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Recognition of shallow buried state of submarine cable based
on fiber optic temperature hybrid domain features

JIANG Kun',ZHANG Shuai' ,FU Xiang',SHI Er-zhen' , AN Bo-wen’ ,CHEN Yuan-lin>, CUI Gui-yan®
(1. National Energy Group Dongtai Offshore Wind Power Co. ,Ltd. ,Dongtai 224200, China;
2. Shanghai Anxin Information Technology Co. ,Ltd. ,Shanghai 201306, China)

Abstract: In response to the non-stationary and nonlinear characteristics of fiber optic temperature signals, as well as
the limitations of using fiber optic temperature difference to identify the shallow burial position of submarine cables
during the temperature equilibrium time period when the surface temperature of the seabed and the temperature at the
depth of the seabed are approximately equal,a shallow burial state identification method is proposed based on opti-
mized VMD mixed domain features and LSTM for identifying the two states of deep and shallow burial of the
cables. Firstly,,a parameter optimized VMD is used to decompose the fiber temperature signal and extract the compo-
nent with the highest correlation coefficient between the intrinsic modal components of each order and the original sig-
nal. Secondly, the time-domain and frequency-domain features of the original temperature signal are extracted,and a
mixed-domain feature set is constructed by combining the time-domain and frequency-domain features as well as the
energy and entropy features of the selected IMF ,and the CDET is used for sensitive feature selection. Finally,an LSTM
structure is designed,the training sets are inputted into the network for training, the test set verifies the effectiveness of

the network with the test set,and achieve shallow burial state recognition of submarine cables. Through on-site collec-
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tion of submarine cable fiber temperature data for verification, the testing accuracy reaches 100 % , and the results

show that this method can accurately identify the shallow burial state of submarine cables.

Keywords : fiber temperature ;identification of shallow burial of submarine cables ; mixed domain features; VMD ; LSTM
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AR R E AR L, AR IE AR Ao LSTM ) 4%
MU o J7 ik 4 3 TFASCH I 177 %, AU RHIE
L2 B, LA RO AR 4R A1 9 LSTM I 4% ) i A
F 4 R T ARSCIAR T3 1A oAt PO A5 5 B 45 R )
o, FTRUE B T O04e VMD {45 SRR F1 LSTM
14 ¥ 208 T SLPR A5 TR i AR T LA DU oo EE 50
PR 3 , R P

x4 TEPRASRA T & B
Tab. 4 Comparison of different state

recognition methods

Ttk BRSSP Tr ¥ HER %/ %
Tkl VMD + &3 + LSTM 99. 80
k2 VMD + i35, + CDET + LSTM 98. 00
k3 VMD + $iis, + CDET + LSTM 76. 00
k4 VMD + B 4585, + CDET + LSTM 79. 80

AICJ5: | VMD + iR A% + CDET + LSTM 100. 00

5 % iF

LRI AR S AP AR AR AR AT, LUK
AT PR 2 AT I 2 AR PR TR AL JL P8 30 AU A 25 Y il J3E ~F-
1] Be P, RO 21 it 22 TR 0 T 45 P 37 A A
— 2 SRy R TR, £ — A3 T Ak VMD R &

SRAFHE AN LSTM (¥ 7 45 i MR 53 U5 32, A2
B 3 A R SR, 382 e IR T s o, S B
RS E BTSRRI . BRI

(D) FEH T — P T R AR A it 5 2 i
JE R KA VMD 250004k 75 12 A PRE B 5/ 21 it
5T, JE A AR 5% 2 B0k O 16 IMIF, A5 250 e AR I P
T

(2) 38 1o 452 B 0k B2 A5 5 1y I S R A0 Il
Ak, 255 B ide TMF (34 s SR A0 ARUBCRAE L K% RE 2 17
FEAEF IR B IR AR 4R , 707042 3 U1 R A o i it
BUDRER B SR FEA R AR

(3) M FH A 2 0 B DAl 5 R (CDET) i s 24 45
ESEVEAT L, SR IE B PPAN IR R o, = 0.5 MORRAE
VRN B AL, AR AR TR I 255 AR A5 90 P 7 22 114
i E]

(4) B AR I 0 12 I 45 AT B0 J3E PR LR,
ARG, T IR AR A, MR 5k
#1100 % , KB RAFHZALEET]
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