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Abstract—Traditional surveillance is limited and relies heavily on
manual monitoring. These limitations have been exposed by the
growing demand for intelligent security systems. In this paper, we
propose an intelligent computer vision framework for real-time
surveillance and intruder detection called NeuroSentinel. The system
utilises live video feeds, face detection, and facial recognition
technologies to identify authorised and unauthorised individuals. If an
intruder is detected, the framework automatically captures evidence
and generates real-time alerts to improve security response.
NeuroSentinel is an efficient, scalable, and cost-effective surveillance
solution built using Python, OpenCV, Flask, and MySQL. The proposed
system improves security monitoring accuracy, decreases human effort,
and enables automated detection of threats across diverse real-world
environments including educational institutions, offices, and residential
areas.
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1. INTRODUCTION

The recent increase in urbanisation and security concerns
has led to a growing demand for efficient surveillance solutions.
Conventional surveillance depends heavily on continuous human
monitoring, requiring operators to manually observe multiple
camera feeds simultaneously. This process is labour-intensive
and prone to errors, including delayed responses to security
incidents.

Advances in computer vision and artificial intelligence now
enable automated smart systems to analyse video in real time
and respond whenever a threat is detected. Face detection and
recognition techniques can effectively differentiate between au-
thorised and unauthorised individuals within a monitored envi-
ronment, significantly reducing the need for human involvement
across educational institutions, office buildings, residential com-
plexes, and similar facilities.

In this paper, a novel face recognition based intelligent surveil-
lance solution named NeuroSentinel is presented. The proposed
system applies computer vision algorithms to analyse real-time

video feeds, detect human faces, and classify each detected
individual as either an authorised user or an intruder.

II. LITERATURE SURVEY

The widespread deployment of surveillance cameras has
driven extensive research in intelligent monitoring. Traditional
surveillance methods that rely on manual supervision or simple
video recording fail to satisfy modern security requirements.
Conventional CCTV systems primarily serve as recording and
manual observation tools and lack the capability for intelli-
gent analysis and immediate threat identification. Several stud-
ies have documented the ineffectiveness of manual monitoring
across large camera networks, where such systems cause signifi-
cant delays in detecting and responding to security events.

Advances in computer vision have greatly contributed to in-
telligent surveillance through object detection, motion analysis,
and face detection. Techniques such as the Haar Cascade Classi-
fier are widely used for face detection due to their computational
efficiency and real-time performance in extracting human faces
from video frames for subsequent recognition and identification.

Facial recognition is a core technique in contemporary se-
curity systems, enabling comparison of detected faces against
pre-stored databases of known individuals for authentication
and filtering of unknown visitors. Existing recognition systems
have found widespread adoption in institutional, office, and
controlled-access environments where their role is focused on
access control and personnel authentication.

More recent surveillance systems incorporate automated noti-
fication mechanisms to improve response time. Upon detecting
an unrecognised individual, these systems can alert authori-
ties via email or other communication channels, capture pho-
tographic evidence, and log the event. This enables a unified
intelligent framework that integrates detection, recognition, stor-
age, and notification to prevent security threats.

Based on the reviewed literature, the majority of existing
systems either focus solely on video recording or implement
only basic face detection, lacking automatic real-time intruder
identification, evidence capture, and automated alert generation.
The proposed NeuroSentinel aims to address these shortcomings
by integrating real-time video surveillance with face detection,
face recognition, database storage, and automated email alert
generation.
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III. PROPOSED SYSTEM

NeuroSentinel is an intelligent computer vision framework
developed for real-time surveillance and automated intruder de-
tection. Unlike traditional surveillance systems that rely on
continuous human monitoring, the proposed system automat-
ically analyses live video streams, detects human faces, and
identifies authorised and unauthorised individuals. The frame-
work improves security by reducing manual effort and enabling
rapid response to potential threats.

The system captures video through surveillance cameras and
processes each frame using computer vision techniques. The
face detection algorithm identifies human faces present in the
video stream, while the facial recognition module compares
detected faces with stored records in the database. If a match
is found, the individual is recognised as an authorised user;
otherwise, the person is classified as a potential intruder.

Upon detecting an unauthorised individual, NeuroSentinel au-
tomatically captures images as evidence, stores the event details
in the database, and generates real-time email notifications to
security personnel or administrators. This enables immediate
awareness of security incidents and supports quick decision-
making. The framework is implemented using Python, OpenCV,
Flask, and MySQL, ensuring efficient processing and reliable
system performance.

The proposed system offers several advantages: automated
monitoring, accurate face recognition, real-time intruder detec-
tion, evidence collection, and instant alert generation. By inte-
grating computer vision with intelligent security mechanisms,
NeuroSentinel provides a scalable, cost-effective, and efficient
surveillance solution suitable for educational institutions, offices,
residential communities, and public security environments.

A. System Architecture

The general architecture of NeuroSentinel is presented in
Fig. 1. The pipeline begins with the Video Capture Module,
which acquires real-time video streams from CCTV cameras and
webcams. Captured frames are forwarded to the Face Detection
Module, which applies image pre-processing and Haar Cascade
algorithms to localise faces within each frame.

Detected faces are then passed to the Face Recognition Mod-
ule, which extracts facial features and compares them against
registered entries in the face database to determine whether the
individual is a known user or an intruder. Based on this result,
the Intruder Detection Module classifies the person accordingly.
If classified as unknown, the Alert and Notification Module cap-
tures the intruder’s image, records the event, and dispatches
real-time email notifications to the administrator.

All registered user details, face datasets, captured images,
and event history are persisted by the Database and Data Man-
agement Module. Live monitoring, alert management, report
generation, and administration are handled through the Web
Dashboard Module. Camera configuration, user registration, and
dataset maintenance are managed via the System Management
Module. Together, these modules enable intelligent, automated
surveillance with real-time face recognition and scalable intruder

detection.
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Figure 1: System Architecture of NeuroSentinel

B. Data Flow Diagram

Fig. 2 presents the Data Flow Diagram of the NeuroSentinel
surveillance system. The process begins with live video input
from a CCTV camera or webcam. Captured video frames are
passed to the face detection module, which identifies human
faces using computer vision techniques.

After detection, the face is forwarded to the face recognition
module, which compares it against stored user records in the
database. If the person is recognised, the system grants autho-
rised access and logs the activity. If the person is unknown, the
intruder detection module classifies the individual as an intruder,
captures their image, stores the event details, and dispatches an
email alert to the administrator. The web dashboard displays live
video, alerts, logs, and stored records for ongoing monitoring
and

management.
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Figure 2: Data Flow Diagram of NeuroSentinel

IV. COMPONENTS AND TECHNIQUES OF THE
NEUROSENTINEL FRAMEWORK

Table 1 summarises the key components of the proposed
framework along with the techniques that enable intelligent
security monitoring. The framework integrates video capture,
face detection, face recognition, intruder identification, alert
generation, and secure data management to deliver an automated
surveillance solution.



Table 1: COMPONENTS AND TECHNIQUES OF NEUROSENTINEL FRAMEWORK

Component Description Techniques Used Purpose

Video Capture Module  Captures live video streams from CCTV cameras or webcams  OpenCV Video Capture, Frame  Real-time monitoring
for surveillance monitoring Acquisition

Face Detection Module  Detects and localises human faces from captured video frames Haar Cascade Classifier, Image  Face localisation

Processing

Face Recognition Mod-  Compares detected faces with stored user records to verify iden- ~ LBPH Face Recognition, Feature ~ Authorised user recogni-

ule tity Extraction tion

Intruder Detection  Identifies unknown or unauthorised individuals in the surveil-  Face Matching, Classification Threat and intruder detec-

Module lance area Techniques tion

Alert Module Generates alerts and sends notifications when an intruder is ~ SMTP Email Service, Event Trig-  Real-time security alert
detected ger Mechanism generation

Database & Data Man-  Stores user profiles, face datasets, captured images, and event =~ MySQL Database, Data Storage Data management

agement Module
Web Dashboard Mod-

logs
Provides an interface for live monitoring, alert management,

Management
Flask Framework

System control

ule and reporting
Security Layer
surveillance data

Protects system resources and controls authorised access to

Authentication, Access Control Data security

VIL

The NeuroSentinel framework operates across three progres-
sive levels, each adding greater intelligence and automation to
the surveillance process.

FRAMEWORK OPERATIONAL LEVELS

D. Basic Surveillance Monitoring Level

The basic level focuses on real-time video monitoring and
face detection within the surveillance environment. The system
continuously captures video streams from cameras and processes
each frame to identify human presence. This level forms the
foundation of the surveillance framework by collecting visual
information and detecting faces from live video feeds.

Key activities at this level include:

* Capturing live video streams from surveillance cameras.

* Detecting human faces from video frames.

* Performing continuous basic monitoring activities.

* Recording detected face data for further processing.

The primary objective is to perform real-time surveillance,
detect human presence, collect visual data for security analysis,
and establish the foundation for intelligent surveillance.

E. Intelligent Recognition Level

At the intermediate level, the system performs face recogni-
tion and identity verification. Detected faces are compared with
the stored database of authorised users. The system automat-
ically differentiates between known and unknown individuals,
improving security monitoring efficiency.

Characteristics of this level include:

+ Extraction and analysis of facial features.

* Matching detected faces against stored records.

* Automatic identification of authorised and unauthorised

users.

» Automated processing of recognition results.

This level delivers accurate identification of authorised in-
dividuals, reduced dependency on manual monitoring, faster
identity verification, and improved overall surveillance effective-
ness.

F. Advanced Intruder Detection and Alert Level

The advanced level focuses on automated intrusion detection
and security response. When an unknown individual is detected,
the system captures evidence, stores event details, and generates
real-time notifications for administrators.

During this phase:

* Unauthorised individuals are classified as intruders.

+ Intruder images are captured automatically.

* Real-time email alerts are generated and dispatched.

+ Security events are recorded in the database.

Key capabilities include automated intruder detection, real-
time security alert generation, intelligent surveillance monitor-
ing, secure storage of surveillance records, and enhanced secu-
rity response and threat management.

VIIL

The proposed NeuroSentinel: An Intelligent Computer Vision
Framework for Real-Time Surveillance and Intruder Detection
successfully addresses the limitations of conventional surveil-
lance systems by providing an intelligent and automated security
monitoring solution. The framework combines real-time video
monitoring, face detection, face recognition, intruder identifi-
cation, and alert generation within a unified platform. By con-
tinuously analysing live video streams, the system accurately
identifies authorised individuals and detects unauthorised access
without requiring constant human supervision. The integration
of automated notifications and secure data management further
enhances the effectiveness of security operations.

The implementation demonstrates that computer vision tech-

nologies can significantly improve surveillance efficiency, re-
duce incident response time, and strengthen overall security
management across diverse environments including educational
institutions, offices, residential communities, and public spaces.
Future enhancements of NeuroSentinel may focus on integrat-
ing advanced artificial intelligence and deep learning techniques
to improve recognition accuracy and system intelligence. The
framework can be extended to support multi-camera surveil-

CONCLUSION AND FUTURE ENHANCEMENT



lance, cloud-based monitoring, and remote access capabilities
for large-scale security environments. Additional features such
as real-time object detection, suspicious activity analysis, be-
havioural monitoring, and predictive threat assessment can fur-
ther enhance the system’s ability to identify potential security
risks. These advancements will enable NeuroSentinel to evolve
into a more intelligent, scalable, and autonomous surveillance
framework capable of meeting future security requirements.
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