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Leakage Location of the Urban Underground Natural Gas Pipeline
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Abstract : Rapidly development of the natural gas pipeline and its dangerous leakage, especially those buried
under cities, it is necessary to find and locate the leakage timely and exactly. This paper applied phase
difference between cross bispectrum and auto bispectrum which derived from direct method to locate leak-
age of the underground pipeline. In order to get the true phase difference, least-square bispectrum phase
unwrapping algorithm form from the modulo 2z bispectrum phase was involved, Tow piezoelectric accele-
rometers and 40 m coating steel pipe were used in course of practice, Plentiful experiments verified practi-
cality and validity. Experimental results show that the location errors less than 2 m at 30 m of detecting
distance,

Key words: cross bispectrum; underground gas pipeline; leakage location; bispectrum phase unwrapping
EEACC:7230;7210B

ST T A R R BT

i% ifk‘"}‘i%* 9&%%9%%*!‘
(RERFEBENRESNSEEREALRSE, X1 300072)

A E: i TRmRIE N RREERE  TEA AR AT BN A RO R A R RSN, REE
XU RE A B, 4 XU LR T 1T o B AR 0 0 ot T 0 58 161 58 5 L e 8 B B SN | AU A8 T8, it HHE B
BIRUEEIHAL, O T 5 B B IE RO, XTI HEAT T #8528 B8R/ “RE L MBS, BIF B I E I
EHXBREA 2B BRSO E, BT R BBV ERIER THEFENE . LRERRA ZHERLAT
ST o R Y R L, ZE R TUBE R 30 m R T B AL XTIRE AT 2 m,

KRB T TRIEF; MREN SRS

fE 42 . TESS; TP212. 9 NEIRIAE A EF RS :1004-1699(2008)12-2084-04

BEE ARG, B SRR KR
SEEAMEZINEZRER. ERRRE
REETFRENEEREMZ CERRE. XRAKH
HBRATHHBE BER. ATHXRE XIS
BIAERAPRT  MORBERRET M TRIE
M. BRIRERBRH B TRIENOHRELR
F. RRSERMAETAODOERKRS T, XA
KXAEGR GRERR, —BRERE, RES
BRERNEFHE, EEERARGT-FE,
RAKKMRABK A MR IR 208, RAR
B TUBIE AR A AU UR R E H AT R SR
WA, RAEMBIXT IR R E L., B, BEFERTH

oA B §A - 2008-08-04 %2 B #3 : 2008-09-20

itk AL F BB LT .

BT M BNEHEXR—FERNEMT
B, WESHREMEXEGENAEXREEMHXE
(I BAZR, B FSAREXPARIE, RAEM
KEMSMEREMARER, REFHEREN. %
F— i FROERNTGES , RALTHEN RAEHE
IS E XU #EAT 2 O, WA FE LR A

1 EXNEEMFE

B THSRIEEE NI EERES, —BEE
RAEWAR SR E 7775 895 P9 18 EE SR 1 B 41 0k
B, BT | R EREARS, BT ER M. it



128

B R EIXAF RFATRAECAERTLAL 2085

e 7 A B AR 3l 9 RE 16 PSS 4R Mt R O TR
SRR SR AR R W A 3, T HIT R M
PR AT . A R AR B
KRR ZMRE S A, X B R Rtk G
SRR

TE— B A 0 & B 18 P 0 B S R s A
IR B L iltle m S8 1 EER

H Ly it R B AR AR 2 BRSO L, N 1 BT,
fEB2%1 15 2%2
n - r
EN) L
L

[ ]

Bl #»REHLRER

RIS | BRBINESH o (n) (2R 2 8

WRBIMESH () ERFZBAHFEE.
x1(n) = s(n) +w (n)

{Ig(ﬂ) = a15(n—M) +w; (n)
it*:lh ﬁﬂt?#ﬁéﬁﬁﬁlﬁ?,M j]gﬁiwl w2
AR RHERS.

HEIEELH:

400 oo
Bio(furf) = 2, 2 E(mi(n+7) X

r=—cos==—0c0

1 (n+ )22 (1)) X expl— 72 frr + f5)] (¢))

RAESREES, ME(f f) FENEE
PIRIIHRE : fr + fo = 05 fro — fo = O, B RAFSAZR
R 3B< fo(BRESHHR), MEXE B, ¥ E
EXEREY:. T, U T,

= {furfa:0< fu < 2, 0< fo < fu)

(¢))

T, = {fm,fnsoéfmS%,—fmenSO}
HR(2) P 2. (n) B () L8, TR 2] B D%
By (fmsfado

BERH RREESLEER, hA D) 7JF.

Buz(fm ,f,.) = Blll(fmyfn)exp[_jzﬂfm-f—nM]
BEE S BRERE R
Bio (s £2) =1 Buz(fms f) | expl—jb112(frms f)]
Byt (foms fu) = | Bii (foms fo) l eXp[_j¢111(fm,fn)J
WJM— ¢112(fm9fn ¢lll(fmv.ﬁ:) (3)

27f etn
ERERN fo FSUEBTELHEEEERN v,
)

% = Lz —Ll
R2Z18:

{L = L1 +Lz

1 My
= 7<L+f—>
1 — —
L=5( 7, My,
2 TEREHM
2.1 Mg BAXMEIT
Wi MG A TR g HiE s, =%
WREH RS, AXPRAEEESS
HXE R EREMMAET RESHELRERN N,
KBESHN B, BB K AT, H#HBLEK =
o(VN),— B K ~ /N, 3G EHiE A %A
BIRGEMR T, AR G) HTTH, BRI B LK
fhit.
B(fnsfa) = —EB(f,,.,f ) (5)

i=]

KA B (frrn) W | BEERSGEHIHE.

AL TR "R A

$112 (Fm» f) = arctan(I(Bu2)/R(By2))  (6)
K [(Buig) »R(Buyp) 43 B 9 T XU 5 4 0 52 35
FEE.

FIFEEI B3] by (Fos £2) o

HBA3) JBREE M MEIHE. A THEE
MM EROMAIT R, THTRXNEER M Jdis
T4

M= 4A%VTZU}T M(fosfu) )

J_’J:'*’AN—R

2.2 WiktHEBRES

B 8 2.1 SR AT RT S R P EL W AR %
R S AT AR T X PR S AR AL 2 T E R
BEEE M, BRAREERPY R THA, EABA
AL ERRE. GRAKX G FERHELMT
B, D EFFAE R AL 4 58, & AR 18 B B ME TR O SE R A
T AU AR AT RS

BXUE@E @ B ST A, IUE A
i B SRIGSHAL FETRXR:

4

ﬂi.j = ¢i +¢,' _'¢i+j

XF T U T: BABXE, B TR
Bi —B~1.i1 — P+ P =0

¥ EAXEREBEEN

@ =0

E18 B = i+ 2k (B, FBLAGHHLD
WA
C(B+2kn) =0



2086 # A H K #F # 2008 #
a =L HEATALIE A BB AN 3 B
2r s ﬂi{%!ﬁ?ﬂl'}mm%‘iﬂﬂﬁ?ﬂt
WA GBI RBUERE k B/ SRR )
T A SR DU % ...W
Bii = Bij + 2kiim ﬁ
30 0.65 O.II 0..I5 0.l2 0.25

EXERE  BEIGE K E ST A, Wi A
pr B2 SHfs S0 ¢ # FETRER:

B}l,z = 95} +¢,1' —'/’Zi-)—;'

*F T U T, ARS8

Bii — Bujn —Bui— B T Bt B =0

] B8 B UK R B LM AR 8 RBUERE K,
M 15 B 485 B XUGEARNL . = § + 2n%,

3 TRRHESH

3.1 MeEgtRErTERE

BELREHRALRG EXLAET N ZRE
ARG 40 m BLR, BEEM B AER 2. Sinch 5§
8HNE.

SEI PSR R B N 15 R AR VE AR (5 S 1Y
BRI AR ERS ST REERE—R,
feRE8 5RIFRABTERM T, A 2 iR, %
B AR 7 R RO, 25 0B B TR ST
T —MEER KR 5 mm FRHISNT, BB EHE
K AERER 55 EZ R LARR S MOBHE T, LAR/NM R
AR, AT EIFNBERE, RIS,
GRS 2 R HERET,

B2 #AEBHZE

BB ARG DA NI—9215A R &, £ A%
BB KRS, MBI EI R B, ST R HABMHE
3.2 TEREELE

EESATEE R 0. 01~0. 25 MPa, it IR L2 H
L5 mm &HT, BHMERBZEANER, B3R
FEE AREADWHRES . BRERRER
%K fo=100 000 Hz,

KH 1 PRSI 8 m, IR R AL F RIS
REFIEP (L WEXEN Li=4 m), EJH 0. 25
MPa K K 2B | 0. 01 MPa, £ K % 0. 01
MPa. Xt 1% a8 B BB (5 Bk M E K & (3

EH/MPa
FEALRR 2R 1 A amir itk i o AR 2

05 1
0
-0.5F 1

-1

—

FEPLIR 2 /m

. A ; R
0 005 01 015 02 025
& JiMPa

B3 AEABMESmOT

L2 FIEREBEEN 15 m, K AESR

21%9.5mL,=9.5m), HMRELR1, &
LRMAE 4 PR,

2 Eﬁié‘!%%l %J?.Smﬂ?iﬁriﬁ;;‘i AL

11}

10}

9}

SE 7 7 #/m

8005 0.1 045 02 025
K JiMPa

ZiAG I 8% 1259, Smiyil i 4B AR E

P
005 01 015 03 025
K J)MPa
B4 AHEASHEILmEEA
T3 PR 28. 6 m, IR SBEME

B 1% 1.6 m(L,=11.6 m), HMFEL®K 1.

ENEFRIE S5 .
BAL A% 212 11.6mit it B i 5E Br

BT FE/m
D e S e

14

E 13} 1
%

] |
£}

Ficd X

"~505 o1 015 02 025

HA/MPa
FEf 5 8810011 6m Ky ik 2 73R 22

Y I —

SEDLIR % m
o
(=2 S

055005 01 015 02 025
a

BS5 HEABMARK 28 6meEH
B ER =40 RAEEE R A R A EXUE
YEd B AL F Bt , BB 5 YR LU B T e R (iR 2 R




128

B, IEAF RTATRAETRARBZLML 2087

EFt. ## Melvin J. Hinich FR SR, EMH
FERWSEREH=ZRE , XEHREEFR LK
BREAT , EXGEHELFERE G FE 4~
B 6 %, S B s A R BE B A A L) s ZEfR R L
BIKMER T EOEERE N TE 4~FE 6
FE A6 R BE B K AR

HTHERGEREEALTHENEE, NRE
REFERKEHTHEREMER, R EHRRR
BRE ., 57— E AU R R 7 2 k3 XY
R AAEER. AFKITESLEERTTH, K
HAAR TREMGITENEE. BHEREAR
BN SR A0 B A B TR & UL R BOE K . R
ME LSRR BT, — 0 LR PR T R EASE
R, B RIRE A EMEE.

4 Fig

A 30K B SR A TR TR <ERME
T RENL, KR E T ARBER AR RS TRt
55 @i KB L EBIRMTERRNA

@ %77 v AT B HE R B Xt FE U I R ot R
frefi, BRE AR

Q@ mE N EEIREL, hE 4~E 6 P, F
BIFEARBER, AR EAT @AM ER RS

Q@ SE5ZHMBERLFRCEZYWEE

W (1975-), T, RE KRN EH
BB RA, TENBRHTHRIERY
it U5 K 1) 55 58 oL B9 BF 52, 22bgh1001@
163. com

KK .
BTk :

[1] Hinich Melvin J, Wilson Gary R. Time Delay Estimation U-
sing the Cross Bispectrum[]J]., IEEE Transaction on Signal
Processing, 1992, 40(1):106-113.

[2] Miller RK, Pollock AA, et al. The Development of Acoustic
Emission for Leak Detection and Location in Liquid-Filled,
Buried Pipelines{J]. Journal of Acoustic Emission, 2001, 32
(2)245-256.

[3] Amanda M C, Lance ER, et al. Experimental Studies on the
Role of Backfill and Pipeline Characteristics in the Application
of Acoustic Leak Location to Underground Pipelines[J]. Re-
view of Progress in Quantitative Nondestructive Evaluation,
1997,16,467-473.

[4] ¥tk mEAFFIAHTIM], JLTT . WAk R, 1996,

[5] Nikias Chrysostomos L, Raghuveer Mysore R, Bispectrum
Estimation: A Digital Signal Processing Framework{]]. Pro-
ceedings of the IEEE, 1987,75(7),869-891,

[6]1 Marron J C, Samchez P P, Sullivan R C, Unwrapping Algo-
rithm for Least-Squares Phase Recovery from the Modulo 2x
Bispectrum Phase[J]. Opt Soc Am A, 1990,7(1):14-20.

[7] Haniff Christopher A, Least-Squares Fourier Phase Estioma-
tion from the Modulo 2x Bispectrum Phase[J]. Opt Soc Am
A, 1991,8(1),134-140,

[8] Sadler Brian M, Giannakis Georgios B, Shift- and Rotation-In-
variant Object Reconstruction Using the Bispectrum[J]. Opt
Soc Am A, 1992,9(1);57-69.

N

FEHA19469), B BUL R B RERL
¥R MTERN FEHE W
FREERRBAR RS LB —&
HEMRTEARE.



ﬁﬁiﬂﬁ?%ﬁ%m ﬂﬂ:ﬁ%&ﬁ% [H wANra.Nc DATA SR

V(N i, ES0k, HgRME,  XI2Ah,  GAO Hua, WANG Bao-guang, DU Zhen-hui, LIU
huipu o

3 PA DR 2R 25 AT e 5 A ] K s =, K, 300072

% f A pISTIC[PRU]

HELT 44 CHINESE JOURNAL OF SENSORS AND ACTUATORS

i, &0 - 2008, 21(12)

51 B 0K

1.Hinich Melvin J.Wilson Gary R Time Delay Estimation Using the Cross Bispectrum 1992 (1)

2.Miller RK.Pollock AA The Development of Acoustic Emission for Leak Detection and Location in

Liquid-Filled, Buried Pipelines 2001 (2)

3.Amanda M C.Lance E R Experimental Studies on the Role of Backfill and Pipeline Characteristics in

the Application of Acoustic Leak Location to Underground Pipelines 1997

4. 5RGEE NS08 1996

5.Nikias Chrysostomos L.Raghuveer Mysore R Bispectrum Estimation:A Digital Signal Processing

Framework 1987 (7)

6. Marron J C.Samehez P P.Sullivan R C Unwrapping Algorithm for Least-Squares Phase Recovery from the

Modulo 2m Bispectrum Phase 1990 (1)

7.Haniff Christopher A Least—Squares Fourier Phase Estiomation from the Modulo 2 m Bispeetrum Phase

1991 (1)

8. Sadler Brian M. Giannakis Georgios B Shift—and Rotation—Invariant Object Reconstruction Using the

Bispectrum 1992 (1)

AR (126)

L ATIE S Tﬁn—ﬁé.f 6. FEPEHE. TRBeEk. GAO Hua. WANG Bao—guang. DU Zhen—hui. QIAO Xiao—wei X% {E 4y

I e AL N -2 K R 5 R % T A22009, 7 (5)

FET S R HAE R A5 5 A B BB AT 45 45 W R L, 75 (R B WIERG 15 5 40 v R e 75 15 45 5 e TR R, SR T i T X Y
TP ROMEIR 58 7 77125, A2 AR IR LTS A, CL AR A AR R A R . M Z Y, i RO A5 5 O (KRR, T T PR I AR e 1 1 O
FIVHL R A0 5 FRAL, 35 0 R PTGl 4 4% 7. T (R RUREHAR, 1 3 77 1 it s s s (0 B8 2 5. AE XA o, SR B #2i0:filHan—ning—PoissonZl
B RSV T IR XL 7E SERHER L, B0 RE TR A S IR S T e TR R AT SER A AR T R AT, 1
0.01~~0. 09 MPat JJ 75 Py, A TEE 254 28. 6 iyt o, @ M 4axt i 2 /N 1.5 m.

A CEERE: http://d. g wanfangdata. com. cn/Periodical cgjsxb200812026. aspx

TN 201044 ] 15H


http://d.g.wanfangdata.com.cn/Periodical_cgjsxb200812026.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ae%9d%e5%85%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e6%8c%af%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e4%bc%9a%e6%9c%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Bao-guang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DU+Zhen-hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+hui-pu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+hui-pu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%a4%a9%e6%b4%a5%e5%a4%a7%e5%ad%a6%e7%b2%be%e5%af%86%e6%b5%8b%e8%af%95%e8%ae%a1%e9%87%8f%e4%b8%8e%e4%bb%aa%e5%99%a8%e5%9b%bd%e5%ae%b6%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e5%a4%a9%e6%b4%a5%2c300072%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-cgjsxb.aspx
http://c.g.wanfangdata.com.cn/periodical-cgjsxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hinich+Melvin+J%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wilson+Gary+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Miller+RK%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pollock+AA%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e2.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Amanda+M+C%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lance+E+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e3.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%b4%a4%e8%be%be%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Nikias+Chrysostomos+L%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Raghuveer+Mysore+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Marron+J+C%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Samehez+P+P%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sullivan+R+C%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e6.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Haniff+Christopher+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sadler+Brian+M%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Giannakis+Georgios+B%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e8.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-cgjsxb200812026%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ae%9d%e5%85%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e6%8c%af%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b9%94%e6%99%93%e5%b4%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Bao-guang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DU+Zhen-hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22QIAO+Xiao-wei%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nmjsyjmgc200905013.aspx
http://d.g.wanfangdata.com.cn/Periodical_nmjsyjmgc200905013.aspx
http://c.g.wanfangdata.com.cn/periodical-nmjsyjmgc.aspx
http://d.g.wanfangdata.com.cn/Periodical_cgjsxb200812026.aspx

