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Realization of Fiber Bragg Grating Wavelength Demodulation Based
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Abstract To improve the accuracy of demodulation system of fiber Bragg grating (FBG) sensors, a demodulation
method of FBG center wavelength based on a fiber comb filter is proposed. A constant temperature channel of the
demodulation system is connected with a fiber comb filter, which offers reference points to calibrate the center
wavelength of FBG. The under-bit machine collects and processes the photoelectric signal voltage transformed to
rectangular voltage pulse. The computer displays dynamically the FBG wavelength demodulation process and
calibrates the Bragg grating center wavelength. The experimental results show that, compared with other
wavelength demodulators, it has many advantages. such as flexibility, stabilization, easy maintenance, high-speed,
high-precision, and so on. The wavelength demodulation system can be used extensively in large-scale multipoint

monitor engineering.
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Fig. 2 Output spectrum of the fiber comb filter
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Fig. 3 Wavelength demodulation scheme for three channels of the distributed FBG sensing system based on fiber comb filter
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Fig. 4 Data acquisition and processing module based on a single-chip microcomputer



2l FARAAE . T UL HAR IE DA% 52 8L Brage SeMl i < A 94 309

0 H AN R R K 8 O 7 AE — AN
FL S 09 PN A R X A7 B T g DR vk SR S . i
TN HL i RO 7 2k — AN B Ok ol B AR
LIRS 510 388 O 558 ik o e He 14 O L 76 4
FES . ARKFI P, OM P 5IHE. B 3=
FFIBEAE A PR S R B A A B S O 1 K o [ - 4 B
B FHLE A T T i INTO, 4 rb 7 7= A B, 3
BRI RGO R A A w7 XLl B P&
(R i 2 b U B o N =1 S RS QUL S
T B B A7 A T B0 I 1 SRR s A5 31 7 I S ' B
(AR X 7 (R . — A 4 4 P TR B e v B R
T R A B Y ik b A G A B A SRAM, 45 1
T AFETEBK R BT A TR A
BES BB A 50 Ny RN, T8 432 46 TE ik ol ity v s
AL BRI B N = (N, + N, /2, i E
Xof o7 B J i 50 S S A e B AL AT S I
i R 14 30 2 R A O K AR E

AP KA R T KR E

51

TR fi R U8 U 2% 1Y £ 3 18 o A =X FBG &
FER G 7 58 WF T D 3E G A K A
a5 B 2 8 25 R AT R AR SE 0 bR S R G
gErg N E 5 Frs . B R R A 0 e — A
FE IS A 51, Py P L G e A A - T AN
RUP O £F f R U8 U e . U K AR R s 5 b 7 ML
RS232 2 M3 A » #8443 38 5 56 Bk bt 1L 1915 5
B, RSB T Tk P %) rRoO 7 B CRI Tk v 8O fZ 3% 45 I
BEHL s b A7 ATUAR $H H e T8 ik o i o0 7 B 5 S Al
) Bragg H0o I 1K 506 21 Btk 8 % 48 s 0 25
HROC A N B O R IEATAR E . R T I TE A R AR
JE o 3 A I BE AR A X O Bragg O K Y S2 A L 4
1 1000 S A 5 A R R T

constant temperature device

wavelength
demodulatin device

computer

5 BRE L R G

Fig. 5 Structural diagram of experimental system for calibration
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Table 1 Location of three random experiments

Location First time Second time Third time
N, 2599 2596 2602
N, 7997 7996 7997
N, 11474 11474 11473
N, 14440 14443 14439
N; 17258 17256 17257
N; 20068 20063 20065
N; 22961 22965 22960
Ny 26038 26037 26035
Ny 29373 29377 29371
Nio 33022 33013 33016
N 37027 37021 37025
N, 41457 41455 41454
Ny 416323 46315 46314
Ny, 51679 51669 51668
Nis 57599 57587 57587
X, 14000 14001 14003
X, 20537 20530 20539
X3 29494 29483 29495
X, 37449 37451 37452
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Table 2 FBG central wavelength calibration based on linear interpolation

Central wavelength  First time/nm

Wavelength measured by
Second time /nm  Third time /nm

Mean square

high precision spectrum /nm error /pm
Al 1306. 6651 1306. 6517 1306. 6495 1306. 655 6.9
A2 1304. 0253 1304. 0266 1304. 0234 1304. 022 3.3
Aus 1300. 7766 1300. 7811 1300. 7756 1300. 776 2.9
At 1298. 4539 1298. 4519 1298. 4526 1298. 447 5.8
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Table 3 FBG central wavelength calibration based on Lagrange interpolation

Central wavelength  First time /nm

Wavelength measured by
Second time /nm  Third time /nm

Mean square

high precision spectrum /nm error /pm
Asl 1306. 6565 1306. 6564 1306. 6545 1306. 655 1.2
Az 1304. 0218 1304. 0232 1304. 0199 1304. 022 1.4
Aus 1300. 7748 1300. 7798 1300. 7739 1300. 776 2.6
A 1298. 4481 1298. 4493 1298. 4479 1298. 447 1.5
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Table 4 FBG central wavelength calibration based on cubic spline interpolation

Central wavelength  First time /nm

Wavelength measured by Mean square

Second time /nm  Third time /nm

high precision spectrum /nm error /pm
A 1306. 6563 1306. 6571 1306. 6547 1306. 655 1.4
Az 1304. 0218 1304. 0231 1304. 0199 1304. 022 1.4
Aus 1300. 7748 1300. 7797 1300. 7738 1300. 776 2.6
At 1298. 4487 1298. 4468 1298. 4475 1298. 447 1.0
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