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Fig. 2 Strain coefficient fitting of Rayleigh frequency shift
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Tab.1 Strain measurement experimental data

& a1 A 2 a3 A 4 A 5 Mmeie xRz AHIRE
TRAH/ e /e /e /e /e pe /e /e /%
—5000 —4995 —4997 —4993 —5000 —5005 —5003 7.0 0. 14
—4000 —3994 —3996 —3992 —3994 —4002 —3993 8.0 0. 20
—3000 —3001 —3002 —2998 —2999 —3008 — 3002 8.0 0. 27
—2000 —2004 —2005 —2002 —1999 —2006 —2002 6.0 0. 30
—1000 —999 —999 —999 —999 —1001 —998 3.0 0. 30
0 —0.3 0.0 —0.1 —0.5 —0.6 —0.2 0.6 —
1000 994 994 993 994 994 995 7.0 0.70
2000 1997 1997 1997 1997 2000 1998 3.0 0.15
3000 3009 3007 3005 3009 3009 3006 9.0 0. 30
4000 3994 3998 3992 3997 4001 3995 8.0 0. 20
5000 5010 5002 5002 5003 5011 5011 11.0 0. 22
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Fig. 4 Temperature coefficient fitting of Rayleigh frequency shift
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Tab. 2 Temperature measurement experimental data
T Pt WS 2 W3 W4 W5 W56 2% 1R 22 AN 22
AMAE/C /C /C /C /C /C /C /C /%
20.5 20.5 20.5 20.5 20.5 20.5 20. 4 0.1 0.49
25.3 25.4 25.2 25.4 25.2 25.1 25.1 0.2 0.79
30.6 30.5 30.4 30.4 30.5 30.5 30. 8 0.2 0. 65
34.5 34.6 34.4 34.4 34.5 34.5 34.8 0.3 0. 87
39.8 39.4 39.4 39.5 39.4 39.4 39.8 0.4 1.01
46. 3 46. 4 46. 2 46.5 46.5 46. 6 46. 6 0.3 0. 65
51.1 50.9 50.9 51.3 51.4 51.3 51.5 0.4 0.78
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Reliability analysis method of measurement
data for distributed optical fiber sensors

WANG Yihua', ZHOU Zhenhuan', LI Jianle', SHAN Yinan', ZHAO Shiyuan®, WU Zhanjun'

(1. Faculty of Vehicle Engineering and Mechanics, Dalian University of Technology. Dalian 116024, Liaoning, China;

2. Center of Ultra-precision Optoelectronic Instrument., Harbin Institute of Technology, Harbin 150000, Heilongjiang, China)

Abstract: The reliability of the measurement results of distributed optical fiber sensors is analyzed.
The methods from strain coefficient and temperature coefficient calibration to physical quantity
measurement and result evaluation for distributed optical fiber sensors are proposed. The strain
coefficient and temperature coefficient calibration devices of distributed optical fiber sensors are
designed, and the sources of uncertainty of the strain calibration device are analyzed. Experimental
validation is performed using a distributed fiber demodulator based on optical frequency domain
reflection technology. The strain calibration range is — 5000pe ~ 5000pe, and the temperature
calibration range is 20°C ~50°C. The strain coefficient and temperature coefficient are —6. 6775ue/
GHz and —0.5921°C/GHz, respectively. Furthermore, the measurements are carried out again using
the obtained strain coefficient and temperature coefficient. It is found that within the measurement
range, the relative error of strain measurement is 1%, and the relative error of temperature
measurement is 2% , which can meet the engineering application requirements. The results show that
the data calibration and analysis methods designed and developed can be used to calibrate the strain
coefficient and temperature coefficient of distributed fiber optic sensors.

Keywords: distributed optical fiber sensors; calibration; strain; temperature



