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Pipeline Defects Detection Using MFL Signals and Self Quotient Image
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Abstract Defects positioning of underground gas pipelines using MFL(magnetic flux leakage) inspection which is
one of non-destructive evaluation techniques is proposed in this paper. MFL signals acquired from MFL
PIG(pipeline inspection gauge) have nonlinearity and distortion caused by various external disturbances. SQI(self
quotient image), a compensation technique for nonlinearity and distortion of MFL signal, is used to correct
positioning of pipeline defects. Through the experiments using artificial defects carved in the KOGAS pipeline
simulation facility, it is found that the performance of proposed defect detection is greatly improved compared to
that of the conventional DCT(discrete cosine transform) coefficients based detection.
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Zhzite] ZAtdle wj@e] WejR A HEo)
7Festn 7 8739 TS A Le A
SAAAL Bol AHE-Eri{34].

A7) 4 @4 Ak PIG(pipeline inspection
gauge)ete AAE o83 Ay] FAH @A A2H
£ ol83dtq T Aol wjF WRE o] F3EA
ANE FA A& WsE HReE A%S HE:
g Hhgelth. A3 wjA wiw A AE 87
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7Y &= B0Y T 9TLE Az g4I o
Fo] B B =fdMe Y AE FEA4
& #ol7] 98] A7) 74 A& SQI(self quotient
image) 7|'H& HEdd NEZE B3, A9
ZAE Ase AN A I Agd 2F Ae
¢udFe Asg BH37] A ZeJAY o
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8, WA(radial) W, AF(circumferential) WEFo
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Fig. 2 Leakage signal pattern for each direction
[56], (a) Axial direction, (b) Radial direction,
{c) Circumferential direction
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Ay 3 7] AFAHA FAg v £ 7
FAAS} o] YT ¥sle B9 o
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B A7 54 Az g Fol HAHA ANE
FA 2% A5 A7E g2iAA He FEHE A
Zxled, 383 HAE AsiMe olHd 98-S
Hagtsor 3ot B =RdAe ARAHA w4 &
& Az Wsh 13y Feo AAE A% U
° 2 SQIE °]&3%Th
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dFe] MF9 §7 Heo|rt
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(i2 +32)
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W(z',j), otherwise
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Fig. 3 Comparison of signals processed by DCT
and SQI for artificial defects on KPSF
pipeline, (a) Original MFL signal, (b) 2nd
coefficients of DCT, (c) SQI
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2 ges oz BAG Rio] AA Aol EA)
3= ¥F-Eolt}. Fig. 3(b)c Fig. 3(a) A&l ths)
DCT(discrete cosine transform) § ¥ 284 A<
§ 13 ZAdo|t}s]. Fig. 3t ¥ A3 SQIE
&3 AFz, A3 HEgaEn 7lgdel 13
AL B 4 ooy M5 aFy 54L& 4l
39 vug 9 A3 EQFEL ¢ 5 AUk o
Azl 300320 ME A E PIGY Bz
SHSE 3 AU Az § @delnh o Az
o] 3 g4e 250 HE 2A 999 2 v
719 5452 vE, QI A& 23 B3
HASE B 4 Aok ¥ 59 sQI AE BF

S

FARE gL VIEeE AYS HEYR + Ao
Y SQI 457t o 4A HEE 4 ded
T Aok
4, ¥ ZAn

e daelEe 4eg AEdoz Hray)
A3l A@ vebd FAHEE(hit rate) 3 27
ZE(false discovery rate)& AME-sITi10]. A4
252 & AE 254F o4, F
é’% FEE HAEFo] BEFE wopur) o
A AnAFLTE A} FEEL £ LPEE

P
Hitrate= ‘m
FP
TP+ FP

Where, (4)

Fulsediscoveryrate =

TP=true positive=number of correctly detection
FP=false positive=number of false detection

FN=false negative=number of miss detection

2 =894 A A3 vl sk wid A
A& 41dE A%E U5 98 200m 2
ole] moAlY wjge] ZHol HY 88mm -
1527 mm, Z ¥ 35 mm-152.7 mm, o] ¥
5%-80%2] e AT AFE-E HAsNUL. Fig
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o HAd =719 Aol thsiA JgIgle] AEE K
A8 # A=F Ade F2E 4T Ao}

AL 2 AE duEY A5S VIE AE
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2BATHI]. Fig. 5@)e ZAAEF wjP 150-165 m
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i, Fig. 5(b)= &

AE5E HET Aol =FA

Fig. 4 KOGAS pipeline simulation facility(KPSF) [8]
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Fig. 5 Result of defect detection based on DCT
and SQl, (a) Result of defect detection
based on DCT coefficients, (b) Result of
defect detection based on SQl
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Table 1 Comparison of defect detection results based on DCT & SQI

. Velocity . Detection Whole
Region Bend Gradient Correlation Threshold Replacement | Other (1-200m)
# of defect 20 25 32 6 74 0 157
# of
correct 15 25 28 6 74 0 148
detection
DCT
# of
false 13 18 20 3 14 217 285
detection
# of
correct 15 25 32 6 74 0 152
detection
SQI
Q # of
false 0 3 0 2 2 72 79
detection

Atg SQI 71vte] 2E AF HE dnEE
£33 AL HEF Aygo|tt. YoM B 4
A=) At sQI 7wt AuEFLE RE AFS
AE3I o DCT 7)gt dxugEe )9 28-S
] @& (miss detection)3t] 1, 2HE(false detec-
tion) YEJAE SQI 71vt giglZo] vis} DCT
7iuk daEled ve 27 TAsIHTh

Table 1& DCT Al 714k g &£ =& At
g SQI 7Ivte] A HE: dnEe RyAE M
# A¢3te diolEed &8 AAE R Zlof
i, Table 2& °l& Aesld A3HEEY 242
& Jehd Zojtk sQizhit g3:eElEs) DCT7)b
du2EY AAAEEL 47 9%8%F U3I%E
F E1eE BT A3 =2 AYSE RAEL
LAEEL SQI 71N dag]Zo] 342% 2 DCT A
& 71t guElEe 658%0] Hls] ¥R A e
Wk SQI 719k ¢e]Fo] DCT Alg 7|Nre] ¢
ZEETY 2H4EEC] ¥ 2L SQI 7 gaE
Fol Fe Az A A3 E Juder o)
TES & dSE vigty, o]g T3l sQI7t 4
g 2T A HE VYol E £ USS FAF +
k. T E1FE EFM vHEE 22 bend
TFte] Ao, ol bend FIHAM 1E FA9
PIG7t & F& FH3IUA dFoz £uA
A AMSL wjd Alole] zbA Wizt Qs & A
Al %9 A717F FlE fEoR FHH

Table 2 Summarized results of defect detection
based on DCT & SQI

Method Hit rate False discovery rate
DCT 94.3% 65.8%
SQI 96.8% 34.2%
548

B =EoMe A7) F4 A5 sQl ¢adE
< Ag3e A HE 45 FPAIE ¢x
&S At A WHe Ay FH g4
AaEe Betgaog A% A5 7FE Ed ¥
A4S Foln xR Y wsie g
P HasEEAM wie 2E AEE RAAHA
o 2¢e HEd B =FdA Aldd ZF
AE e 4%g Hrksty] 8 2oAY v
of J1F AFS AAAA AHEIAL, DCT AF
7ke) 71E i 2% 2E ASE va 3ol
Ak 2% AE 2 FYHEELS F %8%= 7]
F£9 943%RT}t FFHAOH, QHSEE M2%E
7189 658%K.Tt 2A £t} AYF LnIPEFL
oz A Fdol shsdlEE 7Y
(pigging) ¥ A& sjddo] oz} w7z} FA)d)
2% AEx 71 Ao /gt
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