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Abstract -This paper presents a web-based Dynamic
Motion Detection Estimation system designed to enhance
real-time surveillance through automated motion tracking,
activity logging, and visual analytics. Built using TypeScript,
React, and Tailwind CSS, the system integrates live camera
feeds, motion detection algorithms, and secure user
authentication to improve situational awareness in security-
sensitive environments. Key features include real-time motion
alerts, dynamic charts for activity patterns, and role-based
access control. Testing results demonstrate high accuracy in
motion detection (100% pass rate in test cases) and seamless
integration of modules. The system's scalability and
responsiveness address limitations of traditional surveillance
methods, offering a cost-effective solution for industries,
smart facilities, and public safety applications.
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1.INTRODUCTION

Delays in reaction times, false positives, and
inefficient manual monitoring are common problems
with surveillance systems. Intelligent elements like real-
time notifications and automated motion tracking are
absent from traditional approaches. In order to fill these
deficiencies, this research suggests a web-based
Dynamic Motion Detection Estimation system that
makes wuse of contemporary technologies (React,
TypeScript). Using browser-based camera APIs for real-
time motion detection is one of the system's main goals.

e Safe access control using role-based permissions
and user authentication.

e data visualisation using logs and interactive
dashboards.
The project provides a scalable substitute for
hardware-dependent solutions and is in line with
developments in edge computing and computer
vision.

2. System Design and Methodology
2.1 Architecture

Dynamic Motion Estimation System®,

£
User Interface

£
| Camera Access Module | | Threshold Controller |

| Video Stream Manager | Report Viewer

|

| Motion Detection Engine

Log Manager

| Browser Storage |

The system follows a Waterfall model (Requirements ->
Design -> Implementation ->Testing) with modular
components:

e  Frontend: React-based UI with Tailwind CSS for
responsive design.

e Backend: TypeScript logic for motion detection and
data processing.

e Database: LocalStorage/IndexedDB for logs
(scalable to Firebase/MongoDB).

2.2 Motion Detection Algorithm

e  Frame Capture: Live video feed accessed via
getUserMedia API.

e Preprocessing: Grayscale conversion and noise
reduction.

e Pixel Comparison: Detects motion by analyzing
frame differentials.

e  Thresholding: Adjustable sensitivity to minimize
false positives.
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2.3 Key Features

e  User Management: JWT-based authentication
(Admin/Viewer roles).

e Activity Logs: Timestamped motion events
stored for analytics.

e Live Feed: Real-time video streaming with
motion highlights.

3. Results and Discussion
3.1 Testing Outcomes

To evaluate the system's accuracy and performance, multiple
types of testing were performed:

Unit Testing:

e  All core components such as the custom motion
detection hook, authentication context, and
dashboard widgets (e.g., LiveFeed, ActivityLog)
passed 100% of unit test cases. This confirms their
correctness in isolation.

Integration Testing:

e The interaction between the motion detection engine,
UI components, and storage modules was tested
thoroughly. The system demonstrated consistent
synchronization across the camera module, motion
detection logic, and real-time dashboard.

Performance Testing:

e Average motion detection latency: < 1 ms

e  Concurrent user support: 2+ users with live feed and
logs

e  Frame refresh rate: Smooth rendering at ~30 FPS (on
standard webcams)
These metrics indicate the system is optimized for
low-latency environments.

Security Testing:

e Role-based access control (RBAC) and JWT-based
authentication successfully blocked unauthorized
access. All endpoints were validated for token-based
session management.

3.2 Usability Feedback

The interface, designed using Tailwind CSS, was tested with a
small group of 5 participants from different technical
backgrounds. Results showed:

e  80% found the interface intuitive with minimal
onboarding.

e 100% were able to log in, start live tracking, and
view motion logs without external help.

e Feedback highlighted that motion chart visualization
and screenshot gallery improved post-event analysis.

3.3 Comparative Analysis
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Fig -1: Comparative Analysis
These comparisons demonstrate that the proposed system
significantly outperforms traditional solutions in terms of
automation, accessibility, and user engagement.

4. Applications
e  Smart Surveillance: Offices, industrial sites.
e Home Security: Intruder detection with instant alerts.
e Healthcare: Fall detection for elderly patients.

5. Conclusion and Future Work

The system successfully addresses gaps in manual
surveillance by offering automated, real-time motion
detection with a user-friendly interface. Future enhancements
include:

e Al Integration: Object recognition using
TensorFlow js.

e  Mobile App: Cross-platform monitoring.

e Cloud Backup: Secure storage for motion logs.
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