001 O 1/0 1/0
7 0.000 230 0/0.000000 5 0.001 913 5/0.000 000 02 0/0 1/0
8 0.049 873 0/0.000 000 1 0.068 897 6/0.000 000 4 4/0 4/0
9 0.025 621 6/0.000 010 9 0.034 437 9/0.000 001 3 2/0 3/0
10 0.021 940 5/0.004 366 1 0.028 870 2/0.005 662 7 5/1 5/1
11 0.000 151 4/0.000 150 9 0.000 158 9/0.000 196 1 0/0 0/0
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%2 MRFO.DEMRFO H% AL R
Table 2 Demodulation results of MRFO algorithm and DEMRFO algorithm

MRFO/DEMRFO MRFO/DEMRFO
Degree of overlap Error/nm Number of local optimal solution
FBG1 FBG2 FBG3 FBG1 FBG2 FBG3
0.101 787 5/ 0.047 299 1/ 0.153 959 9/
Non 2/0 5/0 4/0
0.000 002 0 0.000 000 1 0.000 001 1
. 0.059 250 0/ 0.093 8327/ 0.008 835 9/
Partially 4/0 4/0 2/0
0.000 006 3 0.000 014 0 0.000 011 7
0.000 047 9/ 0.000 780 4/ 0.001 024 3/
Totally 0/0 0/0 0/0
0.000 1719 0.000 544 2 0.000 427 3
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JE 25 AN TR, MRFO B 5 R 254 0.344 9115 nm; DEMRF O B8 45 BB /%224 0.001 812 6 nm.

%3 MRFO.DEMRFO &R R

Table3 Demodulation results of MRFO algorithm and DEMRFO algorithm
MRFO/DEMRFO MRFO/DEMRFO
Degree of - -
| Error/nm Number of local optimal solution
overla
P FBG1 FBG2 FBG3 FBG4 FBG1 FBG2 FBG3 FBG4
0.149 8414 0.099 501 1 0.147 907 2 0.344 9115
Non 4/0 4/0 6/0 7/0
/0.000 008 8 /0.000 001 5 /0.000 009 6 /0.000 013 7
. 0.066 064 8 0.036 541 8 0.084 8929 0.274 7690
Partially 4/0 7/0 9/0 9/0
/0.000 027 3 /0.000 028 6 /0.000 160 0 /0.000 067 7
0.004 1729 0.002 208 3 0.001 030 2 0.006 372 3
Totally 0/0 1/0 2/0 3/0
/0.000 347 1 /0.000 035 5 /0.000 483 9 /0.001 812 6

AL DEMRFO 8% 41 FBG I K312 2%, f/IME 5 0.000 1 pm, i K{E 4 0.544 2 pm. SCHA[13]
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SEE SRR 2 FBG R ESGRE MK 7,

K 6

Experimental system
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EF X 7 24 FBG G4 B B B GG E 00, 2 Fh Bk i R 45 SR N3k 4. MIRFO 54 16 fi 8 245 SR d KR
20 0.114 223 1 nm; DEMRFO 535 ff 8 25 S e KR 22 4 0.007 617 9 nm. BRI 7E FBG £ MG % iy A8 1) 1
R &4 EE ,DEMRFO & 1 0 i 7352 22 e KA A 0.01 nm; H DEMROFO 575 68 06 A SRR AK S A R
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Table 4 Demodulation results of MRFO algorithm and DEMRFO algorithm

FBG1 FBG2
Error/nm Number of local optimal solution Error/nm Number of local optimal solution
MERO 0.114 223 1 2 0.103 1363 2
DEMRFO 0.004 607 3 0 0.007 6179 0

0906001-8



iR K WA, A5 T A G O gk Dk 1% D 2T A P A G I g 1 ik

4

Zip

RSO I T — M T DEMRFO 55 4% 9 FBG 5 B0t 3% fif 8 07 % o 5 J5U ik 8 55 08 £ 0 AL S0k A L,

DEMRF O 52 3% fiE % A7 25 F¢ A0 B A Jay 30 o D18 fi 1) ABE 25 [R] I 58 i A SRS 52, 78 FBG O3 W 22 (A9 195 B0 T fif 4
RZERKRAEIS 0.01 nmo 5L FE A JR 5 e (0 i B R 5 0% B AR B A OG0 i B R AT ORI B
e B A B AL AL B AAS s 2eME oE R T A I, B A 2P AR AR A AL . O AR SR A R R, B
DEMRF O 5k B AT B B e 0K 52, R ) 70 D 1% e A A7 0, 0F 552 s T I R A T B8 S

2% Uk

[1]

[2]

[12]

[13]

[14]

[15]

[16]

SINHA R, HERNANDEZ FU, HE C, et al. Development and validation of a novel fibre-optic respiratory rate sensor

(FiRRS) integrated in oxygen delivery devices[J]. Journal of Physics D-applied Physics, 2021, 54(12): 124002.

LIU Chuntong, ZHANG Zhengyi, LI Hongcai, et al. Flow/pressure/temperature simultaneous measurement technology in

hydraulic system based on FBG[J]. Acta Photonica Sinica, 2016, 45(11): 16-22.

XA, SKIE S, A, 45 BT FBG IR RS0 b i bk /5 g /3 B2 () h 4k 52 R [T ] 567244, 2016, 45(11) -

16-22.

GOOSSENS S, BERGHMANS F, KHODAEI ZS, et al. Practicalities of BVID detection on aerospace-grade CFRP

materials with optical fibre sensors[ J]. Composite Structures, 2021, 259: 113243.

LIU Y C, MATAIRA R, BADCOCK R, et al. Application of epoxy-bonded FBG temperature sensors for high-

temperature superconductor-coated conductor quench detection [J]. IEEE Transactions on Applied Superconductivity,

2021, 31(2): 4700308.

LIU Rizhao, CHEN Ming, ZHENG lJiajin, et al. Study on preparation and properties of high temperature regenerated fiber

Bragg gratings[J]. Acta Photonica Sinica, 2020, 49(7): 0706001.

XUH B, BRIT, KB 4:, 45 . i i AR 2 A Ol 27 A h A St ] o S KRR B2 [T ]. 124, 2020, 49(7): 0706001

WEI Cong, ZHOU Ciming, CHEN Xi, et al. FBG demodulation method based on frequency shift interference digital

mixing algorithm[J]. Acta Photonica Sinica, 2020, 49(12): 1206001.

B, W], BRA, 55 3R TR T AU IR AL 10 FBG M8 )7 ik [T, 6 F2#4# . 2020, 49(12): 1206001.

JIANG Hao, CHEN Jing, LIU Tundong, et al. A novel wavelength detection technique of overlapping spectra in the serial

WDM FBG sensor network[ J]. Sensors and Actuators A—physical, 2013, 198: 31-34.

QI Yuefeng, LI Cailing, JIANG Peng, et al. Spectral shape multiplexing technology of fiber Bragg gratings using simulated

annealing algorithm[J]. Acta Optica Sinica, 2015, 35(9): 90-96.

FRERIE , R, TLI, 45 R TIRCUGR SO BT 20O EF A5 RS S i G i T IR S T H AR [T]. S %4, 2015, 35(9):

90-96.

CHEN Yong, CHENG Yanan, LIU Huanlin. Demodulation of light sensing overlapping spectral signal by improved

particle swarm optimization algorithm[J]. Chinese Journal of Lasers, 2018, 45(7): 0710003.

Wids, B3, XUk . ) el bk 1 30 D016 30 vk D A R Bl A5 7 [T]. H E#OL , 2018, 45(7) : 0710003.
ZHANG Mei, ZHANG Wei, ZHANG Peng, et al. Parameter optimization in particle swarm algorithm for spectral shape
multiplexing demodulation of fiber Bragg grating[J]. Chinese Journal of Lasers, 2019, 46(7): 0706001.

SRAfE, s, RS, S5 SGEAR ORISR A AR OB T R R i SRR [T ). R O, 2019, 46(7): 0706001.
CHEN Jing, LIN Yating, ZHOU Qingxu, et al. Wavelength demodulation of a spectrally overlapped fiber Bragg grating
sensor network based on peak match estimation of distribution algorithm[J]. Acta Photonica Sinica, 2019, 48(4): 0406002.
PRid, BRAEGS , JRl W0, A5 . T WA (R UC TR0 53 A AR 1530 1 B9 06 28 A for A% ' M A% Ja% 000 255 o 5 e il A B I IR LT ). ot 1
4, 2019, 48(4): 0406002.

LIU Yanfei, LI Zhibin. Spectral multiplexing technology based on artificial swarm optimization algorithm [J]. Optical
Communication Technology, 2021, 45(1): 52-57.

XER, Akt TN T RE O AL L BT R [T] St fF HoR, 2021, 45(1): 52-57.

TONG Guoyi, LIU Binhui, HUANG Linyi, et al. FBG demodulation method based on meta—heuristic algorithm [J].
Optical Communication Technology, 2021, 45(3): 23-27.

G, XDRAE, BB, ST OO R LM FBG Tk [T el s AR, 2021, 45(3): 23-27.

ZHAO Weiguo, ZHANG Zhenxing, WANG Liying. Manta ray foraging optimization: An effective bio—inspired optimizer
for engineering applications[J]. Engineering Applications of Artificial Intelligence, 2020, 87: 103300.

TAN Guangxing, ZHU Yanfei, MAO Zongyuan. Adaptive clone selection optimization algorithm based on Hénon map
[J]. Computer Engineering and Applications, 2006, (9): 73-76.

WG, RMEE, BERUR . LT Henon WS 9 B & 1 ve BESE SO0 AL SE0L [T ] TR HL LR 5 A, 2006, (9): 73-76.
STORN R, PRICE K. Differential evolution-A simple and efficient heuristic for global optimization over continuous
spaces [ J]. Journal of Global Optimization, 1997, 11(4): 341-359.

Foundation item: Natural Science Foundation of Hebei Province (No. E2019502179) , National Natural Science Foundation of China
(No0.61775057)

0906001-9



