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Abstract Adaptive noise cancellation techniques are ideally suitable for reducing spatially varying noise due
to the grain structure of material in ultrasonic nondestructive evaluation. Grain noises have an un-correlation
property, while flaw echoes are correlated. Thus, adaptive filtering algorithms use the correlation properties of
signals to enhance the signal-to-noise ratio (SNR) of the output signal. In this paper, a multi-stage adaptive
noise cancellation (MANC) method using adaptive least mean square error (LMSE) filter for enhancing flaw
detection in ultrasonic signals is proposed.
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Fig. 1 Adaptive noise cancellation system used in

ultrasonic nondestructive evaluation[13]
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Fig. 4 A result of adaptive filtering containing flaw
and noise signal components—(a) L+=3, =5,
=701, (o) Li=Ls=7, w+=po=0.1, (c) Li=7,
=9, w1=wpo=0.1
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Table 2 Definition of

SNF')ﬂaw
cancellation technigue

and cross—correlation  coefficients  used

in  multi-stage adaptive noise

Parameters

SNRiaw(dB) 0
Ly Lo Input Stage—1 Stage-2 Stage—1 Stage-2
3 5 27.6502 28.1205 37.0675 0.8388 0.8919
7 7 27.6502 29.0110 41.1783 0.8338 09014
7 9 27.6502 29.0110 42.9493 0.8388 0.9014
Table 3 SNRww and cross—correlation coefficients {(Li=7, »=09)
Parameters SNRian(dB) o
[ Mo Input Stage—1 Stage-2 Stage-1 Stage-2
0.01 0.01 27.6502 27.427 25.8304 0.8388 0.7379
0.05 0.05 27.6502 29.1195 38.9023 0.8388 0.8511
0.1 0.1 27.6502 29.011 42.9493 0.8388 0.9014
0.05 0.1 27.6502 29,1195 45.4681 0.8388 0.8511
Table 4 SNRsw comparison based on scanning point distance of transducer
Distance (d) 2 4 6 8
Input SNR 276502 276502 276502 276502
Stage-1 SNR 29.011 28,4862 28.0523 30.174
Stage—2 SNR 42.9496 38.8604 35.9458 30.885
ol Zh SWex HAE FAS HojFa vf 42. =882 ZI (Effect of Learning Rate)
A APL 24 AITE Afole) AH BAA I
S7HeHE HoErh mpkAE, Fig 594t o ANk o F, Y o]z AA ALH e time
2 AEg HAEYS ZFE ZHE Ho Fr complexity’= LMSE @¢n8]&9 £84 pd 9=
AOEA wolz #Hule AT UAE HoFu. gt} kg FEEo] (=001, 005, 01) G4
old Bg AAW wolz 74 245 4% 4@ HgHE Alzgle] AHgH3lem 1 Aihe Table
As 1HA DA 065342 FE 2914 w39 aodch 53], o] ARAME Li=7, L=9A
046655 7r2E T} HAge 43 dA tdA HeF o= A
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Fig. 5 A result of adaptive filtering on noise signal
component (L1=7, L»=9, i=x=0.1)

(Effect of Transducer Scanning Distance)
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Fig. 6 Normalized auto-correlation and cross-

correlation function

Fig. 7 3-Dimensional resulting image using adaptive
fitering (@) Ti specimen containing synthetic
hard- inclusion, (b) MSNC resulting image
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