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Abstract: The virtual whiteboard, in its simplified form, allows users to draw and interact through hand gestures in front of
a webcam, providing an intuitive and immersive experience. By harnessing gesture recognition technology, users can replicate
the tactile sensation of traditional whiteboard drawing in a digital environment. This innovative application eliminates the
need for physical tools and enables spontaneous ideation, brainstorming, and collaboration from anywhere with an internet
connection. The integration of hand gestures not only enhances user engagement but also offers a dynamic and accessible
platform for creative expression, making the virtual whiteboard an effective tool for remote collaboration, online education,
and interactive presentations.

Key Words: Virtual Whiteboard, Gesture Recognition, Hand Gesture, Al Collaboration, Real-Time Drawing,
Computer Vision,RemoteEducation,Digitallnteraction highcost of digital whiteboard hardware, dependency on
specific devices and operating systems, and limitations during remote brainstorming sessions mouse interaction.
Some systems use stylus-based input, which may not be accessible to all users.

1. INTRODUCTION

A whiteboard is an essential tool used in classrooms, meetings, and brainstorming sessions. With the advancement of
technology, traditional whiteboards have evolved into digital whiteboards that support remote collaboration. However,
most digital whiteboards rely on touch screens or external devices like stylus pens.

1.1 Importance of Al in Collaborative Tools

Artificial Intelligence (AI) has significantly improved the functionality of collaborative tools. Al-based systems can
understand gestures, recognize patterns, and provide real-time interaction. This reduces the need for physical contact and
enhances user experience.

1.2 Overview of Existing Solutions

Existing tools such as Microsoft Whiteboard, Google Jamboard, and Zoom Whiteboard provide digital drawing capabilities.
How ever ,they depend on touch input or
1.3 Problem Statement

There is a need for a touch-free, real-time whiteboard system that uses Al to recognize hand gestures and convert them
into drawing actions without requiring additional hardware like stylus or touch screens.

2. PROBLEM FORMULATION

In existing technology, we use big physical digital white boards to write on the screen. This system is not mobile so we
cannot move it from one place to another place easily. In our project this can be easily moveable from one place to another.
Moreover, for everyone to afford a digital board is not possible, but our project has less cost and no hardware
requirement.Some other problems faced by people include: accessibility challenges for differently-abled users,

3. LITERATURE REVIEW

The field of real-time collaborative systems has witnessed substantial growth in recent years, driven by the increasing
demand for virtual teamwork, remote education, and cloud-based productivity tools. A wide array of research conducted
by prominent organizations such as the IEEE, ACM, and other academic bodies highlights the impact of synchronous
collaboration platforms on user engagement, retention, and task efficiency.

One significant trend observed in these studies is the adoption of real-time whiteboard tools in online learning and remote
meetings, where their visual nature enhances both the delivery and comprehension of complex topics. Research papers on
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interactive digital classrooms have consistently demonstrated that visual co-creation drawing, annotating, and
brainstorming leads to greater cognitive engagement, improved memory retention, and stronger conceptual
understanding among participants.

Previous implementations like CoDraw, a collaborative drawing tool for language learners, and shared cursor/pointer
systems used in educational software platforms, emphasize the value of immediate visual feedback. These tools have
shown that minimizing latency in drawing synchronization can drastically improve collaborative task performance and
mutual awareness among users.

Applications like Figma, Miro, and Google Jamboard serve as real-world benchmarks that validate the utility of real-time
visual collaboration in both design and educational contexts. These platforms rely on WebSocket-based communication
protocols, often implemented via Socket.I0, which is praised in academic and developer communities for its efficiency in
managing multiple concurrent user connections with real-time data broadcasting capabilities.

Moreover, the architecture of collaborative systems has evolved to embrace event-driven, low-latency architectures that
not only support live interaction but also ensure scalability and fault tolerance. The proposed Real-Time Collaborative
Whiteboard system seeks to deliver a balance of responsiveness, simplicity, and functional effectiveness, making it suitable
for educational institutions, remote teams, and creative professionals alike.

4. METHODOLOGY

The development of the Real-Time Whiteboard application follows a structured approach using front-end web
technologies including HTML, CSS, and JavaScript. The methodology focuses on designing an interactive and user-friendly
drawing platform without relying on backend services.

4.1 Requirement Analysis

First, the system requirements were analyzed to identify the core functionalities such as drawing, erasing, color selection,
shape creation, and data storage. The need for a responsive and intuitive user interface was also considered.

4.2 System Design

The system was designed as a single-page web application. The layout includes a full-screen canvas element for drawing
and a toolbar containing tools like pencil, eraser, color picker, shapes, and download options. The design ensures smooth
interaction across devices.

Fig -1: Login Page

4.3 Implementation

Canvas API was used to implement drawing functionality. Mouse events such as mousedown, mousemove, and mouseup
were used to capture user input. Different tools like brush, eraser, and shapes were implemented using JavaScript logic.
Undo and redo operations were managed using arrays to store drawing states.

© 2026,IRJET | ImpactFactorvalue:8.315 | [1SO09001:2008 Certified Journal | Page 3964



‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 13 Issue: 04 | Apr 2026 www.irjet.net p-ISSN: 2395-0072

4.4 Data Management

The application uses Local Storage to store the whiteboard data. This ensures that the user's drawing is preserved even
after refreshing the page, providing a persistent experience without a backend.

4.5 User Interaction

User interaction is handled through event listeners. The system allows users to: draw freely on the canvas, change colors
and brush sizes, insert text and shapes, and clear or download the canvas.

DrawiNMe
ProiNMcix
wWhitebocard

Fig -2: Whiteboard Interface

4.6 Testing and Optimization

The application was tested for performance and usability across different browsers and devices. Issues like lag in drawing
and improper event handling were resolved to ensure a smooth user experience.

4.7 Limitations

Since no backend is used, real-time collaboration between multiple users is not supported. Data is stored locally, which
limits access to a single device.

5. RESULT AND DISCUSSION
5.1 Results

The developed system for Real-Time Whiteboard Collaboration Using Al was successfully implemented and tested under
multiple scenarios. The results demonstrate the following outcomes:

Table -1: System Performance Results

Performance Result / Observation
Metric
Real-Time Multiple users able to draw and
Collaboration interact simultaneously with

minimal latency

Latency Average delay of less than 200-300
Performance milliseconds

Al-Based Handwriting & shape recognition
Recognition accuracy: 85-92%
Cross-Platform | Accessible via web browsers on
Access desktops and mobile devices

Data Changes reflected instantly via

Synchronization | WebSockets for all connected users
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Fig -4: Final System Output

5.2 Discussion

The results indicate that integrating Al with real-time collaborative systems significantly enhances usability and
functionality. The Al features such as handwriting recognition and shape detection improved productivity by converting
rough sketches into structured content. However, accuracy varied based on input quality.

Scalability Considerations: While the system performed well with a limited number of users (5-10 users), performance
degradation was observed when scaling beyond that, indicating the need for optimization in server handling.

Network Dependency: The system's performance heavily depends on internet speed. Users with slower connections
experienced slight delays and synchronization issues.

Security and Data Privacy: Basic authentication mechanisms were implemented, but further enhancements such as end-
to-end encryption are required for secure collaboration.

Compared to traditional tools, the Al-powered whiteboard provides: better accessibility, automated recognition features,
and remote collaboration capabilities. Identified limitations include limited Al accuracy for complex handwriting and
dependency on network quality.
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6. CONCLUSION

This project presents the design and development of a Whiteboard Application using front-end web technologies. The
system provides essential drawing functionalities along with an intuitive user interface, making it suitable for educational
and collaborative purposes.

The integration of hand gesture control enhances the usability of the application by enabling touchless interaction, which
represents a step towards more natural and user-friendly interfaces. It also demonstrates how modern technologies can
be combined to improve user experience.

Although the current system does not support multi-user collaboration due to the absence of a backend, it effectively
fulfills its objective as a standalone application. The use of local storage ensures data persistence, and the overall
performance remains stable under normal conditions.

In the future, the project can be extended by adding: real-time collaboration using WebSockets, cloud-based data storage,
and improved gesture recognition using advanced models. In conclusion, the developed system successfully achieves its
goals and provides a strong foundation for further enhancements in interactive web applications.
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