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Abstract

In the wide area oil and gas transmission network, the buried pipeline has long been faced with the
dual challenges of complex geological conditions and urbanization. In order to improve the early
warning efficiency and operational reliability of the monitoring system, this study analyzed the
monitoring requirements and common interference sources during the operation of oil and gas
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pipelines, introduced deep learning architecture to identify and judge the detection signals of the
fiber optic early warning system, and developed a fiber optic vibration signal classification model
with dynamic adaptive ability. The application effect of the fiber-optic vibration measurement early
warning system is further optimized by developing the automatic identification and tracking func-
tion of pig and the estimation method of vibration source distance.
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Table 1. Comparison of optical fiber vibration sensing technology
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Figure 1. Typical artificial mining and mechanical mining incentive signal
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Figure 2. Typical signals for the movement of road vehicles and the operation of agricultural machinery
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Figure 3. Typical Oil transfer operation and pigging operation signals
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Figure 4. Signals of long-distance mechanical excavation
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Table 2. Comparison of signal processing methods
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Figure 5. Tracking results of the pigging device
5. JHERIRERGR

4.2. mIEERETLSE

JET TDOA (Rikmf[AIZ2) JRBE, G 70 A5 2O6 A% R TR AR BN M5 5 BEAS R T B I (845
B TR R R SEZE, BB IR SRR S A ) LTk R = A e Y, A SR
RSB E B A 2 INE TR B AR B TThRE, I 2 S R BT E AR
RIS R DR ME . AR IS BRI 95 5 T e k.

£ 5 DA AL E 2 AR AR 2 AN IR AN S 5, ARAIRSIIRER RS (5550 B8, RBIVERE 17 PR
FEINEE RN 4 Fros,  AEAS R 1 BE 2SR 25 7T DAAS 32 & PR ARz i Al 45 2R

Table 4. Estimation results of the lateral distance of optical fiber vibration signals

4 RARHIESHEEBEBAEERST

ZH P E/m FEA SR fti 54 {E/m Z#Im
100.0 500 105.9 5.9
80.0 500 755 -4.5
50.0 500 56.5 6.5
20.0 500 18.3 -1.7
10.0 500 7.9 -2.1

R IE ZZ BN A AME S, ARG T AU =22 (8] € AL O SER G SO <5 m), Jld 51
Z R AR RN AN A1, BEEhRE 100 K AN AE fE B it T iR i & R BEAR AR 0.3% LA o

5 IMNEERE

HF A FOCLAL SR, 05 KA E B FAFOR B FE SR ML, M HDer ik AT
—RIONIREN . A BCEY R BRSPS B A B E e s A . BRI
R AT SRR Al IRBI I 2 HERE AR, A R 0 5 =5 T AT AL vk S O S 5 A0l
WRFE . IEARENE TR, BE PR E R . RICRM A 2 I SR TR IE SO 52, SEBRM
RH, ZARG D> 80% L N T8 A, NEIE 2 Ania B R SEIN TS 5 R FOCRF, A
a5 et . KBRS, 2R G R AT SR A ST N OREF 98. 7% NR FHAF I HER 2, RHRR

DOI: 10.12677/jogt.2025.472029 260 AR IR T =R


https://doi.org/10.12677/jogt.2025.472029

HKEE, KA

Bk gt BMEIEIEAT 82%. AL X 735l THUIRSI(WFZHa ML BibL) 5818 B S sl 7 e 20+
AT R T 5

R 2> R TE 2 DG PUE T H BT X R S A 2O T AR DRI NI S R . MRS I BT
- R AUVETESE L, K 9195 A H, #E 11 EmIOLA IE RS . 2 ARG E LT
PRI, RIS 5 U T R A s R A e 4 1 — OB 2 AR IS, SR SREE B Bl I F B
TEE RS, ALAE S = RS2 i « 3T L B ih) S il e s RIE S S W 0L BRI il i 4 278 7 1Y)
L TE RS, 4t Al FNE, ARFEIRIRR, [N SEELRD R AR 0 AL o

TR A W TE 2 A AT T I AOR SRR QT 5 3w 0 R T IR LR, R AR R R

BRMTH G it Al FOES KB, JFIBR AL > FA P IE MBI 5, 3t PO R
Ko FIRy, HEEMER “ER7 KB, WEER “Farmp - Fhmn - FEHE" et
JSR S AR 2R

YRR DA RSN IR -, SINRIE . NARSE 2 SR REOR, S EER M.
R F (AT ) SR B T, R SR . e AHLSHE I L AR AL B2 R 2%

YRR SO RN E L N B B SRS . MRS SR MEIE, SO RN
FFEATIM G N A EE TLAME 34T I 5.

Table 5. Complementary analysis of multimodal data
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