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Fig.1 Schematic diagram of FBG sensing principle
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Fig.2 FBG demodulation system structure diagram
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Fig.4 Flow chart of system demodulation
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Fig.5 FBG demodulation system experiment platform
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Fig.7 Results of five peak detection algorithms

A 8 AT s Ay 37~38°C 1M RS B 45 ot LI

1547.91

1547.90 r

1547.89

Wavelength/nm

1547.88 r

1547.87 r

- - 37°C - 375%C - 38<C
1 547.905 1 nm

1 547.901 3 nm
1 547.891 2 nm

1547.887 8 nm
1547.877 8 nm

1 547.874 7 nm

—_
[
(=]

20 40 60 80 100

Time/min

&l 8 37~38 °C MG B 25 5 X L

1547.876 1 1547.889 7

A 2 AR BB A5 X 7 L e A A0 Ak B, 745 1 it
JE 5K Z 6] i MU A R K ) 0.998 5 LA, AT
ARSI RANEE By 18] 9 s o8 i R 45 21 1Y
Pk il A

1533.70

@ Demodulation data
—— Fitting curve
1533.65 |

1533.60 |

1547.903 3

153355

1533.50 |

Wavelength/nm

1533.45

1533.40 Correlation coefficient: 0.998 5

24 26 28 30 32 34 36
Temperature/ °C

B9 PG LA A

Fig.9 Fitting diagram of wavelength and temperature

Fig.8 Comparison of temperature measurement accuracy results at

37-38 °C

X R G TEREHEAT B A MR IE, ARG SRR

HiEl 8 WL, 7F 37, 37.5, 38 C ¥ T, L R 4 fint Sl b, PRUCE AT PR . 1 TR, T X
A PP P (E 5 A T R HE 2 7E 3 pm Y5 Y 3 UG R B AT LA . REE LRSS RWE 10

JIt 7, 3 YA 43 FEE 5 9 o 0 i R W 4 B AU

202402737



ISk A2

www.irla.cn % 53 %

%114
1533.70
—A— Actual measurement
4 The first demodulation
1533.65 v The second demodulation
» The third demodulation
£ 1533.60
=
=
e 1533.55
=
2
z 1533.50
< . [
=
1533.45
1533.40

24 26 28 30 32 34 36
Temperature/°C
P 10 R VS I a R

Fig.10 Experimental results of system demodulation repeatability

A W AR FLERES

Xt 7R Gt 22 M A R AT S0 5 K, R R
39.63 °C B HCy K430k 1.533.783 0. 1 538.625 0,
1 547.948 0 nm [ 3 4~ FBG 1% @#% vE47 B 6, 45 3 4>
FBG 14 /4% & T & IR 548 Th kAT 10~50 °C FH
S, R S °C il sk RS ARRAIE . WiE 11 iRk
Z e IR K SR LA h R, 2% 2 O 15~30 °C i
JE T 22 M % ST 55 B X6 L A3 B 4

P 2 M 11 AT LU, RS2 R
R, £ FBG &R A8 B 5 0 K Z R i etk U6
B 45 FBG G EESAE 53— AN I T LA 08 D
KA k243 pm LLF, 25 REHZ RS L6
i R 3R R A

15342 = FBG1 demodulation data 15390 = FBG2 demodulation 1548.4 = FBG3 demodulation data
1534.0 - — FBG fitting curve 15388+ data 1 548.2 r— FBG3 fitting curve
£ 1s338] £ 1 538.6|— FBG2 fitting EREZ)
k= = curve =
£ 15336 S 15384} & 1547.8 ¢
Q Q Q
S 15334} S 15382} 5 134767
2 15332 Z 15380 i i 2 134741
“r Correlation coefficient: ol Correlation coefficient: 154721 Correlation coefficient:
1533.0 0.998 8 15378+ 0.998 8 ) 547'0 0.998 8
10 20 30 40 50 10 30 40 50 ’ 10 20 30 40 50
Temperature/ C Temperature/ C Temperature/ °C
(a) FBG1 4 h4k (b) FBG2 44k (c) FBG3 5Lk
(a) FBGI fitting curve (b) FBG2 fitting curve (c) FBGS3 fitting curve

11 RGZCHHR IS 504S
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FPGA high-precision FBG sensing demodulation system based on
adaptive peaking algorithm

SU Jianhong', ZHU Xing**", JIAO Tong’

(1. College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China;
2. College of Computers and Cyber Security, Chengdu University of Technology, Chengdu 610059, China;
3. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of

Technology, Chengdu 610059, China)

Abstract:

Objective Nowadays, the demodulation precision, speed and stability of existing fiber grating demodulation
systems have been greatly improved. However, most FBG demodulation systems are complex in structure, low in
integration, poor in engineering adaptability, and the embedded peaking algorithm is complex, so the
demodulation needs to be completed by the host computer, which is poor in portability and high in cost.
Therefore, the research goal of this paper is to design an FBG demodulation system which is simple in structure,

high in integration and can satisfy the large-scale engineering application of FBG.

Methods In view of the above problems in the current fiber Bragg grating demodulation system, a FPGA high-
precision FBG-aware demodulation system based on adaptive peak finding algorithm is designed. Firstly, the
sensing mechanism of FBG is studied, and a photoelectric detection module is designed to convert and amplify
the weak reflection signal of FBG into a voltage signal. Based on the corresponding relationship between the
synchronous trigger signal output by the tunable laser and the scanning wavelength, the FPGA microcontroller
realizes the efficient acquisition of the converted FBG reflection signal. Secondly, the Kalman moving mean
hybrid filtering algorithm was introduced into the FPGA microcontroller to denoise the original spectral reflection
signal, the peak judgment algorithm was used to realize the adaptive multi-peak region discrimination, and the
double centroid algorithm was combined to complete the fast and high-precision demodulation of the center

wavelength of multiple FBG reflected light.

Results and Discussions A FPGA high-precision FBG sensing demodulation system based on adaptive peak
finding algorithm is built (Fig.5). The Kalman moving mean hybrid filter is used in the FPGA to denoise the
collected original spectral data and effectively correct the spectral shape (Fig.6). The experimental results show
that under the same conditions, the proposed algorithm has faster demodulation speed than the traditional
algorithm, while maintaining better demodulation precision and stability, and consumes less underlying hardware
computing resources (Fig.7, Tab.1). When the temperature is 37 °C, 37.5 °C and 38 °C respectively, the central
wavelength value of the demodulated system in this paper fluctuates within the range of £3 pm compared with the
standard value (Fig.8). When the temperature rises from 25 °C to 35 °C, the correlation coefficient between
temperature and wavelength change is above 0.998 5, and the demodulation results of the system have a good
linear relationship (Fig.9). Based on the linear experiment, two cooling tests and one heating test were repeated.
The temperature measured by the three demodulation experiments is in good agreement with the actual measured
temperature without obvious hysteresis and drift (Fig.10), and the repeatability of the demodulation results of the

system is good. The multi-grating demodulation of the system is tested experimentally, which still shows good
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linearity and demodulation accuracy (Fig.11, Tab.2).

Conclusion  Through theoretical and experimental research, combined with tunable laser, a FPGA high-
precision FBG sensing demodulation system based on adaptive peak finding algorithm is designed and built. The
system is based on FPGA platform, the photoelectric detection module is designed, and the Kalman-moving mean
hybrid filter algorithm is embedded to reduce the noise of the spectral signal, which effectively reduces the
influence of noise disturbance on the peak finding accuracy. The peak judgment algorithm and the double centroid
algorithm are used to realize the fast and high-precision demodulation of the peak center wavelength of multiple
FBG, which effectively improves the demodulation accuracy. To some extent, it solves the shortcomings of the
current fiber Bragg grating demodulation system, which is difficult to deploy in the demodulation equipment and
requires the help of the host computer for demodulation. The temperature measurement experiment shows that the
demodulation accuracy of the central wavelength of the FBG temperature sensor can reach +3 pm, the fitting
linearity of temperature and wavelength change is above 0.998 5, and the system shows excellent stability and
repeatability. It provides a useful reference for the portability, integration and engineering of fiber Bragg grating

demodulation system.

Key words: FBG; photoelectric detection; Kalman-moving mean hybrid filter; multi-peak adaptive

peak finding
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