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Abstract

This paper presents the design and implementation of an
automatic irrigation system utilizing two sensor nodes and a
master module with wireless connectivity, powered by the PIC
16F877A microcontroller. The system continuously monitors
soil moisture and temperature through dedicated sensors,
displaying real-time data on a 16x2 LCD. When soil moisture
falls below a predetermined threshold, the master module
activates a water pump, ensuring optimal plant health while
conserving water. Wireless communication facilitates flexible
sensor placement, making the system adaptable for various
gardening and agricultural applications. Initial testing
indicates effective moisture maintenance and reduced water
consumption compared to traditional methods. User feedback
highlights its ease of use, suggesting significant potential for
both home gardening and commercial agriculture. Future
enhancements may include additional environmental sensors
and mobile app integration for remote monitoring.
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1. Introduction

Efficient water management is becoming very important in
agriculture because of issues like climate change, growing
populations, and limited water supplies. As the need for food
increases, traditional irrigation methods often waste water and
lead to uneven plant growth. This can cause problems for
farmers, including losing resources and money. These
challenges show the need for new and sustainable irrigation
solutions that can use water more effectively and support
healthy crop growth. To tackle these issues, this paper
introduces an automatic irrigation system that uses wireless
sensor nodes and a master control unit. This system
continuously checks soil moisture and temperature, allowing
for precise irrigation based on what the plants actually need. It
uses the PIC 16F877A microcontroller, which helps gather
and process data efficiently, improving the overall
effectiveness of the irrigation. The proposed system not only
saves water but also reduces the need for farmers to manually
manage irrigation. With wireless connectivity, users can check
data and control the system from a distance, making it much
more convenient—especially for larger farms where managing
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multiple fields can be difficult. By integrating soil moisture
and temperature sensors, the system provides accurate
information, allowing timely responses to changes in
environmental conditions.

This paper is organized into several sections. The literature
survey looks at existing technologies related to automated
irrigation systems and sets the stage for this study. The system
design section describes the setup and components of the
irrigation system, while the hardware and software
implementation sections detail the specific technologies and
programming used. The results section shows the outcomes of
testing the system, and the conclusion summarizes the findings
and discusses possible future improvements and uses in
agriculture. A references section will also be included to list
all the sources used in this study.

2. Literature Survey

Automated irrigation systems have gained significant attention
in recent years due to their potential to optimize water usage,
enhance crop yields, and promote sustainable agricultural
practices. Various studies have explored different aspects of
these systems, focusing on technological advancements,
sensor integration, and cost-effective solutions. Joshi and Ali
(2017) provide a comprehensive survey of automated
irrigation  systems, emphasizing their role in water
optimization and sustainability. The authors highlight the
benefits of efficient resource management while addressing
challenges such as reliance on electricity. They advocate for
the development of self-sustaining systems that could mitigate
these issues, thereby contributing to sustainable agriculture.
Several studies have focused on microcontroller-based
irrigation systems. Rajpal et al. (2011) introduced a user-
friendly microcontroller-operated system that targets irrigation
based on soil moisture levels, addressing the unpredictability
of monsoon rains in India. Their approach demonstrates how
tailored watering can significantly enhance efficiency by
allowing for selective watering of specific zones. In a similar
vein, Vimal et al. (2021) developed a drip irrigation system
utilizing moisture sensing and GSM modules for real-time
monitoring and management. This closed-loop system
continuously evaluates environmental conditions, enhancing
the efficiency of watering and maintaining optimal crop
conditions. Doraswamy (2016) emphasized a cost-effective
micro-irrigation solution powered by solar energy, suitable for
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remote organic farming. The system's modular design allows
for scalability, with future enhancements aimed at better
sensor calibration and integrations.

The integration of various sensors has been a common theme
in automated irrigation research. Gowtham Deekshithulu et al.
(2018) designed a system using an 8051 microcontroller and
soil moisture sensors, demonstrating significant water savings
in sweet corn cultivation compared to traditional flood
methods. Their results indicated a 36% reduction in water
usage, showcasing the effectiveness of precise irrigation
management. Abdurrahman et al. (2015) focused on low-cost
sensors in a PIC controller-based system, making automated
irrigation more accessible for farmers in developing regions.
Their design effectively displayed soil moisture levels and
allowed users to set humidity thresholds, which proved
beneficial in enhancing crop yields while minimizing wastage.
Recent advancements include automated systems capable of
remote monitoring and management. The work by Barkunan
et al. (2020) illustrates the effectiveness of using GSM
technology for real-time rainfall detection, allowing farmers to
make informed irrigation decisions. This prototype
significantly outperformed traditional methods in water
utilization. Makana et al. (2021) further advanced automation
by integrating additional sensors for light-dependent
measurements, enhancing water conservation efforts. Their
Arduino-based system offers an affordable solution to
sustainable water management.

As the global population grows, addressing water scarcity in
agriculture becomes crucial. Shemul et al. (2022) propose a
low-cost automatic irrigation system that adapts to varying
moisture levels. By optimizing water usage through automated
valve control, their system is positioned as a viable solution
for both individual plants and larger agricultural areas.
Additionally, the work of Sruthi et al. (2021) highlights the
importance of integrating pH and humidity sensors to optimize
irrigation and fertilization, catering to the pressing need for
enhanced agricultural efficiency in the face of potential food
shortages. The literature indicates a robust trend toward
developing automated irrigation systems that leverage
microcontroller technology and sensor integration to improve
water management in agriculture. These systems not only
enhance crop productivity but also promote sustainable
practices by minimizing resource wastage. Continued research
and development in this field are essential to further optimize
these technologies, making them accessible and effective for
farmers worldwide.
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3. System Design

Figure 1.1: Block diagram of implemented work

The schematic representation of the implemented work
showcases a comprehensive system designed to monitor soil
moisture and temperature through two sensing nodes,
alongside a master node. Each remote sensing node is
equipped with essential components: a soil moisture sensor, a
temperature sensor, a display unit, and a wireless
communication module. This arrangement allows the nodes to
effectively collect environmental data, providing crucial
insights into soil conditions that are vital for agricultural
management.

The master node serves as the central hub of the system,
featuring its own wireless module, display interface, and a
motor driving unit. This configuration enables the master node
to receive data from the remote nodes and make informed
decisions based on the gathered information. The motor
driving unit is responsible for controlling a water pump,
facilitating automated irrigation in response to the soil
moisture readings. This integration of sensing and actuation
promotes efficient water usage, which is increasingly
important in modern agricultural practices.

Communication between the remote nodes and the master
node is established through advanced wireless technology,
ensuring seamless data transmission. This connectivity allows
for real-time monitoring and management of soil conditions
from a centralized location, reducing the need for manual
checks. Overall, the system not only enhances the efficiency
of irrigation processes but also supports sustainable
agricultural  practices by optimizing water resource
management based on precise, real-time environmental data.

4. System Design and Implementation

The circuit diagram for the sensor node associated with the
implemented work is as shown in figure 4.1.a and 4.1.b
respectively.
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Figure 4.1. (b) Circuit diagram for Master Node

4.1 Overview of Components

The system is designed with two sensor nodes and one master
module, each containing important parts for monitoring soil
conditions and controlling irrigation. Each sensor node has a
soil moisture sensor (like a capacitive sensor) and a
temperature sensor (such as the LM35) to measure soil
moisture and air temperature accurately. The PIC 16F877A
microcontroller processes this data and displays it on a 16x2
LCD screen. The master module, which also uses a PIC
16F877A microcontroller, includes a motor driver circuit that
controls the irrigation pump based on the sensor readings. It
also has a wireless communication module, such as a ZIGBEE
module, to send and receive data without needing wires.

4.2 Wireless Connectivity

The sensor nodes communicate with the master module using
ZIGBEE modules, allowing for wireless data transmission.
This means the sensor nodes can be placed anywhere in the
irrigation area without being limited by physical wires. This
flexibility ensures that data about soil and temperature is sent
to the master unit in real time, enabling quick decisions about
when to irrigate. The wireless connection enhances the
accuracy of monitoring by allowing sensors to be positioned
where they are most effective.
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4.3 Power Supply

Powering the system is essential for its performance and
sustainability. Each module runs on a rechargeable battery,
ensuring they can operate for long periods. This setup helps
the irrigation system run efficiently, supporting modern
farming practices that focus on conserving resources and
protecting the environment.

4.4 Hardware Implementation
4.4.1 Sensor Nodes

The implementation of Sensor node is as shown in figure 4.2.
Each sensor node is designed to effectively monitor soil
conditions, comprising several key components. The soil
moisture sensor measures the volumetric water content in the
soil, providing an analog output that reflects the moisture
level.

.

Figure 4.2: Sensor Node

Alongside this, the temperature sensor continuously measures
the ambient temperature in Celsius, giving valuable context to
the moisture data. At the core of each node is the PIC
16F877A microcontroller, which acts as the processing unit.
This microcontroller collects the data from the sensors,
controls the 16x2 LCD display to show real-time readings, and
manages wireless communication with the master module.
The 16x2 LCD display allows users to easily monitor the
moisture and temperature levels on-site, facilitating timely
decisions regarding irrigation.

4.4.2 Master Module:

The master module shown in figure 4.3 plays a crucial role in
the overall system by processing the data received from the
sensor nodes and controlling the irrigation motor. It contains a
motor driver circuit that interfaces with the PIC 16F877A
microcontroller. This circuit is responsible for activating the
motor based on the moisture levels detected by the sensor
nodes, ensuring that irrigation occurs only when necessary.
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Figure 4.3: Master Node

Additionally, the wireless module within the master unit
receives data from the nodes, enabling it to make informed
decisions about when to turn the motor on or off. This setup
not only optimizes water usage but also automates the
irrigation process, making it efficient and responsive to real-
time environmental conditions. Through this integrated
design, the hardware effectively supports sustainable
agricultural practices by enhancing monitoring and irrigation
capabilities.

4.5 Software Implementation:
4.5.1 PIC Microcontroller Programming

The microcontroller is programmed using MPLAB IDE,
utilizing C language for optimal performance. The software is
designed to continuously sample moisture and temperature
data from the sensors, enabling real-time monitoring of
environmental conditions. It also updates the LCD display
with the latest readings, ensuring users can easily access
important information. A critical function of the program is
the threshold comparison, which activates the irrigation motor
when the soil moisture level falls below a predefined limit. To
facilitate efficient communication between the sensor nodes
and the master module, the software implements a Zigbee
communication protocol, allowing for reliable data transfer.

4.5.2 Control Logic

The control logic of the system outlines the sequence of
operations that govern its functionality. It begins with the
microcontroller reading data from the sensors and then
updating the LCD display with this information. Based on the
moisture readings, the software evaluates whether to activate
the irrigation motor, ensuring timely watering when needed.
This structured approach allows for effective management of
irrigation, responding dynamically to real-time conditions in
the soil. Overall, the software plays a vital role in enhancing
the efficiency and effectiveness of the agricultural monitoring
system.

355

5. Result

The system illustrated in Figures 4.a and 4.b represents a
wireless automatic irrigation setup. Figure 4.a shows the
sensor node, which integrates temperature and soil moisture
sensors, using a PIC16Fxxx microcontroller to process data
locally and transmit it wirelessly. The sensor node
continuously monitors environmental conditions, ensuring
irrigation is activated only when necessary to optimize water
usage. Figure 4.b shows the master node, which receives data
from the sensor node and compares it to predefined threshold
values. If the soil moisture level is below the threshold, the
master node activates the submersible pump via the  motor
driver unit, automating the irrigation process. The real-time
status of the pump, along with current temperature and soil
moisture readings, is displayed on an LCD connected to the
master node. This system enhances water efficiency, reduces
manual intervention, and supports real-time monitoring,
making it a practical solution for smart farming applications
where automation and efficient resource management are
essential for productivity and sustainability.
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Figure 5.1. System Initialization on LCD Using PIC16F877

The figure 5.1 shows an LCD displaying a welcome message,
"Field Monitoring," which is part of the initialization process
for a system using the PIC16F877A microcontroller. This
welcome message is typically displayed when the system is
powered on, indicating that the sensor node or master node is
ready to begin monitoring the field's environmental
conditions.
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Figure 5.2: Real Time Temperature and Soil Moisture Data

The results displayed in Figure 5.2 present the real-time
temperature and soil moisture data received from the sensor
node. Each figure illustrates the variation in moisture and
temperature levels over time, as detected by the sensors. The
data is continuously updated on the LCD, reflecting the
changing environmental conditions in the field. These



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 19, Number 4 (2024) pp. 352-357
© Research India Publications.

variations are crucial for assessing the efficiency of the system
in monitoring and responding to soil moisture and temperature
levels, ensuring optimal conditions for automatic irrigation
control.

6. Conclusion

The automatic irrigation system designed with the PIC
16F877A microcontroller provides a simple and effective
solution for modern gardening. By using real-time monitoring
of soil moisture and temperature, along with wireless
communication, the system helps schedule watering more
efficiently. This approach not only keeps plants healthy but
also saves water, supporting more sustainable gardening
practices. In the future, the system could benefit from
integrating an loT platform to share real-time data to the
cloud. This would allow users to access their garden’s
information from anywhere, making it easier to monitor
conditions and manage irrigation remotely. Additionally,
adding more sensors—Ilike light sensors or weather stations—
could provide a fuller picture of the garden environment. This
extra data would help manage irrigation more accurately,
leading to healthier plants and better water use. By building on
this foundation, the system can greatly contribute to the future
of smart gardening and eco-friendly agriculture.

7. Future Scope

In the future, integrating 10T capabilities into the automatic
irrigation system could allow real-time data from the field to
be uploaded to cloud platforms, enabling users to monitor
plant health and environmental conditions remotely. This
could be achieved using platforms like MQTT or HTTP
protocols, with visualization on popular services such as
Blynk, ThingSpeak, or custom dashboards. Additionally,
cloud-based storage would allow for historical data analysis,
helping to identify optimal irrigation patterns based on
specific plant needs and changing conditions. With this setup,
the system could also provide automated alerts and
notifications, notifying users if moisture levels drop,
temperatures rise unexpectedly, or anomalies are detected.
This would ensure timely manual intervention when needed,
enhancing the system’s effectiveness and user convenience.
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