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Abstract

Irrigation consumes most of the agricultural water, and it is the process of supplying land with water. Traditional
methods, such as manual pumps and irrigation channels, relied on inaccurate techniques for estimating crop needs of
water, leading to problems such as over-irrigation and the resulting waste of water, leaching of nutrients, loss of soil
fertility, and degradation of its quality. With the increasing demands for food and water scarcity, there is a need to find
solutions to rationalize water consumption in agriculture and enhance irrigation efficiency. This research aims to
design and implement an automated irrigation system in two fields (A and B) and control it remotely, ensuring
effective management of water resources in agriculture. The system uses a set of sensors to measure various
environmental factors such as soil moisture, temperature, light intensity, and water level in the irrigation tank. The
data is collected from the sensors is wirelessly transmitted via two communication units (nRF24L01-E) to the main
control unit (Arduino UNO), which processes it to determine the amount of water needed for each field. A graphical
user interface is designed using LabVIEW to display the data visually, allowing farmers to monitor the system's
performance and make appropriate decisions. Consequently, water pumps are remotely controlled to provide the
appropriate amount of water at the right time and maintain the required water level in the irrigation tank. The system
demonstrated its ability to improve water use efficiency that would increase crop productivity, and reduce the
negative effects of traditional irrigation.
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1. Introduction

The agricultural sector faces many challenges due to population growth, climate change, and water scarcity.
Water scarcity and the deterioration of crop quality are the most significant challenges. A report from the
Food and Agriculture Organization of the United Nations (FAO, 2011) indicates that water scarcity poses a
major threat to global food security, especially in arid and semi-arid regions. Traditional agriculture heavily
relies on inefficient traditional irrigation methods, leading to significant water waste and negative impacts
on soil fertility. A study conducted in 2016 confirms that the use of modern irrigation systems can reduce
water consumption by 73% compared to traditional irrigation (Jha et al., 2016). Additionally, itis difficult for
a farmer who owns vast areas of land to monitor and care for them personally, especially since these
processes are currently done entirely manually (Ren et al., 2019).

To overcome these challenges, the need to adopt modern agricultural technologies has emerged,
foremost among them being automated irrigation systems. These systems contribute to rationalizing water
consumption and improving its efficiency, leading to increased agricultural productivity and improved crop
quality. Several systems have been developed in this context, some of which rely on controlling irrigation
rates based on soil moisture levels as in (Aswale et al., 2016; and Zhu et al,, 2022), and others that use
Internet of Things technologies to monitor agricultural fields remotely (Kushwaha & Beniwal, 2017; and

Chethan et al,, 2018; and Silalahi et al., 2021).
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This research aims to design and implement an automated irrigation system in two fields (A, B)

that is low-cost and easy to use, contributing to solving the problem of water scarcity and improving crop
quality.
2. Proposed System Framework and Structure

The proposed automated irrigation system relies on an Arduino control unit and a set of sensors that
monitor environmental factors affecting plant growth. This system allows for precise water delivery
according to crop needs, contributing to improved plant growth and reduced water waste. The system
consists of a field unit: which includes an Arduino Uno 1 board and a variety of sensors that measure soil
moisture to determine the water content in the soil, distance to know the water level in the tank, and other
environmental factors, along with a wireless communication unit (NRF24L01-E). The central unit: contains
an Arduino Uno board 2, LabVIEW software, and a computer. The field unit collects data from the field and
wirelessly sends it to the central unit, which analyzes it and determines the optimal amount of water needed
for each agricultural field. Based on these decisions, the central unit sends on and off commands to the
pumps in the field unit to accurately distribute water to the crops. The system features an easy-to-use
interface built on LabVIEW software, allowing farmers to monitor and control the system remotely and easily

adjust its settings.
3. Block Diagram

The block diagram of the proposed irrigation system, as shown in Figure (1), displays the main physical
components of the system, including sensors, pumps, control units, and communication units. It also shows
how the system components interact together to achieve effective irrigation management. Through this
diagram, farmers can visualize how the system works and how they can benefit from its features, such as

remote control and reduced water waste.
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Figure 1. A Block diagram for the proposed irrigation system
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Based on this design, the system was implemented practically as shown in Figure (2), where all the

physical components were assembled and connected to function as an integrated unit.

Figure 2. The implemented irrigation system
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In addition, a user-friendly interface was designed using LabVIEW, allowing the user to easily
monitor and customize the proposed system (adjust threshold values and change operating modes) as
shown in Figure (3), where the interface displays live data from the sensors used and provides advanced

features such as pump speed control and continuous remote monitoring of the system's status.
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Figure 3. Main user interface

After designing this interactive interface: the user can easily monitor and customize the system
remotely., The system begins by setting threshold values for the sensors and the operating state shown in
Figure 4. Arduino 1, which is the field unit, reads the sensor data and sends it wirelessly to Arduino 2, which
in turn sends this data to the computer running the LabVIEW program. LabVIEW checks the system status
and determines whether the control is manual or automatic. If the operating state is manual, commands
from the user are executed directly. However, if the operating state is automatic, the data is processed, and
decisions are made regarding whether to turn the pumps on or off based on the sensor values and their
specified thresholds. Subsequently, the final commands are sent from LabVIEW to Arduino 2, which then
sends them to Arduino 1 for execution. This process continues periodically, and the user can adjust the

threshold values of the sensors while in operation.
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Figure 4. Flowchart for the proposed irrigation system operation
4. Results and Discussion

4.1. Success in Developing the Irrigation Monitoring System

Figure (5) displays a simulation interface of the system, where different components such as tanks, pumps,
and agricultural fields are visually represented. This interface allows the user to track the flow of water
within the system and monitor water levels in the tank, as well as the operational status of the pumps,
making it easier for the user to understand how the system works and how its components interact with
each other. Additionally, this interface enables the user to quickly and effectively diagnose any problems
that may occur in the system. For example, the user can notice a sudden drop in water levels in the tank or

the failure of one of the pumps, allowing them to take the necessary corrective actions.
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Figure 5. Simulation scheme

Figure (6) shows the manual control window, which allows the user to manually control the
operation of the irrigation pump. This feature provides additional flexibility for the user to manage the

irrigation system as needed, especially in emergencies and when technical issues are encountered.

Figure 6. Manual control

Figures (7-10) present interactive windows displaying detailed data for each sensor individually,
including graphs illustrating changes in readings over time. These windows assist in analyzing data for each

sensor separately and better understanding the system's behavior.

Figure 7. Soil moisture Figure 8. Temperature and humidity
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Figure 9. The light Figure 10. The tank

4.2. Evaluation of Sensor Accuracy

- Temperature sensors cross calibration: Experiments showed that the readings from the DHT11
sensor closely matched those from a separate measuring device, with a very slight difference (0.2
degrees Celsius). This result confirms the reliability of the temperature data provided by the
sensor.

- Sensors Response to Environmental Changes: Experiments demonstrated that all sensors (LDR,
soil moisture, water level) correctly responded to simulated changes in the test environment. This
result confirms that all sensors operate efficiently and are capable of detecting changes in different

environmental conditions.

4.3. Evaluation of the proposed irrigation system operation
- Operating/Stopping Water Pumps (Irrigation/Filling the Tank): Experiments showed that the
system can automatically turn on and off the water pumps for irrigation and tank filling based on
sensor readings and predefined threshold values. This feature allows for efficient management of

the irrigation process, saving time and effort for farmers.
5. Conclusions and Future Work

An automated and cost-effective irrigation system has been developed using modern technologies such as
Arduino and LabVIEW. The system relies on a set of sensors to measure various environmental factors for
plant growth, such as soil moisture, temperature, light intensity, and water level. Farmers can easily control
and monitor this system, contributing to increased productivity and saving water, time, and physical effort.
The system is characterized by its flexibility and adaptability to suit different types of crops and agricultural
conditions. For future development, more sensors can be added to measure additional environmental
factors such as soil pH levels and oxygen levels. Additionally, a smartphone application can be developed for

easier remote control.
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