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ABSTRACT:

In Smart Irrigation, better crop productivity and skill full water conservation are important for the agriculture sector. Many farmers still depend on manual irrigation
practices, causing more water consumption, less yield, and greater labour effort. The paper proposes a Farmer-Friendly Smart Irrigation System that uses Artificial
Intelligence and Internet of Things technology to automate irrigation intelligently and fully. The suggested system combines the ESP32 microcontroller with soil
moisture, temperature, humidity, and waterflow sensors to monitor field conditions continuously, in real-time. A dual-flow sensor mechanism would check for
leakages in the pipeline and minimize water loss. The ESP32-CAM module is embedded in the intelligent system for Al-based image classification, useful in
detecting intrusion by stray animals to ensure crop defence. All sensor information is sent to a secure Django REST back-end and visualized on a multilingual
React-based web dashboard that provides analytics, weather forecast, device control, and alert notifications. The experimental implementation is seen to effectuate
good automation of irrigation works, accurately detect animals, and monitor irrigation health. The system helps lessen the work of farmers, prevent crop damage,
and sustain agriculture by optimizing water resource use. This smart, inexpensive, and scalable solution has emphasized practical deployment, particularly for rural

farming environments.
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1. Introduction

Farming feeds a large population worldwide and yet much of it is still manual irrigation. Farmers guess field conditions more often than not. This leads
to excessive irrigation, water scarcity, and reduction in crop yield. The lack of real-time monitoring on the farmland leads to late detection of issues like
pipe leakages and damages to crops due to stray animals. This affects the earnings of the farmers as well as the sustainability of agricultural practices.

The fast pace at which IoT and Al are developing is helping implement smart farming, which sometimes fully automates, conducts remote monitoring,
and uses data to make decisions in favour of smart farming opportunities. IoT sensors continuously monitor soil moisture, temperature, humidity, and
water flow, while Al will analyse field images to detect threats and take preventive measures. Joined as one element, such technologies constitute precision
agriculture, ensuring that crops irrigated with "sharply right" amounts of water are supplied appropriately during the right time.

Using Al an innovative Farmer Friendly Smart Irrigation System is being developed as a research topic, which can enhance the water efficiency of crops
and protect them from different kinds of dangers outside. The real-time monitoring of environmental sensor flow data uses an ESP32-based IoT device,
while an ESP32-CAM unit is used for capturing photos for animal detection using an Al inference model. A secure cloud-based web dashboard enables

monitoring and control by farmers for irrigation motor management as well as immediate alerts for leakages or animal encroachment on the farm.

Besides weather predictions to limit irrigation where rain is expected, the system also integrates these forecasts to avoid unnecessary irrigation. The
intended goal of this system is the reduction or, preferably, complete elimination of manual effort, reduced water waste, and less crop loss—rendering
agriculture more productive, safer, and more sustainable. It can make the system cheap and ideal to be used in rural farming contexts, as low-cost hardware
and scalable architecture are used in this system. This work presents an all-in-one smart solution which makes decisions easier for modern farmers, as
this one creates a single platform for automated irrigation + crop security + real-time analytics.

2. Literature Survey

Recent technological breakthroughs, like smart agriculture, have paved the way for the application of cloud monitoring, IoT sensors, and automation in
order to increase irrigation efficiency and safeguard crops. Systems for remotely monitoring fields, weather-based irrigation schedules, and soil moisture-
based irrigation management have all been covered by several studies. The majority of the current literature, though, only addresses one or two agricultural
issues, which restricts its practical use in actual farming scenarios.
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According to an empowered, smart irrigation system designed by R. Sharma et al. in 2023 using [oT technology, soil moisture levels are measured in a
sensor network, which in turn automatically controls the flow of water. Their study shows that this system may be helpful in minimizing over-irrigation
and labour wastage. The weakness in their approach is an over-reliance on soil data with no predictive intelligence-like weather forecasts. The applicability
of this technology for real farming problems is limited with the absence of other.

To identify the intrusion of wild animals, A. Kumar and S. Patel (2024) developed a farm surveillance system that is based on the ESP32-CAM. The
model sends alerts to farmers through deep-learning image categorization. The system was meant and designed solely for monitoring purposes; it did not
connect to any irrigation control or web-based analytics, but it did enhance field security. Its role in agricultural automation was impeded by the fact that
it could not detect differences brought on by environmental change.

A flowmeter-based leak detection system for irrigation pipelines was created by M. Singh et al. (2023). It accurately recognized the aberrant behaviour
of water flow into and out of the inlet and issued notifications to stop water loss. Nevertheless, there was no core dashboard or decision support mechanism
in this architecture, and it did not support interoperability between various sectors. Additionally, the problems of farm monitoring and animal damage

remained unresolved.

3. System Architecture and Methodology

The proposed Al-enabled Farmer-Friendly Smart Irrigation System prides itself on three interlinked components designed specifically for monitoring
field conditions, detecting anomalies, and automating irrigation today based on real-time insights. These are,

1) IoT Device and Sensor Layer
2) Backend Processing and Al Decision Layer
3) Web Application & Dashboard Visualization Layer

Live data acquisition followed by intelligent decision-making and actionable notifications or automated responses to farmers can be described in order
as how the system works. Efficiency and security qualify this system to ensure continuous monitoring of farmland conditions.

1)  Real Live Field Data Collection: The sensors are connected to an ESP32 micro controller that constantly collects soil moisture, temperature,
humidity, inflow /outflow water levels, and ultrasonic readings. The ESP32-CAM takes images while there is motion detection for monitoring
animal intrusion.

2)  Data Channel to the Server: All sensor and image data transmitted securely into the backend server where data stored in a PostgreSQL database
for further processing through the HTTPS REST API was created.

3) Data Processing and Analysis
The backend system processes readouts from the sensors in order to:

. Detect low soil moisture conditions
. Compare inflow vs. outflow in case of leakage on pipeline
. Compute environmental indexes for irrigation efficiency

4)  Al-Based Animal Detection: When motion is detected, the ESP32-CAM captures an image which is processed using a Gemini Al model to
classify whether an animal is present. If detected - immediate alert is generated to protect crops.

5)  Automated Irrigation Control
With soil conditions taken into consideration and logic for predictions:

e  If moisture in the soil is low - Motor ON
e If moisture recovers - Motor OFF

6)  Weather Forecast Integration: In moist or rainy seasons, irrigation is often unnecessary. So by obtaining the weather prediction information
relayed from the system, the 5-day weather forecasts can predominantly give necessary information to plan for water conservation.

7)  Dashboard Visualization and Alerts
Rise unto this React web app on earth and:

. Watch live-on-field analytics

. Monitor motor status and device health

. Receive instant notifications of leakage or animal intrusion
. Manage fields, devices, and recorded history
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Figure 1: Architecture Diagram

4. Implementation Details

The project on the implementation of a Farmer Friendly Smart Irrigation System Using Al was designed in a modular architecture to facilitate scalability,
efficient handling of data, and hassle-free automation of irrigation tasks. The system presented an approach that integrates loT-based data acquisition,
cloud analytics, and Al-empowered animal detection on a common platform accessible through a secure web dashboard.

1)  System Architecture and Technology Stack: The core system components can be separated into device control, backend intelligence, and

dashboard visualization. Important technologies implemented in this include:
. ESP32 Microcontroller for sensor data collection and Wi-Fi communication
. ESP32-CAM for capturing farm images for animal detection
. Arduino IDE (Embedded C/C ++) for firmware development
e  Django REST Framework (Python) for backend API services
. PostgreSQL for secure and structured data storage
e  React + Tailwind CSS for a modern, responsive web interface
e Gemini Al Vision Model for real-time animal intrusion detection
e JWT Authentication for secure communication between frontend and backend

This modular stack eventually translates to low cost deployment, quick processing, and secured remote access for farmers.

2) Intelligent Decision Engine: The entire back end consists of one irrigation and active alert system, including a:

e Soil Moisture-Based Motor Control: Uses soil moisture data to automatically turn the irrigation motor ON and OFF.

e  Pipeline Leak Detection: Two flow sensors compare the inlet and outlet flow rates to instantaneously detect leak events.

e  Al-Based Animal Intrusion Classification: Stray animals are detected upon image processing through Gemini Al from images
captured by ESP32-CAM, sending push alerts to the dashboard.

e Weather-Aware Water Management: By integrating 5-day forecasts into the irrigation programs, irrigation is avoided when rain
threatens, thereby enhancing water-saving efficiency.

This decision engine minimizes human intervention, increasing farm safety for crops.

3) Visualization and User Interface: The AgriMonitor Web Dashboard provides an instantaneous analysis and farm management facility
through:
. Live charts of soil moisture, temperature and humidity
e  Device and field management panel
e  Interactive map for location of sensor placement
e Insights on historical data used for irrigation decision making
e  History of detection of animals with an image log
e Multilingual support for better user accessibility
The interface empowers farmers to remotely monitor and manage all field operations via any smart device.

Testing and Validation
The Al-based Farmer Friendly Smart Irrigation System was put through intense trials for hardware and software aspects to ascertain its reliability,
accuracy and efficiency. Validation was performed on variables, which were found to affect automation accuracy, alert responsiveness, communication

stability and consistency of performance under real field-like conditions.

Hardware and Sensor Testing: Soil sensors were validated to provide accurate readings when compared to a standard moisture meter, with levels of
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accuracy on the order of +3% error deviation. Leak detection was established by simulating a reduction in out-flowing water while keeping the inlet flow
to the system at normal levels. The system reacted promptly as soon as the incoming and outgoing differences exceeded the set 15% limit. In the animal
movement detection mode, the ultrasonic sensors were tested for different ranges, achieving stable detection performance, even at 5 m, which is ideal for
monitoring small to medium-sized farmlands. The relay module for motor operations was also extensively tested during automatic irrigation cycles. The
motor responded almost instantaneously-with a delay of fewer than one second-so that irrigation on or off time was decided on the basis of soil moisture
level. Overall, the hardware subsystem has effectively validated the operational automation and monitoring attributes needed for proper and safe irrigation
in a real-time field environment.

Software and Data Validation: Backend and data management components were thoroughly tested for continuous and secure operations. The REST
API was stress-tested by sending multiple requests for sensor data simultaneously. The server was able to maintain an uninterrupted continuous data
upload rate of 1 request per second, establishing its reliability for real-time monitoring of farmland. Database performance was tested by verifying data
transmission flow and storage integrity. No sensor data were lost during the test runs, and all entries were accurately timestamped in real time for
traceability. In addition, the security parameters of the system were assessed by executable tests for authentication and restricted access. The system
implements JSON Web Tokens (JWT) protection to ensure that the dashboard and confidential device information are only accessible by authorized
users, thereby preventing unauthorized use of the system. A weather forecasting module was also tested by results retrieval against real data from weather
services, showing a high level of consistency between the two and confirming the system's capability of using forecast information to avert unnecessary
irrigation. Overall, the validation of the software confirmed that the backend architecture remains secure, stable, and highly accurate under real-time
agricultural conditions.

Al Model and Alert Testing: The evaluation of Al-based animal intrusion detection was conducted both in terms of pre-captured images and live camera
feeds from the ESP32-CAM. The identification accuracy of the Gemini AT model was around 85—90%, wherein stray animals like cows, goats, and dogs
were successfully identified under different light conditions. The alert mechanism was also tested to obtain real-time alerts to the farmer. Leakage
scenarios produced alerts from 3 to 5 seconds, while there were alerts about animal detection almost from 5 to 8 seconds according to image processing
and network conditions. The sensor was also subjected to extensive false alarm testing where it was exposed to minor movements such as that of
windblown leaves and shadows. Using confidence threshold adjustments, the system effectively reduced false seeks for detection such that alerts are
meaningful and trustworthy. These results have demonstrated that the Al model and notification system work well, providing a high reliability standard
for real-time agricultural monitoring and crop protection.

Results and Discussions

The Al-assisted Farmer Friendly Smart Irrigation System has been implemented to automatically manage irrigation in real time, monitor the pipelines,
and detect wild animals' intrusion. Field results proved that the system uses an advanced automated approach to irrigation and saves water while reducing
the chances of crop damages. The readings from the soil moisture sensors were continuously monitored and displayed on the web dashboard. When the
soil moisture went below threshold levels, automatically activated the irrigation motor, and once the value of moisture becomes optimal, the motor was
turned off. This feature allowed the timely watering of plants without human involvement and reduced manual intensity while preventing overwatering.
The sensors displayed remarkable efficiency in differentiating between inlet and outlet flow. Leaks are confirmed if the outlet flow rate of the field drops
over 15% and causes immediate alerts. Thus, it helps in detecting water wastage during irrigation, which is hidden because it happens in real-time.

This is highly promising for the Al-enabled animal intrusion detection features. The ESP32-CAM module takes different images triggered by motion,
and the presence of animals is detected by the Gemini vision model with a maximum accuracy range of 85-90 percent under typical lighting conditions.
Leaks are detected and summed up with animal intrusion alarms and sent to the dashboard in 3to 8 seconds, confirming highly responsive communication.
Thus, by allowing fast action, the system successfully enhances crop safety and reduces damage caused by stray animals. The further assessment was
through the graphical user interface of AgriMonitor dashboard, where farmers now know trends of microclimatic parameters through time: temperature,
humidity, and soil moisture. They will use this data when making irrigation decisions, instead of guessing. The multilingual interface was an added plus
to accentuate farmer usability. The aspect of weather forecasting also helped avoid irrigation just before rains, saving a lot of water.

The system worked perfectly in all the different situations evaluated, thereby confirming the practicality in terms of scalability and suitability of the
proposed solution for the rural agricultural setting. The integration of IoT and Al technologies into a single unified platform optimally enhances the
automation of farms, precision irrigation, and security for crops in line with sustainable smart agriculture.

Future Work

The proposed system acts as a great alternative to smart irrigation, leak detection, and crop protection. Still, there are many more functional possibilities
and practical implementations that are open for enhancement. The dedicated mobile application could be developed as one of the more important
enhancements to allow farmers to conveniently receive information and alerts from the system using their smartphones, even in situations where the web
browser is not available. Either LoORaWAN or GSM-based communication could be set up to allow long-distance data transfer over remote farmlands
where Wi-Fi connectivity is weak.

Moreover, addition of solar-energy-dependent modules would enable uninterrupted work in those rural areas where electricity mostly is abated. More
advanced Al models can be trained and stored in edge devices for the real-time detection of animals and therefore avoid some of the drawbacks of cloud
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processing that slow down alerting. Machine learning algorithms may predict irrigation schedules for a specific type of crop depending on soil behaviour

and seasonal parameters, leading to better water conservation.

Providing analysis to monitor fertilizer and nutrient input, drone surveillance on larger farms, and GPS-enabled types of field tracking would further add
depth to the system. A management structure can be enhanced to control the multi-device operation of multiple sensor hubs, in synchrony, since its
applicability extends to large agricultural fields. Thus these future enhancements will make the system smarter, semi-automatic, and truly adaptable to
different environments of farming.

Conclusion

The Farmer Friendly Smart Irrigation System, leveraging Al demonstrates how current technologies such as the Internet of Things, web automation and
Al-driven monitoring can successfully resolve issues faced by farmers during their activities. By adjusting irrigation based on the soil’s immediate
moisture levels it reduces water wastage and prevents both excessive and insufficient watering. This benefits farmers significantly by addressing hidden
water losses while the dual flow-sensor method guarantees leak detection, within the pipelines. The financial losses are further decreased since it includes
an Al-enabled animal detection system that delivers early warnings to protect crops from stray animals.

Additionally, this system creates a web dashboard that is connected to the cloud so that farmers may monitor their farms remotely at any time of day or
night with real-time updates and simple data visualization. It might even include weather predictions into irrigation choices, which would improve overall
water resource management. All of the tests, which were carried out in realistic field-like conditions, demonstrate the system's efficiency, precision, and
reliability, as well as its rapid reaction times and ease of use.

As a result, this project uses low technology to bring farmers closer to rural farming in a more accessible form of precision farming, resulting in a farm
automation system that is cost-effective, scalable, and simple to use. The recommended system is an integrated approach that includes automation,

analytics, and security, which significantly improves sustainable agricultural development for increased output.
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