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Abstract  To reduce the data acquisition quantity and improve the accuracy of zero difference symmetric
demodulation, a method for extracting interference signals in a time-division multiplexing system with a weak fiber
Bragg grating (WFBG) based on Michelson interference is proposed. Continuous wavelet transform is applied to the
intensity signal to find the extreme value of the transform coefficient. The adjacent minimum and maximum values
are used to define the laser interference region. According to the laser pulses with different width, the wavelet scale
factor is adjusted to find the interference region. The interference signal is obtained based on the maximum intensity
and the average intensity in the interference region, respectively, and the phase signal of the interference signal is
demodulated by the zero difference symmetry algorithm. The WFBG sensor is put into a vibrating liquid column.
The same weak sinusoidal signal is measured repeatedly, and the measured signals are fitted by the sinusoidal curve.
The fitting results show that extracting the short pulse interference region by the continuous wavelet transform and
calculating the interference signal by the average value method are helpful to improve the zero difference symmetric
demodulation accuracy of the sensing system.
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Fig. 1 Diagram of WFBG sensing system and signal sequence. (a) Diagram of WFBG sensing system; (b) time sequence
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Fig. 2 Interference intervals obtained based on AOM modulation signal and CWT for different modulation pulse widths and

different numbers of WFBGs.

(a) Interference intervals obtained based on AOM modulation signal for 300 ns

modulation pulse width and 2-WFBG; (b) interference intervals obtained by CWT for 300 ns modulation pulse width

and 2-WFBG;

(c) interference intervals obtained by CWT for 450 ns modulation pulse width and 2-WFBG;

(d) interference intervals obtained by CWT for 300 ns modulation pulse width and 5-WFBG
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Table 1 Sine curve fitting data of detected phase signals
Test times Test times
(300 ns, R-square Amplitude /rad Frequency /Hz| (300 ns, R-square Amplitude /rad Frequency /Hz

maximum) mean)
1 0. 83808 0.89718 473.49 1 0. 84189 0. 89543 501. 94
2 0.74502 5.07631 481. 38 2 0. 85042 3. 75555 462. 64
3 0.70192 1.07501 465,12 3 0.73416 0. 80380 511.02
4 0.75676 0.41166 527.15 4 0. 86082 0.50245 535.79
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6 0. 85579 1. 45807 464. 37 6 0.78366 0. 98631 491. 92
7 0.87135 0.65611 538.71 7 0. 86537 0. 80427 536.52
8 0. 86534 0. 48561 541. 95 8 0.90169 0. 60826 540. 56
9 0.54917 0.56251 525.05 9 0.85724 0. 65250 473. 87
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7 0.79993 1.61710 533. 54 7 0. 86096 0.84263 477. 35
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9 0. 68947 2.05263 554.51 9 0.81928 0.92717 499, 23

g L ETHERETHR WFBG 48 H &
G 1E VB Ik S INE R A R bk v, 7 B BT 1S B
i 2R S 4 4E 5
4 & w

XTI w BT ) WEBG 432 FH &
i, 3R CWT Jrik A shaR BT X ) 0 77 v

HS2B T 300 ns Ml 450 ns P4 I Bk 958 F % 2-WFBG
5 5-WFBG T¥W A5 51 A s i, e ik 5146 5
T A T — RS . SRR L2
Y [7] — 55 1F 5% 4 2 15 5 f“ﬂ‘ﬂﬂﬂ%wﬁh T
W DX I] A T V5 R AU (1 B2 B 1 0T 3R 40 i R G B 1) 52
Wi, &I 300 ns V& i ik v A7 B (R A 4R BT W15
55 VR4S B AR LR ST LA B R T AR

190603-5



MOOb 5 %o T R

@ o 56015y ¥ max-300 ns y
o 08304 510 p 4 max-4§8515 .
ea: 0. . + mean-
| mean: 0.8426 4 , 4 mean-450 :
Loy | tnean: 0.7259 Ss20p ° o |
$ 08  rean: 5 .
5 mean: 0.7827 £ 500 4 4 4
@ 0.6
20. 2 .
©0 19}
£ 0.4 = 480‘; v A
£ 02 = Voe
oL B JJ s0f ¢ X Y
mean-450 ns > 4 N 3
mean-300 ns > 9 3 4 0 440 . , : . . . .
47, max-450ns™ 1 Tes 2 3 6 s 9
%, " max-300 ns 1 4 B 7
9% 2 Test times
o0'S
12 ©) v max-300 ns & g,o_g
4 4 max-450 ns E ‘:5 (Y] o
10+ + mean-300 ns 53508
4 mean-450 ns O §
< 8 = 200.7 b .
] = IZBX-3OO ns max-450 ns mean-300 ns mean-450 ns
™~ N
<5}
g &
5 6 5 35 o
= <
= v % 30 5
54 & 25 : .
a o max-300 ns max-450 ns mean-300 ns mean-450 ns
o 4 a sg4 8
s 4 &
< q 8‘\
& b4 + 4 52
N 2 SR SN T SE o
1 2 3 4Test?ime56 7 8 9 = max-300 ns max-450 ns mean-300 ns mean-450 ns
Method

K4 ZIEZMLE R RMER S . @A R (D3 (OB ; (DI5GB R Jr 152 22 R 2 A o 22
Fig. 4 Measured signals fitted by sine curve. (a) Fitting degree; (b) frequency; (c) amplitude;

(d) average fitting degree, RMSE of {requency, and mean square error of amplitude

0.30 0.12
(a) pulse width: 300 ns (b) pulse width: 450 ns
0.25 0.10
& 0.20 ‘ & 0.08
(]
E 0.15 5 0.06
2. 0.10 g 0.04
5 0.05 5 0.02
0 == AR It | 1) e nsssa—
-0.05 . : : : : : -0.02 ' ‘ : : : :
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Time /ns Time /ns

Pl 5 TR K SE T A5 . (a) 300 nss(h) 450 ns
Fig. 5 Light intensity under different modulation pulse widths. (a) 300 ns; (b) 450 ns

1R 22 FIE BE AR UE 2245 51 h 0. 8426.28. 44 Hz and single gratings of type II [ J]. Optical
0.95 rad,j’ﬁ?’éﬁﬂaﬁn?ﬁﬁﬁﬁﬁ%%ﬂx%?ﬁ Engineering, 2005, 44(6): 060503.

{%%i&ﬁﬁ’%ﬁ]ﬁ%’cﬂﬂ‘]*ﬁ&ﬁ%o %L»%Fﬁ CWT [2] LuoZH, Wen HQ, Guo HY, et al. A time- and

FEAE MKW X R CE S E RS ES A
B FHREETHZEMNTHR WFBG B 48 &

wavelength-division multiplexing sensor network with
ultra-weak fiber Bragg gratings[J]. Optics Express,
2013, 21(19): 22799-22807.

225 (i 1JE e
G Mt RS [3] Yang M H, Bai W, Guo H Y, et al. Huge capacity
s = x o fiber-optic sensing network based on ultra-weak draw
tower gratings [J]. Photonic Sensors, 2016, 6(1):
[1] Chojetzki C, Rothhardt M, Ommer J, et al. High 26-41.
reflectivity draw tower fiber Bragg gratings arrays [4] Li W, Zhang Y J. Enhanced phase sensitive optical

190603-6



Wt 5ot T o R

(6]

7]

(8]

(9]

[10]

[11]

time-domain reflectometer vibration sensing system
based on weak grating array[]J]. Chinese Journal of
Lasers, 2018, 45(8): 0810001.

B, SRk FE T MR 51 B 38 5 AR 7 UG I
SRS AR B e I R e D). P EOE, 2018, 45
(8): 0810001.

de Miguel Soto V, Jason J, Kurtoglu D, et al.
Spectral shadowing suppression technique in phase-
OTDR sensing based on weak fiber Bragg grating
array[J]. Optics Letters, 2019, 44(3): 526-529.
Liu T, Wang F, Zhang X P, et al. Interrogation of
ultra-weak FBG
heterodyne detection[J]. IEEE Photonics Technology
Letters, 2018, 30(8): 677-680.

array using double-pulse and

Wang F, Liu Y, Wei T, et al. Polarization fading
elimination for ultra-weak FBG array-based ®-OTDR
using a composite double probe pulse approach[]].
Optics Express, 2019, 27(15): 20468-20478.

Jiang P, Ma L N, Hu Z L, et al. Low-crosstalk and
polarization-independent inline interferometric fiber
sensor array based on fiber Bragg gratings [J].
Journal of Lightwave Technology, 2016, 34 (18):
4232-4239.

Tong Y H, Li Z Y, Wang J] Q, et al. High-speed
Mach-Zehnder-OTDR  distributed  optical  fiber
vibration sensor using medium-coherence laser [J].
Photonic Sensors, 2018, 8(3): 203-212.

LiY, Qian L, Zhou C M, et al. Multiple-octave-
spanning vibration sensing based on simultaneous
vector demodulation of 499 Fizeau interference signals
from identical ultra-weak fiber Bragg gratings over
2.5 km[J]. Sensors, 2018, 18(1): 210.

Li W, Zhang J. Distributed weak fiber Bragg grating

vibration sensing system based on 3 X 3 fiber coupler

[12]

[13]

[14]

[15]

[16]

[17]

190603-7

[J]. Photonic Sensors, 2018, 8(2): 146-156.

Xu Q N, Zhou C M, Fan D, et al. Experimental
study on ultra-weak fiber Bragg grating hydrophone
arrays based on Fizeau interference [J]. Laser &
Optoelectronics Progress, 2019, 56(15): 150602.
R, W], Ju, 55 TR TWRESEOL
LUK W 4% K5 S IR AT 52 (7] WOt 50t 7 2 it
J&, 2019, 56(15): 150602.

Zhou C M, Pang Y D, Qian L, et al. Demodulation
of a hydroacoustic sensor array of fiber
interferometers based on ultra-weak fiber Bragg
grating reflectors using a self-referencing signal [J].
Journal of Lightwave Technology, 2019, 37 (11):
2568-2576.

Chen Y, Yang K, Liu H L. A self-adaptive peak
detection algorithm to process multi-peak fiber Bragg
grating sensing signal[J]. Chinese Journal of Lasers,
2015, 42(8): 0805008.

MREE, BEl, XMk, 261 Rk L e BE 5
A & B S0 AR B OT]. b O, 2015, 42(8):
0805008.

Theodosiou A, Komodromos M, Kalli K. Accurate
and fast demodulation algorithm for multipeak FBG
reflection spectra using a combination of cross
correlation and Hilbert transformation[J]. Journal of
Lightwave Technology, 2017, 35(18): 3956-3962.
Ding P, Huang ] B, Tang J S. Multi-peak FBG
reflection spectrum segmentation based on continuous
LJ1. Fiber
Technology, 2019, 50: 250-255.

Daubechies 1. Ten lectures of wavelets [J]. SIAM
Journal on Mathematical Analysis, 1992, 24: 499-

519.

wavelet  transformation Optical



