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ABSTRACT

This paper presents a comprehensive review of the development of magnetic flux leakage (MFL) applied by the
researcher to improve existing methodology and evaluation techniques in MFL sensor development for corrosion
detection in Above Storage Tanks (ASTs). MFL plays an important role in Non-Destructive (NDT) testing to detect
crack and corrosion in ferromagnetic material. The demand for more reliable MFL tools and signal acquisition
increase as it has a direct impact on structure integrity and can lead to major catastrophic upon questionable
signal analysis. The accuracy of the MFL signal is crucial in validating the proposed method used in MFL sensor
development. This is because the size, cost, efficiency, and reliability of the overall MFL system for NDT applications
primarily depend on signal acquisition as a qualitative measure in producing a reliable analysis. Therefore, the
selection of appropriate tools and methodology plays a major role in determining the overall performance of the
system. This paper also discusses the advantages and disadvantages of major types of MFL sensors used in NDT
based on the working principle and sensitivity on the abrupt signal acquisition. The application of the Artificial
Neural Network (ANN) and Finite Element Method (FEM) also discussed to identify the impact on the credibility of
the MFL signal.
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INTRODUCTION

The non-destructive testing technique is widely used
in oil and gas (O&G) for validating risks specifically
in specifically in ASTs, offshore structure and piping.
(Cameron 2006; Ali and Saeedreza 2009; Kim et al.
2012). According to Willcox and Downes (2000), NDT is
complementary to another inspection method as one of the
crucial components in Quality control. The application of
NDT in testing material is only permitted on the surfaces
of the internal defect or metallurgical condition without
any physical interference on the integrity of the affected
area. There are many varieties of NDT technique used
in industries, which largely depends on the methods of
their applications (Dong et al. 2015; Helal et al. 2015).

Therefore, determining the quality and integrity of the
material is the main purpose on NDT without affecting the
capability to perform their intentional functions. In order
to select the suitable NDT technique, several basic factors
need to be considered such as the product diameter, length,
wall thickness, fabrication methods, types, location of
potential discontinuities and specification requirements.
Furthermore, extraneous variables such as a scratch and
oxidation that might cause a rejectable indication, even
though the product is acceptable is also an important
aspect (Goktepe 2013; Kollar, Setnicka, and Zubal 2016;
Liying et al. 2012).

The emerging technology in NDT has triggered a
challenge for the new researchers on meeting the demand
of more rapid and accurate data requisition, which saw
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them progressively developing a modern method to
increase its reliability. Several NDT processes such as
ultrasonic, radiographic, Magnetic Flux Leakage (MFL)
and Eddy currents are among few of NDT method uses
to investigate large structure, piping and tank (Saavedra
and Prada 2014). Currently, petroleum and chemical
industries are the main sectors which employ a tank
bottom as a storage before the secondary process can be
established. Most of the storage tanks are built on top of
the ground and exposed to the external environment such
as humidity and physical damages (Kim et al. 2012). As
a result, it will lead to the inter-granular attack and as
a result cause severe corrosion and deformation on the
tank structure. A fatal accident such as an explosion and
major leaking will occur because of a small defect on
the tank bottom. Usually, the storage tanks in petroleum
refineries and heavy industries stores hazardous and
flammable chemical. Hence, a minor defect may result
a catastrophic accident in term of casualties, production
interruption and property loss (Chang and Lin 2006)oil
terminals or storage. Fire and explosion account for 85%
of the accidents. There were 80 accidents (33%.

Among all the NDT methods, the MFL inspection is
one of the most reliable methods in oil and gas industries
in producing a credible and prompt result and analysis
(Kandroodi, Araabi, and Ahmadabadi 2013; Salama,
Nestleroth, and Maes 2016). It has been used as early as 1868
by Institute of Naval Architecture in England in inspecting a
cannon tube with compass. The theories behind the MFL area
inspection are similar to the principle of Magnetic Particle
Inspection (MPI) except for the sensor used between these
two methods. The assessment of MFL technique is depended
on evaluating the surface of the specimen which magnetised
near to the saturation point before the specimen condition
can be viewed based on measuring the magnetic leakage
field (Tehranchi, Ranjbaran, and Eftekhari 2011). The MFL
sensor detects volumetric changes of the leakage field on
the corrosion spot (Niese, Yashan, and Willems 2008).
According to Mix (2005) the permeability of magnetized
pieces changed drastically, and leakage flux will emanate
from the discontinuity. Hence, by measuring the intensity
of the flux leakage, severity and condition of the defect can
be determined. Pipe, rod, storage tank plates are the types of
ferromagnetic parts that have been widely tested by MFL. In
general, there are two types of defects existing in the service
of the storage tank which are the corrosion and groove.
Therefore, it is important to classify the pattern of the defect
in order to evaluate the safety of the components (Wu, Xu,
and Wang 2010).

METHODOLOGY

This paper addressed a review of previous research related
to the theory and development of MFL sensor in plate and
pipe detection in NDT. However, issue related to different
kinds of sensors in MFL signal is not considered in this paper.

All the papers in the research and commercialization stages
were collected from SCOPUS, the SCI web and company
websites, to which the searches were limited to the period
between the years of 1999 to 2016.

TYPES OF MFL SENSORS

There are many types of MFL sensors in magnetic signal
detection such as hall sensor, superconducting quantum
interference device (SQUID) and giant magnet resistance
(GMR) (Krause and Kreutzbruck 2002) (Sophian, Tian,
and Zairi 2006; Perin et al. 2017). The mechanism of hall
affect sensor is by detecting the change of magnetic field
and convert into electrical signal by processing a raw data
into voltage (Ma, He, and Chen 2015). By using Hall
component’s sensor, defect information can be acquired
by catching the faulty of leakage and process the electrical
signal transformed from the magnetic field. Magnetic field
distribute homogenously by passing the ferromagnetic
material in the absence of defect.

If the sensor detects the presence of the imperfection on
the surface of the material, the magnetic field passing this
area will be distorted. As a result, the resistance around the
defect will increase and expose the magnetic leakage around
the defective area (Yilai et al. 2013). There also Hall sensor
has been proved by having a high sensitivity in detecting
defect in ferro magnetic material using direct current (DC)
as a excitation (Kosmas et al. 2005). The hall voltage can be
represented as:

IB

neb
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h
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Where V., I B, ne and b represent the Hall Voltage,
several sensors in MFL testing have been introduced to the
NDE (Non-Destructive Evaluation) that not been mentioned
on this review such as fluxgate (Izgi et al. 2014; Can et al.
2015; Zhaoming et al. 2015), Giant Magneto Impedance
(GMI) (Vacher, Alves, and Gilles-Pascaud 2007) (Dehui
et al. 2017) and Stress Impedance (SI) (Mohri et al. 2001;
Bayri and Atalay 2004). Table 1.0 show the tabulation of
MFL types sensor for hall sensor, GMR, flux gate and SI
sensor.

HALL EFFECT SENSOR

Hall sensor is produced according to the Hall-effect principle
by embedded a thin electric conductor in sensing a magnetic
field fluctuation in a ferromagnetic material (Kim and Park
2014;Ben Gur et al. 2017). An electrical current will flow
through the strip when the magnetic field is perpendicular to
the thin strip of conducting material as per shown in figure
1 (Clark 2004; Parker Compumotor Division Hannifin
Corporation 2000).

impose current, magnetic induction intensity, Hall
element sensitivity and the thickness of the hall element
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TABLE 1. Magnetic sensor comparison (Mohri et al. 2002)

Sensor Head length Resolution Response speed Power consumption
Hall sensor 10-100 pm 0.50¢/+ 1 kOe | MHz 10mW

GMR sensor 10100 pm 0.010¢/+200e | MHz 10mW

Fluxgate 10-20mm 1 pOe/+30¢ 5kHz W

SI sensor 1-2mm 0.1 Gal/30 Gal 10kHz SmW

The Hall Effect

Measuring the
Hall Effect Voltage

FIGURE 1. the magnetic field flow through the conductive strip (Parker Compumotor Division Hannifin Corporation 2000)

(Lijian et al. 2009). By substituting the Hall element
sensitivity, Kh = (neb)' in to equation 1, the equation as
follow:

B — I/th’r
1

2
Equation 2 show the linear relationship between the magnetic
flux density and the hall voltage. The output voltage of the
sensor is directly proportional with the flex density. The
sensitivity of the hall sensor base silicon is 1mV/mT for
a ImA current and hall base sensor Indium arsenide InAs
typically, 2 mV/mT. Sensitivity of the hall sensor also can be
increase by 5 mV/mT with thin film of Indium Antimonide
InSb (Ripka and Janosek 2010). The frequency sensitivity
for the hall sensor is range from near DC up to 100 kHz
(Park et al. 2009) with high resolution contribute to higher
sensitivity with minimal power consumption.

An early work was done by Clauzon et al. (1999)
integrating hall probe with eddy current in characterizing
a defect under different depth and compared with Finite
Element Analysis (FEA). In the observation of the study,
there a difficulty in finding the correlation between signal
characterization and the flaw. In 2008, Chen et al. (2008)
including peak point, frequency analysis, and statistical
methods such as principal component analysis (PCA studied
a defect classification by integrating Pulse Eddy Current
(PEC) which has a pulse excitation providing big frequency
information and hall-effect device. The result show more
accurate 3-dimensional (3D) defect classification compare
to the conventional method. A more recent study by Le et
al. (2013) validated an integration of Dipole Model Method
(MDM) using 1024 units of hall-sensor in arrayed using
alternating current (AC) in estimating the shape and volume
of the crack. The time in estimating the crack is proved to be
faster and reliable compared to the conventional method by
eliminating off-line analysis method.

SUPERCONDUCTING QUANTUM INTERFERENCE DEVICE (SQUID)

SQUID sensor known to have an outstanding sensitivity
in detecting signal frequency between near dc and low
MHz range (Braginski and Krause 2000; Kreutzbruck
et al. 2001; Maze et al. 2008)at a distance of 10 nm, the
spin of a single electron produces a magnetic field of
about 1 muT, and the corresponding field from a single
proton is a few nanoteslas. A sensor able to detect such
magnetic fields with nanometre spatial resolution would
enable powerful applications, ranging from the detection
of magnetic resonance signals from individual electron or
nuclear spins in complex biological molecules to readout
of classical or quantum bits of information encoded in an
electron or nuclear spin memory. Here we experimentally
demonstrate an approach to such nanoscale magnetic
sensing, using coherent manipulation of an individual
electronic spin qubit associated with a nitrogen-vacancy
impurity in diamond at room temperature. Using an
ultra-pure diamond sample, we achieve detection of 3
nT magnetic fields at kilohertz frequencies after 100 s of
averaging. In addition, we demonstrate a sensitivity of 0.5
muT Hz(-1/2. An experiment done by Faley et al. (1999)
in analyzed a spectral density of the SQUID signal show
a significant decrease of noise value especially in the
strong magnetic field illustrate in figure 2. The sensor is
very useful in detecting a high conductivity material with
a deeper defect allocation due to its sensitivity under a
low frequency. Krause et al. (2002) demonstrate a defect
scanning using four High Temperature Superconductor
(HTS) Direct Current (DC) SQUID that can be operated
in a strong magnetic field. The experiment conclude that
SQUID has a very excellent performance in detecting a very
deep fault. In contrary, in order to critical temperature, a
superconductor in a SQUID has to be cooled off constantly
to gain it zero resistance (Lascialfari et al. 2002).

The main element in the SQUID sensor are the
superconducting loop and Radio Frequency (RF) SQUIDs



388

(Zhang et al. 2002)or two DC SQUIDs also known as
Josephson junction (Makhlin, Schén, and Shnirman 2001).
The circuit diagram of a dc-SQUID sensor comprises
of flux transformer and read out electronic (Vrba and
Robinson 2002). Figure 3 show the circuit diagram of a
dc-SQUID sensor comprises of flux transformer and read
out electronic.

SQUID sensor has a better signal to noise ratio in
comparison with a conventional method up to three orders
of magnitude for crack exceeding 13 mm of thickness (Gao
et al. 2015).

MAGNETORESISTANCE (MR) SENSOR

The principle magneto resistive sensor is by detecting
a change in inductance caused by eddy current non-
destructive evolution (NDE) in magnetic field of the
specimen (Tsukada et al. 2006; Angani et al. 2016). The
magnetic field will be distributed to the defect properties
such as the hole or crack on the subject. The magnetic field
is also known for the good capability in testing an ultra-
high density magnetic recording in a field of NDE. Tsukada
et al. (2011) used MFL technique in detecting a defect in
spot welds by developing a megnetoresistive (MR) sensor
in studying the interrelation between the strength and the
magnetic measurement of the spot weld. The development
of the experiment used two induction coils on both end of
the yoke and MR sensor in the middle of the specimen. The
output voltage is channel into lock in amplifier before the
output data can be obtained.

In 2010, Atzlesberger and Zagar applied four GMR
sensor in the experiment for examine a bilnd hole in
ferro magnetic material. However, the sensor likely more
sensitive than Anisotropic Magneto Resistor (AMR) due to

the design known to have a sensitive axis and nonsensitive
axis orthogonally (Kataoka and Shinoura 2002). In the
experiment, Helmholtz coil, (Lee et al. 2008) is used by
positioning the sensor in the center of the coil in order to
maintain a homogenous magnetic field before the defect
properties can be acquire. In order to measure the magnetic
flux density on the x-axis between the Helmholtz coil, the
Biot-Savart’s law (Basu et al. 2013; (Udri and Udri 1996)
is used to determine the potential of uncertainty in normal
flux distribution.

Ho 1y R’ x

_3): 5 '(R2+x2)3/2 €
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Here u,, I, R and N represent the permeability of free
space, current, radius of the coils and number of turns,
respectively. The sensor position which is located between
of the coil can be expressed as:

R
x=*x — 4
) )
Equation 4 can be substituted in equation 3
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An experiment has been carried out by Basu et al.
(2013) by demonstrating an empirical comparison of
electromagnetic from the finite element based calculation
and field computation using Biot-Savart Law. The field
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FIGURE 2. Spectral density of the SQUID sensor using magnetic field up to 13 mT (Faley et al. 1999)
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FIGURE 3. Dc¢-SQUID circuit diagram interrupted by two Josephson junctions (Vrba and Robinson 2002)



computation is important in determining the magnetic field
of a current carrying conductor at any point to ensure the
homogeneous condition for the sensor before the measured
subject can be acquired.

PRINCIPLE AND INFLUENCE PARAMETER IN MFL DETECTION

The early work by Sauderson et al. (1988) proposed the
MFL inspection for ASTs because of its advantage of being
able to cover a large area speedily. At that time, the standard
procedure in NDT is by the ultrasonic method which was
more tedious and took long time. (Qi 2007) then explained
the advantages of MFL technique for the signal analysis
which revealed the correlation between the width of the
amplitude of the signal and the defect. It indicates that he
MFL signal amplitude varies depend to the width and length
of the defect.

Furthermore, he also found that there is a complex
relationship that interleaves between the variation in of
three defect geometries, i.e., width, length and depth of the
defects. The analytical function describing the relationship
between width, length and signal demonstrate by Saha et al.
(2010) in order to ascertain their depth. The study estimated
the depth of the MFL defect in conjunction with the length
and width function. Corrosion that was considered as
general tended to be oversized in error by no more than 5
%. However, there are still some ambiguities that can occur.
The flux density of a plate in a tank wall can be magnetized
using MFL devices [23] The dynamic of a MFL is highly
affected by the existence of the defect and detected by hall
sensor (Amineh et al. 2008); Mukhopadhyay and Srivastava,
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2000). According to Wang et al. (2017), the detection of
the signal in MFL does not need a pre-processing. On line
detection can easily carry out by implementing high degree
of automation. There are several types of defects that can
be detected by Magnetic flux leakage for example corrosion
pitting, external surface and surface defect (Pearson n.d.).

Both circumference and axial direction can be detected
by the MFL and it is the most widely used method on ASTs
for locating defect on the tank floor, although it is sensitive
by other factor (Chen et al. 2009; Neil R Pearson et al.
2012). The life of the tank can be increased by repairing the
defect includes replacing the entire tank floor (Pearson et al.
2012). Base on the prevailing damage, individual damaged
also can be repaired by welding plates. Product containing
impurities in the tank could be the cause of the defect of the
tank floor and the reaction between soil and environment is
the cause of a defect on the bottom to the tank (Mason et al.
2009). Mandache and Clapham (2003) stated that the direct
(forward) approach on the main geometry identification
which comprises three steps, which are establishing MFL
runs, inspection and analysis of the result. The MFL sensor
detects volumetric changes within the leakage field at the
corrosion spot (Ming 2004; Mandal and Atherton 1999).
Hence, by measuring the intensity of the flux leakage,
the severity of the defect can be determined. Figure 4 the
basic principle of hall effect sensor and its connection. The
MFL signal obtained from the typical axial component.
The defect of the test piece is detected by measuring the
magnetic leakage which making a detour under the defect
when magnetic flux passes through the detected region
(Sharif et al. 2020).

Conducting
Strip

(1) e

025>

/7\_ to the side of the
- + conducting strip by

Electrons are forced

Voltmeter

a physical shape of a Hal effect sensor

F = gvax Bcausing a
potential difference.
b. operation of a Hall element

FIGURE 4. Hall effect sensor and the principle of operation (Ming 2004)
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FIGURE 5. Principle on the MFL signal detection (Nagu 2013)
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Figure 5 shows two conditions of MFL sensor in
detecting up presence of defect on the test piece. It shows
the correlation of the width, amplitude and depth to the
defect signal. Both width and amplitude of the signal are
proportional to the defect length (axial dimension) but the
depth of the defect also affecting the amplitude of the signal
(Nagu 2013).

DEFECT GEOMETRIES IN MFL SIGNAL

Guoguang (2010) explained the defect geometry parameters
(depth, width and length) in a relationship between MFL
signal features. The vertical component of the defect will
not be produced by broad and shallow defects and same goes
with the defect that is parallel to the magnetic field. In case
of tubes, rods and bars, the longitudinal defect is more easily
to be detected with the circular magnetic fields (Li, Wilson,
and Tian 2007). The magnetic field will leak out from
the material if there is any local gradient and geometrical
discontinuity in magnetic permeability when the magnetic
field applied to a ferromagnetic material. The three
geometric components (radial, axial and circumferential)
that also can be regarded as a vector are the main component
of MFL signal (Dutta et al. 2009). In order to achieve a
higher defect sizing capability in PIGs, tools for pipeline
inspection have evolved into three dimensions. Typically,
only defect geometry that is parallel to the pipeline axis
namely axial is being measured (Kopp and Willems 2013).
Most of the work does not relate with three dimensions to
Above Storage Tanks (ASTs) except for one exception is
Song et al. 2007) who optimizing MFL inspection tools for
ASTs using three-dimensional finite-element modelling.
Qingshan et al. (2011) illustrated three components in the
natural cylindrical coordinate named as radial, axial and
transverse. All MFL tools are commonly used to measure
the axial field components by detecting the disruptions of
magnetic field and the volume of the defects. Both traverse
and radial field similarly occur when a defect is present and
tends to characterize the profile of the feature.

In 2011, Guoguang and Penghui studied the defect
allocation on the circumferential component in relative
to the sensor spacing, magnetization level and velocity. A
crack at the surface of the pipe will occur when there is a
great difference of pressure, the classification is extremely
hard to be seen by the naked eye because the crack is long
and very narrow. Garcia (2012) further demonstrates the
magnitude behaviors between a radial and axial signal.
The research stated that the MFL axial signal’s magnitude
would be very high compared to the radial signal, and this
will happen because the established MFL axial component’s
direction will parallel the external magnetic-field direction.

FEM BACKGROUND IN MFL

The Finite Element Method (FEM) based simulation is a
technique of investigating the behaviors of the affected field

in the microscopic level (Li et al. 2006). It began in late
1980’s in service inspection of buried pipelines (Mandal
and Atherton 1999; Atherton and Daly 1987). In order
to achieve an accurate result of field distribution, a full
3-D simulation is then introduced through a commercial
software. The material property in FEM can be defined
as a forward problem and the reconstruction of the crack
shape can be defined as the inverse problem in objective
to evaluate a parameter in material e.g.; size of the crack,
length and depth in the particular field distribution (Li and
Lowther 2010); (Tsuboi et al. 2004).

According to Tupsie et al. (2009), FEM is the is the
general numerical method used for computer simulation,
The advantage of FEM compared to others numerical
method is the ability to handle circular geometric problem,
non-linear and time dependent. It also the most suitable
method in solving the issues of magnetic field effect
around the transmission line caused by circular cross-
section of voltage conductors. There are several software
that can characterizes defect by using raw data, including
ANSYS, MagNet, JSOL, COMSOL, Multiphysics, OPERA,
MAXWELL, FLUX and others (Daniel and Abudhahir n.d.);
Zhang et al. 2011; Singh et al. 2012). All of this software has
an ability in computing electrostatics and magnetostatics
elements. Harmonic and transient problems involving
Eddy current can be well for most codes. There are some
remarkable tools in implementation of advance function
such as a robust solution or hysteresis loop of a moving
conductor induction. The functionality of different tools
however evolves rapidly and tend to converge (Augustyniak
and Usarek 2016).

Ji et al. (2009) explained the proved of 2-D FEM is an
effective method used to study MFL signal under the different
material, different defect shape, magnetizing situation and
so forth. However, in 2-D FEM defects are furthermore
treated as a 2-D profile rather than actual 3-D geometry,
and the resulting MFL signal is the single channel whereas
the actual signals are multi-channel. The applications of 3D
FEM are to analyze and generalize a potential formulation
to the magnetic field in MFL and it also accurately modeled
and detailed comparison is done for model with defect and
without defect (Ting-yan, Yong-liang, and Tian-yu 2014).
Through FEM, the characteristic of magnetic field intensity
and distribution field can be examined. In addition, the FEM
can analyses magnetic field. The simulation presented a SUS
304 steel pipe material and a coil that surround the pipe.
Figure 6 show the four type of defect pattern generate by
FEMM.

APPLICATION ON NEURAL NETWORK ON MFL DATA
PROCESSING

In data mining and clustering, Neural Network (NN) is one
of the important tools used as an attempt to build a system
that has an ability as a human brain and be capable to learn
(Lin et al. 2008). Currently, neural network was to use in
the field of NDT because its ability to provide a solution



in data analysis (Singh and Chauhan 2009). Abdelgahani
et al. (2011) proposed the inversion problem by using the
neural Networks for the approximation the mapping from
the signal to the defect space. The study points out a crucial
problem in signal inversion where the defect profile is
recovered from the measured signal by using and quantify
the distribution of MFL and alteration of the intensity caused
by addition of multiple magnetic circuits in order to identify
and analyses the generated defect (Ting-yan et al. 2014).
Similarly to research done by (Zakaria et al. 2010), Finite
Element Method Magnetic (FEMM) is used to modelled
different type of crack. In order to simulate the output in
a small section of the pipeline, new properties have been
entered into the software in introducing several cracks. A
small displacement in the field carries an actual condition of
the pipeline as a result from a disturbance of the

FEM as an initiator. In tank floor corrosion defect on
ASTs, NN also being used to improve accuracy of the defect
by establishing Back Propagation Neural Network (BPNN)
in order to have a reliable quantitative recognition of width
and depth of the defect. Defect in the ASTs can be obtained
in three ways, and a lot of MFL testing signal samples are
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needed in BPNN network as shown in figure 10. (Yang et
al. 2009)

Figure 7 show the connection between input and output
in hidden layer of BPNN where R, P, w, b, S, n, f and a
represent input layer, input, weight, bias vector, neurons,
input number, transfer function and output vector. There
are three ways of acquiring a MFL testing signal sample of
corrosion defect in ASTs in BPNN which need a lot sample.

1. The MFL testing corrosion signal must be extract in
the tank floor as a sample testing. Sample taken in the
process must be authentic and must maintain close to
actual situation of MFL testing corrosion of the tank
floor.

2. Artificial neural network is use as precast corrosion
defect in the tank floor, a collection of MFL testing
signal is recorded in the corrosion database, external
factors such as experimental condition and human
factor is largely affected.

3. Establishing a finite element as a simulation process
to differentiate with the MFL signal collected from
the sample of corrosion defect in the tank floor. The
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interference of numerous detection signal can be
avoided and it can solve the problem that the sample
number can’t meet.

Chen et al. (2015) discussed on iterative neural network
application on the defect inversion from a MFL signal. There
are two kinds of method in solving inverse MFL problems,
including model-based iterative method and non-model-
based direct method. A non-model based direct method is
used to established the relationship between corresponding
defect and MFL signal through NN or other tools Zhang
et al. (2009). Even though the method is advantageous to
make a rapid inversion, the prediction of defect profile is not
accurate due to lacking of continuous depended of measured
MFL signals on defect parameters in non-unique condition.
The model-based method on the contrary, use forward model
to solve the well-behaved forward problem iteratively in a
feedback loop in predicting the MFL signals by begin the
algorithm with an initial estimation of the defect and solves
the forward problem (Ramubhalli et al. 2003). The measured
and predicted error can be minimized iteratively by updating
the defect profile based on gradient-based or optimization
methods (Wenhua and Peiwen 2005).

CONCLUSION

This paper reviews the concept and developments of
MFL inspection with regard to principle and influence
in detection, defect geometries, FEM and the application
of Neural Network in data processing. Several issues
need to be improved on such as a noise, defect profiling,
development cost, forward model and inverse model. There
are a lot of researches has been conducted on MFL signal
analysis. However, there are only a few researches emended
comprehensive statistical analysis as an inverse model.
There is still room for the improvement and optimization of
all these issues.
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