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ABSTRACT

This project introduces an intelligent surveillance system
designed to strengthen military border security through artificial
intelligence and computer vision technologies. The proposed
model operates with two primary modules: facial recognition for
identifying authorized military personnel and vehicle detection
for monitoring military transport movement. The facial
recognition unit employs the Haar Cascade algorithm to
authenticate known individuals and generate alerts when
unfamiliar faces are detected. Meanwhile, the vehicle detection
unit utilizes a YOLOVS deep learning model trained on military
vehicle datasets to recognize and estimate the distance of vehicles
in real time. Both modules work together to capture images,
determine geographic location, and send automated alert
notifications to security authorities. This Al-driven system
minimizes human intervention, enhances accuracy, and ensures
timely responses to potential border threats. The integration of
deep learning algorithms with real-time automation makes this
system a reliable and scalable solution for modern defense
surveillance.

Key Words: Artificial Intelligence, Computer Vision, Deep
Learning, YOLOv8, Haar Cascade, Face Recognition, Military
Surveillance, Border Security.

1.INTRODUCTION

National security largely depends on the ability to monitor and
protect border regions from unauthorized access and potential
threats. Traditional surveillance systems used at border
checkpoints often rely on continuous human supervision, which
can lead to fatigue, slower response times, and human error. As
modern security challenges grow more complex, there is an
increasing need for automated and intelligent surveillance
solutions capable of operating with high accuracy and efficiency
in real time.

This project presents an Al-powered border surveillance
system that integrates advanced cv and deep learning techniques
to assist military authorities in monitoring restricted zones. The
proposed system consists of two main modules: one for facial
recognition and another for military vehicle detection. The
facial recognition module employs the Haar Cascade algorithm
to identify authorized personnel and flag unknown individuals,
while the vehicle detection module utilizes the YOLOVS (You
Only Look Once) model to detect and classify military vehicles
from live video feeds.

When an unauthorized person or vehicle is identified, the
system automatically captures the image, estimates location
details, and sends instant alert notifications via email to the
concerned authorities. This combination of automation and
intelligence minimizes manual dependency, enhances situational
awareness, and enables rapid responses to potential border
intrusions.

2. LITERATURE RIVIEW

2.1 Vehicle Detection and Face Authentication

Recent advancements in artificial intelligence and computer
vision have enabled the automation of border surveillance using
face and vehicle recognition systems. Facial authentication plays
a crucial role in verifying the identity of authorized personnel,
reducing unauthorized access to restricted zones. Algorithms
such as Haar Cascade and LBPH are widely used for face
detection and recognition because of their computational
efficiency and accuracy in real-time environments. On the other
hand, vehicle detection has been revolutionized by deep
learning-based object detection models such as YOLO (You
Only Look Once). The latest version, YOLOVS, offers superior
detection speed and precision, making it ideal for monitoring
military vehicles under varying lighting and environmental
conditions. Integrating these technologies provides a reliable
system capable of recognizing authorized military personnel and
identifying vehicles approaching the border, thereby enhancing
national security.

2.2 Existing Platforms

Several Al-based surveillance platforms and frameworks have
been developed for real-time monitoring and defense automation.
Systems such as Intelligent Video Surveillance (IVS) and Al-
enabled Smart Border Control (SBOR) utilize object detection
and motion tracking to enhance security at national borders.
However, most of these platforms are limited to specific
functionalities, such as vehicle movement tracking or facial
recognition at entry checkpoints. They often lack end-to-end
integration that includes real-time data acquisition, dual-
module recognition (face and vehicle), distance estimation,
and instant alerting mechanisms. Research and development
tools like Vision Stack Al Studio and OpenCV-based defense
analytics platforms provide partial support for training and
deploying models but are not customized for autonomous
military surveillance. In contrast, the proposed system aims to
merge these individual capabilities into a unified Al framework
specifically tailored for border defense, offering automated
detection, verification, and communication with authorities in a
single pipeline.

2.3 Research Gap

Despite significant progress in computer vision and deep
learning, there is still a clear gap in developing integrated,
domain-specific Al systems for military border surveillance.
Existing studies typically focus on either face recognition or
vehicle detection separately, which limits their applicability in
high-security zones that require multi-modal monitoring.
Moreover, current surveillance systems depend heavily on
human operators for decision-making, leading to delays and
possible human error. Few existing models address real-time
alert generation, distance measurement, and automatic location
tracking together. Hence, there is a need for a comprehensive Al-
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powered surveillance system capable of performing face
authentication and vehicle detection simultaneously,
minimizing manual intervention, and providing immediate alerts
to enhance security responsiveness. The proposed system bridges
this gap by combining deep learning algorithms with automated
communication modules to deliver a robust and intelligent border
monitoring solution.

3. PROPOSED SYSTEM ARCHITECTURE

The proposed system integrates facial recognition and military
vehicle detection modules under a unified Al-based surveillance
framework. It uses the Haar Cascade algorithm to identify
authorized personnel and the YOLOVS8 deep learning model to
detect and classify military vehicles in real time. Both modules
capture images, record location data, and send automated alert
notifications to authorities, ensuring continuous and intelligent
border monitoring.

3.1 System Components

1.Camera Input Module Captures live video streams from border
surveillance cameras for both facial recognition and vehicle
detection.

2.Facial Recognition Module Detects and identifies individuals
using the Haar and LBPH accurate face matching against the
database of authorized personnel.

3.Military Vehicle Detection Module Utilizes the YOLOvVS deep
learning model to detect and classify military vehicles in real
time. It calculates the distance between the detected vehicle and
the camera based on image parameters.

4.Database Management Module Stores information related to
trained facial datasets, vehicle images, captured alerts,
timestamps, and location logs for record-keeping and analysis.

S.Location Tracking Module Integrates GPS or system-based
location data to record the position where an unauthorized person
or vehicle is detected.

6.EmailAlert and Notification Module Sends automated alerts
via email containing the captured image, date, time, and location
to the security authorities for quick response.

3.2 System Features

e Dual-Module Integration: Combines  facial
recognition and vehicle detection in a single Al-based
framework for comprehensive surveillance.

e Real-Time Detection: Performs continuous monitoring
and recognition of individuals and vehicles with
minimal processing delay.

e Automated Alerts: Instantly sends emails with
captured images and location data when unauthorized
activity is detected.

o Distance Estimation: Calculates the distance of
detected military vehicles from the camera for better
situational awareness.

e High Accuracy: Uses trained deep learning models
(YOLOvVS, Haar Cascade) to achieve precise
recognition under different lighting and environmental
conditions.

3.3 System Architecture
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4. METHODOLOGY

The proposed system follows a structured methodology that
integrates computer vision, deep learning, and automation to
enhance military border surveillance. The process begins with
data collection and preprocessing, where facial and vehicle
image datasets are gathered, labelled, and prepared for model
training.

e For facial recognition, the Haar is used to detect face
regions from live video streams, followed by the LBPH
algorithm for feature extraction and identification of
authorized personnel.

e For vehicle detection, the YOLOVS deep learning
model is trained on a dataset of military vehicles to
recognize and classify them in real time. The system
calculates the distance of detected vehicles using
image-based estimation techniques.

Once detection or recognition occurs, the system captures the
image, records the date, time, and GPS location, and sends an
automated email alert to the concerned authorities. A
centralized database stores all detection logs and captured
evidence for future reference.

This methodology ensures accurate, real-time, and autonomous
surveillance, reducing manual dependency and enhancing the
speed and reliability of threat detection along military borders.
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5. TECHNOLOGY STACK
Layer Technology / Tool

Frontend Python Tkinter / Streamlit

Backend Flask Framework

A Librarics OpenCV, TensorFlow, YOLOvS8, Haar
Cascade, NumPy

Database SQLite / MySQL

Depl t

epioymen Anaconda Navigator / Spyder IDE
Environment
Hardware Intel i5 or above Processor, 4 GB RAM, 500
GB SSD onwards, HD Camera

This combination ensures both usability and scalability for local
and cloud-based Al operations.

6.WorkFlow
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7. CONCLUSION

The proposed Al-powered military border surveillance system
effectively integrates facial recognition and military vehicle
detection to enhance national security. By utilizing Haar Cascade
and YOLOVS algorithms, the system ensures accurate and real-
time monitoring of unauthorized personnel and vehicles. It
minimizes human intervention through automated alerts and
location tracking, providing faster response to potential threats.
Overall, this intelligent surveillance solution offers a reliable,
efficient, and scalable approach for modern border defense
operations.

Future Enhancements

e Integrate advanced deep learning models like
transformers or multimodal Al for improved face and
vehicle recognition in challenging conditions such as
low light or heavy occlusion.

e Add thermal imaging and infrared cameras to enable
reliable surveillance at night and during adverse
weather, enhancing round-the-clock monitoring.

e Incorporate drone-based surveillance capabilities,
allowing real-time aerial coverage of larger border arecas
and faster response to incidents.

e Link with satellite data and IoT-based sensor networks
to create a multi-layered security grid, offering richer
situational awareness and early threat detection.

e Apply cloud-based analytics and blockchain technology
for secure, scalable, and tamper-proof data sharing
across defence networks, improving overall system
integrity.
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