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ABSTRACT: In recent years, the need for intelligent and automated surveillance systems has significantly increased to
ensure safety and security in public and private spaces. Traditional surveillance requires constant human monitoring,
which is inefficient and prone to errors. To address these limitations, this paper proposes a Smart Surveillance System
that integrates Object Detection, Face Recognition, and Anomaly Detection using advanced Machine Learning (ML)
and Deep Learning techniques. Convolutional Neural Networks (CNNs) are employed for real-time object
identification, while face recognition is handled through models such as Haar Cascades and deep neural networks to
accurately detect and verify individuals. Furthermore, anomaly detection algorithms are incorporated to automatically
identify suspicious behavior, reducing the dependency on continuous human supervision. This system aims to enhance
security by providing real-time alerts and comprehensive monitoring, making it suitable for smart cities, industries, and
sensitive installations. Experimental results show improved accuracy, faster detection, and reliable anomaly
identification, making the proposed system an efficient solution for modern surveillance challenges.

KEYWORDS: Smart Surveillance System, Object Detection, Face Recognition, Anomaly Detection, CNN, Deep
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L. INTRODUCTION

In today’s world, security and surveillance have become essential components for ensuring the safety of people, assets,
and infrastructure. Traditional surveillance systems rely heavily on manual monitoring of video feeds, which is not only
labor-intensive but also prone to human error and oversight. To overcome these limitations, artificial intelligence (AI)
and machine learning (ML) have revolutionized surveillance by enabling automation, real-time decision-making, and
intelligent alerts.

The emergence of object detection, face recognition, and anomaly detection technologies has transformed surveillance
systems into smart, self-operating security solutions. Convolutional Neural Networks (CNNs) have made real-time
object identification feasible, while deep learning models can accurately recognize individuals and detect suspicious
behavior. These advancements help reduce human involvement, improve accuracy, and ensure timely response in
critical situations.

This research presents a Smart Surveillance System that integrates object detection, face recognition, and anomaly
detection into one automated platform. The system aims to enhance security through real-time monitoring and analysis
of surveillance footage using deep learning algorithms, providing an efficient, scalable, and reliable solution for
modern security needs.

II. LITERATURE SURVEY

1. Redmon et al. (2016) introduced YOLO (You Only Look Once), a groundbreaking real-time object detection
system that balances speed and accuracy, making it ideal for live surveillance.

2. Viola and Jones (2001) developed the Haar Cascade Classifier, which remains a popular algorithm for rapid face
detection in static images and video frames.

3. Taigman et al. (2014) proposed DeepFace, achieving human-level face verification using deep neural networks,
which has been widely adopted in surveillance.

4. Dalal and Triggs (2005) presented Histogram of Oriented Gradients (HOG) for robust pedestrian detection,
contributing significantly to human tracking in surveillance.
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5. Sultani et al. (2018) worked on anomaly detection in surveillance videos using weakly supervised deep learning to
detect unusual activities without precise labels.

6. Ren et al. (2015) developed Faster R-CNN, which improved object detection speed and accuracy, making it
suitable for surveillance systems with limited computational resources.

7. Zhao et al. (2019) created an anomaly detection model that uses spatiotemporal features to identify suspicious
behavior in crowded environments.

8. Parkhi et al. (2015) introduced FaceNet, which maps facial features to a compact Euclidean space for highly
accurate face recognition in real-time systems.

9. Zhou et al. (2020) designed a hybrid surveillance system combining motion detection and object recognition for
increased accuracy in complex environments.

10. Ruff et al. (2018) presented an autoencoder-based anomaly detection framework, demonstrating high potential for
real-time abnormal behavior identification in surveillance videos.

III. PROBLEM STATEMENT

Conventional surveillance systems rely on human operators to continuously monitor live feeds, which is inefficient,
error-prone, and unsustainable for large-scale operations. There is a critical need for an automated, intelligent
surveillance system capable of real-time object detection, face recognition, and anomaly detection to reduce manual
effort, increase security accuracy, and provide timely alerts for potential threats.

IV. METHODOLOGY

The proposed Smart Surveillance System is developed using deep learning and computer vision techniques:

1. Object Detection: Implement YOLOVS to detect humans, vehicles, and objects within the camera frame.

2. Face Recognition: Utilize Dlib or FaceNet to identify and verify individuals against a pre-existing database of
authorized personnel.

3. Anomaly Detection: Apply machine learning algorithms such as Isolation Forest or Autoencoder to analyze
movement patterns and detect suspicious behavior.

4. Real-Time Processing: Use OpenCV for capturing and processing live video feeds.

5. Alert System: When an anomaly or unknown face is detected, the system sends automated notifications
(email/SMS) to the concerned authorities.

6. Database Management: Store face data and activity logs in SQLite or MySQL for easy retrieval and audit.

V. MODULES

Live Video Streaming Module: Captures real-time footage from cameras.

Object Detection Module: Detects and tracks objects in live video.

Face Recognition Module: Identifies individuals and matches them to stored profiles.
Anomaly Detection Module: Detects abnormal activities based on behavior analysis.
Alert System Module: Sends notifications and alarms on detection of threats.
Database Module: Stores user data, face profiles, and historical logs.

User Interface Module: Displays live feeds, alerts, and reports.
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VI. SYSTEM ARCHITECTURE
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VII. OBJECTIVES

To automate surveillance using Al-based object, face, and anomaly detection.

To reduce human dependency in monitoring and reviewing security footage.

To detect and alert authorities about unauthorized access and suspicious behavior.
To create a scalable, real-time system for improved safety and security.

VIII. CONCLUSION

The Smart Surveillance System integrates modern machine learning techniques to create a reliable, real-time
monitoring solution. By combining object detection, face recognition, and anomaly detection, the system enhances
security, reduces manual monitoring, and ensures timely alerts for any suspicious activities. This innovative approach
has the potential to replace traditional surveillance methods, making environments safer and smarter.

IX. FUTURE WORK

Integration of multiple camera streams to monitor larger areas.

Adding audio analysis to detect sounds like glass breaking or shouting.

Deploying the system on edge devices for improved performance and reduced latency.
Implementing crowd behavior analysis for public space monitoring.

Developing a mobile application to provide real-time alerts and video access on the go.
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