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Fig. 1. Schematic diagram of experimental system. LS, laser source; AOM, acousto-optic modulator; EDFA, erbium doped fiber

amplifier; WDM, wavelength division multiplexer; TCU, temperature calibration unit; FUT, fiber under test; CTB, constant tem-

perature box; APD, avalanche photo detector; DAQ, data acquisition card; PC, personal computer.
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Fig. 2. Time domain Raman scattering power traces: (a) Sto-
kes; (b) anti-Stokes.
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Fig. 3. Time domain Raman calibration fitting the power
traces: (a) Stokes; (b) anti-Stokes.
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Fig. 4. Time domain Raman dynamic calibration and cor-
rected power traces: (a) Stokes; (b) anti-Stokes.
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Fig. 5. Results of traditional dual-channel temperature de-

modulation.
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Table 1. Traditional dual-channel temperature data

comparison.
SEBRIREE /C AR/ C w2E/C
35.0 36.0 +1.0
45.0 43.0 -2.0
55.0 50.4 4.6
65.0 64.1 -0.9
75.0 69.6 5.4
85.0 80.2 4.8
95.0 89.2 5.8
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XT TR IR ASCR, 3% 1 250 T RDGEr
LY AR 178 15 s 7K it B 552 B i 5 S 6 2R 456 1
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TR AR TN ) A% SRR £ 45 o7 B i I+ 100 0L B 4
P i YA, 4538 W, DR A% 3R 25 0 [l D -5.8—
1.0 C, MBI RIRZEN 4.0 °C, 5ELAEEE
AH e 22 . BRI, A2 X6 A% 0 1 RS fif o) ke it

FriAl, FFHRGEH A DRI IR ik, A BRVEERS (R,
REARR Nt 1R 22

4.2  BISHEIEIRE KRR EEEHER

FFHE 2(a) ME 2(b) H I F7 2 Stokes
Je 52 anti-Stokes H L)% ph £ X %4, AR
P sl AR 8 F 5 AL IERE, SRR IE REL Hy T
H, , BRI (20) =X, 19 B0RI0G 21 15 26 0 T B A5
B, wE 6 fros. WE 6 AT LLE H RS E
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Fig. 6. Demodulation results of scattered light dynamic cal-

ibration and correction algorithm.
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2 IETENShRE B IE R IR B L

2%, THBRIELRE A9 SEBR i sh xR DR 1 sk, K
DU 7 2 UG AR 51 1E 31 [/ — BOG bk b D %
IS 93 ' L A D 2 344 25 7K ST, DT 2 T 000 A
SR A 4.6 km K 9 HUBE LR SE AT I TR 1 BE 4
Br, S5 R, A% 50 0L T 48 10 L B U B0 ¥ [l Ry
-5.8—1.0 C, ¥ RiR2EH 4.0 °C, Ll shbre
R IE B 5 R B B Bl R -0.8—0.9 °C, H
PITHRIRZER 0.5 C, B RGH RAFAH 2 8
HTPR ARIERE S, AIA R 25 RGERE 1R

Table 2. Temperature data comparison based on
dynamic calibration and calibration algorithm.
SCPRIREE/C INARIREE/C WEH, WEH, i#%E/C
35.0 35.4 1.0180  1.0150 +0.4
45.0 45.3 1.0100  1.0225 +0.3
55.0 54.6 1.0141  1.0350 0.4
65.0 64.2 1.0365 1.0366 -0.8
75.0 75.2 1.0204  1.0443 +0.2
85.0 85.9 1.0250  1.0478 +0.9
95.0 95.5 1.0263  1.0500 +0.5
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Fig. 7. Spatial resolution.
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INSTRUMENTATION AND MEASUREMENT

Research on Raman distributed fiber temperature
measurement system based on dynamic calibration”

FENG Yuxiang#” WANG Yuchen# TONG Jiahuan# LYU Lidong’

(School of Electrical and Information Engineering, Anhui University of Technology, Maanshan 243002, China)

( Received 27 November 2024; revised manuscript received 30 December 2024 )

Abstract

Distributed optical fiber temperature measurement system is widely used in the fields of substation, power
cable, natural gas transmission pipeline and other temperature measurement systems. It can continuously
measure the temperature information at each location along the sensing direction. Raman distributed optical
fiber temperature measurement system demodulates the temperature information based on Raman Stokes
scattered light and anti-Stokes scattered light power, and the Raman scattering light power directly affects the
temperature measurement accuracy. So, it is a challenging task to control the hardware of the system to ensure
the feasiblity of the Raman sacttering signals. The laser pulse power, and the gain of avalanche photodetector
may vary randomly in the system, resulting in fluctuations in the acquired Raman scattered light power data.
Therefore, a scheme of Raman distributed fiber temperature measurement system based on dynamic calibration
is proposed in this work, and by setting up the temperature calibration unit and combining the proposed power
correction algorithm and previous calibration data, the Raman Stokes scattering light and Raman anti-Stokes
scattering light power are calibrated at the same laser pulse power level and avalanche photodetector gain,
thereby improving the temperature measurement accuracy of the system. For the performance demonstration of
the new scheme, the experimental system adopts 50-ns laser pulse to carry out temperature measurement
experiments with a 4.6-km long single-mode fiber. The results show that in the temperature measurement range
from 35 C to 95 C, based on the traditional temperature demodulation algorithm, the temperature deviation
measured is in the range from 5.8 °C to 1.0 °C, and the root mean square error is 4.0 C, and by the dynamic
calibration algorithm, the deviation of deviation measured is within 0.8 C to 0.9 °C and the root mean square

error is 0.5 °C. Therefore, the novel Raman-type distributed optical fiber temperature measurement system
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proposed in this work has the function to dynamically correct the Raman-type scattered light power to suppress

the influence caused by instability of the key devices such as pulsed laser and avalanche photodetector and

improve the temperature measurement accuracy, which is valuable in practical engineering applications.
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