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Abstract: Agriculture near forests faces threats from wild animals and fire, causing crop loss and financial strain.
Traditional methods like manual monitoring are often ineffective. The "Innovative Solutions for Wildlife Conflicts
Mitigation" offers an automated solution using sensors, fire detectors, Al-based animal recognition, and real-time alerts
via SMS, LEDs, and alarms. It integrates Raspberry Pi, Arduino Nano, cameras, and deterrents for efficient threat
detection. Al analyzes camera feeds to classify animals and trigger targeted responses. Field tests show improved
safety, reduced damage, and a cost-effective, scalable approach to protect farms sustainably.

Keywords: Wild animal detection, Fire alert system, Al-based monitoring, Real-time alerts, Agricultural protection,
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I INTRODUCTION

Agriculture plays a vital role in food security, economic stability, and global employment. However, it faces persistent
challenges, particularly wild animal intrusions and fire hazards, which threaten crop yields and farmer safety. These
issues are especially severe in regions bordering forests or wildlife habitats, where animals like elephants, wild boars,
and monkeys invade farmlands, causing significant damage and financial losses. Traditional deterrents such as
scarecrows and fencing often prove ineffective, while also increasing human-wildlife conflicts. Fire hazards, arising
from natural or human causes, pose additional risks by destroying crops, degrading the environment, and threatening
lives. Traditional fire prevention methods are inadequate for timely detection and action. Due to the vast areas involved
and the unpredictability of these threats, manual monitoring is labor-intensive and prone to error. To address these
challenges, the “Innovative Solutions for Wildlife Conflicts Mitigation” offers an automated solution using sensors,
cameras, and Al. Ultrasonic and fire sensors detect motion and flames, while Al processes real-time camera data to
classify threats. The system sends alerts via SMS, alarms, and LEDs, enabling timely farmer responses. It also includes
motorized deterrents and operates on rechargeable batteries, ensuring continuous functionality even in remote areas.
Automation reduces the need for constant human supervision, cuts labor costs, and improves threat response times. Al
enhances system intelligence by learning from past events and distinguishing between harmful and harmless species.
Beyond threat detection, the system supports wildlife conservation and environmental protection by reducing human-
animal conflicts and crop fires .In essence, this system provides a scalable, cost-effective, and eco-friendly approach to
safeguarding farmlands. It promotes sustainable agriculture by merging technology with practical design, ensuring
greater productivity, safety, and ecological balance.

II. METHODOLOGY

Problem Analysis & Requirement Gathering:

Conduct literature review on wild animal intrusions and fire risks in agriculture.

Identify common threats and define system requirements (hardware, software, communication).
System Design:

Select hardware: ultrasonic and fire sensors, cameras, Raspberry Pi, Arduino Nano, and rechargeable battery.
Design software: Al-based image processing, sensor data logic, and SMS alert system.

Create a system architecture block diagram.

Hardware & Software Integration:

Assemble and connect all components.

Develop a central processing unit to handle data and integrate alerts.

Algorithm Development:

Configure sensors for motion and fire detection.

Implement Al for animal classification and threat assessment.
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Program logic for alerts via alarms, LEDs, and SMS.
Deployment:

Install the system in farmlands near forests.

Train farmers on usage and basic maintenance.
Monitoring & Maintenance:

Regularly check system performance and update software.
Maintain hardware to ensure reliability.

Documentation & Reporting:

Record designs, test results, and deployment processes.
Compile a final report for stakeholders and end-users.
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III. OBJECTIVES

The primary objective of this project is to develop an automated system capable of detecting and addressing wild
animal intrusions and fire hazards in agricultural fields. The system aims to provide real-time alerts to farmers through
SMS notifications, audible alarms, and visual indicators, enabling timely preventive actions to minimize crop damage
and safety risks. By integrating advanced sensors, cameras, and artificial intelligence (Al), the system will accurately
identify potential threats and classify animal intrusions based on the species and threat level. This targeted response
mechanism ensures effective management of risks while reducing unnecessary interventions.

Additionally, the project seeks to create a reliable, scalable, and cost-effective solution that functions seamlessly under
diverse environmental conditions. By combining hardware components like ultrasonic sensors, fire sensors,
microcontrollers (Raspberry Pi and Arduino Nano), and communication modules, the system ensures robust
performance and ease of deployment. The ultimate goal is to enhance the safety, productivity, and sustainability of
farmlands while fostering coexistence between agricultural communities and the surrounding wildlife.

Hardware Requirements:

The most common set of requirements defined by any operating system or software application is the physical computer
resources, also known as hardware.

Hardware Components:

. Ultrasonic Sensors

. Fire Sensors (Flame, Heat, Smoke Sensors)

. Cameras (Normal Night Vision)

. Microcontroller (e.g., Arduino or Raspberry Pi) 5. GSM Module (for SMS alerts)
. Buzzer / Siren

. LED Indicators / Flashing Lights

. Relay Module (for activating deterrents like sprinklers or lights)

. Motion Detectors / PIR Sensors.
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Software Requirements:

Software Requirements deal with defining software resource requirements and prerequisites that need to be installed on
a computer to provide optimal functioning of an application. These requirements or prerequisites are generally not
included in the software installation package and need to be installed separately before the software is installed.

Software Components:

. Embedded C / Arduino IDE (for microcontroller programming)
. Python (for image processing and Al model execution)

. OpenCV (for camera and image analysis)

. Machine Learning Libraries

. Mobile App / Web Interface (for real-time monitoring)

. SMS Gateway API (for sending alerts)

. Cloud Platform (optional- AWS, Firebase, etc.)

. Database (optional- MySQL, Firebase Realtime DB)

. Al Threat Detection Algorithm (custom-trained model)
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The Wild Animal and Fire Detection Alert System is designed to protect farmlands from wild animal intrusions and fire
hazards. It uses ultrasonic sensors to detect motion and fire sensors to identify heat or flames. A camera captures real-
time images or videos, which are processed using Al algorithms on a Raspberry Pi to classify animals and confirm
threats. An Arduino Nano manages sensor inputs and triggers visual (LEDs) and au dible (alarms) alerts. The system
also sends SMS notifications to farmers, specifying the type of threat detected. Motorized deterrents, powered by a 12V
rechargeable battery, are activated to scare away animals. The system ensures timely detection, reliable alerts, and
automated responses, minimizing crop damage and enhancing safety. Its modular design allows for efficient integration
of hardware and software, making it a practical solution for farmland protection.

V. TESTING AND IMPLEMENTATION

Testing:

Simulated Testing:

Verified

* Correct bounding box appearance.

* Triggering of alerts.

* Functionality of call/SMS responses.

Hardware Testing:

Confirmed

* Motion flame simulation for sensors.
* LED, buzzer, and motor activations.

*Accurate detection with minimal false positives.

Field Testing:

Observed

* Deployment near farmland.

* Real-time animal fire detection

* System stability and power reliability.

Implementation:

1. Hardware Setup :

* Mount sensors on Arduino.

* Connect camera to Raspberry Pi.

*» Use 12V rechargeable battery for power.
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2. Software Installation:

* Upload Arduino sketch using Arduino IDE.

* Install dependencies on Raspberry Pi:

* Opencv-python, pygame, twilio, requests, inference.

3. API Key Management:
* Secure storage of Twilio, Sinch, Robo flow API keys.
* Use environment variables for security.

4. Communication Flow:
* Raspberry Pi: Al-based alerts live feed with annotations.
* Arduino: Handles sensor-triggered alerts and actions.

5. Deployment :
* System installed at farmland edges.
* Farmers trained to operate and maintain the system.

VL ADVANTAGES AND APPLICATIONS
Advantages:
The Wild Animal and Fire Detection Alert System offers several significant advantages

that make it a practical and efficient solution for agricultural protection. One of its primary benefits is real-time
monitoring and alerting, which ensures early detection of threats such as wild animal intrusions and fire hazards. This
enables farmers to take immediate preventive actions, reducing crop damage, financial losses, and safety risks. The use
of advanced sensors and Al-based classification enhances accuracy, allowing the system to differentiate between
harmful and non-harmful intrusions, thereby avoiding unnecessary interventions. Another advantage is its cost-
effectiveness and scalability, making it accessible to farmers with varying resources and adaptable to farmlands of
different sizes. By automating threat detection and alert mechanisms, the system eliminates the need for constant
physical monitoring, saving time and labor. Furthermore, the modular design, combining hardware like ultrasonic
sensors, fire detectors, and microcontrollers, ensures seamless integration and ease of maintenance. In addition to
economic benefits, the system promotes environmental conservation by reducing human-wildlife conflicts and
preventing large-scale fire incidents, thereby contributing to ecological balance. Its ability to operate in remote areas
using a rechargeable battery ensures uninterrupted functionality even in regions with limited infrastructure. Overall, the
system empowers farmers with a reliable and efficient tool to protect their crops and livelihoods while supporting
sustainable agricultural practices.

Applications:

The Wild Animal and Fire Detection Alert System has a wide range of applications, particularly in agriculture and
wildlife conservation. Its primary application is in farmlands located near forests or wildlife habitats, where it helps
prevent crop damage by detecting and alerting farmers to wild animal intrusions. By providing real-time notifications
and automated deterrent mechanisms, the system ensures effective protection without requiring constant manual
monitoring. Additionally, it serves as a critical tool for detecting fire hazards in agricultural areas, enabling timely
intervention to prevent widespread damage and ensure farmer safety.

Beyond agriculture, the system can be applied in wildlife conservation efforts, where it aids in monitoring animal
movements near protected areas or buffer zones. This can help mitigate human-wildlife conflicts while contributing to
biodiversity conservation. The system is also valuable in forest peripheries and rural settlements, offering early
warnings for fire outbreaks and safeguarding both human lives and natural resources.

In industrial settings, the fire detection capabilities can be adapted for use in warehouses, storage facilities, and factories

where fire risks are prevalent. Its modular design and ability to integrate with other technologies make it versatile for
use in diverse environments requiring automated threat detection and real-time alert systems.
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VII. CONCLUSION AND FUTURE SCOPE

The Wild Animal and Fire Detection Alert System has a wide range of applications, particularly in agriculture and
wildlife conservation. Its primary application is in farmlands located near forests or wildlife habitats, where it helps
prevent crop damage by detecting and alerting farmers to wild animal intrusions. By providing real-time notifications
and automated deterrent mechanisms, the system ensures effective protection without re quiring constant manual
monitoring. Additionally, it serves as a critical tool for detecting fire hazards in agricultural areas, enabling timely
intervention to prevent widespread damage and ensure farmer safety. Beyond agriculture, the system can be applied in
wildlife conservation efforts, where it aids in monitoring animal movements near protected areas or buffer zones. This
can help mitigate human-wildlife conflicts while con tributing to biodiversity conservation. The system is also valuable
in forest peripheries and rural settlements, offering early warnings for fire outbreaks and safeguarding both human lives
and natural resources. In industrial settings, the fire detection capabilities can be adapted for use in warehouses, storage
facilities, and factories where fire risks are prevalent. Its modular design and ability to integrate with other technologies
make it versatile for use in diverse environments requiring automated threat detection and real-time alert systems.
reduce manual labor and increase efficiency.

The incorporation of blockchain technology for data transparency and traceability can also enhance trust and
accountability in the livestock supply chain. Overall, the intelligent livestock monitoring system represents a significant
step towards modernizing agriculture and fostering sustainable practices. By continuing to innovate and expand its
capabilities, the system can play a pivotal role in achieving global food security, improving animal health, and
contributing to the broader goals of sustainable development.
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