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Abstract: In order to exert the advantages of metal magnetic memory technology in pipeline defect recognition,
and solve the problem that magnetic memory signal itself cannot determine the defect types, this paper proposes to design
a pipeline defect recognition and classification method, and develop a defect type recognition software system for long-
distance oil and gas pipeline. The development is based on mixed programming of C# and MATLAB (Matrix & Laboratory).
MATLAB is used in the software for data processing, feature quantity calculating and method modeling on the metal
magnetic memory data of long-distance pipelines. C# is adopted to build a user-oriented operation interface. Thus, users are
able to quickly and accurately recognize, position, and distinguish the corrosion defects, weld stress concentration regions
and elbow stress concentration regions in long-distance oil and gas pipelines.

Keywords: metal magnetic memory technology; mixed programming; pipeline defect recognition; software system

1 5| = (Introduction) = A A A PR BB . R T A BB X B Y 18 B AR
WA EEESTEREY, HTWEENTAE  ®, 85 ERE U E R W RN R S L S, R
W LERENBARSZESNAREN T, AT KREWEE, 28R EES 25K R SR

HETH . EREAPARITHE “IEEmEERN, BEORTIR S IR I (2016YFC0802302).



25655240

T FIEE . MU LB R R G T 5 R

47

W EIER GG E RO . Y IR, &8
TGRS RS I 42 AR — Ao B T AR I e R, B RERS S LA
T GREE BT, AT LATE A IE A 5z 51 DL R 0 1 s 1T B R
PRI, R AR TR BEEAN R . BRRE VAR R e
RN IR A IR EAE T, @B N4 &
AT, XA ORI, SEAEA—EN
T A5 B 3 T B 2 W A SRR S R R
WESA R BB, UL EEAS I B REIC 12 A5 5 BRI 25 H 5]
B R TR, JOE KA G AR, o T R
WEACIZARE S A S N REHIBT BRI KR ML, 4G CHS
MATLABRFE R, FATIFR T8 E 6 R 517 5T, F
R A AR BRI A T 5 0 SR B AR A B R 4
HRAE S B BT R 4R 10 & SR B ACAZ Bd , P BE RS M B 1 bR
R VA 1AL S TG A ol U e R BE R B R I S A, SRS
BT RGBT R T 5%,
2 C#EMATLABR & HIEFA(C# and MATLAB
mixed programming)

2.1 CH5MATLABREf
C#iz474E.NET Frameworkfl.NET Corez I, F#H
AR T VBE R AT AL B E A CH+ I R R RE , TERET AN
RH AT A T, PREE,

MATLAB 2 Fiifi e b S0 G B P, (8 ,
PR A S Bk U T, (R ﬁA
T T e R ELFIF % 0 L R T, DA
SR TR, 4
2.2 C#EMATLABE&&HIEHIR

AR T T LABIR A 4 T
BEIREAT RS, ETEY R R L

it C# SMATLABIRA I TRIER T E L, KRS T
LR R R 1T B M R MR TR e, xR i C 2 A
MATLABRGHRBEIT K T —F LGRS BETLR T RARL
PR R A AR, B T MR RO RIR S,
a0V C# SMATLABIR & et RIF R AU E T A
BB BRI R 2RI T & TR T AL
Bk, X" H A C # MIMATLABIR & g2 5 R %I %
TR W RS, VIS T IR T R B R
G5, BB C £ MIMATLABIRE & 4L I T3 | 1%
A3, 24N C# MIMATLABIR & 40 #5257 76 TSAR
B A R, Tk %" R A C # AIMATLABIR & 4i
W R TF & T — S M K I 0 RS, DA LB
AR ARG T 2%,

ALK T —EETCH# 5MATLABIE A SR K Hil
SEFTEBRPE R BURGIER, ARYE LI BT R A 1B BB T2
B, P DAY YA SR e U R A B
2.3 C#EMATLABR & RIZRISEIN

ARSI CH SMATLABIR & i f 19 77 L2 K4 K Y
MATLABHE F 5347 ek Ok B siDLL SO, SR8 J5 H C # g
i, FEAH R AR E R R AR B FDLL SR, s M. 3h
ASHER FEDLLZ — /MNMESLR SO, RA AE AT, JFHR
7] ASE B AL

AW PAMATLAB R2020bfIMicrosoft Visual Studio
2019 AR A RG], N HLICH# SMATLABIR A SN
WA, IRAGwRESCI AR T

(1) SMATLAB 2%

()l BEMATLABZM
A,

(3) ?ﬁLC# H .98 E Windows % 457 1,
FH5IHD LjdfF
2.3.1

o i A B S DLL
%5 CHRP

ﬁ%ﬁw
5*6 FIFMATLABE X 4 J@ B eI Bas AT i Ak
Q MEEE T RO RS TAE, 5 5E MATLABEURE
PR
HK

. BlEMATLABZRFIEE, FHEMSA EMATLAB
Compﬂer SDK(E )i FEgwiFes(Library Compiler), ¥Fr
A B R RO AT 9 3 5 A B S BE R R (DLL) SO, i % 4
o Net FATI G, A REBILMC A",

4 i - o x|

S u ared Ii
'S or compone: ( Tg rate C and C++ source code from MATLAB, use

o not
xcution of compile dMA’ﬁAB applic ca(
MATLAB Oad ™,

A1 MATLAB Compiler SDK# & L&
Fig.1 MATLAB Compiler SDK configuration interface

TEMATLAB R2020b, #lj#iddeploytool T 5 52 Bl 4
B, EMATLAB® 4% 1 i Adeploytoolfi 42 &, T
FF—AQIEDLLIC AR QU 1, 58 g 1 25 2R AN i
e, WE2MR, #EfFLibrary Compiler, #iilDLLI 4%
B, MEBRFR. £ “TYPE” HEHi%# . NET Assembly,
£ “EXPORTED FUNCTIONS” HE H ¥ Il 75 B 4T 6. 1) R 5K
SO, #E “PACKAGING OPTIONS” #E H1ERA 3% Runtime



48 TR 20224E2 H
downloaded from web(JTi HIE%S[E]/)N), &did MPackage RE— =% =
SRR, SRR AHEHE, MR SO T 2R R i -

E: MRSATAA R0

DLLICHE, TR EEMPAN SO, AN 4RR .

g (B qp O gese & Hd 2T

2) @968 |y [ g
e e o Do T S o P | AN
B REEE v v e IR HRITHR v v @mses v = v v & TRMATLAB
7 = A = -
S TS » - v » gmm » Dy
. S :
’: deplotacl ‘ 4\ MATLAB Compiler = X L

g5 Appicaon Compier

g toteor Comnie

g5 Loy Compier

‘ﬁ Production Server Compier

@ Web Aoo Compier
Package MATLAB apps fr deployment to MATLAB Web App Server

B2 %558 KA R F2TEE
Fig.2 Compiler type selection dialog box

0 x
=10

H3 S S#BEmERD

Fig.3 Dynamic link library compilation window

@
' % GACInstaller
GAClnstaller.exe

TR, RN HR
e | wm s wmew [ ]

MRS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

A6 #%M4HEELRE
Fig.6 The main interface software operation

R TSI DLLAY R ] T a4 250, F5 %A
HAPRRMmASIH, — 4 2for_redistribution_files_only 3 {4:
FTFHDLLICE, METHR;s 5—M2MATLAB R2020b
2R A2 R toolbox \dotnetbuilder \bin \win64\ v4. 0§ f{]
MW Array.dlSCH:, WNEISHI S, d5cf5 Aok . HLIN Y 64z 4 3
O19%R {4 FL I Ay i B A5 TR 2%
64, WMEOFTR, KHTE M

H RS ST %
THEMGIAM TR E

'

€ GettingStarted 2021/1/2915.03 Microsoft Edge HT... 5KB
2021/1/29 15.03 NFERR 1313 KB
2021/1/2915.03 Microsoft Edge HT... 31KB
2021/1/2915.03 NAERT R 1314KB

L files under the for_redistribution_files only folder

for_redistribution 2021/1/2915:03 Xt
for redistribution files only 2021/1/29 15:03 fe 2020/8/28 20:56 it SKB
for_testing 2021/1/29 15:03 ik 2016/6/30 421 XML Configuration ... 1KB
@ PackaginglLog 2021/1/2915:03 Microsoft Edge HT... o | MWATaydl 2020/8/28 2056 e R 118K8
£ MWArray 2020/8/28 20:56 XML 3248 281KB

B4 & px 8 3 S5k 4% B SO Sk A S

Fig.4 Generated folders and files of dynamically linkedSiprary
232 CHERRRIAR SRS 4
$THMicrosoft Visual Studio 201 ), QIEHR
NHEIE, %FEWindowsHE A& ramework), 7
SECHFTH (B5), #HHRFHK, BIFT R K S

MRPATREY, EO A IE PR EE R . 8 THE
CHHIMAMATLABITEAMMDLLI M, & EAE 5 1
FT FE R lusing, AR

using MathWorks. MATLAB.NET. Arrays;

using testmain(3C{44%);

BIEHIE e 5
BEERNTERE® - - —

3 Windows BUASIT(NET Fomewor)  C&

N prempemErRzRn

P REERRTSRE

= =

A5 VSt #4778 @
Fig.5 Interface of creating a new project in VS

A8 MATLAB R2020b% ¥ % 2 F 4§ DLL X AF
Fig.8 DLL files under the MATLAB R2020b installation path

EmEEE 7 X
ERRERTTREE(C): ERRITEFEP):
Debug ~| [x64 v
ARG RSB R N E R R):
ma [ 3 F& E=3 BE
Debug ~ || x64 D

Ho mEELE
Fig.9 Configuration manager

3 H{%i%itT(Design of software)

KA i U R A TR KR R G T R R 1 4 2
T AR i B3 4 K B A T AT B AR, AT DA I
SAFIE ISR, JRAER SR X, B R IX
BT IR AE LI AR 4y, %R T SR RC IR,
RACH SMATLABIRGHEM 5, TEFALRREN S
JBREACAZ R IR EIR G, S BRAEE . FRERHE, LS



25655240

T FIEE . MU LB R R G T 5 R 49

Ml , AT RASE RS i U 2Bk 2R A A 51

ARER A 7 2877 35 2 I T S B A T R 1 7 ik R
AR, XA f il A T R BB AR AR R T R
P, B 4 R KA T IR A E LA AR 7. S T
TR ST R TR 28 T TR L ) B 3 K e 9
RS AU B U5 3 FAG I T, S R B R 1T 0 X B
T BB ST RS B R MK, RBUE B A REICAZ I
I A ) 2 4 R o 7 BB 288 B A 2 A B A il X
P HWK, ARG RGO RN IR R m, FEE 8
AR HCBR B BRI, 2R M) e e Bl i it
TR RGN > KT, A5 B LA T R R A
RORBIMNREE R . SRR I E 10778
BRI i B

l

ST BRI A B

l

K ER B R A et

i

T SORFIL 5

B 5 SR VR Y 4

A10 7R
Fig.10 Flow chart
3.1 FERIE
A T Microsoft Visual Studs
R2020bFF %, TEAE % E A Hl g
2019 5MATLAB, #{4:#).Ne
2. Net 4.7.2,
3.2 Fmmigit
F AT SR AR BB TR B R e e G A (A 1) R 5
T (E6) AL, 32 i DA I 06 i JB LA B SR AL BRBE
FERUP I AN BRBE P00 43 S 45 R R R E o TR, B
T Re %A 58 UM S T Re IR P TR A

RO EEERRIR RS - o x

isual Studio

OrkKHEZR i A< 3% I 1)

B11 Kirh AT LR AANRMERZE “RE” Rd
Fig.11 Welcome interface of defect recognition software
system for long—distance oil and gas pipeline

i < 1' fon
<:>\ ek E pri

3.3 IhEiRit

VCHEA — N IRELC, B CBRBEET L E T
K B IT I BA KM, s T
B, LR CHELIERITILRE T TR
MRV R I 0 AL B, Sl
ST AL, TS ARG TR RAEE 0 G LA
FREE, WEI2PUR, T RER SRR
PR RBHCL IR SCHF IR, Al “TFIAUR 46, T
X ELHE ) H AR PRI S B U, HFH045 0 B
AR F ST o AR RS A R
HOPPRI AR R, RS0 mob A BRK R, I ER
BTR, SRS AGRIEE, B2 MR B
LS, e O B O E S A7
U S e %sgé\ﬁ%ﬁ%%EﬁKE%ﬂ
%,%%ﬁ%%‘ﬁcgkmgwﬁﬁ,%%ﬁﬂ%Zﬁi
ﬁw‘w’,wézgkﬁﬁﬁﬂ@;%%ﬁﬂ@amé%@
TN QG WGBSR, BRER TR,

PESHER X |z HRERLA, RZA0
e —RBRHE, #2507

0 2122 23 24 25

B12 ki E LB IRANHM R L “FAHE X @
Fig.12 Data importing interface of defect recognition software
system for long—distance oil and gas pipeline

i KBS EERSRRIRERS — [m} X
BEEOH XTF
PE T

8 \Desktop
\DX0001. txt

- : A
[zt | ] [y

B
1 BRI B2
TS, bR HSHE
sm o2 W ® @
['s[ 6] 7] 8]0 ]10[11]12]13[14]15]16]17]18[19 20| 2122 23] 24] 25|
010010000001000

- o o
o o o
-~ oo

10 0
000
00 1

-~ oo
~ oo
- oo
-~ oo

0
0
1

o oo
~ oo
oo =
- oo

13 L FiE iR 5 R E
Fig.13 Defect recognition result diagram of a certain pipeline

4 #5i(Conclusion)

AR TR TETCHEEMATLABIE A MR K4
LRBRBEA TR BB RS0, I ST A A BB TR 2 v
FIAMATLABSR KB T 115 e R B e e, PARCH R
TFHIBEAERTE, A AMATLABRICH 4 Ak, M
RE f% e A 00 5 OGS K B B A P R T A 0 0, oA S
P E BRI T30 T 2%, BB E MY M E.,



50 B THE

20224F2 H

52 X #k(References)
[1] DOUBOV A A. Screening of weld quality using the magnetic

metal memory effect[J]. Welding in the World, 1998,
41(3):196-199.

[2] DOUBOV A A. A study of metal properties using the method
of magnetic memory[J]. Metal Science and Heat Treatment,
1997, 39(9):401—405.

[3] JILES D C. Theory of the magnetomechanical effect[]]. Journal
of Physics D Applied Physics, 1995, 28(8):1537—1546.

[4] 4E T AR SR AL, RILF A B AT IUA M AL 693531 )] B
A&, 2002,24(01):29—-31.

[5] DOUBOV A A. Diagnostics of equipment and constructions

strength with usage of magnetic memory[]J]. Inspection

Diagnostics, 2001(6):19—29.

HEER, IR RIE B ARSI RELNAZ 5 07 a[]] A

%2 5 3,2007,28(03):724—728.

[6

—_

7 ZEH.7H.RAKAE A TCHEMATLABR A HAEW %
HHBERRNECRAAKS A . SBHEREF
# 2020,37(05):52—57.

FHE A TCHE MATLAB;‘%/E,\%%;%HM%%%ﬁ%ﬁ#fp
G R [D]. KA F AR E,2013.

8

=

[9] £F & A FTMATLABL CHRA %A 8 Bk ?ﬁ%

2G4 Tk K 3 2015.

[10] %] 32 K FMatlab 5 CHiA %42 69 &, JIK /\ﬁé GAT T

[D].db 7% 4 db b A K 52,2017,

[12] Z=m A R4 = k5 Visual C#5 MatlabiRA- %424 TTAL
ACER A B 8 B R []]. 30 4F,2012,33(02):78—79,83.

[13] | &, E#, @ #. & T CHAMatlabif A 25 42 49 4 /R K %
Pl & Gl BAUE A, 2018,38(S2):236—238,242.

[14] F %3 2B LA TC#HEMATLABR A %AW ik
FERIAMAZAGWHEZN[]]. TRAXBRXFFRRARHAF
}8),2015,34(04):128—132.

[15] M &M 22 A MATLABL C#RA %2 40 F B 4 32
Va4 5 R [J]. Bk K5 B R ,2014,27(11):67-69.

[16] &%, 38 MatlabFe CHik A% F2 /£ SAR BAE AL R Ab ] &
# R A []].0 28 5 2 ) 3B A4S B:,2017,40(02):75—78.

[17] E&# BBsiz A5 AT CHfeMatlabbd FE X B4 # B
¥ RGAFR]). P K, 2016(06):23—25,33.

ET#2 5 4 #9 C# 5 Matlabif &

[18] B bl K 5 % )
AR AR

1.4 %] 5 15 &K ,2018(02):44—46,64.

@faj 97-), 5, W-LE. BRI LR T
TR

2 F(1979-), B, Wk, WA BT AL
T B TR OB

W BOOTIS), B Wik, BRI B, .

3 A(1982-), B Wk, ORI . B,

WAR(1963-), B, Wb, B B LR

(1] #TR, &K, Tl 5. Ch5 AR N IRE TEATE.
o aG B[] 3R 4 5 5 IR2013,33(05):129—132.
(EH2556277)
[6] KOSTICK K, ZUK P, LAZARO-MUNOZ G. {EE@E:
Operationalizing agency in brain computer interface (BCI) — X| #(2001-), %, ARME.HF5040E. HHEHBESEA,
Research[]]. AJOB neuroscience, 2021, 12(2/3):203—205. A
(7] BLE A8 £ STM32A 7 $30%——DHT1 1R A4 K 7 (1999-), 5, ARRVE. BHRaU. RIS SR,
% [EB/OL.[2020—02—2] https://blog.csdn.net/qq_42930154/ A
article/details/104532523. 3 B A(2000—), 5B, AR RS HEVREFES R,
[8] % & SC.PM2.5 & 4 A BLT 2 52 it #n] 2 4 89 3% D). HEAS.

iR AR 2016.
(9] Ak ATHEAKXNEAZTAEN R %02 AHRLID]. &

G4 R A K 2015,

BmAm(1965-), &, Wt ¥R OO, MZKEH, B
AL W A SCEINTES .
F E(1972-), %, Wi, EIEER.PTTEGUR: BOE TR R

it





