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Abstract. Magnetic flux leakage testing is one of the most important NDT methods 
for seamless steel tubes. In order to increase the sensitivity of the inspection, diverse 
signal processing techniques are already applied. As an alternative to conventional 
filter techniques, wavelet filtering reveals a higher separation of the signal to the 
noise level together with an improved adaptation to the signal structure. For the im-
plementation of wavelet filtering into existing third party systems, a multichannel 
DSP-hardware has been developed, which is capable to filter 32 sensor signals si-
multaneously. The results show a significant improvement of the signal to noise ra-
tio. Furthermore, it is possible to dispend with the commonly applied differential 
sensor technique so that a wider range of defect types can be detected. 
 

 

Introduction 

In the production of seamless steel tubes, 
made of ferromagnetic steel grades, the use 
of electromagnetic inspection is often 
favored compared to UT inspections. In 
addition, certain customer specifications 
demand EMI as a second NDE method. 
For seamless pipe production the magnetic 
flux leakage technique is a good compro-
mise, because flaws at the outside and 
inside of pipe walls can be detected for DC 
flux excitation. However, the ability to 
detect flaws at the pipe-inside is limited 
and decreases with increasing wall thick-
ness. The demand to shift this limit 
towards higher walls is essential. Further-
more, seamless pipe production usually 
leads to significant magnetic background 
signals, so called seamless pipe-noise, 
which makes it necessary to implement a 
more sophisticated filter technique for data 
processing. 

 
We have researched in this field and 
developed a wavelet-based technique, 
which increases the signal to noise ratio 
and suppresses the background signal re-
liably. We will discuss several threshold 
techniques and adaptive threshold 
methods. Several wavelets (orthogonal and 
biorthogonal) were tested for this purpose.  
The selected technique is based on wavelet 
analysis using a stationary algorithm which 
omits any data-blocking. The wavelet 
coefficients are subjected to adaptive 
thresholds and afterwards subjected to in-
verse transformation. The denoised signal 
is fed back into existing installations. The 
method was implemented on a DSP-based 
system, resulting in a 32-channel parallel 
system for real-time evaluation of the 
signals. The system is installed at existing 
MFL installations for longitudinal flaw de-
tection at Vallourec&Mannesmann mill in 
Mülheim, Germany, and a new MFL 
installation at  Vallourec&Mannesmann 
mill in Düsseldorf, Germany [1]. 
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The testing of the system was done in col-
laboration with Institut Dr. Foerster, one of 
the world leading suppliers for magnetic 
flux leakage inspection systems, using 
their ROTOMAT system [2]. Foerster also 
provided an analogue interface for the 
ROTOMAT system. The 32-channel DSP 
system has been tested under mill condi-
tions. The aim for the implementation of 
the wavelet filtering was: 

- increase of the signal to noise ratio 
- improvement for the detection of 

inner defects 
- substitution of the differential 

sensor technique by absolute mode 
detection 

- development of methods for defect 
classification 

Overall, the application of magnetic flux 
leakage should be extended, resulting in 
significant reduction of costs. 
 
The paper will discuss the system-design 
and results from the running installations. 

Technical Realisation 

Wavelet- filtering 

In this chapter only a short review of 
wavelet filtering will be given. For a more 
comprehensive description see [3-5]. 
The signals, which are superimposed by 
noise of different origins, are wavelet 
transformed into the wavelet domain (see 
Figure 1). This is similar to a spectral 
analysis of the signal, but instead of using 
a sine function, a wavelet (“little wave”) is 
chosen as a basic function. By a suitable 
choice of the wavelet an improved resolu-
tion for transient signals can be achieved. 
These types of non-stationary signals are 
typical for ultrasonic testing, magnetic flux 
leakage, acoustic emission and others. 
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Figure 1: Basic principle of wavelet filtering 

 

without wavelet-filter

with wavelet-filter

Figure 2: Filtering of a single magnetic flux 
leakage signal trace by wavelet analysis. The defect 
indication is marked by a circle. The filtering leads 
to a short time delay. The denoised signal is clearly 
visible in the lower diagram. 

 
After transformation of the signal into the 
wavelet domain the resulting wavelet coef-
ficients have to be modified to achieve a 
denoising effect. In this process one has to 
differ between shrinkage and threshold 
determination. For shrinkage, several 
methods are available which cut the 
wavelet coefficients, which means certain 
big coefficients are kept while the others 
are reduced or even set to zero [6]. Which 
coefficients are finally relevant is decided 
by the threshold, which can be varied dy-
namically. For the system discussed in this 
paper, the threshold is determined by ana-
lysing the statistical properties of the 
wavelet coefficients. The threshold is dy-
namically corrected. Afterwards the modi-
fied wavelet coefficients are inversely 
transformed back into the time domain. 
Figure 2 gives the filtering of a typical 
magnetic flux leakage signal. Another 
example is given in Figure 3, which shows 
the 100% inspection (C-scan) of a test 
tube, in which several artificial defects 
have been prepared. 
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Design of the 32-channel system 

To realise the wavelet denoising for mill 
application, the wavelet filtering has been 
implemented on DSP-based signal proc-
essing systems. For this purpose, the filter 
has been programmed eight times in 
parallel, so that one single DSP is filtering 
eight channels. In addition to the DSP, 
each channel is equipped with an AD and 
DA converter. The converters are set in 
parallel, so that delay times due to multi-
plexing can be excluded. Four of these 
units are mounted in one 19” rack.  The 
final 32-channel system is shown in Figure 
4. Depending on the type of filtering, 
sampling rates up to 25 kHz can be 
achieved. This is by far sufficient for most 
of the MFL applications during seamless 
pipe production. By slight modifications of 
the hard- and software higher sampling 
rates would be possible. The system re-
veals analogue inputs and outputs to ensure 
a simple integration into the analogue 
signal path (black box principle). No  

 
change of the existing system control is 
therefore necessary. The system is param-
eterized from a PC via an Ethernet con-
nection.  
The system presented here has been devel-
oped for the ROTOMAT system of the 
NDT company Institut Dr. Foerster and 
has been tested intensively in the mill. The 
ROTOMAT is provided with two sensor 
shoes, each equipped with an array of 8 
induction sensors. The measured signal is 
fed into analogue bandpass filters and is 
separated into a high frequency outside 
channel and a low frequency inside 
channel. Subsequently, these analogue 
signals are given to the wavelet filter, 
which consequently filters inside and out-
side channel separately. In summary, 32 
wavelet filter channels are necessary for 
the complete system. The effect of the 
analogue band pass filtering is shown in 
Figure 5. The ROTOMAT system offers 
the possibility to perform differential 
measurements. This is realised on a soft-
ware basis (right after the wavelet filtering) 

Figure 3: complete measurement (C-Scan) of a test tube, wall thickness = 10.36 mm, with one single sensor. 
The tube has been scanned spirally. The y-axis represents the circumferential position, the x-axis the 
longitudinal coordinate of the tube. The colour coding relates to the signal amplitude. The upper diagram 
shows the non-filtered data, the lower diagram gives the result after wavelet denoising. The following artificial 
notches have been prepared at the tube ends (left to right): 10% inside, 10% outside, 5% outside, 5% inside. 
The percentages give the notch depth relative to the wall thickness. 
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where the difference of two channels is 
calculated and finally evaluated. 

 

 
Figure 4: 32-channel wavelet-signal processing 
system. The 4 DSP-based systems are clearly visible, 
each equipped with 8 analogue inputs and outputs. 

 

inside channel 

outside channel

raw data of induction coil

 
Figure 5: Separation of the stray flux signals in the 
ROTOMAT system: the upper diagram gives the 
non-filtered signal. The centre and lower diagram 
represent the low frequency inside channel and high 
frequency outside channel respectively. 

 
 
System test in the mill 

 
Below some examples originating from the 
mill trials are presented. All experimental 
data have been recorded within the 
ROTOMAT system, comprising screen-
shots from the ROTOMAT software or 
extracts from the ROTOMAT database. 
All data have been measured under mill 
conditions. 
 
Test tube 

 
During inspection of the first test tube 
(177.8 x 10.36 mm) only the absolute 
sensor mode (no differential technique) has 
been used. The test tube has been inspected 
several times, while the different 
parameters of the wavelet filter were 
tested. The result of optimal filtering is 
given in Figure 6. The upper part of the 

diagram (without wavelet filtering) shows 
a clear separation between the outside 
defect (5% longitudinal notch) and inside 
defect (12.5% longitudinal notch). The 
noise content of the signal becomes quite 
evident in the inside channel. 
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Figure 6: Screenshots of the ROTOMAT-software: 
test tube (177.8 x 10.36 mm): 12.5 % inside notch, 
5% outside notch. This measurement has been per-
formed in absolute mode only. The two upper dia-
grams show the results without wavelet filter. The 
two lower ones with applied wavelet filtering. 

 
 
After passing the wavelet filter the situa-
tion changes: without changing the ampli-
fication of the electronics, the signal 
amplitudes of the indications stay constant 
while the background signal has been re-
moved nearly completely.  
 
Natural imperfections 

 
The next examples show the characteristics 
for natural imperfections, in this case two 
small outer defects, shown in Figure 7. The  
tube dimension was 139.7 x 7.72 mm. The 
tubes have been inspected five times and 
the evaluation of the ROTOMAT system 
has been recorded repetitively, without 
wavelet filter and with varying wavelet 
filter adjustments. The result for optimised 
filter settings is given in Figure 8a and 8b. 
In contrast to the inspection of the test tube 
with artificial defects (see above), both 
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inspection modes have been used, absolute 
as well as differential mode. It can be 
clearly seen, that the outside defect is indi-
cated in the inside channel, which is a 
typical drawback of conventional band 
pass filtering defect classification.  
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Figure 8a: Screenshots of the ROTOMAT-software: 
natural outside imperfections example 1. The upper 
part of the diagram shows the results without wavelet 
filtering, the lower with activated wavelet filter. The 
measurements were recorded in absolute as well as 
differential mode. The grey solid lines represent the 
absolute mode measurement, the black bar graph the 
differential mode result 

 

For this reason the wavelet filtering works 
especially in the inside channel. Again the 
noise is significantly reduced while the 
indication amplitude stays constant. 
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Figure 8b: Screenshots of ROTOMAT-software: 
natural outside imperfection example 2. See caption 
to Figure 8a for details. 

 
In addition, the rather high background 
signal of the absolute mode result can be 
reduced to the level of the differential 
mode, which essentially means that with 
filtering an absolute mode measurement 
becomes practically possible.  
In the following the measurements will be 
evaluated statistically. The five runs with 
identical settings have been averaged and 
are represented together with results for 
different wavelet filter settings in Figure 9. 
 

Figure 7: natural imperfections: example 1 (left) and example 2 (right), tube dimension 139.7 x 7.72 mm. 
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Figure 9a: statistical evaluation of the measurements 
from example 1. The curves given in the diagram 
represent the results without wavelet filtering („ow“ 
blue) and with 3 different setting of the wavelet 
filtering („w2_5“ green, „w3“ red, „w4“ black, with 
increasing filter strength in that order). The diagrams 
given are from top to bottom: differential evaluation 
of outside channel, absolute evaluation of outside 
channel, differential evaluation of inside channel, 
absolute evaluation of inside channel. 

 
 

 
Figure 9b: statistical evaluation of the measure-
ments from example 2. For details see caption to 
Figure 9a. 

 
For the sake of better comparison, all re-
sults are normalised to the biggest indica-
tion amplitude and are spread in the axial 
direction of the tube. In each diagram, 
curves are given in color coding (green, 

red, black) corresponding to increasing 
filter strength (in this order) and blue for 
no wavelet filtering. It can be clearly seen 
that wavelet filtering is very much effec-
tive for the absolute mode measurement. In 
case of the differential mode measurement 
a quite strong filter setting has been set in 
order to obtain a considerable effect. In 
case of the outside channel of example 2 
the filter effect is negligible, probably 
because the indication amplitude is rather 
small. On the basis of the results of Figure 
9a and 9b the improvements for the signal 
to noise ratio (SNR) have been quantified 
(see Table 1 and Table 2). 
 
 

Table 1: Statistical evaluation of the results for 
example 1. Improvement of the SNR given in dB 
relative to the situation without wavelet filtering.  

.  

∆ dB 

Diff  
Out 

Abs  
Out 

Diff  
In 

Abs  
In 

Wavelet 2.5  0 2.81 1.5 2.57 

Wavelet 3  0.95 3.67 1.5 4.58 

Wavelet 4  7.77 8.03 7.52 10.61 

 
Table 2: Statistical evaluation of the results for 
example 2. Improvement of the SNR given in dB 
relative to the situation without wavelet filtering.  

 

∆ dB 

Diff  
Out 

Abs  
Out 

Diff  
In 

Abs  
In 

Wavelet 2.5  n.a. n.a. 1.16 0.36 

Wavelet 3  n.a. n.a. 1.8 1.94 

Wavelet 4  n.a. n.a. 4.08 4.89 

 

Conclusions  

In the scope of the work presented here a 
multichannel wavelet filter has been suc-
cessfully adapted to an existing commer-
cial magnetic flux leakage inspection 
system and has been tested under mill 
conditions. The filter hardware has been 
realised on the basis of digital signal proc-
essors and has been integrated in the ana-
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logue signal path as a black box element. 
As a consequence, only minor modifica-
tions of the regular inspection electronics 
were necessary. The required space for the 
DSP-hardware is moderate due to effective 
programming which allows an 8 channel 
filtering on one DSP board. 
The results indicate that a significant im-
provement of the signal to noise ratio has 
been achieved. As a consequence, also 
small indications can be detected reliably. 
Furthermore, it could be demonstrated, that 
it is possible to avoid the differential 
sensor mode, resulting in a higher lateral 
resolution and a wider range of imperfec-
tions which can principally be detected. 
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