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A Temperature Sensing Demodulation System based on Weak Reflection Fiber
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Abstract: [ Objective ] The purpose of this study is to design and build a sensing demodulation system for Weak Reflection Fiber
Bragg Gratings (WFBG). The system optimizes the measurement process through innovative methods to achieve high-precision
acquisition and processing of weak reflection signals. The aim is to improve the sensitivity and linearity of temperature sensing,
while ensuring the stability and repeatability of the system. [ Methods) In the research, we first constructed a signal acquisition
system based on an optoelectronic converter, which can convert and amplify the weak reflection signal of WEBG into a voltage sig-
nal. Subsequently, efficient collection of amplified voltage signals was achieved through a microcontroller unit. Introducing error
theory and optimizing the number of repeated measurements can effectively reduce the impact of random errors. At the same time,
measures were taken to reduce the potential delay caused by measurement, ensuring fast and accurate data processing. In addition,
experimemal studies on temperature response characteristics were conducted to evaluate the performance of the system in the range
of 30~80 “C. [Results] The experimental results show that the designed sensing demodulation system exhibits excellent perfor-
mance within the temperature measurement range. Specifically, the system exhibits a high temperature sensitivity of 11. 55 pm/C
and a high linearity of 0. 992 62, indicating its high accuracy and good linear characteristics in temperature measurement. In addi-
tion, the stability and repeatability of the system have been rigorously tested, further confirming its reliability and effectiveness in
practical application scenarios. [ ConclusionYIn summary, this study successfully designed and implemented a structurally simple
and cost-effective WFBG sensing demodulation system. This system not only exhibits high accuracy and stability in temperature
sensing, but also its innovative structure and optimized measurement process make it suitable for demodulating signals from weak
grating sensor arrays. This research achievement is of great significance for promoting the development of fiber optic sensing tech-
nology.
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Figure 1 Design of a WFGB demodulation system
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Figure 2 The flowchart of microcontroller unit program
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Table 1 Comparison of results with different measurement average counts

MEFH A% WKK/om  FWHM/nm FWHM EZ4E | MEFHhx%  #K/om FWHM/nm FWHM i 2
1 1544.93510 0.101 600 0.012 600 25 1544.92864 0.118010 0.023 010
5 1544.93173 0.144 650 0. 049 650 30 1544.926 37 0.110 020 0.015 020
10 1544.93975 0.121 260 0. 026 260 35 1544.92365 0.106 780 0.011 780
15 1544.93082 0.116 289 0.021 286 40 1544.926 60 0.107 130 0.012 130
20 1544.934 57 0.122 280 0.027 280 45 1544.926 80 0.107 720 0.012 720

EFWHM 3 1 4 %
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