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Today, with the continuous growth of the world’s population, every country faces the cha-
Ilenge of timely supplying its people with high-quality fruits and vegetables. One of the key ways
to achieve this goal is the development of greenhouse farming, which enables the cultivation of
crops regardless of climate conditions. A crucial factor for the efficiency of greenhouses is pre-
cise microclimate control. Traditional control methods require constant human involvement
and lead to significant resource consumption.

The purpose of this article is to develop a smart greenhouse control model based on Internet
of Things (10T) technology using an Arduino microcontroller, sensors, the ESP8266 Wi-Fi mo-
dule, and the ThingSpeak cloud platform, which enables monitoring and remote control of mic-
roclimate parameters via mobile and web applications.

The article presents an analysis of modern approaches to greenhouse automation and sub-
stantiates the feasibility of applying 10T-based architecture for their modernization. A structural
scheme of the system is proposed, which includes sensors for measuring temperature, humidity,
light intensity, and CO: concentration, as well as actuators for irrigation, ventilation, heating,
and lighting. The principles of integrating the system with the ThingSpeak cloud service are
described, providing data visualization and analytics. Control algorithms based on threshold va-
lues and proportional—-integral regulation are also discussed.

The proposed system is designed for the automation of existing greenhouses with the possi-
bility of scaling, integration into a network, and the use of predictive algorithms. Future resea-
rch is planned to implement machine learning methods for optimizing cultivation regimes and
to explore the use of alternative energy sources to improve energy efficiency.
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Introduction

Contemporary developments in the agricultural sector necessitate the adoption of innovative
technologies to enhance crop productivity, reduce production costs, and optimize resource utilization.
Greenhouse farming occupies a pivotal role in ensuring year-round availability of vegetables and le-
afy greens; however, its operational efficiency largely depends on the ability to maintain a stable and
controlled microclimate. Conventional greenhouse management approaches demand substantial hu-
man and energy resources, thereby limiting their economic feasibility [1 - 2].

The Internet of Things provides new avenues for automating greenhouse operations. The integra-
tion of microcontrollers, sensors, and cloud-based platforms enables the development of systems ca-
pable of autonomously regulating environmental parameters, facilitating remote access, and suppor-
ting real-time monitoring. This approach not only minimizes operational expenditures but also enhan-
ces the quality of the cultivated produce [1].

This paper presents a model of a smart greenhouse based on an Arduino controller, utilizing a
Wi-Fi module for transmitting data to the ThingSpeak cloud platform, with seamless integration into
mobile and web applications for remote monitoring and control.
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Problem Statement

The growing global population and the increasing demand for food products necessitate innova-
tive solutions in agriculture. Greenhouse farming enables year-round cultivation of vegetables and
fruits; however, its operational efficiency directly depends on the precision of microclimate control.
Conventional methods require constant human intervention and are characterized by low efficiency.
The adoption of 10T technologies provides the opportunity for automated greenhouse management
with remote monitoring and control, thereby enhancing productivity and reducing energy and water
consumption [1 - 3].

Analysis of Recent Research and Publications

The automation of greenhouses using microcontrollers has been the subject of numerous studies.
Scientific works [3 - 4] explore mathematical models for microclimate control, the application of
fuzzy logic, and PLC-based systems. However, most developments [4 - 5] focus on closed solutions
without the possibility of integration with cloud services. Contemporary 10T trends, by contrast, emp-
hasize centralized data storage, mobile access, and scalability [5]. The use of the Arduino platform in
combination with cloud services (e.g., ThingSpeak) has been considered in isolated studies, with the
main advantages being low cost and ease of implementation [5 - 6].

The purpose of the article is to build a model of a smart greenhouse control system based on
an Arduino microcontroller with connected sensors and a Wi-Fi module, which provides data trans-
mission to the ThingSpeak cloud platform for further monitoring and remote control using a mobile
application and web interface.

Presentation of the main research material

The development of a smart greenhouse model based on 10T technologies involves creating an
integrated hardware-software system capable of collecting real-time data from sensors, analyzing it,
storing it in cloud services, and providing the user with remote monitoring and control capabilities.
The core of the system is an Arduino microcontroller, which facilitates the connection of hardware
components and interaction with the ThingSpeak cloud platform via the ESP8266 Wi-Fi module [4 -
5]. Within this architecture, several functional layers can be distinguished: the data acquisition layer,
the information transmission layer, the data processing and cloud storage layer, and the user layer,
which is implemented through a web application and a mobile app [5, 7].

At the data acquisition level, various sensors are employed to monitor environmental parameters
inside the greenhouse. The most basic sensors include air temperature and humidity sensors, such as
the DHT22, which provides sufficiently accurate measurements within a range suitable for horticultu-
ral activities. For soil temperature control, the digital DS18B20 sensor is recommended, featuring a
waterproof casing suitable for operation in moist environments. Soil moisture is measured using the
FC-28 sensor, which detects the electrical conductivity of the medium and allows the determination
of root-zone hydration levels. Light intensity is monitored using photoresistors or specialized light
flux sensors. Additionally, a carbon dioxide sensor (e.g., MH-Z19) can be integrated, which is essen-
tial for supporting photosynthesis. All these sensors are connected to the Arduino, which periodically
reads their values, digitizes the data, and prepares it for transmission to the cloud [5 - 8].

The next stage involves connecting actuators that actively regulate microclimate parameters.
These include water pumps for irrigation, fans for air circulation and cooling, heating elements to
maintain temperature during cold periods, and LED or fluorescent lamps to provide supplemental
lighting when natural light is insufficient. All actuators can be connected via relay modules, enabling
the Arduino to send low-voltage control signals while switching on and off devices powered by the
main electrical network. This setup establishes a complete operational cycle: sensors capture environ-
mental measurements, the controller analyzes the data, and the actuators adjust the cultivation conditi-
ons accordingly.

A key component of the system is the ESP8266 communication module, which provides connec-
tivity to a local Wi-Fi network and access to the Internet. The Arduino transmits data to the
ThingSpeak cloud service through this module. Data transfer occurs via HTTP requests, with each
parameter (such as temoerature, humidity, and light intensity) sentto the corresponding field of
a channel. ThingSpeak offers the user an interface for visualizing the collected data in the form of
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graphs, tables, or widgets. Additionally, the system stores historical data, enabling analysis of
parameter dynamics over time. A unique feature of ThingSpeak is the integration of MATLAB
analytics, which allows data processing, calculations, and forecasting directly in the cloud. This
capability opens the way for the development of intelligent algorithms that can predict changes in
temperature or humidity and perform proactive regulation [7]. The conceptual diagram of the smart
greenhouse control model based on Arduino and the ThingSpeak service is shown in fig. 1.
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Fig. 1. Conceptual diagram of the smart greenhouse control model based on Arduino and the ThingSpeak
service

The system operates on a cyclic polling algorithm of the sensors, making decisions based on pre-
defined threshold values. For instance, if the soil moisture falls below a certain threshold, the contro-
ller activates the irrigation pump until the moisture reaches the desired level. Similarly, when air tem-
perature exceeds a set limit, the system activates fans or opens ventilation vents, and in the case of a
temperature drop, it switches on heating elements. The operational logic can be implemented using
conditional statements or more advanced control regulators. The simplest approach is a two-position
control principle:

u(t) = {1, !f X(t) < Xmin
0, ifx(t) = Xpin
where u(t) — represents the control signal to the actuator; x(t) is the measured parameter; Xmin is the
threshold value [8].

However, a more effective approach is the proportional-integral control method. In this case, the
system not only responds to threshold exceedances but also considers the magnitude of deviation
from the setpoint. For temperature regulation, this can be described by the following formula:

u(t) = Ky (Tset—Tactual) + Kij(Tset_ actual)dt,
where Kjp, Ki are the controller coefficients; Tset is the desired temperature; Tactwal IS the current tempe-
rature. Thus, if the deviation is large, the system responds quickly and with high power; if the devia-
tion is small, the control signal decreases, preventing oscillations [2].

Storing data in the ThingSpeak cloud not only enables real-time monitoring but also facilitates
the development of analytical models. For example, soil moisture trends can be forecasted based on
historical measurements, allowing determination of an optimal irrigation schedule. Furthermore,
integration with a mobile application provides the user with a convenient interface to view graphs,
receive push notifications about critical deviations, and remotely control equipment. This ensures that
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even when physically distant from the greenhouse, the owner can monitor its condition and intervene
if necessary.

The mobile application is designed with simplicity and clarity in mind. Its primary functions inc-
lude visualization of sensor data, archiving of parameters, control of actuators, and receipt of alerts.
A web application offers similar functionality but is intended for use on a personal computer, allowing
for more advanced data analysis. Through cloud integration, all devices receive the same information,
providing a unified access point to the system.

A practical use case involves automatic irrigation control. If the FC-28 sensor indicates that soil
moisture falls below 30%, the Arduino sends a command to activate the pump. Simultaneously, the
data are transmitted to ThingSpeak, where they are stored and displayed in graphical form. The user
receives a notification about the irrigation activation via the mobile app and can manually adjust para-
meters if desired. This setup allows both automatic and manual operation modes.

Another scenario concerns temperature regulation. During winter, the greenhouse temperature
can drop rapidly. If the DHT22 sensor records a value below 18 °C, the system activates the heating
element. When the temperature rises above 25 °C, a fan is switched on or ventilation vents are opened.
The user can monitor current temperature values, heater and ventilation status, and set threshold va-
lues via the application [3].

Particular attention is given to the system’s energy efficiency. By employing sensors and auto-
mation, water and electricity consumption are reduced. For instance, drip irrigation is activated only
when soil moisture drops below the required level, preventing unnecessary waste. Automated lighting
control ensures that lamps operate only under insufficient natural illumination, thereby reducing elect-
ricity usage.

The system is easily scalable. To control multiple greenhouses, each can be equipped with its
own Arduino and sensor set, sending data to a shared cloud channel or to separate channels that are
consolidated in a single user interface. This enables the creation of a network of greenhouses opera-
ting under a unified monitoring system.

In summary, the proposed smart greenhouse model represents a comprehensive solution that
integrates hardware components, cloud technologies, and a user-friendly interface. It automates core
processes, reduces resource consumption, improves product quality, and provides a foundation for
the future implementation of intelligent predictive algorithms.

Conclusions

This article presents a model of a smart greenhouse based on an Arduino microcontroller, integ-
rated with the ThingSpeak cloud platform. The proposed system enables automated microclimate
control, optimizes the use of water and energy resources, and provides remote management through
mobile and web applications.

Future research will focus on implementing predictive algorithms based on machine learning,
integrating alternative energy sources, and expanding the functionality of the mobile application for
agricultural analytics.
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/. M. Kosanvuyk
MOJEJIb KEPYBAHHS CMAPT-TEIIVIMIEIO HA OCHOBI 3ACTOCYBAHHAA
TEXHOJIOI'II IHTEPHETY PEYEH

Ha cb0200Hi, Ko HacenenHs ceimy nocmitiHo 3pocmae, 0y0b-aKill Kpaini nompioHo eupiuly-
samu npoodiemy C80€4acH020 3a0e3neyeHHsl HACEeNeHHs 080YaMU Ma GPYKmMamu 8UCOKOI AKOCHI.
OonuM i3 KII0Y0BUX WLTIAXIE OOCACHEHHS YIEI Memu € pO36UMOK MENIUYHO20 20CN00APCMed, Ke 003-
80J1€ SUPOULYBAMU CLIbCOKO20CNOOAPCHKI KYIbMYPU HE3ANeHCHO IO Kuimamudnux ymos. Oonum i3
20JI06HUX (haKmopis echekmuenocmi menauysb € MouHe KepyeanHs Mikpoxiimamom. Tpaouyiini me-
Mmoou KOHmMpOJio hompebdyoms HOCMILHOI yuacmi T100UHU Ma CYNPOBOONCYIOMbCA 3HAYHUMU 8UN-
pamamu pecypcie.

Memoto cmammi € po3podaents mMooeni Kepy8aHHs CMapm-meniuyero Ha OCHO8I MexXHON02ii
Iumepnemy peueii i3 suxopucmaunam mikpokoumponepa Arduino, cencopie, Wi-Fi mooyna ESP8266
ma xmapuoi niamgpopmu ThingSpeak, saxa 0o36os€ 30iticHi08amu MOHIMOPUHE i OUCmanyiline Kepy-
BAHHS NApamempamu MiKpoOKIiMamy 3a 00NOMO2010 MOOILIbHO20 Ma 6e06-3ACMOCYHKIG.

Y emammi nasedeno ananiz cywacnux nioxodie 0o agmomamuzayii meniuyb ma 0OIPYHMOBAHO
ooyinvHicme suxopucmanusa apximexkmypu loT 0na ix moodepuizayii. 3anponoHosano cmpykmypHy
cxemy cucmemu, sIKA 8KII0UAE CEHCOPU Ol BUMIPIOBAHHS MeMNepamypu, 80J1020CMi, OCEIMAEeHOCI
ma pigusa COz, a maxoxc 8UKOHAGYI NPUCMPOI 0151 NOUBY, BEHMUNAYTT, HASPIBAHHA MA OCEIMIIEHH.
Tlokazano npunyunu inmezpayii cucmemu 3 xmapuum cepgicom ThingSpeak, wo 3ab6e3neuye 6izyani-
3ayito ma ananimuxy oanux. Pozensinymo anecopummu agmomamudno20 pe2yao8ants MiKpOKIiMamy
HA OCHOGI NOPO2OBUX 3HAUEHb I NPONOPYIUHO-IHMESPATLHO20 PE2YNI0OBAHH.

3anpononosana cucmema npusHayena OJisk ABMOMAMU3AYILT ICHYIOYUX MENTUYb 3 MONCIUBICIIO
Macwumabyeants, iHmezpayii 6 Mepescy ma 3acmocy8anHs areopummie npoeHo3yeants. ¥ nooans-
WUX OOCTIONCEHHAX NAAHYEMBCSA BNPOBAONCEHH MeMOOi8 MAUUHHO20 HABUAHHSA OJis1 OnNMmuMizayii
PedNCUMIB BUPOUWYBAHHS MA BUKOPUCMAHHS ATIbMEPHAMUBHUX 0Jicepell eHepaii 05l Ni08UUeHHsl eHep-
2oeghekmugHoCmi.

Kurouosi ciioBa: aBTomaTH3oBaHa cucTeMa kepyBaHHs; [HTepHeT peueil; Arduino; ThingSpeak;
CEHCOpU; XMapHi 00YHCIICHHS; PO3yMHA TETUTUIIS.
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