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Flaw Detection of Ultrasonic NDT in Heat Treated Environment Using
WLMS Adaptive Filter
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ABSTRACT

In this paper, we used the WLMS(Wavelet domain Least Mean Square) adaptive filter based on the wavelet transform
to cancel grain noise. Usually, grain noise occurs in changes of the crystaliine structure of metals in high temperature
environment. It makes the detection of flaw difficult. The WLMS adaptive filtering algorithm establishes the faster
convergence rate by orthogonalizing the input vector of adaptive filter as compared with that of LMS adaptive filtering
algorithm in time domain.

We implemented the WLMS adaptive filter by using the delayed version of the primary input vector as the reference input
vector and then implemented the CA-CFAR(Cell Averaging - Constant False Alarm Rate) threshold estimator. CA-CFAR
thveshold estimator enables to detect the flaw and back echo signals automatically. Here, we used the output signals of
adaptive filter as its input signal. To know the statistical characteristic of ultrasonic signals corrupted by grain noise, we
performed run test. The results showed that ultrasonic signals are nonstationary signal, that is, signals whose statistical
properties vary with time. The performance of each filter is appreciated by the signal-to-noise ratio. After LMS adaptive
filtering in time domain, SNR improves to about 2-3dB but after WLMS adaptive filtering in wavelet domain, SNR
i proves to about 4-6dB.
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Fig. 1. Ulasonic signal before and after heat treatment
(B : reflected signal from the bottom of the metal);
(a) before heat reatment, (b) afier heat treatment.
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{a) Primary input signal

(b) Reference input signal (delayed signal : 0.3 us )

{c) The output of time domain LMS adaptive filter
(L=16,1,=0.05,¢=0.0D)

(d) The output of WLMS adaptive filter
(L=8,4,=0.025,2=0.0D

{¢) The output of CA-CFAR threshold estimator after
time domain LMS adaptive filteting( P, = .4)

{f} The output of CA-CFAR threshold estimator after
WLMS adaptive filtering( P, = 0.4)
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Table 1. SNR comparison of LMS adaptive filter and WLMS

adaptive filter.
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¥ Y T ¥
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time{us)

€}

dol8l A5 |LMS €3 43 | WLMS 23 413
SNR(dB) | SNR(dB) SNR(dB)
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gjolE12 5.69 7.82 10.22
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o] €]4 46 791 10.70
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d)o|E{6 595 7.22 10.04
o) ojE)7 4.83 6.89 9.86
ol E8 5.08 7.12 10.67
o] €)9 3.87 6.58 10.36
dlolE]10 | 476 7.12 9.95
3 & 5.08 7.18 10.15




@A §3AAN A2 A& YHE o] &Y 254 w3 Ao AY HE 53

%12 BUE 28 83 Y53 10709 dlo]Efq
st NEE A% gele €H A4e] £% 16(L=16),
slolB3l ¢ ¥EE ¥H AF9 FE (L=8Z XA
A} o 0012 1A AWHE £H H2lEg g,
£ /P38 AR Az F897 A 22 g o o
g g Vsl FHE T AS Qe Az FE
H]3} o] Jehhict wlolelel whelA <fre) Aele
Ak Y Ao} Wiy AEE ¢ "Ep} 2 - 3dB,
fl>l83 ¥3 Yej7l 4 - 6dBRES) AHS Bk

{L=16,a =0.01)
10 4
)
12
X s
% R e
64
0—' A T T T T T T
0.02 003 0.04 .05 0.06 007 908 0.0%
parameter{pn}
@
12
. {L=8, ©=0.01)
104 Lo _.‘-._-‘l"‘.'_"‘-—l
)
T 4]
g
z
) e
0" o v T T 1 1
0.01 0.02 0.03 0D.04 005 008
parameter(n)
®)
23 10. £ Holeiol g 2 A4 gelg Az Fad
8] vm
(@) AYE g WEY FS ©) doiEd & @
gl A$

Fi3 10. SNR comparison of ¢ach adaptive filter output to the

convergence parameter;
(a) In the case of time-domain LMS adaptive filter,
() In the case of WLMS adapive filter.
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Fig. 11. Power spectrum of the ultrasonic signal acquired from
the test specimen;
(@) In the case of normal specimen (before signal
processing),
(b} In the case of heat-treated specimen (before signal
processing),
(c) In the case of heat-weated specimen(1387C) (after
time-domain LMS adaptive filtering),
(d) In the case of heat-treated specimen(1387°C) (afeer
WLMS adaptive filtering).
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