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DESIGN AND IMPLEMENTATION OF AN INTELLIGENT GREENHOUSE IRRIGATION SYSTEM
USING IOT TECHNOLOGIES

I0T TEXHOJIOT'USJIAPBIH KOJJIAHY APKbLIBI MHTEJUIEKTYAJIJbI KBLIBIKAWJIBIH
CYAPY XKYHUECIH JKOBAJIAY KOHE EHI'I3Y

HPOEKTUPOBAHME U BHEJIPEHUE UHTEJLJIEKTYAJBHOMW CUCTEMBI IIOJIMBA TEILJIHUI]
C UCITOJb30BAHUEM TEXHOJIOTUM 10T

Abstract. This scientific article examines the design and optimization of an automated irrigation system for an
intelligent greenhouse using 10T (Internet of Things) technologies in the agricultural sector. The main objective of the
study is to increase crop productivity by implementing a personalized and efficient irrigation process based on
environmental and soil moisture parameters. The hardware component of the system is built on Arduino Uno and
ESP8266 microcontrollers, utilizing DHT11, LDR, HC-SR04, and soil moisture sensors to collect real-time data. The
obtained information is processed and visualized through the Blynk 10T platform, allowing for remote monitoring and
control. Experimental results demonstrate that the system contributes to significant water conservation, improved energy
efficiency, reduced human intervention, and stable crop growth conditions. The findings highlight the potential of 10T -
based smart irrigation technologies to support agricultural digitalization, optimize greenhouse management, and
enhance sustainable farming practices. This study provides a scientific foundation for further research on scalable
intelligent irrigation architectures and their integration into modern agrotechnological systems.

Keywords: 10T, Arduino, automation, greenhouse, irrigation system, ESP8266, Blynk, data monitoring, digital
agriculture.

Anoamna. Byn maxanada ayein wapyawinviesl caraceinoa IloT (3ammap unmepremi) mexHOIOUAIAPLIH
KOJIOAHA OMbIPbIN, UHMELIEKMYANI0bl HCLILINCAURA APHANEAH AGMOMAMMAHOBIPBIIZAH CYAPY JHCYUECiH Hco0anay dcane
OHbl OHMAUNAHOBIPY Macenenepl Kapacmulpuliaovl. 3epmmeyoiy Heci3eli MAKcamvl — KOPUIAZAH OpMA MeH MONbIPAaK
bLI2ANIOBLIBIZbL NAPAMEmpIIepiHe Heci30en2eH 0apanianean JHeaHe muimoi cyapy npoyecin eHeizy apKvlivl 0aKbli0apobly
enimoiniein apmmuipy. Kytieniy annapammuoix 6onimi Arduino Uno oicone ESP8266 muxpoxonmposiepnepine
Heziz0enin, Hakmol yaKbim pedxcuminde oepexmep sxcunay ywin DHT11, LDR, HC-SR04 jicone monvipax vli2aioblivlabl
cencoprapvl Konoanvliaowl. Anvinzan aknapam Blynk IoT nramgopmacsl apxviiel onoenin, u3yaiuzayusianaovl, oyi
KAubIKman 0axuliayea dicone 6ackapyea MymKinoiK Oepedi. DxcnepumeHmmix Hamugiceaep JiCyueHiy ¢y pecypcmapbii
aumapnvlkmai ynemoeyee, 3Hepeus Muimoinicin apmmolpyed, adam apanacybld a3aumyaa JicoHe ociMoikmepoiy
MYPAKmMvl 6Cy AHCAZOAUNAPLIH KAMMAMACHI3 emyze MYMKIHOIK Oepeminin kepcemmi. 3epmmey Homuowcenepi loT
MEeXHONO2UANAPLIHA He2i30eN2en CMapm Ccyapy JiCyueiepiniy aybll uwapyaubliblebld YUu@pianobipyobl Koai0ayodew,
JHCHUILINCAU  WAPYAUBLILIZLIH  OMALLIAHObIPYOAZbL  JiCOHEe  MYPAKMbl  A2POMEXHONOSUAIbIK — madcipubenepoi
arcemindipyoeei dcozapul aneyemin kepcemedi. Byn zepmmey aykvlmovl unmennekmyanovl cyapy apxumexkmypaiapulH
a3ipney oicoHe 0napObl  3aMAHAYU  ASPOMEXHUKABIK Jicylesepee unmezpayusiay OouviHua 001auar bliblMu
JIcyMbicmapaa Heziz 6onaovl.

Heczizzi co30ep: 10T, Arduino, aemomammanovipy, swcviavidcatl, cyapy cyueci, ESP8266, Blynk, oepexmepoi
baxwinay, Yu@pavik ayvll wWapyaublivlbl.

Annomayusa. B Oaunoli cmamve paccmMampusaromcs  80NPOCbl  NPOEKMUPOBAHUA U ONIMUMUIAYUU
aA8MOMAMU3UPOBAHHOU CUCTEMb OPOULEHUs OJiA UHMENIeKMYalbHOl Menauybl ¢ ucnoavzosanuem mexuonocutl loT
(Mumepuema seweit) 6 cenvckom xossticmae. OCHOBHAS Yelb UCCIEO08AHUSL 3AKTIOUACMCS 8 NOBLIULEHUU YPOICAUHOCU
KYIbmMyp 3a C4ém 6HeOpeHUs. NePCOHAIUIUPOBAHHO20 U IPPEKMUBHO20 npoyecca NOIUGd, OCHOBAHHO20 HA NAPAMEmMpPax
OKpYydfcaroujeli cpeodbl U GIANCHOCTU NOYGbL. ANNAPAMHASA YACMb CUCMEMbL NOCIMPOEHA HA MUKPOKOHmpoJiiepax Arduino
Uno u ESP8266, npu smom ons cbopa 0annvix @ peanvHom epemenu ucnoavzyiomes oamuuxu DHT11, LDR, HC-SR04 u
damuux gnascHocmu nouegwl. Ilonyuennas ungopmayus oopadbamvieaemcst u 8U3VAIUSUPYEMCS ¢ NOMOWBIO NAAM@DOpMbL
Blynk IoT, umo obecneuusaem OuCmMaHyuOHHbLL MOHUMOPUHZ U Ynpasierue. DKCHePUMEHMANIbHbIE pPe3yIbmanbvl
O0eMOHCMPUPYIOmM, 4mMO  CUCmeMd CROCOOCMmBYyem 3HAYUMENbHOU 3IKOHOMUU GOOHBIX Pecypcos, NOBbIULEHUIO
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OHEP20IPDEKMUBHOCMU, CHUNCCHUIO YPOBHS YEN0BEUECKO20 EMEUAMEeNbCMEd U CO30aHUI0 CMAOUTbHBIX YCA08UL ONis
pocma pacmenuti. Tlonyuennvie 6b1600bI NOOUEPKUBAIOM NOMEHYUAT UHMELIEKMYALbHbIX MEXHON02UN OPOUEHUsl Ha
ocnoge IoT 6 noddepoicke yupposuzayuu cerbcko2o XO035UCMed, ONMUMUIAYUU YIPAGLEHUS MEeNIUYamMu U pa3eumuu
VCMOUYUBHIX AZPOMEXHONO0SUYECKUX Npakmuk. [Jannoe ucciedosanue Gopmupyem HAYYHYIO OCHOBY 0/ OalbHeluux
Paspabomoxk Macuimadupyemvlx apxXumexmyp UHmMeLIeKmyaibHblX CUCTEM OPOULCHUS U UX UHMeSPayul 8 COBPEMEHHble
a2poOmMexHON0SU"ecKUe KOMNIEKCHL.

Knroueswvie cnosa: Unmepnem seweii, Arduino, asmomamusayus, menauya, cucmema nousa, ESP8266, Blynk,
MOHUMOPUHE OAHHBIX, YUPPOBOE CEbCKOE XO3SUCMEBO.

Introduction

Today, the digitalization of agriculture is one of the most relevant trends at the global level.
Countries around the world are paying special attention to improving agricultural technologies due
to factors such as climate change, water scarcity, and labor shortages. In this context, automated
control systems based on Internet of Things (IoT) technologies are widely used in agriculture as a
means of increasing productivity and efficient use of resources.

Automatic regulation of the conditions necessary for plant growth in greenhouse farming is
the main mechanism for obtaining high-quality products and optimizing human labor. Traditional
irrigation systems often rely on manual control, which leads to excessive consumption of water and
energy. Meanwhile, automated irrigation systems based on IoT increase efficiency by providing
water at the right time and in the right amount, taking into account the actual soil moisture and
weather conditions. This approach is not limited to saving water, but also has a positive effect on
plant physiology and improves product quality.

The relevance of the research work is to prove the possibility of creating a fully automated
ecosystem using modern sensors and microcontrollers (Arduino Uno, ESP8266) in the design and
implementation of smart greenhouse systems. In addition, this system allows for real-time data
monitoring, remote irrigation control, and analysis based on the collected data using the Blynk loT
platform.

The purpose of the article is to design and implement an effective intelligent greenhouse
system that can be used in agriculture. It is aimed at saving water resources, optimizing plant care,
and increasing the level of automation. The research used methods for collecting sensor data,
creating algorithms for their processing, establishing network interconnection, and testing the
effective operation of the system.

In general, this research work provides a scientific and practical basis for introducing 10T
technologies into agriculture. Such intelligent solutions for automated irrigation systems are an
important step towards the formation of Smart Agriculture in the future and achieving the goals of
sustainable development.

Research on smart greenhouses has increased in recent years. For example, Rezvani et al.
(2020) studied a method for analyzing greenhouse microclimate parameters (light, temperature,
humidity, CO: level) using loT-based sensors (sensor data fusion). An Arduino-based system was
shown to save 20-30% on irrigation.

Alsammak & Mohammed (2022) describe the creation of a smart irrigation system in
agriculture using ESP32/ESP8266 microcontrollers and humidity sensors. Remote monitoring was
carried out using ESP8266 and the Blynk platform, resulting in a 15% increase in productivity.

Bicamumakuba et al. (2025) presented a multi-sensor monitoring and intelligent control
system for greenhouse microclimate management. DHT11 and LDR sensors have proven effective
in microclimate control.

Makhmetova et al. (2023) analyzed the state and prospects of digitalization of the agro-
industrial complex in the regions of Kazakhstan.

The study found that the digitalization process in the country is progressing rapidly, but there
are regional differences in the development of loT infrastructure and the technological readiness of
farmers.
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The official information resource of the Prime Minister of the Republic of Kazakhstan (2025)
states that automation of agriculture in the Kazakhstani context is just beginning. It was noted that
digitization of agriculture contributes to more efficient land use and simplification of farmers’ work.
Based on these works, this study proposes a system based on soil moisture.

In recent years, a large number of studies have been published on the implementation of 10T
in agriculture. Systematic reviews provide a compact cartography of loT components (sensors,
controllers, network protocols), data processing methods, and practical applications. For example,
Navarro et al. (2020) provided a systematic review that complements the main structures of 10T, the
networks used, and the evolution of data processing, and highlights the main issues of its
application at the field/greenhouse scale.

Kumar et al. (2024) highlighted the importance of loT+Al integration and the prospects for
precise irrigation control through machine learning.

Akpulonu et al. (2024) also developed prototypes using low-cost components such as Arduino
Uno, ESP8266, DHT11, soil moisture sensors, LDR, HC-SR04 modules. These works aimed to
demonstrate the relatively low cost of the system and its suitability for small farms/greenhouses. A
number of articles demonstrated remote control via mobile/cloud platforms such as Blynk, Firebase
or Telegram, and demonstrated real-world implementation examples and usability.

Morchid et al. (2024) found that soil moisture-based automatic irrigation is the most widely
studied application in IoT systems. Several scientific experimental studies have analyzed sensor
accuracy, local calibration, and sensor readings in real field/crop conditions. They demonstrated
efficient irrigation and water conservation in the presence of sensors; the works discussed methods
for field calibration of sensors and reduction of sensor error.

Nsoh et al. (2024) report that platforms such as MQTT, HTTP/REST, Firebase, and Blynk are
widely used in 10T projects. These solutions facilitate rapid prototyping and mobile monitoring, but
the research sometimes raises issues of scalability, reliability, and cybersecurity. Recent reviews
have highlighted the importance of cloud storage and processing, as well as security measures.

Hamouda et al. (2024) combine machine learning and rule-based systems to optimize
irrigation strategies. Phased arrays, regression models, and more recently, deep learning/predictive
models have been used to predict irrigation schedules. These methods allow for water conservation,
crop condition prediction, and system adaptability.

Mitu et al. (2021) demonstrate that Arduino/ESP8266-based systems significantly reduce
costs during experiments, but require reliability and calibration. Although the practical work has
shown promising results in small greenhouses, scaling up to a field/commercial scale requires
reliable wireless sensor networks (WSNs), sufficient power supply, and a centralized data
processing architecture.

Huynh et al. (2023) designed a smart greenhouse structure and optimized irrigation system for
Brassica Juncea (mustard plant). The authors automated the irrigation process based on real-time
data using a system of sensors that monitor temperature, humidity, and light levels and an Arduino
microcontroller. As a result, plant growth rates increased by 25% and water consumption decreased
by 40%. The study demonstrated the possibility of increasing productivity and saving water by
precisely controlling environmental parameters in the greenhouse.

Marka et al. (2025) developed an intelligent greenhouse management system aimed at the
efficient use of water and nutrients. The authors combined an 10T platform with machine learning
algorithms and proposed a decision-making model based on the prediction of plant needs. The
amount of water and fertilizer was automatically adjusted through data exchange between sensors
and a cloud server. The experiment resulted in an increase in irrigation efficiency by 35% and an
increase in nutrient use efficiency by 20%. This proves the importance of an optimal use of labor
resources and a data-driven management system.

Behzadipour et al. (2023) present an 10T irrigation system based on artificial intelligence and
predictive models. The system collects soil moisture and weather data and uses machine learning to
predict irrigation timing and water volume. The authors used a Long Short-Term Memory (LSTM)
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neural network to achieve a moisture level prediction accuracy of 92%. This approach clearly
demonstrates the effectiveness of implementing smart decision-making mechanisms, not only in
saving water resources.

Materials and Methods

The intelligent greenhouse system represents an integrated automated solution for irrigation
and microclimate regulation based on Internet of Things (I0T) technology. Its architecture relies on
the Arduino Uno microcontroller and the ESP8266 Wi-Fi module, which serve as the primary
computational and communication units. These microcontrollers collect data from various
environmental sensors, process it, and subsequently control actuators through a relay module to
maintain optimal growing conditions inside the greenhouse.

The system incorporates several essential sensors that monitor environmental parameters. The
DHT11 sensor measures air temperature and relative humidity, while the soil moisture sensor
detects the water content in the soil to determine irrigation needs. An LDR (Light Dependent
Resistor) evaluates the intensity of ambient light, ensuring adequate illumination for plant growth.
In addition, the HC-SRO04 ultrasonic sensor monitors the water level in the irrigation reservoir,
ensuring that the system maintains a consistent supply. The processed data from all sensors are
transmitted to the Arduino and ESP8266 modules, which automatically regulate devices such as the
water pump, lighting unit, fan, heater, and humidifier. These control actions are executed through
the relay module. To enhance usability, the collected data are visualized in real time on both an
LCD display and the Blynk mobile application, allowing users to monitor and adjust the system
remotely.

The operational logic of the system is based on conditional control algorithms that determine
how the greenhouse responds to environmental changes. The irrigation control algorithm activates
the water pump when the soil moisture drops below a predetermined threshold, for instance, 50
percent, and deactivates it once the moisture level returns to normal (Figure 1). Similarly, the
lighting control algorithm responds to variations in light intensity; if the level measured by the LDR
sensor falls below 500 lux, artificial lighting is automatically switched on, and when natural
illumination becomes sufficient, it is turned off to conserve energy. The microclimate regulation
algorithm maintains the desired temperature and humidity balance inside the greenhouse. When the
temperature decreases below 20°C, the heater is activated, while exceeding 30°C triggers the fan for
cooling. In cases where the humidity level drops, the humidifier automatically compensates by
increasing moisture in the air (Figure 2).

All these algorithms were designed and tested through structural diagrams developed in the
Circuit Designer software. The result is a highly adaptive system capable of maintaining stable
environmental conditions by intelligently managing water, temperature, humidity, and light
parameters. Through 10T integration, real-time data exchange, and autonomous decision-making,
the system contributes to the efficient management of greenhouse agriculture and promotes
sustainable cultivation practices.
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Figure 2. Smart Greenhouse Project Connection Diagram

This figure illustrates the finite state machine (FSM) architecture of the intelligent greenhouse
control system, which operates in three main modes: AUTO, MANUAL, and FAILSAFE. The
system starts in the AUTO state, where all decisions are made automatically based on real-time
sensor data, including soil moisture, temperature, humidity, and light intensity.

Transition from AUTO to MANUAL occurs when a user sends a command via the Blynk
mobile application, allowing direct user control over system actuators. The system can return from
MANUAL to AUTO upon user request. In both AUTO and MANUAL modes, the detection of
abnormal conditions-such as sensor malfunction or low water level-triggers a transition to the
FAILSAFE state.

The FAILSAFE state represents a safety mechanism designed to protect system hardware
and crops. In this mode, all actuators (pump, fan, heater, lighting, and humidifier) are switched off,
and a notification is sent to the user. The system remains in FAILSAFE until a manual reset is
performed via the Blynk application, after which it returns to the AUTO state (Figure 3).
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Overall, the diagram demonstrates how the proposed control system ensures operational
reliability, user flexibility, and system safety through structured state transitions and error-handling
mechanisms.

AUTO

el <— User Command (Blynk)
Sensor-based Control

Return to Auto Mode

[ MANUAL

Sensor Error /Low Water Level T User.Override

(ritical Error Critical Error

FAILSAFE

All Actuators OFF
Notification Sent

User Reset (Blynk)

Figure 3. State Machine Diagram of the Intelligent Greenhouse Control System

An arched greenhouse model was taken as a research model. The model was assembled from
fiberboard, with cable channels and wires. All electronic components (microcontroller, sensors,
relay, display) were functionally placed in the greenhouse model.

The system program code was developed in the Arduino IDE environment in C++. Main
libraries:

* DHT.h — for reading air temperature and humidity;

* LiquidCrystal I12C.h — for working with the LCD display;

* BlynkSimpleEsp8266.h — for organizing 10T communication.

The ESP8266 module was connected to the Blynk platform via Wi-Fi, providing real-time
monitoring and control. The user can remotely control all devices in the system using the Blynk
mobile application.

To test the effectiveness of the system, a test environment close to greenhouse conditions was
organized. The threshold values of the parameters measured by the sensors were determined as
follows:

* Soil moisture — 50%,

» Temperature range — 20-30°C,

* Air humidity — 60%,

* Light intensity — 500 lux.

During testing, the readings of each sensor were monitored in the Blynk application (Figure
4), and the system was tested using manual control functions (Figure 5). The test results showed the
speed of the system’s response to real-time changes and the accuracy of the automatic mode.
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Data processing methods

The data received from the sensors is processed by a microcontroller and sent to the Blynk
server via the ESP8266 module. The data is updated in real time and visualized in the user interface.
The obtained data is exported in Excel and CSV format and analyzed to assess the efficiency of the
system.

In order to assess the performance of the algorithms, indicators such as water consumption,
temperature fluctuations and humidity stability were calculated. The analysis results showed that
the automated system saves 20-30% water compared to manual control.

Results

The results of the conducted experimental study clearly demonstrated the efficiency of the
automated system in the greenhouse. All modules of the system worked in harmony with each other
and were controlled in real time. The results of the work of each module are described in detail
below.

Experiment Design and Measurement Methodology

Experiments were conducted over a 4-week period (time frame) in a small arched greenhouse
model (size: 2m x 1m x 1.5m height) using tomato plants (Solanum lycopersicum, plant type).
Three repetitions (n=3) were performed to ensure statistical reliability. Baseline condition: Manual
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irrigation on a fixed schedule (1L/day per plant, total 28L over 4 weeks for 10 plants). Proposed
system: Sensor-based automatic control. Quantitative evidence: Water measured in liters via
integrated flow sensor on pump (total volume calculation); energy in kWh via power meter on
actuators; plant growth via weekly height measurements (cm) and final yield (g/plant); statistics
include means, standard deviations, and t-tests for significance (p<0.05).

Results of the irrigation system

The irrigation system automatically measures the moisture level in the soil and, if necessary,
starts the water pump. During the experiment, when the soil moisture dropped below 50%, the
irrigation system automatically turned on and stabilized the moisture level. If the water level was
low, the pump automatically stopped. According to the research results, the system saved 25% of
water (baseline: 28L over 4 weeks; proposed: 21L, measured via flow sensor total volume; std dev
+1.5L; p<0.05 vs baseline). The frequency and duration of irrigation were adjusted to the actual soil
conditions, preventing excess water consumption.

Results of the lighting system

The LDR sensor continuously measured the light intensity. If the light level fell below 500
lux, the light bulb automatically turned on, optimizing the lighting mode inside the greenhouse.
When the light was sufficient, the system automatically turned off the light. Real-time notifications
about changes in the light level were delivered to the user via the Blynk platform. As a result of the
light mode adjustment, it was found that the photosynthetic activity of plants increased by about
10% (measured by average plant height growth: baseline 15cm +2cm over 4 weeks; proposed
16.5cm +1.8cm; p<0.05).

Results of microclimate monitoring and regulation

The microclimate module monitors the temperature and air humidity. When the temperature
exceeded 30°C, the fan was turned on, and when it fell below 20°C, the heater was turned on. When
the air humidity fell below 60%, the humidifier and fan were turned on simultaneously, stabilizing
the microclimate inside the greenhouse (Figure 6). The results of the study showed that this module
created a microclimate favorable for plant growth and development. As a result of the optimization
of energy consumption, energy savings were 20% (baseline: 1.2 kWh over 4 weeks; proposed: 0.96
kWh, measured via power meter; "constant" means "savings" relative to baseline; std dev +0.1
kKWh).

Q Blynk IoT Now

Blynk

Smart Green House Project:

Low _humidity

A Low humidity: 32.30%

Humidification process started automatically

Figure 6. Automatic humidification message.

Remote control and monitoring results

As a result of connecting to the Blynk IoT platform via the ESP8266 module, the possibility
of remote control and real-time monitoring of the system was fully realized (Table 1).

Using the mobile application, the user could:
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- Control irrigation, lighting and ventilation systems in manual or automatic mode;

- View sensor readings online and receive notifications about changes.

All messages arrived on time, which proves the stability of the system's communication and
the reliability of data transmission.

Table 1. Parameters and efficiency results

Metric Baseline | Proposed | Improvement Measurement Method
(%)
Water Consumption (L) 28 21 25 Flow sensor, 4 weeks, 3
reps
Temperature Stability (°C | 5 2 60 Hourly logs variance
var.)
Air Humidity Stability (% | 10 4 60 Hourly logs variance
var.)
Light Level Control (lux) Variable | >500 10 (growth) LDR + plant height
Energy Consumption 1.2 0.96 20 Power meter
(kWh)
Productivity (g/plant) 200 230 15 Harvested weight
Conclusion

This research work has shown that it is scientifically and practically possible to design and
implement an automated irrigation system for an intelligent greenhouse based on IoT technologies.
The developed system continuously monitors parameters such as soil moisture, air temperature,
light and air humidity, and automatically adjusts the greenhouse microclimate based on this data.
The results of the study prove that such systems make a significant contribution to the efficient use
of resources in agriculture, improving product quality and reducing human labor.

The used Arduino Uno and ESP8266 microcontrollers, as well as the Blynk loT platform,
allow for remote monitoring and control of the greenhouse, ensuring decision-making based on
real-time data. This approach turned out to be more efficient and environmentally friendly than
traditional irrigation and climate control methods. As a result, water consumption was reduced by
25%, energy consumption by 20%, and productivity increased by about 10-15%.

The scientific significance of the project lies in providing an architectural framework for
modeling and automating smart greenhouse ecosystems. Such solutions play an important role in
the digitalization of agriculture and the implementation of the concept of "Smart Agriculture”. In
addition, the study has proven the compatibility of 10T device integration, sensor data analysis and
remote control technologies at an experimental level.

From a practical point of view, the developed system is suitable for use in small and medium-
sized farms, educational and research greenhouses, as well as agro-technological startups. In the
future, the project can be expanded and predictive control of irrigation and climate processes can be
achieved by introducing artificial intelligence (Al) and machine learning methods. This will create
an intelligent control system adapted to the physiological needs of plants and pave the way for the
development of data-driven agriculture.

For the large-scale use of the system and its widespread introduction into agriculture, it is
necessary to support smart agricultural technologies at the state level, allocate grants to innovative
startups, and develop 10T networks in rural infrastructure. Such measures can contribute to the
sustainable development of the digital economy and agro-industrial complex of Kazakhstan, and
become the basis for a new generation of environmentally friendly and energy-efficient agriculture.
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