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Introduction:

In today’s rapidly evolving technological landscape, ensuring public safety and security
has become a top priority. Traditional video surveillance systems rely heavily on
manual monitoring, which is both labor-intensive and prone to human error. With the
advent of Artificial Intelligence, particularly Deep Learning, it is now possible to develop
intelligent surveillance systems that can automatically analyze video feeds and detect

abnormal behavior in real time.

This project, Intelligent Video Surveillance System, leverages the power of
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) to
enable anomaly detection with high precision. These models help in identifying

complex human activities such as violence, theft, or suspicious movements.

By implementing advanced machine learning techniques and integrating them with a
robust real-time processing pipeline, the system provides alerts to designated
personnel via email and WhatsApp. It operates reliably under varying lighting,
occlusion, and environmental conditions, and adheres to privacy regulations by

anonymizing sensitive data.

This system is applicable to various domains, including public transport hubs,
educational campuses, and retail environments, and contributes to enhancing

situational awareness and reducing reaction time during security incidents.

48t Series Student Project Programme (SPP): 2024-25 — Synopsis of the Project



Objectives:

e Automate real-time video surveillance using deep learning.

e Enable early detection of anomalies such as theft or violence.

e Provide a scalable and adaptable system for different environments.

e Ensure secure communication through alerts (Email, WhatsApp).

e Improve accuracy, performance, and usability of surveillance systems.

e To minimize human intervention in monitoring and detection of abnormal activities.
e To reduce false positives and false negatives in anomaly detection.

e To ensure system compatibility with both indoor and outdoor surveillance

environments.

Methodology:

The proposed Intelligent Video Surveillance System employs a combination of state-
of-the-art deep learning techniques and real-time video processing tools to automate
the detection of abnormal behavior in live camera feeds. The methodology includes

the following key stages:

1. Data Collection & Preprocessing
Video datasets of both normal and anomalous activities (such as UCF-Crime,
CCTV footage, or custom recordings) are used for training and validation. The
collected data is preprocessed by:
Converting videos into frame sequences.
Resizing frames to a consistent resolution (e.g., 224x224).
Normalizing pixel values to improve model convergence.

Applying grayscale conversion (optional) for simpler models.

2. Feature Extraction
Convolutional Neural Networks (CNNs), such as InceptionV3 or ResNet50, are
used to extract spatial features from each video frame. These CNNs are either pre-
trained on large datasets (like ImageNet) or fine-tuned with surveillance-specific
data. The extracted features represent key visual patterns like human posture,

motion cues, and object interactions.
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3. Temporal Analysis
To capture the sequence and timing of events, Recurrent Neural Networks (RNNs),
especially LSTM (Long Short-Term Memory) networks, are used. LSTMs help
understand whether an activity is progressing normally over time or deviating into
an anomaly. A sequence of frame-level features is passed through the LSTM to

produce a prediction score.

4. Anomaly Detection Model
We utilize an autoencoder-based anomaly detection approach or a ConvLSTM
model that reconstructs normal behavior and computes the reconstruction error.
Abnormal activities, which do not conform to the learned patterns, result in higher
reconstruction loss. A threshold is set (e.g., via ROC curve) to classify whether the

event is normal or anomalous.

5. Real-time Inference Engine
Using frameworks like TensorFlow or PyTorch, the trained model is deployed to
process live video feeds in real time. Each incoming video frame or sequence is

passed through the model, and anomaly scores are calculated on the fly.

6. Alerting and Communication Module
When an anomaly is detected:
An alert is immediately generated.
Notifications are sent via WhatsApp APl or Gmail SMTP, including details like

timestamp, location, and a snapshot of the frame.

7. System Interface and Logging
A basic GUI using Tkinter or PyQt is implemented to display the video stream,
show detection results, and maintain an event log. All detection instances are

logged with metadata (frame number, anomaly type, confidence score).

Results & Conclusions :
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The Intelligent Video Surveillance System was tested using a combination of public
datasets (like UCF-Crime) and custom-recorded surveillance video clips. The system
demonstrated high accuracy in identifying anomalies such as violent behavior,
loitering, and unauthorized access. Using a reconstruction-based loss model, the

system effectively differentiated between normal and abnormal activities in real time.

The trained model achieved an accuracy of over 90% and a low false positive rate
across varied lighting and environmental conditions. Detection latency remained under
500 milliseconds, enabling timely alerts. Email and WhatsApp notifications were
successfully triggered with embedded snapshots, ensuring immediate user

awareness.

The system consistently maintained performance across different video resolutions
and camera angles. Real-world testing on live feeds confirmed the robustness of the
anomaly detection pipeline. Graphs showing anomaly score thresholds, precision-
recall curves, and confusion matrices were plotted to visualize performance and

identify optimal thresholds

RIOTERS BREAK CCTV CAMERAS
BREPUBUC MEDIA NETWORK

Figure 1: Event Detection

48t Series Student Project Programme (SPP): 2024-25 — Synopsis of the Project



Figure 2: Shows Alert Generation

In conclusion, the project successfully implemented a real-time, intelligent surveillance
solution that integrates deep learning with effective communication mechanisms. It
addresses key limitations of manual monitoring and provides a scalable, accurate, and
responsive alternative. This system is ready for deployment in security-critical
environments such as educational institutions, public transport, and commercial

zones.
Project Outcome & Industry Relevance :

The project resulted in the successful development of an Al-powered intelligent
surveillance system capable of detecting and reporting anomalies in real time. The
system integrates deep learning models with video analytics to automatically identify
suspicious or violent activities, significantly reducing the dependency on manual

monitoring.

Key outcomes include a fully functional prototype, an automated alert mechanism
using WhatsApp and Email APls, and a user-friendly interface for real-time monitoring.
The model achieved high accuracy and efficiency, making it suitable for diverse

operational conditions.

From an industry perspective, the system holds immense relevance in domains such
as smart cities, public infrastructure, retail stores, educational campuses, and

industrial security. It can seamlessly integrate with existing CCTV infrastructure and
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enhance threat response time and overall situational awareness. The modular
architecture ensures easy scalability and customization based on deployment

environments.

With increasing global emphasis on public safety and intelligent automation, this
project aligns with current industrial trends in security technology and Al-driven

surveillance solutions.
Working Model vs. Simulation/Study:
This project involved the development of a Working Model.

The Intelligent Video Surveillance System was fully implemented and tested in real-
time conditions using live CCTV feeds and pre-recorded surveillance footage. The
model performs on-the-fly anomaly detection using deep learning techniques and

triggers alerts when suspicious activities are identified.

Unlike a purely theoretical or simulation-based approach, the system is operational,
deployable, and integrates all components—from data acquisition and processing to
alert generation—into a functional pipeline. The working prototype runs on standard

hardware, making it practical for immediate field deployment and further testing.
Project Outcomes and Learnings:

e Successfully developed a real-time intelligent surveillance system capable of
detecting abnormal activities with high accuracy.

e Integrated deep learning models (CNN + LSTM) with live video feeds for
spatiotemporal anomaly detection.

e Implemented automated alert mechanisms via WhatsApp and Email APIs,
enhancing real-world usability.

e Designed a user interface for monitoring and logging anomalies in real-time.

e Learned how to handle real-world video data, including challenges like varying
lighting, occlusions, and frame noise.

e Gained practical experience in model training, optimization, and deployment using

TensorFlow, Keras, and OpenCV.
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e Understood how to balance system performance (speed vs. accuracy) for real-time
applications.

e Developed skills in software integration, modular system design, and real-time
communication.

e Recognized the importance of privacy compliance and ethical considerations in
surveillance systems.

e Improved team collaboration, project management, and problem-solving through

iterative development and testing.

Future Scope: The system can be further enhanced with edge computing devices like
NVIDIA Jetson to reduce latency and bandwidth usage. Integration of facial

recognition and behavioral analytics will enable person-specific monitoring.
Future work includes:

e Using multi-camera tracking for crowd behavior analysis.

o Real-time crowd violence or riot detection.

« Cloud-based storage with secure data logging for incident review.

« Integration with emergency services for automated dispatch.

o Adaptation for autonomous drones and mobile surveillance units.

e Further training on diverse datasets to improve generalizability across

environments.
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