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Abstract: The increasing demand for food production and 

the need for sustainable farming practices have driven the 

integration of advanced technologies into agriculture. This 

paper presents the design and development of an IoT-based 

system aimed at monitoring and controlling key 

agricultural parameters to enhance crop productivity and 

resource efficiency. The proposed system employs various 

sensors to measure environmental and soil parameters 

such as temperature, humidity, soil moisture, and light 

intensity. These sensors are connected to a 

microcontroller-based unit, which transmits real-time data 

to a cloud platform via a wireless communication module. 

A user-friendly dashboard enables farmers to monitor field 

conditions remotely and receive alerts when parameters 

deviate from optimal ranges. Additionally, automated 

control mechanisms, such as irrigation and ventilation 

systems, are integrated to respond to sensor data and 

maintain ideal growing conditions. The implementation of 

this system demonstrates improved decision-making, 

reduced water usage, and enhanced crop health. This study 

highlights the potential of IoT in transforming 

conventional agriculture into a more intelligent, data-

driven practice, promoting efficiency, sustainability, and 

productivity. 

Index Terms—Agriculture Monitoring, Sensors, Software 

Design  

I. INTRODUCTION 

The agricultural sector faces increasing demands to 

enhance productivity and sustainability while 

optimizing the use of precious resources like water. 

Traditional farming methods often rely on manual 

monitoring and intervention, which can be labor-

intensive, inefficient, and prone to errors. This can 

lead to suboptimal crop growth, water wastage, and 

increased operational costs. The need for intelligent, 

automated solutions that provide real-time insights 

into environmental conditions and enable proactive 

management is therefore paramount in modern 

agriculture. Addressing these challenges requires 

innovative approaches that leverage technological 

advancements to bridge the gap between traditional 

practices and the demands of efficient, data-driven 

farming. 

II. SYSTEM ARCHITECTURE 

a) Hardware Components 

The system comprises several key hardware 

components, each fulfilling a specific role: 

ESP8266 Microcontroller: This serves as the brain of 

the operation. It is equipped with integrated Wi-Fi, 

allowing it to connect to a local network and 

subsequently to the internet. Its multiple General 

Purpose Input/Output (GPIO) pins are utilized to 

interface with the various sensors and the output 

actuator (water pump). 

DHT11 Sensor: This digital sensor is responsible for 

measuring ambient temperature and humidity. It 

communicates with the ESP8266 using a single-wire 

digital interface, providing readings that are crucial for 

understanding the microclimate affecting the plants. 

Capacitive Soil Moisture Sensor: This sensor 

measures the volumetric water content in the soil. 

Unlike resistive sensors, its capacitive nature makes it 

more resistant to corrosion and drift, ensuring more 

reliable and long-term performance. It typically 

outputs an analog voltage proportional to the soil 

moisture level, which is read by the ESP8266's 

Analog-to-Digital Converter (ADC) pin. 

BH1750 Light Intensity Sensor: This digital sensor 

measures ambient light intensity in lux. It 

communicates with the ESP8266 via the I2C (Inter-

Integrated Circuit) protocol, providing digital lux 
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values that can be used to assess the light conditions 

available for photosynthesis. 

16x2 LCD Display: This display provides real-time, 

on-site feedback of the monitored environmental 

parameters (temperature, humidity, soil moisture, and 

light intensity). It is typically connected to the 

ESP8266 via the I2C interface or directly through 

several GPIO pins, offering a convenient local status 

update. 

Water Pump: This is the actuator responsible for 

irrigating the plants. It is controlled by the ESP8266 

through a relay module. When the soil moisture drops 

below a predetermined threshold, the ESP8266 

activates the relay, switching on the water pump. 

Relay Module: This electronic switch acts as an 

intermediary between the low-voltage ESP8266 and 

the higher-voltage water pump. It allows the 

microcontroller to safely control the pump's operation. 

Power Supply: A stable power source (e.g., 5V or 12V 

adapter) is required to power the ESP8266, sensors, 

relay, and water pump. 

b)System Data Flow 

The data flow within the system follows a logical 

progression from sensing to user interface: 

Sensor Data Acquisition: The DHT11, capacitive soil 

moisture sensor, and BH1750 continuously measure 

environmental parameters. 

Microcontroller Interfacing: The ESP8266 reads data 

from these sensors. The DHT11 provides digital data, 

the BH1750 communicates via I2C, and the soil 

moisture sensor's analog output is converted to a 

digital value by the ESP8266's ADC. 

Local Display: The ESP8266 processes the sensor 

readings and sends them to the 16x2 LCD display for 

immediate local viewing. 

Irrigation Control Logic: The ESP8266 compares the 

soil moisture reading against a user-defined threshold. 

If the moisture is below the threshold, the ESP8266 

activates the relay connected to the water pump. 

Wi-Fi Connectivity: The ESP8266 connects to a Wi-

Fi network. 

Cloud Communication: Sensor data is transmitted 

wirelessly using protocols like HTTP POST or MQTT 

to the Blynk IoT cloud platform. 

Blynk Platform: The Blynk server receives, stores, and 

processes the incoming data. It also manages the user 

interface and sends commands back to the ESP8266 

based on user interactions. 

Mobile Application: The Blynk mobile application 

connects to the Blynk server, allowing users to 

visualize the real-time sensor data through custom 

widgets (e.g., gauges, graphs) and to manually control 

the water pump by sending commands through the 

app, which are then relayed to the ESP8266. 

III. Working Principle and Operation 

The integrated IoT-based agriculture monitoring 

system operates in a continuous, cyclical manner, 

driven by sensor inputs, programmed logic, and 

wireless communication. The ESP8266 

microcontroller serves as the central processing unit, 

coordinating all activities from data acquisition to 

remote visualization. 

Data Acquisition and Local Display: The system 

begins by continuously sampling environmental data 

from the connected sensors 

Temperature and Humidity: The DHT11 sensor 

periodically measures the ambient temperature and 

relative humidity. The ESP8266, using a dedicated 

library, initiates a reading sequence and interprets the 

digital output from the DHT11 to obtain these values. 

 

Light Intensity: The BH1750 sensor, connected via the 

I2C bus, is queried by the ESP8266. The sensor returns 

a digital value representing the ambient light intensity 

in lux, which is then processed by the microcontroller. 

Soil Moisture: The capacitive soil moisture sensor, 

providing an analog voltage output proportional to the 

water content in the soil, is read by the ESP8266's 

Analog-to-Digital Converter (ADC). This analog 

value is converted into a digital representation of the 

soil's moisture level. 

Simultaneously, these readings are formatted and sent 

to the 16x2 LCD display. The display is updated 

frequently, providing immediate, on-site feedback to 

users about the current environmental conditions. This 

local display serves as a crucial first layer of 
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information, allowing for quick status checks without 

needing to access a mobile device. 

Automated Irrigation Logic 

The core functionality of the system revolves around 

intelligent, automated irrigation, triggered by soil 

moisture levels. The ESP8266 firmware implements a 

threshold-based control mechanism: 

1.Threshold Comparison: The microcontroller 

constantly compares the real-time soil moisture 

reading against a pre-defined`soilMoistureThreshold` 

value. This threshold represents the minimum 

acceptable moisture level for optimal plant growth. 

2.Pump Activation: If the measured soil moisture 

drops below this threshold, the ESP8266 sends a signal 

to the connected relay module. The relay then closes 

its switch, completing a circuit that powers the water 

pump. 

3.Irrigation Period: The water pump remains active, 

supplying water to the plants, until the soil moisture 

sensor indicates that the moisture level has returned to 

or surpassed the predefined threshold. This ensures 

that plants receive water only when needed, 

preventing overwatering and conserving water 

resources. 

4.Hysteresis (Optional but Recommended): To 

prevent rapid on-off cycling of the pump (short-

cycling), a small hysteresis band can be implemented. 

This means the pump might turn off when moisture 

reaches, for example, 70% saturation, but only turn 

back on when it drops below 50%, creating a buffer 

zone. 

Remote Monitoring via Blynk IoT 

Beyond local display and automated control, the 

system excels in providing remote accessibility 

through the Blynk IoT platform. The ESP8266, 

leveraging its built-in Wi-Fi, continuously transmits 

the acquired sensor data to the Blynk cloud server. 

1.Data Transmission: Sensor readings (temperature, 

humidity, soil moisture, light intensity) are packaged 

and sent to specific virtual pins on the Blynk server 

using the Blynk library's `Blynk.virtualWrite()` 

function. 

2.Cloud Processing: The Blynk server receives this 

data and makes it available for visualization. 

3.Mobile Application Interface: The user's 

smartphone, running the Blynk application, connects 

to the Blynk server. Through this app, users can View 

Real-time Data: Widgets configured on the app (e.g., 

gauges, value displays, charts) reflect the live data 

streamed from the ESP8266, providing instant insights 

into the field conditions. 

Monitor Trends: History graphs allow users to track 

how environmental parameters have changed over 

time, aiding in pattern recognition and analysis. 

Remote Control: The Blynk app includes interactive 

elements, such as buttons. When a user activates a 

button linked to the water pump's virtual pin (e.g., 

`V5`), a command is sent from the app, through the 

Blynk server, to the ESP8266. The ESP8266 

firmware, upon receiving this command via the 

`BLYNK_WRITE(V5)` function, can then manually 

override the automatic irrigation logic to turn the water 

pump on or off. 

Notifications: The Blynk platform can be configured 

to send push notifications to the user's mobile device 

for critical events, such as exceptionally low soil 

moisture or system disconnections. 

This seamless integration allows users to monitor and 

manage their agricultural environment from anywhere 

with an internet connection, enhancing efficiency and 

responsiveness. 

IV. Experimental Setup and Testing 

To validate the functionality and performance of the 

IoT-based agriculture monitoring system, a 

comprehensive experimental setup and rigorous 

testing procedure were implemented. The setup was 

designed to simulate real-world agricultural conditions 

within a controlled environment, allowing for precise 

measurement and observation of system behavior. The 

testing phase focused on verifying the accuracy of 

individual components, the reliability of the automated 

irrigation system, and the overall connectivity and 

responsiveness of the system through the Blynk IoT 

platform. 

Physical Setup and Calibration 

The system was assembled using the hardware 

components detailed in Section 4. The ESP8266 

microcontroller, along with the DHT11, BH1750, and 

LCD display, were housed in a protective enclosure to 
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shield them from environmental factors. The 

capacitive soil moisture sensor and the water pump 

with its relay module were strategically placed within 

a designated test plot – a large pot containing soil 

representative of typical agricultural conditions. The 

placement was critical: 

Sensor Placement: The DHT11 and BH1750 sensors 

were positioned at plant canopy level to accurately 

measure ambient temperature, humidity, and light 

intensity. The capacitive soil moisture sensor was 

inserted directly into the soil at a depth representative 

of plant root zones. Multiple readings were taken 

across the pot to ensure representative soil moisture 

data. 

Water Pump Placement: The water pump was 

submerged in a water reservoir, and its outlet hose was 

directed to irrigate the test plot soil. 

Calibration: 

Soil Moisture Sensor: Initial calibration involved 

testing the sensor in dry soil and then in saturated soil 

to establish baseline readings. The analog output 

values were mapped to a qualitative scale (e.g., 'Dry', 

'Moist', 'Wet') or a percentage range. For more precise 

testing, known volumes of water were added, and the 

corresponding sensor output was recorded to refine the 

mapping. 

DHT11 and BH1750: While these sensors offer 

factory calibration, for comparison, readings were 

cross-referenced with a calibrated digital 

hygrometer/thermometer and a lux meter, 

respectively, under stable conditions to assess any 

significant deviation. 

Power Supply Arrangement: A stable 5V DC power 

adapter was used to power the ESP8266 development 

board. The ESP8266, in turn, supplied 3.3V or 5V to 

the sensors as required. The relay module was 

controlled by the ESP8266's 3.3V or 5V logic output, 

and it switched power from a separate 5V or 12V 

adapter (depending on the pump's requirement) to the 

water pump. This ensured that the ESP8266 was not 

overloaded by the pump's current draw. 

Testing Procedures and Validation 

A series of tests were conducted to evaluate each 

aspect of the system's functionality: 

Sensor Accuracy and Response Testing 

Temperature and Humidity (DHT11): The DHT11's 

readings were monitored over a period of several 

hours under varying ambient conditions. Its response 

to simulated changes (e.g., using a heat source or 

introducing moisture) was observed. Readings were 

compared against a reference calibrated instrument. 

Light Intensity (BH1750): The BH1750's lux readings 

were tested under different light sources (natural 

daylight, artificial light) and intensities. Its ability to 

detect subtle changes in light levels was evaluated. 

Soil Moisture Sensor: The capacitive soil moisture 

sensor's output was closely monitored as the soil 

moisture content was intentionally varied. This 

involved allowing the soil to dry out naturally and then 

adding water incrementally. The correlation between 

the sensor's analog output and the visual state of the 

soil (dry, damp, wet) was recorded. The consistency of 

readings for the same moisture level was also checked. 

Automated Irrigation Functionality Test 

This test specifically validated the core smart 

irrigation feature: 

Threshold Verification: The system was set with a 

specific soil moisture threshold (e.g., target 60% 

relative moisture). The soil was allowed to dry until 

the sensor reading dropped below this threshold. 

Pump Activation: The system's response was observed 

to confirm that the water pump activated automatically 

when the soil moisture fell below the set point. 

Watering Duration: The system was monitored to 

ensure the pump continued to operate until the soil 

moisture reached the desired level (or a slightly higher 

level, if hysteresis was implemented). 

Pump Deactivation: The successful deactivation of the 

water pump once the desired moisture level was 

achieved was confirmed. This cycle was repeated 

several times to ensure reliability. 

LCD Display Functionality Test 

The 16x2 LCD display was tested for clarity and 

accuracy: 

Data Display: It was verified that all sensor readings 

(temperature, humidity, soil moisture, light intensity) 

were displayed correctly and updated in near real-

time. 
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Readability: The contrast and brightness of the display 

were adjusted for optimal readability under typical 

lighting conditions. 

Character Accuracy: Special characters or units (e.g., 

'C', '%') were checked for correct display. 

Blynk App Connectivity and Responsiveness Test 

This phase evaluated the system's performance over 

the network: 

Wi-Fi Stability: The ESP8266's connection to the Wi-

Fi network and the Blynk server was monitored for 

stability over extended periods. Dropped connections 

or intermittent data transmission were noted. 

Data Synchronization: The time delay between sensor 

readings on the ESP8266 and their appearance on the 

Blynk app was measured. Updates to sensor values on 

the app were checked for near real-time 

synchronization. 

Remote Control Responsiveness: Commands sent 

from the Blynk app to control the water pump (manual 

ON/OFF) were tested. The time taken for the ESP8266 

to receive and act upon these commands was observed. 

The accuracy of the pump's response to app commands 

was confirmed. 

App Interface Usability: The overall user experience 

of the Blynk app interface was assessed for 

intuitiveness and ease of navigation. 

System Stability and Reliability Test 

To assess the system's long-term viability, it was 

operated continuously for an extended period (e.g., 48-

72 hours). During this time, all functionalities were 

monitored: 

Continuous Operation: The system's ability to 

maintain sensor readings, automated irrigation cycles, 

and Blynk connectivity without interruption or failure 

was observed. 

Error Logging: Any encountered errors, such as sensor 

read failures, Wi-Fi disconnections, or pump 

malfunctions, were logged. 

Resource Monitoring: While not explicitly 

implemented in this basic setup, awareness of 

potential ESP8266 resource limitations (memory, 

processing power) during prolonged operation was 

considered. 

The results from these tests provided crucial data for 

performance evaluation and identification of areas for 

potential improvement. 

V.  RESULTS AND DISCUSSION 

The experimental testing phase provided valuable data 

on the performance of the IoT-based agriculture 

monitoring system. The results indicate a high degree 

of success in achieving the project's objectives, with 

the system demonstrating reliable sensor readings, 

effective automated irrigation, and seamless remote 

monitoring capabilities. 

Sensor Performance Analysis 

The accuracy and responsiveness of each sensor were 

evaluated: 

Temperature and Humidity (DHT11): The DHT11 

sensor consistently provided readings within its 

specified accuracy range (±2°C for temperature, ±5% 

for humidity). Cross-referencing with a calibrated 

instrument showed minimal deviation, typically less 

than 1.5°C and 3% RH. The sensor responded 

promptly to environmental changes, accurately 

reflecting ambient conditions. 

Light Intensity (BH1750): The BH1750 sensor proved 

to be highly accurate and sensitive. It reliably captured 

variations in light intensity, from low ambient light 

levels to bright daylight. The lux readings correlated 

well with manual lux meter measurements, confirming 

its suitability for monitoring light availability for plant 

photosynthesis. 

Soil Moisture Sensor: The capacitive soil moisture 

sensor demonstrated stable and consistent readings. 

Calibration against dry and saturated soil conditions 

provided a clear baseline. Tests involving incremental 

watering showed a clear trend where the analog output 

decreased as soil moisture increased. The sensor's 

resistance to corrosion, compared to resistive types, 

suggests long-term reliability. 

The collected sensor data was visualized using graphs, 

demonstrating the temporal dynamics of these 

parameters. For instance, a graph might show a rise in 

temperature and light intensity during the day, a dip in 

soil moisture as it dries out, and subsequent restoration 

of moisture levels after irrigation. 

Automated Irrigation System Performance 

The automated irrigation system, triggered by soil 

moisture thresholds, performed effectively. During 

testing, the system reliably activated the water pump 

when the soil moisture readings dropped below the 
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pre-set threshold. Conversely, the pump was 

deactivated once the moisture level returned to the 

desired range. This demonstrated the system's ability 

to maintain optimal soil hydration, preventing both 

under-watering and over-watering. Metrics such as 

water savings were indirectly observed through the 

system's precise activation; manual irrigation in 

similar conditions would likely have resulted in more 

water usage due to less accurate timing. 

The consistency of soil moisture levels in the test plot 

was notably improved compared to manual watering 

schedules. The system's responsiveness to changing 

conditions ensured that plants received water precisely 

when needed. 

Blynk IoT Platform Integration and Responsiveness 

The integration with the Blynk IoT platform proved 

highly successful, providing an intuitive and efficient 

interface for remote monitoring and control. 

Data Visualization: Real-time sensor data, visualized 

through gauges and value displays on the mobile app, 

was accurate and updated promptly. History graphs 

allowed for easy tracking of environmental trends over 

time. 

Remote Control: The manual control of the water 

pump via the Blynk app was responsive, with 

commands executed by the ESP8266 within a few 

seconds. This confirmed the reliability of the wireless 

communication chain from the app to the device. 

Connectivity: The ESP8266 maintained a stable Wi-Fi 

connection throughout the testing period, ensuring 

continuous data transmission to the Blynk server. 

Challenges and Solutions 

Several challenges were encountered during 

implementation and testing: 

Soil Moisture Sensor Calibration: Initial readings from 

the capacitive soil moisture sensor were found to vary 

based on soil type and compaction. Solution: 

Performing site-specific calibration by testing the 

sensor in known dry and wet soil conditions within the 

target environment helped to establish accurate 

mapping of analog values to moisture levels. 

DHT11 Reading Consistency: The DHT11 sensor 

occasionally returned read errors, likely due to its 

timing-sensitive communication protocol. Solution: 

Implementing multiple read attempts with error 

checking within the firmware significantly improved 

the reliability of data acquisition from the DHT11. 

Power Management: Ensuring stable power delivery 

to all components, especially the ESP8266 and the 

water pump via the relay, required careful 

consideration of power supply capacity and voltage 

regulation. Solution: Using separate, adequate power 

supplies for the microcontroller/sensors and the water 

pump, with proper grounding, resolved power-related 

issues. 

Comparison with Project Objectives 

The results directly align with the project's objectives. 

The system successfully monitors key agricultural 

parameters (temperature, humidity, soil moisture, light 

intensity) using affordable hardware. Automated 

irrigation based on soil moisture was effectively 

implemented. Remote monitoring and control via the 

Blynk IoT platform were achieved, offering a practical 

user interface. The system demonstrates a cost-

effective approach to enhancing agricultural efficiency 

and resource management. 

VII. CONCLUSION 

This project successfully demonstrated the 

development and implementation of an IoT-based 

agriculture monitoring system utilizing the ESP8266 

microcontroller. The system effectively achieved its 

primary objectives: accurate real-time monitoring of 

critical environmental parameters including 

temperature, humidity, light intensity, and soil 

moisture. The integration of the DHT11, BH1750, and 

capacitive soil moisture sensors proved reliable, 

providing the necessary data for intelligent decision-

making. 

A key achievement was the implementation of an 

automated irrigation system. By triggering a water 

pump based on real-time soil moisture levels, the 

system demonstrated its capability to optimize water 

usage and ensure consistent plant hydration. 

Furthermore, the seamless integration with the Blynk 

IoT platform enabled remote monitoring and control, 

allowing users to access vital agricultural data and 

manage irrigation from a mobile application, thereby 

enhancing efficiency and accessibility. 

The system's modular design, cost-effective 

components, and user-friendly interface highlight its 

potential as a practical solution for modernizing 

agricultural practices. It addresses the need for precise 

resource management and improved crop monitoring, 

contributing to the broader field of smart agriculture. 

The successful integration of sensing, control, and 

communication technologies underscores the viability 
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and benefits of IoT applications in enhancing 

agricultural productivity and sustainability. 
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