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Abstract

This project introduces a wildlife protection by detecting and defensing poachers in real time in a novel turrent
system. Using 10T and computer vision technologies, the system integrates high-resolution cameras and the Haar
Cascade algorithm to accurately distinguish between humans and animals, significantly enhancing detection
precision. Compared to this infill systems, which focuses on animal tracking and species identification using loT
sensors and the Random Forest algorithm, this project expands on real-time protection by incorporating immediate
response mechanisms. While the base paper’s system excels at monitoring and classifying animal behavior, it lacks
direct countermeasures against poachers. Proposed system fills this gap by utilizing embedded platforms like
Arduino and Raspberry Pi to control the turret’s movements and fire non-lethal rounds, temporarily incapacitating
intruders without causing permanent harm. Unlike systems that rely solely on species monitoring, this project offers
a proactive, scalable solution for wildlife conservation, ensuring continuous protection across varying
environmental conditions, day or night. The system’s integration of real-time image recognition and automated
deterrence establishes it as a more comprehensive approach to combating poaching.
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I. INTRODUCTION

Wildlife protection has emerged as a critical global issue, with poaching posing a severe threat to biodiversity and
endangered species. Traditional methods such as manual patrolling and surveillance cameras often fall short in covering
large, dense, and remote terrains. The advent of technology, particularly in artificial intelligence (Al), the Internet of
Things (10T), and computer vision, has significantly contributed to the development of more efficient and scalable
solutions for wildlife conservation (River Publishers, 2023) [1].

Recent research highlights the potential of 10T-based solutions in wildlife monitoring. For instance, an loT-integrated
surveillance system utilizing motion detectors and thermal cameras has been developed to detect unauthorized human
activity in protected areas (MDPI, 2018) [2]. Moreover, Al-powered deep learning models have been leveraged for real-
time classification and tracking of animals to enhance monitoring efficiency (ResearchGate, 2022) [3]. The incorporation
of machine learning algorithms further refines object detection accuracy, reducing false positives in real-world
applications (Zhang et al., 2021) [4].

However, most current systems focus solely on passive surveillance rather than active intervention. Research on
Raspberry Pi-based surveillance frameworks demonstrates their cost-effectiveness in monitoring wildlife sanctuaries but
lacks real-time deterrence mechanisms (IJCRT, 2020) [5]. To address this limitation, this project proposes a
comprehensive approach that integrates real-time poacher detection with an automated turret capable of deploying non-
lethal deterrents. By combining 10T sensors, Al-driven object detection, and automated countermeasures, the proposed
system ensures proactive and scalable wildlife protection (Semantic Scholar, 2020) [6].

This project builds on various studies that highlight the importance of Al-based poacher detection methods. Research
demonstrates how drones equipped with thermal imaging and Al-based analytics can significantly improve the
identification of poachers in dense forests and at night (Chalmers et al., 2019) [7]. Additionally, studies have explored
the integration of satellite imagery for tracking illegal activities in real-time, ensuring rapid response to potential threats
(Pendharkar et al., 2023) [8].

By leveraging advancements in Al and 10T, this system aims to provide a real-time, cost-effective, and automated solution
for wildlife conservation. It takes inspiration from various anti-poaching mechanisms, including geofencing for
monitoring protected areas (NCBI, 2020) [9] and the use of blockchain technology to track wildlife movements securely
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(Kumar et al., 2021) [10]. The proposed framework ensures adaptability across different environmental conditions,
enhancing the efficacy of anti-poaching strategies worldwide (Singh et al., 2021) [11].

I1. Literature Survey

Emerging technologies such as Al, 10T, and computer vision have played a transformative role in wildlife conservation, providing
innovative solutions for detecting and preventing poaching activities. Khanal et al. [12] introduce a low-power loT architecture designed
for real-time detection and notification of unauthorized tree poaching. Their research emphasizes the significance of energy-efficient loT
solutions in enhancing forest protection, ensuring that minimal power consumption does not compromise the effectiveness of poacher
detection.

Gaikwad et al. [13] explore the application of the YOLO algorithm for poacher detection. Their study focuses on deep learning-based
object detection techniques that enable efficient tracking and identification of poachers through real-time surveillance systems. The
implementation of the YOLO algorithm enhances the system's ability to distinguish between humans and animals, providing high
accuracy in detecting unauthorized intrusions. Kuruppu et al. [14] propose an Al-based system that leverages weapon detection
techniques to protect endangered animal populations. Their approach integrates deep learning models capable of identifying firearms in
real-time, allowing authorities to intervene before poaching incidents occur. The study highlights the effectiveness of computer vision
algorithms in identifying threats based on weapon characteristics and environmental context.

Khallikkunaisa et al. [15] present an anti-poaching system that utilizes IoT and ZigBee technology to monitor and secure forested regions.
Their research highlights the importance of wireless sensor networks in detecting and responding to unauthorized human activity in
conservation areas. By incorporating ZigBee technology, the system ensures seamless communication between monitoring stations and
response teams, enhancing real-time protection efforts. Further advancements in machine learning-driven 10T systems are explored by
Edemacu et al. [16], who develop a poacher detection model for African game parks. Their solution integrates thermal imaging and
motion sensors to track unauthorized human presence and alert park authorities in real-time. This research underlines the efficiency of
Al-based object detection in differentiating poachers from other moving objects, reducing false alerts and improving response time.

Olivares-Mendez et al. [17] propose a vision-based unmanned aerial system that autonomously detects poachers using Al enhanced
image processing. Their drone-based solution improves poacher identification accuracy by leveraging deep learning models to analyze
aerial footage from protected areas. The integration of drones provides extensive surveillance coverage, minimizing blind spots and
increasing the effectiveness of security patrols. Raiaan et al. [18] introduce an loT-based object-detection system aimed at safeguarding
endangered species. Their research details the application of Al-powered surveillance cameras combined with loT-enabled alert systems
to monitor and respond to poaching incidents effectively. The system enhances wildlife security by integrating real-time video processing
with automated notification mechanisms for rapid response.

Khallikkunaisa et al. [19] extend this research by developing an loT-enabled anti-poaching system equipped with advanced monitoring
and alert mechanisms. Their approach emphasizes real-time data analytics, ensuring authorities receive immediate notifications regarding
unauthorized activities in wildlife sanctuaries. The study also discusses the role of predictive analytics in anticipating potential poaching
threats and proactively deploying security measures. The effectiveness of deep learning models in detecting poachers has been extensively
studied by Singh et al. [20]. Their research utilizes drone surveillance and Al-based image recognition techniques to differentiate between
poachers and wildlife. This significantly reduces false positives and improves response times by providing accurate identification of
illegal activities. The study emphasizes the potential of Al in automating wildlife protection and reducing human intervention risks.

Lastly, Zhang et al. [21] propose a real-time poacher tracking system that employs thermal imaging and Al-driven object recognition.
Their findings demonstrate the potential of Al in enhancing security within wildlife reserves, enabling continuous surveillance even in
low-visibility conditions such as nighttime or dense forest coverage. The study showcases how integrating thermal imaging with Al
enhances detection accuracy and overall security effectiveness.

By integrating these research findings, the proposed project aims to develop a comprehensive, automated anti-poaching system that
combines loT, Al-driven detection, and real-time intervention mechanisms. The project intends to create an intelligent surveillance
framework capable of early threat detection, accurate tracking, and effective prevention of illegal activities in wildlife sanctuaries.

I11. Proposed System

The Self-Aiming Auto Turret System is an innovative and autonomous security solution designed to enhance the protection
of wildlife sanctuaries from poaching activities. By integrating 10T, computer vision, and embedded systems, the system
offers real-time detection, tracking, and deterrence with minimal human intervention. High-resolution cameras are strategically
placed throughout the sanctuary to continuously capture video feeds. These feeds are processed using the Haar Cascade
algorithm, a reliable image recognition method that accurately detects human figures while filtering out animals and
environmental elements, significantly reducing false positives and ensuring only genuine threats are addressed.
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At the heart of the system is the Raspberry Pi, which acts as the central processing unit. Known for its powerful yet compact
architecture, the Raspberry Pi handles real-time video analysis and executes machine learning algorithms to identify potential
poachers. Once a threat is confirmed, the system communicates with an Arduino microcontroller, which controls the turret’s
servo motors to ensure precise aiming and tracking of the target. This division of tasks allows the Raspberry Pi to focus on
complex data processing, while the Arduino manages real-time mechanical control.

The turret is equipped with non-lethal deterrence mechanisms, such as rubber bullets or bean bags, designed to temporarily
incapacitate poachers without causing permanent harm. This humane approach aligns with wildlife conservation ethics, offering
an effective method to deter intruders without endangering lives. The system operates fully autonomously, providing
continuous 24/7 surveillance and immediate response capabilities.

Scalability is a key feature, allowing the system to be deployed across various sanctuaries and conservation areas. Its modular
design ensures easy integration and expansion, adapting to the specific needs of different environments. By combining real -
time image processing, smart embedded platforms, and humane deterrence methods, the Self-Aiming Auto Turret System
presents a cutting-edge solution to combat poaching and enhance wildlife protection efforts.

(A).Working: The Self-Aiming Auto Turret System operates by continuously scanning the environment of the wildlife
sanctuary to detect any potential poaching activity. The system employs a variety of advanced technologies to ensure that
the detection and response processes are both accurate and efficient. The operation of the system is divided into several
key stages, including detection, image processing, targeting and response, alert system, and continuous monitoring.

The initial phase of the system's operation is detection, which commences with the camera module capturing real-time video
footage of the environment. Strategically positioned throughout the sanctuary, these cameras cover extensive areas to identify
movements or intrusions. The captured video frames are transmitted to the Raspberry Pi, the system's processing unit. Utilizing
the Haar Cascade algorithm, the Raspberry Pi analyzes the video feed to distinguish various objects within the environment.
This algorithm is specifically trained to differentiate between animals, humans, and other environmental elements, enabling
the system to accurately detect potential poachers while disregarding animals and non-threatening objects.

For this purpose, the system employs the Logitech C170 Webcam, known for its reliability and performance. This webcam
features a VGA sensor capable of video calling at 640 x 480 pixels and video capture up to 1024 x 768 pixels. It can also take
high-resolution snapshots up to 5 megapixels (software enhanced). The built-in microphone with noise reduction ensures clear
audio capture, which is beneficial for monitoring purposes. The webcam connects via USB 2.0 and includes a universal clip
that fits laptops, LCD, or CRT monitors, providing flexibility in camera placement. By integrating the Logitech C170 Webcam's
specifications with the system's detection capabilities, the setup ensures effective monitoring and identification of potential
threats within the sanctuary.

Once the camera captures the video feed, the next step is image processing. The Haar Cascade algorithm processes the
incoming video frames to classify and identify objects in real-time. The trained algorithm is capable of recognizing the
features of a human body, such as shape, size, and movement patterns, and distinguishing them from animals or other
environmental factors. If the algorithm identifies a human being, especially one that matches the characteristics of a
poacher, the system triggers an immediate response. This accurate classification of the detected objects ensures that
only actual threats, like poachers, are addressed by the system, minimizing the chances of false positives.

After a poacher isidentified, the system proceeds to the targeting and response phase. The Raspberry Pi communicates
with the Arduino controller, which is responsible for controlling the movements of the turret. The Arduino adjusts the
turret’s orientation to focus directly on the detected poacher. The turret, equipped with non-lethal deterrents such as
rubber bullets or bean bags, is then activated. These non-lethal projectiles are designed to temporarily incapacitate
the poacher, giving them enough time to flee or preventing them from continuing their illegal activity. By using non-
lethal force, the system ensures that the poacher is subdued without causing permanent harm, promoting humane
wildlife protection.

In addition to the physical deterrence mechanism, the system is also equipped with an alert system that sends real-time
notifications to the local authorities. Once a poacher is detected and neutralized, the system immediately generates an
alert, which is sent via a wireless communication channel to the relevant law enforcement or wildlife protection
personnel. The alert contains important information, such as the time of the intrusion, the location of the incident,
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and a description of the detected poacher. This feature ensures that authorities are informed about the situation
promptly, allowing them to take appropriate action.

The system is designed to operate continuously, maintaining continuous monitoring of the sanctuary at all times. If no
poaching activity is detected during a given period, the system enters a standby mode, where the turret returns to an
idle position, awaiting further detection. This idle state ensures that the system is always ready for the next potential
poaching event. The continuous monitoring capability of the system provides persistent surveillance, ensuring that
wildlife sanctuaries are protected around the clock, regardless of the time of day or environmental conditions.

(B). The Haar Cascade Classifier algorithm:

It is a machine learning-based approach used for object detection, particularly in real-time applications. It is widely
applied in face detection, pedestrian recognition, and other object detection tasks due to its high speed and efficiency.
This algorithm is based on Haar-like features, which analyze variations in pixel intensities between adjacent rectangular
regions in an image. These features help identify structures such as edges, lines, and specific patterns associated with
facial elements like eyes, nose, and mouth.

The training process of the Haar Cascade Algorithm involves using a large dataset containing both positive (target
object, e.g., a face) and negative (background or non-target regions) samples. The algorithm applies AdaBoost, a
boosting technique that selects the most critical features and eliminates redundant ones to improve detection accuracy.
The selected features are then arranged in a cascade of classifiers, forming a multi-stage filtering system. This
cascading process ensures that non-relevant areas are quickly discarded, significantly speeding up detection. During the
detection phase, the trained classifier scans an image using a sliding window approach at multiple scales and
positions. If a region successfully passes through all the classifier stages, it is classified as the target object. To refine
the detection and reduce false positives, non-maximum suppression is applied, ensuring that only the most relevant
detections are retained.

The integration of the Haar Cascade Algorithm in this proposed system plays a crucial role in identifying unauthorized
individuals in wildlife areas, preventing poaching through automated detection and response mechanisms. Its speed,
efficiency, and adaptability to embedded systems make it a valuable tool in enhancing the security of protected animal
sanctuaries. By leveraging this algorithm alongside thermal imaging and 10T connectivity, the proposed system aims to
create a robust anti-poaching system capable of real-time threat detection and intervention.

(C).Block Diagram

Asduino controller
for aiming turret

Face tracking

o« T

forest officers

1V. Future Work:

To enhance the Self-Aiming Auto Turret System for wildlife protection, integrating deep learning models such as
YOLO and Faster R-CNN can significantly improve detection accuracy. These Al-driven models analyze image data in
real time, distinguishing between humans, animals, and environmental elements to minimize false positives.
Additionally, incorporating thermal imaging cameras enables round-the-clock surveillance, detecting human presence
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based on heat signatures, which is crucial for monitoring poaching activities that often occur at night. Autonomous
drones equipped with high-resolution and thermal cameras can provide aerial surveillance, track intruder movements,
and relay real-time location data to authorities, extending the system’s coverage beyond the turret’s fixed range.

For improved scalability and remote monitoring, the system can integrate cloud-based 10T technology, allowing real-
time alerts, live video feeds, and security updates to be accessed through mobile apps or web dashboards. Al-driven
predictive analytics can identify high-risk poaching areas, optimizing turret and drone deployment. To ensure ethical
deployment, the system can utilize non-lethal deterrents such as rubber bullets, tranquilizers, high-frequency sound
emitters, and flashing lights to deter intruders without causing permanent harm. Additionally, linking the system with
law enforcement databases enables biometric analysis and real-time alerts to ranger stations, strengthening anti-
poaching efforts. By combining Al-powered surveillance, drone support, cloud intelligence, and ethical deterrents,
this system offers an advanced and humane solution for protecting wildlife from illegal poaching.

V. Conclusion:

The Self-Aiming Auto Turret System revolutionizes wildlife protection by integrating 10T, computer vision, and
embedded systems for real-time poacher detection and non-lethal deterrence. Its scalable, adaptable design enhances
conservation efforts, offering humane, efficient security. Future advancements in detection, thermal imaging, and cloud
analytics will further strengthen its impact, ensuring long-term protection for endangered species while maintaining
ethical and legal standards.
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