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Signal-to-Noise Ratio Improvement
based on the Discrete Wavelet
Transform in Ultrasonic Defectoscopy

V. Matz, M. Kreidl, R. Smid

In ultrasonic testing it is very important to recognize the fault echoes buried in a noisy signal. The fault echo characterizes a flaw in the
material. An important requirement on ultrasonic signal filtering is zero-time shift, because the position of ultrasonic echoes is essential. This
requirement is accomplished using the discrete wavelet transform (DWT), which is used for reducing the signal-to-noise ratio. This paper
evaluates the quality of filtering using the discrete wavelet transform. Additional computer simulations of the proposed algorithms are

presented.
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1 Introduction

Ultrasonic non-destructive testing is used for detecting
flaws in materials. Ultrasound uses the transmission of high-
-frequency sound waves in a material to detect a discontinuity
or to locate changes in material properties. The most com-
monly used ultrasonic testing technique is a pulse echo, where
sound is introduced into a test object and the reflections
(echoes) are returned to a receiver from internal imperfec-
tions or from the geometrical surfaces of a part. The highest
signal-to-noise ratio (SNR) provides the optimum frequency
of an acoustic wave appropriate for detecting specific discon-
tinuity. There are several sources of noise that can hide a fault.
A common source of noise is electronic circuitry, which is used
for processing the ultrasonic signal, and scattering at the
inhomogeneities in the structure of a grainy material. The
amplitude of the fault echoes can be smaller than the ampli-
tude of the noise, and the noise can totally mask echoes char-
acterizing faults. This case is undesirable, because we cannot
correctly identify flaws in the material. The most frequent us-
age of ultrasonic testing is for weld inspection. In welds there
is big probability of cracking. The places where the flaws are
have to be uniquely determined. For this determination we
have to use a method for reducing the ultrasonic signal noise.
The best method for reducing noise which ensures zero-time
shifts of ultrasonic echoes is the discrete wavelet transform

(DWT) [1].

2 Filtering method based on the
discrete wavelet transform

The wavelet transform is a multiresolution analysis tech-
nique that can be used to obtain the time-frequency re-
presentation of the ultrasonic signal. The continuous wavelet
transform (CWT) is computed by changing the scale of the
analysis window, shifting the window in time, multiplying by
the signal, and integrating over all times. The continuous
wavelet transform is defined by:

1
il

is the input signal,

CWTY(z,5) = t)lp*(t _’)dz, (1)

s
where x(f)
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t 1s the translation,
S is the scale and

W)  is the transforming function called mother
wavelet.

The mother wavelet is given by:

L yft-t
‘I’r,.\-—\g‘l’( ; j 2)

DWT coefficients are usually sampled from the CWT on a
dyadic grid, choosing parameters of translation 7t =n - 2" and

scale s =2™, it is possible to defined mother wavelet in DW1

as:
1 t—n2"
IIIn ,(t)zilp . (3)

DWT [2, 3] analyzes the signal by decomposing it into its
coarse and detail information, which is accomplished by using
successive high-pass and low-pass filtering operations, on the
basis of the following equations:

high(h) = Y x(n) - g(2k —n),
n (4)
Yiow(h) = D x(n) - h(2k —n),

n

where yhigh(k) and yy,,.(k) are the outputs of the high-pass and
low-pass filters with impulse response g and h, respectively, af-
ter subsampling by 2. This procedure is repeated for further
decomposition of the low-pass filtered signals.

Starting from the approximation and detailed coefficients
the inverse discrete wavelet reconstructs signal, inverting the
decomposition step by inserting zeros and convolving the re-
sults with the reconstruction filters.

The discrete wavelet transform [4, 5] can be used as an ef-
ficient filtering method for families of signals that have a few
nonzero wavelet coefficients for a given wavelet family. This is
fulfilled for most ultrasonic signals. The standard filtering
(also called de-noising) procedure affects the signal in both
frequency and amplitude, and involves three steps. The basic
version of the procedure consists of:
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a) decomposition of the signal using DWT into N levels using
bandpass filtering and decimation to obtain the approxi-
mation and detailed coefficients,

b) thresholding of detailed coefficients (see Fig. 1),

¢) reconstruction of the signal from detailed and approxima-
tion coefficients using the inverse transform (IDWT).

For decomposition of the signal it is very important to
choose a suitable mother wavelet. The shape of the mother
wavelet has to be very similar to the ultrasonic echo. It has to
fulfill the following properties: symmetry, orthogonality and
feasibility for DWT. A group of mother wavelets was tested:
Haar’s wavelet, the discrete Meyer wavelet, Daubechie’s wave-

In the proposed procedure, local thresholding of detailed
coefficients was used [6, 7]. We computed the threshold at
each level of decomposition from the detailed coefficients,
and this value was used for thresholding in the same level. We
evaluated common thresholding methods implemented in
the Matlab Wavelet toolbox [8] (rigsure, sqtwolog, heursure,
minimaxi) and due to the unsatistactory results we proposed a
new method based on standard deviation. The local threshold
at every level of decomposition is given by

N
_ 1 2 ‘ 2
Threshold =% - i Z (De; —De) (5)

let and Coiflet’s wavelet. The best results were obtained with ~ where & s the coe:fﬁcient related to the crest factor of the
the discrete Meyer wavelet. In the following study, only this filtered signal,
mother wavelet was used. Dc is a vector of detailed coefficients at each level,
N is the length of each set of detailed coefficients.
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Fig. 1: Decomposition and tresholding
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Fig. 2: Material used for constructing airplane engines

The main idea of DWT filtering involves replacing small
wavelet coefficients by zero, and keeping the coefficients
with an absolute value above the threshold. This type of
thresholding is called hard thresholding [7], and is used in
our study.

To evaluate the noise reduction we used the signal mea-
sured on grainy material used for constructing airplane
engines (see Fig. 2). The ultrasonic signal from this material is
very noisy. The noise is partially caused by scattering at the
grains in the structure of the materials.

The arrow in Fig. 2 shows the place where the measure-
ment was conducted. Fig. 3 shows the raw signal in the place

Raw signal

0.8F
06}
04f

02F

—04F

u/lU,,,

-06F

-0.8F

0 05 1 15 2 25 3 35 4
t[us]

where crack No.l was located. This crack was artificially
created.

Fig. 3 shows noise reduction, but the sources of this noise
are not fully known. To determine the filtering quality a stan-
dard K1 calibration gauge was used. The gauge is made of
homogeneous material so the noise can be estimated and
fully described. We made a measurement of the ultrasonic
signal which took into consideration only back-wall echo. For
a comparison with the previous signal, we composed the arti-
ficial fault echo from a properly scaled back-wall echo. In our
study the amplitude of the fault echo from 5 % to 100 % was
changed. To evaluate the filtration quality we used the sig-
nal-to-noise improvement ratio is used:

Filtered signal
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Fig. 3: Filtering of an ultrasonic signal using DWT with the threshold based on standard deviation
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Fig. 4: Filtering of an ultrasonic signal without fault echo
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Fig. 5: Filtering of an ultrasonic signal with 100% fault echo
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Fig. 6: Filtering of an ultrasonic signal — fault echo with amplitude 132.6 % of back-wall echo

64

© Czech Technical University Publishing House

http://ctn.cvut.cz/ap/




Acta Polytechnica Vol. 44 No. 4/2004

FNR =20 log| Lef" | [dB], ©6)
Neg
where Ngp is the root mean square value of the noisy part of
the raw signal,
Fg¢ is the root mean square value of an adequate part
of the filtered signal.

3 Experimental results

For filtering the ultrasonic signal measured on the K1 cali-
bration gauge we used the same filtering technique based on
DWT as in the previous case. The following figures show the
filtering signal without fault echo (see Fig. 4) and with fault
echo (see Fig. 5), which has the same amplitude (100 %) as the
back-wall echo.

Table 1: Noise reduction for different amplitudes of fault echo

Amplitude [%] | FNR [dB] | Amplitude [%] | FNR [dB]

51 17.7 357 18.4
102 17.7 408 18.4
112.2 17.7 459 18.3
122.4 17.7 510 18.3
132.6 17.7 561 18.3
142.8 17.7 612 18.3
153 17.7 663 18.2
163.1 17.7 714 18.2
173.4 17.7 765 19.0
183.5 17.7 816 19.0
194 17.7 867 18.9
204 17.6 918 19.7
255 17.6 968 19.7
306 17.9 1020 19.6

A value of 1020 % of effective noise value corresponds to
100 % of back-wall echo. The results presented in Table 1
show that the noise reduction value varies from 17 to 20 dB.
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For relative amplitude 132.6 % no fault echo can be identi-
fied, but for relative amplitude higher than 132.6 % the fault
echo can be recognized. The results for relative amplitudes of
132.6 % and 142.8 % are depicted in Fig. 6 and Fig. 7. The
arrows indicate the fault echo that can be hidden by noise.

The proposed algorithm based on filtering using the dis-
crete wavelet transform was tested on data measured on two
materials: a K1 calibration gauge and a construction material
used in airplane engines. A simulated fault was created which
artificially reduced the back-wall echo and was inserted in the
raw signal. The results of the measurements are shown in

Fig. 6 and Fig. 7.

4 Conclusion

This paper describes a method for filtering an ultrasonic
signal using the discrete wavelet transform. For thresholding
we used a novel thresholding technique based on the stan-
dard deviation of coefficients of DWT. This method provides
the best result for filtering of simulated and real ultrasonic
signals. The noise reduction for a signal without fault echo is
18.56 dB. For signals with a simulated fault echo the noise
reduction ratio was from 17.65 dB to 19.72 dB. We also inves-
tigated improvements in sensitivity of fault detection. Our
method allows identification of faults with relative amplitude
higher than 132.6 % of the effective noise value.
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