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Abstract: Submarine cables are key carriers of electrical power and communication signals in submarine
cable infrastructure, and the monitoring of such cables is essential to ensure the safety and stable operation
of submarine cable infrastructure. In this study, experimental research on the detection of submarine cable
disturbances was conducted according to the requirements of submarine cable monitoring. First, a subma-
rine cable disturbance detection experimental system based on distributed optical fiber sensing technology
was built and coupled to the dark fiber of the seafloor observation network in the South China Sea. Experi-
ments were performed, and the results indicated that submarine cable disturbances induced by spade beat-
ing, vehicles, ocean waves, and typhoons could be detected by the proposed system. Following this, a
submarine cable disturbance localization method based on the bidirectional long short-term memory neural
network in terms of the submarine cable Rayleigh backscattering (RBS) amplitude signal features was de-
veloped, and its input features included the spectral entropy and instantaneous frequency of the submarine

cable fiber RBS amplitude signal. These submarine cable fiber RBS amplitude signal samples were used to
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test the detection accuracy of the proposed method, and the results indicated that the average detection ac-

curacy of disturbance and non-disturbance signals along the submarine cable was >>99.6%. Thus, distur-

bances along submarine cables can be effectively detected with the combination of the proposed submarine

cable disturbance detection experimental system and the proposed disturbance localization method.

Key words: distributed optical fiber sensing; submarine cable disturbance detection experiment; distur-

bance localization method
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Fig.1 Submarine cable disturbance detection experimental system structure
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Fig. 2 Submarine cable structure
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Fig. 3 Indoor experimental environment
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Fig.4 Disturbance signal of submarine cable as spade beat the beach surface
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Acquire RBS time-domain signal S(z) of
submarine cable fiber at location D,

| Acquire S,(7) by removing DC component of S(7) I

Acquire S,(7) by applying filter of S,(7)

| Calculate spectral entropy(SE) of S,(7) |

] Calculate instantaneous frequency(IE) of S,(7) |

Acquire SE, by standardizing SE with mean
and standard deviation

Acquire /F, by standardizing IF with mean and
standard deviation

Acquire two dimension features [SE|,/F|] by concatenating SE, and /F,

| Detect S(¢) with features [SE|,/F] in the trained BiLSTM network |

[ Output and record detection result |

F 10 FETF BILSTM W 45 (1) 1 28 3t 50 i 47 J7 ik i i 1A

Fig. 10 Submarine cable disturbance localization method flow chart based on BiLSTM network



5510 3

TG S | 45« 6 £F 4% J% FH T 165 456 4 3l 45 00 7 3 96 A7F 9% 1441

R 1 RIS B AR M A R

Tab.1 Disturbance and non-disturbance detection accuracy test

Number of samples Sample label

Distance offshore/km Detection accuracy/ %

2 000 disturbance 1.0 98.9
2 000 disturbance 6.75 99.9
2000 disturbance 6.96 100
2000 disturbance 45.92 99.7
3 300 non-disturbance 0.2 99.9
3400 non-disturbance 45.90 99.9
3 300 non-disturbance 46. 00 99.2
5 4% # 5O AR BT T — A JE T BILSTM #ff 28 [ 4%
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