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Conjugate gradient ESN detection of oil and gas leakage in
pipeline based on optical fiber technology

TIAN Feibo
(China Petroleum Engineering & Construction Corp, Beijing Design Company, Beijing 100085, China)

Abstract: The main problem oil and gas leakage in pipeline detection is that the pipeline distance is too long, and the effect of
traditional detection mode is not good. A detection method of oil and gas leakage in pipeline using conjugate gradient echo state
network (ESN) based on optical fiber technology is proposed. Firstly, the real-time data of long-distance oil and gas pipeline is
monitored and collected by optical fiber detection technology, and the dimension compression method of unmarked data is used
to reduce the dimension and simplify the data by combining the data series method and rough set algorithm. Secondly, ESN is
selected to analyze and process the dimension reduced oil and gas pipeline leakage data. The weight of ESN is optimized
preliminarily, and then the preliminary weight results are further optimized by using the semi positive qualitative of Hessian
matrix to realize the recognition ability of ESN to the leakage data of oil and gas pipelines which is based on regularization.
Finally, through the simulation of the measured data, the proposed leakage monitoring model of oil and gas pipeline has higher
recognition accuracy and calculation efficiency.
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2020 43 B tE S CD

He 08 =R S TRERUR 9 1 8% P4 AR B9 K I8 AL
XTI 2 T, R A R A X A R AN B BN AER I A, (HR VAU R TR X R K B R Y
Al EE s 7, I U 3 B R T T S i T T i A T T A A v o T ] A R 0 A A i

e [A) Pl Ay $ B I A X 0 TR E 12 4 is
W B 53 :2019-04-29, FrARH B, AR IR TR R TR AR R
X AU TE St s AT BE AT R A X RO 4T B Tl
AUETE [, AT SRk I AU I A 4 e S
PRl TOLE I A B s K S BORE NG S
AR AL EAR WS R A R
il B 5 (4B 2, OV AT R SR 9 e 7 A g



£3 IR 3

I, T BT R 7 45 T8 Tk A0 Tl L 0 66 5 ESN A

R 0 B 135 o 05 505 009
FUATAR TSR LI — AR o R A 3y
e AT BOWI AL R P 9 5000 1 £ R I 60 T
i,

3 WAL 5 T R L A {0
R B 6 44— B8 O £F B A 00
3 3t 4 8 FE 1 7R 5 00 4% (ESN) e 0 Jr 3% | B
SRR 3 A A D) 0 52 BRI 0 4 1
@ 4 7 KR L R, B f 4 T 7 R
e IR 36K T2 ) R e,

1 EEHSMH RO RZZIT

AR SCET BT R O R AR R A 3
JZ ORI, 32202 M DG LR o PR Rgcs w4k 2ok
PRES BTN A T O T AT R B SR AR O i
Ak P o8 R AT A0 B TEAR B (% A T A
ARG BLZ 32 08 1 il O T O A7 AR
Y i BB, SR FH AR X 80 2 B 6 4 B D7 3 A Ak B
@F B MR AE S IRAE, EE e A LA
PGB E ESN L RUAA I
1.1 Bl R R

BEOF U I T AT B B A R R i
] — BRI S~ 8K (MZ) 6 £F ot . I i il
AR AU AR S AT MZ OGER AR
3G, X 3 MROGE i U i AR IR
A AT R, AL T T RZY 1 m AL E MZ LR &R
AR 2 HROGEF BEAT (55 B I R 4R R A7 19
— ARG LT B R R AR 00 U 15 5 BT 15 5
U I e A i T S R IR 25 A7 7 R 2R B0 1
U, FEOCLAEAR SR A h i BUZ AL th TIAR A5
HRAEZHEA XL (55 2 I A LIRS E

IR STER R Re € LS I W5 N B a2l
JGEF R A Bt B gl AR R i TR e — 4

el 72
-—

A4

E1 mREEFESNERS

3 BT Fe 2020 FH 3 M

(ERCAGE S A N IS iR € /-0 (3 I ER TP np A
£ i S, I 28 A F R 15 05 — LRI B i i Uy
[6] 2 [) 6 £F 1R oK S AT 1% i, I dme 4 HE A G LR N
o 2, 2 RO L LR 2 AR5 BEAT A% U
¥l T2 i) AR 5 M) % 448 A — 3t R XY 2
P HEAT A0k, T S R I Oy S ol U 1R S D
Z G0 A] S B0 U T s AT R S S S 2R AT S
ARG, AT 52 BT 9 A T 0 e £ 5 1) S e A
AT 2 e 55 48 T8 [R) A0 Bl 1, T[] A0 S5 B 0 i e o ) o
BRI

AR XA AUE T AF 5 M7 A A — R
s, R R SR BRI AR W S 2k AR A Sl i
H2 3 B BDR B0 A A A5 5 B A E £ Fh A [H]
IR Rl A9 SR SR R AR EOR el 7 52 A% B dl
AT I AU T R E T BRI R AR B R AR A AR R
PR
1.2 HSEEREFSHAE

TEAR SR | — ok Jir A 15 5 R AL IR AR 1 5
SHEAT AR A — A WA 5 5 ik E] R ) ) B B
A B B GE R0 LS AR U I SR AR A T TAL PR
R, R PRSI ) ) e R AT Bl
Or A A R WA T R

BRE AU I R R AR O AR R UR S B 1,
Jir B B I RIS B0 ¢, WA 5 04 I ] e 47 )
A I TEI T 7, 7 SORF BT A3 15 5 2R B 2 I8 1 15 B ik
A7 3 I T A I 18] 7 7)) £ -2,

xixf

x=(x1,%,*,x) € R (1)
Hovp o, R RAE P IV B R om0, i VB E R
EAETHEBIRE KRN ye (1,2,,C ), fHTH
) SBEAR S E C, T I U I R AR T
HMR AL (x,y | PAT F RGBS FE  TTAS
FEHA RS IE IR B0

{(Xf ),y(])),(le,ym),"',(Xf")),y("]>)} (2)

Horr |y FER A SRR B

4 T Al R 2 AR T AR T SR 4 Y
A RS BTG A E kAN bR LR E
5 X X ‘ Hih g, FoR RARID

k) xixf
L .X, ,,x, ER

RAEF R
1.3 HREERFESTNEE

ESN (49 R AR )2, ol 2 % A [ 26 7 1 bR 5
PEATIE AT, R A A B i v i A i
LAY RCR o8 T #8271 ESN e il U T 5 5 1 L



£3 IR 3

NI ‘ T AR e
e s ] TN

Phe I
\ Attt |
\

& S At [

.
|
|
|

A v

T Famsedee)
@ :%@%ﬁ&@z me

\

MK,
&

(R PERE | T 205 5 B AT R 2 Ak B B AR
B2 fis,

HRE ] 2, Bk RURS A2 B H o v <A 18 A 5 AT
FIE AL AR AN I o B AR A B T i AL T S
BB A 17 B TH B0 (0 A BRASOR | Bk R
mr .

R — WA RS AL R MZ OtEr
TCAE X I A TS AT RS HEA TR B | SRS ik FORLRE 42
Xof B DA T TS B SR A R B A

IR M ARVE R EAE S AS, F R RS 4R il
Ab SR | X5 A T R A T AT S A AT AR I R

A BE = ESN AE P AL, 3T 1 Wk oy K
ESN WA #4707 46 1 Ak, 76 b L ik b A FH Hessian
T B 1) 2 IE 2 | ) 26 AR 25 SR E AT IR A 2 )
DAk, SCEE ESN Xl 045 18 v 5% £5 0 i U3 g

PRV AR T ESN B, ) R RS A T Ak
Bl | AU T R AR S AT A i n] A5 3 A e
£,

PR, R TE R A O AR A
ESN Tl 25 5% 2 SR AG 0 1] 9 A4 20 1 B3k i )
FIFH MZ SCEF T3 O 48 SR SR 800 77 5107 1 10647 b i
T

AR AT GRS O ) 4 R R
i 2% | V) B4 3ok i K [ A B — A4 5 e A o
AR IC , HEXHH A 8 ESN AR HEA T F BT I 45,

B2 mREERFESHNEE

Jjn

2 M= EE ESN Fl
2.1 ESN iR 5B #iA

T Y A A Y T A5 AT I R e R | AR
SCHI ESN AR il g U A Y ESN R 1455 70 25 44
a3 proses

A B R S ESN LB A S 3 S R

B R e TR 2T AR A T Il A A B R ESN A

NSV
&o&?@

\o
A
BANE T [y

\_ () )
E 3 imSEEMRFLS ESN iR B 48
HY Ay R AR BRI
ESN # RSy 2405 2 DB .

BrEr— ESN A A AN x[n | e R Hh
IR REAR 28 JE R N, %2 % R o ESN 4%
HHLRA RS E ILE I NEIRES =1 | e R
LN,

hin |=f. (W, x[n |+W h[n-1 |+W, y[n-1]] (3)
b ESN RTESH W R, W eR R W
eR, i MR A R AT b
BT BEATRI IR BE T, £,(+ )2 ESN P17 SO0 R
B, — Mk AE 2 bk e K il sigmoid PRAL £ (¢ )=tanh
()2 28 FH B B0 M PR B, SN 452750 1 I < 5 3 i

l

!

B B = AN 2R b i) ESN AR il A 18 it T
AR T

yln |=(W)xln | +(W,)'hln | 4)
SO THORGE R BAE, ESN BUIBURRE W eR

W e R ESN T BT AT I 20 045 59 0 4 0
ETE IR SIE T
0.2 ESN EM LA E B H
TEXT ESN $EAT IE WAL AT W B 3 | H4% ESN
AT e P % T A 7 A T O A £
B AT ] PO 7 U T A ESN
T 45 5 5 R R0, R, % T RSN th A
W R 2R O R A AL W
p(W <1, Hirp p( ) FRBUEERE W12
HS:HAE ESN H9RCTE 2500 3] | AT T 1E WAL
Jr B = AIEAT R R, R 2 S
AT WA 5 5 A

2020 3 RBIEHRAS D



£3 IR 3

FH T T O 2T 1 R 9 A7 I A U L B B SN AR T

(x[1 ], d[1]),,(x[Q],dlQ]) (5)
Horp d[1 102 x[i | AR Sl R AR AE  Q SR FEA A
BB, TE I AR TE I T ESN #E SRR AR B I
A AR B HETARIC , S T ESN A Il 2k
S n Ei A B .

dlt |=x]t+m | (6)
Forpr | m 2R BB T A T T A S T R B TR AT
R e A T Y S TR B SR B AT HEA TR, %
T ESN LA AL (Y11 25 | o] 3k F 20 (3) %F ESN 18 31 45
AU fifs 2 Tt i HH IE AT E B AT A5 3] ESN R A5 A 11
(it & Tt i B RSB R k(1 ], h[Q ], FIHIXE

I ] % 910 9 J2 B LRGSO M 2t He R ESN
LHIRER 1 St e RO B INF

X1 ],h7 ] dl1 ]
H=

0= (7)

'1Q],h"0Q] dlQ ]
Horp X ESN RN R (% 3 B e LR R BT D AT AT N
Bt | 2SR Oz 0 B i R R AT D AT R RS
Pt P T LIRS R A ESN PRI AR
TR () RCER A A 7] 850 46 Bl 28 42 ] 1 S e [, X6 ik
&) R SR TR 2 Rt 58 20 i B B OE )
A5 ¥R ESN TR A5 Y i A B 1 AT 00 4R DL Ak | % 1E )
A5 1 R FH A 2 RS ) e /N e b By k| [R) R4k B
R .

w,=arg min - || Hw=d |+ | wil (8)
Hob EARB A w,=|w ! [T e RUEIE ML 7 4
o ABAZ(8) Frn 1 ESN 1 B4R Y (1% 1E W] £k 3K i 1
] A & RIX B

w,=(H'Hral ) H'd (9)

K () FERF A M NAN>Q B | 8 3R AT 5 =5 30 1F
Ak SR i it F | L P 5 2R AT SR I R R B =

w, =H'(H'Hsal )'d (10)
2.3 S EIE ESN IR B A Hessian £

AT ESN ALY Hessian 46 208 A
TAWEE | B —F g n et 8ok, Al
FHECAE A 26 A8 AT 52 BT ESN 1 51 A5 7R A B 1) A 8 2R
AL AT SEE A I ESN R EL AL AL B AR
FRSHCE R, % WS BIR 2% > S8R o, B4
HAr FEZSE 0 AT A .

0,.=0,+ap, (11)

3D AT Fe 2020 4 3 ]

Horr g T 3 R M S ) 45 SR 1 SC B S T R
1B ESN BRI Hessian P04 5 5 i G SE L T 0 X
b B AR £ 3T Sy XA 1 360, p, s R K, Hos
PR AR,

M, (0)=(0,)+V1(0,) x,+3p, B, . (12)

Hrp B, i UEH ESN BEARIEAL HAR fE S5 6, X
[8] Y Hessian S8R | x, S5 AFEARZE | KA1
FEE BA AN E M, WX -k AT 8 3

B,=H(6,)+Al (13)
Horp [ 327R% Hessian 28U B th A2 78 09 S0 L B | 5
=0 =l AEE ESN IR Hessian 2 5UH
R B A . M, (0) 38 TS R XTI B, HZE At 0
FeSBL, SRR R B, =V 1(0,)7, LA A T 45
T v ) DI P B2 (E 2 Y 6 B 1 R R, B ik
MR R R AR

R, AR SCOR M J7 2k J& X Hessian 28 FEE 17 3t
Hobh Ry etk BT IR E PRSI H AR B B A LAk,
FeAR BRI B 2R, I AR I ESN B ) A A
Hessian fLALTE L WAL 4 FR

S + 03 do—0 3 A N3 Ly L(6)

1. while A5 B4 1k 15 &

2. g—VL(0);

3. qg(d)=VL(6)Td+é—dT(G(0)+ A d;

4. {dl,d2,L,dN }<-CG<MINIMIZE (q0(d) ,d, ) ;
5 L= L(0+dy) 5

6 for i“~N-1,N-2,L,1

7. Lo L(6+d;) ;

8 if Lyow= Lia N Low= L
9 1“—i+1 ;break ; endif

10. Lisi—Leu;

11 if Lya<Di
12. )\<—%)\;dg<—0;cominue;end if
13 p=(Lyw—Le)/qo(dy) 5
14.  if p<0.25
2,
15. )\<~3 A
16. else if p>0.75
17. )\H%)\;end if;end if

18. 6<—0+ad;; do—Bdly; Lot L
19. end while

4 HHREE ESN iR A Hessian 1t



£3 IR 3

24 EXENH
ESN #7 Hessian hAbid 2 L 2 22 00T .
WG B HIE 5 HA 5B AR5 4 Ll K&
HERY) ESN BRI 2 ) i B 2 P 5S35 FE xR
(1/&)" TAAFAE RS 5 T L6 2R

poc(1/8)" (14)
Hor B8 o S MR WORG B T L 50 B I R
T ESN TH A7 158 2 X [8] ; n Fon A4 16 ESN 7
SO f 1) BRI | A0 SR i A I ESN RN AR
2 IR B PR ) ST L A 3 () A, IR A S8 n vT R R T
SAETE ESN THRBIEE ALY AR R S, S8 2 X
SAEIE ESN W BB R 174 5 (97 S50, 1% S 800
TR (B 7 R 27 B S5 o 500 N 7 2 i ) 0 R BT T
BV 2 22 ) ELA B Y S R

PRI T ESN AR 124 ) v il T A
TH T 52 A BB Y A S A 6 AT BR A | TR] B I e DR 25 6
Tt 2 A B RO A R et AR [ DR Ik A A T
Ja 9 HE AR AN A L MR AR I ESN TR A Y
2 28 B S REAR B R IE A G A IR e X &

Po(1/e)" (15)

BEAh IR AE IE ESN P B R  RLBL R K ] AR
ok A A 4 e A T I R U L A e ] A 1Y)
FEAETES d, WK, XA XHERR d, B9 FRAE T
7483

%;42

2
Horp | 7 32l A T ESN TR AR AL Y B2 Ry
ESN TH A0 A g AREAS 5 4 B S A5 T8 ESN 1R
B () SR b A i S 28 AR AR d, IS5 A il
AR T O B A A — R, T A R 1 G
Z . ROl AAE I ESN U0 B RS i 46y Sk BAYY A
N CIEES v

v (16)

d.=(v+1)Z (17)
SRR
Co=e| (m+1)J ™" (18)

Ho (280 G R RN R 2 | s e WS 22 &,
) A 2R B2 R, LA K ESN TRUNASE Y ) it 46 1t 5 50K

i

4

o

3 LS
A S 56 73 B T B 0k B 2T Il AR A A
TS, AR A A T B E I MZ 2R

FH L TR 27 B R (45 8 Il A R LB A B ESN i
R T OB R AT 6 B 2F 38 1R 4R 31 1Y
15 5 38 3o % f 4 7 Ak it — 0k 1 XA o i P AT A
BEFRAL B TR B MZ ZERDLEr T30S L8
REFAE], A0 5 (a) Birzs e AU 1 I 5 ESN
WU R ARG o v SC R 3 R AL IR S M5
S A I B A 3 TR R iR B M S B
O A A AL R IR Bh A S AR I RO AT A
118 B IR S s 5(b) s,
A TE SR P T U R IR B 15 S 2
AR SO GT T R G T 5340 2 Bl 5 i <
TE W R AR R R T A SCHESYE Y IE 2 Wl 7
THCAEAE T A RO 0 A T 0 I R R T A
SRR L, B 5(b)A 3 Rk Sr BG5S (0250
i X LRSS R e 2 B AY | JF R B8 2 7 B0 2]

(a) WL TWAL (W)

1
- wwwm«wm*w
0
=1 (-1) ‘ ‘
o "m
0

1(-1) ' ! ‘ '
FAT
0 Y
-1
0 1 2 4

3
RAELHZ (s)

(b) A T W A

WERET (V

5 AMNBREREHIE

AR T BB E T . RSN winlo
AR, B8 R 4 5 1 A BRER 2 Matlab2012b, b 3 £
k1 15-3550k , A7 0 DDR3-1600 8 GB., i <45 15 it s
AV Frg Xt B R R RO B R AR RO k B R R
TR0 A R AR ) 1 A e A h s R 100 4L1E
i ESN PRI AL i Y 2R 808 | 36 B 20 404E 4 ESN R
SRS DU B | A3 BN 2R N REAS I 2R SR A
TRAFEA 3 P2 PFANF8 b a5 455 e < A7 T T 0 U
(ARG 2RI T B A% 3 il AR T e R A R 45 2R
#1R,

2020 3 RBIEHRAS D



£3 IR 3

FH RO T 2T H A 9 A T I A R A 1 ESN AR T

F1 HSEEHRHFEAMNSR

FEA alllpigeS HiFE (%) I 18] (s)
ACHL 99.8 4.5
RN FEA WA 93.8 6.4
kHERAE 86.5 7.7
ARSI 96.3 7.1
WIZRAMEAS R IR AT ik 88.3 10.5
k {E IR 82.2 11.8
ES@ %R 87.9 9.2
REHA WAL 78.3 10.8
[SSMIEEES 73.1 13.3

1P EBOINZRNEEAR UIGRAMEA RHR & F
7R 3 ol 2 2RI A A A A i T R R
WU BE AT S ], AR 37 B 25 SR ] . SR I 2k
PREAS B9 IR A5 R e A, 3 32 58 IR R 3l A 1 i
ESN U 7Y 4 4 el 2 T X e REAS | iy LA 2R )
T IX LR A IE R A, RO IR B REAS
B B R SR RAMEA R RS 2R B B AR SCR
{8 NS B2 0T B AR B A L T R 2 b
FET7 vk R T B4 B B A R

4 HERIE

AR SCAE Y — il Tl 7 SR B9 A I il T 3
Pakh BE ESN AN 7 ¥k | A S50 R I S ik A i A
(1 it s R 00 I T ) P i s 1B T 5 45 A R R 4R 5
VX SR A2 10 Y 5 AR SR A AT A 2 R AL o R A I
(1 3l A A Y i R AT o A A A B O o A
7 Ayt SCR A R AR T Rk A AL A
AEZAL TR A T A A i T £ S A )
A AR KA 25 ) n] LA T A Je o 3 A Bk
bt DA 3 Aok B A ) 2 i 5 2 1 ot s 15 5 A6 D00 45
*,

S UMk

[1] DARREN C. Fourier-Mellin Transforms for Circular Domains [J].

Computational Methods and Function Theory, 2015, 15(4): 655-687.

[2] 7% R, VI A R T 4 I 2 1 TG P R B £ I 2 T s (D). HL )
B H A 4044 2015,27(5) :86-92.

[3] W %% AR UM, T2 P I 25 rh )2 0] WAL AL [T). A S,
2015,41(9).1627-1635.

[4] SHI B, LIAN Q, CHEN S. Compressed sensing magnetic resonance
imaging based on dictionary updating and block-matching and
three-dimensional filtering regulari-sation [J]. IET Image Processing, 2016,
10(1): 68-79.

[5] PRUNGSINCHAI S, KHELIFI F, BOURIDANE A. Proceedings of
2013 Fourth In-ternational Conference on Emerging Security Technologies
(EST)June 15, 2013[C]. Cambridge: IEEE, 2013.

[6] HONG X, CHEN S, HARRIS C J. Single-Carrier Frequency Domain
Equalization for ~Hammerstein ~Communication  Systems  Using
Complex-Valued Neural Networks [J]. IEEE Transactions on Signal
Processing, 2014, 62(17): 4467-4478.

[71BAG A K, TUDU B, BANDYOPADHYAY R. Dealing With Redundant
Features and Inconsistent Training Data in Electronic Nose: A Rough Set
Based Approach[J]. IEEE Sensors Journal, 2014, 14(3): 758-767.

[8] YADAV P, KUMAR R, PANDA S K. Optimal Thrust Allocation for
Semisubmersible Oil Rig Platforms Using Improved Harmony Search
Algorithm [J]. IEEE Journal of Oceanic Engineering, 2014, 39 (3): 526—
539.

[9] Bed4e £ 8, b B B 3T — i — 5T G Z (W RLBE S BSOS ) 2 1 2
). LA R L2014 ,37(3) :649-657.

[10] A% fi i | B GRS | PG 55, 36 T3 15X GHSOM i 28 [’ 2% B 589 ) A
A IE[I]. S HLAE R, 2014 ,37(5) . 1216-1221.

[11] SRZEEE A% W] 28 W e s 206 S r b A 20 4 TR 2% 20 75 i ],
AL, 2014,40(9) :190-197.

[12] MCCAGUE C. Novel sensor design using photonic crystal fibres for
monitoring the onset of corrosion in reinforced concrete structures [J].
Journal of Lightwave Technology, 2014, 32(5): 891-896.

[13] TORRES-ARREDONDO M A. Data-driven multivariate algorithms
for damage detection and identification [J]. Structural Health Monitoring,
2014, 13(1): 19-32.

[14] MUIJICA LE. A structural damage detection indicator based on
principal component analysis and statistical hypothesis testing [J]. Smart
Materials & Structures, 2014, 23(2): 25014-25025.

[15] XU J W, WU H J, XIAO S K. Distributed intrusion monitoring system
with fiber link backup and on-line fault diagnosis functions [J]. Photonic

Sensors, 2014, 4(4): 354-358.

(FBEEARYMAN OSID 2F
QEEFHEARYH T H 2018 4F 9 A 3 HAEM A [E Z5T ) H RS IRl G % e (RI0) 8 S8 50 2% 4 1Y
OSID (Open Science Identity ) FFBCRF7# 3140 3 76 ) P40 SCEE B OSID ARk (B IR IR 55 ) il i
AL LA 98 SCRR SN SE AR AL R B 1 s i SO i (R AL AR 5 SR 5 fE A A4S B R e R A KR TR | O
SAERE 55 AT ) U R Y 2 5 S U L B AR iR AR

@,

239,232.939.232,039,039,239.933

/O

g
o

PP P P Y
B T ATy S Ty S T T ST

G AR H A ) 2 B8 7

e
o\

o\ 0 Q0 0 Q0 Q] Q0 0 0 0 0 0 0 Q0 Q_Q Q_Q Q_Q Q_ 0 0 . Q Q0 0 0 0 0 0 0 Q0 Q_Q Q_Q Q_Q Q_ 0 0 0 0 0
R BB B AEE REE REE BB E BB AEE RO EEE EEE AEE REE REE EEE EE AEE REE REE EEE BB REE REE EEE BB AEE REE REE EEE EE REE REE GEE EEE AEE REE RO EEE BB AEE REE REE EEE BB AEE

30 A2 IE A Fe 2020 45 3 ]



