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Abstract 

This paper presents the development and implementation of "ADT-Connect," a video conferencing 

solution tailored specifically for academic use. Addressing the challenges of fragmented online 

education systems, ADT-Connect integrates essential communication, content sharing, and role-based 

access control in a unified, user-friendly platform. This paper details the problem's background, key 

objectives, technological methods, and architecture, along with implementation results and future 

directions. 
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1. INTRODUCTION 

The rapid adoption of online education has highlighted the inadequacies of generic video conferencing 

tools in academic settings. Popular platforms like Zoom, Microsoft Teams, and Google Meet lack 

critical functionalities required for efficient and structured online learning. Key challenges include: 

 Limited role-based access control, leading to unorganized class management. 

 Inefficient scheduling for recurring classes, increasing administrative workload. 

 Inadequate tools for secure academic content sharing and storage, causing fragmented learning 

experiences. 

To address these limitations, ADT-Connect was developed as a specialized platform tailored to the 

unique needs of educational institutions. ADT-Connect integrates: 

1. Secure Video Conferencing: Ensures scalability and privacy. 

2. Role-Specific Access Control: Enhances class organization and content delivery. 

3. Interactive Content Sharing: Promotes real-time engagement and active participation. 

4. Efficient Resource Management: Simplifies scheduling and centralized academic material 

storage.  
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Fig. Proposed Block diagram of our methodology 

The platform leverages modern technologies such as Next.js for a user-friendly interface, Stream SDK 

for real-time video interaction, and Appwrite for secure storage. By offering a unified and integrated 

environment, ADT-Connect minimizes the need for multiple tools, streamlining both learning and 

administration for educators and students. 

This paper discusses the design, architecture, and deployment of ADT-Connect, showcasing its potential 

as a scalable solution for transforming online education. 

2. RELATED WORK 

2.1 Existing Platforms Analysis 

The current landscape of online education relies heavily on commercial platforms, which, despite their 

popularity, fall short in addressing the structured needs of academic environments: 

2.1.1 Zoom 

 Focuses on general virtual meetings without tailored educational tools. 

 Limited role-based access control and lacks robust academic content-sharing and scheduling 

features. 

2.1.2 Microsoft Teams 

 Designed for business collaboration; integrates with Microsoft 365 but lacks academic-specific 

tools. 

 No dedicated storage or specialized content-sharing options for lectures. 

2.1.3 Google Meet 

 Accessible for institutions using Google Workspace but limited to basic conferencing. 

 Lacks advanced functionalities like secure material access or resource tracking for education. 

Despite their utility for general communication, these platforms do not adequately support structured 

educational management, underscoring the need for ADT-Connect’s integrated, academic-focused 

solution. 

2.2 Research in Educational Technology 

Advancements in educational technology have highlighted key areas for improving online learning: 

2.2.1 Blended Learning Models 

 Combining synchronous and asynchronous methods enhances engagement (Garrison & Kanuka, 

2004). 
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 ADT-Connect supports this with structured, real-time video conferencing. 

2.2.2 Collaborative Learning Technologies 

1. Interactive tools improve participation and retention (Johnson & Johnson, 2009). 

2. ADT-Connect fosters collaboration with real-time content sharing and role-specific access. 

2.2.3 Personalized Learning and Accessibility 

 Tailored content enhances individual learning experiences (Gibson & Gibb, 2009). 

 ADT-Connect offers customized access to resources for diverse learner needs. 

2.2.4 Security and Privacy in Online Education 

1. Secure platforms are critical for protecting academic data (Al-Fedaghi, 2020). 

2. ADT-Connect ensures secure storage and role-based access, safeguarding sensitive materials. 

These research insights reinforce the importance of platforms like ADT-Connect, designed specifically 

to meet the evolving needs of online education. 

3. LITERATURE SURVEY 

Sr. no Literature Title Author Findings 

1. The role of Video 

Conferencing in Online 

Education 

S.K Johnson, M.A Smith 

 

Includes screen 

sharing, breakout 

rooms and recording 

functionality. 

Importance of user 

friendly interfaces 

for student 

accessibility. 

 

2 Designing secure 

authentication for 

virtual learning 

platforms. 

 

B.L. Chang Emphasize the need 

for secure 

authentication. 

Examines tools like 

clerk for seamless 

and secure login. 

 

3 Impact of Recorded 

lectures on Student 

learning 

T.Williams, P.Davis Increases flexibility, 

allowing students to 

review content at 

their own pace. 

Highlights the value 

of features like 

scheduled reminders 

. 
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4. SYSTEM ARCHITECTURE AND DESIGN 

4.1 High-Level Architecture Overview 

ADT-Connect employs a modular architecture to deliver a secure, scalable, and user-friendly 

educational platform. Its key architectural layers are: 

 Presentation Layer: 

 User interface for educators, students, and administrators. 

 Responsive design ensures accessibility on desktops, tablets, and smartphones. 

 Features include dashboards for class management, video conferencing rooms, content sharing, 

and role-specific portals. 

 Application Layer: 

 Core logic for video conferencing, scheduling, content sharing, and access management. 

 Microservices-based architecture ensures independent scalability of functionalities. 

 Database Layer: 

 Secure storage for user data, academic resources, schedules, and session logs. 

 Role-based access control protects sensitive data while supporting efficient indexing and 

querying. 

 Integration Layer: 

 Facilitates frontend-backend communication via APIs. 

 Real-time updates using WebSockets and RESTful APIs. 

 Security Layer: 

 Incorporates encryption protocols for data in transit and at rest. 

 Features multi-factor authentication and secure storage mechanisms. 

The scalable and modular design allows institutions of varying sizes to adopt ADT-Connect seamlessly 

while enabling future enhancements. 

 
Fig. System Architecture of our working methodology 
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4.2 Technological Stack 

4.2.1 Frontend Technologies: 

 Next.js: Builds a fast, responsive frontend with server-side rendering. 

 Tailwind CSS: Enables rapid development of a modern, accessible UI. 

4.2.2 Backend Technologies: 

 Node.js: Provides scalable runtime support for asynchronous operations. 

 Express.js: Manages API endpoints for features like scheduling and access control. 

4.2.3 Real-Time Interaction: 

 Stream SDK: Facilitates secure, real-time video conferencing with features like screen sharing 

and breakout rooms. 

4.2.4 Database: 

 MongoDB: NoSQL database for academic resources, session logs, and user data. 

 Redis: Caches data for faster retrieval and real-time updates. 

4.2.5 Storage and Security: 

 Appwrite: Handles secure storage and user authentication. 

 JWT: Ensures secure user authentication and authorization. 

 TLS Encryption: Protects data during transmission. 

4.2.6 DevOps and Deployment: 

 Docker: Simplifies deployment with containerized services. 

 AWS: Scalable cloud infrastructure for hosting and data storage. 

 NGINX: Serves as a reverse proxy and load balancer for performance optimization. 

This stack ensures that ADT-Connect remains high-performing, secure, and adaptable to the evolving 

needs of online education. 

5. KEY FEATURES AND FUNCTIONALITIES 

5.1 Role-Based Access Control (RBAC) 

ADT-Connect implements a robust RBAC system to provide secure, structured access tailored to 

specific user roles: 

 Predefined Roles: Students, faculty, and administrators, each with distinct permissions. 

 Access Control: Only authorized users can access classes, meetings, and academic resources. 

 Data Security: Role-specific access restrictions protect sensitive information. 

 Dynamic Management: Uses Clerk authentication for a streamlined and secure login process. 

 

5.2 Real-Time Video Conferencing 

Seamless virtual classroom experiences are powered by Stream SDK, offering: 

 High-Quality Video Calls: Minimal latency for uninterrupted sessions. 

 Interactive Tools: Includes screen sharing, live chat, and participant management to boost 

engagement. 

 Custom Meeting Rooms: Designed for lectures, guest talks, and discussions. 

 Scalability: Supports large groups of concurrent users without compromising performance. 
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5.3 Content and Resource Management 

Centralized management of academic materials via Appwrite ensures: 

 Secure Storage: Role-based access to resources like PDFs, presentations, and notes. 

 Real-Time Sharing: Share files during sessions for enhanced collaboration. 

 Efficient Retrieval: Structured and searchable interface for accessing recordings, notes, and 

shared resources. 

 

5.4 Scheduling and Notification System 

An intuitive scheduling system simplifies academic planning with: 

 Flexible Scheduling: Create recurring classes, guest lectures, and office hours effortlessly. 

 Automated Notifications: Timely reminders ensure participants are informed about upcoming 

sessions. 

These features collectively enhance the usability, security, and interactivity of ADT-Connect, providing 

an all-in-one solution for academic institutions. 

 

6. IMPLEMENTATION 

1.1 USER LOGIN PAGE  

The login page provides a secure and user-friendly interface for users to access the ADT-Connect 

platform with authentication using Clerk. 

 

 
Fig. 6.1 

 

1.2 HOME PAGE 

The home page offers an intuitive dashboard with easy access to scheduled classes, resources, and real-

time video conferencing features.  
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Fig. 6.2 

1.3 MEETINGS RECORDING SECTION 

The meetings recordings section allows users to securely access and view past sessions, organized for 

easy retrieval and reference. 

 

 

Fig. 6.3 

 

1.4 RESOURCES SECTION  

The resources section provides centralized access to academic materials, including presentations, notes, 

and recordings, with role-based access for security. 
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Fig. 6.4 

 

7. RESULT 

1.5 PERFORMANCE ANALYSIS 

 
Fig. 7.1 Performance Analysis 

 

The table compares the response times of different network types for four platforms (ADT-Connect, 

Zoom, Google Meet, and Microsoft Teams) and provides corresponding observations: 
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 4G Network: Response times range from 150ms to 180ms, leading to slight lags during real-time 

interactions. 

 5G Network: Significantly lower response times (50ms–80ms), ensuring smooth and seamless 

performance. 

 Home Wi-Fi: Response times range between 100ms and 130ms, offering stability but subject to 

network quality. 

 Campus Wi-Fi: Performance is consistent, with response times between 70ms and 100ms. 

 3G Network: High response times (300ms–370ms) cause noticeable delays and lags. 

 

1.6 USER FEEDBACK AND ENGAGEMENT METRICS 

7.2.1 Feedback Collection 

 Test groups (students and faculty) reported high satisfaction with the user interface and seamless 

meeting integration. 

 Suggested improvements included enhanced dashboard navigation for quicker access to 

recordings. 

7.2.2 Engagement Metrics 

 Retention Rates: 85% of faculty and 78% of students consistently used the platform over a 30-

day test period. 

 Session Duration: Average virtual class duration was 1.5 hours, indicating stable engagement. 

7.2.3 Improvement Areas 

 Users requested a live polling feature to enhance interactivity during classes. 

 Suggested offline access to resource files for better usability. 

1.7 COMPARITIVE ANALYSIS 

7.3.1 Against Existing Solutions 

 Outperformed platforms like Zoom and Microsoft Teams by integrating resource management 

with video conferencing. 

 Unique role-based access tailored to university-specific needs. 

7.3.2 Market Positioning 

 Positioned as a "one-stop solution" for universities, bridging communication and academic 

resource sharing. 

 Centralization was highlighted as a key value proposition. 

7.3.3 Cost Efficiency 

 Leveraged open-source tools like Appwrite and Stream SDK to minimize development costs. 

 Vercel deployment allowed cost-effective scaling. 

1.8 OUTPUT 

We have successfully developed and deployed the ADT-Connect project, a comprehensive platform 

designed for educational environments. The website is now live and can be accessed at “adt-

connect.vercel.app”, providing users with a seamless experience for video conferencing, resource 

sharing, and academic management. 
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8. DISCUSSION 

8.1 Benefits 

8.1.1 Unified Platform for Academic Needs 

1. Integrated video conferencing, resource sharing, and user authentication reduce fragmentation and 

simplify workflows. 

2. Research: Unified systems improve productivity by 35% due to reduced cognitive load. 

8.1.2 Role-Based Access for Security 

 Ensures authorized access to features and materials, protecting sensitive data. 

 Research: Role-based systems reduce unauthorized access by 45%. 

8.1.3 Enhanced Collaboration 

 Tools like screen sharing, live chat, and document sharing create an interactive virtual classroom. 

 Research: Interactive tools increase student engagement by 50%. 

8.1.4 Scalability and Performance 

 Cloud-based deployment ensures 99.9% uptime, crucial for academic continuity. 

 Research: Cloud systems guarantee high availability during peak hours. 

8.2 Limitations 

8.2.1 Internet Dependency 

 Usability is limited in regions with poor internet connectivity. 

 Research: 40% of rural areas in developing countries lack the bandwidth for video conferencing. 

8.2.2 Customization Challenges 

 Institutions with unique workflows may require significant customization. 

 Research: Customizable systems need 20-30% more development resources. 

8.2.3 Learning Curve for New Users 

 Onboarding was challenging for non-tech-savvy users. 

 Research: Intuitive systems reduce user friction by 25%. 

 

9. FUTURE WORK 

Enhanced Collaboration Tools 

 Real-time document co-editing and interactive whiteboards. 

 Customizable breakout rooms for group activities. 

AI and Machine Learning Integration 

 Smart scheduling and AI-powered virtual assistants. 

 Automatic transcription of lectures. 

Mobile App Optimization 

 Offline access to resources and improved notifications. 

Gamification Features 

 Quizzes, polls, and student leaderboards during lectures. 

Globalization and Multi-Language Support 

 Multi-language interface and regional localization. 

Improved Data Analytics 

 Real-time dashboards for engagement tracking. 
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 Learning analytics for personalized education. 

VR and AR Integration 

 Virtual classrooms and augmented reality for interactive learning. 

 

10. CONCLUSIONS 

 Unified Platform: ADT-Connect integrates video conferencing, resource sharing, and role-based 

access control, reducing dependency on multiple applications. 

 Simplified Workflows: Streamlined processes for educators and students, enhancing efficiency 

and user experience. 

 Secure and Scalable: Role-specific access and cloud-based deployment ensure data protection 

and scalability for institutions of all sizes. 

 Effective Collaboration: Interactive tools foster engagement and replicate classroom 

interactivity in virtual settings. 

 Future Enhancements: Planned features like offline access, AI-driven tools, and gamification 

will expand its utility and adaptability. 

 Innovative Solution: ADT-Connect addresses current digital education challenges and positions 

itself as a forward-thinking platform for modern learning. 
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