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Available online: 30 October 2025 efficiently. As a result, it has taken the initiative to prevent water waste

by developing a smart solar power plant irrigation water sprinkler plant.
The project created an automated plant watering system and has

Keywords distributed wireless network of sensor that are placed in mobile. An
Solar Power Plant Irrigation, Sensor, algorithm was developed with threshold values of sensor that was
Irrigation robot, Automated, Eco- programmed into microcontroller-based gateway to control water
friendly. quantity. Besides by integrating a solar panel provides a renewable

energy source, reducing the reliance on external power supplies such as
electricity or batteries. This makes the irrigation robot self-sustaining
and capable of operating in remote or off-grid areas. As a result, the
project is a success and able to provide sufficient water to the plants.
Besides, water waste and energy consumption can be reduced since the
project uses renewable energy so it is eco-friendly.

1. Introduction

Agriculture is an essential occupation that involves farming plants and taking care of animals for food, fiber, and
other needed items, and it plays an important part in the survival of humans and society. It supplies most of the
food consumed worldwide, guaranteeing people's sustenance and nutrition. In addition to producing food,
agriculture provides jobs and livelihoods, which boosts economies, especially in rural areas where farming is the
main source of income for many populations. However, depending on the activities involved, agriculture can also
have an impact on a nation's biodiversity. Food grains, fibers, and raw materials are the three most important
agricultural products [1]. Throughout human history, significant technological developments have been used to
boost agricultural output while utilizing limited resources. However, rising population and climate change
continue to threaten food supply and demand. Farmers spend almost 70% of their time monitoring and
understanding crop condition rather than performing farm work. To support agricultural growth, we need
precision and advanced technologies. To increase yields, farmers use site-specific methods known as precision
farming. Besides improving crop production, they also employ various cropping strategies, such as growing
different crops together or using intensive methods throughout the year. To meet these demands, modern
technologies and service-based solutions will help produce more food. Integrating cutting-edge technologies is
essential in the pursuit of sustainable agriculture in order to maximize productivity and reduce environmental
impact [2]. An important development in contemporary farming methods is Solar-Powered Irrigation water
Sprinkler Robot. This innovative system ensures appropriate water distribution while conserving resources by
automating irrigation procedures using renewable solar energy [3].

Traditional irrigation systems typically require huge, expensive piping designs, which can be both costly and
difficult to maintain. In order to transport water throughout agricultural fields, these systems rely on an extensive
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system of pipelines and sprinklers, which may result in inefficiencies. For many farmers, particularly those in
regions that are developing, the high cost of piping and the difficulty of installation pose significant challenges.
Uneven water distribution can also be a result of conventional irrigation systems more likely for leaks and
breakdowns. This can occasionally result in overflow in certain places, wasting precious water supplies while
underirrigating other areas. The risk of leaks and inefficiencies wastes water, raises operational costs, and reduces
crop yields, highlighting the need for more efficient, cost-effective, and dependable irrigation solutions.

2. Literature Review

2.1 Farming Innovation for Sustainable Living

Farming innovation involves using new technologies, techniques, and organizational structures to make
agriculture more productive, efficient, and environmentally sustainable as shown in Fig 1. Key strategies include
precision farming, regenerative practices, and vertical farming, along with modern tools like automation and IoT
devices to monitor resources such as water and pest control. This allows for resource efficiency and reduces
environmental impact. Solar-powered irrigation systems play a major role by using sunlight to generate electricity
which power water pumps [4]. As climate change, water scarcity, and food security become pressing concerns.
Some the new developments include the application like recycled wastewater, rainwater harvesting, and solar-
powered sprinkler robots becoming important [5]. These technologies help reduce labor, save time, and improve
efficiency. Overall, the evolution of irrigation reflects human creativity in addressing agricultural challenges and
adapting to changing environmental needs.
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Fig. 1 The evolution of the irrigation system

2.2 Smart Irrigation Water Sprinkler Robot

The plant irrigation sprinkler robot system combines robotics, automation, and precision irrigation to efficiently
water plants. It features a mobile robot with a built-in water tank and sprinkler that moves around the field,
spraying water as it goes eliminating the need for complex piping systems [6]. By using real-time data, automation,
and adjustable spraying mechanisms, the robot ensures water is delivered accurately and only where needed.
Ultrasonic sensors help the robot navigate fields safely by detecting and avoiding obstacles. This system reduces
water waste through targeted watering methods like drip and sprinkler systems, preventing runoff and
conserving resources while improving crop yields. In addition to efficient water usage, the robot also offers [oT
connectivity, allowing users to monitor and control the system remotely through mobile apps or web platforms.
It can run on solar power, making it energy-efficient and environmentally friendly. The robot is suitable for use in
small gardens, large farms, and public spaces due to its scalable and adaptable design. Optional features like
nutrient mixing and programmable spraying patterns enhance its performance. Overall, this robot represents a
modern, sustainable solution for smart irrigation, offering cost savings, increased efficiency, and reduced
environmental impact.

2.3 Solar-Powered Irrigation Robot

In today’s fast-paced world, many people struggle to find time or motivation for planting and maintaining
greenery. To address this, a smart solar-powered irrigation robot offers an effective and sustainable solution. This
advanced system automates plant watering using solar energy, making it ideal for those with limited time.
Equipped with solar panels, rechargeable batteries, electric motors, and water storage, the robot can operate
independently by harnessing sunlight and storing energy for use even on cloudy days [7]. The robot ensures
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efficient and precise irrigation by delivering water directly to plant roots, reducing waste and improving overall
water usage. Its accurate navigation system guarantees even distribution, preventing over or under-watering
across the field. This not only enhances crop quality and yield but also minimizes manual labor, allowing farmers
to focus on other important farming tasks. In summary, the solar-powered irrigation robot combines renewable
energy with automation to promote sustainable agriculture and make plant care more accessible and efficient.

3. Methodology

This part explains and depicts the techniques and procedures used throughout the project's conception and
development. The method's description should be more detailed before it is implemented. Therefore, this chapter
will be used to review the project's block diagram, circuit design for the chassis robot and flowchart system of the
project.

3.1 Design of the Project

Figure 2 shows the block diagram for the smart solar power irrigation water sprinkler agriculture robot project.
It also illustrates the functionality and connectivity of the components that allow effective and smart farming. The
ESP32 microcontroller is the system main component and holds responsibility for controlling the robot's
automation. The system is powered by a solar power system. The solar panel is connected to a solar charger
controller and it regulates the battery's charging process, preventing overcharging and damage. Other than that,
some crucial components are used by the robot to sense and regulate its environment. When navigating fields, the
robot avoids collisions by using an ultrasonic sensor to identify surrounding obstacles. A live video stream from
an ESP32-Cam module is very helpful for remotely keeping an eye on the robot's environment. The Blynk platform,
a mobile app interface that enables the user to remotely watch and control the robot in real time, transmits this
stream together with sensor data. Blynk makes it highly responsive and user-friendly by enabling commands for
turning on or off the water pump, manually controlling the robot, and monitoring visual and sensor guidance.
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Fig. 2 Block diagram for the project

3.2 Circuit Design for the Chassis Robot

Figure 3 shows the circuit design shows a smart solar powered plant irrigation water sprinkler agriculture
robot. Other than that, it has components such as sensors, ESP microcontroller, high pressure water pump and
others. The connectivity of the components and the controller make it the system to automatically work for

instance control the flow of energy.
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Fig. 3 Circuit Design for the Chassis Robot

3.3 Flowchart System of the Project

This flowchart begins with system initialization, where the ESP32 microcontroller boots up and connects to a
Wi-Fi network. The ESP32 microcontroller powers up and establishes a connection with a Wi-Fi network
during system initialization, which is where the flowchart starts. This step is important because it makes it
possible to integrate the robot with the Blynk software, which allows smartphone operation of the robot
remotely. It also develops a connection with important components during startup, such as the ultrasonic
sensor, which aids in identifying any obstructions in the robot's route, and the ESP32-CAM, which offers a real-
time video feed. Once started, the robot enters its main operating mode, where it uses the ESP32 to read sensor
data and receive commands from the Blynk app. The water pump can be activated manually or automatically
during ideal times like early morning or late afternoon to water plants efficiently. The robot moves forward
using a 12V scooter motor controlled by a 20A DC motor driver, but only if no obstacles are detected by the
ultrasonic sensor. Users can also control its direction forward, backward, left, or right via app buttons, allowing
it to navigate around obstacles or tight spaces. All actions are based on real-time data, user input, and video
feedback, making it a smart and reliable tool for modern precision farming
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Fig. 4 Flowchart system of the project
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4. Result and Analysis

The conclusions of this work and the results achieved in the performance analysis of smart solar powered plant
irrigation water sprinkler agriculture robot. Key parameters such as voltage, current, power output obstacle
detection accuracy were evaluated. Integration with the Blynk platform enabled real-time monitoring and alerts,
enhancing system reliability and user convenience. Overall, the results demonstrate the system’s effectiveness in
meeting the project objectives.

4.1 Electrical Parameters of PV System Without Loads for during sunny and cloudy day

This section shows the results and discussion the data testing of the solar panel without load for output values of
horizontal axis and output values for 452 axis during sunny and cloudy day as shown in Figure 5.

)
Fig. 5 (a) Horizontal placement; (b) 452 tilted placement

Table 1 Comparison of Output Values of Solar Panel Without Load between Horizontal and 452 Axis Condition

during sunny day.
Horizontal Axis 452 Axis
Total Power (W) 415.44 473.59
Average Power (W) 46.16 52.62
Table 2 Comparison of Output Values of Solar Panel without Load between Horizontal and 452 Axis Condition
during cloudy day.
Horizontal Axis 452 Axis
Total Power (W) 319.29 377.49
Average Power (W) 35.48 44.59

Based on the data, the solar panel tilted at a 45° angle consistently produced higher power output than the
horizontal setup in both sunny and cloudy conditions. On sunny days, the tilted panel generated 473.59 W with
an average of 52.62 W, compared to the horizontal panel's 415.44 W and 46.16 W average. Even under cloudy
skies, the tilted panel outperformed with 377.49 W total and a 44.59 W average, versus the horizontal setup’s
319.29 W and 35.48 W average. This highlights that a 45° tilt allows better alignment with the sun’s rays,
improving efficiency even in less ideal weather.

4.2 Irradiance Test

Figure 6 shows the irradiance test analysis is conducted in order to measure the amount of solar energy received
by the surface of the solar panel. It is typically expressed in watts per square meter (W/m?). This analysis is crucial
because the performance of a PV system is directly influenced by the level of solar irradiance that is being received.
Without sufficient irradiance, the solar panel cannot generate the necessary power to operate the connected
system effectively. The test was conducted for three days to ensure more reliable data.

The graph clearly shows that difference in solar radiance between horizontal surface and a 45 tilted surface
throughout the day. The trend lines indicate that the 45 tilt captures more sunlight, especially in the morning and
afternoon which results in higher irradiance than horizontal surface.

4.3 System Operation by Blynk

The Blynk program allows for real-time monitoring of irrigation activities to improve efficiency, and the project
incorporates the use of a smart solar-powered irrigation water spray robot. This method efficiently powers the
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robot's irrigation mechanism by utilizing solar energy. By using the Blynk app on a smartphone, consumers can
remotely operate the system, plan automated watering periods and keep an eye on environment of farming. The
Blynk application user interface for mobile system monitoring in Table 3.

Radiance (W/m?)vs Time (Hours)
for sunny day

S00 1000 1100 1200 1300 1400 1500 1600 1700
Time (Hours)

e HOFiZONEE] = Tilt 457

Fig. 6 The graph of Irradiance Test during sunny day

Table 3 The Blynk System

Application

Description

® There are 4 keys in the remote for controlling the
Irrigation Robot. This is interfaced to the controller. The
operation of the keys is:

* Forward
* Reverse
¢ Left turn
* Right turn
® There is distance value for monitor ultrasonic sensor and

LED indicator to show there is

object at in front.

e The robot irrigation also shows the real time of image

from ESP32-CAM.

5. Conclusion

In conclusion, the Smart Solar-Powered Irrigation Water Sprinkler Robot effectively combines renewable
energy, automation, and modern technology to enhance agricultural practices. Powered by solar energy, the
system operates sustainably and cost-efficiently, making it ideal for remote and off-grid farming. By integrating
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sensors, a microcontroller, and wireless control, the robot provides precise irrigation, reduces water and
energy waste, and supports real-time monitoring and decision-making. This innovative solution not only
increases crop yields and minimizes manual labor but also promotes eco-friendly and adaptable farming
methods, offering a scalable and practical approach to sustainable agriculture.
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