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Study on the Location Method of Gas Leakage on Pipeline Based on a
Multi —channel Acoustic Emission Detection System

Xu Yuan, Xing Lanchang, Zhang Shuli

(College of Control Science and Engineering, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: To develop the pipeline gas— leakage location equipment based on the principle of acoustic emission detection, a pipeline
gas— leakage experimental apparatus with four channels was developed. Based on the measurement of the propagation velocity of
sound wave along the pipe wall, the gas—leakage detection experiment was carried out. Different gas—leakage locations were simu-
lated by changing the relative position of the acoustic emission sensors and the leakage hole on the pipe wall. The Wavelet de—noising
and moving average filtering approaches were adopted to process the sampled leakage signals, and the delay time between sensors was
calculated through the cross— correlation algorithm. Then a location algorithm based on the time differences between sensors for the
gas— leakage hole was proposed. It has been shown by the experimental results that the relative error of the location of the leakage
hole on the simulated pipeline is less than 4. 0% , and the positioning accuracy of the system to the leakage position meets the require-
ments of the industry standards and national standards. The accuracy of positioning can be further improved by optimizing the sam-
pling frequency of the acoustic emission signals, pipe material, pipe wall thickness and face area of the sensor.

Keywords: acoustic emission; gas leakage detection; location method; wavelet de—noising

0 gl%_ b A TE UM R A i T AR O A e R A A
b 4% H EL AR U o B, K pY B ] e,

T P DR SRS DN DR ) A O S I B AR B A T
R SRS I BE A% 2 A7 S I Bl AR I X R e Y i 6 T
W5 /A R R R s R AR S B R U
PERRCEE R IR/ 7 B RE S X I U A O/ R AT 4
b LT — R 51 R A 0 Y U oz 8 A TR 0 2 L

[l N AhE 2 I e AR I BIE S AR kg AT T
A IE R S R SHE S PSS HL Y. Sim DT TR T

1%5&)*’& J\jﬁﬁﬁ%%)ﬁﬁ%ﬁ/‘ﬁlﬁ_ 1 it O ,Xﬂt
SR R R Y 2 A B R M R B A O o Ay B S AR TR T
K IEE ﬁ%ﬁmﬁi i 7 A PR AT S I S A . XS T

S A HE:2020-01-17; {&E HH#H:2020 -02-19,

EL2WE:ERAREB ¥ 4T H (51306212 IR A A AE
2254 T H (ZR2019MEE09S) 5 v B 4 vl B 42 4 37 56 42 5 H (2018D R
—5007—0214) s IN 7R 44 T S 0F & 11 R0 350 H (2017GGX40109) 5 1 gt

1R AR HE AR B A 45 2 & 9% 4 05 H (16CX05021A) ,

EE R AR PR998 - B R FE AL BB, 8
VA ¥ 0411 Es % NS W E RS-l o R SR T

BINAEE P22 B (1983 -, B, (L ZR 1l g0 A, @l 2 3% A W 5%
AR, EEAF R AR S A shRE AP RS RKRRK
A5 2o M TR S KT B 5 0 vk L 2 4 B R A BOME A O vk A
J5 1l B B 5

PR SHHOR B A HLAT Tk I B R B 5 s M R T
R HORAE S 8 W rhos HT A T 58 B IOKSETER T
T Y T P R S R A B AR s VE SO X A R G AR A S
o A 3t G 00 P ) L SR WS HEAT TR . B BIE ST BT R
MR RGN ARG L N RS, BARIIREE &, TEhE
U, (HRATERI RS BPE . A . TP AR
O TS 52 2T AR ORI BR 1



%4 &

IR, AR T 20 AR R AR T AR G A A S AR R £ B N 5 TR TS < 37 -

ASORs A B S 19 2 T 0 USRS HR 1Y D T8 AR
A 2 G0 0 P T A A U TR A I 3 i T A S
Frorfr S AL BE . )R P 3 A9 s 0 5 3 S B T 0 itk O A3
F14 YR 0 E 37
1 ZEEFEZHENRESE

WA 1 22 3 P R S G I AR 4 BE % S B DY e G
RAHE S B 20 SE g R A L S T R IR S B SR T R S
R FIE . X WS 5 20 B S5 A B S SO BT B B A
G ROR BE A2 1 R AT AR . RGEAE I 1
e BRI AR AR B F S ORI B R A B A
U 0 S

it
‘ T
E|?'E| |

WA 5

R BB T#EbL

Bl 1 200 T8 P R S 0 2R 0 45 4 A T

R B R S B X R 5 R 5 5 1 R BT A 4 i
BN — 2, BTk R A S PXR15 w20 I 4R
5 R AHEEES . SRR 150 kHz, H 10 dB #5824 100
~400 kHz, R ik 67 dB, T/EREEE — 20~ +
70 °C A% IR P B i HE A T 2R 28 25 437 AR 0 400 X 4 9 T
ARFII /N KT 2

5 T RO S 14 Ty B A2 R AR 55 75 R S 15 5 0 41 ]
. TS EME . AR RGECR A B35 TR Y
PXPAG B Rc 5%, $RULTT [ #8819 20 dB, 40 dB, 60 dB
=R gs . HOUAEMARIE I 4~3. 4 MHz, f887E —30~
+T70°CIE N IEE TAE.

B RER P L K EF KM ETHRE, AR
4t & Fl PCIE— 1840 38 J ey 3 40405 2R AR 5 S5 20 0T DY 38 18 75 Kk
FHE SRS R AL, RSN Fk 125 MS/s, BA 16 i
A/D By e, WA EELIOV, 25V, £2
V, 1V, £0.2V, +0.1V J%FE, $IERE R REE
B SRR A S AN BT 5 S B0 i AR R A T

PR AN R G R I B 3L F LabVIEW - H 32
Ko SR FAASEH Ak RUEC A O AR S B AdE R A AL AR 1Y
B AL . BOR RARFIIRE. B A PR 4 S 5
S BN B INE SRR T IR R
2 HREERITSXRTR
2.1 EEEIET

LPRE R MAES LR E 2%, BB S = AT 4 14 K
N L1 T N o 1 N R (€ 1 o < I S ¥ v A

19— BEA A A N B AR T I R A 38 T 2 BT
WHRAER MR wrlﬂm ﬁ/%tl A

2 BB TR 2 1A

WU B B, P . K 60 em, AME 6 cm,
BEJE 2 mm; EEE EROPAESSAL SR, Wiw LA kA
W], EEALEEANRS om H SR IG & eItL,; R
F 8 AL A AR B B TR, A AR SE
BRESILES, EHAZENELTEEATLENS
N
2.2 XBSE
2.2.1 B RE T AT B R D

T TT TR A Y U S 6 i R 0 A 7R U AR N 1% 4 R
JEo X ARG MAITRS: £1. #£2. 3. #£4,
Hoep, #2 AfEB RGBS BB S8R RERHERE, #1
FAAE K A% B 25 5 8 75 5 Wk o & A 0 2% DPR300 119 & 5t
i KL RS VE B R O 1) [ E H A TR —
HZ, [PE 18 ecm, NORIEA A RCRNEZ R ICHZE 5
GREZ [ . T2 B DPR300 (1 T /E R R ik b &% 55
P, BEEBEH E 100 V., K DPR300 B 40 fik & 3% 11 5
R R AL AN 0 ol A B A M R, BB R AE Rk R FE
B2 A S fih 2 R A . DO il & M BIE R =5 V. SRR
24 100 MHz, RFESHCR 10 k,

2.2.2 BEHIEE RG-S

V7 R AR I e A R L, R R T
IR AL O B AL R R T, AL AL O SR, R AR
PR A 5 T REAR %

WA 2 s, DLk 50 B R Al bR 2 05 8 5 = 4k AR R
F. Bl 2 RBENTRAEEEDL, 83 584 1%
RIS X R RE 1, RFFE 1, 22K 543, 4%
LRI, PRUE T AL IR AT B B AN, % SR UL L
5 REHE T b R PR AR R O T 4 % e o L

HFMRAAESE L ECAEELEBh, Bl
L A G (e A O R Y B T D VA £ R Lo
SCEG PR T 3 R AL R R B B AR A BE IR L B Ak bR I 43
TR IR AG I SE G, AL IRAR AR S F R 1 R, 3 R Lk
il 5 o g K A% & [ B 4 ) 8 25.4 em, 33.3 cm
30.3 cm,



- 38 VRIS % 28 %
L RS A AL R A B AR BBEE
FoUWHRE | BoKEERE | B RR ;05 -
[ 51 AL A / cm R4 51 At b / cm 51 AL AR/ cm 0 :*:
(15,0,0) (18,0.0) (18,3.3) g . . . . , , ,
(15.6,0) (18.6.0) (18.3.—3) BRI LY R .
(—10,3,3) (—15,3,3) (—12,0,0) .. ' /{\i&i‘:l%'}ﬁ{%"% '
(—10,3,—3) (—15,3,—3) (—12,6,0) <
2
Wrl, 22, 23, BAEBRBAMSREEMO 1. ., o
2.3 MM . BCER AR 0 R R RE R 4 2 R VS R
B BUESRFESIAR 1 MHz, SRAEREL 800 k. J S /F. ) AN P HRHE R S
WA RLUR T R R, M R B 2
FHES GESR P RIFSRERRE. DIEARRSS 3 op
FZE TR R, EAMENRMEREN 1.2 MPalf gl
FELLVEC. LAATIFR T, 0TI 4 504 247 %t R

AR A5 AT R A A I R B S TR A O
PRAFI IG5 o i 003 i ) 22 3 18 Mk O 45 5 25 17 20 i A Ak
B, TE S U a2 R E Lk S B i U A g =
275 ) 35 2 A

3 MiRESLERZE

3.1 H#iRESER

TEARZ M . REFREBNE T T REA,
IR m R E B O R A S A AR
HAE 2~12 kHZ ™5 Wi 3 JEUA T 15 5 I S P op s . e
P R 5 I B, AR SR /0 B B A 25 MR D 9 i
{55 BEAT AL BE LI S 40 ] RS A H . 0N A 25 R g i
FETHIR D fE SR BEE A BN . B E 43
JERG ME S AT /N R 2 R E . RES—ZF
ZR PR, SR AT R B BB (AR B 3) (R 5 T
e XREE B R BOT /DN TR S A .

PR AN R 1R /0N 5 S 12 il J2 K2 77 A AN ) A Ak B 2R
G AN [ 09 /0N 3 000 il 2 B R S BEAT AR B, AR
X EE 0 A Ak B R R S B AT . WO 25 R SCR BT K 4
MR bR B A 5ot XREE ST, FRIL
SSRCT L BRSO R BT AR B E MR S S . XK
PR Haar /N3O0 15 5 2547 5 )2 20 fff BB A 200 410
PR Ry ik — 2D AR A T 0 R R PR R . X
23 /N L WA PRGBS AT T R R A B R
JET- T AL B RCR RS BV TR, WERHEL KA 0.1k
IRBCR Bt AR5 AL BG5S A0S E AP 3 s .
3.2 ESHEERK

O T O A P R S S A R AN R A
LA SCHE TR 5 I (] 22 B T 1l T LAty = 4 2 8] 0 5 3k
BRI T Y 7 AR A R R PR R AR S SR A DA G o A
TSRO AS 7R R A It DA T O 4 B ) 22 fE.
FEARPTIRIE . PP R G # 1. £ 2 R — B

3 f55 A BRI

FEAFIRAESUR £ FERAE BN Z 0T 3R 155 20

o Ry KEPTIE S TR S . M 56 06 4010 0 (L 9 X o

R A8 s B Ay 9 A S i A 00 0 e ] — it O £ R 2 1) B 40 A
RO AR R A A SRR WA S B I ) 22
ARIGER =1 5#2, #2 543, #3 5 #4 LA
SR AR B S T AR i T A5 5 AT A B, 45 B A L R
o A 00 28 ) — O 5 RO e IR 229 F 3% 2.
F 2 FERW AR

WS | 21,22 B0 /ps | 22,23 @M /ps | 23,54 EH/ps

— —2 1 —1
- —2 5 —1
= —1 12 —3

4 RBHERSTEITiE
41 FERMNEBERSN

I e S 6 R OR AR B AR S Z R R R ABCR . i
JE U5 ¥ I 20 W 5 X AR AR T AT R AR B, K 4 4
T # 2 AR AR B I 155 220 25 M Ak LS e 44 1) 1 it 7
W .

SR E R R # 1R 2= 2 KA [ fY [ A HE SR I A Sy
2.27 pss {55 H PPN %10 38. 61 ps, FZA A5 HH HAE
A RE S PR AL AR T [B] O 36. 34 s, 4 A P AR TR 22 18] 7 I
A B O AT B L P U BE R AR FR R BE O 4 953 m/s,
4.2 MRAEMERSN

LTI [R] 22 1 4 0 i O AL = 4E LB AN 5 TR,
DA s 2 Dt 3 7 s ) LA A b AR A P T . floE A RE
EUR S S priee ks P N PRl N i T el T DR A iU 2 A
e 1% B A2 Ao A T U i ) R O M TR A S R R AL R 2
A B . X (D 4T &R S e L 1) B s i 3



54 B PR, . BT ZmIE SRR AR SR A T AR IR 0 B A TR AT « 39
. 2 el 3 WAL (R
o oah e | gt i A xPRE | AR
) [ %1 B /cm B /em /cm /cm
o0y — (0,0,00 | (0.4,0.1,0.8) 0.9 3.5%
~
@ 0 - (0,0,0) (0.5,0.2,1.1) 1.2 3.6%
E ol = (0,0,0) (0.4,0.2,1. 1D 1.2 4.0%
0. 04} N
4.3 it
0. 06 s . e
23S A5 AR I, U AL B E A 45 SR A R R 22 i
OO o 20 30 10 50 60 70 80 90 100 KN 4.0% . Frlb bR JB/T 10764—2007" F1E Shrifi GB/ T

4 w2 R R 5 1A

Tiiks X2 5 T RELE P 7 AR bR R T Y A 18] 7 F
e FLE 3L sl () B,

5k U fL A

(yy — "+ (¢ fz)z)z

d,* = (x, — 2)* 4 (2r X arcsin
2r

(v, — )+ (z, fz)2>2

d," = (x, — x)" + (2r X arcsin
2r

(s — )+ (5 — 27,

di? = (xs — 2)? + (2r X arcsin )
2r

(yi =)'+ (2, — )7,

d,” = (x, — 2)* 4 (2r X arcsin )
2r

(1
X (D H, disdos dyy dy AR EL, 2, 83, £4
At R 5 M URS FL =2 0 10 75 b A A AL R R
(o 3yos )y (X35 y5s 25) M (s yis z0) I3 HNEEIN 4
A A AN I L 1) 25 TR) AR AR, 27 U A T 1Y 2R AR

(x1y yis 210

VA=, =30 < 2 << 30 (2)
d —d, =V X,
dy —dy =V Xty (3
d;—d, =V Xt

Q) i, VERERAERENAREL, 1o, 6 )
MERFLH 22, 22 5#3, #3524 LG UWEIF
— YU £ 19 1 D B 3k I i 22

AT 3 it U AL 15 A% AR 2 I BE g A 5L A BE A )
T M ALE AL A5 S A BRA B Y & AR
SRS 2 B B4 i O I ()T LT A B 3 B AL J A B 8T
T AL sl AL bn o 2R3 Z1 i T it e LA s ) AR AR L S B it
T FLAR AR LB R 22 o G v A G R 22 3 1 E {7 408 X R 2
55 85 1 SRR W 57 P fie KA et TR B Y LA SR A 3

33643 — 2017 JLE 74 A G 28 G 1) 5 A0 15 25 A o7 3o A
KA A TV BELAY 5. 006+ AT LAZ 3R G0 X it dh 07 88 14 o7 K 2
G A M o 9 R ] 0 o 11 5K

T AR R G E ARG . X iR 25 7 A e
o Hrin k-

D SREESR . FRGHE S B RBEIURIE T R G R
A3 B, i b P T8 LA R R, I SR R
TR AL R GUE ML HER

2) B S TR G e A BER SAS 3 51 A
SR % 2 5 B0 TR BE v A I o RE O A A
(L T L3 80 U5 14 e JL A 4 B A A A4 5

3) B . BT AN B A A i T A B R
2 mm, ENLIE BN T % PR O R AL B B AR R R

A) A I g i T 5 A R B TR fioh 1T AR . TR IR 0 28 ) 5 3L
T R A IRt i T 5 A E BE TR G L R R G R AR
AN RO ™ A 2 B, S BRI (R 5 5 S PR AR S Z A7
TR 22 . A AN i 1T B AR 5 8 B AR 2 LB/ I R
5 R (1 1 1 ARURE F T A TR i 1 v B Y L AR, 4R
WeE £ B T BLSR T
5 #HRiE

BT IT & T3k T DY 3 3 AR R S R I AR A R A T MR
UL UL S 36208 A DN 7 T A RE A 7% o R R b T g
A TE AR T A S . ST A T D B 2k R N 3 gl o 2
TP TT AT M 15 5 HEAT 1AL ER. SRS R LA SR B OR
IBCT A% AL ki 22 i) D B S IR TR] R N R] 22 4 T
LAY E L Ik . IR A R AR, iU L 0 E 1L 45 AT XS
DRI 4. 094+ 1% F G0 s 37 B #5155 J8E 5 AL A7l
LRI EP R AR (VL

T R R TR A S A I i B A A A T T
O O 9 ME T 5 . T B TR K AR S A SR R R
B L A T8 BE SN A i T T AR 48 O T AT 08 1K

@it

L1 vt . AR 00 AR T e B B 3 T B S [T,
A ARTFSE . 2019, 4 (16). 227 - 228.
(2] J#p 6. S0 8 W 3% 8255 & O 05 5 e LB R B e [



o 40 .

TR AL S

% 28 &

BARAL T, 2018, 38 (9). 184 -187.

(3] BR B, d M E. R G BORTE 8 M O Al b i i i [,
BET, 2017 (11): 67-70, 74.

4] 4 . BAEES R RN SOR RS (1], B
T#E, 2018 (5): 52-55, 108.

[5] Sim H Y, Ramli R, Saifizul A, et al. Detection and estimation
of valve leakage losses in reciprocating compressor using acoustic
emission technique [J]. Measurement, 2020, 152 1-15.

(6] A JB. XRFEHEBEMMS LS BRME AR [J]. BHE¥
i, 2017, 15 (18): 99, 101.

L7120k, EM Q. ™ &, S SRS MRS K55 m g
SEAL T (I AR R, 2016, 37 (9). 2068 - 2075.
(8] MESCA. [EJy & M i 75 & SR BeoR [I]. ek,

2016, 38 (3): 22-24.

90 & Z&. =8, 4 ™. %. FET LabVIEW B RZRTKE
Yo — P A R S B A W BT R L)L SRR R S
i, 2019, 27 (6): 124 -129.

[lo] xR, XRM, e, % 5 TR <8 B
MR & S A My [T WA 4EE, 2017, 36 (6): 683
—688.

[11] YuJ, Ding M, Meng F, et al. Acoustic emission source iden-
tification based on harmonic wavelet packet and support vector
machine [J]. Journal of Southeast University (English Edi-
tion), 2011, 27 (3): 300 -304.

(12] Z5E5, WM, sk o, 55 8848 < S 5 5
EEEOER [Cl. P EE BRI 2. 2009,

(18] ®. £ . 0 0§, SFREF/NBPLEHS RBF B LK~
RAHE SIS L] Al A T S5 22 A2 4l 2015, 28 (3D
80 - 85.

(147 Bt . b <8 8O 745 D 5 5 K 5 U SR BT R [D.
KK : HRACAMAKS, 2019.

[15] Seret A, Moussa C, Bernacki M, et al. Estimation of geomet-
rically necessary dislocation density from filtered EBSD data by
a local linear adaptation of smoothing splines [J]. Journal of
Applied Crystallography, 2019, 52 (3): 548 —=563.

[16] A5, H TP LAY CO, I Hif M7 it B0 A5 M 46 I 15 5 o7
WigE (D] dbmt: fedbdJr ks denn, 2017,

(171 2 i HEAREn. 75 & 5 B AR 7 i <08 S8 Tk O oA A 00 e i
AL PR A TARES i, 2014, 34 (12): 16.

(18] skMEAR. Tk, FHEM. 5. 3T &S HOR 0 E B
s (1. HRR=E224R, 2017, 29 (03): 86 -91.

(190 F2R . XUE, F£A08H, & LT EMD RN R T
S BRI E MRS ()], R E T oK (A ARE
R . 2017, 36 (4): 83 -88.

[20] JB/T 10764—2007, JEHIK I JE 4 o fifh W 75 & 5 o il B
PEH TR [S]. 2007,

[21] GB/T 33643 — 2017, JG i K . 75 & 5 Wt 9 4 0 Jr 2
[S]. 2017.

229,299,299,999,299,992,299,299,999,292,999,999,299, 999,999,999, 932,299,299,999,293,999,939,299, 993,299,999, 932,299, 999,999, 993,999,999, 999,992,999, 999, 999,293,999, 999, 932,999,299, 999, 292,999, 999,299, 993,99

(35 35 7D

S E 0k

[1] Qin S J. Survey on data— driven industrial process monitoring
and diagnosis [ J]. Annual Reviews in Control, 2012, 36
(2). 220 -234.

(2] /AN B M. 2 J0. T Uk T AN TTRR B 0 R SE A
LV R . 2015, 36 (5): 1193 —1200.

[3] Qin S J. Statistical process monitoring: basics and byond [J].
Journal of Chemometrics, 2003, 17. 480 -502.

[4] Kourti T, Lee J, Macgregor ] F. Experiences with industrial
applications of projection methods for multivariate statistical
process control [ J]. Computers &

1996, 20. S745 - S750.

chemical engineering,

[5] Dunia R, Qin S J. Subspace approach to multidimensional fault
identification and reconstruction [ J]. AIChE Journal, 1998,
44 (8). 1813 -1831.

[6] Alcala C F, Qin S J. Reconstruction — based contribution for
process monitoring [ J]. Automatica, 2009, 45 (7). 1593
-1600.

[7] Li G, Qin S J, Yuan T. Data— driven root cause diagnosis of
faults in process industries [J]. Chemometrics &. Intelligent
Laboratory Systems, 2016, 159: 1-11.

[8] Bauer M, Thornhill N F. A practical method for identifying the

propagation path of plant — wide disturbances [J]. Journal of
Process Control, 2008, 18 (7/8). 707 —719.

[9] Bauer M, Cox ] W, Caveness M H, et al. Finding the direction
of disturbance propagation in a chemical process using transfer
entropy [J]. IEEE Transactions on Control Systems Technolo-
gy, 2006, 15 (1): 12-21.

[10] Stanick M, Lehnertz K. Symbolic transfer entropy [J]. Phys-

ical Review Letters, 2008, 100 (15):. 158101.

[11] Chen H S, Zhao C, Yan Z, et al. Root cause diagnosis of oscil-
lation— type plant faults using nonlinear causality analysis []J].
IFAC—PapersOnLine, 2017, 50 (1). 13898 -13903.

[12] Rashidi B, Singh D' S, Zhao Q, Data—driven root— cause fault
diagnosis for multivariate non — linear processes [J]. Control
Engineering Practice, 2018, 70. 134 - 147.

[13] Breiman L. Random forests [ J]. Machine Learning, 2001,
45 (1): 5-32.

[14] FZ&RAE, & W, 2 st B¥IR 09 Tl Bl 112 W7 4
A M dest: BR2adi sk, 2011,

[15] Ding S, Zhang P, Ding E, et al. On the application of PCA
technique to fault diagnosis [J]. Tsinghua Science and Tech-
nology, 2010, 15 (2). 138 —144.

[16] Ricaker N L. Decentralized control of the tennessee eastman
challenge process [J]. Journal of Process Control, 1996, 6

(4): 205-221.



