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DEVELOPMENT OF AN AUTOMATIC MONITORING
SYSTEM BASED ON THE OPEN ARCHITECTURE
CONCEPT

Kazakhstan has adopted a carbon neutrality strategy until 2060. In
accordance with this strategy, it is necessary to introduce various tools to
maintain the environmental safety of the environment. The use of 10T, in
combination with the characteristics and requirements of Kazakhstan's
environmental legislation, makes it possible to develop a modern
environmental monitoring system.

The article proposes a solution for developing an example of an
automated system for continuous collection of data on the concentration
of pollutants in the atmosphere based on an open architecture. The
Audino-based device acts as a microcontroller. It should be noted that the
transmission of measured values is carried out via an open wireless
communication protocol. The architecture of the system, which was used
to build a prototype based on sensors and an Arduino microcontroller,
and a wireless data transmission module are presented. The selection of
elementary components may change depending on the requirements of the
system, the introduction of new units is limited by the number of ports.
The openness of solutions allows you to change the configuration
depending on the conditions. The advantages of the solutions are
openness, low cost, versatility and mobility. However, there is no
comparison of the working processes of the proposed solution with
traditional ones.
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Introduction

Smart devices are widely used as science advances and technology
becomes popular. It has become clear that manual environmental
monitoring from a modern point of view has many disadvantages,
including low efficiency [1]. This method does not reveal the full
scientific and resource potential. In 2018, extensive changes were
launched to improve the environmental situation and develop
environmental monitoring systems with full access to the data obtained.
The project of intelligent systems with the introduction of the Internet of
things allows us to solve environmental problems. In addition, the
integration of different platforms of multi-parameter environmental
monitoring systems can reveal atmospheric environmental monitoring
data with high temporal density and a wide range of space, providing a
scientific basis for environmental management decisions [2].

The main part of the system is the transmission and display of
collected data over a distance. This system leverages technologies to the
embedded system system monitoring platform and implements node data
visualization through an internal web server. Considering limited
resources, real-time operation and data security of the internal system, the
implementation of the protocol stack and web server in the internal system
becomes the key technology of the system.

Materials and methods

The purpose of this work is to prepare an air quality monitoring
system with wireless data transmission. The main requirements for the
device are compactness, implementation of full-program mode, mobility,
transmission of collected data using wireless technologies, measurement
of all necessary quantities, and the presence of a battery.

The developed monitoring system is designed to control the level of
atmospheric air pollution, both in the residential area and at a distance, In
accordance with the requirements for the device being developed, it is
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necessary to design a monitoring system that will meet modern
requirements.

We used an open source Arduino Uno microcontroller based on the
Microchip ATmega 328 P microcontroller to design the system. Such a
platform is very simple and convenient, as it has 14 inputs/outputs through
which all the necessary sensors are connected [3,4].

The DHT11 temperature and humidity sensor is used in the system.
It is also a budget option consisting of a thermistor and a capacitive
sensor. The device allows measurements from zero to one hundred
percent humidity, both at negative and positive temperatures [5]. It is very
convenient to use a thermoresistive sensor to measure humidity. The main
advantage is that there is a digital output, without the need for analog
conversion. The measurement data is updated every 2 seconds.

Figure 1 — Sensor DHT11 [3]

According to this scheme, the DHT11 sensor is connected directly to
the Arduino UNO microcontroller via an input/output connector and a SK
resistor.

To control the concentration of ultrafine particles, the Nova SDS011
device is used, a laser sensor that detects the number of suspended dust
particles, it reads the concentration value every time ultrafine particles
pass through the sensor's impact zone [5].
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Figure 2 — Nova SDSO011 sensor [3]

In general, the sensor can be connected in various ways. both to the
personal computer itself and via Arduino UNO, NodeMCU, and has good
technical characteristics.

The MQ-135 gas sensor is designed to determine the concentration
of harmful and dangerous gases in the air. Measurement range: ammonia
— 10 - 300 ppm, gasoline — 10 — 1000 ppm, alcohol — 10 — 300 ppm.

=
—
~N

Figure 3 — MQ-135 sensor [3]

The principle of operation of the sensor is based on the change in the
resistance of a thin-film layer of tin dioxide in contact with the gas to be
detected. The resistance value of MQ-135 is the difference for different
types and gases of different concentrations. These components are
required to adjust the accuracy. XBee RF modules communicate with the
host device via an asynchronous logical layer serial port. Through its
serial port, the module can communicate with any UART node that is
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compatible with logic and voltage; or via a level switch to any serial
device via an RS 232 or USB interface card.

Figure 4 — Xbee module [3]

All the described sensors are connected to the Arduino UNO
platform to transfer data to a personal computer and further processing
provided by the Arduino and PLX-DAQ applications.

For example, to measure the concentration of carbon dioxide, a linear
dependence of the ratio of the resistance of the sensory organ to the initial
value on the number of ppm is used:

I, =kx+b, (1)

where k is the conversion factor and b is the offset.

In turn, these values can be determined experimentally. In this case,
b takes the value 2.6 and k takes the value -0.016.
Thus, formula (1) takes the form:

I, =2.6—0.016x. )

Temperature and humidity are measured by the DHT11 digital
sensor, and the information is therefore transmitted via the address bus.
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The measuring principle is based on a divider circuit with a high
resistance (figure 5)

O

Rin

© Vout
Ry

¢ GND

Figure 5 — Temperature Measurement Diagram

Thus, the measurement process can be described by the following
system:

Vin = 1(Riy +Ry) o
Vout =1 RT
where Vi, is the input voltage; I — current; Rt — thermistor resistance;

Rin - balancing.

By transforming system (3) and substituting the values, the following
dependency can be obtained:
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| = Vin

(Rin + RT)
=i Rr
(Rin + RT)

, 4)
=5+0,001- R(T)

where R(T) is the dependence of resistance on temperature

At the same time, the process of determining the concentration of
solid particles is carried out according to a linear law by the optical
method.

Results and discussion

According to the study, it can be concluded that the development of
the device using an open architecture is a possible implementation option.
Moreover, the cost of this device is much less than that of traditional
automatic monitoring systems. In turn, the process of determining the
concentration of particulate matter PM2.5, PM10, carbon dioxide
emissions, CO2, humidity, temperature is based on the measurement of
electrical signals. The simplicity of the device allows it to be
reconstructed in accessible conditions using open sources. This, in turn,
gives versatility to the device.

A B C D E F G H J

Num

1 Time Hum(%) Temp(CM0) PM2.5 PM10 coz Rows

2 | 154412 33,00 17,00 0,002 0,023 83,66 1

3 | 15:44:13 32,00 17,00 0,002 0,025 83,36 2

4| 15:44:14 32,00 17,00 0,001 0,025 83,36 3

5 | 15:44:15 3300 17,00 0,002 0,024 83,36 4

6 15:44:16 34,00 18,00 0,002 0,024 83,36 5 ks ciion or s
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8
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10

11

12

13

Figure 6 — Sensor data acquisition [1]

Dependencies specified in the form of formulas (2) and (4) allow you
to implement this system on any of the possible platforms. At the same

time, it is possible to reproduce the results on the city's electronic
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billboards. The sensors used are connected to the Arduino board in
parallel, the board itself is connected to a PC via a USB connector. An
illustrative diagram is shown in Figure 7.
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Figure 7 — AMS architecture [1]

An integral part of this trajectory has been the recognition that the
cost-effectiveness of monitoring can be optimized by combining data
collection for different purposes. As such, the device was conceived as an
all-in-one tool capable of bringing together disparate data streams for
regulatory compliance and broader statistical analysis. This duality of
functionality not only boded well for regulatory compliance, but also
served as a catalyst for informed decision-making, offering predictive
information about future environmental parameters.

Acknowledgements. This work was supported by the Committee of
Science of the Ministry of Science and Higher Education of the Republic
of Kazakhstan within the project BR21882258 «Development of
Intelligent Information and Communication Systems Complex for
Environmental Emission Monitoring to Make Decisions on Carbon
Neutrality»

Conclusions

A central element of the device concept was a detailed understanding
of the contextual subtleties that shape environmental research. From air
and water quality assessments to soil composition analysis and
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biodiversity inventory, the device was designed to implement a
multifaceted approach to environmental monitoring.

The architectural design of the device has been carefully calibrated
with state-of-the-art sensors and data acquisition mechanisms to ensure
comprehensive collection of environmental parameters. This holistic
approach has not only contributed to strict regulatory compliance, but has
also generated a rich data warehouse that facilitates predictive modeling
and trend analysis.

According to the study, the following advantages of this system can
be noted. First of all, the openness of the solution, which allows you to
improve the device in the public domain and implement it in any
conditions.

Secondly, the cost of the solution is many times less than that of most
similar traditional ones. The development of this direction will make it
possible to create sufficiently accurate devices while maintaining
openness.

Thirdly, the versatility of the device allows you to use any device for
measuring and transmitting data. Fourthly, the construction of a mobile
monitoring system allows you to ensure compactness.

However, the study did not compare the results with approved
benchmarks and traditional devices. No dependencies of interference on
the system operation have been revealed. Thus, these issues will be
considered in further research.
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PASPABOTKA CUCTEMbI ABTOMATHYECKOT'O
MOHUTOPHUHI'A HA OCHOBE KOHIENIIUUA OTKPBITOM
APXUTEKTYPbI

Kaszaxcman npunan cmpamezuto yenepoouot HeumpaibHOCHU 00
2060 z00a. B coomeemcmeuu OanHOU cmpamecuei HeoOX00UMO
BHEOPSAMb PA3NUUHbIE UHCTNPYMEHMbL 0151 NOOOEPHCAHUSL IKOLO2UYECKOU
bezonacrnocmu oxkpyoicarougell cpedvl. Ucnonvzosanue 1oT, 6 couemanuu
¢ Xapakmepucmukamu U mMpeDOBAHUAMU  KA3AXCMAHCKO20
9KONIO2UYECK020  3aKoHaoamenvbcmea  no3eoJisem  paspabomams
COBDEMEHHYI0 CUCMEMY 3KON0SUHeCK0o20 MoHumopuueda. B cmamve
npeonoHceno peuierue no paspabomke npomomuna
ABMOMAMUSUPOBAHHOU CUCHIEMbl MOHUMOPUHEA OJisl HenpepbleHO20
cbopa OamnHblx 0 KOHYeHmpayuu 3acpsa3Humencii 6030yXa Ha OCHO8e
OmKpelmou  apxumekmypvli. B kauecmee = muxpoxommponnepa
paccmompeno ycmpoiicmeo na 6aze Arduino. Cucmema nossonsemu
3MEPSMb 8 PedcuUMe PedibHO20 8PeMeHU maKue NOKA3aemiu Kaiecmea
6030yXa KAx memnepamypd, 61aiCHOCMb , KOHYEHMpayus yeieKuciozo
easza, KoHyewmpayus meepovix uwacmuy PM-2,5, PM-10. Cmpoum
ommemumy, 4mo nepeoaid U3MepeHHvIX 3HAYeHUll OCYUeCmEnaemcs no
OMKpBIMOMY — NPOmMOKoxy  becnpogoonou  cesasu. Ilpeocmasnena
apxumeKmypa cucmembvl, o KOMopou Ovll nOcmpoen npomomun Ha baze
damuuxos u Mukpokowmpoaiepa Arduino, u mooyib 6ecnpo8ooHol
nepedayu oaunHvix XP. Bvibop snemenmapuvix KOMHOHEHMO8 MOXHCEm
UBMEHAMCSL 6 3aBUCUMOCMU Om MpeDOoBaHUll K cucmeme, 8600 HOBbIX
0710Kk08 ocpanuier Koauyecmeom nopmos. OmKpbIMocms peuleHul
N0360J5IeM MEHAMb KOHDUISYpayuio 6 3asUCUMOCU OM  YCIOBULL.
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Jocmouncmeamu — pewienuil  A61AemMcs  OMKPLIMOCMb, — HU3KASA
CMOUMOCMb, YHUBEPCATLHOCMb U MOOUTbHOCMb. OOHAKO OmCcymcayem
cpasHeHue — npoyeccos  pabouvl  NPEONOHNCEHHO20  peuleHuss ¢
MPAOUYUOHHBIMU.

Kniouesvie  cnosa:  skonocuueckuii  MOHUMOpPUHZ, — 8bLOPOCHI
NAPHUKOBBIX 2A308, 3azpsA3Henue oKkpyxcaiowel cpedvlt, Hnoycmpus 4.0,
Hnumeprnem sewyeil, MUKpOKOHmMpPOILED, ABMOMAMUSUPOBAHHAS CUCEMA
MOHUMOPUH2A.

* V. Kanmazambemoea®, U. Pademox®, M. C. Kpvixbaesa®, C. benowuyxas?,
JI. Kupuuenxo?

Topaitreipos yausepcuteri, Kazakcran Pecny6nukacel, ITapnoaap K.;
2Astana IT University, Kasakctan Pecriy6rnukacel, ACTaHa K.

01.05.24 . 6acnara TYCTi.

25.04.24 x. Ty3eTyJaepiMeH TYCTI.

02.06.24 k. GacsII MWBIFapyFa KaOBUTIaH B

AHBIK APXUTEKTYPA TYXBIPBIMIAMACHI HEI'T3IHAE
ABTOMATTbI MOHUTOPHUHI )KYWECIH 93IPJIEY

Kasaxcman 2060 owcvinea Oeuin  xomipmekmi  Oelimapanmulk,
cmpamezuscoln  Kabwvlioadsl. Ocvl cmpamezusza colKec KOpUazaw
OpMAHBIY IKONOUATLIK KAVINCi30ieil cakmayovly mypii Kypaioapvii
eneizy kaoicem. loT-mui kKondawy Kazaxcman Pecnybnuxaceinviy
IKONIO2UANBIK 3AHHAMACHIHbIY cunammamanrapovimeH JHCOHe
mananmapvimMer yiiecimoe Kazipel 3aMaHabl IK0A0USIbIK, MOHUMOPUHS
Jlcytiecin  oamvimyaa  MyMKIHOIK — Oepedi.  Maxkanada  y30ikci3
MOHUMOPUHSMIY ~ABMOMAMMAHOLIPLLIZAH  JHCYUECIHIY  modiCipubenix-
mooicipubenix — ocytiecin  93iprey  wewimi  ycolnbliadvl.  Aubik
apxumekmypa — Heci3iHOe — ammoc@epanvlk — AyaHbl — J1ACMAUMbIH
3ammapovly  WOSbIPAAnHYbl Mypanvl oOepekmepdi dcunay. Apoyuno
HezIi3iHOe2l Kypblizbl MUKPOKOHMPOJIED pemiHde Kapacmulpulidobl.
JKytle aya canaceinvly memnepamypa CUAKmMsl KOPCemKilmepin HaKmol
yavlm — pejcuminoe —onueyee MYMKIHOIK — Oepeodi, blizanovinvix,
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KOMIDKbIWKbLLL  2A3bIHbIY — KOHYEHMPAYUACyl, Kammol — 3ammapobiy
konyeumpayusicot PM-2.5, PM-10. Onwenemin wamanrapovl 6epy
CHIMCLI3  OQUIAHBICMbIY — AWLIK — XAMMAMACLL  APKblabl — dicy3eze
AcCLIPLINAMbINLIH - aman  omken  JHcoH. [amyuxmep Mmen Apoyuno
MUKPOOONUEIHIY He2i3iHOe NPOMOmun Kypy yuiH KOIOaHbLI2AH Jicylie
apxumekmypacvl — JicoHe  Oepekmepdi  cblMcblz  Oepy  MOOYIL
yevinviizan. XP.  Kapanaiieiv xomnonenmmepOi ipikmey dcylieHiH
mananmapvina OauIanbLICMbL 032epyi MYMKIH, JHCana aspe2ammapobl
eHei3y nopmmap canviMer uiekmenedi. Epimindinepoin awwvixmuoleb
KOHQU2YPaAyuACeIH wapmmapblia Kapai e3zepmyee MyMKiHOIK Oepeoi.
LlewimOepoiy  apmulKWbLILIKMAPLL  AUWBIKMLIK,  AP3aH  KYH, JICaAH-
AHCAKMBLIBIK, HCOHE YMKBIPALIK, 006N MAObLIA0bL. []eceHMmen, YCbIHbLIbIN
OMbIP2aH WeWIMHIY JHCYMbIC NpOYecmepin 09Cmypii ulewimoepmeH
CANbICMbIPY HCOK,

Kinmmi coe30ep: sxonocusnbly, MOHUMOPUHZ, RAPHUKMIK 2a30ap
Wbl2apblHOBLIAPSLI, Kopuiazan opmansly nacmanysl, Industry 4.0, loT,
MUKPOOAKLLIAYULbL, ABMOMAMMAHOBIPLLIZAH MOHUMOPUHZ JICYUEC.
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