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PROPOSAL OF MONITORING OF THE HEAT EXCHANGER STATION

The presented paper describes the creation of a “low-cost” monitoring security system based on the loT platform con-
necting to the cloud. We focused on heat exchanger station, which is used in a block of flats. A simulation solution was devel-
oped together with 3D visualization and a practical test.

Final monitoring system informed the operator about the current state of the heat exchanger station and operator can
intervene in time so that heat exchanger station is not suddenly damaged or cause some damage. Such monitoring system
will find application in practice, but also in the teaching process, as the preparation of graduates for the modern monitoring
systems, which are increasingly used in practice, will be improved. The presented paper is a scientific and methodological
publication.
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Urgency of the research. Currently, there is a significant trend in the use of 0T technol-
ogy with a cloud connection. Such deployment is carried out for various reasons, such as in-
creasing production efficiency - economic, pollution monitoring - environmental, health moni-
toring - medical, weather monitoring - agriculture, traffic monitoring - transport, etc. The data
obtained using IoT technology are then processed and based on them we can predict the further
development of the monitored parameters. It is estimated that by 2025 there will be approxi-
mately 75.44 billion IoT devices worldwide [1].

Target setting. The aim of the research was to create a low-cost system for monitoring and
securing heat exchanger station.

Actual scientific researches and issues analysis. [oT technology is used in various
fields. Applications can be found, for example, in smart environment monitoring [2], energy
management [3], security monitoring [4], parking management [5], condition monitoring [6],
health monitoring [7], disaster and forecast monitoring [8] and others. At the same time any
object can be transformed into an [oT object, thanks to an internet connection. For example,
a light bulb that can be turned on using a mobile application is an IoT device, as well as a
motion sensor or intelligent thermostat, or a connected street light. In some larger objects,
multiple IoT components can be used, such as an engine, to which we connect a number of
sensors and they collect and transmit data to ensure that the engine works as it should. Sensors
on conveyor belts control the amount and speed of moving objects. Or various smaller objects,
such as a boiler, air, heat, water exchange stations and various others. To a greater extent,
smart city or industrial complex projects fill large units with sensors that help us understand,
control and manage the environment [9].

Specific solutions used in industry are offered, for example, by Amper Technologies [10]
or Axzon [11]. The Amper Technologies system and their Factory OS effectively use sensors
to improve the manufacturing process. Sensors register a range of important aspects, including
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energy consumption and downtime, so management can better plan individual processes, re-
duce costs and pinpoint growth areas. Axzon sensors provide real-time data during the manu-
facturing process in the automotive industry, and their predictive maintenance technology mon-
itors the condition of factory equipment to prevent failures and time-consuming repairs.

Uninvestigated parts of general matters defining. Existing professional solutions are
costly, and this can be an obstacle to setting them into practice. The present article aims to
contribute to the development of affordable monitoring and security systems.

The research objective. Our goal is to point out the possibilities of deploying IoT tech-
nology on devices that do not primarily contain this technology and to point out that it is not
a problem to modernize any older device to meet current monitoring trends. The benefits of
these technologies are far greater than the costs involved. Our goal was to create the security
of the heat exchanger station. The intention was to apply security elements, such as monitor-
ing the required parameters, using the cloud platform to store the monitoring data, evaluating
the data and the very security of our object. Another goal is to contribute to the teaching of
modern monitoring and security systems and thus prepare students for the current require-
ments of industries.

The statement of basic materials. Our goal was to design a system that had the task of
monitoring the parameters of the heat exchanger station and based on them to ensure its func-
tionality, to prevent failures of the heat exchanger station, which could cause damage. The aim
was also to design the security of the room against unwanted entry of a stranger.

The proposed system monitors the inlet temperature of the outer circuit and the outlet tem-
perature of the inner circuit. The system also monitors the pressure in the pipe that leads the
water to the station. In the event of low inlet pressure, the pump would switch off to prevent
idling. These monitoring parameters relate directly to the heat exchanger station.

Indirect effects on the exchanger station are monitoring by several sensors. Water detection
sensors were used to secure the room against flooding. In an emergency like a major flood, the
system can start a pump that drains the water. The purpose of the smoke detector is to warn on
the presence of smoke or fire.

The power failure sensor is used to switch the power supply of the exchanger station to a
backup source.

In terms of securing of the object against unwanted entry, motion sensors were designed
and the entrance door was secured with a coded lock.

The whole system is connected to the cloud, thanks to which the operator is notified of the
status of the heat exchanger station. The operator can remotely control the monitoring and se-
curity system of the heat exchanger station.

In the first step of solving the task, we created a flowchart of the proposal system based on
the selected parameters. In (Fig. 1) we can see an example of a part of the flowchart describing
the security of the object.
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Fig. 1. Flowchart of the security part

Based on the resulting flowchart, we created a simulation solution for the entire system,
which was made in the Tinkercad environment. The connection of our simulation solution is
shown in (Fig. 2). Components such as the servomotor, numeric keypad, light emitting diodes,
speaker and PIR sensor take care of controlling the input and movement in the building. We
assigned element control to the tilt sensor and the smoke sensor. The role of the tilt sensors is
to start the drain pump and inform about the probable flooding in the building. We used TMP36
sensors for temperature sensing. We simulated the drop in electrical voltage or output pressure
using a potentiometer and a force sensor.
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Fig. 2. Simulation solution

The control software was created in the Arduino IDE environment. An example of the
resulting code can be seen in (Fig. 3).

@ ESP32.testing | Arduino 13,16 (Windows Store 18510
Siber Editovat’ Projekt Nastroje Pomoc

00 HEH

ESP32_testing
ve

ia = 15007 // v ms
gistracieDyms = 2000; A/ v ma

Fig. 3. Example of the code

We used hardware to test the function of the simulation solution. The system is primarily
based on the Arduino UNO microcontroller, which meets the requirements for deployment to
the system, but we created our test solution using the ESP32 DEVKIT V1 DOIT microcontrol-
ler, which we had available and considering its hardware and software capabilities offered us
sufficient functions to verify the system. We connected this microcontroller to a breadboard,
where we used the appropriate components and sensors (Fig. 4).

We used a thermistor and a potentiometer to simulate temperatures. By turning the potentiom-
eter, we simulated fluctuations in the inlet temperature. Holding the thermistor in our hand increased
the temperature and thus we simulated fluctuations in the outlet temperature. In this way, we veri-
fied the functionality of the thermistor and potentiometer as well as data acquisition. We used the
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red and green light emitting diodes to simulate the security of the system. If the green LED is on,
the system is unlocked, if the red LED is on, the system is secured or blocked. We used the serial
monitor function in the Arduino IDE program to list system security status notifications. We used
the buttons to unlock and lock the system. One button represents system security, the other button
represents system unlocking. Another button was used to simulate entering an incorrect passcode.
Attempts to re-enter the passcode were counted by pressing the button. Individual experiments were
recorded again on a serial monitor. We also used the touch sensor option that the ESP32 has. We
simulated the registration of smoke in the building with a touch sensor. We have programmed the
code so that if there is a signal on the touch sensor for a certain period of seconds, an information
message will be displayed, notifying us that it is burning in the building. The last button was used
to simulate the on and off of the drain pump in case of flooding in the building. With this physical
test element, we verified the basic functions of the simulated solution.

Fig. 4. Testing of the proposed solution

After verifying the functionality of the created solution, we proceeded to create a cloud
part. We used the Blynk platform for the cloud environment. Two solutions have been devel-
oped. The first was to use a Blynk server. The second solution was built on our local server and
thus we achieved higher security of the resulting solution. In Figure 5 we can see a part of Blynk
app, which can be used to monitor the inlet and outlet temperature of the system. The solution
includes an "Unlock" button that allows you to unlock the room remotely.

Odblokovat

Fig. 5. Monitoring Blynk app

In the next step, we proceeded to create a 3D visualization of the room of the heat ex-
changer station together with the proposed monitoring system. Thanks to which we gained an
overview of the location of individual components. The 3D visualization was created in
Blender. All designed components of the monitoring system are marked in green. We marked
the cabinets in which our components are located with blue. The rails in which we laid the
cables are yellow. The resulting visualization can be seen in (Fig. 6 and Fig. 7) [12].
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Fig. 6. Visualization of the solution, view 1
(1 — numeric keypad, 2 — emergency door opening, 3 — inlet temperature sensor, 4 — outlet
temperature sensor, 5 — pressure sensor, 6 — flood sensor, 7 — drain pump, 8 — smoke sensor)

Fig. 7. Visualization of the solution, view 2
(2 — emergency door opening, 7 — drain pump, 8§ — smoke sensor,
9 — motion sensor, 10 — box with control unit)

Conclusions. Based on the created simulations and visualizations, the entire proposed sys-
tem was debugged, thanks to which the full functionality of the proposed solution was achieved.
In the next phase, the system will be deployed on the real heat exchanger station. The following
findings will be used to further optimise and supplement other system features. The result will
be a sufficiently functional, inexpensive monitoring system of the heat exchanger station, which
can be deployed in practice.

The result of the research is the creation of an [oT monitoring system on an object that does
not contain such functionality. Based on this solution, it was confirmed that it is possible to
innovate "obsolete" equipment to meet current monitoring trends. Another benefit obtained
from the research is that the knowledge will be used in the teaching process of students focused
on modern monitoring systems.
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NPOMO3UIISA MOHITOPUHI'Y TEINIOOEMIHHOI CTAHIIIT

Huni € snauna mendenyis y euxopucmanni mexnonoeii 1oT 3 xmapnum 3'eonannam. Take poseopmanis 30iUCHIOEMbCA 3
PI3HUX NpUdUH, MAKUX AK NIOGUWEHHS e(eKmUBHOCMI 8UPOOHUYMBA - eKOHOMIYHI, MOHIMOPUHE 3a0PYOHEHHs - HABKOTUWHE
cepedoguuye, MOHIMopune 300p08's - MeouuHe, MOHIMOPUH2 NO200U - CilbCbKe 20CNO0APCME0, MOHIMOPUHE PYXY - MPAHCHOPIM
mowo. [ani, ompumani 3a oonomozolo mexnonozii 10T, nomim o0bpobasiombcs ma 0azyiomeca HA HUX MU MONCEMO
nepeobavumu noOabLUIUIL PO36UMOK napamempis, ujo Konmponioromscs. 3a oyinkamu, 0o 2025 poky y ceimi 6yoe npubauzno
75,44 mapo npucmpois Inmepremy peuelil.

Memoio docnidicenns 6y10 cmeopumu Heoopozy cucmemy MOHIMOPUH2Y MA 3aXUCHTY MEeNI00OMIHHOI cmaHyii.

Texnonoeia loT euxopucmogyemvcs 6 pisHux obracmsax, npo wo ceiouamv nyonikayii. Konxkpemui piwienus, wo
BUKOPUCTMOBYIOMbCA 6 NPOMUCIOB0CHI, NPONOHYIOMbCA, HANPUKAAO, komnanismu Amper Technologies abo Axzon. Cucmema
Amper Technologies ma ixns 3a600coka OC eghekmugho uKopucmogyomes 0amuuru 0Jisi NOKPAWEHHs BUPOOHULO20 NPoyecy.
Hamuuxu peccmpyioms pao 8adiciusux acnekmis, GKII0UAIOYY CROJNCUBAHHSA eHep2ii ma NpoCmoi, momy KepieHUYmeo modice
Kpauje nianyeamu oOKpemi npoyecu, SMeHuysamu GUmpamit ma 6UsHavamu 304U 3pocmanus. Jamuuxu Axzon 3abesneuyoms
O0aHi 8 pedxcumi peanbHo20 Yacy nio 4ac UpoOHUL020 Npoyecy 8 aemMoMOoOLIbHI NPOMUCTOBOCH, A iX MEXHON02iA NPOSHO3HO20
00C1Y208Y8aHHS BIOCMENCYE CMAH 3A800CLKO20 00NAOHAHHA, W00 3anobiemu 6i0MO8am ma mpusaium pemMoHma.

Ienyroui npopeciiini piwenns € ekonomiuno epexmusnumu, i ye Modce cmamu nepeuKkooolo O ix eminenHs Ha
npaxkmuyi. L[a cmammsa mae na memi cnpuamu po3eumxy 0OCMyNHUX CUCHeM MOHIMopuney ma 6e3nexu.

Hawa mema - exazamu na moowcnueocmi poseopmanns mexnono2ii 1oT na npucmposx, AKi 6 neputy yepay He Micmsambo
yiei mexuonoeii, I 3azHauumu, wo MoOepHizyeamu 0yOb-aKi cmapiwi Hpucmpoi 3 YPAXyawHAM CYUACHUX MEHOeHYIl
Mounimopuney He € npobnemoro. Ilepesazu yux mexnonocii Habazamo Oinvli, HidC GUMPAMu.

Po3spobreno nosnicmio (hyHKYioHanbHy HEOOPO2Y CUCMEMY MOHIMOPUHEY MENLO0OMIHHUKIE.

Bunpobyeants niomeepounu noeHy QyHKYioHaibHicmb cucmemu MoHimopuney. Ha nacmynnomy emani cucmema 6yoe
86e0eHa 8 eKCNIyamayiro, a NOmim OnmuUMiz08and.

Knrwouosi cnosa: monimopune; oesnexa, inmepnem peueti, xmapa, Arduino.
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