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Research on the MFL signal enhancement algorithm

Yang Lijian,Zhao Dongsheng, Geng Hao, Huang Ping

(School of Information Science and Engineering, Shenyang University of Technology ,Shenyang 110870, China)

Abstract: To improve the signal noise ratio (SNR), it is important to enhance the intelligent analysis of MFL signal. If MFL data are
processed directly, it usually has low precision due to the low and high frequency noise contained in MFL signal. It is discovered from
the magnetic dipole model of infinite rectangular groove that there is a cross correlation between the original function and first derivative
of the normal component and tangential component leakage magnetic field. Therefore, a MFL signal enhancement algorithm is proposed
based on the cross correlation, which can enhance the signal near detect targets and suppress noise. Hence, the SNR of MFL signal is
improved. The algorithm is validated and generalized by pipeline pull-through test data and in-service pipeline inspection data,
respectively. Finally, some samples are collected from in-service pipeline inspection data and a signal quality estimation method is
proposed which is suitable for evaluating the quality of the MFL signal. The enhancement algorithm is quantitatively evaluated by the
samples and the estimation method. Experimental results show that almost all the samples are improved and most of the samples are
improved by 10 dB at least.
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Fig. 1 Measurement unit and the mechanism of MFL

1.2 EREXFEE
SCHR 18 ] 56T R 4B A A A0 X6 6 BR < S JE M1 Al
IR G EAT T AR SR YIRS B 1] 5 Rl R O 1)



178 % # £ ¥

43

T, 2 s, (1) F(2) Kl g 3 1 f B ik
Ko Xp, o, AT VRS PR BE [ i Anf 125 B s Sk 000
AR A X G 52 2% H ) R il R 5 5 s, R LS B R
b R IUURE 58 BE 0 —2F: s h SRR MRS R B 5y S g
{8, RIVEE IR % JER 225 55 0 0 2k P b Rl 2 i 1) e B
x NIIRETT M PAEAS . AR VRS 13 2 0 v ek R
AN TR RORAAR R

AR MRS 1 mm, GRS IR B v N
1 mm, JIREHRE H, } 180 A-m™" | W AR REE 44 LA X}
WS w2 000, L IRARAFE v e [ -20 mm, 20 mm ],
A3 A5 B AE T A A A (b B 1 mm) B AR 98 (b B
10 mm) BFAG H, K H, I, & 3 B,

BN R A B

/

Joila]

s

o=14

B2 T IR Al 1A

Fig.2 Rectangular groove under the magnetic dipole model
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Fig. 3 Tangential and normal component

B, T IR, 3 2 S TR | L 1) o3 i A — B S 4
ik i, UGK I o i i — B S RO D) o 3R
B T BRI AR S E . AN, FEs 5 MU B 7, i e AR
AACBN PG, il SR ZJE R A E BN SR T
O 5 T 75 [T RS ¢ B SIT , Jit o K2 AR Tl 2, — B S e
BOAWIE . AU, 5525k S5 | HARB > 215
PRI , T 0T 00 o 5% B A O A 0 15 5 rROR
P BR B RIHE LRSS BRI

y+h
W, = 2 2
(=x+b)"+(y+h)
y+h
w:
(a4 b)+(y+h)’
_ Yy
W, (—x+b)2 +}’2 (3)
_ y
P b))y
oH,
H = “w, —w, -w, +to,
ox :
_ 2(-x+b)
P ke (e n)
_ 2(x +b)
PTG (e
2(x = b)
-l 4
Ps (x—b)2+y2 (4)
_ 2(x+b)
P ey
. oH,
H,,:szl+p2+,l)3—p4
X

g5 AT, A I 1) R 1 A e A 4 1) 3X
Jir BRI BRI — B S 5504 58 SURH G | DA SR B0 Y Rk
BT T w5 5 3wk, =l (5) s,
oH,(x,”) (5)

ox

K (5) M SO FE Y ) 43 i RNk 1) 4 i op | e B L
VBN H,, X HRETF o 0 — T, oK 46 xF

H,(x,")=H,(x,") X




B2

{6, SR DL S 1 5 2R 805 55 b — Ao H, 3 A
e, BN H, 1, X« S FORER » SN E P
At X — B TR a0 E Y 322 iR R
W AR S IR S

—— H{b=1 mm)
2- — — H(b=1 mm)
— == H{b=10 mm)
s I ’,-;‘.‘ -------- H(h=10 mm)
= s
B oor :
i3
71 —
5 I I I I I
-20 -10 0 10 20
Xahr#

K4 Dl — S8 ik o
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normal component
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Fig. 6 Enhancement of tangential component
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Fig. 7 Enhancement of normal component
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IO bl s 99.01 83. 68 59.01 ® bﬁjﬁf{fjﬁm
R aE 99. 25 96. 90 91.03
I S 99. 74 96. 60 90. 00
Wi i 99. 62 96. 03 89. 62

T 6 dB, KEHEEA P e 2 KT 10 dB, TN,

P ELA 3 F ME ASE I HFRFER
4.3 Xftb4dr ) Tal(})geji)]ﬁg? ﬁr;i;ponent
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SEEYTIEIE . = TR T PRI A, T LA ] e AR Fig. 22 The comparison of enhancement algorithm and

AR B SRR RS, PTRATN , 3EF 4. 1 99T gaussian filtering effect on weld MFL signal
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