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Metal pipeline defect detection method based on magnetic memory

Shi Mingjiang Chen Rui Feng Lin

(School of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China)

Abstract: As the medium of oil and gas transportation, the stress concentration in the defects of the metal pipeline will cause safety
hazards. In order to realize the non-contact quantitative detection of metal pipeline defects, a magnetic memory detection method has
been studied. Adopt the magnetic anomaly gradient matrix to locate the defects with stress concentration; use translation invariant wavelet
denoising (Tl) and feature extraction for signal processing. Sparrow search algorithm (SSA) optimizes the BP neural network to achieve
defect size inversion. Experiments show that compared with wavelet threshold denoising, the translational invariant wavelet denoising can
increase the signal-to-noise ratio by 1. 56% and reduce the mean square error by 4.87%; the mean square error of SSA_BP neural
network inversion is 67. 2% lower than that of BP neural network. The detection method can detect pipeline defects in real time in the
lift-off state and invert the defect size.

Keywords : magnetic memory detection; magnetic anomaly gradient; translation invariant wavelet denoising; sparrow search algorithm;

BP neural network

PR R TR R R

B < A R A Tk B TR R T
SOR PRSI R A A I AR,
T ) R UL W e (L 9L T %) 4 TR 3 11 2 T gk

0 3l

[l

SREEVE AT S KRR E Z s i 2 [

REVERE R AT G« ek, 4R 8 TE
GRGERE P SOR R b AL Jeits AR T K 2
SRR HRBRIE , R AR Y < A 1B T BE A A M AR
POUF BRI IR SR IE 32 10 0 A AN 4 7 LR B T S
DX, T B g Ak B v I ) R R 2 X AU 126 2 4

Wik H . 2021-08-15  Received Date: 2021-08-15
* FATH AR5 E (2019Y10318) %8

B e R ARG 28 R, 0 A T ko wfl LA Sk A I
PR R A 5 4 O T A S B AR R B
FALHE J7 1) FVRFAIE 23 K Az 28072 ke ) Bt 24 P 34 17
Bt o R R AR A G DA (R R A T
TTEHT P8 5 B T IG5 A I 2 AR A0 45



513

BT RECIL R 5 o A TE BB A 7

. 45 .

7RI R 0 SRR LA T MR .

TEICACAG B, AR S 38 3o 7 R IR BE T, Bk R4 L I
JISER X A A 5 B ST BRI 1
BT R 4 A T B Ak e AR N ) AR e X, PR R
ICACKEIN FE AR 4 T8 45 16 10112 W (AW 7 ) 46
X ZEE0) 17 2 A 3L 7 vk , S R PG I Hh 2 7= A 1)
BREEAEE S AR, A1 XKL T R TCAZ A SRS G I A
FE PNANIEAT T KR AT, B2 RN 2 7 AT o il < T
B LA B R T2 A5 55 AT 1 AT, IE BA R T A2 A
RS b S e R BBl B 0 7 B AR B AR I, RS
) R AL S R FEE T R ST B A T A AR A A
BEPEATAGIN AT BT FLEBR A e MR R4S A
ICAC R T IR U, kg S0 4 i 5 1 R 11 = 422 f
ORI A TP, FE T RGO R B %1 T —Fh 4
i T R RS R B 3 e A S T I 1 A T
BT ] A TRt T A S 0 B S O 5 8 S & 2 AL,
SPGB B A SIS B I A e R
H R IR REAE SR FH PR AN A8 B /N 25 MR B0k X R A5
PEAT NG AR BCH I REIC IS S ARE R ES A R R
L (SSA) fitfk BP #h 2 4% (SSA_BPNN) |, SEBLX 18
A N O L o TR O 1w ey W 0 A T VA 1) E- ¥ e e e
A SR AEAGI | 308 I0t Ak B 22 R AiF 4R LA R R T W A
T4 RS TE B B A 42 Ak TR 3 | PR ARG I RN RS IEA Y
1 NEE
TG T AR AT LA S BRS04 8 45 T % 1l 1 7 4
o X B I G (5 B2 A B a8 5 R, X
2 A T SE AL JUART I IR & A 98 78 7 AR o v | T
N F B X NG AE R 3 A0 T AR 8 (VR T, 7= A
eIt PR of TR T U b, s W e T AR 2 e T
BrRIGABOR B | B Ul o e K v ) o i U 75 5 HL
LA A AR AR S R e 5 Bl s B 1 B R X Y
IR iE

T AP TSR A T3 1o 1 H R AR 19 2 o7 SR 3
T R A T B AR RS T R T S SOh R A A T
BEAY | h T Rl 0 T AR Aer iV R, 55 T ol B 1) v )
682 S R A A - 10 A R W, T PR R TR A R AR e R

H, = J'(ihdHlx + J'(ihdHZx

2.65 h/b+1 h(x +b)

) Ha[ arctan

T h/(bu) +1 (x +0)> +y(y +h)

2.65, h/b+1

A, 1 R

. /

b

A 1
Fig. 1

T At Al - A2 7
Magnetic dipole model

A TR A0 | 10 Ao 43 A7 7 0 T Al %) 7 R T B T

BN p, . WIREAEN T, o RN TR .
265 h/b + 1

P, = 4T, ,0, = E(W)Ha (1)

K H, Rt e, WIS A | T A T B = R A

dy' (WTRITCTE R P AL ARG TREE

et
pfé, (2)
dH, =- ",
2L ory
KX dH |, dH, 5350 3 7% FE 8 WG BE T8 55, P I 1 37 58k

JE 5 o WEZSTES R r) or, RN P B PEERIIRES , r,

(x+b)* + (y =y ,r, (x=b)" +(y -9y,
W dH, dH, 75 H bR 2P o oy DT I 20 B dH |, dH
dex \de), ﬁ‘%‘]ﬂ‘?:

i - P (x +zb>dy’ 2
2mp,[ (2 +0)" + (y —y")7]
dH, = Pl N o 2
o 2mp [ (x4 0)7 + (v -7
-p. (x —=b)dy )
dH,, = P 2 - 2
2mp,[ (2 =b)" + (y —y")"]
—o (v =y dy'
dH, = e p L N2
2apm[ (2 = b)) + (y —y")7]
b (3) B, I op, = dmud,, 8, = %
(L g AT 3 T e 0
h/(bu)+17 7 N
SR
h(x =b)
— arctan

(x=6)" +y(y +h) )

[(x+0)* + (y +h)? ][ (x = b)° + 5]

0 0
H = dH, + dH, == Hal
Y J’,h b J:h 2w (h/(b,u) + 1) “

)+ [(x =)+ (y + h)]



- 46 - LSRR R e o

536 %

HsX(4) AT BB AL ™ A W RE A2 AR 5 1 D 1)
grie Bk ) e SR A TR NSE B A RS Tk
A7 TR AT B4, A 7 o -5 R 7 1) ) e FR AR AR
VA ) AT RSN 3 d Bl 2 2 e AR AR A, S0 T B )
AR TSR DRI AR D7 IR B S AR BE AR 5 | A 2 s A 1
BRFE A A

TS W AR B AR W ok A = s (B PP Y 3 i

Bx By Bz (e M7 i) E M2 (b3, Je 5y OB% 9By

e
% TR WG (G SRS T L R w22 e, dQ
wow oW OB OB O OB &, R Rk dQ =

dBx\’> (dBy\’ [(0Bz\’ N
\/(ax) +(g) +(a—z) ,dQ Ry — i B AN AR
S RGN i A T R B i R B X R

SRR 6 A 4 LD B R B (L dQ i A
W,

PR R g b e e [ D OB B2 )

ox dJdy 0z

OGBS R 1 5 0 S04 6
ST b s 5 7 B 5 20, M W BRI 1 B0
i35 e I A B 2 G BB R Y235 21 A5G
SR ARE | S5 A R B R

2 HWNTTE
S A R 1 i G

M, B T REACAZ ARG B B 5 e W B R AR, BET T e R A
T R BE RSN T S AN AT 2 IR

RMEIRY femp | BT
A WAL i feimn
PSR @w%@ o
7Y
R ] : ]
e —> Esaman -’%E@%%
2/ e ey 1
4 >
AT k55 AT B4R M
7
90000
© v
B v Sl 55 R 5

-
———— ————

SSA_BPH#I £ M 455 vk

¥
BB RAT

B2 Jm i T R Ao 4 1A 7 26

Fig.2 The overall plan of metal pipeline defect detection
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Fig. 4  Original magnetic memory signal
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Table 2 Test set of inversion feature quantity of defect overall size

A RE/mm A%/ mm H,(y)/T H,(x)/T K./T K,/T WPES, WPES,
1 3.6 7.2 1.5%107° 1.0x107° 4.2x107’ 5.1x107’ 6.2x107° 8.3x107°
2 3.6 7.2 1.5x107° 9.9x107° 3.4x1077 4.6x1077 6.4x107° 7.5%107°
3 7 7.2 2.5x107° 1.8x107° 6.1x107° 8.8x107’ 1.3x107° 1.4x107°
4 7 7.2 2.7x107° 1.9x107° 1.4x107° 1.8x107° 1.2x107* 1.6x107*
5 5.3 12 1.5x107° 1.2x107° 2.5%1077 6.7x107" 6.8x107° 1.3x107*
6 5.3 12 1. 1x107° 9.2x107° 2.5%x1077 3.3x1077 6.3x107° 1.7x107*
7 5.3 17 2.3x107° 1.8x107° 4.3x107° 6.2x1077 1.2x107* 1.3x107*
8 5.3 17 2.1x107° 1.3x107° 5.7x107° 7.6x107’ 7.8x107° 9.9x107°

BP 225 5 SSA BP 1 22 ) 2% 4 70 %) Bt [
FEPR R A R A i 16 17 Fis
R3I EEEARFEIRE

Table 3 Algorithm model inversion error (mm)

FORFERT PRI i WIEBIrRE PR R

BP 2 M 4% 0.68 3.5 2.09
SSA_BP £ 4% 0. 54 1.95 1.25

HE 16,17 LR ER 3 AT LLE B, BEiCAZ &80 7 k6t
X RO AT S, SE 50 H SSA _BP B 25 o 26 55 U fiz
T A B RSTSE 2 R 25 1,25 mm, SCTERUR
WART BP #hZeM4% SR iR Z AR AL T 67.2%

4 & i’

B < A ke B LA RUAI) L e I RS M LA 23 A Y



E1H FETRECAZ 0 42 T 8 T B A 1 - 51 -
18 - 18
16 - 16 -
Z 4t E 14
g 12+ . & 12}
% 10; ‘ % 10+
K g |
% s F o8l
6 6l
! 2 3 4 s 7 s 4 ‘
! ReAA 6 1 2 3 4 5 6 7 8
FEAAE
(a) BREEIREE RIHSE R
(a) Defect depth inversion result @ a“gﬁgﬁiﬁg%
(a) Defect depth inversion result
15¢
e T
: .
£
E .
& Fo
X
&
6 1
FEAME FEAME
(b) BREAPR ISR (b) BB ISR

(b) Inversion result of defect radius

P16 BP i 2 90 2% B B A R 45
Fig. 16  Overall inversion results of BPNN defects

0L, 45 G AT I S BRATT 5T 1 — b 4 Ja 78 18 ol 4
OIS T i | 308 0 S92 S W I S A B 14 728 Aok s A2
EIE BRI , 50 SR AL A PR AR NI R IR AR
ek e LU NET v TR A R Y R TR VA 7 A ek A i
6 FHRHIE 1 SSA Stk BP M 22 W 25 i g A 4L
J 5 A T SR ) NS R BE AR S v Al O vk
X T AR ke o ) 1 2 fioh 2GR R RO B i & 2R,
AT AR AR RS I D T RE RS S B R A SR )
ARFE S SRS I | - BERE— 22 73Tl B 8 RS R/

S5 30k
(1] EEPE, Rk, X 5T RACAZ 6 I iR

ORI 7 vk B SE L], XA AL R 2 AR, 2017,
38(2):271-278.

WANG G Q, YANG L J, LIU B. Study on the testing
method of oil-gas pipeline stress damage based on
magnetic memory [ J ]. Chinese Journal of Scientific
Instrument, 2017, 38(2) :271-278.

BoKSE, WfEsh, PR, S MU EFRSITS
K[ T]. WA AHIE, 2017, 36(4) ; 472-476.
LIANG Y K, YANG F M, YIN ZH Q, et al. Accident
statistics and risk analysis of oil and gas pipelines|[ ] ].
0Oil & Gas Storage and Transportation, 2017, 36 (4) .
472-476.

(2]

(b) Inversion result of defect radius

Bl 17 SSA-BP 122 W) 45 b 8 AR S i 2

Fig. 17 SSA-BPNN overall inversion result of defect radius

(3]

[4]

[5]

[6]

S TR e R U R b e A S O o e BT
BEFELT]. HRTIEEOR, 2018, 41(20) :28-31.
ZHANG T. Research on quantitative algorithm of buried
metal pipeline defects based on pulsed eddy current[ ] ].
Electronic Measurement Technology, 2018, 41 (20):
28-31.

BU)TOY. A IE A TSI R M F R S [ D .
BT BRI, 2011

JIA. G F. Research and application of ultrasonic
nondestructive testing technology for pipelines [ D ].
Qingdao: Qingdao University of Science and Technology,
2011.

TR, FREFR, g, 55 T3 5 A RO R
FH R IR LE BRI SF R BECAZ R [ T ] . LAY
Fe2ER, 2019, 40(11) ;225-232.

XING H Y, CHEN Y H, LI X F, et al.

memory identification model of mental weld defect levels

Magnetic

based on dynamic immune fuzzy clustering[ J]. Chinese
Journal of Scientific Instrument, 2019, 40 ( 11):
225-232.

FRAT, whI. BT REICAZ T 10 W T I A I 3 A Y
TFELT]. 7 a5 SR 2 4l 2019, 33(2):
94-100.

GONG D, HAN G. Development of pipeline stress detection



- 52 . e R = I O %536 4
equipment based on magnetic memory method[ J]. Journal [14] BEEle, TR, KRiia, TR EKE NS B
of Electronic Measurement and Instrumentation, 2019, IR [T ]. NEINE =% , 2016, 37(3).
33(2) :94-100. 602-609.

[7] RS, sttt 25, & ETFRhciZmm g CHEN H L, WANG CH L, ZHU H Y. Metal magnetic
TERERE BRI B B (S5 S UFSE [ T]. A ML, 2021, memory test method based on magnetic gradient tensor[ ] ].
49(8) :125-131. Chinese Journal of Scientific Instrument, 2016, 37(3) .
MU D P, FAN J CH, JIANG ] K, et al. Research on 602-609.
typical defect signals of storage tank wall based on [15] i, e, FB, %5 —FHETES E8A /N
magnetic memory detection [ J ]. Petroleum Machinery, BN = A EL I EE R, 2020,
2021, 49(8) ;125-131. 39(4) .32-36.

(8] bz, EWRIL, BREKME, 4% BT mmh B I ek 1 XIE L J, LU F, WANG X, et al. Wavelet threshold
B S BRI SE IR T IE [ ]] . TR i BR Y B2 denoising algorithm for signal denoising [ J ]. Foreign
#2, 2021, 18(3) :289-299. Electronic Measurement Technology, 2020, 39 (4).
QU J, WANG H J, CHEN Q H, et al. Experimental 32-36.
study on weld and defect detection of metal pipeline [16] %¥E, WiEe, XY, 2. T/ NG
based on magnetic gradient measurement[ J]. Journal of FIREIE S5 AN 0T [T ] EESR A5 M 24, 2018,
Engineering Geophysics, 2021, 18(3) :289-299. 39(S2) :306-314.

[9] AP ETEBMEICIZ T 0 R 7 R FE A DU Y LUO H, HU M M, LIU Y T, et al. Damage
ik [ D], dba . dUs3giE K2, 2020. identification of shield tunnel based on wavelet packet
WU L B. Quantitative research on stress and defect based energy spectrum [ J]. Journal of Building Structures,
on magnetic memory method [ D ]. Beijing: Beijing 2018, 39(S2) :306-314.

Jiaotong University, 2020. [17] FE Ak, BNS, 2207, 2. FLT/NELRE 400 R

[10] ZHONG L, LI L, CHEN X. Simulation of magnetic field Wl B2 W IR [T ], MLUR 5%, 2020,
abnormalities caused by stress concentrations[ J]. IEEE 48(1) .188-192.

Transactions on Magnetics Mag, 2013, 49 (3). WANG ER H, YAN P, LI X, et al. Research on gear
1128-1134. fault diagnosis method based on wavelet packet energy

[11]  FhBRET, FEHR %, Moo, & ETHEEkES distribution characteristics [ J ]. Machine Tool and
Levenberg-Marquardt {46 W6 55 7135 3 [T . £ &% Hydraulics, 2020, 48( 1) ;188-192.

PR, 2021, 34(1) :64-69. [18] CHEN SY, WANG G T, SUN S L, et al. Application of
SUN H X, PEI D X, YI H Q, et al. Magnetic moment wavelet packet energy spectrum in micro motor fault
calculation method based on magnetic gradient tensor and diagnosis[ J ]. Advanced Materials Research, 2013, 726-
levenberg-marquardt  optimization [ J ]. Journal of 731 3159-3162.

Transducer Technology, 2021, 34(1) :64-69. [19] HS/NZR, sk R, %, BT BP & MK ER,

[12] WM, R OR, wEE, 5. LT E0E BP fh& M4 R AN T]. AThALA, 2020, 48(6) :111-
MRS BRI [T]. ARAER 224 (A 2R R 117,125
2R, 2016, 37(12) :1759-1763. SHI X D, FAN J CH, ZHOU W, et al. Pipeline magnetic
QIU ZH CH, ZHANG W M, ZHANG R L, et al. memory detection pattern recognition based on BP neural
Quantitative  identification of microcracks through network[ J]. Petroleum Machinery, 2020, 48(6):111-
magnetic flux leakage based on improved BP neural 117,125.
network [ J ]. Journal of Northeastern University ( Natural [20] ¥l —FBiAl RS BB ER A S D].
Science Edition) , 2016, 37(12) :1759-1763. i AR, 2020.

[13] =gk, XIEN, LR, % &Baacteri AR XUE J K. Research and application of a novel swarm
SRS R S [ )], TR M|, 2020, intelligence optimization technique [ D ]. Shanghai.
42(12) :1557-1572. Donghua University, 2020.

SU S Q, LIU X W, WANG W, et al. Progress and key [21] Z=HEwn, FWEE, Brfbah, %&. & TR setifb

problems in the research on metal magnetic memory
testing technology [ J]. Journal of Engineering Science,

2020, 42(12) :1557-1572.

AR WS (1], TFF AL TR 5 0, 2020,
56(22) :1-12.
LI'Y L, WANG SH Q, CHEN Q R, et al. Comparative



513

T RICILH & 0

T SR ARG T 12 - 53 -

study of several new swarm intelligence optimization

algorithms[ J]. Computer Engineering and Applications,
2020, 56(22) :1-12.
EEE N

A BT, 2003 4F T 74 g 13RS 3R AR
b oA, 2006 AF T T RHE R S 3R AT AT
e, B VY R Al RS R, R PR
T7 ) N B TCBUS A B2 W 5 >
AbEH
E-mail ; swpushi@ 126. com

Shi Mingjiang received his B. Sc. degree from Southwest
Petroleum University in 2003 and M. Sc. from the University of
Electronic Science and Technology of China in 2006. Now he is a
professor at Southwest Petroleum University. His main research
interests include pipeline nondestructive testing technology, fault

diagnosis and signal processing.

B E, 2019 4F T 74 R A7 il K27 3R A 27
i, B DY R A RS S A,
BIFETT 0 R S AE
E-mail ; 1543390896@ qq. com

Chen Rui received his B. Sc. degree from
Southwest Petroleum University in 2019. Now
He is a M. Sc. candidate at Southwest Petroleum University. His
main research interest includes signal processing.

BK, 2017 45 PG R A1 RS2 ARG A
b5, 2020 AF TP R A OR S AR AR AL
AL, EEWEFE )5 T AR 4
E-mail :921377242@ qq. com

Feng Lin received his B. Sc. degree from
Southwest Petroleum University in 2017 and
M. Sc. from Southwest Petroleum University in 2020. His main

research interest includes hardware development.



