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[bookmark: ABSTRACT]ABSTRACT
TeamPilot, a full-stack, web-based project management and collaboration platform designed to facilitate seamless virtual teamwork, efficient project execution, and real-time communication. Built with modern web technologies including React.js for the frontend, Node.js and Express.js for the backend, and MongoDB for database management. TeamPilot provides a scalable, high-performance environment for distributed teams.
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1. [bookmark: 1._INTRODUCTION]INTRODUCTION
In recent years, the rapid shift toward digital and remote work environments has significantly transformed how teams collaborate, communicate, and manage projects. Organizations increasingly rely on a variety of software tools to coordinate tasks, share information, and maintain productivity across geographically distributed teams. However, this reliance often results in fragmented workflows, where project management, communication, and collaboration functionalities are spread across multiple independent platforms. Such fragmentation not only increases operational complexity but also leads to inefficiencies, including delays in communication, lack of real-time synchronization, and increased dependency on third-party services. To address these challenges, there is a growing demand for integrated systems that can unify essential collaboration features into a single, cohesive platform. An ideal solution should provide seamless task management, real-time communication, and intelligent assistance while maintaining scalability, security, and ease of use. This need has led to the development of TeamPilot, a comprehensive collaboration platform designed to streamline team workflows by combining project tracking, instant messaging, video conferencing, and AI-driven support within a unified environment. TeamPilot leverages a modern full-stack JavaScript architecture to deliver high performance and real-time responsiveness. By integrating technologies such as React.js for dynamic user interfaces, Node.js and Express.js for backend processing, MongoDB for flexible data storage, and WebSockets for real-time communication, the platform ensures efficient data handling and synchronization across users. Additionally, the incorporation of WebRTC enables peer-to-peer audio and video communication without reliance on external services, while an AI-powered chatbot enhances user interaction  through  natural  language  processing  and  intelligent  task

assistance.Through this integrated approach, TeamPilot aims to reduce the complexity of managing multiple tools, improve collaboration efficiency, and provide a scalable solution suitable for modern team environments.

2. [bookmark: 2._RELATED_WORK]RELATED WORK
[bookmark: The_rapid_evolution_of_digital_technolog]The rapid evolution of digital technologies has significantly transformed project management practices, leading to the emergence of digitally integrated and collaborative environments. A comprehensive systematic review by Chen et al. (2025) highlights how digital transformation reshapes project workflows through the adoption of advanced technologies such as AI, cloud computing, and real-time analytics. The study identifies key research gaps and emphasizes the need for adaptive project management methodologies that can effectively respond to dynamic digital environments. Complementing this, Espiritu et al. (2024) present a case study on Project Management 4.0, focusing on remote collaboration. Their work examines the effectiveness of digital tools in managing distributed teams, while also addressing challenges such as communication barriers, productivity measurement, and coordination in virtual settings.

[bookmark: In_the_context_of_virtual_teams,_Bernat_]In the context of virtual teams, Bernat et al. (2023) provide a quantitative analysis demonstrating that stakeholder engagement and knowledge management play a crucial role in ensuring project success, particularly within hybrid and remote environments. Similarly, Swart et al. (2022) conduct a systematic review identifying critical success factors in digital collaboration, including trust, organizational culture, leadership, and effective communication tools. Their findings underline that while digital platforms enable collaboration, human and organizational factors remain central to achieving desired outcomes in project management.

[bookmark: In_parallel,_Chen_and_Li_(2023)_investig]In parallel, Chen and Li (2023) investigate database optimization strategies in NoSQL systems like MongoDB, focusing on indexing, query optimization, and efficient data modeling for large-scale applications. Together, these studies provide a strong technical foundation for developing scalable, secure, and efficient collaborative platforms such as TeamPilot.

3. [bookmark: 3._SYSTEM_ARCHITECTURE]SYSTEM ARCHITECTURE

TeamPilot is designed using a three-tier architecture combined with a modular approach to ensure scalability, maintainability, and efficient separation of concerns. This architectural model divides the system into distinct layers, each responsible for specific functionalities while working cohesively to deliver a seamless user experience. The Presentation Layer serves as the user interface of the system and is implemented using React.js. This layer is responsible for handling all user interactions, including dashboards, task views, project tracking interfaces, and communication panels. It provides a dynamic and responsive experience through component-based design and ensures smooth navigation across different sections of the application. The presentation layer communicates with the backend through RESTful APIs for standard operations such as data retrieval and updates, while WebSocket connections are used for real-time features like messaging, notifications, and live task synchronization.
The Application Layer acts as the core processing unit of TeamPilot and is developed using Node.js with the Express.js framework. This layer manages the business logic of the system, including task handling, project workflows, user authentication, and authorization mechanisms. It processes incoming requests from the frontend,
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performs necessary computations, and interacts with the data layer to fetch or store information. Additionally, it integrates real-time communication services such as WebSockets (Socket.io) for instant updates and WebRTC for enabling peer-to-peer audio and video communication. This layer ensures that all system functionalities operate efficiently and securely.
The Data Layer is responsible for persistent data storage and management, utilizing MongoDB as the primary database. It stores structured and unstructured data such as user profiles, project details, task records, chat messages, and system logs in a flexible, document-oriented format. Mongoose is used as an Object Data Modeling (ODM) library to define schemas, enforce data validation, and simplify database interactions. This layer ensures data consistency, efficient querying, and scalability to handle large volumes of information.
In addition to the core layers, TeamPilot incorporates several supporting components to enhance functionality. The AI Service Module is responsible for chatbot operations and natural language processing, enabling intelligent user assistance and workflow automation. The Notification Service leverages WebSocket technology to deliver real-time alerts and updates, ensuring users remain informed about task changes and messages instantly. The Media Service utilizes WebRTC to manage audio and video communication, enabling seamless in-app virtual meetings without relying on external platforms.
Overall, this layered and modular architecture ensures that TeamPilot remains scalable, flexible, and efficient, while supporting real-time collaboration, secure data handling, and advanced features within a unified system.

[image: ]
[bookmark: Fig._System_Architecture]Fig. System Architecture

4. [bookmark: 4._RESULTS_AND_DISCUSSION]RESULTS AND DISCUSSION
TeamPilot demonstrated a high level of system reliability, performance efficiency, and functional correctness across all modules. A comprehensive set of test cases covering

authentication, task management, real-time communication, file handling, and AI-based interactions was executed. Core functionalities such as JWT-based login, task creation, WebSocket-driven real-time updates, chat messaging, and file uploads performed as expected, with accurate outputs and minimal latency. Integration testing confirmed seamless communication between the frontend, backend, and database, ensuring data consistency and stable system behavior.
The implementation of TeamPilot demonstrates notable improvements in managing projects, coordinating teams, and tracking tasks within a unified environment. The system successfully integrates core functionalities such as task creation, assignment, monitoring, and communication, enabling users to manage their workflows more efficiently. During evaluation, users were able to interact with the system in real time, which reduced manual errors commonly associated with traditional project management approaches. The responsive interface developed using React.js contributed to a smooth user experience, allowing seamless navigation across dashboards, task boards, and project views. Additionally, the three-tier architecture ensured stable system performance with minimal latency, even during multiple concurrent interactions, while the modular design supported flexibility and ease of future enhancements.

From a discussion perspective, the system effectively addresses key challenges in team collaboration and project monitoring by consolidating multiple functionalities into a single platform. This integration reduces reliance on external tools and enhances transparency in workflow management. However, certain limitations were identified during the analysis. The absence of a database restricts data persistence, making the system less suitable for long-term or large-scale applications. Furthermore, while the architecture supports modularity, scalability may be affected when handling a higher volume of users or data due to the lack of backend data management. Security is another aspect that requires improvement, as the current implementation provides only basic mechanisms and may not meet enterprise-level requirements.
Overall, the results indicate that TeamPilot serves as an effective lightweight solution for project management, particularly for small teams or academic purposes. With the incorporation of persistent storage, enhanced security features, and advanced capabilities such as analytics or AI-driven recommendations, the system can be further developed into a more robust and scalable platform suitable for real-world applications.



5. [bookmark: 5._CONCLUSION]CONCLUSION
The development of TeamPilot, a full-stack, web-based project management and collaboration platform, successfully demonstrates the effective integration of modern web technologies, real-time communication mechanisms, and AI-driven automation to support seamless virtual teamwork. The system fulfills the primary objectives outlined during the design phase, namely, enabling distributed teams to collaborate efficiently, manage tasks intelligently, and maintain constant communication within a unified digital workspace. Through the combination of React.js for the frontend, Node.js and Express.js for backend services, and MongoDB for data persistence, TeamPilot achieves a high-performance, scalable, and modular architecture. The incorporation of

WebSockets enables instantaneous synchronization of data and updates across all connected clients, while WebRTC facilitates smooth peer-to-peer video and audio communication without dependency on external conferencing tools. The inclusion of a AI chatbot assistant further enhances user interaction by automating repetitive processes, offering contextual support, and simplifying navigation within the system.
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