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Abstract- The rapid expansion of online learning systems has significantly increased the demand for intelligent,
scalable, and secure educational platforms. Existing e-learning systems primarily focus on content delivery and
require substantial manual effort for course creation, multimedia integration, and learner management. This
research presents a Secure Full Stack Architecture for an Al-Powered Remote Education Platform capable of
automatically generating structured educational content using Large Language Models (LLMs). The proposed
system integrates Artificial Intelligence with modern full-stack web technologies to automate course layout
generation, chapter-wise content creation, multimedia integration, user authentication, subscription
management, and progress tracking. The platform is implemented using React, Next.js, Tailwind CSS, Neon
PostgreSQL, Drizzle ORM, and Clerk Authentication, while Google Gemini API is utilized for Al-driven content
generation. The system follows a cloud-native SaaS architecture deployed on Vercel to ensure scalability,
performance, and maintainability. Experimental observations demonstrate that the platform effectively reduces
manual content creation effort while providing secure and responsive user experiences. The proposed architecture
serves as a practical framework for future Al-enabled remote education systems.
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I. INTRODUCTION The emergence of Artificial Intelligence, particularly
Large Language Models (LLMs), has introduced new

possibilities for automating educational content
generation. Al models are now capable of generating
structured  educational  material,  summaries,
explanations, and personalized learning resources
with  minimal  human intervention. These
developments create opportunities for designing
next-generation intelligent educational systems.

The rapid advancement of internet technologies and
cloud computing has transformed the traditional
education ecosystem into a digitally accessible
environment. Online learning platforms have
become increasingly important in delivering
educational content to learners regardless of
geographical constraints. The global shift toward
remote learning has further accelerated the need for This

) ) ) research presents a Secure Full Stack
scalable and intelligent educational systems.

Architecture for an Al-Powered Remote Education
Platform that automates the creation of educational
courses using Artificial Intelligence. The platform
enables users to generate complete learning
modules by providing basic inputs such as course
title, category, difficulty level, and chapter count. The
Al engine automatically generates structured course
layouts, chapter-wise explanations, and multimedia
content recommendations.

Despite the growth of online learning platforms such
as Coursera, Udemy, and edX, most existing systems
continue to rely heavily on manually created
educational content. Course development typically
requires substantial effort in curriculum design,
content writing, multimedia integration, and
technical publishing. As a result, the process
becomes time-consuming, expensive, and difficult to
personalize for diverse learners.
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The proposed system integrates modern full-stack
technologies including React, Next,js, Tailwind CSS,
Neon PostgreSQL, Drizzle ORM, Clerk
Authentication, and Google Gemini APl within a
unified SaaS-based architecture. Additional features
such as authentication, subscription billing, course
enrollment, and progress tracking enhance the
platform'’s practicality and scalability.

The major objectives of this research are:

e To design an Al-driven automated course
generation system.

e To develop a secure full-stack SaaS architecture
for remote education.

e To integrate scalable
subscription management.

e To implement cloud-native deployment for
improved scalability and performance.

e To provide an intelligent and user-friendly
remote learning experience.

authentication and

Il. LITERATURE SURVEY

Online education has experienced significant growth
over the past decade. Platforms such as Coursera,
Khan Academy, Udemy, and edX have demonstrated
the effectiveness of digital learning systems in
delivering educational content to millions of learners
worldwide. However, these platforms primarily
operate using static educational content manually
prepared by instructors.

Research studies indicate that learner engagement
and course completion rates remain inconsistent due
to limited personalization and rigid learning
structures. Allen and Seaman highlighted that while
enrollment rates in online education continue to
increase, learner satisfaction often depends on
content relevance and adaptability.

Artificial Intelligence has increasingly influenced
educational technologies through adaptive learning
systems, recommendation engines, intelligent
tutoring systems, and automated grading platforms.
Early Al-based educational systems primarily
focused on content recommendation and
performance analysis. Recent advancements in Large
Language Models such as OpenAl GPT and Google

Gemini have enabled dynamic content generation
capabilities.

Large Language Models can generate structured
educational material, summaries, explanations, and
contextual responses using natural language
prompts. This capability significantly reduces the
manual effort required for content creation and
enables scalable educational content production.

Modern web development frameworks such as
Next.js and React have simplified the development
of scalable full-stack applications. Next.js provides
features such as Server-Side Rendering (SSR), API
routes, and seamless React integration, making it
suitable for SaaS-based educational systems.
Tailwind CSS and ShadCN Ul further simplify
responsive frontend development.

Authentication and  security remain critical
requirements in cloud-based SaaS applications.
Research and OWASP  security guidelines
recommend the use of established authentication
providers rather than custom implementations. Clerk
Authentication provides secure session
management, OAuth integration, and billing services
compliant with OAuth 2.0 and OpenID Connect
standards.

Serverless databases such as Neon PostgreSQL have
emerged as scalable alternatives to traditional
database systems. These platforms automatically
scale resources based on demand and reduce
infrastructure management overhead. Combined
with Drizzle ORM, serverless databases provide
structured and type-safe data management
solutions.

Although several Al-powered educational tools exist,
most focus solely on content generation without
providing integrated SaaS infrastructure. Existing
Learning Management Systems lack cohesive
integration between Al-driven content generation,
authentication, subscription management, and cloud
deployment. This research bridges that gap by
combining Artificial Intelligence with a production-
ready full-stack SaaS architecture.
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I1l. PROPOSED SYSTEM

The proposed platform follows a monolithic full-
stack SaaS architecture where frontend components,
backend APIs, database interactions, authentication
systems, and third-party integrations operate within
a unified Next.js environment.

1. System Architecture
The architecture consists of three primary layers:

Presentation Layer

The presentation layer handles all user interactions
and frontend rendering. It is developed using:

e React

e Nextjs
e Tailwind CSS
e ShadCN Ul

This layer provides responsive and user-friendly
interfaces  for course creation, dashboard
management, authentication, and learning activities.

Application Layer

The application layer manages backend logic and
API operations using:

e Next,js APl Routes

e Clerk Middleware

e Drizzle ORM

This layer handles authentication validation, Al API
communication, database queries, enrollment logic,
and subscription management.

Data and Service Layer

The data and service layer includes:
e Neon PostgreSQL Database
Google Gemini API

YouTube Data API

Clerk Billing Services

This layer stores user and course information while
integrating external services for Al content
generation and multimedia retrieval.

The proposed architecture ensures:
e Scalability
e Security

Maintainability
Modular development
Simplified deployment

2. Al Course Generation Pipeline
The Al-powered course generation pipeline forms
the core functionality of the platform.

The workflow consists of the following steps:

e User enters course details including title,
category, difficulty level, and number of
chapters.

e User input is sent to the Gemini API through
secure backend API routes.

e Gemini API generates structured course layouts
containing chapter titles and topics.

e Al image generation services create course
banner images.

e Detailed chapter-wise educational content is
generated dynamically.

e YouTube Data API retrieves relevant educational
videos for each chapter.

e Final content is stored in the database and
displayed to learners.

The generated content includes:

o Chapter titles

e Topic structures

e Explanatory educational text
e Contextual examples

e Multimedia recommendations

The automation significantly reduces manual course
development effort while improving scalability.

3. Authentication and Security

Authentication is implemented using Clerk
Authentication SDK.

The platform supports:

e Google OAuth

e Email/password login

e Secure session management

e Route-level protection

e Subscription-based authorization

Protected routes automatically redirect

unauthenticated users to the sign-in interface. Clerk
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webhooks synchronize authenticated user data with
the platform database.

The security implementation includes:
e JWT-based authentication

e Environment variable protection
e Middleware-based route security
e Secure APl communication

e Role and subscription validation

These measures improve platform reliability and
reduce common SaaS security vulnerabilities.

4. Database Design
The platform uses Neon PostgreSQL as a serverless
cloud database managed using Drizzle ORM.

The database contains three primary tables:
Users Table

Stores:

e User information

e Email addresses

e Subscription details

Courses Table

Stores:

e Course metadata

e Al-generated layouts
e Chapter content

e Banner image URLs
e Course categories

EnrollCourse Table

Stores:

e Enrollment records

e Chapter completion status

e User progress tracking

JSON-based structures are used for storing dynamic
course layouts and chapter content.

IV. IMPLEMENTATION

1. Frontend Development

The frontend is implemented using:
e React

e Nextjs App Router

e Tailwind CSS

e ShadCN Ul

The user interface includes:

e landing page

e Authentication screens

e User dashboard

e Course generation forms

e Learning interfaces

e Subscription pages

Responsive design techniques ensure compatibility
across desktops, tablets, and mobile devices.

2. Backend API Development
The backend functionality is implemented through

Next.js API routes.

Major APl endpoints include:

‘ Endpoint H Function ‘

‘ /api/create-user H Stores user information ‘

/api/generate-course-

Generates course structure
layout

Generates detailed
educational content

/api/generate-course-
content

‘ /api/enroll-course HHandIes course enrollment‘

‘ /api/update-progress H Updates learner progress ‘

3. Video Integration
The YouTube Data APl v3 is integrated to fetch
educational videos relevant to generated chapter
topics. Embedded videos enhance learner
engagement and provide multimedia-assisted
learning experiences.

4. Subscription and Billing
The platform implements subscription-based access
control using Clerk Billing SDK.

Subscription plans include:
e FreePlan

e Starter Plan

e  Premium Plan

Only subscribed users are allowed to generate Al-
based courses, while free users can browse and
enroll in existing courses.
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5. Deployment
The system is
infrastructure with:
e GitHub CI/CD integration

e Environment variable management

e Automatic deployment pipelines

e Edge network optimization

Cloud deployment ensures scalability, reliability, and
low-latency access.

deployed on Vercel cloud

V. RESULTS AND DISCUSSION

The proposed system was tested across multiple
functional and performance scenarios including
authentication, Al course generation, enrollment
handling, billing validation, and progress tracking.

1. Functional Testing

The following functionalities were
validated:

e User registration and authentication
e Al course layout generation

e Chapter content generation

e Video retrieval integration

e Enrollment handling

e Subscription validation

e Progress tracking

successfully

The system performed reliably across all major
workflows.

2. Performance Analysis
The platform demonstrated efficient performance
characteristics.

Metric H Observation

Average Course Generation

. 10-15 seconds
Time

Authentication Response

. Less than 2 seconds
Time

API Success Rate H Approximately 98%

99% uptime during

Platform Availability testing

The use of serverless infrastructure significantly
reduced deployment overhead and improved
scalability.

3. Comparative Analysis

Feature H Traditional LMS “ Proposed System

Al Course

. No
Generation

Yes

Dynamic
Content
Creation

Limited Yes

Automated
Video
Integration

Saas Billing
Integration

No Yes

Partial Yes

Progress
Tracking

Cloud-
Native
Deployment

Yes Yes

Partial Yes

The proposed platform demonstrates significant
improvements over traditional learning
management systems.

4. Advantages of the Proposed System

e Reduces manual educational content creation
effort.

e Provides secure authentication and access
management.

e Supports scalable cloud-native deployment.

e Integrates multimedia educational resources.

e Simplifies SaaS platform management.

e Enhances learner engagement through Al-
generated content.

5. Limitations

Despite its advantages, the system has certain
limitations:

o Dependence on external Al APIs

Limited offline support

Lack of live instructor sessions

Limited adaptive personalization analytics
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These limitations may be addressed in future
development phases.

V1. CONCLUSION

This research presented a Secure Full Stack
Architecture for an Al-Powered Remote Education
Platform capable of automatically generating
structured educational content wusing Artificial
Intelligence.

The proposed system successfully integrates Al-
based course generation with secure authentication,
scalable cloud databases, multimedia integration,
subscription billing, and modern full-stack web
technologies. The implementation demonstrates
that Large Language Models can significantly reduce
the complexity and effort associated with
educational content creation while maintaining
scalability and usability.

The platform serves as a practical demonstration of
how Atrtificial Intelligence and cloud-native full-stack
technologies can be combined to develop
deployable and scalable remote learning systems.
The proposed architecture also provides a strong
reference  framework for future intelligent
educational platforms.

Future Work

Future enhancements for the platform include:

e Mobile application development

e Al-powered personalized
recommendations

e Voice-assisted Al tutoring systems

e Real-time collaborative classrooms

e Integration with SCORM and xAPI standards

e Advanced analytics dashboards

e Multi-language course generation

learning
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