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POSSIBILITIES OF STRESS MEASUREMENT
IN STRUCTURES USING MODERN TECHNOLOGIES

Urgency of the research. In many industrial areas, knowledge of deformation stresses in materials is required. Mainly
for safety, continuous monitoring of the condition, the maintenance planning, overall prediction of the service life of structures,
as well as for other reasons aimed at saving money and time required for repairs.

Target setting. The research aimed to create a "low-cost” monitoring device for monitoring the stresses in the structure,
created on the principle of loT.

Actual scientific researches and issues analysis. When designing the system and preparing this paper, we considered
both current sources — publications and papers dealing with the current state of development of the monitoring loT systems as
well as existing solutions, which are available on the market.

Uninvestigated parts of general matters defining. The mobile application was not implemented at this stage. It will be
implemented in the next stage of development.

The research objective. The purpose of this article is to explain how we can create own loT monitoring system by using
Arduino platform.

The statement of basic materials. In our work were used components from Arduino, which is the world’s leading open-source
hardware and sofiware ecosystem. The company offers a range of software tools, hardware platforms and documentation enabling
almost anybody to be creative with technology.

Conclusions. The created loT monitoring device was created on the Arduino platform. The software part was implemented
in the Arduino loT Cloud environment. Testing of the device has proven its functionality during the practical deployment of the
created system. It is possible to modify it to best suit the specified requirements.

Keywords: Arduino; Raspberry Pi (RPi) Internet of things (loT); strain gauges; Arduino loT Cloud.
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Introduction. Monitoring of deformation stresses is an important part not only of industrial
production but also of many other sectors. It is essential to know the stress of structures in terms
of preventing possible failures, predicting the residual life of the material, etc. [1; 2].

Our goal is to create a device for monitoring stresses in the structure by the strain gauge
method. Such a solution would be suitable for long-term monitoring of the condition of the struc-
ture (bridges, cranes, and others). The proposed solution is based on the IoT principle. The device
should be single-purpose, i.e. it should detect the deformation on the selected structure, which is
then converted to stress (bending, compressive or other). At the same time, it should be inexpen-
sive, with low consumption and must allow remote monitoring of the current state of the moni-
tored structure. The Arduino platform is sufficient for this task. We decided to use a board from
the Arduino MKR 1000 family. The choice of a specific type depends on the communication
interface on which we want to implement data collection (Wi-Fi, Sigfox, LoRaWAN, GSM mod-
ule or other). We chose the MKR 1010 board, which contains a Wi-Fi module [3].

Professional solutions from HBM. Commercially available systems for measuring
stresses in a structure using strain gauge measurement have their negatives. Conventional de-
vices used so far are not suitable for remote monitoring of stresses in the structure. The next
generation of measuring systems meets this requirement, but the problem is the high price. That
is why we were looking for our own, reliable and affordable solution.

Currently, there are several types of professional measuring devices in the world from var-
ious manufacturers for strain gauge measurements of mechanical quantities. We will focus on
equipment from HBM company, which is a leader in the field of measurement technology and
has a comprehensive portfolio of products needed for the implementation of strain gauges (sen-
sors, apparatus, software, and others).

Quantum X is a universal, accurate and reliable system for measuring various physical quan-
tities. It is compatible with HBM sensors and Catman software and provides a comprehensive
solution for measuring and testing structures. Quantum X family measuring devices are also de-
signed for standard local strain gauge measurements, and some models also allow synchroniza-
tion via FireWire or Ethernet, as shown in the Quantum X modular concept (Fig. 1) [4].
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Fig. 1. Quantum X [4]

Such a solution allows us to a certain level of remote monitoring of measured data, but it is
not built for cloud monitoring.
Another option is the PMX device from HBM (Fig. 2), which is also an accurate, reliable
and efficient measuring device. It is a multi-channel system that is designed for the collection
and processing of large amounts of data. It is equipped with interfaces (Profinet, EtherCAT,

Ethernet IP, TCP/IP) [5].

Fig. 2. PMX [5]

The PMX can be flexibly expanded with practical plug-in cards for different types of meas-
urements to suit specific needs. Technical data on expansion plug-in cards are given in the
source [5]. It is also possible to configure PMX and monitor the required quantities using the
web interface (Fig. 3). Such a solution already meets the requirement of IoT, but the main dis-
advantage of this system is its high price [5].
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Fig. 3. Web interface of PMX [5]

Solutions from Embedded Micro Technology. In the next section, we will introduce com-
mercial solutions based on the low-cost platforms Arduino and Raspberry Pi.

Raspberry Pi development boards are often seen only as platforms for the agile development
of prototypes of electronic devices for educational and experimental purposes. Possibilities of
their usage in the industrial environment are often underestimated, or they are used only in the
field of development. However, this practice is gradually changing, and some companies have
launched industrial versions of Raspberry Pi development boards. The flexibility of their pro-
gramming and their easy adaptation to existing installations can bring several benefits to indus-
tries. They can be used either as low-cost alternatives to traditional industrial automation and
control systems or to extend the functions of older industrial systems, e.g. the possibility of remote
monitoring. Among the companies that offer devices based on RPi is the company Embedded
Micro Technology, which develops industrial integrated boards "MyPi" usable also for IoT [6].

The MyPi (Industrial IoT Integrator Board) (Fig. 4) is specially designed for the industrial
market, providing a powerful and easy-to-use platform. It contains a CPU based on the RPi
computing module with broad OS support and easy integration into the cloud services of the
Internet of Things. The integrated platform has an 1O interface and several built-in cards for
standard network protocols such as e.g. (Modbus, CAN, RS485 and many more) [6].
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Fig. 4. Industrial IoT Integrator Board (MyPi) [6]

Solutions by Industrial Shields. Another possible solution is offered by the company Industrial
Shields, which focuses on the construction of PLCs based on the Arduino platform, but also RPi.

PLCs created on the Arduino platform offer solutions based on Arduino Leonardo or Ar-
duino Mega boards (Fig. 5). The choice of board used depends on the requirements of the sys-
tem. There are several communication interfaces to choose from (Wi-Fi, GPRS, LoRa, DALI),
protocol support (RS485, RS232, SPI, I2C, Modbus RTU). It is also possible to choose a solu-
tion that will contain multiple, up to 20 I/O (digital, analogue, relay). [7]

Fig. 5. PLC based on Arduino [7]

A more robust solution from Industrial Shields is based on the RPi board (Fig. 6). Compared
to Arduino, it offers higher performance, multiprocessing, a Linux based operating system,
multiple connectivities. Thanks to the dual Ethernet ports, the dual RS-485, Wi-Fi, Bluetooth,
CAN bus and other options, it is possible to connect to a large number of devices and to use
multiple protocols and communication ports. These parameters also result in higher energy
consumption, which is still lower compared to the PMX system from HBM.
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The standard programming environment Arduino IDE, Python, Node-RED and similar can
be used to program these PLCs.

Fig. 6. PLC based on RPi [7]

Our solution. Since our goal was to create a monitoring system at the lowest possible price
without the need for high performance, the choice was to create the original system, built on
the Arduino platform.

Arduino boards contain a built-in processor, built-in RAM, without the possibility of ex-
pansion. They are designed for repetitive tasks (e.g. monitoring soil moisture, opening and clos-
ing garage doors, controlling lighting, controlling small devices such as sensors, motors, lights,
and others). They are suitable for tasks that do not require a large amount of memory and such
a powerful processor.

Arduino boards” main advantage is that they can be in continuous operation, as energy from
an external source, such as a power bank, is sufficient for their operation. That allows them to
be used out of reach of the mains. Arduino boards are built on an open-source platform. The
Arduino platform offers several types of development boards with different features as well as
large expansion add-on boards [8].

Because our goal was to create an loT solution, we have chosen an Arduino board from the
MKR 1000 family, which also has a built-in communication protocol. Since we wanted to use
the Wi-Fi interface, we chose the MKR WiFi 1010 version [9].

The Arduino MKR 1010 (Fig. 7) is a compact and powerful board based on the Atmel
ATSAMW?25 SoC (System on Chip) chip, which is part of the "Smart Connect family of Atmel
Wireless devices" specially designed for IoT solutions. It includes a reliable 32-bit Arm Cortex
—MO0+ computing processor, a wide range of I/O interfaces and low-energy Wi-Fi technology
with an encryption function for secure communication. The construction of the board further
consists of a Li-Po charging circuit, which can work on an external 5V battery or by powering
directly via the micro USB port on the board. Unlike other boards, it can operate with a mini-
mum supply voltage of 3.3V, and its output pins continue to give an output voltage of 5V. It
can detect the change of power supply automatically [9].

Arduino MKR 1010 board can be programmed either using the official Arduino IDE soft-
ware or directly on Internet platforms providing a programming environment, such as Arduino
IoT Cloud. All the mentioned features make this development board the preferred choice for
emerging loT projects [10].
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Fig. 7. Arduino MKR 1010 [11]

For more demanding requirements for performance or safety, Arduino also offers the PRO
version, which is available under the name Portenta family — Portenta H7 (Fig. 8). However,
the MKR 1010 board was also suitable for our purposes and requirements [12].
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W rover M swo pin [] Analog Pin High Density Connector
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Fig. 8. Arduino Portenta H7 [12]

If it is not possible to use Wi-Fi communication in the practical application of the created
system, it is necessary to choose a board containing a GSM module — specifically MKR GSM
1400 (Fig. 9). All inputs and outputs are identical to the Wi-Fi version of MKR 1010, so the
resulting solution is easily modifiable in the GSM version [13; 14].
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Fig. 9. Arduino MKR GSM 1400 [13]

Measuring chain. Deformations that we want to measure with strain gauges are usually
very small. Changes in resistance are also minimal. It is not possible to measure them directly,
S0 it is necessary to use an amplification module [1].

The resulting measuring chain (Fig. 10) consists of a strain gauges (beam on which strain
gauges are applied). This module was used to simplify the preparation and testing of the solu-
tion. In practical use, strain gauges are applied to the monitored structure (depending on the
stress we would like to monitor). Another element used is the HX711 amplifier conversion
module. The connection between the strain gauges and the HX711 module is made using an
electric "Wheatstone" voltage bridge. The HX711 module is used to amplify and convert the
output signal to the Arduino MKR 1010 microcontroller, which displays the acquired data on
the LCD display to the user and simultaneously sends the measured data to the cloud.
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The final form of the monitoring equipment connection design developed in the Fritzing
program is shown in (Fig. 11).

.o ® Bdoogooooofgooco ML i @

Fig 11. Equipment connection design from Fritzing [16]

The software part of the solution was implemented on the Arduino [oT Cloud platform (Fig.
12). Arduino IoT Cloud is an Internet platform, containing a number of tools for connecting
objects, devices within the Internet of Things and thus the rapid exchange of data in real-time.
Ability to watch them from anywhere through a simple user interface [15].
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x
Ir | ]
NEW SKETCH D?l @ - eee GO TO 10T CLouD
g —
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| S—— - b
s aveni,

Examples OBDERING 5 _LASTMOBIFIED // Bounce2 - Version: Latest
#include <Bounce2.h>

// LiquidCrystal - Version: Latest

E Libraries
@ Monitor

@ Help

14} Preferences

() Features usage

After creating the software, the functionality of the device was tested. An example of testing

> __root(1)

R loT_vaha_aprisa ©

B loT_vaha_apri8a_copy

B Calibration_copy

// HX711 Arduino Library - Version: Latest

2

3

4

5 #include <LiquidCrystal.h>

6

7 #include <HX711.h>

8 #include "thingProperties.h"

9 #define BUTTON_PIN 10

10 const int LOADCELL_DOUT_PIN = 2;

11 const int LOADCELL_SCK_PIN = 3;

12 const int pin_RS = 8;

13 const int pin_EN

14 const int pin_d4

15 const int pin_d5

16 const int pin_dé

17 const int pin_d7
L

9
4
55
6.
7
18 const int pin_B 1

nonowow oo

:H

20 LiquidCrystal lcd( pin_RS, pin_EN, pin_d4,

21 HX711 scale;
22 Bounce debouncer = Bounce();
23 //. Nastaveni

pin_d5, pin_d6, pin_d7);

26 v void setup() {

28 //================Inicializcaci

//Tato funkcia sa spusti len raz na zaciaktu

29 debouncer.attach(BUTTON_PIN, INPUT);
30 debouncer.interval(10);

31 lcd.begin(16, 2);

32 lcd.setCursor(@, ©);

33 lcd.print(“Starting...");

34 // Defined in thingProperties.h

35 initProperties();

36 // Connect to Arduino IoT Cloud

37 ArduinatClond heoinf(arduinaTaTPrafarradCannaction) -

//nastavenie tlacidla

//nastavenie debouce intervalu
//inicializacia LCD displeja
//nastavenie kurzoru na LCD displeji
//vypis na LCD displeji

//inicializacia Wi-fi a cloud nastaveni

//Prinnienie na arduina cland

Fig 12. Sample of final code from Arduino loT Cloud [16]

is shown in Fig. 13. Testing verified the functionality of the solution.
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Fig. 13. Sample of testing [16]

Conclusions. This article aimed to present the possibilities of remote stress monitoring in
structures using [oT technology. In the first part, we presented the existing commercially availa-
ble options. These devices represent complex top monitoring possibilities, not only stress meas-
urement - but they are financially demanding. That is why we decided to create a monitoring
device, which is not so expensive. The advantage of the created device is also that it is possible
to adjust it according to preferences. For example, if a Wi-Fi network is not available, the system
can be modified to use the GSM network. It is also possible to modify the power supply - the
device can be powered from the mains, or use a battery or solar cell as a source [16].

The created device is still in development, and it is necessary to work on its software page.
The plan is to create a mobile application that would also include notification options that would
alert the user to the achievement of critical values.
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VIK 620.17
Hampux lapea, Mapmin Cmyoenuii

MOKJIMBOCTI BUMIPIOBAHHSI HAIIPYKEHDb ¥ KOHCTPYKIIAX
I3 BUKOPUCTAHHSAM CYYACHUX TEXHOJIOT'TH

AKmyanvHicmo 00cioncenna. Y 6a2amoox 2any3ax npoMUCio80Ci 6ANCIUGUM € GUSHAYECHHSL 6HYMPIUWHIX HANPYICEHD
pizHomManimuux koncmpykyii. L[i 0anni HeobXioHi Onst ananizy be3nexu 6UKOPUCMAHHSA, NOCMIUHO20 KOHMPOIIO 3A CIMAHOM,
NAAHYBAHHS MEXHINHO20 0OCAY208Y6AHHS, 3A2AIbHO20 NPOSHO3YBAHHS MEPMIHY CIYHCOU KOHCMPYKYIT, a MAKodlc Oist IHULUX
yineil, CNpAMOBAHUX HA eKOHOMIIO (DIHAHCI6 ma uacy, wo HeoOXiOHT Olist peMOHMY.

Ilocmanogka npodnemu. Memoro 00CHiOHCEHHS € CMEOPEHHS HeOOPO2020 MOHIMOPUHE08020 NPUCIIPOIO 3A NPUHYUNOM
1oT ona koHmponto HanpyHceHs Y KOHCMPYKYIL.

Ananiz ocmannix oocnioxncens i nyonikayii. [Ipu pospobyi cucmemu ma nioeomoeyi 0anoi cmammi 6paxo6ami siK no-
mouHi dxcepena — nyonikayii ma cmammi, wo CIMOCYIOMbCsL CYUACHO20 CIAHY PO36UMKY MOHImopuHeoeux cucmem loT, mak
i icHy104i piuleHHs, aKi OOCMYNHI HA PUHK) .

Buoinenna nedocnioynceHux yacmun 3azanabHoi npoonemu. Ha yvomy emani po3ensioaemocs MOXCIUBICMb CMEO-
penns MOBINbHO20 O00AMKY ONlsl GUSHAYEHHS. GHYMPIULHIX HANDYJCeHb Y Koncmpykyisx. Hozo enposadacenns nianyemocs
Ha HACMYNHOMY emani po3pooKu.

Mema 0ocniddcenna. Memoro cmammi € NOACHEHHA NPUHYUNY cMEOpeHHs cucmemu moHimopunzy loT 3a donomozoro
nnameopmu Arduino.

Buknao ocnosnozo mamepiany. ¥V pobomi éuxopucmani komnonenmu mop2oeoi mapxu Arduino, sxa € npogionoro ana-
DPAMHO-NPOSPAMHOIO eKOCUCEMOIO 3 IOKpumum kooom. Komnanis npononye wiupoxkuii cnekmp npospamHux 3acobis, anapa-
MHUX nAAmM@opm ma 0oKymenmayii, ujo 0036015€ Mailxice 6y0b-KOMY NPOSGUIMY MEOPUULL NIOXIO 00 po6OmMuU 3 MEXHONOSIIMIL.

Buchoeku 6ionogiono 0o cmammi. Cmeopeno npucmpiic monimopuney 1oT na nnamepopmi Arduino. Ilpoepamna uac-
muna peanizogana y cepedosuwyi Arduino loT Cloud. Tecmysanns npucmporo niomeepouno io2o yHKyioHanibHicms nio uac
NPAKMUYHO20 GUKOPUCMAHHS cmeopeHoi cucmemu. Tlepedbayena modxicaugicnmo 3MiHu RPUCMPOIO Ol 3a0e3neYeHHsl 1020 Kpa-
woi 6I0N0GIOHOCMI 3A3HAYUEHUM UMO2AM.

Knwuogi cnosa: Arduino; oononnamuuii komn'romep (RPi) Inmepnem peueii (IoT); menzooamuuxu; Arduino IoT Cloud.
Puc.: 13. Bi6n.: 16.
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