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Research on infrasound source location algorithm of gas pipeline leakage

Zhang Mei'  Zhang Shuangshuang' Yuan Hongyong® Fu Ming’

(1.School of Electrical and Information Engineering, Anhui University of Science and Technology, Huai’ nan 232001, China;
2.Hefei Institute for Public Safety Research, Tsinghua University, Hefei 320601, China)

Abstract: Aiming at the problem that the underground gas pipeline leakage positioning accuracy is not high, according to the
characteristic of infrasound waves generated with leakage points when gas pipeline leaks, an infrasound source location algorithm of gas
pipeline leakage is proposed. The algorithm builds positioning model, and the position of the leak point is obtained by the geometric
relationship between the sensor nodes and the leak point. Firstly, the infrasound wave signals generated by the gas pipeline leaks are
collected through a sensor array, and the signals are processed by wavelet denoising. Then the time delay between adjacent sensor nodes
is calculated by the generalized cross-correlation method, and finally the location of the leak point is calculated by combining the
geometric model of the leak location. The signal preprocessing part of the algorithm is simulated, and the simulation experiment of leak
location is carried out in the laboratory. The results show that the positioning error of the algorithm is within 1 m in the gas pipeline
leakage location, and it has high positioning accuracy.
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Fig.1 Four-point array infrasound source

localization calculation model
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Fig.2 Composition diagram of gas pipeline

leak location algorithm
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Fig.3 Generalized cross-correlation time delay estimation model
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Fig.9 Gas leak detection and positioning system schematic

ZRGEEH 4 DR PG R SR — LR
SN o B IR Y A 2 L R O AL R | Lora 38 £ 15
FFI RS B STM32F103 21 i, AR S 56 Hh (14 vk P I3 A%
PSR I 25 AL SR 28 CASI-DBF-2013, %4/ 4s B A
R e M T R4 T AR B Ak O R AR A, A
AT ARG A 0. 1~300 Hz, R&UE 150 mV/Pa, &K

BT TR MR K WG S, IR H e SRR
PR A5 2 0 5 I 5 2B il Lora 3l 1518

K LCD SRR M 800 B STM32F103 41, sk ik 4



192 - SRR R O

MBI B , I TR G A AL B, R B
AR S AL B BN B E R
4.2 LWERSHH

SRR, U I A B R SR LR L y BUE R
1.4, SAREE R %R R BUE N 8.314 5 J/mol - K, KA BE IR
JFidk M U A 28. 966 J/mol - K, KRB T R fL IR A% 50
ARG LR

SR A I A R SR SR 4 R R T A R D
W5 3 AT A, He AR AR R (20,10) (40,20) (60,
30) o WARREAS Y M S AFRR Z M Y BE RS o, W) 4 %
ST S AR R (ay a) (=a, a) [(-a, —a) (a,
-a),

1) B e [ 25 AR 1 S 55

KT AL B T A ) 4 ) ] A el S Y58 A7 A
BERY I, 3% B Se b4 T 3F TPSN [ 4 [R] 45 A 7k

TEHUE AR 1 A G AR Z R AR @ 2 1 m,
FIFEARAR R (40,20) A HR 1T, X HL 147 itk U i 8 07 o X
LA A% S s S A D 0 AL A D o e [ 2 79
FE LT AT 2 RS, SRR 2 SN & 10 Fis .

22

. %
- 20 (2 (3 0 x
S| R e
x R E) 25 1 5 oL
0 2RIl F] 5 1 AL

37 38 39 40 41 42 43
x/m

P10 Al ] A5 B0k ) S 0 o 2 2R

Fig.10  Experimental positioning results for

clock synchronization algorithm

Hi& 10 AT & Y, {8 FH 3% T TPSN iy i b ] 45 5
Jei o R R A SRS B P R 15% 224 o Xt E T O
ST R A7 2 Y 52 SR8 18] 14 B A8 2 5 11, A% SRR 225 [0 B[]
[Fi) A5 22 /)N S SRS 5, S o 5 B e

2) /S [ i A 0 A7 S 56

M T a BYHBUE BB I 4E , B0 E (AR AR X L
IYBIAE @ B 0.5, 1, 1.5 m iF b &4 i e o5 0E 47 2 K

G3RIETHF 3 A1 T A T4 T8 e A 4D S g, L S
SERAE 11 fiR,

PR 1L AT H ik e Y50 2 G 0 3 4 e , o7 1%
FZEBA HTRZEHAE 1 m LA 5 1071 SR 3 i ) 1 B g ok
Kad/IN IRZERB LA, M BE B o BT m AP 2255/,
BRI R a K P AE 15 2555 A 1) B R 22 80/ 5 Tl 5 —
T, 28 a KRR A B 7 A4 B 2R AT 0 A )
R PRI RRARR A o B ) PO SR 38, BRI IS, BT LA @ A

9534 4%
11
¢ a=1.5m
10 % a=lm igo@
- 0 a=0.5m 5 Q*ﬁ %
S| A

8 1 Il 1 Il 1 J
18.0 18.5 19.0 19.5 20.0 20.5 21.0
x/m
(a) 2BHR(20,10) IR RUE LSS R

(a) Leak point positioning result of coordinates (20, 10)

21
2 a=0.5m
*a=1m X b %
20F 4 a=15m ﬁ**g
£ | MR o
9
18 1 1 1 1 1 ]
38.0 385 39.0 39.5 40.0 40.5 41.0
x/m
(b) A8%7(40,20) FTHEIRE RUERLEE R
(b) Leak point positioning result of coordinates (40, 20)
31
+a=1.5m
% a=lm N § Y
309 a=05m . ¥
g ey u X %
E | RA AL
29

1 1 L 1 1 |

28
58.0 585 59.0 59.5 60.0 60.5 61.0

Xx/m
(c) AEHR(60,30) VR A1 5 7
(¢) Leak point positioning result of coordinates (60, 30)
e 11 R [ o O A S0 4
Fig.11

leak points at different locations

Experimental positioning results for

HARK ., BB B, a B 1 m il A, 2
ERN

5 &

R YO R SR it T 2R AT ORE A A, AR SCHR
— b TR AR B ) A R IR E A Rk R
U 54 ) ) A SRS SR 4 M T BSF ) 7 82, 0o SR 4 B R
WA 0 S EAT /N 2 W SR L) SCH A O 3 SR
FES AT, Fie i 25 5 it U 00 L] 7 5 2R A 3] il TR
et o

XTI et 397 W 7 14 U 7P 004 2 R AT /0N D 2% e vy
5 BRI TR PR, BT/ N B AR Y 25 e
BORARGS s X ) ARSI T 705 5, D A5 R U™
SCHARSIE SR NSNS A0 B AR i o e A S 0 % A AR
ST T ARSI, S0 45 2R R WAL A Y A ]
AT R RI 0 5, ROR BE AT LAt 24 i 5 () A% S 1 91
I O RSO , 07 1R 2 BOR (H R 22 A I 1 m,

SRE YA ST B A T L X AR A T e A TR
TEANL o



AR A T s P R (O B IR ST - 193 -

53 1)
S 3Lk
U1 ] Zta, R, o i, A5 i T A 0 i s sl 5

(2]

[3]

[4]

[5]

[6]

(7]

[8]

VSIS IR A I B R 255k [T ] 3 2% X 3 % 4k, 2016,
37(8) :1747-1760.

LI J, CHEN SH L, HUANG X J, et al. Review of
leakage monitoring and quasi real-time  detection
technologies for long gas & oil pipelines [ J]. Chinese
Journal of Scientific 2016, 37 (8):
1747-1760.

IR, It , T e R 3 A8 1 Sl DR G A B o3 265
EWTFELT ] P 2 A2 41, 2013,23(7) :109-115.
DI Y, SHUAI J, WANG X L. Study on methods for
classifying oil and gas pipeline incidents [ J]. China
Safety Science Journal, 2013,23(7) :109-115.

TIAN C H, YAN J C, HUANG J, et al. Negative

Instrument ,

pressure wave based pipeline leak detection; challenges
and algorithms [ C]. TEEE International Conference on
Service Operations and Logistics, and Informatics, 2012,
372-376.

HOU Q, REN L, JIAO W, et al. An improved negative
pressure wave method for natural gas pipeline leak
location using FBG based strain sensor and wavelet
transform [ J]. Mathematical Problems in Engineering,
2013(3): 1-8.

FIE, Tk, (54, 45 5T 2 R A S R B
iR [T] AL A 5 MR 5, 2015,34(5)
115-118.

WANG ZH, WANG H CH, FU L, et al. Pipeline
detection method based on multiple-pressure sensor and
negative pressure wave[ J]. Transducer and Microsystem
Technologies,2015,34(5) :115-118.

5K I8 Ja A T A 3OG £ A T 1) A O M 0 1K
WFFEL I ] KRG B AR EH,2016,14(3) < 1-6.
ZHANG X W. Experimental research on pipeline leakage
monitoring based on distributed optical fiber sensor[ J].
Journal of Water Resources and  Architectural
Engineering, 2016, 14(3): 1-6.

e, MG, A, A AR A T M T RS 7R R
WpAE ar 77 i [ ] AL AR AL R 24 4z, 2016, 37 (9) -
1972-1979.

LISH Y, WANG P F, YAN D, et al. Leak location in gas
pipelines by time-frequency analysis of modal acoustic
emission using smooth pseudo Wigner-Ville distribution[ J].
Chinese Journal of Scientific Instrument, 2016, 37(9) .
1972-1979.

P, 5, AR, A A T R A T R

(9]

[10]

[11]

(12]

[13]

[14]

[15]

ARSI E L[ T ] AL AR AR 42, 2017, 38(4)
969-976.

YANG L L, XIEH F, LI SH Y, et al. Leak location in
gas pipelines by extraction of single non-dispersive mode
from leakage-induced acoustic emission signal [ J].
Chinese Journal of Scientific Instrument, 2017, 38(4) .
969-976.

MENG L, LI' Y, WANG W, et al. Experimental study on
leak detection and location for gas pipeline based on
acoustic method [ J].Journal of Loss Prevention in the
Process Industries, 2012, 25(1) :90-102.

XIS, ZREAL, o, S5 LT LB [ 50 A s A AL
EAGRTE LT 7 I A S A SR 7 ik, 2017, 31 (4)
617-622.

LIU B, LUAN ZH Q, MA CH, et al. Fault sound sources
position estimation based on L array method [ J]. Journal
of Electronic Measurement and Instrumentation, 2017,
31(4): 617-622.

NS BEIRTT, R, 4. 22 0 P A% AR R Al i
BERTTEERBEFE [ 1] 70 i 5 (X AR 2= 41, 2016,
30(3) .416-422.

SUNY T, CAI ZH J, CHENG M, et al. Research on
partial discharge source localization method of multi-
ultrasonic-sensor| J |. Journal of Electronic Measurement
and Instrumentation, 2016, 30(3) : 416-422.

MDA, T, BESE. = PR e Ak ) )AL
5Tl K224 ,2017,43(6) : 819-825.

YANG Q SH, DING H L, XIA Y Q. Estimation method
of three-point subsequence sound source location [ J].
Journal of Beijing Polytechnic University, 2017, 43(6) ;
819-825.

TR, BRIEASE , AL [ 4R U5 E A TR TE SR 7
By R )] ST HL T AR S 0 , 2017, 53(11)
265-270.

GUO SH X, ZHANG ZH M, DU J G. Application of
vibration source localization technology in the protection
of cultural heritage sites[ J]. Computer Engineering and
Applications, 2017, 53(11) ; 265-270.
G, AL, . FETOK T AL AR S M 2% 2
RS B A G 0 B bR 2 A [T]. 75 b Tl K222 4k,
2017, 35(6) ;: 1020-1025.

JIN L L, LIANG H, MA Y. Target location based on
multimodal information fusion for underwater wireless
sensor array networks [ J ]. Journal of Northwestern
Polytechnical University, 2017, 35(6) : 1020-1025.

b U, T 2 . XU JRE U 52 /N e i 1 1
A TR [ )] A8 Tl K2E 44 ( HARBHERR)



- 194 -

SRR R O %34 %

[16]

2018, 4(7) :995-1001.

DU Y F, WANG ] J. Diagnostic signal denoising of
double-density double-tree complex wavelet domain
statistical model [ J ]. Journal of Hefei University of
Technology ( Natural Science) ,2018,4(7) :995-1001.
TR 68, X B , Wk T A 6 T O I B Ay 3+ 1 75 9 oL
R[] MR 2 2 4 (B 22 AR , 2018, 56 (3)
681-687.

CHENG F X, LIU W, YAO Q H. A sound source
localization algorithm based on improved time delay
estimation [ J]. Journal of Jilin University; Sci Ed,

2018, 56(3) : 681-687.

fEEE N

S, J51E 2002 41 2005 45T LB
PTG 2 S 2o, I 22
OB T B 2 A A2 F 0, F2 BT
7 1 A e AR SRS AR B
E-mail . 149660072@ qq.com

Zhang Mei received her B. Sc. and M.
Sc. from Anhui University of Science and Technology in 2002 and
2005, respectively. Now she is an associate professor and M. Sc.
supervisor at Anhui University of Science and Technology. Her
main research interests include intelligent control, information

acquisition and processing.



