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Abstract — This paper presents a novel low-cost handheld 

instrument to detect cracks and other defects in a plate of 

conductive material. The instrument includes a planar eddy-

current probe having a giant magnetoresistor (GMR) based 

sensor, a mouse pointing device that acts as the positioner, a 

dsPIC that controls the measurement process and that possesses 

also signal processing capabilities to enhance the accuracy of the 

system and all the electronic circuitry (power supplies, signal 

amplification, current generation, analog to signal conversion) 

necessary to carry out the defect detection. The visualization of 

the defect can be depicted in real-time on a LCD display or 

transmitted to a PC. The metrological performance and the 

effective cost make this handheld device well suited for several 

applications such as cracks detection at subsurface depths. 

Keywords-Nondestructive Testing; Eddy Current Testing; Sine-

fitting 

I. INTRODUCTION 

HE non-destructive testing (NDT) using eddy currents 
(ECT) has been applied in different areas such as 
biomedical induction tomography [1] and non-destructive 

testing of conductive materials [2, 3]. One example of this last 
application is the non-destructive inspection of metallic 
structures of aircrafts [4]. 

One method to determine the volume distribution of 
material conductivity consists in inducing eddy currents inside 
the conductor under test. These loop currents are related to the 
conductivity distribution and create a secondary magnetic field 
that contains information about the defects in the specimen. 
The resulting magnetic field can be measured using different 
types of probes like, for example, a magnetic sensor (Giant 
Magnetoresistor [5], Hall sensor, SQUID [6]) or detection 
coils that sense the e.m.f. induced by the time varying 
magnetic field [7]. 

In the eddy current method a given surface is usually 
scanned and some features of the acquired signal are 
represented in a matrix form. The matrix data may be 
represented in an image that is correlated with the 
inhomogeneities inside the sample. This paper describes the 
project and implementation of a low-cost handheld instrument 
capable of detecting cracks by presenting in real time a bar 
graph in a LCD display proportional to the amplitude of the 
magnetic field measured by the GMR sensor located in the 
probe or a 2D image depicted in a PC monitor representing the 
amplitude of the measured magnetic field at a location 
determined by a mouse pointing device.  

II. DESCRIPTION OF THE HARDWARE 

The description of the implemented instrument to detect 
defects in planar conductive materials is divided into three 
subsections. The first one is the overall description of the 
measurement system including some details concerning the 
modules assembly.  The second and third subsections describe 
respectively the eddy current testing (ECT) probe and the 
module that locates the position where the measurement is 
taken.  

A. System Architecture 

Fig. 1 shows the architecture of the implemented instrument. 

 
Figure 1. Architecture of the implemented instrument. 

The portability of the instrument was obtained by 
integrating a digital signal generator and a transadmittance 
amplifier in the module containing the probe. The signal 
generator is a Direct Digital Synthesizer, DDS, (AD9833 from 
Analog Devices) that generates the voltage delivered to the 
transadmittance amplifier, which guaranties that the excitation 
current delivered to the probe excitation coil is kept invariant 
with a change in the coil impedance due to the presence of a 
defect. The DDS is a low power programmable waveform 
generator capable of producing sine, triangular and square 
wave outputs, within the frequency range [0; 12.5] MHz and 
28-bit resolution. The output frequency and phase are software 
programmable by the dsPIC via a 3-wire SPI serial interface. 
The amplitude output voltage obtained experimentally for a 
2 kHz sinus is 0.6 Vpp with a DC component equal to 0.308 V. 
The transadmittance amplifier circuit is presented in Fig. 2 and 
is based on a L2722 amplifier from STMICROELECTRONICS 
able to deliver an output current of 1 A. In order to input a 
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current �� to the excitation coil, the resistance �� can be 
calculated from expression (1): �� �  �� ��⁄            (1) 

Figure 2. Transadmittance circuit. 

Fig. 3 presents two periods of the voltage measured in the 

charge (Zc) when �� � 1 Ω (�� � 300 mA). 

  

Figure 3. Voltage at Zc depicted on the oscilloscope. 

The DC power supply module powered by a 9 V power 
source includes a 5 V output DC-DC converter 
(TRCOPOWER) to power most of the circuit components and 
another one having a 3.3 V output voltage to power the DDS 
and the dsPIC. A -5 V inverter regulator is used to power the 
LCD display and the instrumentation amplifier (INA 118) 
used to amplify the GMR sensor output. Powered by the 5 V 
output a voltage adjustable regulator outputs a 1.65 V DC 
voltage to be added to the GMR output signal in order to use 
all the range of the AD converter. The ADC range is 
[0; 3.3] V.   

The centerpiece of the instrument is a dsPIC 
33FJ256GP710 processor from Microchip. To allow an 
efficient testing of the capabilities the dsPIC33 Digital Signal 
Controller family processors an Explorer 16 Development 
Board has been used.  The dsPIC has a 16-bit architecture, 
with 40 MIPS maximum CPU speed, 256 kB flash memory 
and  30 kB Random Access Memory (RAM) including  2 kB 
DMA reserved. It includes two AD converters with 12-bits 
resolution and a maximum sampling rate of 500 KS/s. The 
dsPIC controls the DDS via the 3-wire SPI interface with 
10 MBps and runs the entire digital signal processing of the 
raw data acquired by the embedded ADC converter. Other 
important tasks run by the dsPIC processor consist of the 
determination of the probe position from the data delivered by 
the sensors inside the pointing device, the presentation on the 
LCD display of the amplitude of the magnetic field measured 
by the GMR and the transmission of the gathered information 
to a PC to storage, visualization and analysis. Data transfer 
between the processor and the computer is done in two steps: 
first using the RS232 and the UART controller included in the 
dsPIC and then the USB port through a UART/USB converter 

(FT232R from FTDI). This converter allows a 1.25 MBps 
transmission rate and is powered by the computer USB port. 

A LCD display (PC1602ARU-HWB-G-Q from 
POWERTIP CORP) depicts bar graphs proportional to the 
amplitude of the secondary magnetic field measured by the 
GMR sensor in real-time. The LCD is controlled by the dsPIC 
using the I/O lines. It possesses 14 pins: 2 for power, 1 to ajust 
the contrast, 8 for data transfer (DBO-DB7) and 3 for control 
purposes (RS, R/W, E).  

B. ECT Probe 

The Eddy Current Probe (ECP) is depicted in Fig. 4. It 
includes a planar spiral excitation coil with 25 turns, having an 
inner diameter of 10 mm to produce the primary field. The 

sensing element is a tiny sensor (436 x 3370) µm coplanar 
with the sample, located at the coil axis, which consists of four 
giant magnetoresistors mounted in a Wheatstone bridge 
configuration for temperature compensation and flux 
concentration. This sensor, the AA002-02 produced by Non 
Volatile Electronics, is powered at ±5 V by the power supply 
module. This sensor provides the same output for magnetic 
fields in the positive or negative direction along its axis of 
conductivity (omnipolar characteristic) and so, in order to 
work only in one of the linear branches of its characteristic it 
must be biased by a constant magnetic field. This is achieved 
by placing a MEDER M4 TN/4 permanent magnet with 
magnetic moment of 2.22 � 10��m�A in the vicinity of the 
sensor (not shown in the figure). 

Planar coils are very sensitive to cracks because of the 
small effective lift off (distance to the plate surface) and 
present also a straightforward manufacture technique using 
printed circuit boards (PCB).  

 

Figure 4. Photo of the ECT probe assembly. 

The block diagram of the GMR conditioning circuit is 
depicted in Fig. 5. It includes an instrumentation amplifier 
(INA 118) with 500x gain, 100 nF decoupling capacitors near 
the power pins and two high-pass filters. The cutoff frequency 
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chosen was 150 Hz. It is approximately 10 times less than the 
frequencies used to perform the cracks detection tests (1
to 5 KHz). A 1.65 V DC voltage is added to the GMR output 
voltage in order to use all the range of the AD converter 
embedded in the dsPIC.  
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Figure 5. Block diagram of the GMR output signal conditioning. 

C. Probe Location Module 

In the eddy current method the conductive sample surface 
is usually scanned. The location of the probe and
features of the acquired signal containing the information 
about the conductivity of the sample are registered. A matrix 
with the XY locally value related with the sample’s 
conductivity is thus obtained. 

In this paper a ball-mouse tied with the probe 
probe location device. Moving the mouse turns the ball and 
two X and Y freely rotating rollers, which
transfer the movement to two encoder wheels with slotted 
edges. The rollers are located 90 degrees apart and one detects 
the forward-backward motion of the mouse
left-right motion. The slots in the wheels interrupt infrared 
beams that sensed by phototransistors generate electrical 
pulses. Related to each encoder wheel there is a pair of 
phototransistors located is such a way that when the slots i
the wheels interrupt the infrared beams (or again starts to pass 
light freely) two electrical pulses (X1 and X2)
phase difference, as depicted in Fig. 6, are generated
the two phototransistors corresponding to each direction 
capable to distinguish the direction of the movement

Figure 6. Output signals from two phototransistor

The phototransistors output signals need to be conditioned 
in order to be processed by the dsPIC and 
transmitted to the computer. The conditioning circuit is 
presented in Fig. 7. 
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. Block diagram of the phototransistors output signal conditioning. 

III. DESCRIPTION OF THE 

Several pieces of software 
system. Fig. 8 presents the flowchart of 
procedure. This software was developed in C and runs in the 
dsPIC processor. It includes all the data processing to detect 
the crack, to determine the position associated to a 
measurement, the control of the signal generator and 
present the result in the LCD display.

Figure 8. Flowchart of a crack detection procedure.

A. Selection of Sampling Frequency

In order to increase the accuracy of the final result the 
sampling frequency (Fs) must be adjusted (up to 550 kS/s) to 
guarantee the best ADC data acquisition condition.
depends on the frequency 
detection (Ft), on the number of periods
selected by the user or are imposed by default
number of samples (N). 

The best sampling frequency is calculated:�� �
It is necessary to guarantee: 

�� �
According to the Nyquist teorem. 

B. Three-Parameter Sine-Fitting

Sine fitting algorithms are
a sinus from a set of noisy observati
include: amplitude, offset, initial phase
a three-parameter sine-fitting algorithm
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ESCRIPTION OF THE SOFTWARE 
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presents the flowchart of the crack detection 

was developed in C and runs in the 
dsPIC processor. It includes all the data processing to detect 
the crack, to determine the position associated to a 
measurement, the control of the signal generator and to 

in the LCD display. 

 

. Flowchart of a crack detection procedure. 

Selection of Sampling Frequency 

In order to increase the accuracy of the final result the 
must be adjusted (up to 550 kS/s) to 

guarantee the best ADC data acquisition condition. This value 
 chosen to perform the crack 

the number of periods (J), either they are 
or are imposed by default, and on the 

The best sampling frequency is calculated: � �� � ��                        (2) 

� 2 � ��                       (3) 

teorem.  

Fitting 

algorithms are used to extract the parameters of 
from a set of noisy observations. Those parameters 
amplitude, offset, initial phase and frequency [8]. On 

fitting algorithm, as the one used within 
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this work, the operation frequency is known and amplitude, 
phase and offset are the parameters to be estimated.  

The acquired sine signals can be represented by the 
expression: 

                     �(�) � � cos(2"#� +  %) +  &      (4) 

or   

�(�) � �' cos(2"#� +  %) +  �( sin(2"#� +  %) + &       (5) 

Where A is the amplitude, % the phase, C the DC component 
and f the signal frequency of the sinusoidal signal.  

The amplitude can be computed from the in-phase 

amplitude, �' , and in-quadrature amplitude, �( , using: 

� �  ,�' � + �(�
                         (6) 

The estimates of the sine wave that best fits, in a least 

square error sense, to M data points, in a matrix form, are 

obtained with:  

        - �.'�.(&. / � (010)��01 2��⋮��4                (7) 

where:  

0 � 5cos(2"#��) sin(2"#��) 1cos(2"#��) sin(2"#��) 1⋮ ⋮ ⋮cos(2"#��) sin(2"#��) 16             (8) 

Where 01is the M transpose matrix. 

The number of samples acquired covers exactly na integer 
number of periods (J) of the sinus that we are trying to fit to 
the data. This means that the sine wave frequency, f, the 
sampling frequency fs and the number of samples N, satisfy: 

77� � ��                            (9) 

Note that J and N should be mutually prime so that N 
different samples are acquired at N different time instants, 
which will increase the accuracy of the estimation of the wave 
parameters.  

If the samples cover an integer number of sine wave 

periods, we have: 

          ∑ cos(2"#�9) � 0�9:� ,       ∑ sin(2"#�9) � 0�9:� ,    

        ∑ cos(2"#�9) sin(2"#�9) � 0�9:� ,                          (13) 

and 

∑ cos�(2"#�9) � ���9:�  , ∑ sin�(2"#�9) � ���9:�  .   (14) 

(010)�� � �� 22 0 00 2 00 0 14,                  (15) 

And the sinus parameters can estimated using: 

- �.'�.(&. / �
;<<
<=�� ∑ >9 cos(2"#�9)�9:��� ∑ >9 sin(2"#�9)�9:��� ∑ >9�9:� ?@@

@A
 .             (16) 

In this work, we use the three-parameter sine fitting to 
determine the amplitude estimation of the amplified output 
GMR sensor voltage. A change on this value denotes a change 
in the conductivity of the sample under test. The output GMR 
sensor voltage is proportional to the secondary magnetic field 
created by the eddy currents induced in the sample by the 
primary magnetic field generated by the excitation current that 
runs in the excitation coil. Thus the output GMR voltage is 
synchronous with the current and the sine fitting algorithm 
used to estimate the signal amplitude is adequate and presents 
the minimum error on the estimation values.  

C. System control and visualization of the results 

Fig. 9 presents the front panel of an application in 
LabVIEW developed for a 2D visualization on the computer 
screen of the processed data, including the location of the 
probe when the measurement was taken. This program has an 
interface for the user to choose the parameters for the crack 
detection test. The user may choose the port where the 
instrument is connected, the test frequency and the number of 
periods for each test. The screen image is visible only after the 
end of the test procedure. 

 

Figura 9. Front panel of the application developed in LabVIEW for a 2D 

visualization of the processed data, including the location of the probe. 

A. Other tests: evaluation of the probe location module 

performance 

In this paper a ball-mouse tied with the probe is used as 

the probe location device. It is a low-cost solution able to 

determine the probe position and, considering that one issue of 

this work is crack detection in real-time, it also possesses the 

advantage of low processing required. It has a limited 

precision and an accuracy of 1 mm but frequent cleaning is 

required to keep this values. 
In order to evaluate the accuracy of the position 

determination a four-sided movement, ending at the same 
location where it started, was performed and the result is 
depicted in Fig. 10. A resolution of about 1 mm is obtained. 



 

Figure 10. Test to evaluate the performance of the probe location. 

IV. RESULTS 

Fig.11 presents the image obtained in an oscilloscope 
display when the ECT probe makes a linear 
machined crack with less than 1 mm width. The 
current has amplitude 200 mm and 2 kHz
amplitude modulated signal. The carrier has the frequency of 
the current delivered to the excitation coil of the probe and 
amplitude is proportional to the magnetic field sensed by th
GMR. It is clear the residual magnetic field that arises 
defect free zone and the peaks in the crack vicinity
after the crack crossing at t0.  

Figure 11. Oscilloscope image obtained when the ECT probe makes a linear 

scan over a crack. 

Fig. 12 presents the same scan depicted in Fig. 11, in the 
same conditions, at the LCD display. The graph bar is almost 
null in the defect free zone and presents a maximum before 
and after the crack crossing.  

 

of the probe location.  

Fig.11 presents the image obtained in an oscilloscope 
makes a linear scan over a 

mm width. The excitation 
mm and 2 kHz.  The result is an 

amplitude modulated signal. The carrier has the frequency of 
the current delivered to the excitation coil of the probe and the 
amplitude is proportional to the magnetic field sensed by the 
GMR. It is clear the residual magnetic field that arises in a 
defect free zone and the peaks in the crack vicinity, before and 

 
Figure 11. Oscilloscope image obtained when the ECT probe makes a linear 

scan depicted in Fig. 11, in the 
The graph bar is almost 

null in the defect free zone and presents a maximum before 

Figure 12. LCD bar graph when the ECT probe makes a linear scan over a 

crack.

Figs. 13 and 14 depict in the PC screen a “D image 
obtained after scanning the plate, row by row, over a 
superficial crack less than 1
respectively.  

Figura 13.  Result obtained after scanning the plate over a superficial crack 

1 mm width..

Figura 14.  Result obtained after scanning the plate over a superficial crack 

less than 

Fig. 15 presents the crack image of Fig. 14 after the 
insertion of a 1.5 mm thick aluminum plate between the 
sample plate and the probe. 

 conductive plate              crack

5

 
re 12. LCD bar graph when the ECT probe makes a linear scan over a 

crack. 

depict in the PC screen a “D image 
obtained after scanning the plate, row by row, over a 
superficial crack less than 1 mm width and 1 mm width, 

 

.  Result obtained after scanning the plate over a superficial crack 

mm width.. 

 

Result obtained after scanning the plate over a superficial crack 

less than 1 mm width. 

Fig. 15 presents the crack image of Fig. 14 after the 
mm thick aluminum plate between the 

onductive plate              crack 



 6

 
Figura 15. Result obtained after scanning the plate over the superficial crack 

less than 1 mm width with a conductive plate 1.5 mm between the sample and 

the probe. 

V. CONCLUSION 

The handheld prototype implemented is able to combine 
the low cost requirements, imposed in the work objectives, 
with good real-time detection. The instrument is also capable 
of locating defects and transmit the measurement data to a PC 
for further processing, starting from the rough data obtained. 

The planar coil used in the ECT probe construction offers 
attractive features of detection considering its high sensitivity 
due to its small effective liftoff. Future work considers the 
implementation of a similar coil in a more flexible substrate to 
allow a better adjustment to non planar surfaces.  

The GMR sensor also proved to be well suited for the 
purposes of this work thanks to its small size, high sensitivity 
and large frequency response. 

The location of the probe position, using two encoders 
embedded in a mechanical mouse, assures also enough 
accuracy for the work objectives and is well adapted to the 
simplicity requirement for the signal processing algorithms.   
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