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A two-step leakage location method for gas pipelines based on linear array

Zheng Xiaoliang' , Wang Qiang', Xue Sheng’

(1. School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, China;
2. School of Energy and Safety Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: To improve the accuracy and antijamming capability of the gas pipeline leakage location, a two-step method based on cross-
spectral beamforming with exclusion of auto-spectral is proposed by using linear array. A series of tests are implemented to analyze the
performance of leakage location and velocity estimation for M-element (M =3, 5, 7) arrays and the subarrays. The different antijamming
capability among those three arrays are discussed. Experimental results show that the 4 kHz component of leakage signal is less
influenced by multipath and its velocity is in the range of 1 600 m/s ~1 700 m/s. Compared with the 2-element and 4-element
subarrays, the 6-element subarray has better velocity estimation stability and antijamming capability. Location accuracy and antijamming
capability of the 7-element array are also better. When the interference is small, mean errors of location results at multiple leakage
positions are less than 1% by utilizing 7-element array. Under the SNR of —15 dB, mean errors of 7-element array are remained less than
2% . Furthermore, location cannot be completed by using the existing acoustic method that is based on generalized cross correlation
analysis under noise condition. This study applies the array technique on pipeline leakage location and the performance of location
method is enhanced.

Keywords : pipeline leakage; beamforming; linear array; velocity estimation; two-step location

FHN S P Ik I i ) P AR i ) 2 SR 2 R 4 i
W7 AR T IR T BRI 25 ) 45 4 1% R A8 1 [R] B RLE 5
TG R R R, Bl ke O . B T I

e TE M Gk L USR8 . ki OO AT 2 B 2, S R R A 1) SER A R
DA AR LA B RS I S5 R A B T B RE S S0 2% %% B AT S TS R, AN TR B — 25

0 35

T

Wk H 391 .2020-04-20 Received Date; 2020-04-20
* BT H = E K E SRR & R A IR 2205 RIS P H R 7 (2018 YFF0301000) |1 AR 2445 B A 3422 4 AR 5% e e 1 AR ol 2R
FB(2017K001) 351 H ¥ B



172 %A R % M

a1k

ZIEM AT R AL F S PERERY 2y 52) BSR4 TE
852 7% HLAE AR BTAL T i s RS | FH B0 i i
BRI 15 5 IR AN Pk SR i 7 AR R 25 . iR
LRI, Gao 45 BFFFE T FH S b i /K 4 3 Y O D 7
HYH.AH OC bR B, 45 R 3R B P 18 AH T 28 4 ((smoothed
coherence transform, SCOT) MU 11 %% & & LK & 18
RS 7E 07 3 Brennan %517 255 Y T40 A1 X 7K A 1 i
LI Py B 00 A B A 0, TR SRR B P s S it
ST B A E A R ) 22 TP AR T Liu 25
AL T T RS SR R SR IO R R R 52, DR LA
PP PO R T BE 7 5 Li 2550 $ Y — ol i 1 A0
S Rz E |07 G B2 N RN R S - N 1]
S E MRS 5 A B Al TR

PUA P — e B T XU S i AT A B A T R e
A7, BRIZ J5 ¥ AT B ORE T 2 0 2R Pk R A1) Y B0 3k 2
(time difference of arrival, TDOA) it s A5 I8 & {7 5
VN AR TEET TDOA M5 W A ik, A R
AT R O kT B SR R BT
PERE s, o HEERIE A T R A s A5 5 A G
FEBEAAS TR IR B, BE b AT SCE A BER A T (R 8R
E AN]SR A R 3 T e AN S S O
BB ROE B A0 45 1 3 0 38 ST BN R RO
Bo S I O 5 AN HL 3 I R 5, SR T H S
B, FHAICR A2 BT X {5 PSR AR A 2R AL
TN B DASE I & 1) T 2R AT [ 2 i R AL, DLt T
W R VRS R A S IR  W RO i, B A S Y
ERVESE Y 2 RGO R NEROIE S 3 S A K|
HIAFHICE P | BAT — & AT s TR

S5 L RTIR O T ik S S R AR AT R 1 S LR 22
[Fi) P i oy 7 9 125 AR T A0 RE 0 O LAk — 20 42 1 22 oK
JE AR SCHR T 2 MR R 2 R B ) 38 3 D RO i Y A I
WP EN i, R TR TEE — w2 M ME
A T ORI 15 5 0, s B
T 3R 32 0 g — i P 2 2% A SR e A 0 TR 3R 12 5 i 114
WAL, RIAT 58 UE {7

1 FiEittiwELRE

1.1 EIfEERRFMEE

TEFESIE 54k B AR T 0 RO B AT A 2 S0 0
ISR T7 1A, JHE S TR X B G AT AT 32k 81 48
SRS A TR S B R RO i i
S M) 7 FEAT B DO AL, 5 AR T5 1) 5 92 P
(REvALERE I RN s N THEL E THH DS O
TR T 1 RV T SE e AL, A M ITFES A B, B ST inA
RN TR A

1 M
B(r.w)= Y p.(w) - exp( - jor,) (1)

X p (0) TAREEITCm (=1, 2, - M) FrERGESH
WL 7, NI m (55X TS H T ERT 7 =
(7., 7y, =7y ] RHEERE R exp( - joT,) AEITLmIE
SRERT R 6 A R BT R T A

1 M )
V(irw)= |B(r,w)[" = ﬁz C,. ~expljo(r, -7,)]
mun=1

(2)
K. C,, AEITEm A (=1, 2, M) BfES5HED)
il KB

C, =p. (@) plw) (3)

M m=n i, C,, BRI BEICH 1 A D)%
Tk, KB AT R A AR M S T, v AR
BBk F 3% 0 B3Rk O i A
Y e ewljo(r, -0 ] (4)

FURER B 1% 09 55 32955 0 AO8 i H eR Y (7,
w ) T AT I 9 928 5] ] £ 7, BRIY Ry SEBR 38 38 T [ JOT 6t g
HERRF [T 24451 S8 W I 1O 30 L A0 A [ it 7 1
{5 V5 AT A7 B SO 5- I e
1.2 ETFLEEIINMTEMRE

SEBRI AT XA, 20 ER A e B R A
RUPLRE , — YL B 50 ] XL R 5] T 7 B4k A URAR X
SN TN R E S S A WA ESIKES TR in
S BVl H M T P 91 I 31 A
B 1 R M JeEPE SIS T i oA, Herp BT 1
(o TR LA | W7 2 ~ M TR LA

: L
RETT1 HHRTL BT | T

Vit,w) =

k-2

: g g Mg Pk &FTB-M%

d d €Ty
L

j-1

1 M TS B M TT o AR

Fig. 1  Array element distributions of M-element linear array
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Fig.2 Experimental platform for pipeline leakage location

r®
K%

— AT R, REFEE N R S5 R, B
At L A IR 1A B L R R M A B B R S
AF HEATR FO SR, RSB R S LE AT 2 A Ak
B8 B0 LA A e 37

3 ttiRESEEMIT

3.1 FESBE—EESERK

B i PR E R BE AR5 AT M—1 JC 1 FEX)
M5 5 oA PEAT HET AT, TR VLRI R,
B A R TR AR U i 7 AR B R Bl (7 ) 1R SR 2 R
AR 2 T R A TR (O BE A S5 28 A o A
1) E AR SSRGSk AR B 2115
S R A RS B B AR T R AL K
TR EEOR AR BSARAS 5 ROARAE , 70 S 7EAE I AP EE R 25 S
IR EEM RS, PR A R SE 5] 3 B
P 1 T A TE MR B L 1.5 m Ab A AR 2
(B TEEES L 1.5 m ARAYSER B 4 s P A
TS, P 4 (a) WA 1, 4 (b) XA KL 2,

b T e

i 2
\*

K3 ZAfE S XA RS

Fig. 3  Sensor positions for multipath signal comparison
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Fig. 6 Location distributions of beamforming output under multiple SNRs
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