EHAER 20104F #2033 % 6 #7:628 ~ 631

doi: 10.3772/j.issn. 1002-0470.2010.06.014

E T Duffing IR FHIXASE
B

ML EO”

H X

i it R I 77 &

("WEAEENR AL 100084)
("HEREHHLR AL 100084)

W =

SF AR 54 20 O R 5 1R b (SNR) 4R 7 7 F 40 0 84 1 L,

% T 2T Duffing ik F W RAKEHEAM TN F ko RF KR8 WK #E M A Duffing I

FRAEURTZAAVWRAZ M AEAHEFFANEFHBLN,

AT EHHES

Duffing ¥ F &4 JIl ¥ 8¢ , % Duffing 3& F 3 3T W B, DURE AL 3 oy A7 % 30 o Ko, 8 o xt
AAH EREHAARLI Duffing ;R FHWE KR I. ETEFRB/AECEMRRE
IR 25 R R TR, T 4R Y O o T 2 R 1R W (- 68dB) A 1R L TS A 00 I o O, R BT

Hy A R o
KRBt

0 5 %

SAEAERF GRS A T REE NG
hﬂﬁﬁﬁ AARMEBEERRZEE TRER
B, SEBEEBTERES, B THHREE, T
ﬁﬁ Ziiﬁﬁ{ﬁ B RAEG IR TS 5, xR

RREFENREN REEZENEF A E S,

BT RASKK T BT REENRERE,
KRR, R HEA TR AN B, BT
TR T TR DU ) B2 B 7 AR M S BT SR
ERwaN 5Ef, BTMRREE, BT HE
EIWZEALS , MR 2t i mALe BBk R r 4k
M ES TR, BT AR R k23 T
HoRML R BRI, MEgARERABERELR
A RGFESIASYE, ERETHERESHRARE
EitwS A &S BB TR, BRFRGRGRA
BRI R, BREZEE /MR 4 G
SRR BUN , E R IRRE NI RGE S, 3R A
E‘ﬂﬂz{%‘@tﬁ(signal to noise ratio, SNR) &, 243k Fi2h
BT T B BAR AT TR, LR B
X R ESHIIRIE, AMAEZRFSHR
LT, B, S T VR A [ B Ak TR R
BEFE P S SR, ERMEHE SR

B, RRAEHE, #IEH N, Duffing & T, ALK

B, AT RR T ORI Bk B TR B & RN
ﬁ?ﬂﬂfﬁh@ R EESK , It B R A RR RS fRE T ,

FZRT I ERES, B ERHER LK H
FH?%% KEEMRBRNNIRE, NERRARE
TE YR 75 15 5 B T U T e ) g [ R, A
SCHIA Duffing 3k X /M 58Uk X R 75 G B 1 8
P, R T 2T Duffing IRF 1 KA EE M IR
BEE, AT HREZET Duffing I F & 4 B 1 {5 1
L, ASCER Y TR RE P AL PR IS XY Duffing R #9
BYCGETEBEMALR T, BRI T RARKE
BRI, WAk, 54K Duffing Ik F RAEERFFR
NS —RABES, MASCH 75k 77 LAAA 30k ) i
Ik I s S R RIS o

1 Duffing 3% F

Duffing iR R4 & —FK A HIR I RS, 7T L
R BRI,

x =— kx + ax — bx® + feos(wt) (1)
Hip « ARGHWRLES, © T4« WA,
ECk > 0) AR RE, feos(wr) g ABIEWENN,
aa > 0).b(b > 0) AR MTRMAL, B
A5 I A S S M ST USSR T R 4
B AT RS WK , X IR Duffing

% EZXE ﬁﬂfﬁﬁ(m@y ,60736026 , 60721003 ) F1 - B8 £ FE R4 5 4 (20000450402) B T H o

%r,1980
(k#s A

— 628 —

s
# :2009-05-18)

B PR Eﬁlﬁtﬁiﬂ] BXA A , E-mail: yanghongying @ tsinghua. org. cn



WAL B T Duffing iR T XA E MR T i

T RTINS RES R EARRE. 4RA
Duffing #% T #4700 55 R S D, i TR P&
GRAE N FREAE s A X R P A SRR, B s SR
FSHE, WAL TRMRE A HRINESEA
BUERE, RENSHEARRERHX., EHH
Dutfing $% T #4705 55 5 S D, %8 So €
AFPHEN RIS S HIRME fo HH IS iR
{8 f, LGB AR BRI R AR E , B i Z i
AR REL ko b BT E , B T Duffing Ik 7 ZFEDL
IR A — A6, BT mABEYIRE A X
BIRRHE LRSH

2 Duffing #& F 5 BEALFE

2.1 BENMHIREEREE
REDLEARAME S R Bena SRR HRLR
KRR, B RN RS R L
PR RZ BRI PRER T AN —f A, 7R
FEIRM BT, 5 Duffing Iz F X 7 9 & — 35 By X
F (double-well potential B%# twin-well potential ) i &
ARG, YR e
% =— kx — aV(x) + feos(wt) + n(t) (2)
ﬁ(Z)TﬁETiﬂﬁ%ﬁd\}iﬁﬂﬁﬁ HERIT, N
EHRGETRHL, K « BR/DNREME, £ R
INPNER GG Z A EEEE R, feos(wt) TSP
ARSI, () AEHBRE, KFER D,
V(x) HEBERE WFREHF ARG, HAK
| 2= W)
2 4
V(x):—a%+bxz (3)
Ya=1,b=20, LEERPWE LR, BEE

14

———
N i
12§ t
i /i
- 1 -"u I.i._
fracs 1
%. 08 I". ."I
é oe | ."I‘
~ : ‘II !
£ ooal X /
02k Y /

B1 HEeFLHk

JA B SRE S, NERTEER 1 2 = + 2, BB x = -
xm HIFESE R b

HRG)TWAR()TLIRFE

x = - kx + ax — bx® + feos(wt) + n(t) (4)
i >R A Duffmg RFHTESRN A, TR AR
# 2(e) WABRT RES,BP

x = - kx + ax — bx® + feos(wt) + z(t)  (5)

M z(e) AR R A R, X (4) F1(5)

W LIEH, X Duffing i}k 7 F T5 SR e, B 4
IFEYIALIR RS, F, TR PR iR 263
1t Duffing #r 7 RE M R EL
2.2 Duffing iR FH N RGBS HILIT
2.2.1 EWHE

7E Duffing #&F BRI B B, & B SEHE & %L
B %F &k HoIEE, —IREUE B, #iln 0.5, i
B AR B B T DLE B, & X RNk 5 X
B2 W EEE R NS ESRINAEN S,
k R —ANE/NEE , BN, R R R
RIE SRR A AR T REN, TREA 2RI IR
BESERH W, AT A S S B RERTHIBRZE
B & EEARER/D, RSB T, R k=0, 16t
WA B, RARA LM EEE W, /NRIYizE)
REHARFIN , B T AFERMERS, B REH
B (RIS RE RS, w4 jeE
REMFEBLIESRN T, HTFXMEBAE, 4
ST EATH SEREAE , BATTLL 0.25 AEiRME, SR
Rl AT, BABUE k=0.275,
2.2.2 B%a,b,f WHE

AR SRS, B R L,
e, AR RS R I EREBE o, b, f W
B, B3CER[20] 7T 50,50 (4) TR ARG, HAGH
SNR '—373%03‘39%??9

SNR = % -1 (6
MA(GTLIEH, EBFKF b —289B0T .6
B SVR 528 e, b, F B3R, Ml (1) T EUAE,
Wl F RS E a, b AR, BiEF o b 7L
it Duffing $& F RS 0 KR E HASHEE
HEE £, B, B EER LN AR RS
a, b BT, HEHTRAARPEERATEEE
FABEEA E Duffing #7894 A s 1, HHEE K,
ARRETHEE AT LR, RO 8 SeddEx
B o WEWHT T 207, BT ER R « FEUHE
ARGER, BUHR T REBAEDEARMZ, B, )

— 629 —



BEAREIR 20104£6 A £203% FSo il

R R 5 S 0 R, BRIIBEEE & = 0.275,
a = 0.2, B LS b LIMER LML, FRLE
Hh & 2 B

0.8
XY
& 0.4 *,
& ™,
0.2 X\“\—‘\H‘»j
3
o . . .
] 0.05 0.1 .15 0.2

B
2 FRLLER

TEE 2 L EER R R E AL b = 0.01,
BB Duffing 37 T B9IE R AT S0 £ = 1.032,
T ZES IR RS, DT RGN,

3 AT Duffing & F 0 F & 8 K4

3.1 EXGE

FT Duffing #T R &I 0T LG E R Duff-
ing ¥ TS5 S fa WA 5 18 SO b o — A Bk R
Ao XFH(1) i~y Duffing ¥R T R 5, #4938 1 T
g\%[lz]

x = - kx + ax — bx® + feos(wot) + z(2) (7)

Hep z(¢) AMEREE, %R
Ho:z(t) = n(t)
Hi:2(t) = ucoswot + n(t) (8)

H ucoswor HIBEARESRZED R RER LT
FAB . HRAR(7) B i R G017 s R
B, IR RS RietE, 5 () P AFE
RN ABIHE S ucoswyt B, RELIHALLEIRMR,
LHFERS veoswy: B, ZELSHEAXRERIEE,
F A S B 4 B AT i S8
3.2 ittiEee

B 3 Brm AT R{ES . B OY A, W
WA, BREEAN—H, SHERZ WAL — KR
Sy, HAFIR 2T N - 68dB. WA 3 55T
TSR AT AR R E 4, E 4 W RLE R, Ead
B RERSERES.

— 630 —

.0142

0014 -
0138 —E
0136

g €134 i
E €132 -

0013 |

0128 -

G012

Cza
]

il 20 300 400 300 600
1is]

B3 RESNEEHZ

-
25 10

—r
e A

[2%]

LRk

] PR T L
0 ans ol D15 02 02 03 033 4
#ME(Hz)

H4 MREIFHRESHIIERE

TR A 3.1 5k r kXt 3 B i B #E15
WA, SR E G S, RENHEWNE 5
B, i RE DML TREX . ARG S, &
GHMHEERRELTRRERBX (WA 6 B
), AT SE B St I 1 S ORI

B5 ZittwetaEE



WAL B T Duffing iR T XA E MR T i

_.1_ 1 1 1 1
R 0 2 4 & 2
SE
Ee6 ittimptrytaE
4 % #

ARBFR T 2 TF Duffing I}k FHIRAKE EIE
WIEABES T EARR RN RS RENK
T B8, IRE FEHLIL IR B9 G XL, 33 Duffing 3 ¥
RGSHHEST T AL, BRI R LR RRIEEH
IR BRI IE T B iR Bk A A

B2k

[ 1] XURF B, &, AER, R E.XRSKAEE
R RERERE . KRR SHA ,2007,1(6) :57-59

[ 2] MEE,BR,ANE. RRA[SEERBER. RAKT
WV,2007,27(7) :100-102

[ 3] Levenspiel O. Engineering Flow and Heat Exchange. New
York: Plenum press, 1998

[ 4] Long R, Lowe M, Cawley P. Attenuation characteristics of
the fundamental modes that propagate in buried iron water
pipes. Ultrasonics , 2003, 41(7): 509-519

[ 5] Eiswirth M, Bum L S. New methods for defect diagnosis of
water pipelines. In: Proceedings of the 4th International Con-
ference on Water Pipeline Systems, York, UK, 2001. 137-
150

[ 6] Miler R K, Pollock A A, Watts D J, et al. A reference
standard for the development of acoustic emission pipeline
leak detection techniques. NDT&E International, 1999, 32
(1):1-8

~ 7. Omama H, Chu W T. Acoustical characteristics of leal dgnals
in plastic water distribution pipes. Applied sooustics, 1999,
58(3): 235-234

_ 8] Fucks HY, Richle R. Acoustic analvsis detects leaks. Water
Engineering & Management, 1991, 138(1): 11-13

_ 9] BmRe. BEEERNFERSE LE B TS
Ritt,1994.195

_10] Haykin S, Li X B. Detection of signals I chaos. Proceedings
of the JEEE, 1995, 83(1}: 95-122

1] Wang G Y, Chen D ], Lin J ¥, et al. The application of
chaotic oscillators to weak sigral detection. JEEE Trans or
industrial electrores . 1999, 46{20}: 440443

(12] Wiesenfeld K, McNamara B. Period-coubling systems as
small-signal ampifiers. Physieal resdew letters , 1985, 55(1:
13-18

[13] Wiesenfeld K, McNamara B. Smali-signal amplification in bi-
furcating dynamical systems, Physical review A, 1986, 33
(1): 629-642

[14] Szemplinska-Stupnicka W, Rudowski J. Steady states in the
twin-well potential oscillator: computer simulations and ap-
proximate analytical studies. Chaos, 1993, 3(3): 375-385

[15] Benz R, Sutera A, Vulpiani A. The mechanism of stochastic
resonance. J Phys, A, 1981, 14(11): 1453-1457

[16] Gammaitoni L, Menichella-Saetta E, Santucci S, et al. Peri-
odically time-modulated bistable systems: Stochastic reso-
nance. Physical review A, 1989, 40(4): 2114-2119

[17] Gammaitoni L, Marchesoni F, Menichella-Saetta E, et al.
Stochastic resonance in bistable systems. Physical review let-
ters, 1989, 62(4): 349-352

(18] HHLrsk . Ze TR R0 ik R A I 7 SR 5« (18 12
A 3] B E R B iR ,2007.82-85

[19] Guckenheimer J, Holmes P. Nonlinear Guodongpan Oscilla-
tions, Dynamical Systems, and Bifurcations of Vector Fields.
New York: Springer-Verlag, 1986. 180-183

[20] Gammaitoni L, P Hinggi, Jung P, et al. Stochastic reso-
nance. Reviews of Modern Physics, 1998, 70(1): 223-287

[21] Scharf L. Statistical Signal Processing: Detection, Fstima-
tim, and Time Series Analysis. Reading, MA: Addison
Wesley, 1990. 494

[22] Wang G Y, He S L. A quantitative study on detection and
estimation of weak signals by using chaotic duffing oscillators.
IEEE transactions on circuits and systems-1: fundamental the-
ory and applications , 2003, 50(7) : 945-953

Leak detection based on duffing oscillators for gas pipelines

Yang Hongying™ , Ge Chuanhu™ , Ye Hao™ , Wang Guizeng ™"
(* Department of Computer Science and Technology, Tsinghua University, Beijing, 100084)
(™ Department of Automation, Tsinghua University, Beijing, 100084)
Abstract
Considering the gas pipeline leak is difficult to detect due to the very low signal to noise ratio (SNR) of the leak-
generated signals, this paper proposes an algorithm for gas pipeline leak detection based on Duffing oscillators. The algo-
rithm makes test data as the input of the Duffing system, and realizes the frequency component detection within the non-
periodical signals by using the state transfer of the Duffing system. In order to improve the detection performance of Duff-
ing oscillators, the design for parameters of the Duffing system is realized by optimization of the output SNR of the system
according to the stochastic resonance theory. The test result based on the real leak data of the gas pipeline shows that the
proposed method can effectively detect the leakage with a low SNR ( — 68dB) and has the good detection performance.
Keywords: chaos, gas pipelines, leak detection, Duffing oscillators, stochastic resonance
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