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Abstract—This study presents VigilAL, a sophisticated system
designed for real-time anomaly detection in surveillance footage.
Leveraging advanced computer vision and machine learning
techniques, VigilAI aims to enhance security by identifying
unusual activities and promptly alerting relevant personnel. The
system employs a multistage architecture, including efficient
video preprocessing, robust feature extraction, and a deep
learning model for anomaly classification. We evaluated the
performance of VigilAI on publicly available datasets and
demonstrated its superior accuracy and reduced false-positive
rates compared with existing methods. This study contributes
significantly to the field of intelligent surveillance by offering a
scalable and effective solution for various security applications.
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I. INTRODUCTION

The proliferation of surveillance cameras has led to an
exponential increase in video data, rendering manual
monitoring impractical and inefficient. This challenge
necessitates the development of automated systems capable
of intelligently analyzing video streams and identifying
anomalous events in real time. Anomaly detection in
surveillance footage is crucial for crime prevention, public
safety, and protecting critical infrastructure. Traditional
methods often rely on handcrafted features and rule-based
systems, which struggle to adapt to the complex and dynamic
nature of real-world scenarios. VigilAl addresses these
limitations by introducing a novel framework that integrates
state-of-the-art deep learning architectures with efficient,
realtime processing capabilities. Our approach focuses on
learning the "normal" behavior patterns within surveillance
environments and flagging deviations as anomalies. This
paper details the architecture, methodology, and experimental
results of VigilAl, showcasing its potential to revolutionize
intelligent surveillance systems.

2. LITERATURE REVIEW

Surveillance systems play a crucial role in ensuring public
safety, border security, infrastructure protection, and crime
prevention. With the rapid increase in security threats, illegal
intrusions, and suspicious activities, traditional surveillance
methods that rely on continuous human monitoring have
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become inefficient and error-prone. As a result, researchers
have increasingly focused on intelligent surveillance systems
that can automatically detect anomalies, recognize
individuals, and generate alerts in real time. Anomaly
detection in surveillance videos has emerged as a key
research area within computer vision and artificial
intelligence.

2.1 Anomaly Detection in Surveillance Systems Anomaly
detection refers to the identification of patterns or events that
deviate significantly from normal behavior. In the context of
video surveillance, anomalies may include unauthorized
intrusions, suspicious movements, unusual activities, or the
presence of unknown individuals in restricted areas. Early
surveillance systems relied heavily on manual observation,
which was time-consuming and prone to human fatigue.
Automated anomaly detection systems aim to reduce human
effort while improving detection accuracy and response time.
Existing research on anomaly detection in surveillance videos
can be broadly categorized into reconstructive approaches
and predictive approaches.

2.2 Reconstructive-Based Approaches Reconstructive
methods are among the earliest and most widely studied
techniques for video anomaly detection. These methods
assume that a model trained on normal data can accurately
reconstruct normal events, while abnormal events produce
higher reconstruction errors. Autoencoders (AEs) are
commonly wused in reconstructive approaches. An
autoencoder learns a compressed representation of normal
video frames and attempts to reconstruct them. During
testing, frames that result in high reconstruction errors are
classified as anomalies. Variants such as convolutional
autoencoders and stacked autoencoders have been proposed
to improve spatial feature learning. Generative Adversarial
Networks (GANs) have also gained popularity in
reconstructive anomaly detection. GAN-based models
consist of a generator and a discriminator trained in an
adversarial manner. The generator attempts to reconstruct
normal frames, while the discriminator distinguishes between
real and generated frames. High reconstruction error or
discriminator confidence is used to detect anomalies. While
reconstructive approaches have shown promising results,
they suffer from several limitations. These models require
large amounts of training data and extensive computational
resources. Training deep autoencoders or GANs is time-
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consuming and often requires high-end GPUs. Additionally,
these models may struggle to generalize to diverse
environments and unseen anomaly types, making them less
suitable for real-time and resource-constrained applications.

2.3 Predictive-Based Approaches Predictive approaches aim
to model the temporal behavior of video sequences by
predicting future frames or events based on past observations.
Anomalies are detected when the predicted frames differ
significantly from the actual frames. Recurrent Neural
Networks (RNNs), Long Short-Term Memory (LSTM)
networks, and Convolutional LSTMs (ConvLSTMs) are
commonly used in predictive anomaly detection systems.
These models capture temporal dependencies and motion
patterns in video sequences. If the model fails to accurately
predict future frames, the deviation is treated as an anomaly.
Predictive approaches often outperform reconstructive
methods in capturing motion-based anomalies. However,
they also face challenges related to model complexity,
training stability, and computational overhead. High memory
consumption and slow inference speed make these systems
difficult to deploy in real-time surveillance environments,
especially on low-cost hardware.

2.4 Deep Learning-Based Surveillance Systems Recent
advancements in deep learning have significantly improved
the performance of intelligent surveillance systems.
Convolutional Neural Networks (CNNs) have been widely
used for object detection, face recognition, and activity
classification. Models such as YOLO (You Only Look Once),
SSD (Single Shot Detector), and Faster R-CNN enable real-
time object detection with high accuracy. Several researchers
have proposed Al-powered border and security surveillance
systems using deep learning models. These systems integrate
real-time video capture, object detection, face recognition,
and alert mechanisms. They demonstrate high detection
accuracy and fast response times. However, most of these
solutions rely heavily on deep learning models, which require
powerful hardware, high energy consumption, and complex
deployment setups. Moreover, deep learning models often
function as black boxes, making them difficult to interpret
and debug. Privacy concerns and ethical considerations also
arise due to continuous facial analysis and large-scale data
collection.

2.5 Traditional Computer Vision Techniques Before the rise
of deep learning, traditional computer vision techniques
played a significant role in surveillance applications.
Methods such as background subtraction, frame differencing,
optical flow, and Haar cascade classifiers were widely used
for motion detection and face recognition. Background
subtraction techniques model the static background of a scene
and detect moving objects by identifying changes between
frames. Algorithms such as Gaussian Mixture Models
(GMM) and adaptive background modeling have been
successfully applied in real-time motion detection systems.
Haar cascades and Histogram of Oriented Gradients (HOG)
combined with Support Vector Machines (SVMs) were
commonly used for face detection. These methods are
computationally efficient and suitable for real-time
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applications on low-resource devices. Although traditional
methods may not achieve the same accuracy as deep learning
models in complex environments, they offer advantages in
terms of speed, interpretability, and low computational cost.
These characteristics make them attractive for applications
where resources are limited.

2.6 IoT-Based and Distributed Surveillance Systems Another
research direction involves integrating Internet of Things
(IoT) technologies with surveillance systems. loT-based
surveillance systems utilize distributed sensors, cameras,
drones, and communication modules to monitor large areas
such as borders and critical infrastructures. Researchers have
proposed drone-based surveillance systems combined with
computer vision techniques to detect intrusions and
suspicious activities. While these systems provide wide
coverage and flexibility, they introduce challenges related to
power management, network reliability, maintenance, and
cost. Cloud-based surveillance solutions enable centralized
data processing and advanced analytics but raise concerns
about latency, data security, and dependency on network
connectivity.

2.7 Challenges in Existing Surveillance Systems Despite
significant progress, existing intelligent surveillance systems
face several challenges: High dependency on deep learning
models requiring expensive hardware Difficulty in real-time
deployment on low-cost or edge devices Scalability issues in
large or remote environments High system complexity and
maintenance requirements Privacy and ethical concerns
related to continuous monitoring These challenges highlight
the need for lightweight, efficient, and cost-effective
surveillance solutions that can operate reliably in real-world
conditions.

2.8 Motivation for VigilAl VigilAl is motivated by the
limitations identified in existing surveillance research.
Instead of relying heavily on deep learning, VigilAI adopts a
hybrid approach that combines traditional computer vision
techniques with selective Al-based components. The system
employs background subtraction-based motion detection to
identify moving objects efficiently. Face recognition is
performed using classical feature encoding techniques, which
reduce computational overhead while maintaining acceptable
accuracy. Real-time alerting mechanisms, snapshot logging,
and event recording enhance situational awareness without
requiring cloud dependency or high-end hardware. By
focusing on lightweight algorithms and modular system
design, VigilAl ensures compatibility with low-cost devices
and resource-constrained environments. This makes it
particularly suitable for border surveillance, campus security,
industrial monitoring, and remote area deployment.

2.9 Summary of Literature Review The literature review
highlights that while deep learning-based surveillance
systems achieve high accuracy, they often lack practicality
for real-world deployment due to cost and complexity.
Traditional computer vision methods, though sometimes less
accurate, offer efficiency and reliability for real-time
applications. VigilAl bridges this gap by leveraging the
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strengths of both approaches. It provides a practical, scalable,
and cost-effective surveillance framework that addresses the
shortcomings of existing systems. This makes VigilAl a
strong candidate for real-world intelligent surveillance
applications and an important contribution to the field of Al-
based security systems.

Existing research on anomaly detection in surveillance videos
can be broadly categorized into reconstructive and predictive
approaches. Reconstructive methods, such as those based on
Autoencoders or Generative Adversarial Networks (GANSs),
aim to reconstruct video frames and identify anomalies where
the reconstruction error is high. In contrast, predictive
methods attempt to predict future frames or events and flag
deviations from the predictions as anomalies.

Recent advancements in deep learning, particularly with
Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs), have significantly improved the
performance of anomaly detection systems. However, many
of these systems still face challenges in real-time processing,
scalability, and the handling of diverse anomaly types.
VigilAl builds on these advancements by proposing a more
robust and efficient framework.

3. SYSTEM ARCHITECTURE

The VigilAl architecture consists of the following key
modules:

3.1. Video Pre-processing

This module handles raw video input and performs tasks such
as frame extraction, resizing, and normalization. It also
includes techniques for noise reduction and stabilization to
improve the quality of the input for the subsequent stages.
3.2. Feature Extraction

Extracting meaningful features from video frames is critical
for robust anomaly detection. VigilAl uses a combination of
spatial and temporal features. Spatial features are extracted
using a pretrained CNN model (e.g., ResNet, VGG) to
capture object details and scene context. Temporal features,
which are crucial for understanding motion and sequence, are
extracted using techniques such as optical flow or 3D CNNs.
3.3. Anomaly Detection Model

The core of VigilAl is a deep learning model that is
specifically designed for anomaly classification. This model
is trained on normal behavioral patterns to learn the
distribution of regular events. Deviations from the learned
distribution are classified as anomalies. We explored and
compared different deep learning architectures, including:

» Autoencoders: To learn a compressed representation of
normal events and detect anomalies based on a high
reconstruction error.

* Long Short-Term Memory (LSTM) Networks: To model
temporal dependencies and predict future frames or feature
sequences. Anomalies were identified when the predictions
significantly deviated from the actual observations.

* One-Class Support Vector Machines (OC-SVM): Applied
to the extracted features to define a boundary around normal
data points.

3.4. Alerting System
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Upon detecting an anomaly, VigilAl triggers alerts to
designated personnel. This system can be configured to send
notifications via email or SMS or integrated with existing
security management platforms. The alert includes relevant
video snippets and metadata to facilitate a rapid response.

4. METHODOLOGY

4.1. Dataset Preparation

We utilized publicly available surveillance datasets, such as
the UCSD Anomaly Detection and CUHK Avenue datasets,
which contain both normal and anomalous events. The
datasets were carefully curated and pre-processed to ensure
consistency and quality for training and evaluation.

4.2. Training Strategy

The anomaly detection model was primarily trained on video
segments containing only normal activities. This allows the
model to learn a comprehensive representation of the
expected behavior. During inference, any deviation from the
learned pattern is flagged as an anomaly. We employed
various regularization techniques and optimization
algorithms to prevent overfitting and improve generalization.

4.3. Evaluation Metrics

The performance of VigilAl was evaluated using standard
metrics for anomaly detection, including:

o Arca Under the Receiver Operating Characteristic
(ROC) curve (AUC-ROC): A measure of the
model's ability to distinguish between normal and
anomalous events.

e Accuracy: The proportion of correctly classified
events.

e Precision and Recall: To assess the balance between
correctly  identified anomalies and false
positives/negatives.

e Fl-Score: The harmonic mean of precision and
recall.

5. IMPLEMENTATION
Programming Language: Python

Libraries Used: OpenCV, face recognition, NumPy, Pillow,
smtplib

Hardware Used: Standard webcam, laptop (Intel i5 / 8GB
RAM), no GPU necessary

Operating Environment: PyCharm IDE, Windows 10

Folder Structure:

VigilAl/

—— main.py

—— models/ (Haar cascade)
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I— face data/

—— detected_faces/
— alerts/
— logs/

Alert Format:

ALERT: Unknown Face Detected
Location: Captured GPS/Manual
Timestamp: Date & Time
Snapshot: Attached image

6.RESULT
Our experiments demonstrate that VigilAl consistently
outperforms several state-of-the-art anomaly detection

methods on a variety of datasets.

Matrix Evaluation Table

Meth | AUC- [ Accu | Preci | Recal | F1-
od ROC | racy sion 1 Score

Tradit | 0.72 0.68 0.6 0.55 0.57
ional
Rule-
based

Autoe | 0.85 0.82 0.78 0.75 0.76
ncode
-

based

LST 0.89 0.87 0.83 0.8 0.81
M-
based

Vigil | 0.93 0.91 0.88 0.86 0.87
Al

(Prop
osed)

The results indicate that VigilAl achieves higher AUC-ROC,
accuracy, precision, recall, and Fl-score, highlighting its
effectiveness in accurately identifying anomalies while
minimizing false alarms. The real-time processing
capabilities of VigilAl were also demonstrated, making it
suitable for practical surveillance applications.

7.DISCUSSION

VigilAl offers significant advancements in real-time anomaly
detection in surveillance footage. Its multistage architecture,
which combines efficient preprocessing, robust feature
extraction, and a deep-learning anomaly classification model,
enables the accurate and timely identification of unusual
events. The system's ability to learn normal behavioral
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patterns makes it highly adaptable to diverse surveillance
environments.

Future work will focus on extending VigilAl to handle more
complex anomaly types, incorporating multi-camera fusion
for a holistic view, and exploring XAl techniques to provide
insights into detected anomalies. Furthermore, we plan to
investigate the deployment of VigilAl on edge devices to
enhance scalability and reduce latency.

8. CONCLUSION

This study introduces VigilAl, a novel system for real-
time anomaly detection in surveillance footage. We
presented its comprehensive architecture and
methodology and evaluated its performance against
existing methods. The experimental results clearly
demonstrate the superior accuracy and efficiency of
VigilAl positioning it as a powerful tool for enhancing
security and automating surveillance tasks. We believe
that VigilAl holds immense potential for various
security-critical applications and paves the way for
more intelligent and proactive surveillance systems.

9. REFERENCES

[1] Mr. N. Mohammed Haris, K. Naveen, GV. Vasundralakshmi, G.
Pavatharani, Al Powered Smart Security Bordering System, Vol. 5,
Issue 2, May 2025.

[2] Tosin Ige, Abosede Kolade, Olukunle Kolade, Enhancing Border
Security and Countering Terrorism Through Computer Vision: A
Field of Artificial Intelligence, Vol. 5, Issue 2, May 2025.

[3] Siham Boukhalfa, Abdelmalek Amine, Dr. Moulay Tahar, Border
Security and Surveillance Using IoT, Vol. 12, Al for Border Control
and Surveillance, Issue November 2023

[4] Jandarma ve Sahil Giivenlik Akademisi, Giivenlik Bilimleri Enstitiisii,
An Al-Based Surveillance System Proposal for The Second Line
Assessment, Vol. 12, Issue May 2024.

[5] OpenCV Library, https://opencv.org/ Adam Geitgey, face recognition
Python Library, GitHub Repository.

[6] H.Poor,AnintroductiontoSignalDetectionandEstimation;NewY ork:
Springer-Verlag, 1985,ch.4.

Page 4

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



