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Abstract

When using magnetic flux leakage to inspect wire rope, fwo fypes of signals are produced for

analysis, nurn.l-y, Lo=calized Fault (LF) and Loss of Magnetic Cross-section Area (LMA)' However,

these signals contain a lot of other noises which makes the defects difficult to perfectly analyze.

Therefore, this paper rs written to characterize and analyze signals of the wire rope defects obtained

from the magnetic flux leakage equipment. The implementation of a wavelet transform is the main

goal to chara=cterize the wire iope-inipection signal. The advantages are able to.represent the defect
'i-ocations 

in time-frequency d-omain based, de-noise and decompose the different frequency

constituents. Time and frequency localizations of the defects then can be explored by using the

continuous wavelet transform to enhance a visualization of the inspection signal. The discrete wavelet

transform is implemented for de-noising as a result of the frequency constituent decompositions.
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1. Introduction in the wire ropes can be detected by using a coil

wire ropes are used for various applications or hall sensor' The signals obtained from sensors

such as cable-stayed bridges, lifts, cranes and can be divided in two fypes; localized fault (LF)

cab leca rs .De te r i o ra t i ono f thew i re ropecausesand |osso fme ta l l i c c ross -sec t i ona rea (LMA) .
the declination of the structure strength. Types The LF trace is operated to locate the defects

of imperfection or defect, for instance *ire }fi::Ai['':f]',f::'TJ:;i::i:fJlil;?il::g:::"f,: ;?l:"il?,;TA'.";.T";:1J"11t :},;;'xil,if: *n *mTfffl,ffl il;
become destroyed are reviewed in this study [1] duration time. It consists of varioui frequency
Numerous Non-Destructive Testing (NDT) comDonents. ln addition the associated noise
methods have been employed to inspect the wire .uur.d by vibration of the wire rope and the

rope including visual inspection, magnetic flux signal variation due to the gap b9*e9n the wire

leikage, radiographic testing and imaging rope and the MFL instrument, MFL instrument'

methJd, but the two most conventional suitable signal processing techniques for, the

a p p r o a c h e s a r e t h e v i s u a l i r r s p e c t i o n a n d t h e M F L i n s p e c t i o n s i g n a l s a r e n e e d e d . . t o a n a | y z e
magnetic flux leakage [2]. signal characterization. Several studies refer to

"rn. 
MagnetiJ Fiux Leakage (MFL) advanced signal,processing for MFL s.ignal to

inspection is appropriate for the wire rope characterize defects by using- digital .signal
insiection due to its high accuracy and processing and signal correlation technique'

resblution [2-4]. Flux leakage from the defects

A part ofthe content has appeared and been discussed at the 25th Electrical Engineering Conference

(EECON-25), on2l-22Nov.ZOOZ held at Prince of Songkla University, Hat Yai, Songkla, Thailand'
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Recently, the wavelet transform is revealed to be
a useful tool for analyzing the signal in a wide
variety of applications. Time localization and
scale based with resolution are presented in this
transform. They are applied to analyze many
applications such as heart pulse signals, bursts in
electrical system or acoustical signals. The
intention is to process the tested signal to the
different frequencies with different scaled
resolutions. In the MFL applications the wavelet
transform either continuous or discrete is also
implemented to analyze the flux leakage signals
of  a p ipel ine or  wi re rope [5-8] .  Diss imi lar i t ies
of the signal can be explored for detection and
categorization the defects characters.

ln this paper, the design and construction of
the MFL equipment is shown and both
continuous and discrete wavelet transform are
implemented. Consequently, the flux leakage
results are exhibited in the different presentation
that is easy to distinguish and increase time-
frequency locations detail of the inspection
signal. Therefore the defects of the wire rope
can be categorized and investigated in different
frequencies and localizalions.

2. Magnetic f lux leakage inspection
The MFL is implemented by applying

magnetic f ield intensity to a ferromagnetic
material specimen. Poles of the magnet are
produced to exert forces on a specimen. This
attraction force is caused by the magnetic f ield.
Amount of magnetic f lux show the strength and
direction of magnetic f ield intensity. A large
number of the flux l ines correspond to the strong
magnetic f ield. It can be produced with a well-
known equation

B _ p H

f l )

Whereas B is the magnetic f ield density, H is
the magnetic f ield intensity and p is the
magnetic permeabil ify of material. The
operation principle of the MFL equipment is
applying a direct current or permanent magnets
to supply the high constant magnetic f ield
throughout the length of the wire rope. The
magnetic f lux that leaks from a discontinuity in
the rope, such as a broken wire, can be detected
with a differential sensor, such as a Hall Effect
sensor, coil sensor or by any appropriate device.
The signal from the sensor is electrically
processed and recorded. Localized faults can be
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located and loss of metallic cross-section area
can be evaluated in the cross-section areas ofthe
wlre rope.

The MFL equipment has been designed and
constructed in the previous work [9-l l]. The
electromagnet is used to apply the magnetic
field to the wire rope in order to interact with the
artificial flaws to produce flux leakage. The
diagram of the system is shown in Figure l. The
three restrictions that need to be taken into
consideration are firstly, the magnetic field
density must be strong enough to measure the
amount of the flux leakage seepage from the
flaws. Secondly, the inspection area must be
covered both inside and on the surface of the
wire rope. Lastly the measurement results can be
compared at different locations while the
equipment runs along the length of the wire
rope.

Magnetization

un l t

Wire rope
specimen

Sensors
un i t

F;d
Moni tor ine |  |  

' l  * l  
k" t ^ - t

l " - l

Figure I The magnetic flux leakage equipment

For detecting the magnetic flux leakage,
induction coils and hall sensor U2] are
appropriated to use in MFL system. These
sensors work on different physical principles. In
equations (2) and (3), the relations between the
electrical quantity output and the magnetic flux
leakage to be measured are shown.
For the induction coils:

v = n 9 9
dt

(2\

Where V =Outputvol tages

n = Turns of coil
d@: Derivative of the magnetic flux
dt : Derivative of times
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For the Hall Sensors:

Where V
sensor

I
B
n
q

t

= Output voltages of thg hall

= Hall sensor current
= Magnetic f ield density of MFL
: Density of clrarge carriers
: Electric charge
: Hall sensor thickness
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the direct ions of Bo1 , dor,6o, are as shown in

F igure  2 .

Sensor onental ion ,)

>//
)12:-=11 ' ' B*

6* /, 14* (Nl*lw

Figure 2 sensor shape and its orientation

3. LF/ LMA and corresponding signal
The principle deterioration modes of the

wire rope inspection using MFL [14] can be
categorized as fbl lows:

Localized Faults (LF)
Discontinuities of the wire rope, such as

broken or damaged wires, corrosion pits on the
wire rope, grooves worn into the wire rope or
any other physical conditions that degrade the
integrity of the wire rope in a localized manner.

Loss of Metallic cross-section Area (LMA)
A relative measure of the amount of

material (mass) missing from a location along
the wire rope and is measured by comparing a
point with a reference point on the wire rope that
represents.

Figure 3 LF and LMA signals of wire rope

For localized fault inspection, defect
locations of the wire rope are represented. The
character of the defect signal is an impulse of
electrical signal which is higher in amplitude
than ordinary signal. Therefore the levels of
deterioration of the wire rope can be presented
by comparing the height of the amplitudes
between the impulse signals. The significant
consideration of the LF signal is the
measurement abil iry such as resolution,

(3 ), ,  I  r  B

nqt k----)l

@
T

E
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>l l+

The induction coils are selected to use in the
MFL equipment. They were made of 40 AWG
coil in printed-circuit-shape. The advantages of
the induction coils are that they are l lot sensitive
to the strong background fields and are suitable
for high temperature environment. Additionally,
in case ofthe sensors being connected in series,
noises from the variation ofthe peak to valley of
the wire rope surface can be reduced. As the
result of the flux leakage is a vector field that
consists ofthree unique components [13]. They
refer to the axial, radial, and tangential direction.

The flux density at the metal loss region tio is

the result of an equation (4) as follows:

Bo -  Bot  +  Bo.  +  Bo,  (4 )

Where Bo1 , Bo,- and Bo, ate resolved vectors in

the axial,  radial and tangential direct ion

respectively. Hence the sensor slrape and i ts

orientation are the important factors. In the

research, coi l  sensor in printed-circuit-shape was

chosen because it can be used to measure the

total f lux leakage in al l  direct ions. The sensor

shape was designed in a small  size in order for

ease of mounting to the equipment. The sensor

orientation was arranged appropriately at the

center of the equipment to detect the f lux

leakage. The inspection signal was the product

of electr ical signal as a result of the total f lux

leakage in the axial,  radial and tangential

direct ions. The sensor shape. i ts orientat iorr and
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repeatabil ity, and sensitivity of the MFL
equipment. Usually, the LF signal is the main
function of the MFL equipment. Although, it is
used to define the measurement abil ity of the
equipment, the length or depth of defect cannot
be offered. Thus the loss of metall ic cross-
section area (LMA) signal is assisted to define a
relative of the defect length and depth. The
relative of the LMA signal is implemented to
define the quantitative fault of the wire rope by
using the quantitative resolution of the
equipment. The quantitative resolution is the
required minimum length of the uniform flaw
for which the sensor provides an accurate
quantitative measurement within a predefined
small error l imit. Because the ouantitative
resolu l ion is  f in i te  in  a l l  sensors,  min imum f law
lengths are always required to accurate
quantitative fault identif ication. It is important
for specifring and comparing the performance
of MFL equipment. Figure 4 represents the
comparing of the quantitative resolution of two
equipment. Figure 4A shows the equiprnent with
the quantitative resolution of 5 cm. that can
determine the exact 10ok of the LMA by this
defect. On the other hand is as shown in Figure
48, the result of the % LMA is about

- l t10 * l . loh on the same def-ect  when usins
30
the equipment  of  the quant i ta t ive resolut ion of
30 cm.

r  l a w  l e n g l n

( 5 c m . )  -  > i

Q u a n t i t a t i w e  - !

r e s o l L r t i o n  !
( 5 c m . )

Q L r a n t i t a t i v e  L _
r e s o l L r t i o n  i

( 3 O c m .  )  |

Figure4. Comparing the quantitative resolution
of the equipment

The test specimen 8xl9(outer strandxwire)
rope is used for testing. The eight outer strands
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are manufactured in right ray, with the inner
strands being left lay. Figure 5 shows artificial
defects of the testing rope made for testing by
the magnetic f lux leakage equipment.

t 2 3 4 8  9 - r 0

5 6
<  l 5 m

Figure 5 The wire rope test specimen

1,2, 3 and 4 represent the variation of the depth
of defects with the constant width of I mm.
They are 2.5,3.5,4.5 and 5.5 mm respect ive ly .
5 and 6 are wide defects of 3 and 5 mm. with 2.5
mm. depth, 7 is a group of 5 defects. 8 is the
defect caused by wear. 9-10 are 2 defects for
testing the resolution of the instrument.

The inspection results of the equipment
present a performance of the dual function
equipmerrt (LF/LMA signals). They were
verif ied the capabil ity to detect the defects of a
wire rope specimen. The performance can be
displayed which are good repeatabil ity, f ine
resolution at2-cm. width and high sensitivity at
2-mm. depth of defect. The result of LFILMA
inspection is shown in Figure 6

Figure 6 The dual function of the magnetic f lux
leakage equipment

In Figure 6, the LF and LMA signals can be
displayed in the monitor simultaneously. The LF
signal demonstrates the locations and the
deterioration levels of the wire rope. The LMA
signal establishes the relative of loss metall ic
cross-section area by integration the LF signal to
approximate the loss metal region. The LMA
result reveales the quantitative resolution of the
equipment is 2 cm. The relative value of actual

V

38  mm
l

F l a w  l e n g t h
( 5 c m . )  +

5'�l
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IO%LMA

estimated

at the defect length of 5 mm. can be
5

a metal loss area of !  '  l0 =2.5o/o
2U

by this equipment.
The difficulty to investigate and identifu the

LF/LMA is the signals obtained are complex on
account of accompanying noises' They were
affected from the variation ofthe peak-to-valley
of the wire rope surface, electromagnetic
disturbance and analog electronic circuits. From
the LF signal in Figure 5, the aVeraging signal
uti l i ty of the Digital Storage Oscil loscope
(DSO) was used to facil i tate for ease of
considering the inspection signal. The
consequence of averaging signal is demonstrated
in Figure 7.

i )
' , 6 1 g h t f @ x $ r y a g w

Frequency (Hz)

a l
E  o r l  I  t  :  4  7  N , , t , ,
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l .  o , . " r . -1 "u . , .  r , r t  . r ; i . , ! ! . : . , ' . ' ; | . ' "  .
' 0 r 1 .  '  i  '

@ 4OO ad !@ laoo ls l{40 l@0 taa lmo

Time (msec)

Figure 7 LF signal with averaging uti l i ty

Although the result of average signal can be

assisted to investigate the defect signals, the

noises are st i l l  contained in the inspection signal.

The spectra of the inspection signal is as shown

in Figure 8, it demonstrated the frequency

component ofthe inspection signal. Because the

high-frequency consti tuents of noises are

contained in the signal at 150 and 300 Hz. '  the

defects are difficult to analyze. Therefore

several signal processing techniques were used

to characterize and de-noise the MFL inspection

signals. The wavelet transform implementation

was then used to analyze the LF inspection

signal in this paper. The continuous and discrete

wavelet transform techniques were ut i l ized to

categorize and de-noise signals in t ime-scale

presentations, by using a Syrnlet farni ly wavelet

basis function for which the defects were

effortless lv i nvestisated.

Figure 8 Frequency spectra of the inspection
signal

4. Approach with wavelet transform
The wavelet transform [15-17] is probably

solution to overcome the shortcoming of the
Fourier transform. In wavelet analysis the use of
a fully modulated window can solve the signal-
cutting problem. The window is shifted along
the signal and for every position ofthe spectra is
calculated. This process is repeated many times
with a slightly shorter or longer window for
every new cycle. The result is exhibited in a
collection of the time-frequency presentations of
the signal with different resolutions. In the
wavelet transform, the time-scale presentations
is replaced of the time-frequency presentations
because the term frequency is reserved for the
Fourier transform which the scale is in a way the
opposite offrequency.

The rnost important properties of wavelets
are admissibil i ty and regularity conditions.
These are the properties which are given their
wavelet name. lt can be shown as the square
integration function V(t) satisfuing the

admiss ib i l i ty  condi t ion is

.  v(,12 ,
[  

' ' '  
d o . + t  ( 5 )- 

l0)l

It can be used to first analyze and then
reconstruct a signal without loss of information.
In equation (5) v(o) stands for the Fourier

transforms of ry(t). The admissibil i ty condition

is irnplied that the Fottrier transforms 'y(t)

vanished at the zero frequency follow as
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lv(or)'1.,=6 = o
(6)
jry(tlt = 0 (7)

Equations (6) and (7) mean that the wavelet
must have a band-pass like spectrum. This is a
very important observation, which is used later
to build an efficient wavelet transform. A zerc at
the zero frequency also means that the average
value of the wavelet in the time domain must be
zero. Therefore it must be oscillatory, in other
words ry(t) must be a wave.

The continuous wavelet transform
The continuous wavelet transform (CWT)

was developed as an alternative to the short time
Fourier transform (STFT) to overcome the
resolution problem. The CWT is done in a
similar way to the STFT analysis, in the sense
that the signal is multiplied with a function,
similar to the window function in the STFT and
the transform is computed separately for
different segments of the time-domain signal.
However, the difference betwe:n the STFT and
the CWT is the width of the CWT windowed
changed as the transform is corrputed for every
single spectral component, which is properly
used as the most significant characteristic ofthe
wavelet transform. The CWT is described in the
introduction is wriften as

y(s,  t ;  = J f ( t ) rp,  
xr , .  ( t )dt  (8)

Where * is a complex conjugation. This
equation shows a function f(t) is decomposed

into a set of basis function Vs,r(t) , i ts called the

wavelet. The variables s and r represent the
new dimensions, namely scale and translation,
which are introduced after the wavelet transform.
For completeness equation (9) is given the
inverse wavelet transform.

f(t) = jJ1(s,r)ryr,,(t)drds. (9)
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In an equation ( I 0) s is the scale, factor r is the

translation factor and the factor f is the
! )

energy normalization across the different scale.
It is important to note that in equations (8), (9)
and (10) the wavelet basis functions are not
specified. This is a difference between the
wavelet transform and the Fourier transform, or
other transforms. The wavelet transform of a
one-dimensional function is two-dimensional;
the wavelet transform of a two-dimensional
function is four-dimensional. These are the
properties of the wavelet transform which are
smoothness and concentration in both time and
frequency domains.

The discrete wavelet transform
The discrete wavelet transform (DWT) is

used to transform the continuous signal, the
result is a series of wavelet coefficients, and it is
referred to as the wavelet decomposition. The
DWT is utilized to remove a redundancy of the
CWT for which the CWT is calculated by
continuously shifting a scalable function over a
signal and calculating the correlation between
the scale and the signal. It is obvious that the
scaled function is near the basis function and
obtained the highly redundant wavelet
coefficients. In the DWT. the scaling function
q(t) can be expressed up to a scale j in the
multi-resolution or two scale relations follow an
equat ion (1 1) .

e(2 j t )  = lh ;*1(k) ta(2r* t t  -  k)  (u)

The scaling function at the scale j can be
expressed in terms of translated the scaling
function at the next smaller or more detail. The
first scaling function replaces a set of wavelets
and also articulates the wavelet in this set in
terms of translated scaling function at the next
scale. More specifically, the wavelet can be
written at level j in an equation (12).

'v(2 l t )  = I9;* t (k) ro(2r* t t  -  k)  (12)

If a signal f(t) can be expressed in terms of
dilated and translated wavelet up to a scale j - 1,
the result of f(t) can also be expressed in terms

The wavelets generated from a
wavelet q'(t)  are cal led mother

scal ing and translat ion as fol lows:

single basic
wavelet, by

(  1 0 )v,,.(t)=+/=)
v s  \  5 . /
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of dilated and translated scaling functions at a

scale j  as an equation (13).

f ( t )  =  t r j (k )e (2r t -k )
k

( 1 3 )

In equation (13) the scale can be stepped up to
j - 1 . The wavelets are added in order to keep

the same level of signal detail. Therefore, the

signal f( t)  can be expressed as

f ( t )  = |  r ; -r(k)e(2r-r t  -  k)

.  (14)
+ Iy j -1(k)v(2r- ' t . -  k)

If the scaling function Ai,r<(t) and the wavelet

v;,t(t) are orthononnal functions, the wavelet

coefficients li-r(k) and y1-1(k) are found by

taking the inner products

r.;,r (k) = f(t), ,pr,r (t)l
and r1-r(k) = F(t), vt,r,(t)l ( l s )

From equat ion (15) ,  the e; , r<( t )  and V; , r ( t )  can

be replaced in the inner products by suitably
scaled and translated versions of the equations
(l l) and (12). The product can also be written as
an integration result in equation (16).

i . ; - r (k)  = 
*  

nf t  -  2k)) ' r (m)

and  r ; - r ( k )  =  I g (m  -2k )y1 (m)  (16 )

The equation (16) circumstantiates that the
wavelet and the scaling function coefficients can
calculate a weighted sum of the coefficients
from the previous scale. The fi l ters h(k) and

g(k) of the different cutoff frequency are used

to analyze the signal f(t) in different scales.

The signal is passed through the high-pass filter
g(k) to analyze the high frequency, and it is

passed through the low-pass filter h(k) to

analyze the low frequency. In Figure 9, the
equation (16) can be implemented as one stage
of an iterated filter bank in low-pass and high-
pass fi l ters with down-sampling of the signal.

Figure 9 Implementation of the DWT as one
stage ofan iterated filter bank

5. Results and discussion
The MFL signal was implemented to

analyze by using the symlet basis function [18]
in the wavelet transform. It is appropriated for
the signal that provides impulse localization in
different scales. The symlets family is
orthogonal and compactly supported wavelets
which are nearly symmetrical. They were
proposed by Daubechies as modifications to the
db family. Because the MFL signals are
impulse in different amplitudes and duration
times which is poor regularity, the wavelet basis
function that is compactly supported near
symmetrically and has also vanishing moment
can be implemented in this case. Therefore, the
symlet basis function was selected to enhance
the visualization of the defects character. Figure
10 demonstrates the symlets family.

r-7-r T;[-t l--i---l r-;f,--l
ni ! Y\/5 t-i lJ ri l5
Lr__i L_-I_J If l- l L--l=-J

[i: w [il'
t r Y t  : r t

rrtd, rwr? gm8

Figure 10 The symlet familY

Characterization by CWT
The proposal to use the continuous wavelet

transform is distinguished by the MFL wire rope
inspection signal in time-scale presentations and

analyzed the characterization of the defects
impulse signals. The result of characterization is

shown in Figure 11. The result has shown the
different wavelet coefficient amplitudes of the
defects impulse signals.
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Figure 1 1 The wire rope defects characterization
using CWT

The difference is easily visualized the
summarization at the high scale (low frequency)
and the details ofthe defects can be determined
at the low scale (high frequency). The l0 defects
with different Iocalization were analyzed by
continuous wavelet transform with symlet 6 in
128 different scales. The time-scale
presentations are used to demonstrate the ease of
visualization of the defects. Note that at the low
scale, the high wavelet coefficient has appeared.
It has been produced as the noises along the time
localization from beginning of the inspection to
about 1400 msec. The advantage of CWT is able
to show details of the signal in two-dimension
(time and scale). Therefore the impulse of
defects can be characterized in different
visualization in scale and time localization.

In CWT analysis, the wavelet coefficients
were calculated in every scale as full amount of
inspection signal. The result obtained many
frequency constituents. The defects
characterization was still accompanied with the
noise at high frequency constituents. Thus, the
DWT was used to de-noise them for better
inspection results.

De-noising with DWT
The DWT was implemented to de-noise the

MFL inspection signal by decomposition of the
frequency constituents of the signal. The
decomposition process was capable to iterate in
multi- level of resolution components. Because
the low frequency constituent is a very

Thammasat Int. J. Sc. Tech., Vol. 8, No. l, January-March 2003

significant component of the MFL signal, the
DWT was used for analyzing. The suitable level
of decomposition is based on the nature of the
signal, or on a suitable criterion. The LF signal
in this paper obtained the high frequency noises,
but their arnplitude was not very high. Therefore
3 levels of the wavelet decomposition tree are
suitable for de-noising the inspection signal. In
Figure l2 is shown the 3 levels of wavelet
decomposition tree for de-noising the MFL
inspection signal.

).j

h l i  r gri l

h l i -z g l  j , z

h2.i r 9Yj-3

Figure l2 the wavelet decomposition tree

The decomposition analysis in 3 levels has
been uti l ized to de-noise the MFL signal.
Whereas the decomposed signal is

) , ;  =Y ;  r  + ' l j - � z+Y ; - :  + I ; - :  ( 17 )

The inspection signal )"i was decomposed

by the high pass fi l ter 9(k) in level y;_3 and the

low pass fi l ter h(k) in level l1_3 too. The de-

noising result by DWT has been shown in the
decomposition 3 levels of the frequency
constituents in Fieure l3

{.or i i

& a o a @ s r @ 1 4 i r @ t a & r & M

Tjme (msec)

Time (msec)
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Figure l4 time-frequency presentations of the
MFL inspection signal in 3DFigure 13 Decomposition of the MFL signal

using DWT in level 3
The consequence result of the DWT has

demonstrated the 3 levels of decomposed signal.
The high frequency of noise constituents was

filtered by the high-pass filter g(k) . It was able

to show that the noise in high frequency is
caused from the electromagnetic disturbance,
analog electronic circuits and electrical signal of
the MFL equipment. Output from de-noising is

the low pass fi l tered signal 1.1-r in level 3 The

l0 defects of the wire rope can be easily
analyzed and observed after the inspection
signal has been de-noised. The advantage ofthe
DWT is the inspection signal can be iteratively
decomposed in many levels' The frequency
constituents of the signal can be successively
analyzed in every scale in multi resolutions.

The product of the wavelet transform
processes has revealed the characterization and

de-noising of the wire rope MFL signal by using
continuous and discrete wavelet transform. The

wire rope defects can be investigated in the

different revelation of the inspection signal. In

Figure 14 the 3D visualization of the CWT has

completely established the time-frequency
presentations of the wire rope MFL inspection
signal. The good visualization ofthe 10 defects
has been shown in the time and frequency
localizations of the inspection signal. Figure 15

has shown the inspection LF signal was de-

noised by using DWT. It was decomposed in 3

levels which is good revelation the defects
signal of the wire rope.

0 t 4

0 1 2

. 0 t 0

0 0 8

0 0 6

0 0 4

0 0 2

i00

{00

100

!

a
E

Time (msec)

Figure 15 The LF signal was de-noised by DWT

6. Conclusions
MFL equipment has been designed and

constructed to monitor LF and LMA of wire
ropes. Coil censor was studied and selected to
detect the flux leakage from defects. The
performance of the equipment has been tested
and represented by good resolution, repeatabil ity
and sensitivity. From the research, the
equipment has been able to display the results of
LF and LMA signal in an oscil loscope
simul taneously.

The LF signal was established to analyze
using the wavelet transform. The continuous
wavelet transform (CWT) was implemented to

characterize the defect signal in the 2D and 3D
time-scale presentations. The time and
frequency localizations of the defects have been
demonstrated in better visualization of the multi
resolution. To improve the inspection signal, the

high frequency components were necessarily
removed from the interested signal. As well, the

discrete wavelet transform (DWT) has been
used to de-noise the inspection signal. It can be
established with decomposition the frequency
constituents of the signal. Consequently the
defects ofthe wire rope can be characterized and
analyzed for revelation of the wire rope MFL
insoect ion.

200 J),
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