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ABSTRACT
Features of the design and capabilities of the smartphone-based eddy current flaw detector with the EddySmart software appli-
cation are presented, which in the future can provide a remote inspection with the wireless transmission of inspection results 
via mobile communication channels for the further analysis and storage. The perspectives of application of eddy current probes 
(ECP) of double differential type for inspection of structure welds made of aluminium alloys are considered. The characteristics 
and results of studies of low-frequency double differential MDF 0801 and MDF 1001M type eddy current probes with opera-
tional diameters of 8 and 10 mm, respectively, designed for detection of defects in aluminium alloy welds are presented. It is 
shown that to detect extended and local defects in aluminium alloy structure welds at a greater depth, the preference should be 
given to the improved eddy current probe of MDF 1001M type with an operational diameter of 10 mm, which provides a higher 
level of signals and better noise resistance.
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INTRODUCTION
Today, pocket smartphones have become an integral 
part of our live. Smartphones differ from convention-
al mobile phones in that they have a full-fledged op-
erating system open to software development, unlike 
mobile phones that have a closed operating system. In 
addition, smartphones have the features of a personal 
computer with permanent data storage, random-access 
memory and relatively powerful central and graphics 
processors. A modern smartphone can have a vari-
ety of sensors (including accelerometer, gyroscope, 
magnetometer, light sensor, barometer, thermometer, 
Hall sensor and fingerprint scanner), which improves 
its functional versatility and the ability of using it not 
only for communication or entertainment. The use of 
a smartphone as a measuring device is somewhat un-
conventional. There are examples of creating a fully 
functioning microscope based on a smartphone using 
a rubber attachment for a camera with a 1 mm diam-
eter lens. The resolution of such a microscope was 
about 1.5 μm. Another interesting example is the im-
plementation of a smartphone-based spectrometer for 
analysing light waves.

There are also examples of the implementation 
of smartphone-based full-fledged systems of non-de-
structive inspection (NDI), technical diagnostics and 
monitoring [1‒9]. In [1‒3] an ultrasonic flaw detec-
tor, created at the Igor Sikorsky Kyiv Polytechnic 

Institute is described, which consists of an electronic 
unit with an ultrasonic sensor and a smartphone. The 
exchange of information between the sensor unit and 
the smartphone is performed via wireless networks 
using Bluetooth technology. The flaw detector opera-
tion algorithm is implemented using special software 
that runs on the Android operating system. A similar 
approach is implemented in the development of the 
French company LECOEUR ELECTRONIQUE [4]. 
Another example concerns a system for vibration 
monitoring of the technical condition of structures 
[5]. The authors have developed a system application 
for Android that can easily turn several smartphones 
into a wireless vibration monitoring system for struc-
tures. A server-client architecture was used, where one 
smartphone is designated as a remote control system 
for all other smartphones, allowing the server smart-
phone to quickly and easily connect multiple smart-
phones with sensors to create a wireless network. A 
method for synchronising different smartphones to si-
multaneously measure the vibration of structures was 
also proposed.

A successful implementation of a smart-
phone-based NDI device is an eddy current flaw de-
tector (ECFD) with the EddySmart application, which 
has been successfully used primarily for student ed-
ucation [10, 11]. But already today, the ambitions of 
this development go beyond the tasks defined at the 
initial stage of its creation. In [12], it is considered 
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as a sprout for the creation of promising technologies 
within the framework of the NDI 4.0 concept. The au-
thors, in particular, draw attention to the possibility of 
wireless transmission of inspection results via mobile 
communication channels for the further analysis and 
storage. The smartphone-based ECFD with the Ed-
dySmart application was effectively used to demon-
strate the capabilities of new eddy current technolo-
gies for detection of inner defects in aircraft and space 
structures, which eliminated the need in using bulky 
traditional ECFDs.

Low-frequency double differential eddy current 
probes (ECPs) have been widely used to detect sur-
face and inner defects in structures made of nonmag-
netic materials [13]. Their peculiarity is high sensi-
tivity to local defects compared to traditional ECPs. 
Therefore, double differential ECPs are promising 
for creating technologies for detecting weld defects, 
especially when inspection becomes more complicat-
ed due to noise signals created by the inhomogeneity 
of the specific electrical conductivity and changes in 
geometry (reinforcement bead, edge warping, etc.) 
in the weld zone. Here, it is necessary to use signal 
interpretation methods applying the ECFD’s integrat-
ed display plane [14]. Double differential ECPs have 
already found their use, including for the detection 
of lacks of fusion and pores in welds [15, 16]. In the 
extended welds of the shells in space structures of 
aluminium 1201 alloy made by electron beam weld-
ing, surface defects of lack of fusion (adhesion) type 
were successfully detected. Defects of this type can 
be formed when the electron beam deviates from the 
butt of parts to be welded. Due to the partial diffu-
sion bonding (adhesion) of welded edges, this type of 
defect is extremely difficult to detect using conven-
tional NDI methods. Another example concerns the 
problem of detecting welded surface and inner defects 
of various types in the welds of space structures made 
of AMg-5 and AMg-6 type alloys, produced by arc 
welding. Inspection technologies based on the use of 
low-frequency ECPs ensured the detection of not only 
surface defects, but also subsurface defects such as 

pores, lacks of fusion, inclusions and oxide films, de-
spite the lift-off created by the inhomogeneity of the 
weld geometry. The results of the further studies have 
shown the possibility of improving and optimizing the 
ECP for welds inspection in order to reduce the sizes 
of the ECP with a corresponding improvement in the 
resolution, at the same time increasing the depth of 
inspection, which will allow detecting extended and 
local defects at a greater depth.

This work presents the features of the design and 
capabilities of a smartphone-based ECFD and studies 
carried out by improved low-frequency double-differ-
entiation ECPs for detecting inner defects in welds of 
aluminium alloy.

1. DESIGN, MAIN FUNCTIONS 
AND CAPABILITIES OF A 
SMARTPHONE-BASED EDDY CURRENT 
FLAW DETECTOR
Let us consider the main functions that need to be im-
plemented to create a smartphone-based ECFD using 
a generalized block diagram of a typical ECFD (Fig-
ure 1). The creation of a primary sinusoidal electro-
magnetic field of the required operating frequency is 
performed by a controlled generator 1 and a power 
amplifier 2, which provide the required current lev-
el in the ECP generator winding 3, which interacts 
with the test object (TO) 4, inducing eddy currents 
in it. The resulting electromagnetic field of the TO 4 
generates a signal in the measuring ECP winding 3, 
which carries components caused by the unbalance 
of the ECP (signal of the measuring winding during 
its placing on a defect-free part of the TO) and the 
influence of a defect in the TO during scanning of its 
surface. The appearance of a defect during scanning 
changes the distribution of eddy currents, which af-
fects the ECP input signal, performing modulation of 
the output ECP signal at the operating frequency. The 
ECP output signal is fed to the input cascade 5, which 
provides its improvement by amplification to the re-
quired level and HF-filtering. Then the signal is fed to 
phase-sensitive detectors 6 and 7, which perform the 

Figure 1. Block diagram of a typical ECFD composition: 1 — generator; 2 — power amplifier; 3 — ECP; 4 — TO; 5 — input cascade; 
6 and 7 — phase-sensitive rectifiers; 8 — filters; 9 — adder; 10 — circuit for unbalance compensation signal formation with a start 
button 11; 12 — phase shifter; 13 — amplifier of X and Y components; 14 — display
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ECP signal demodulation operation, generating DC 
signals at the output corresponding to real and imag-
inary components of the ECP output signal. Further, 
the output signals of phase-sensitive detectors 6 and 7 
through filters 8 are fed to adders 9 for compensation 
of the ECP unbalance, the other input of which re-
ceives the signals necessary for compensation of un-
balance from the unbalance compensation signal gen-
eration circuit 10 with a start button 11. To reduce the 
noise influence, low-pass (LP) or high-pass (HP) fil-
ters with adjustable cutoff frequencies are used. When 
both filters are used simultaneously, a band-pass filter 
mode is provided. To compensate for the ECP unbal-
ance signal, the ECP is placed on a defect-free part 
of the sample, and then the operator starts the bal-
ancing process by pressing the button 11. Thus, real 
and imaginary components of the signal eliminate the 
components, corresponding to the ECP position on a 
defect-free part of the sample (TO). This operation 
allows selecting components that correspond only to 
the defect influence. Then, the obtained components 
are fed to the phase shifter 12, which rotates the com-
plex plane of the ECFD by an angle of 0–360°, which 
allows manipulating the signal hodographs in the 
complex plane of the ECFD during scanning of the 
TO surface, directing the useful signal, for example, 
in the vertical direction of the display. From the out-
put of the phase shifter 12 through the amplifier 13, 
the horizontal X and vertical Y components are fed to 
the ECFD display, which displays changes in the ECP 
signal in the complex plane (Y/X mode) or changes in 
real or imaginary components of the ECP signal in the 
time scan mode (Y/t or X/t mode).

A modern smartphone contains all the components 
required for building an eddy current device with the 
above functions (Figure 1). Its audio interface allows 
simultaneous transmission and reception of signals 
with a frequency of up to 20 kHz, which is sufficient 

for operation in the low-frequency range of eddy cur-
rent inspection. Thus, the main idea of the develop-
ment is to use the audio system of a smartphone to 
build an eddy current device, unlike ultrasonic smart-
phone-based systems, when the units necessary for 
creating a flaw detector (in particular, generators and 
signal processing circuit elements) are made in a sep-
arate unit [10, 11]. In this case, ECPs are connected 
directly to the smartphone’s audio jack, which pro-
vides a signal strong enough for its operation, where 
additional power amplifier is not required. The qual-
ity of the 4-pin audio jack plays an important role, 
so it is necessary to choose a version with gold-plat-
ed contacts. For such a connection, the ECP cable is 
equipped with an electronic circuit that simulates a 
headset. The flaw detector designed by the Otto von 
Guericke University Magdeburg requires the use of 
an Android OS smartphone, in particular, of the Sam-
sung Galaxy series.

The generalized structure of the EddySmart soft-
ware application is shown in Figure 2, which also 
shows the correspondence of the displayed control 
results and adjustment operations to different areas of 
the smartphone touch screen. Hence, it is seen, that 
most of the functions of the ECFDs shown in Fig-
ure 1, are implemented by the software.

The background process simultaneously process-
es the ECP signal buffers (output excitation and in-
put measurement). It fills the two-channel buffer 
with a sinusoidal excitation signal and empties the 
single-channel input signal buffer, which contains a 
mixture of excitation and measurement signals. The 
measurement signal is separated in the received signal 
and demodulated with respect to the ECP excitation 
signal. This process is implemented without partici-
pation of the user (flaw detector operator).

The user interface provides indication of inspec-
tion results, amplification to intensify the obtained 

Figure 2. Generalized structure and appearance of the EddySmart software application display
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hodographs and their rotation in the complex plane, 
as well as filtering. The selection of these parameters 
is controlled by the flaw detector operator using the 
touch screen of a smartphone.

 The upper line of the smartphone display shows 
the audio signal level, which is adjusted by the corre-
sponding smartphone button, as well as the gain level, 
complex frequency rotation angle and cutoff frequen-
cies of the LP- and HP-filters. Most of the smartphone 
display is used to indicate the inspection results, 
which can reflect hodorgaphs of the signals from de-
fects in the complex plane or changes in the signal 
from a defect in the time scan mode. This part of the 
display is also used to adjust the gain and rotation of 
the complex plane by means of manipulations easy to 
understand for the operator [10, 11]. The lower third 
of the touch screen display is used to select modes and 
inspection parameters using the corresponding but-
tons, including selection of the operating frequency 
(Freq — upper left), switching to the time scan mode 
(Yt-mode — lower left), switching on the gain (Gain 
dB — upper in the middle line), selection of the high-
pass filter cut-off frequency (High Hz — middle), de-
fault operation (Default — lower in the middle line), 
phase selection (Phase — upper in the right line), se-
lection of low-pass filter cut-off low frequency (Low 
Hz — middle in the right line) and selection of screen 
record or clear mode (Record or Clear — lower in the 
right line).

The presented capabilities of a smartphone-based 
ECFD allow it to be used to select the optimal oper-
ating frequency and study the sensitivity of ECP to 
various types of subsurface defects. 

2. STUDY OF LOW-FREQUENCY DOUBLE 
DIFFERENTIAL ECPS FOR DETECTION 
OF WELD DEFECTS IN ALUMINIUM ALLOY 
STRUCTURES

2.1. STUDIED ECPs, SAMPLES 
AND RESEARCH TECHNIQUES
Experimental prototypes of two low-frequency double 
differential MDF 0801 and MDF 1001M type ECPs 
with the working surface diameters of 8 and 10 mm, 
respectively (Figure 3), designed to detect defects in 
welds of aluminium alloys were studied. The pecu-
liarity of the MDF 0801 type ECP is the higher resolu-
tion required to detect not only extended defects such 
as cracks, but also local defects of a sufficiently small 
diameter such as pores or inclusions. The advantage 
of the MDF 1001M type ECP is an increased depth of 
inspection due to an increased winding diameter. The 
parameters of the experimental ECPs are given in Ta-
ble 1, where: DECP is the ECP diameter; Df is the ferrite 
core diameter; wew and wmw are the quantity of turns of 
excitation and measuring windings, respectively; Lew 
and Lmw are the inductances of excitation and measur-
ing windings, respectively.

To study the influence of the flaw depth, regardless 
of its size, assembled standard specimens (SS) were 
used, each of which allows simulating a defect of the 
same depth for two discrete values of the flaw depth 
(Figure 4). Two SS parts are assembled in such a way 
that after their combination, a rectangular plate of a 
thickness T is formed with the buttt of the two parts 
perpendicular to the SS surface, which reproduces a 
subsurface defect of a depth a. From the different SS 
surface, the flaw depths of a defect hf1 and hf2 are dif-
ferent according to the ratio hf1 + hf2 + a = T. Two 
SSs made of aluminium D16 T alloy were used for 

Figure 3. Studied double differential MDF 0801 and MDF 1001M type ECPs

Table 1. Parameters of studied ECPs

ECP type DECP, mm Df , mm wew wmw Lew , μH Lmw , μH

MDF 0801 8.0 1.85 215 416 940 3.7

MDF 1001M 10.0 2.9 125 420 310 1.4
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the studies, the parameters of which are presented in 
Table 2.

Thus, the presented SSs allow obtaining four discrete 
values (1.0, 2.0, 3.0 and 4.0 mm) of the flaw depth of lo-
cation for a subsurface crack-type defect of the same size 
and studying the influence of the flaw depth of location 
on the ECP signal regardless of defect sizes.

2.2. COMPARATIVE ANALYSIS OF ECP SIGNALS 
FROM SUBSURFACE DEFECTS
Figure 5 shows the MDF 0801 type ECP signals from 
SS defects with different flaw depths in the complex 
plane at an operating frequency of 2 kHz, which 
turned out to be optimal for these defects.

Figure 6 shows the MDF 1001M type ECP signals 
from SS defects with different flaw depths in the com-
plex plane at an operating frequency of 2 kHz.

The analysis of the ECP signals in Figures 5 and 6 
shows that the MDF 0801 and MDF 1001M type ECPs 
allow detecting all SS defects with a flaw depth of up to 
4 mm, although for both ECPs the amplitude of the sig-

nals from defects significantly decreases with an increase 
in their flaw depth. Simultaneously with an increase in 
the flaw depth, the direction of the hodograph from a de-
fect (signal phase) in the complex plane expands clock-
wise, which can be used to determine the flaw depth in 
the future. At the same time, the MDF 0801 type ECP 
requires more signal amplification. In particular, to de-
tect a defect with a depth of 4 mm by the MDF 0801 type 
ECP, 70 dB amplification is required, and only 56 dB is 
required when using the MDF 1001M type ECP. This 
indicates that the MDF 1001M type ECP has greater ca-
pabilities when it is required to detect subsurface defects, 
since the level of noise grows with an increase in ampli-
fication, as is seen from the comparison of signals in Fig-
ures 3 and 4. However, it should be kept in mind that the 
MDF 0801 type ECP may have a potential advantage in 
terms of resolution and the ability to detect local defects 
of smaller size due to the significantly smaller diameter 
of the used ferrite cores (see Table 1).

To study the signals from subsurface local defects, 
a 6 mm thick plate of D16 T aluminium alloy with two 

Figure 4. Assembled SS for reproduction of two discrete values 
of defect flaw depth

Figure 5. Signals of the MDF 0801 type ECP at an operating frequency of 2 kHz from SS defects (Figure 2) with a flaw depth of loca-
tion, mm: 1 (a); 2 (b); 3 (c), 4 (d); gain ratio for defects with different flaw depths of location, dB: 58 (a); 64 (b); 70 (c, d)

Figure 6. Signals of the MDF 1001M type ECP at an operating frequency of 2 kHz from SS defects (Figure 2) with a flaw depth of 
location, mm: 1 (a); 2 (b); 3 (c), 4 (d); gain ratio for defects with different flaw depth of location, dB: 50 (a); 56 (b‒d)

Table 2. SS parameters for studying the influence of flaw depth 
of location

SS type SS thickness 
T, mm

Flaw depth α, 
mm

Flaw depth of location, 
mm

hf1 hf2

SOP 7.2.2-3
7.0 2.0

2.0 3.0

SOP 7.2.1-4 1.0 4.0



47

Studies of eddy current probes for inspection of aluminium alloy structure welds                                                                                                                                                                                                    

                                                                                                                                                                               

flat-bottomed holes of 1.0 mm in diameter at different 
depths was used to simulate subsurface local defects 
with a flaw depth of location of 0.6 and 1.0 mm. The 
corresponding signals for the MDF 0801 and MDF 
1001M type ECPs at an operating frequency of 2 kHz 
are shown in Figure 7.

The obtained signals (Figure 7) show that the MDF 
0801 and MDF 1001M type ECPs provide detection 
of a local defect with a diameter of 1 mm. However, 
the ECP of MDF 0801 type allows identifying only a 
defect with a flaw depth of location of 0.6 mm (Fig-
ure  7, a). At the same time, here the signal from a 
defect is distorted by a high level of noise compared 
to the signal of the MDF 1001M ECP type from the 
same defect (Figure 7, a).

Summing up the results obtained in Figures 6, 7, it 
should be noted, that if it is necessary to detect extend-
ed and local defects at a greater depth, the preference 
should be given to the improved MDF 1001M type 
ECP, which provides a higher level of signals gener-
ated by subsurface defects and better noise resistance.

Conclusions
The features of the design and capabilities of a smart-
phone-based eddy current flaw detector with the 
EddySmart application are considered, which in the 
future can provide remote inspection with wireless 
transmission of inspection results via mobile commu-
nication channels for the further analysis and storage. 
The prospects for the use of double differential eddy 
current probes for the inspection of aluminium alloy 
structure welds were analyzed. The characteristics and 
results of studies of low-frequency double differential 
MDF 0801 and MDF 1001M type ECPs with working 
surface diameters of 8 and 10 mm, respectively, de-
signed to detect defects in welds of aluminium alloys 
are presented. It is shown that to detect extended and 
local defects in welds of aluminium alloy structures at 
a greater depth, the preference should be given to the 
improved ECP of the MDF 1001M type, which pro-
vides a higher signal level and better noise resistance.
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