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Abstract. The provided research, an analysis of existing automated systems has been carried out, as well as revealing
their insufficient flexibility and the absence of simple complexes. In particular, the complete lack of budget-friendly
complexes is noted.

Based on the conducted analysis, there has been set a task to create an automated measuring complex for use in
experimental researches of the method of IR echo-pulse NDT of fiberglass structures.

The purpose of the test is to develop an automated measuring system for gathering and processing experimental data
as part of the development of an IR echo-pulse NDT based on the Arduino platform.

In order to solve the above mentioned issues, there were applied methods of observation, comparison, analysis and
synthesis, as well as material modeling.

Meanwhile, there have been defined the requirements imposed on the automated measuring complex and the main
functions it should perform. Based on these requirements, a reasoned choice of the Arduino microprocessor platform
has been made. This platform will be used as a foundational element in creating the automated measuring complex. An
analysis of the research on the capabilities of the Arduino platform that had been conducted earlier has also been carried
out. A conclusion has been drawn that the capabilities of the platform are not fully utilized.

Results. Taking into consideration of the conducted research analysis, algorithms for the Arduino platform operation
have been developed to control laboratory equipment, receive and process experimental data, as well as procedures for
data exchange between the platform and a personal computer. Considering the developed algorithms, there has been
crated a software which enables parallel control of multiple processes during experiments using the laboratory bench.
These processes are the reception and processing of experimental data, the transmission of experimental data to a
personal computer, and the control of auxiliary laboratory equipment.

The scientific novelty lies in the formulation of a substantiated hypothesis regarding the possibility of simultaneous
execution of multiple tasks by the Arduino microprocessor platform during experimental research. In addition, the
confirmation of this hypothesis in the creation of an automated measuring complex based on this platform. The practical
significance is grounded in the development and implementation of software created based on the specified algorithms.
Key words: automated complex; data processing; microprocessor platform; algorithm, software; process control; data
exchange; microcontroller.

AHorauis. B naniii po6oTi npoBeicHO aHalli3 HAsIBHUX aBTOMAaTH30BAaHUX KOMIUIEKCIB, BUSIBIICHO 1X HEIOCTATHS THYY-
KICTb 1 BIJICYTHICTb IIPOCTHX KOMIDIEKCIB. 30KpeMa BiJJ3HAYAETHCS TOBHA BiZICYTHICTh MaJIOOIOIKETHUX KOMIUICKCIB.
Buxozasun 3 mpoBeiieHOTO aHai3y MOCTaBJIeHa 3a/1a4a CTBOPEHHSI aBTOMATH30BaHOTO BUMIPIOBAJIBHOTO KOMILIEKCY,
JUIS. BUKOPHUCTAHHSI B €KCIEPHMEHTAIBHHUX JIOCITI/PKECHHSIX METOy iH(payepBOHOI eXO-IMIyJIbCHOI ae(eKTOoCKoITil
CKJIOTUTACTUKOBUX KOHCTPYKIIIH.

BuznayeHO BUMOTH, 110 Mpe/1’sIBISIFOTHCS IO aBTOMAaTH30BaHOTO BUMIPIOBAIEHOTO KOMILIEKCY 1 OCHOBHI (pyHKINT SIKi
BiH NOBMHEH BUKOHYyBaTu. Ha mijicTaBi chopMOBaHMX BUMOT MPOBEICHUN OOTPYHTOBAHHH BUOIP MIKPOIPOIIECOPHOT
rardopmu Arduino. L nmardopma Oyne BUKOPHUCTOBYBAaTHCH B SIKOCTI 0a30BOrO €lIEMEHTY IPH CTBOPEHHI aBTO-
MaTHU30BAHOTO BUMIPIOBAJIBHOTO KOMIUIEKCY. Takok Oys0 MpoaHai30BaHO JOCHIDKCHHS MOXJIHUBOCTEH Tuiatdop-
Mu Arduino siki Oynu rpoBezieHi paHimie. 3po0IeHO BUCHOBOK, 10 MOXJIMBOCTI IUIAT()OPMH BUKOPHUCTOBYIOTHCSI HE
B MOBHOMY 00Cs131. 3 ypaxyBaHHSM IIPOBEICHOTO aHAIII3y JOCIIKEHB OyJId pO3pOOJICHI alropuTMH poooTH T1atdop-
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Mu Arduino Jyist yrpaBiiiHHsI J1a00paTOpHUM 00JIaJHAHHSIM, TPUIOMY 1 00OPOOKH eKCIIEPUMEHTAIBHHUX JaHUX, & TAKOXK
npoIeAypy OOMIHY TaHUMHU MiXK MJIaT(HOPMOIO 1 MEPCOHATBHUM KOMIT FOTEPOM. 3BaXKar0uu Ha PO3POOJICHI alrOpUTMH
OyJI0 CTBOPEHO MporpamMHe 3a0e3NedeHHs, 110 J03BOJISIE 31MCHIOBATH TapajieibHe YIPaBIiHHS JIeKUIbKOMA Mpolie-
caMu IIpH NPOBEJCHHI EKCIIEPUMEHTIB 3 BUKOPUCTAHHSIM JIaDOPAaTOPHOTo cTeHy. TakuMH NpoLecaMu € MpUHoM Ta
00po0Ka eKCIIepUMEHTANIBHUX JIAaHUX; ITepeiada eKCIIePUMEHTANIbHUX JIAHUX Ha IEPCOHAIbHUI KOMIT 10Tep; YIIpaBiiH-
Hs1 IONIOMDDKHUM JIAOOpaTOpHUM 00JIaiHaHHAM. Haykosa Hosu3Ha Tiojsirae B (popMyBaHHI 00T PYHTOBAHOI TiIOTE3H PO
MOXKJIMBICTh OJTHOYACHOTO BUKOHAHHS JIEKUIBKOX 33/1ad MiKpOIpOliecopHoro miardpopmoro Arduino npu npoBeeHH1
eKCIIEPUMEHTAJIBHUX JIOCIIJDKEHD 3 il BAKOPUCTAHHSM, a TaKOXK MiATBEP/KEHHS AaHOI TIOTe3H IIPH CTBOPEHHI aBTO-
MaTH30BaHOTO BUMIPIOBAIILHOTO KOMILICKCY Ha 0a3i qaHol mwiardhopmu. [Ipakmuyna 3Hauumicms TOJSITA€ B PO3POOII
Ta BIPOBAPKCHHI IPOTPaMHOIo 3a0€3ICUCHHS, CTBOPSHOI'0 Ha OCHOBI 3a3HAYCHUX AJITOPUTMIB.

KorouoBi ci1oBa: aBromarn3oBaHuii KOMILIEKC; 00po0OKa TaHWX; MIKPOIIPOLIECOpHA I1aT(opma; alropuT™; Mporpam-
He 3a0e3MedYeHHst; YIPaBIiHHS IPOLecaMi; OOMiH JJAHUMH; MiIKPOKOHTPOJIED.

Conducting tests targeted at confirmation and
clarification of operational characteristics of the IR echo-
pulse NDT, requires the development of an automated
measuring complex that would secure the testing data
retrieval, their preprocessing and display in a convenient
way for the operator. Moreover, it is necessary to ensure
automated control of the laboratory bench used during
the tests.

The nowadays stock-list of ready-made measuring
devices and individual electronic components makes
it possible to create such an automated complex.
Notwithstanding, this requires high engineering and
technical qualification of developers, and what is more
a significant expenditure of material resources and time.
Ready-made standard measuring platforms are not
enough flexible, but expensive ones. They also require
significant space for their placement, and it is often the
case that specially trained personnel should be involved.

From our point of view, the Arduino platform most
fully meets the above requirements for the electronics
platform. Arduino —is an open-source electronics platform
based on easy-to-use, possesses multipurposeness and
relatively inexpensive compared to its analogues. The
open-source software and platform architecture allows
transceiving of analog and digital signals, converting
of signals using built-in digital-to-analog (DAC) and
analog-to-digital (ADC) converters, control various
devices and data sharing with a computer using various
interfaces. The structure and interface of this platform are
described in more detail way.

In terms of IR echo-pulse NDT method development,
there were created an experimental device for testing the
method and a laboratory bench for non-destructive testing
of fiberglass plastics. The laboratory bench consists of a
mount with a bracket for fastening the gage head of the
device, amoving platform with a Gog-belt type drive from
a stepper motor, a control circuit and a control panel. An
infra-red source, detector and screen are installed on the
bracket, forming the gage head assembly of the device.
The study sample is fastened up on the movable platform.

The tasks of the automated measuring complex while
testing IR echo-pulse NDT method using a laboratory
bench are as follows:

1. Control of the laboratory bench, specifically,
ensuring the movement of the test sample along the gage
head with an accuracy of no worse than +0.1 mm, reliable
fixation of the moving platform at any time during testing
and its return to the initial point, taken as “0” coordinates
according to commands from the bench control panel or
from a personal computer.

2. Obtaining, processing, storing and transmitting a
diagnostic signal from IR echo-pulse NDT to a computer.
This task is divided into several stages, namely:
reception and conversion of analog signal into a digital
one, detection of the average level of the diagnostic
signal in order to filter out extraneous noise, saving
and transmitting the level of the diagnostic signal with
reference to the current coordinate along the length of the
test sample, transmitting of the received data packet to a
personal computer.

Unfortunately, although the fact that Arduino platform
was created about 20 years ago and gained widespread
appreciation about 15 years ago, its usage for scientific
tests is still limited. Nowadays, this platform is mainly
used in the educational process as a simulator of simple
processes and systems. Not numerous examples of using
the Arduino platform in a scientific test are the exception
rather than the rule. So in some articles is proposed
the usage of a platform for information receiving and
processing from analog sensors, and also for for creating
an experimental radiophysical facility. The interface of
the Arduino platform is examined. Also, analyzed its
capabilities for performing the tasks regarding receiving,
processing and transmitting of experimental data. There
has been developed a software targeted at easing the
connection of the Arduino platform with a personal
computer needed for data exchange.

In the tests mentioned above, the Arduino platform
was considered only as a converter of an analog signal to a
digital signal with subsequent transmission of the latter to
a personal computer, or as a signal generator. Meanwhile,
the capabilities of the AVRI128/328 microcontroller,
on the basis of which the Arduino platform is built,
are much greater. For example, this platform is able
to simultaneously control some actuators and receive
information in digital or analog form. The pointed out
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capabilities of Arduino in the tests listed above are
disclosed and not sufficiently implemented.

The purpose of the test is to develop an automated
measuring system for gathering and processing
experimental data as part of the development of an IR
echo-pulse NDT based on the Arduino platform.

In order to solve the above mentioned issues, there
were applied methods of observation, comparison,
analysis and synthesis, as well as material modeling.

The subject of the test is an automated measuring
system for gathering and processing experimental data
as part of the development of an IR echo-pulse NDT
method.

The object of the study is the Arduino microprocessor
platform which is used to control an automated measuring
system for gathering and processing experimental data.

Development of a laboratory bench control system
based on the Arduino platform.

During laboratory bench control system development,
the following requirements were taken into account:

— Possibility of testing material samples of various
linear dimensions.

— Automatic shut-down of the moving platform
when it reaches the extreme positions in any operating
mode of the bench.

— The ability to set the initial point of movement
of the moving platform anywhere within the platform
movement range, ensuring subsequent automatic return
of the platform to the initial point.

— Ability to set the movement speed of the moving
platform.

— Assurance of dual control of the bench’s operation
(using the control panel and primarily from a personal
computer).

— Protection against giving incorrect commands to
the bench.

There were used a plug-in software module called
Stepper (developed by Ryan Orendorff) in order to
control the stepper motor. The stepper motor is controlled
via transistor switches. In order to limit the movement
range of the moving platform, there are used wire-free
limit switches (reed switches), which are connected to the
digital inputs of the Arduino UNO module. The bench
control panel is a keyboard consisting of 8 buttons, which
are also connected mainly to the digital inputs of the
Arduino UNO module.

The keyboard secures:

— issuing commands to the bench to move the
moving platform in two modes (“rough” — at a speed of
50 mm/sec and “precisely” — at a speed of 5 mm/sec);

— 1issuing a command to save the current coordinates
of the moving platform in RAM (setting the conditional
“0” coordinates), relative to which the coordinates along
the length of the test sample will eventually be measured;

— issuing a command to return the moving platform
to the point taken as “0” coordinates;
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Fig. 1. Block diagram of the laboratory bench control

— issuing a command to the flaw detector to measure
the diagnostic parameter “in place” (without moving the
moving platform);

— issuing commands to the flaw detector to
implement inspection when moving the moving platform
("working pass" mode) in two directions (right and left)
according to operator's choice.

To ensure communication with a personal computer,
the Arduino IDE parallel port interface is used. With the
help of the given interface, it is possible to issue the above
mentioned commands to the bench, as well as setting the
current length of the test sample. A block diagram of the
laboratory bench control is shown in Fig. 1.

Development of a processing and transmitting
experimental data system.

A peculiar feature of the created experimental device
for testing IR echo-pulse NDT method is the fact that the
diagnostic information issued by the device is an analog
signal, namely a DC voltage which differs in the range
from 0.1 V to 4.9 V. Thereafter, in order to receive and
postprocess a diagnostic signal, it is necessary to convert
itinto digital form. The analog-to-digital converter (ADC)
built into the Arduino platform with 10-bit resolution
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Fig. 2. A block-scheme of a system operation in the processing
and transmitting experimental data mode

and a standard sampling rate of analogue input of 500
Hz makes it possible to perform this task with sufficient
accuracy.

A block-scheme of the laboratory bench operation
together with the Arduino platform in the processing and
transmitting experimental data mode is shown in Fig. 2.

The software code needed for receiving, processing
and transmitting data is done as an endless loop “loop” of
the Arduino sketch.

In order to pre-filter the diagnostic signal, there
is carried out a calculation of an average signal
value for the last 10 measurements. The obtained
values are noted to a dynamic array in the RAM of
the Arduino platform, which is then transferred to a
personal computer and processed using PLX-DAQ
interface. This makes it possible to present diagnostic
information in tabular and graphical forms, as well as
save a data file.

A cutout of the coded program containing steps for
receiving, processing and transmitting experimental data
is shown below (Listing 2).

Listing 2

else if ((digital Read(WRK) == HIGH) && (digital
Read(R) == HIGH)) {

100
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// pressing one button, working shift to the right

cycle0: // cycle of motion and reception of diagnostic
information

onlyone (); // calling subprogram in order to detect
the pressing of only one button on the remote control

limiters (); // calling subprogram in order to scan limit
switches

if (only _one==true && limiters==false) {

my Stepper.step(-1); //stepped motor command

count--; // steps counter update

for (inti=0;1<10; i++) {

sig 1 = sig 1 + analogRead(SIG);} // receiving a
signal from an analog input

sr_sig = sig i / 10; // calculation of the average
diagnostic signal level

arr_sig[s] = sr_sig; // record of the average value to
a package

if ((s < (step t go) && (digital Read(R
LOW))) { // if the pass is not completed, than move the
runner block 1 step

s++;

goto cycle0;} }

elseif (s >= (step_t go)) { // if the pass is completed,
output data to the port

s=0;

Serial.printIn("CLEARDATA");

Serial.println("LABEL,Point,signal");//
PLX-DAQ start receiving information

int j=0;

cyclel: // data transfer cycle to the computer parallel port

sig t out=arr_sig[j];

Serial.print(j);

Serial.print(" ");

Serial.println(sig_t out);

if (j <step_t go) {

it

goto cyclel;}

Serial.write("DELAY",CR); // command PLX-DAQ
stop receiving information and prepare for the next
reception

s

command

CONCLUSIONS

Assignificant advantage of using the Arduino platform
is also the simplicity of the final equipment assembly.
The usage of the Arduino platform while creating an
automated measuring complex as part of the research of
IR echo-pulse NDT method makes it possible to solve
the problems of controlling laboratory equipment and
also processing and transmitting experimental data with
minimal expenditure of non-human resources and time.

There has been demonstrated the possibility of
dual control of laboratory equipment. Also, there has
been developed algorithms for equipment control and
processing of experimental data, ensuring the necessary
accuracy.
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