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Abstract Phase sensitive optical time domain reflectometers (¢-OTDRs) have been widely employed in pipeline safety
early warning systems, optical cable break-point searches, mechanical pipeline pig (PIG) positing and tracking, and other
fields. The sensing optical cables of ¢-OTDRs are mostly buried underground so that the soil characteristics, transmission
distances, and optical cable structures all have considerable effects on the signal characteristics. This study considered the
propagation characteristics of vibration signals in soils and explored the effects of non-event factors such as optical cable
structures, soil moisture, and transmission distances on the signal characteristics of systems. In addition, in terms of
energy change trends in characteristic frequency bands, the difference between real shock vibration and non-event signal
fluctuations was investigated. A proposed method to judge external shock vibration is derived from the results.
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Fig. 1 Schematic diagram of ¢-OTDR system
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PC: power conversion; PG: pulse generator; PD: photo detector; AOM: acousto-optic modulator;
EDFA: erbium-doped fiber amplifier; CIR: circulator; FBG: fiber Bragg grating; DAC: data acquisition card
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Table 1 Water content and density of different soil environments

Soil environment Humidity 1 Humidity 2 Humidity 3 Humidity 4 Humidity 5
Water content / % 0.05 5. 60 9.45 16. 42 20. 68
Density /(g+cm *) 2.42 2.48 2.52 2.57 2.64
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Fig. 3 Experimental site. (a) Experimental optical path; (b) position of sensing optical cable and experiment; (c) edge auxiliary
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Table 2 Judgment results of two methods at a distance of 1 m under dry soil conditions

Data number  Actual record Time domain Frequency domain

Data number Actual record Time domain Frequency domain

1 0 0 0
2 0 0 0
3 1 1 0
4 0 1 0
5 1 1 1
6 0 1 0
7 0 0 0
8 1 1 1
9 0 0 0
10 0 0 0
11 1 0 1
12 0 0 0
13 0 0 0
14 1 1 1
15 0 1 0

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1 1

S H O O H O O O = O O = O O =
S H O O H O O H = O = = O O
S = O O = O O O = O O O O O

#*3 R2ELWARILE

Table 3 Summary of experimental results in Table 2

Time domain-correct rate Time domain-error rate

Frequency domain-correct rate Frequency domain-error rate

80% 20% 93.30% 6.67%
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Table 4 Comparison of judgment results under various working conditions

Working Record Time Frequency Working Record Time Frequency
condition times domain domain condition times domain domain
1 10 12 10 9 20 24 20
2 12 14 12 10 20 22 20
3 12 13 12 11 20 25 20
4 12 10 11 12 20 26 20
5 12 12 12 13 20 20 20
6 14 18 14 14 20 23 21
7 20 23 20 15 20 24 20
8 20 18 20 16 20 22 20
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