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Research and Field Application Analysis of Intelligent Leakage Monitoring System for Special Liquid Pipelines

Zhang Jian

Hangzhou Shanxu Optoelectronics Co., Ltd. 310000

[ Abstract ]JTo address the safety hazards and environmental damage caused by leaks in special liquid pipelines, this study developed

an intelligent leakage monitoring system integrating acoustic wave sensing and machine learning. The system employs

distributed fiber-optic acoustic wave sensors to collect pipeline vibration signals, extracts characteristic parameters

through improved wavelet packet transform,

and constructs leakage identification models using random forest

algorithms. Field tests were conducted on a 20km corrosive medium pipeline in a chemical industrial park and a 15km

high-temperature crude oil pipeline in an oilfield, with varying leakage diameters and pressure conditions. Results

demonstrated that the system achieved a leakage identification accuracy of 98.7% and a positioning error below 1.2m. It

maintained stable performance under complex operating conditions, effectively overcoming the limitations of traditional

monitoring methods such as low sensitivity and high false alarm rates, thereby providing technical support for the safe

operation of special liquid pipelines.

[ Key words ] special liquid pipelines; intelligent leakage monitoring; acoustic wave sensing; field testing

1515

R VR LT Al BB AT A O ik
AR, R JE R IR mmmfm%#F@%ﬂM?L
55" HEERM TRERTHT, ZABRM . &iE
%% AWl SN ES 2R ﬁﬁm%@%ﬁ? meﬁ

o —HRAM, AMUE R E AT, b n] eS| Ak
W T IRETS Y B, U R A e N AR
PRI AEGEMEIN 7 (AN TT8AG: | TR el ) A me
Je MR OASER | SR TR N 2R AL BEE AL
REALAP YR T, R A SR i REUE | SRBT T IRIE SR
YESE (VL RE T AR RE MEINBE A o AN SCHE T 7 e A IR B S L2
R, WA R M R SE, Gl AR AR
TURFIR AR S0 1 BRI, Bl RGEAE PR T00 T (3217
PERE, SAREIRIR A S T e D SR T A B A2

34

2 EReEik Rl I R R

2.1 ARG ALY

RGRH IRAE A2 2R Z” TS
Wit £5)29hRea T BRI Sl . B)E RS i 2 ObEF
PG (DAS) 528488, IBERE Jy Som, #H
B, Hrh DAS fZRERAEIRECE N 20kHz, JE
T E AR ENE 0-6MPa, AHEEELL 0.1 91, SLINE
(555 2 MMHiﬁﬁéﬁﬁfﬁmT&ukﬂ%
LoRa JC&IB AU LT, DAKMEHIHSE 100Mbps, LoRa
AEFE RS <3km, WERIKMEES . & Al R R T oK
IR BN LA 2 B RS54, G MCHE
ARMCortex—A9 ZbFRES , A 1.2GHz, HLA& SR iAb 5
SEEINEE . = F G R GPU SR, L Fblass



.

ey

Modern Science and Technology Research IKXRIFE#Z £ 5% 5 12 H 2025 F

SIRERL ISR SR, R 2T & W A, Sk
(& INIVEL DATAINNE 4 €/ 2 R D e gt = A [ P
B/S BtE I, SR 24N,

2.2 BB A

2.2.1 AR S RAESE IR

FRARTRA A TE TR I, A I3 i RS 25 7 R R
PR, HAAEESETAE 100Hz-5kHz, S5EIEIERZ
AT SRS ( <50Hz ) FA7ERFE 225 . SRHTECHEAL/)N
WAL AR RAE BN P55 AT 40, FEHL db6 /NI KL R
B, EEOE N 4 )2, W 4 2B AR TERN, I
RERI . WREIN . IHEESE 12 MRS, WEbRGE S
RHIE 5

2.2.2 Bl 2 R U s

BIL 2% > T DRSS 78 56 F B AL AR PR 1 4 A% O
e, A 80 BRAMST PR RTE BUAE A, SRR f R
WEERE N 12 )2, i b 5 AR, i
PRI BEALIERL 709% 1956 0ES 5%, i AEHE A 12 4iky
MEZHG , Y92k A PR AL N AL AR A BRAE SR | AL A RE f (R
FH0.2s BHR B CHED) . EER T (R0E 1.5 fEEIE R,
UEEE (ZEHR 0.5s GeitIXIH] ) SFCHESEL, A Rk E A
—fkE 0-1 X H],

Bl x4 8. 2 Wl B ZRde SIAAE , YIZRaRik
Sk 1200 41 6 A FRIHEFLAE . D TOURE S FEAS, Tl
FEALT 300 4k B . BRI R 200 53R, wIbRF
AR 0.01, BSEMR 50 FEakAr ) IO ST AY
80%, [AIETFIA 0.001 [ ENIfL R BN Hl L5 o

SV PIEIE SR Il S W E U S f AN
LRI NAE 5 I 256MB LLPY, BRUCHEBRFERT A
it 0.3s; IR RELIEACH T, BRI A A
T 50 HHEAKSE, BIEISHE AL A 1GB, A&
fit ARMCortex—A9 AbHZS 1.2GHz £ 1705

2.2.3 {ittie R A

SENESER I I BIART ] 25 (TDOA ) 2548 18 75 il
BIERBRIBE, 05T A AOCEHL IR 15 5 R AR L
Wit o A IR B PR B 2 S 50m, 75 P bR A o HL
3200m/s, 4 100m FEBHEE 1 AN BT 5 B ket
SRR IAS S T IR AL B, 35 100Hz-5k Hz 71738 31§
i, A5 RFEEG 5L — 20k S0 s, i B G R %L
THAARAR A BRSO 5 5 AR TR] 22, FARDCH R RE 1
S 0.1s, BHBE N 0.85 DURERARIGS . A
PR 2% TO0 T HORGHERE , ABIESE S | NS TEIRE | M3
R, WEERAR SCBTEAE 1%, HJ1803) 0.5MPa
TR 0.3%, 5@ NIRRT B, & 50m 45
Rk LA RS, SRR T 8 vk, Hukit

SEREMAEHIAE 0.2 A, AL AR GUREPRIR BE I S5C2E0K

3 AR LA B

3.1 A5 I

TR0 R PP ALk B TR AR AR VR A i 6 A B A S . —
A S Al TGl DX JE A S, 4K 20km, 48 420mm,
PR 1.6m, #YZ50 A 4 A0 5EAR 1400mm 23k | 9 AR
FIE T, Bk A Tk 28% ik B R FRYA WL, 384Tl B #5 H
FE 22-30°C, TAEHESIIX[A] 0.6-2.2MPa. %5 —4b ki H
TEEE, KA 15km, 42 520mm, MK 2.1m, U7
6 AbihFEAR 1700mm MYk | 7 AR K 2 BEIE S
JE V1 2 L E AR AE 68-82°C, 154 TR J1 5 il 1.3-3.7MPa.
PIAL Y 7 55 7 SR S B Y, BRI 120, D
100m P9 G i A5 91 30 V5 B i FRL R T 4, AT e BB S
PR 2% T4

3.2 IR E

i HE R G0 AL 50 U L2, S R AR IR i T
B, DAS fBIERER DR By, S ENE<
0.5m, He )25 16 45 22 A0 T o B v IR SRS i, L
8 o MRHZER A T AR T2 Wl , LoRa ik
YEes FIAE =, SRR G e, 32 %I
SR ARG R A WIS | 27 5 IR 55 i B A el X s v
O, P LA 22 T W b AR S BN DA A% 3

3.3 iRk

RISk 30 K, B BT RSN S s
Horp, FEEEASMEAREE (AT 10 KX) w, A THERAE,
FE AR E (B EEER 10m, 500m . 1000m ) BEHE A
Tk A, SR AT AL ke BASHUAS R FLAE ( 1mm, 3mm
Smm, 8mm. 10mm) i, AR E RN S K,
ICE RGN R S E (R 2%

MEESZASMIRF B (7 20 K) o, BiliEwiatr, #
PSBR T8 T iyt 55t | S8 Ao Sz R ] i 20 ¥ S AR [
J£77 (0.8MPa, 1.5MPa, 2.5MPa. 3.5MPa) iy, [Ef
LA TE IR T IB T I 5, BIERGAER 2 TAL R 1Y
BT HERE T SRR,

4 AL S

4.1 FRASIAL R

I, RGO AN ] R ALAS AU ER 3 15 5E
RS RINE 1 PR, hR 1A, il L2 = 3mm
W, RGGRBIMERREAT] 99% L b, EiR%E< + 1.0m;

35



ey

Modern Science and Technology Research IKXRIFE#Z £ 5% 5 12 H 2025 F

UL N Tmm B, SRGERE R 95.2%, ENiRIEHN
+1.2m, FEJFEFE/NLEM A 5 I 5 0mE5E,
Gy B T, (RATy f TRR FER

4.2 MGG

A EL, EIELEAR R 1T 7T itk W 25
WM 2 FiR. RGTE4E T T BR BRI 57E

98% LA b, WRABIH 0.7%, ALPLIRIRIGA ., &Iz
PSR 3.5MPa i, A5 S om0, ZR G L A [ 4
A 2.1s, ENRZEFEHIFE £0.7m; 2EI1N 0.8MPa i,

R SZHTA] A 2.8s, RENGIRZEN + 1.0m, T BN Wi A5
WHEZR R R, 4B IR RS TR AR S . AR
T SEA X R G TR, R TR T T RE ).

F 1 ESMAESRGT
LA (mm) Wiy (v BUIBERREL (U) BUBIERRR (%) PEPENRZE (m)
1 5 476 95.2 +1.2
3 5 4.95 99.0 +0.8
5 5 5.00 100.0 +0.6
8 5 5.00 100.0 +0.5
10 5 5.00 100.0 + 0.4
#2 SRS
BT (MPa) MHERFLAE (mm) PUE (W) PUIRERHR (% ) SFIIMRIE] (s) PEPEMIRZE (m) BRUE ()
0.8 5 5 98.0 2.8 + 1.0 0
L5 5 5 98.6 2.5 +0.9 0
2.5 5 5 99.2 2.3 +0.8 0
3.5 5 5 99.5 2.1 +0.7 1
4.3 X LEIRGE BT 2, JCHkil IR A S G S I R
BARG G LGRS L . N TIAS AT X i

e, BEIR 10 AMAIRIIIR G 5, 5 =R H R B ]
PUIMER SR S e iR 2s, 455N 3 s,
3 ARy B e R

SERE] RGERR SEEENRE

a7k (min) (%) (m)
ENSEEAES S 0.045 9.7 08
(e avaliallS 0.115 723 +45

N Tk 90.0 685 +500

P T, AR R GE AR N T 1352 0 e g il ik 4
60%LA I, BN T A 460 95% LA b HLATREER, 51
HERARBAE G T AR T 25%-30% , B FiR22 A% 80% L) I,
PRI B M R GE B3 A% e e g Wl k32 He 3 %
AR BRI, e i Je B, LA LR IR . LA
TR 2 S 5 B e 5652, IR, D

P

(1B, A7,
RIEBENE, VFEH, Bol TR

190-192.
BIRE, XIBCC, AR, 5T
fE&E RIS akfeE, BAFEA: 197771, 5B,

36

SEIA], S Bl b A T R W AR AR SR BUIR S R T SIS S e
T M WD 55 R AR R

T TR R R
DU, FE51: HONSCE, 0. Wi,

5 éi:i/\

aale

18518

AR SCRIF R R SR R A2 T
WA RGP T TR ERE
WIS E N, IR LG REW . REAEFEN TS &
R B s, MR 25 98.7%, M L I [H]
<3s, MRS = 12m, BRI 0.7%, B R
SRPT T S SRR BRI 3 AE TR e W 5 vk
HRGA BRI T R R IR AR T8 /N FLAR M T PO 3 L AL
RHUE LR S I, N A A TR T AT SR 4
ARIRBE . RGBT BT R A R Ay R, TR
AN [ 2 TRk A T8 1) T T o, R T R A
HHERSH

B N R 4, mad e
SCEL T R R A B A v

I, 2025, 37(06 ); 104-112+128
AEALFHR I A E AR AAL TARMES B, 2025, 45 (18):

B RGMEAL BT B XL, 2025, (24): 1-3.
BURR: TREIM, #F5T)5In . Sesfoler .



