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Abstract

Currently, non-destructive testing is an interdisciplinary field of science and technology that serves
to ensure the safe functioning of complex technical systems in the face of multifactorial risks. In this regard,
there is a need to consider new information technologies based on intellectual perception, recognition
technology, and general network integration. The purpose of this work was to develop an ultrasonic flaw
detector, which uses a smartphone to process the test results, as well as transfer them directly to an powerful
information processing center, or to a cloud storage to share operational information with specialists from
anywhere in the world.

The proposed flaw detector consists of a sensor unit and a smartphone. The exchange of information
between the sensor and the smartphone takes place using wireless networks that use "bluetooth" technology.
To ensure the operation of the smartphone in the ultrasonic flaw detector mode, the smartphone has software
installed that runs in the Android operating system and implements the proposed algorithm of the device,
and can serve as a repeater for processing data over a considerable distance (up to hundreds and thousands
of kilometers) if it necessary.

The experimental data comparative analysis of the developed device with the Einstein-II flaw detector
from Modsonic (India) and the TS-2028H+ flaw detector from Tru-Test (New Zealand) showed that
the proposed device is not inferior to them in terms of such characteristics as the range of measured
thicknesses, the relative error in determining the depth defect and the object thickness. When measuring small
thicknesses from 5 to 10 mm, the proposed device even surpasses them, providing a relative measurement error
of the order of 1 %, while analogues give this error within 2-3 %.

Keywords: smartphone, ultrasonic flaw detection, wireless data transmission.

DOI: 10.21122/2220-9506-2020-11-4-272-278

Aopec onsa nepenucku:

B.®. Ilempux

Hayuonanvrulil mexnuueckuii yHueepcumem Yxpaurul

«Kuesckuil nonumexnuueckuii uncmumym umenu Meops Cukopckozo,
np. [lobeowl, 37, 2. Kues 03056, Yrpauna

e-mail: vafepet@gmail.com

Addpress for correspondence:

V.F. Petryk

National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute”,

Peremohy Ave., 37, Kyiv 03056, Ukraine

e-mail: vafepet@gmail.com

ﬂ.’l}l uumupoeanus:

V.F. Petryk, A.G. Protasov, R.M. Galagan, A.V. Muraviov, II. Lysenko.

Smartphone-Based Automated Non-Destructive Testing Devices.
ITpuGops! 1 METOIBI H3MEPEHHI.

2020.—-T. 11, Ne 4. - C. 272-278.

DOI: 10.21122/2220-9506-2020-11-4-272-278

For citation:

V.F. Petryk, A.G. Protasov, R.M. Galagan, A.V. Muraviov, LI. Lysenko.
Smartphone-Based Automated Non-Destructive Testing Devices.
Devices and Methods of Measurements.

2020, vol. 11, no. 4, pp. 272-278.

DOI: 10.21122/2220-9506-2020-11-4-272-278

272



IIpubopsi u Mmemoowl usmepeHuil
2020.—T. 11, Ne 4. — C. 272-278
V.F. Petryk et al.

Devices and Methods of Measurements
2020, vol. 11, no. 4, pp. 272-278
V.F. Petryk et al.

ABTOMATHU3MPOBAHHbIC NPUOOPHI HEPA3PYLIAKIET0
KOHTPOJIsI HA 0a3e cMapT(oHa

B.®. Ilerpuk, A.I'. IIporacos, P.M. I'anaran, A.B. Mypassés, 10.10. JIbicenko

Hayuonanvuwiti mexnuveckuil ynugepcumem Yxpaurol
«Kuesckuii nonumexuuueckuu uncmumym umenu Meops Cuxopckozoy,
np. Ilobeowl, 37, 2. Kues 03056, Yrpauna

Tocmynuna 13.06.2020
Ipunama k nevamu 30.11.2020

B Hacrosmee BpeMsi Hepa3pymIalOMMi KOHTPOJIb SBISETCS MEXANCIUIUIMHAPHON 00JacThI0 HAYKU U
TEeXHHKH, CITyKaleil ooecredeHnio 6e30macHoro (pyHKIIMOHUPOBAHUS CIOKHBIX TEXHUYECKHX CHCTEM B yC-
JIOBHSIX MHOTO(AaKTOPHBIX PUCKOB. B CBSI3M ¢ 3TUM BO3HHMKAET HEOOXOIMMOCTh PACCMOTPETh B 3TOW 00IacTH
HOBBIE WH(OPMAIOHHBIE TEXHOJIOTHH, OCHOBAaHHBIE HA MHTEJUIEKTYaJIbHOM BOCIIPUSATHH, TEXHOJIOTHH pac-
MMO3HABaHMsI, TOBCEMECTHON ceTeBoi mHTerparuu. Llenapio manHoi paboTh! ABIsIaCh pa3padoTKa yiIbTpa-
3BYKOBOTO JIe(heKTOCKOIIa, KOTOPBIA UCITOJIB3YET CMapTQOH ISt 00padOTKH Pe3yIbTaTOB KOHTPOJIS, a TAKKE
repeIadn uX HEMOCPEACTBEHHO B IICHTP 00paboTku nHbOopMannu, 00IaJaf0IIHA MOIITHBEIM 000pyIOBaHUEM,
WM B 00J1a9HO€ XPAHUJIHIIE, YTO TTO3BOJIUT MOIYyYaTh TOCTYH K ONEpaTUBHON HH(pOPMALINH JUTI €€ N3yUeHHS
1 00paboOTKH JIF0OOMY CITEIIHATUCTY U3 JTI000H TOUKH MUpA.

IIpemnoxeHasid 1eheKTOCKOII COCTOUT W3 CEHCOpPHOro Oioka u cMmaprdona. OOoMeH mHpOpMaIen
MEXJly CEHCOPOM M CMapT(POHOM MPOHWCXOTUT C MOMOIIBIO OECIIPOBOJHBIX CETeH, KOTOPHIE MCIOIB3YIOT
TexHonoruto «bluetoothy. JInsa obecrieueHust paboTel cMapT(oHa B peKUME YIBTPA3BYKOBOTO TE(PEKTOCKO-
na B cMapT(HOH MHCTAILUTUPOBAHO MPOrpaMMHOE oOecriedueHne, KOTopoe paboTaeT B Cpeie ONeparioOHHON
cucteMsl Android n peanusyeT NpeaoKEeHHBIN alropuT™M paboThI Tprbopa, a MpH HEOOXOTMMOCTH aBTOMa-
TUYECKH MO>KET BBITIOIHSITH POJIb PETPAHCIATOPA 1711 00pabOTKM JaHHBIX HA 3HAYUTEILHOM PACCTOSHUH (/10
COTEH U THICSIY KUIIOMETPOB).

CpaBHUTENBHBINA aHAIN3 YKCIIEPUMEHTAIBHBIX JAHHBIX Pa3pab0TaHHOTO YCTPOHCTBA C MePEKTOCKOIIOM
Einstein-11 xomnanuu Modsonic (India) n nepexrockoriom 75-2028 H+ xommannu Tru-Test (New Zealand)
MOKa3aJl, 9TO MPEI0KEHHOE YCTPOUCTBO HE YCTYIAET UM IO TaKUM XapaKTepUCTHKaM, KaK JHara3oH Hu3-
MepsSIeMbIX TOJIINH, OTHOCHUTENIbHAs MOTPENTHOCTh ONpeAeNeHIs TIyOHuHBI 3ajieranns qeeKTa U TOIIIUHBI
o0wekTa. [Ipn u3mepeHnn Maabix TOMMHH OT 5 10 10 MM, IPEI0KEHHOE YCTPONUCTBO JaKe MPEBOCXOTUT
nX, o0ecreunBasi OTHOCUTEIHHYIO MOTPEITHOCTh H3MepeHus rmopsaka 1 %, B To BpeMs Kak aHaJIOTH IAl0T 3Ty
MIOTPEITHOCTE B mpeaenax 2—3 %.

Kiroueble ciioBa: cMapTdoH, yIbTpa3BykoBas Ae(eKkTockonus, OecpoBoaHas epeaayda JaHHbIX.
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Introduction

The future of non-destructive testing (NDT) is
closely related to processes characterized by higher
accuracy, fewer errors and, therefore, an increased
probability of detecting defects, as well as operational
data that are available anytime from anywhere in
space. The main problems of the NDT industry today
include the following:

1. The equipment has complex user interfaces,
so the process of system presetting and measurement
is often complicated and laborious.

2. Having inefficient workflows, such as
creating and marking a test grid on the investigating
object. The accuracy of this process determines the
precision of the sensor location on a given grid and,
accordingly, the reliability of the testing result.

3. The complexity of the interpretation of the
tomographic measurements data, which can vary
significantly for different operators.

4. Great complexity of the testing procedure,
which includes checking and calibrating sensors,
documenting the measurement process and deviations
from the prescribed procedure, interpreting the
results, etc.

5. Complex data exchange between the NDT
system’s components. Considering that the volume
of this data is constantly increasing, the problem
arises of its storage and processing.

In this regard, it becomes necessary to consider
NDT new information technologies based on
intellectual perception, recognition technologies,
ubiquitous network integration, etc. At present, the
task is becoming actual wireless transmission of
information from various types of primary converters
to data collection and processing systems. Wireless
data transmission makes it possible to automate this
NDT system, simplifies the design of the device and
makes it mobile, which makes it easier to test objects
of'a complex profile for the operator [1].

The prospects of using wireless communication
for technical diagnostics with known NDT methods
are considered in [2-3]. Such communication
finds many applications in industry, for example,
monitoring products during their manufacture [4], a
system for detecting and locating insulation damage
of a power transformer [5].

Work [6] presents a mobile system for ultrasonic
signals processing using a smartphone for remote
ultrasound testing and image processing. Using such
developments, in [7-8], studies were carried out on
the systems for monitoring the state of structures
made based on smartphones. In [9-10], the results

of testing systems using smartphones are presented,
which are designed to monitor the movement,
displacement, and tilt of building structures in
dynamics. Smartphones can be used to monitor
the internal displacement of structures during an
earthquake [11]. Of particular interest is the work
describing the use of a smartphone in aggregation
and visualization techniques for continuous
monitoring of transport infrastructure using the
"crowd-sourcing" system [12]. A smartphone is used
in medicine as structural systems for diagnosing
diseases [13].

The authors [14] present the results of studies on
the use of wireless technologies in NDT problems. A
system for monitoring the state of metal structures is
considered in [15], where a smartphone is used as a
node for collecting data from wireless sensor networks
based on Wi-Fi. Work [16] is devoted to a portable
wireless spectrometer based on a smartphone for fast
non-destructive testing of fruit ripeness. The device
has a special application interface on a smartphone for
communication, reception, construction and analysis
of spectral data. The disadvantages of both devices
are the limited use of the smartphone functionality,
namely, the possibility of on-line data transmission
over long distances for information processing using
powerful equipment.

The purpose of this work is to develop an
ultrasonic flaw detector using a smartphone for
processing the test results, devoid of the above
disadvantages. The use of a smartphone will allow
automatic data transfer directly to an information-
processing center with powerful equipment if it is
impossible to make a decision on the results of on-
site testing. The smartphone can also transfer data
to the "cloud" storage, which will make it possible
to access them for operational study and processing
by any specialist from anywhere in the world.

Ultrasonic flaw detector structure

As arule, ultrasonic (US) flaw detectors consist of
two functional units: a transducer and an information-
processing unit. The exchange of information between
these units takes place most often using wireless
networks that use Bluetooth technology. One of
the disadvantages of this technology is the short
information transmission range (within 10 m). In
addition, the range is highly dependent on obstacles
and interference, even in the same room. This
problem can be solved by using a separate sensor
with a "Bluetooth" module and a smartphone. The
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sensor provides collection of primary information
about the testing object and data transmission over
short distances as separate data packets collected for
a certain period of time or in the "Real-time" mode.
The smartphone receives data packets from the sensor
and can process them "on the spot" or, using GSM
technology, transmit the data for further processing,
generating a report or for drawing up a testing map.
In practice, an ultrasound device consists of a sensor
and a smartphone. Virtually, the device may include a
server and a personal computer, which are located at a
remote distance from the testing site.

The proposed flaw detector can also be used as
an ultrasonic thickness gauge. The generalized block
diagram of the proposed device is shown in Figure 1.

—— e — >
3 ~ 4 - 5 - 6
) ﬂ l}
[ ] !
Figure 1 — Generalized structural diagram of the

flaw detector: 1 —testing object; 2 — electro-acoustic
transducer; 3 — microcontroller; 4 — "Bluetooth" module;
5 — smartphone; 6 — server; 7 — personal computer

The developed sensor board includes a primary
electroacoustic transducer, a microcontroller and a
"Bluetooth" module. It works as follows: the signal
from the primary converter goes to the analog-
to-digital converter (ADC), where it is converted
into a digital code. Further, signal is transmitted
via the UART (Universal Asynchronous Receiver-
Transmitter) interface of the microcontroller to the
"Bluetooth" module. The "Bluetooth" module, in
turn, sends the received data for further processing
to the smartphone. The smartphone has software
installed for the testing procedure, which implements
the proposed operation algorithm. This algorithm
provides the received signal processes, generates
reports with user settings and synchronizes with cloud
services for data transfer. A smartphone can also act
as a repeater for processing data over a considerable
distance (up to hundreds and thousands of kilometers).

Description of smartphone operation
in ultrasonic thickness gauge mode

As is known [17], the principle of an ultrasonic
thickness gauge operation is based on the generation
of short radio pulses with high-frequency filling

into the test object (TO). The time interval between
the leading edges of the radiation pulse and
the pulse reflected from the TO opposite side will be
proportional to the measured thickness.

To ensure the smartphone operation in the
ultrasonic thickness gauge mode, a computer program
has been proposed that runs in the Android operating
system (version 8.0 and higher). The mandatory
requirements for a smartphone are as follows:
availability of wireless data transmission interfaces,
such as: "Bluetooth", Wi-Fi, HDSPA + (3G) and
LTE (4G). The start menu of the program allows
you to check the smartphone for readiness to receive
data from the sensor, and, if necessary, activate the
"Bluetooth" module. The smartphone connection and
selection menu allows you to connect it directly to
the sensor "Bluetooth" module or to a remote server.
When a smartphone connected to the sensor, you can
see on the smartphone screen the image of electrical
signals that come from the primary converter.

The program provides the ability to enter
the propagation velocity of ultrasound in an object
and select the necessary testing points to measure
the time interval between two pulses. If there is a
protector on the piezo transducer, the algorithm can
take into account its thickness.

Choosing the points between the pulses (red
dashed line) we can calculate the thickness of the TO
(Figure 2a) or determine the distance to the defect
(Figure 20).
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Figure 2 — The process of determining the thickness of
the object (@) and the distance to the defect (b)

If it is necessary to transmit testing data to a
remote distance, the "receive data" option is used,
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which ensures the sensor connection to the server. In
this case, the smartphone acts as a relay and transmits
the received data to the cloud storage, from where the
data can be accessed for processing by another device,
for example, a computer or another smartphone.

Experimental tests of the proposed device

To confirm the efficiency of the proposed
device, it was carried out a comparative analysis
of the diagnostic data obtained for the developed
MD-2 device and the TS-2028H+ and Eistein-1I

flaw detectors from Tru Test (New Zealand) and
Modsonic (India), respectively.

During the research, the depth of the defect was
determined, 1. e. distance from the TO surface to
the defect. In this case, both devices performed the
function of a flaw detector. A sample with artificial
defects made of SO-1 plexiglass (GOST 14782-86)
was used as a test object. The measurements were
carried out in the range from 5 mm to 60 mm
with a step of 5mm. The relative error in the
depth measuring of the defect was determined as
comparative results (Figure 3).

4 ﬁ Relative error [%] e MD-2 |
TS-2028H+
5 Eistein - II
2.
1
=
0 5 50 55 |60
Distance [mm)]

Figure 3 — Distribution of relative errors in measuring the defect depth

In addition, comparative tests of these devices
were carried out when measuring the thickness of

standard samples from aluminum. The measurement
results are summarized in Table.

Table
Sample thickness measurement results
MD-2 TS-2028H+ Eistein-I1
Thickness, Measurement Relative Measurement Relative Measurement Relative
results, N results, N results, o
mm error, % error, % error, %
mm mm mm

40 39.6 1 39.64 0.9 39.57 1.08
20 20.15 0.75 19.83 0.85 19.78 1.1

9 9.16 1.78 9.28 3.11 9.29 3.22

5 5.23 4.6 5.16 3.2 5.17 34

The graphs (Figure 3) and measurement results
(Table) demonstrate that the developed MD-2
device is not inferior in its characteristics to foreign
companies flaw detectors and even surpasses them in
the near-field zone.

Due to the fact that during the measurements
the peak of the echo pulse was determined by the

operator manually, it is necessary to check the
repeatability of the measurement results to obtain an
empirical estimate of the distribution density of the
random variable. Fifty measurements were carried
out to provide it. As a sample was taken an object
with a thickness of 40 mm. A frequency histogram
was constructed based on testing results (Figure 4).
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Frequency values
<=

Figure 4 — Frequency histogram

The histogram demonstrates that the obtained
measurement results obey the normal distribution
law. This indicates that the measurement process
is in a statistically controlled (stable) state.
In this case, the variability of the process results
is determined by the action of a system of
random (general) causes only.

Conclusion

An ultrasonic flaw detector, consisting of
a sensor unit and a smartphone, is presented. A sensor
board has been developed, which includes a primary
electroacoustic transducer, a microcontroller and
a "Bluetooth" module. The exchange of information
between the sensor and the smartphone takes place
via a wireless network using "Bluetooth" technology.
A software module has been developed in the Android
operating system environment to ensure the operation
of a smartphone in the ultrasonic flaw detector
mode. The smartphone is equipped with software
for the implementation of the testing procedure.
This software realizes operation algorithm which
provides the automatic transmission of testing data
to an information processing center with powerful
equipment or to a cloud service, which allows using
data from anywhere in the world.

A comparative analysis of the experimental data
of the developed device was carried out with the
Einstein-II flaw detector from Modsonic (India) and
the TS-2028H+ flaw detector from Tru-Test (New

Mid intervals

Zealand) to confirm the efficiency of the proposed
device. It is showed that the proposed device is not
inferior to mentioned devices in such characteristics
as therange of measured thicknesses, the relative error
in determining of the defect depth and the object’s
thickness. When measuring small thicknesses from
5 to 10 mm, the proposed device even surpasses
them, providing a relative measurement error about
1 %, while analogues give this error within 2-3 %.

Further research will be aimed at developing
software that will exclude the subjective factor
of the operator and provide complete automation
of the control process.
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