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Annotatsiya. Maqolada issigxonada yetistiris saroitlarini masofadan monitoring qilis va avtomatlastiriigan bosqgaris ugun
Internet of Things (loT) texnologiyasiga asoslangan tizimni islab ¢iqis masalasi korib ¢igilgan. Taklif etilayotgan yondasuv
atrof-muhit sensorlari, NodeMCU ESP8266 mikrokontrolleri, Raspberry Pi asosidagi server muhiti, simsiz aloqa, ma’lu-
motlar bazasi va veb-interfeysni yagona tizimga birlastiradi. Tizim havo harorati, namligi, tuproq namligi va yoruglik dara-
jasi hagidagi ma’lumotlarni yigis, ularni masofadan kuzatis ugun uzatis hamda oldindan belgilangan is saroitlari asosida
samollatis, sugoris, isitis va yoritis jarayonlarini bosgarisga mdljallangan. Qurilmalarning dasturiy arxitektura bilan 6zaro
bogligligiga, jumladan, MQTT protokoli asosida ma’lumotlar almasinuvi, sensor kdrsatkiclarini saglas va vizual tagdim
etis jarayonlariga alohida e’tibor garatilgan. Maqgolada tizimning loyihaviy yecimi, virtual islab gigis va sinovdan 6tkazig
jarayoni tahlil gilingan. Tadgigotda hosildorlik, suv sarfi yoki energiya iste’moli boyica dala saroitida 6lgangan yaxsilanislar
da’'vo gilinmaydi. Aksinga, taklif etilgan arxitekturaning amaliy salohiyati hamda keyingi issigxona sinovlarida érganilisi
lozim bolgan masalalar aniglab berilgan.

Kalit s6zlar: Internet of Things, aqlli issigxona, masofaviy monitoring, NodeMCU ESP8266, Raspberry Pi, MQTT, atrof-
muhit sensorlari, avtomatlastiriigan bosqaruv, himoyalangan qisloq xgéjaligi.

AHHOTaumsA. B ctatbe paccmaTpuBaeTcs pa3paboTka CUCTEMbI Ha OCHOBe TexHonorun MHTepHeta Bewer (loT) ans
OVCTaHLMOHHOIO MOHWUTOPUMHIA Y aBTOMaTU3MPOBAHHOIO yrpaBrieHns YCNOBUSAMU BbipalyBaHUs pacTeHni B TENNULE.
Mpennaraembii nogxon o6beanHAET AaTYMKM OKpYXatoLen cpeabl, MukpokoHTponnep NodeMCU ESP8266, cepsepHyto
cpeny Ha 6a3e Raspberry Pi, 6ecnpoBoaHyto cBa3b, 6a3y aHHbIX 1 BEG-nHTEpdelic. Cuctema npeaHasHaveHa ans cbopa
MHdOpMaLuM 0 TeMnepaType 1 BNaXHOCTW BO34yXa, BMaXHOCTU MOYBbI M YPOBHE OCBELLEHHOCTU, Mepeaaymn nokasaHumn
ONst AUCTaHUMOHHOIO HabniodeHusi, a Takke ynpaBrieHUs BEHTUNSLMEN, NMOMMBOM, OTOMIEHMEM W OCBELLEHMEM Ha
OCHOBE NpefBapuTEnbHO 3adaHHbIX YCNoBuUA yHKUMOHMpoBaHMsA. Ocoboe BHUMaHue yaensieTcs B3avMOCBS3U
annapaTHbIX KOMMOHEHTOB M NMPOrpaMMHOW apXUTEKTYypbl, BKMYas OoOMeH AaHHbIMM Ha ocHoBe npoTtokona MQTT,
XpaHeHne U BM3yanu3auuio NnokasaHui AaTyukoB. B cTaTbe aHanmM3npyloTcs NMpPOEKTHOE pELUEHUE CUCTEMbI, a Takke
npouecchl €€ BUpTyarnbHON pa3paboTku 1 TecTMpoBaHuS. [onyyeHHble pe3ynbTaThl HE NpeanonaratT yTBEPXAEHNI 00
YNyYLLEHMN YPOXKANHOCTM, CHUXKEHUW NOTPEONEHMS BOAbI UINN SHEPTOPECYPCOB Ha OCHOBE MOJEBbLIX N3MepeHuii. Bmecto
3TOro OnpeaensTca NPaKTUYECKMI NoTeHLMan nNpeanioXXeHHON apXUTEKTypbl K BOMpocCkl, Tpebyloline aanbHenwero
N3y4YeHUsl B XOAe NocrneayrLmnx UCMbITaHUA B TEMNNYHBIX YCITOBUSX.

KniouyeBble cnoBa: VIHTEpHET Belyen, ymHasa Tennuua, AMCTaHUMOHHbIN MoHuTopuHr, NodeMCU ESP8266, Raspberry
Pi, MQTT, gaTunkun okpyxatoLen cpepbl, aBTOMaTu3MpoBaHHOE ynpaeBneHne, 3allywEHHOE CeNbCKoe X03SNCTBO.

Abstract. The article explores the development of an Internet of Things (IoT)-based system for remote monitoring and
automated control of greenhouse cultivation conditions. The proposed architecture integrates environmental sensors, a
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NodeMCU ESP8266 microcontroller, a Raspberry Pi-based server environment, wireless communication, a database,
and a web interface. The system is designed to collect data on air temperature, air humidity, soil moisture, and light inten-
sity, transmit sensor readings for remote monitoring, and facilitate the control of ventilation, irrigation, heating, and lighting
according to predefined operating conditions. Particular emphasis is placed on the integration of hardware components
with the software architecture, including MQTT-based data communication, sensor data storage, and visualization. The
article analyses the system architecture, its design implementation, and the virtual development and testing workflow. The
study does not claim experimentally verified improvements in crop yield, water consumption, or energy efficiency. Instead,
it highlights the practical potential of the proposed architecture and identifies key aspects requiring further investigation
through subsequent greenhouse-based experimental trials.

Keywords: Internet of Things, smart greenhouse, remote monitoring, NodeMCU ESP8266, Raspberry Pi, MQTT, envi-
ronmental sensors, automated control, protected agriculture.

INTRODUCTION

Greenhouse production offers growers a degree of control over the environment in which crops develop.
Temperature, air humidity, soil moisture and light can be managed more deliberately than in open-field
cultivation. This control, however, requires regular observation and timely intervention. Where measurements
are taken manually, the quality of management depends heavily on how often a greenhouse is inspected and
how quickly a worker can respond to a change. A monitoring system that gathers measurements continuously
and makes them available remotely can therefore support more consistent day-to-day decisions.

The need for such tools is relevant to Uzbekistan, where protected cultivation is an important part of the
effort to extend the production season and diversify fruit and vegetable growing. The monograph underlying
this study places greenhouse automation within the broader development of digital agriculture and discusses
the use of information and communication technologies in agricultural production [1]. Earlier work on precision
farming and intelligent technical equipment likewise points to the value of combining measurement, data
processing and control rather than treating these functions as separate activities [2, 3].

The purpose of this article is to examine an loT-based architecture for remote monitoring and automated
control of greenhouse conditions. The focus is not on presenting an unverified performance claim. Instead, the
article explains how the selected hardware, communication protocol, database and web application fit together,
and considers what the design can and cannot establish before field testing.

LITERATURE REVIEW

Digital agriculture covers a range of technologies, from precision measurement and automated machinery
to connected sensors and data-driven decision support. In protected cultivation, the value of these technologies
is especially clear: the greenhouse is a bounded environment in which changes in temperature, humidity and
illumination can be observed and addressed through technical equipment. Research and practical publications
on precision farming describe the broader movement towards the use of intelligent devices and information
systems in agricultural processes [2].

The literature cited in the source monograph also includes studies concerned with automated information
systems and the management of technological processes in crop production [3, 4]. These works provide a
general engineering context for systems in which data are collected, processed and used to support operational
decisions. Publications by Abasxanova address remote monitoring in agriculture and the development of
hardware-software solutions for monitoring tasks [5—8]. Taken together, these sources establish the relevance
of applying information technologies to greenhouse monitoring, although they do not remove the need to
evaluate each implementation under its own operating conditions.

A practical greenhouse monitoring system has to solve several connected problems. Sensors must provide
readings that are meaningful for the crop and the growing environment; the controller must be able to receive
and process those readings; communication must remain sufficiently reliable; and the user needs a clear way
to inspect the information and adjust operating parameters. If these parts are designed independently, the
result may be technically functional but difficult to maintain. The architecture considered here therefore treats
sensing, communication, storage, visualisation and actuation as parts of one system.

RESEARCH METHODOLOGY

The study follows a system-design approach based on the technical configuration described in the
monograph. The proposed architecture combines a sensor layer, a local control layer, a communication layer
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and a remote information layer. The sensor layer collects environmental measurements. The control layer
processes the readings and operates connected devices. The communication layer transfers data between
the greenhouse controller and the server. The information layer stores the measurements and presents them
through a web interface.

The NodeMCU ESP8266 board is used as the main microcontroller platform for sensor communication
and local control. Its integrated Wi-Fi capability makes it suitable for sending readings to a local network or the
Internet without requiring a separate wireless module. The monograph describes the board’s GPIO, UART,
ADC, SPI and software-implemented [2C capabilities, which allow different types of sensors and peripheral
devices to be connected [1]. The final selection of a sensor and its interface must, of course, be checked
against the electrical and measurement requirements of the particular greenhouse installation.

The monitored parameters include air temperature, air humidity, soil moisture and light intensity. The source
material discusses temperature and humidity sensors, light sensors and soil-moisture measurement as part of
the greenhouse monitoring arrangement. It also describes the use of the DS18B20 temperature sensor and
1-Wire communication, alongside serial data exchange options such as RS-485 in the wider system context.
These interfaces are relevant because greenhouse installations may involve sensors positioned at different
points and may require different wiring and communication arrangements.

A Raspberry Pi single-board computer is used as the server-side platform in the described implementation.
The monograph outlines a software environment in which sensor data are received through MQTT, processed
by a Python-based web application and stored in a MariaDB database. Flask is used to organise the web
application and its routes, while the database stores readings together with identifying and time-related fields.
The described configuration also uses Apache-related components for deploying the web application and SSH
for remote administration [1].

MQTT is used as a lightweight messaging protocol for communication between the greenhouse controller
and the server. In the described arrangement, the controller publishes sensor information to designated topics,
while the server-side client subscribes to those topics and processes incoming messages. This publish—
subscribe model separates the production of sensor readings from the application that receives them. It also
provides a flexible basis for adding further sensors or monitoring points, provided that topic names, message
formats and data validation rules are kept consistent.

The control logic is based on user-defined thresholds and operating modes. In automatic mode, the
controller compares current readings with preset values and activates the corresponding equipment when a
condition is met. In manual mode, the user issues commands through the web interface. The design described
in the monograph includes relays for switching lighting, irrigation and heating, as well as a mechanism for
opening and closing ventilation openings. The system also allows the user to view the measurements remotely
through a browser on a computer or mobile device.

The development process described in the source includes circuit preparation in Fritzing and system
development and emulation in Proteus 8.5. These tools support the design and preliminary checking of circuit
connections and control logic. Such virtual work is useful for identifying configuration problems before physical
assembly, but it should not be confused with validation in a working greenhouse. Real operating conditions
introduce issues such as sensor placement, calibration, electrical noise, network interruptions, actuator
response and environmental variation.

ANALYSIS AND RESULTS

System architecture and hardware configuration. The proposed system is organised around a simple
operational sequence: sensors measure the greenhouse environment; the NodeMCU receives the
measurements; the controller applies the programmed logic; and the data are forwarded to the server for
storage and remote viewing. Where the control algorithm requires an intervention, the controller switches the
relevant relay or actuator. This arrangement keeps time-sensitive local actions close to the greenhouse while
allowing the user to examine the system remotely.

The choice of NodeMCU ESP8266 is consistent with the project’s emphasis on a compact and relatively
accessible platform. The board integrates Wi-Fi and provides general-purpose input/output pins for connecting
peripheral devices. It can therefore serve as a practical interface between sensors, relays and the remote
monitoring environment. The Raspberry Pi has a different role: it provides a more capable platform for database
management, message handling and web-based presentation. Using these two devices in complementary
roles avoids placing every task on a single microcontroller.

The sensor arrangement is central to the usefulness of the system. A temperature value taken at one
point cannot necessarily represent conditions throughout a large greenhouse, and a soil-moisture reading is



¥/

MUHANDISLIK VA IQTISODIYOT 2026-yil, noyabr. Ne 5-maxsus son

meaningful only in relation to the sensor’s position, soil properties and the crop’s root zone. For this reason, the
number and placement of sensors should be selected according to the dimensions of the greenhouse and the
characteristics of the crop. The monograph discusses the use of different measuring instruments and the need
to consider the suitability of the data they provide [1].

Data exchange, storage and remote monitoring. MQTT provides the communication link between the
microcontroller and the server-side application. Once a message reaches the broker, the subscribed client can
process the incoming data and pass it to the web application and database. The database structure described
in the monograph records the monitoring board, the date and time of receipt, and the measured value. Separate
tables are used for different sensor data, allowing measurements to arrive at different intervals and leaving
room for later extension [1].

The web interface gives the user access to current and previously recorded measurements. It is not merely
a display layer: the source describes the possibility of using the interface to change selected parameters and
to control the greenhouse in manual mode. This distinction matters in practice. Monitoring helps a grower
understand what is happening, while control provides a means of responding. Combining both functions in one
interface can make the system easier to use, although access rights and safeguards are needed to prevent
unintended operation.

Automated control of greenhouse conditions. The control strategy described in the monograph uses upper
and lower thresholds for temperature and light. When the temperature rises above the specified upper limit,
the system can open ventilation openings and activate cooling-related equipment. When the temperature falls
below the lower limit, the heating relay can be activated. Humidity management is linked to a user-defined
threshold: when the measured level falls below the set value, the irrigation system is switched on and remains
active until the required condition is restored. Lighting is controlled through preset limits, allowing artificial light
to be switched on or off according to the measured illumination [1, 8].

This threshold-based approach is understandable and relatively straightforward to implement. It also
makes the control rules visible to the user. At the same time, fixed thresholds are not a complete substitute for
agronomic decision-making. Different crops and growth stages may require different conditions, and a single
sensor reading may not capture the distribution of temperature or moisture across the greenhouse. The control
parameters should therefore be selected for the crop being cultivated and reviewed by a qualified specialist.
Where the system is expanded, hysteresis, minimum operating times and fault-handling rules may help reduce
frequent switching and unintended actuator activity.

Development, testing and practical limitations. The source describes the preparation of circuit diagrams in
Fritzing and the use of Proteus 8.5 for system development and virtual testing. It also reports the preparation
of software for processing digital and analogue signals and signals received through the I?C bus [1]. These
steps demonstrate that the project considered both hardware connections and software behaviour. However,
the available description does not provide a controlled field-trial dataset, a comparison with a conventional
greenhouse, or measured percentage changes in yield, water consumption, labour or energy use. Such
numerical claims should not be added to the article without further experimental evidence.

Several practical issues deserve attention before deployment. First, sensors need calibration and periodic
inspection; readings can drift or be affected by their installation position. Second, wireless communication
and server availability should not become single points of failure for essential local control. The greenhouse
controller should retain a safe local operating mode if the Internet connection is interrupted. Third, relay-
controlled equipment must be selected and installed with appropriate electrical protection. Finally, the
system’s dependence on a stable power supply should be considered. The monograph itself identifies
energy dependence as an important limitation and notes that backup power does not necessarily cover high-
consumption equipment such as lamps or fans [1].

Despite these limitations, the architecture offers a useful foundation for small and medium-sized
greenhouse monitoring. It brings together relatively accessible hardware and open software components, while
leaving room for additional sensors, monitoring points and control rules. Its practical value will depend on
careful installation, crop-specific configuration and testing under real operating conditions. A next stage of
work should therefore include sensor calibration, a pilot installation, logging over a full growing period and a
comparison of system records with independent measurements.

CONCLUSIONS AND RECOMMENDATIONS

An loT-based greenhouse monitoring and control system can connect environmental measurement,
local automation and remote observation within a single technical arrangement. The architecture examined
in this article uses NodeMCU ESP8266 for sensor acquisition and local control, Raspberry Pi for server-side
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processing, MQTT for message exchange, MariaDB for data storage and a Flask-based web interface for
monitoring and user interaction.

The described control logic supports the management of ventilation, irrigation, heating and lighting
according to preset environmental thresholds, while manual mode allows the user to intervene through the web
interface. The use of Fritzing and Proteus 8.5 forms part of the design and preliminary virtual testing process.
These steps provide a basis for further development, but they do not by themselves establish the system’s
effectiveness in commercial greenhouse conditions.

The main conclusion is that the proposed arrangement is a technically coherent starting point for remote
greenhouse monitoring. Its performance should next be assessed through field trials that examine sensor
accuracy, communication reliability, actuator behaviour, power continuity and crop-specific control settings.
Only after such testing would it be appropriate to quantify any effects on productivity, water use, energy
consumption or labour requirements.
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