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Abstract: Non-Destructive Testing (NDT) is known as a harmless technique for industrial pipeline cyclic inspection. This 
way tries to find out defected parts of a device used in industry with a test by means of non itself destroying. Many ways 
are known and employed in NDT procedure. MFL or magnetic Flux Leakage is one of well-known and so efficient ones 
is widely used to find out defects in metal surface. Emission of magnetic field into device surface and recording reflected 
emission lead to complete a database of defect and no defect for an especial task. Then mathematical equations could help 
to provide normalization and classification ahead. Defect and non-defect detection are an essential and cost loss technique 
for analyse data from cyclic inspections. For this purpose a combination of neural networks is designed and trained in the 
best performance and with optimum accuracy rate. In this model Classification is done via Multilayer Perceptrons (MLP). 
Two level of classification is applied. First defect categorization and then defect or non-defect detection. In this paper a 
mathematical function named DCT or Discrete Cosine Transform is applied in pure database for data compression. This 
function provides a view on database in real component of frequency domain. By composing DCT function with a neural 
network group, this algorithm provides 97.3 percent accuracy rate in defect detection of MFL signals. 
 
1 Introduction 

Classification of defects, recognition and detection of 
them is a very useful and costless solution in all fields of 
industry. As far as 30 years ago, there becomes a try to find 
destroyed point of a surface without harmful ways. NDT or 
non-destructive testing was founded as a liable solution and 
non-destructive way to provide an analysis of devises 
surfaces. In this way many papers try to expose and design 
a liable algorithm to provide intelligent defect detection. 
This way is efficient by two main tasks. First is illustration 
of an intelligent algorithm and second is an exact decision 
without harm the main surface of device. First step in this 
paper is a combination of neural networks and a 
compression function. DCT known as Discrete Cosine 
Transform is one of well known ways to compress and 
extract main indexed data from a pure database. In this way 
more indexed data are collected in squared matrixes from 
main normalized data of NDT signals. Combination of 
DCT matrixes from main database is used to calculate the 
result and best choices are considered and reported in table 
1. Output of DCT function is a compressed indexed data 
that is suitable to be used for classification. Two main 
groups of classes are combined to perform a special 
decision task on defect type and detection of them for a 
metal pipeline. 

In this paper analytical functions that could simulate 
NDT signals achieved from surface of metal, becomes in 
sight of view [1]. 

MFL known as magnetic Flux Leakage that is 
presented before is one of NDT ways that focuses on return 
reflex of magnetic emissions on a metal surface. This way 

is so important and efficient to use in many fields of 
industry [2-10].  

The other important point is nonlinear procedures that 
may use in intelligent algorithms. Linear and nonlinear 
mathematical functions help main idea to apply a more 
reliable and more efficient output [11-22]. This paper tries 
to classify defects by the rate radius however there are 
another way such as depth consideration [23,24].  

In this paper with regards to previous approaches, 
performs a new combination of neural networks to provide 
an efficient classification on MFL database of NDT 
procedure [19-22]. This paper exposes two levels of 
networks. First step tries to find out defect type from its 
physical dimension and second network tries to detect 
defect and non-defect in final decision. 

 
2 Database of defects from MFL testing  

When a metal surface is magnetized near saturated, 
Magnetic Flux Leakage that reflected from saturated 
surface could be presented in equation (1) [2,3]. 
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In this equation, m is the dipole moment per unit length 

and it could be calculated as follows (2): 
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In this formula h is Plank coefficient. And Ha  is the 
magnetic flux that applied to the surface in purpose of 
reflex flux measurement. This coefficient is 1 Tesla. a 
which presents the radios of defects is a parameter that is 
very important in our paper calculation. This value is 
further more used as fundamental task of this paper 
algorithm and classification. [11-13]. In this paper y is 
constant and is equal to the depth of the defect that is 
mentioned h. therefore magnitude of h specifies depth of 
defect. Also by some nominations to equations, p and q 
could be summarized as  p=2h(m-2Haa2) and q=h2 
therefore equation number 1 is summarized and exposed in 
equation (3):                                              
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In measuring devises the story is a bit different. First 

inducted coils emit a magnetic flux to the surface via coils 
and then reflected signal is recorded. Therefore production 
of device velocity and derivation of f(x) in x direction is 
recorded. So MFL signal is exposed in equation (4). 

This way could expose a view for MFL signal in time 
and direction. However in this way and in follow dept of 
defects could be considered.  
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3 Compression by DCT  

Discrete Cosine Transform, DCT, is a Fourier based 
function that when applies to a pure matrix, gathers more 
information in first its elements. Therefore components of 
DCT matrix which are located top left are denser in 
information collected from a pure matrix. DCT is natural 
shaped square and when anyone wants to use a part of this 
matrix as for compression purpose, then should select a 
square matrix from top left. 

Discrete Cosine Transform could be known as a part of 
Discrete Fourier Transform (DFT), DFT has two main 
parts. One is a Cosine function and another is sinus 
function and this can be said that DCT, is a main cosine 
part of DFT. This main part is made up of real components 
of a DFT with an even function in purpose. This function 
(5) is a strong function in data compression and sometimes 
called “energy compaction function”. This property is a 
ppoint to use this function in signal processing as a liable 
and an effort able tool [4]. 
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For our reason this function is employed because if its 

strong behaviour on collecting the important information 
in low frequencies at the top left of the DCT matrix. The 
squared low dimensional matrixes could lead to best and 
rapid decisions in some cases this later could lead to the 
accuracy rate of 93.1% in total decession. 

 
3.1 Classification for recognition  

In this paper a combination of neural networks are used 
to perform a suitable and affordable decision on defect, non 
defect and also defect physical shape. 

Two main steps are mentioned. First one is to recognize 
the type of defect. In this case three classes are trained to 
recognize three defect types. All three classes are trained at 
the best of efficiency with different epochs and iterations 
but for provide a table to compare with others all three 
experts should be trained at same number of iterations. So 
in this way may some classes not perform at the best but 
are adequately acceptable. 

Experts here are all Multilayer perceptrons (MLP), with 
tansig and logsig functions in hidden layers. Experts for 
defect types, have one hidden layer with tansig function 
[17,18]. These experts are trained to recognize a defect 
type. And the other hand is a network with two hidden 
layer. Output is a node that performs a digital task. YES or 
NO. output could be named as defect danger or not. Two 
hidden layers are responsible to perform a boundary 
between defect shapes; dept and surface of defects are 
recognized and categorized by this expert. So the output 
performs that defect is still in range of safe or not. 
Whenever defect size change to bigger surface or dept, this 
network wills response to 0 or 1 in regard to what system 
required in training phase. 

DCT (Discrete cosine transform) is right one step 
before classification that was the main goal of this research. 
A mathematical solution to decrease dimensions of pure 
MFL data.  It should be notified that the pure database is 
normalized. One another point when using mathematical 
functions to compress the data is the number of attributes 
of that function by which selected. Many wide ranges of 
attributes of course perform a better accuracy in data 
recognition and database reconstruction but amount of 
software analysis will increase and this is not good in 
algorithm designation. So, select an efficient number of 
DCT matrix is another important task. This paper focuses 
on networks analysis and what is important and is efficient 
in algorithm design. Table 1 Shows result of experimental 
activities in training phase. 
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Figure 1 Algorithm scheme 

 
3.2 Experimental approach  

Please note that all the above quantities are 
approximated by less than 0.1 differences. 

This table (Table 1) tries to show result and 
compression of algorithm shown in figure 1. Here is three 
networks that are feed by a database for providing a 
classification for categorizing MFL signals in three groups. 

 
Table 1 Experimental research 

MAIN NETWORK FINAL 
DECISSION 

NET. Hidd. Layer NET1 NET2 NET3 

DCT Hidd  Hidd  Hidd  L1 L2 RES 
        1 4 43.0 4 31.5 4 45.0 3 3 91.3 

       2  5 55.0 5 40.5 5 61.3 4 4 91.5 
      3   6 67.3 6 53.6 6 71.6 5 5 90.6 

     4    7 73.3 7 70.1 7 77.4 6 6 89.0 
    5     8 80.3 8 79.9 8 83.3 7 7 93.1 
   6      7 83.6 7 80.3 7 88.5 6 6 91.3 
  7       6 79.9 6 78 6 80.0 5 5 90.3 
 8        5 79.3 5 77 5 77.5 4 4 91.0 
9         4 77.6 4 70.3 4 72.7 3 3 91.3 
5         8 80.3 8 79.9 8 83.3 7 7 93.1 

BEST Choice 

For data comparison, DCT is applied to database of 
MFL signals to compress and select valuable data indexes 
in DCT square matrix. DCT provides an important square 
matrix. But all of DCT matrix equipments will not used due 
to data compression. For data compression a number of 
squared components is selected each time and results are 
combined with other numbers and all are collected in table 
1. For more information mentioned squared matrix in then 
filled with 1 to reach an acceptable dimension regards to 
mathematical multiplication rule. Then matrix of data that 
DCT is applied on it is ready to be classified in next step. 
Next step is classification with three classes. Class number 
one to three are trained to recognize defect surface of 

0.000314 m2, 0.001256m2 and 0.002826m2. These defect 
sizes are in respect for defects of radios 0.01 m, 0.02m and 
0.03m. Best result of training and test for these three 
classes are recorded in table 1. These results are achieved 
by at least 30 times training by different hidden number of 
nodes and the best one is recorded in table. These networks 
are MLP with tansig and logsig functions in hidden and 
output layers in respect. output layer is our final network 
that is designed to recognize defect from non-defect. Result 
shows that when defects are recognized first by three 
networks before, final result is better. There for at the end 
an overall response of network for 93.1% is achieved by 
the application of 7 nodes in hidden L1 and L2 layers. 
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4 Conclusion 
This paper introduces a simple and efficient algorithm 

for defect detection from MFL signals of NDT inspection. 
This way is based on pattern recognition and signal 
processing solutions. Here two main steps are defined. First 
data compression via DCT and second Classification by a 
combination of MLP neural networks. in this research, 
defects are categorized in three parts with focus on their 
surface physical shape with radios long of 0.01 m, 0.02 m 
and 0.03 m. neural networks in classification part are 
designed to work in two non-separated tasks. Defect type 
and defect or non-defect task. The accuracy rate of 93.1 
percent totally in defect and non-defect test shows ability 
of this simple algorithm. 
 

References 
[1] SADR, A., EHTERAM, S.: Robust defect detection 

algorithm based classification on features extracted 
from MFL signals, NDT.net - The e-Journal of 
Nondestructive Testing, Vol. 2008, No. May, pp. 1-8, 
2008. 

[2] SADR, A., EHTERAM, S.: Intelligent MFL defect 
detection algorithm equipped by linear discriminate 
analysis, NDT.net - The e-Journal of Nondestructive 
Testing, Vol. 2008, No. May, pp. 1-8, 2008. 

[3] EHTERAM, S., SERESHKEH, A.R., MOUSSAVI, 
S.Z., SADR, A.: A New Pattern Recognition Technique 
in Non Destructive Testing by the Use of Linear 
Discriminate Analysis, Journal of Modern Applied 
Science, Vol. 3, No. 5, pp. 118-126, 2009. 

[4] EHTERAM, S., MOUSSAVI, S.Z.: Fourier Transform 
in the Application of Power Plants Pipelines Defect 
Detection, International Journal of Mathematics and 
Computational Science, Vol. 1, No. 4, pp. 183-187, 
2015. 

[5] ALTSCHULER, E., PIGNOTI, A., PAIUK, J.: Monte 
Carlo simulation of false alarms and detection 
reliability in MFL inspection of steel tubes, Materials 
Evaluation, Vol. 54, No. 9, 1996.  

[6] ALTSCHULER, E., GAVARINI, H., PERAZZO, 
R.P.J., PIGNOTTI, A., REICH, S.L.: Neural network 
for the MFL inspection of steel tubes, Trends in NDE 
Science & Technology; Proceedings of the 14th World 
Conference on Non-Destructive Testing, New Delhi, 8-
13 December 1996, Vol. 3, pp. 1841-1844, 1996. 

[7] DUDA, R.O., HART, P.E., STORK, D.G.: Pattern 
Classification, John Wiley & Sons, 2001. 

[8] GUYON, I., GUNN, S., NIKRAVESH, M., ZADEH, 
L.: Feature Extraction, Foundations and Applications, 
Studies in Fuzziness and Soft Computing, Physica-
Verlag, Springer, 2006. 

[9] AFZAL, M., UPDA, S.: Advanced signal processing of 
magnetic flux leakage data obtained from seamless 
steel pipeline, NDT&E International, Vol. 35, No. 7, 
pp. 449-457, 2002.  

[10] RAMUHALLI, P., UDPA, L., UDPA, S.S.: 
Electromagnetic NDE signal inversion by function-

approximation neural networks, IEEE Trans 
Magnetics, Vol. 38, No. 6, pp. 3633-3642, 2002.  

[11] MANDACHE, C., SHIARI, B., CLAPHAM, L.: 
Defect separation considerations in magnetic flux 
leakage inspection, Insight, Vol. 47, No. 5, pp. 269-
273, 2005.                                                          

[12] BRAY, D.E.: Nondestructive evaluation (revised ed.), 
CRC Press, Boca Raton, FL, 1997. 

[13] CHRISTEN, R., BERGAMINI, A., MOTAVALLI, 
M.: Three-dimensional localization of defects in stay 
cables using magnetic flux leakage methods, Journal 
of Nondestructive Evaluation, Vol. 22, No. 3, pp. 93-
101, 2004. 

[14] MARTINEZ, A.M., KAK, A.C.: PCA Versus LDA, 
IEEE Trans. on Pattern Analysis and Machine 
Intelligence, February 2001, Vol. 23, No. 2, pp.228-
233, 2001. 

[15] TURK, M., PENTLAND, A.: Eigenfaces for 
Recognition, Journal of Cognitive Neuroscience, 
Vol. 3, pp. 71-86, 1991. 

[16] CHUNG BANG, Y., JONG WON, L., JAE DONG, 
K., KYUNG WON, M.: Damage estimation method 
using committee of neural networks, Proceedings of 
the SPIE—the international society for optical 
engineering, Vol. 5047, pp. 263-274, 2003. 

[17] EHTERAM, S., SADR, A., MOUSAVI, S.Z.: Rapid 
face recognition by regional feature extraction, 
INISTA 2007 conference Istanbul Turkey 20 – 23 
June 2007, pp. 262-269, 2007.  

[18] EBRAHIMPOUR, R., EHTERAM, S.R., KABIR, E.: 
Face Recognition by Multiple Classifiers, a Divide-
and-Conquer Approach, Lecture Note in Computer 
Science, Vol. 3686, No.  September, pp. 225-232, 
2005.   

[19] DOBMANN, G., HOLLER, P.: Research Techniques 
in Nondestrucrive testing R. S. Sharp (New York: 
Academic) Vol . IV, pp.39-69, 1980.  

[20] HWANG, J.H., LORD, W.: Finite element modeling 
of magnetic field/defect interactions, Journal of 
Testing Evaluation, 3, pp.21-23, 1975. 

[21] LORD, W., HWANG, J.H.: Br. J. Non-dest. Testing 
19 pp.14-18, 1977. 

[22] PATEL, U., RODGER, D.: 1995 IEEE Trans. Magn. 
31 pp.2170-3, 1995. 

[23] ALTSCHULER, E., PIGNOTTI, A.: 1995 NDT & E 
Int. 28 pp.35-40, 1995. 

[24] PHILIP, J., RAO, C.B., JAYAKUMAR, T., RAJ, B.: 
2000 NDT & E Int.33 pp.289-95, 2000.  

 
Review process 
Single-blind peer review process. 


