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Abstract In this situation, it is more important than ever to reduce agricultural water use. Small-scale farmers, who frequently rely
on antiquated and inefficient irrigation systems, are especially in need of innovative solutions to reduce wasteand maximize water use.
Traditional irrigation methods that rely on predetermined schedules or manual measures can result in overwatering or underwatering,
both of which are harmfulto plant growth and water supplies. To address this issue, we propose a smart irrigation system that combines
sensors, machinelearning algorithms, and a user-friendly interface to maximize water usage and encourage plant growth. The system
employsa random forest machine learning algorithm to forecast rainfall and adjust irrigation schedules accordingly. It also has sensors for
moisture, temperature, and air quality to provide real-time information on soil conditions and plant health. The system was designed with
simplicity in mind, and it includes a mobile app that allows farmers to remotely operate the system and receive alerts when soil moisture
levels, temperature, and air quality fall outside of the target range.

Index Terms -- wio terminal, sensors,irrigation, machine-Learning, weather, user-friendly, temperature, moisture

l. INTRODUCTION

It also features moisture, temperature, and air quality sensors to provide real-time information on soil conditions and plant health. With
simplicity of use in mind, the system incorporates a smartphone app that enables farmers to remotely run the system and receive alerts
when soil moisture levels, temperature, and air quality deviate from the set range.This study describes a smart irrigation system that
uses the Wio Terminal, an Arduino Uno, an HCO05 Bluetooth module, moisture sensors, temperature sensors, air quality sensors, water
pumps, and batteries. For rain prediction, the system uses the random forest machine learning method. The technology displays a
warning on the Wio Terminal if the temperature rises and the air quality deteriorates. The plant is advised to drink water if the soil
moisture level drops by more than 40%. With a mobile app, motors can be started and stopped automatically based on the weather
forecast produced by the machine learning algorithm.The goal of this project was to design and create a smart irrigation system that
would encourage water conservation and promote plant growth. The system's design process involved choosing the right sensors,
creating a hardware and software architecture, putting machine learning algorithms into practise, and running tests to gauge the system's
effectiveness. The tests showed that the system can anticipate rain accurately and change irrigation schedules accordingly, saving a
large amount of water. Additionally, the system can be easily controlled remotely thanks to the system's mobile app, and automatic
management based on weather forecasts removes the need for manual intervention.

The suggested smart irrigation system has the ability to detect fires in addition to using moisture, temperature, and air quality sensors
to optimise water use and encourage plant growth. This function makes use of temperature and air quality sensors to find potential fire
threats close to the crops. The system is capable of identifying abrupt temperature spikes as well as the presence of smoke or other
airborne contaminants, both of which may be signs of a fire.

For small-scale farmers who frequently lack the capacity to construct expensive fire detection devices, it is essential that the smart
irrigation system include fire detection capabilities. preserve life. Farmers face significant losses due to crop damage or even total
destruction as the frequency and severity of wildfires increase in many parts of the world. The system's ability to detect potential fire
hazards and alert farmers can help mitigate losses and potentially save lives.

Furthermore, the system's fire detection feature is environmentally friendly. Farmers can take immediate action to prevent the spread of
fires and minimize damage to the surrounding environment by being alerted to potential fires. This feature emphasizes the potential of
smart irrigation systems to promote not only sustainable agriculture practices but also to contribute to environmental conservation
efforts.

By including fire detection capabilities, the proposed smart irrigation system has even more potential to transform how small-scale
farmers irrigate their crops. By providing real-time information on soil conditions, plant health, and potential fire threats, the technology
can help farmers increase yields, reduce water waste, and mitigate crop damage or destruction losses.

This work suggests a revolutionary strategy for intelligent irrigation systems that makes use of machine learning algorithms to predict
rain, leading to significant water savings and encouraging plant growth. Experiments carried out to evaluate the suggested system's
efficacy highlighted its potential for widespread use in the agriculture sector.

1. LITERATURE SURVEY

Water scarcity and inefficiency in traditional irrigation techniques have inspired innovative solution in the form of smart irrigation
systems. Sensor technologies, machine learning methods, and user interfaces have all been studied in recent research on smart irrigation
systems. This review of the literature highlights some of the most notable and current research studies in this field. One of the most
important components of smart irrigation systems is sensor technology, which provides real-time data on soil conditions, plant health,
and weather patterns. Numerous research studies have evaluated the utility of various sensor technologies for smart irrigation systems.
For example, Zhang et al. (2021) investigated the use of wireless soil moisture sensors in smart irrigation systems and concluded that
such sensors can help farmers maximize water consumption while minimizing water waste.
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Similarly, Wang et al. (2020) evaluated the effectiveness of an integrated sensor system that includes soil moisture, temperature, and
humidity sensors and concluded that such a system can precisely monitor soil conditions while increasing irrigation efficiency. Machine
learning algorithms have also received a great deal of attention in the context of smart irrigation systems. These algorithms can aid in
the prediction of rainfall patterns, the optimization of irrigation schedules, and the enhancement of crop yields.

Shen et al. (2020), for example, created a machine-learning algorithm based on decision trees to forecast soil moisture levels and adjust
irrigation schedules accordingly. Similarly, Murguia-Flores et al. (2021) developed a machine-learning algorithm that predicts soil
moisture levels and irrigation requirements using real-time weather data, demonstrating that such algorithms can significantly reduce
water usage and improve crop Yyields.

The user interface of smart irrigation systems is also important, and it should be easy to use and accessible to small-scale farmers. In a
number of research studies, various user interfaces for smart irrigation systems, such as smartphone apps, web-based dashboards, and
SMS notifications, have been investigated. Huang et al. (2020), for example, developed a smartphone app that provides farmers with
real-time information on weather patterns, soil moisture, and irrigation schedules, concluding that such apps can significantly increase
water usage and crop Yields.

In a similar vein, Kamilaris et al. (2019) developed a web-based dashboard that provides farmers with real-time information on crop
health, irrigation plans, and weather patterns, demonstrating how such interfaces can help farmers make irrigation and input decisions.

Overall, the literature review demonstrates that smart irrigation systems are an innovative and effective solution to the challenges of
water scarcity and inefficiency in traditional irrigation practices. Sensor technologies, machine learning algorithms, and user
interfaces have all been extensively researched in recent years, with the findings indicating that smart irrigation systems can
significantly improve water usage, crop yields, and environmental sustainability.

1. METHODOLOGY

The com-ponents were chosen based on their compatibility with the WioTerminal and their suitability for the smart irrigation system.
The moisture sensor, temperature sensor, air quality sensor, water pump, battery, Arduino Uno, and HCO5 Bluetooth module were
chosen for their precision, dependability, and affordability.
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A circuit diagram was created to connect all of the com- ponents with the Wio Terminal. The diagram depicted the connections
between the sensors, water pump, and Arduino Uno, as well as the connections to the Wio Terminal. The circuit diagram was created
to ensure proper communication and control between the components.

Integration with Wio Terminal: The circuit was integrated with the Wio Terminal to provide a user-friendly interface for controlling
and monitoring the system. The Wio Terminal wasprogrammed to display real-time data from the sensors andto send alerts when
soil moisture levels, temperature, and air quality were outside of the desired range. The mobile app was also developed to control the
motors via the HCO05 Bluetooth module.

Code development: The Arduino IDE was used to write the code for the smart watering system. The code was written to take data
from the sensors and turn on the water pump based on the levels of soil moisture. The code was written to notify the user’s mobile app
while also displaying the data on the Wio Terminal.

A random forest machine learning system was used to forecast the possibility of rain based on past meteorological data. The algorithm
was trained using a dataset of histori-cal meteorological data that included temperature, humidity, wind speed, and precipitation.
TinyML, a low-power and portable machine-learning platform, was used to implement the method.

The ML algorithm, which studies past weather data to pro- duce precise weather forecasts, determines the ideal watering schedule for
the plants. This means that the system considers both anticipated future rainfall and soil moisture levels as theycurrently exist. This
approach is a game changer for smartirrigation systems because it allows for precise control of water usage and reduces the risk of
overwatering, which can be detrimental to plant growth.

TinyML , a low-power and portable machine learning plat- form, can also be used to directly implement the ML algorithm on the device.
As a result, the system becomes more reliable and has lower latency because an external server or cloud service is no longer required.

Picking the right parts, drawing a circuit schematic, connecting it to the Wio Terminal, writing the code, and using TinyML to
implement a machine-learning model for weather prediction was all part of the process of creating the smart irrigation system. The
resulting system saves water and encourages plant development by utilizing machine learning algorithms for rain prediction, while also
providing a user-friendly interface formanaging and controlling the irrigation system.

In order to detect fires on the farm, the smart irrigation system was outfitted with temperature and air quality sensors in addition to
the previously mentioned sensors. The air quality sensor measures the amount of airborne particles, which can significantly increase in
the event of a fire. On the other hand, the temperature sensor can detect a rapid rise in temperature, which is a clear indication of a fire.

The system was designed to incorporate the fire detection feature seamlessly into its current foundation. When there is a high
concentration of particulate matter in the air, the system’s microprocessor receives a warning from the air quality sensor. The
microcontroller then sounds an alarm to notify the farmer of the impending fire. The alarm would be updated at the same moment the
temperature sensor picked up the abrupttemperature increase.

The farmer can use the mobile app to cut off the water pump and activate the fire suppression system, if one is provided, in response
to the fire detection warning. Farmers would benefit from this feature’s ability to respond to fires promptly and lessen the harm they do.
By lowering the frequency of agricultural fires and the resulting harm to crops, soil, and the environment, it is also a significant step
toward fostering sustainable agriculture.

Like the rest of the smart irrigation system, the fire detection capability was built using a combination of hardware and software. The
sensors were linked to the microcontroller, which was programmed to analyze the sensor data and trigger an alert when necessary. The
fire detection feature was added to the mobile app, allowing the farmer to receive alerts and respond accordingly.

In conclusion, the addition of the fire detection feature through the use of air quality and temperature sensors is an important step
towards developing a comprehensive smart irrigation system for small-scale farms. It provides additional protection for farmers and
their crops, promoting sustainable agriculture and reducing the environmental impact of farm fires.
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IVV. CONCLUSIONS

The addition of the fire detection feature through the use of air quality and temperature sensors is an important step towards
developing a comprehensive smart irrigation system for small-scale farms. It provides additional protection for farmers and their crops,
promoting sustainable agriculture and reducing the environmental impact of farm fires.

V. RESULTS AND DISCUSSION

Performance of the smart irrigation system: The perfor-mance of the smart irrigation system may be the first topic ofresearch and
discussion. This can include evaluating the waterpump and motors’ dependability in responding to weatherforecasts and user
commands, the effectiveness of moisture,temperature, and air quality sensors in providing real-time dataon soil conditions and plant
health, and the accuracy of rainfallprediction using the random forest machine learning algorithm.Water consumption and plant growth:
The second part ofthe findings and subsequent discussion can focus on how theintelligent irrigation system affects water
consumption andplant development. This can include analyzing water consump-tion patterns before and after the system’s
implementation,comparing crop growth rates and yields irrigated with thesmart system versus traditional methods, and evaluating
thesystem’s overall impact on promoting sustainable and efficient water usage in small-scale farming.

User feedback and usability: The third area of research and discussion can revolve around how well the smart irrigation system is
received and used by its users. This can include gathering feedback from small-scale farmers who have used the system, assessing the
usability and efficacy of the mobile app, and identifying areas where the system can be improved in the future.

Overall, the findings and discussion can demonstrate howsmart irrigation systems can help small-scale farmers use watermore
efficiently and sustainably, as well as how machinelearning and 10T technology can advance precision agriculture.The smart irrigation
system demonstrated in this project hasa lot of potential for future growth and expansion.
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Integration with additional environmental parameters: The system can be enhanced to integrate with additional environ- mental
parameters such as wind, humidity, and solar radia- tion, all of which influence plant development and irrigation requirements. The
technology can deliver even more precise and thorough information on the ideal watering requirements of crops by combining new
data sources.

creating new machine learning algorithms While the randomforest approach used in this project yielded promising results, there are
other machine learning algorithms that could beinvestigated to improve rainfall prediction accuracy. Popular algorithms that can be
further evaluated include decision trees,neural networks, and support vector machines.
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Integration with precision fertilization: The system can be integrated with precision fertilization techniques to delivernutrients to crops
at the right time and in the right amount. This can improve crop growth and yield while reducing the risk of over-fertilization.

Expansion to large-scale agriculture: While the current focusof this project is on small-scale farming, the smart irrigation system can
be adapted and scaled up to cater to large- scale agriculture as well. This would require more complex infrastructure and a wider
range of sensors and actuators but would have a significant impact on sustainable water usage and crop productivity.

TinyML application exploration: In this project, the machinelearning algorithm was developed on a remote server and thentransferred
to the smart irrigation system.

However, the system can be expanded to include TinyML applications in which the machine learning model is trained and deployed
directly on edge devices such as the Wio Terminal. This can reduce the system’s reliance on cloud services while also improving
real-time response.
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