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Overlapping Spectrum Classification and Demodulation of Fiber Bragg
Grating Sensing Network Based on CWT-PSO Algorithm
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Abstract In this study, we developed a novel fiber Bragg grating (FBG) sensing network system that flexibly configures
the number of sensors according to the priority of the monitored area, thus, improving the bandwidth utilization efficiency
and increasing the number of sensors in the priority area. Because of the differences in the degree of spectral overlap of
each channel, it is essential to achieve fast classification and accurate demodulation of overlapping spectra. The continuous
wavelet transform (CWT)-particle swarm optimization (PSO) algorithm was used to achieve the overlapping spectrum
classification and demodulation of the FBG sensing network. First, CWT was used to segment the spectral signals, and
the overlapping spectra were classified according to their characteristics. Then, PSO was used to demodulate multiple
FBG overlapping spectra. The simulation results show that the proposed method effectively decreases the demodulation
time, and the maximum demodulation error is within 10 pm. This study provides an approach for fast and accurate
demodulation of overlapping spectra in large-capacity FBG sensing networks.
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Fig. 1 Schematic diagram of FBG sensing system with flexible number of nodes

JEEFRES 126 i FBG BRI SETE g(A-A,) ik R

A=A\
gi(A—Au,>=exp{—4an( m,[”’ (1)

AP B ES (4 FBG Y 3 dB A 9 AL=0. 2 nm; A, &
AT A FBG Mo K . SBEF S A FBG
R ETEE S 2 (1) BB — A FBG 5% & iy Eof
CRYE T

2(2)=>rgA—Auw)+N(2), (2)

Ao EEIE S i FBG Y RS, re [0,1];
N &R GEME R T8 52w 3 R

B %5 W] — W51 N FBG &2 RIS H (93 2, 4 4856
Z[B) s PR ] B AB /0N S ) o S TR B s Ok K,
L, ARSI N FBG RO LIEES R E AR, T
i T PR HORS o 52 R A AR IR R SR RO R R R
SEXRTE SO 28 AR S B O . S SE L E B OIS
o328 R TR OISR S AT e El . CWT ik
AALRER 25 FIH oy E G, IS BEHEHLES FBG 2
SigEfES . CWT AN

(T x)(a, b)—a|2J(z‘)¢(,,,,([ab)dZ, (3)

W ) RIFIAE T 5., (0) R/NPIE R KL 0 F0 6 53

2106002-2



£ 6055 21H/2023 F 11 B/ ERBFFEHE

SRR RO B 5 A 75 (T) (a, b) 2 2 ad 4k
HES . BT Gaus 1/NIEEERY CWT A HI R 40 %1 A
A EENEIEES

CWT {5 5 M M B AT LU R 43 DG 3505 5« )
NN Pk =W SN = R S D= D e 16

K BE B RIS 6% 1 43 B (8K EEIC M L) o R
FERF a N EIRAE 5 K EEBR L), Bl a=length(signal) /
Jo AR TIFLR Y A AREC S nIE 2 s Bl R
B AT s/ G 38 ), CWT 4350 3k X 355 40 1 & 0
4 DA A 53 125 e ) R

L]
=

2 (@)

-g 1.0

S05F |

g | I |

A~ U l [ ol 1 b L
1548 1549 1550 |1$l 1552 | laﬁ?: 1554 16565 1556
10 - H

2 |~ (®)

E L\ /4

3 ,‘ \\

£ ) - A

‘g N/ R ) J=20

z ] - - j=50

n‘:': -1 1 1 1 1 1 1 — =80
?548 1549 1550 1551 1552 1553 1554 1556

Wavelength /nm

K2 FBGEBGIEFSLHECWTHES () AFESZEEMFBGIEES;(b) ARINERF TR CWT 55

Fig. 2 FBG overlapping spectral signals and its CWT signals. (a

) FBG spectral signals with different degrees of overlap; (b) CWT

signals under different scale factors

Xt FBG GG 55 24T 43 #1 5 , S b R AR (4G 3% —
B LN =S R eES O ESMAES,
RS2 B B I 4 28, I R T R SR B D
T ARG I I A, RO T ARG T A ), L R R
S E SN IEH FBG S ERAE . 24 Lt Kul )
i K% FBG 4> #0635 b 58 & H &% . oh, 1
F L EBGE ST ES GG Z A X 4.

E 3R T AFESEE T CWT {55 M AE A5
Al o LR Ly 5 500 R 22 A 53 8 0 0 A b B 46
BIm s 5SFAMMEEER., XEERESSHm=L/
LoREFERFAESHIENESRIE. 20.88<In<
1. 25 B, % 0 i & ok 5 B A/, 63 Y oD B D
SR K 2 m=<0. 88 B m>1. 25 B}, il H B

3

@ P
2r - - " ‘n
8 /
E SN
g e T
o f
& RO VAR Y
ol [ L, 1 ', ——-wavelength gap is 0.4 nm
{’_ o - - -wavelength gap is 0.3
—_ ——wavelength gap is 0.2 2:::1
_8 L L L
1548.5 1549.0 1549.5
Wavelength /mm

& 3

1550.0

oy H A (TR SO0 23 H A O B0 R I I AT
KAIE

Ay —(m—1)/(m+1)(A/10) m=1.25

Ay =1 Ani 0.88<<m<_1.25 ,
A+ (1 —m)/[(m+1)(AA/10)  m=<<0.88
(4)

M om<<0. 288 m>5 0, 6 B EE S R R
258 R IE A SR e T L, T 2 EORG o ) A R 9
BT PSO B LM . i PSO 53 i 4 81 & O 3%
BF, L g (A-A) ¥ 3d — N HE B FBG G IR &R 48 I 5
HiE R B R(s)

R(S)ZZrZ-g,-(/l—s,-), (5)

(b,

Extreme point ratio
G SHEEEEELEE

—
=

5 -
i ; g L
0.160.180.200.220.240.26 0.280.300.320.34
Wavelength gap /nm

ANEESBRE T CWT 55 IRAE AU (a) #8450 T & G510 CW T {55 A (B A 7EAS [5) 35 45 B2 B R 984k 5 (b) R[] rpt %

1) BT A4 0 A LA

Fig. 3 Change of extreme points of CWT signal under different

degrees of overlap. (a) Extreme points of CWT signal of partially

overlapped spectra vary with different degrees of overlap; (b) ratio of extreme points at different center wavelength gaps

2106002-3



NI L T
85 A R 0 07 2
G(5)=S[z()— R()]. (6)

K. GCs) ML H A5 R 220 63 R AL S8 AT
PSO B EB B /N G(s), Y G(s) F/Nf, s Bl R
FBG LI Ry b .
R A e PSO B 09 A 8 5 B, DL/ 3% AR R B
A5 30 55 A RS U RS I 5 SR L A I I K A, R R B )
UL G Y o3 ) X R R Y R X B, FRAR A
R~ R A T T A X R B R, DTG 7 AR R
Y ff o A R B AN Bk AR, e RS A R R A AL D
FBG 55 15 m v P4 o R 1% 3 B RN A6 B 3R A
KX H
v, (1+ 1)=27bvﬁq(z)4k(nrandl[;mﬁ%74*1¢#(z)}4#
Czrandz[ggm%v——.r%q(t)}, (7)
z, (t+1)=x,,(t)+ v, (t+1), (8)
Krpp=1,, Z(ZHFHEIE) ;¢=1,--- ,D(D K=
) 48 B ) 5 ¢ R S AT B ARRE w M AE I+, wel 0,11
o e, o B 2= W+ 4o I W+, 0€[0,2],
€00, 2] 5 pues,, T Grew,, 73 AR EARAE L 42 )R Fe f
{ srand, .rand, & 0 | 1 Z [0] 49 FE AL EL .
ASCEE A CWT-PSO 2 S8 B AR B2 40 F

£ 6055 21H/2023 F 11 B/ E5RBFFEHE

1) BIETF G, 3 SO A

2) FIH T Gaus 1/ IR CWT A #E A5 5 I
Xf CWT A5 5 #4754

3) i CWT 55 B M A5 4 #0655 5 L JF 3K
By K L M E S S Bom;

4) F)F LA B A RO R 0 oL D% K A
FFBG 19 [ 5 Al 7/

5) A ik i B R X AT R L >
0.248 r,>1.5, i N X 2 EHENIE  FEALES);
E Uy i =) 10 W 0 M = 9 - W AN AR

6) R BT 1% 5 & S 5 m 09 KN R FGIE ) S
TR, 0.83<m<<1.2,ZNiE L ESHHESEER
JIN T 38 K B SRy S D K B R A 2 A 5 S )
F R SO AT 2

7) WA 0. 2<Tm<<5, R Hig 3 (4) X H 4 B 6%
4D ARG 0 AT A IE, I A TE A 25 SR L i
il A &S AL IR S)

8) WA Ak PSO F ik 2 50, B K i Ik K AE b ki
B 6 A, I3 A R A AR R B B A RLAE | 23 i) 2
&S SH

9) | BT LA 5 1k i o 2 A LR 0 P
Do i R D A

10) kLG5,

P B R A R 4 TR .

@

spectrum segmentation based on CWT
extract parameters L

'

Gaussian fitting method
extract parameters A, . 7

X L>0240r 7 515 o

r
Yes
complete No
overlap 0.88<m<1.25
r
partial
overlal no overlap or
: small overlap
y
] Yes
PSO algorithm
demodulation Y
No A= Ay
wavelength
calibration
r
end

B4 4l
Fig. 4 Flow chart of proposed algorithm

2106002-4



£ 6055 21H/2023 F 11 B/ ERBFFEHE

3 DFEEUES 45 R

A 3CA# ) Matlab2020b SR A5 0l B A 2 Fp SRS
W Z WG Y  ZE 5 EB T 2N AR EHSRE L
LIRS INA 30 dB M BT RS . HPh R E MK
A 1548 nm #] 1556 nm , K FE[E] BE 4 0. 002 nm .

ik B A S E o AR OB R R 5 A
ERF=MSEMERENE W, §ERkE—1

Lo}®
aé 0.8
S5061
£06
804
3
~o2t
12540 15545 15550 15555 15560
Wavelength /nm
7
© —— peak 1
6 —— peak 2
£
&
= 5K
£
(7] 4t
¥
E3
Z,|
Y0 20 30 20 5 60 70 80

Population size

5

FBG & & ot i, 7 8 il 48 & 3817 0 5 5 40 0, o
5 (a) 7R 5 P35 T 0SS 5 A E B R A8 35 i
KEMR R B T B CWT-PSO ¥ i 4 % 2, W
[ 5(h) T 5 R 35 de KA B 5 A B F A A8 Lt
P RE RS AL TR 9 CWT-PSO ¥ i 1 1% 2%,
B 5Ce) Fr 7w 5 P 35 A B0 AR 5 e Kk ARk B 45 L 1t
BT HF AR LR B CWT-PSO ¥ fi ¥ 5% 25,
F5(d) R o

10
) —=—peak 1

g —o—peak 2
&8
—
[=]
E of
&
e
=

2 k

5 10 15 20 25 30 35 40
Number of iterations
pea

. 1.6 _o_peak 2
£
ot
£ 1.44
@
=]
&
§ L2t
=

1.0 —o—

02 04 = 06 08 10
Weight factor

AN T 2 500 i 8 1R 22 B SE ) o (a) AN ) S AR T 19 FBG S G5 F 5 5 (b) A W 2 AR BT 10 -1 2 46 0 52 22 5 (¢ ) AN [R] il

AU 1S BRI R 22 5 (d) A [RIASLCEE A 5~ TF 91 2 K 0 e 22

Fig. 5

Influence of different parameters on demodulation error. (a) FBG spectral signals under different degrees of overlap; (b) average

detection error under different iterations; (c) average detection error under different population sizes; (d) average detection error

under different weight factors
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Table 2 Comparison of demodulation errors of different algorithms

Average error /pm Average

FBG1 FBG2 FBG3 FBG4 FBGS FBG6 FBG7 FBGS8 time /s

Mexh-CWT —8.2 6.2 —6.8 1.8 —9.2 6.4 —13.6 9.2 0.084
PSO —0.8 —0.2 0.4 0 0.2 0.2 —1.8 —0.8 5.437
DPSO 0 —0.2 —0.4 0 0 —0.8 0.4 0.2 3.851
SSA —0.07 0.12 0.15 0.04 0.05 0.18 —0.12 —0.02 4.327
CWT-PSO —0. 23 0.01 —3.48 3.10 —0.17 —0.07 0. 20 0. 20 1.521
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Table 3 Comparison of FBG demodulation errors of different algorithms on channel 2

Average error /pm

Average time /s

FBG1 FBG2Z FBG3 FBG4 FBGS FBG6
Mexh-CWT —4.6 —3.2 —5.2 2.6 —5.4 4.0 0. 109
PSO 0.2 0 —0.8 0.4 0 —1.0 3.736
DPSO 0.4 0.2 0.2 0 0 0 3.551
SSA 0.06 0.13 —0. 05 0.09 0.12 —0.05 2.448
CWT-PSO —2.10 2.09 —3.40 3.29 —2.47 2.49 0.958
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