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Abstract

Digital learning platforms for Universities need to be open and portable, open to extensions and adaptable across
Universities. In this work, we describe Namaste BHU, a University companion built to address this issue.
Namaste BHU contains a set of services called University Middleware, addressing what every university will
need, such as messaging, reporting, and authentication. On top of this layer of services are the university-
specific services, which are tailored to a particular University with university-specific vocabulary and workflow.
The University middleware, in turn, is served by technology middleware, such as database engines and
workflow engines. Thus, the software is organised into three horizontally stacked layers, accompanied by a
vertically integrated data layer. A distinct vertical Data Layer manages University-specific data like students,
faculty, and courses.

A further design principle that is adopted is to automatically onboard every stakeholder of the University. As
soon as a student or staff member is enrolled in the University, they do not need to register in the app; they can
directly log in using the phone number provided at the time of admission. Then, with all stakeholders already
onboard and authenticated, adding new functional requirements becomes easy.

This model enables rapid service deployment, easy extension through middleware, and seamless adaptation to
other institutions by modifying only the data layer.

1. Introduction :

The landscape of digital education has been rapidly changing in recent years, driven by the growing need for
accessible and institution-specific technological solutions. Larger universities, especially, face unique challenges
in streamlining administrative processes, improving communication, and providing academic services, as the
user base is very diverse and distributed. To meet these demands, digital platforms must not only offer a broad
range of services but also be architected for openness, flexibility, and ease of integration with existing
institutional ecosystems.

In this paper, we present an architecture for building open and portable digital learning platforms. The system is
organised into three horizontal layers: Application Services, University Middleware, and Technology
Middleware. Alongside these is a vertical Data Layer. This structure helps keep things modular, secure, and
easy to adapt for different institutions. Each layer can only communicate with the one directly below it, with
others in the same layer, and with the Data Layer. This rule maintains the system's security and organisation.
Technical tools like SMS, email, and workflows are grouped in the Technology Middleware. University
services, including reports, permissions, and logins, reside in the University Middleware. These are kept
separate from the data they work with, which makes the system easier to reuse and faster to update.

We put this design into action by building Namaste BHU—a digital platform for Banaras Hindu University, the
largest residential university in Asia. Namaste BHU brings together students, faculty, and staff on a single
platform. It offers academic and administrative tools through both mobile and web interface. The layered setup
enables role-based access control, ensuring that only authorised personnel have access to specific information,
keeps information flowing in real-time, and supports services across different departments.

What sets this project apart is its focus on mobile users. Most people at BHU access services on their phones,
not computers. That’s why the platform is mobile-first. It’s easy to use, fast to access, and simple to get started

with—even for users with limited digital experience.

The rest of the paper explains the architecture design, tools used, and how well the system performs. We also
discuss how this approach could help other universities build their own digital platforms in the future.

2. Background and Motivation
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Universities that are large and have a diverse range of disciplines face significant challenges in delivering
efficient, inclusive, and coordinated digital services. As BHU is one of the largest residential universities in
Asia, it demonstrates this complexity. With tens of thousands of students, faculty members, and staff members
studying and working at the University, who come from a wide spectrum of disciplines ranging from Science
and Agricultural Sciences to disciplines such as Sanskrit and the arts. The challenges mentioned above makes
the need for a unified and easy-to-use digital platform crucial.

Communication is the most persistent and impactful challenge that a large University like BHU faces. The
timely circulation of information, which can range from academic updates and event announcements to
administrative notifications, becomes challenging due to fragmented communication channels. This issue
becomes more problematic when users come from different linguistic, cultural, and educational backgrounds,
and where digital proficiency varies widely across the community.

Like many large public Universities, BHU also draws students from diverse socio-economic backgrounds.
Access to laptops and desktops is not very common among all students in the university, whereas access to
smartphones is far more common among the students. This point played a crucial role in the decision to build a
mobile-centric solution, ensuring that the core functionality of the system is accessible to the widest possible
segment of the university population. To further streamline access for users, authentication is handled via SMS
(through OTP), removing any dependency on app-based or email-based login. This offers a frictionless,
universally accessible entry point for the entire university population to access the system.

The diversity in academic disciplines and institutional structures further underscores the need for a flexible
(open to extension) and modular digital platform that can serve the needs of different faculties and institutes
while maintaining a consistent user experience. These motivations formed the basis for the design of Namaste
BHU, a digital platform developed to meet the communication and service needs of a large and diverse
academic community through a unified and accessible interface.

3. System Architecture :

The Namaste BHU platform is built upon a modular, secure, and layered architectural framework that supports
maintainability and portability. The architecture is composed of three horizontal layers, namely Technology
Middleware, University Middleware, and Application Services, which are stacked vertically on top of each
other. Alongside this stack is a Data Layer, implemented as a separate vertical component. This design not only
promotes modularity and reusability but also enhances security by restricting inter-layer communication: each
layer can only interact with the layer directly below it, the layer it resides in, and the centralised Data Layer. An
additional advantage of this architecture is the ease of integrating new services, such as the University Works
Department (UWD) Complaint Management System, which operates as a separate system since stakeholders are
already authenticated and authorised on the platform.

- Overview of the Layered Architecture

Each layer has specific responsibilities and advantages:

i. Application Services

Application Services is the topmost layer of the architecture, which contains all the user-facing modules that
deliver functional services to all the students, faculty, and staff. The services included in this layer are Login,
Warden Reports, Digital ID Card, Academics, Faculty Search, Counselling, Feedback, Emergency Contacts, and
Publications, etc. This layer offers many key advantages. One such advantage is the clean separation from the
core logic, which ensures that UI/UX updates do not interfere with backend processing, allowing for
independent development and maintenance. The system is easily expandable, which makes it very easy to
introduce new services without disrupting any existing functionality. It also supports a robust role-based access
and permission system, which makes it easy to accommodate different types of users, such as students,
administrators, wardens, faculty, counsellors, and more, with the features they need.

ii. University Middleware
University Middleware is the middle layer in the stack, containing domain-specific logic and services commonly

used across applications. It includes modules such as authentication, report handling, group and permission
management, and other standard business logic. This layer provides significant benefits by centralising reusable



logic across various domain-specific services, which promotes consistency and modularity throughout the
system. This structured approach improves overall maintainability and reduces duplication of effort. This also
enables faster development and easier long-term management of core functionalities.

iii. Technology Middleware

Technology Middleware is the bottommost layer, serving as a foundation for the system. This layer provides
low-level system services and integration, such as the SMS and email gateways (AWS Pinpoint), Database
engine, and workflow management tools. This layer also handles external APIs for services such as Firebase
(used for Push Notification), live weather data and calendar updates. This layer acts as an abstraction layer for
the layers above, abstracting the hardware and network dependencies that the layers above rely on, which
provides a stable foundation for the layers above. It enables centralised control over third-party service
integrations, such as SMS, email, push notifications, and more, enhancing the system’s flexibility in managing
resources.

iv. Data Layer (Vertical)

Running alongside the three main layers is the Data Layer, which handles all the core information the system
needs, like details about students, faculty, staff, courses, programs, and departments. It is implemented using
PostgreSQL and Django ORM. By keeping this data separate from the application logic, the platform stays
clean, organised, and easier to maintain. This separation also makes it simple to migrate the system to other
institutions, just update the data, and the rest of the platform continues to work as-is. Additionally, the Data
Layer enables useful features such as analytics, monitoring, and Al-powered personalisation, helping the
platform remain smart and adaptable to user needs.

- Inter-Layer Communication

A defining aspect of this architecture is its strict and well-structured inter-layer communication model. Each
layer is permitted to interact only with the layer directly below it, within its own layer, and with the centralised
Data Layer. Most internal communication, particularly between the Application Services and University
Middleware occurs through direct module imports, enabling efficient and fast function execution. For
interactions with external services such as AWS Pinpoint, Firebase Cloud Messaging, and other REST-based
APIs, the Technology Middleware layer employs dedicated API clients or SDKSs, ensuring modularity and ease
of integration.

Frontend applications (mobile and web) interface with the backend entirely via REST APIs, ensuring cross-
platform compatibility and consistency.

- Portability and Adaptability

The modular structure and strict separation of data logic make Namaste BHU highly portable and adaptable.
Since all domain-specific data is managed in an independent vertical Data Layer, the system can be quickly
deployed for other institutions by simply customising or replacing the data layer. The Application Services,
University Middleware, and Technology Middleware layers remain unchanged, offering a blueprint for
replicable educational platforms.

- Security and Access Control

The system employs a layered security model. Django’s token-based authentication is augmented with a custom
token system (ctoken) which encodes certain variables. On every request, the “ctoken” is decrypted and
validated; invalid tokens are rejected with a 403 Forbidden response. Role-based access control is enforced both
in the backend and frontend, supporting primary roles such as students, faculty, and staff, as well as scoped roles
like wardens, admins, and counsellors.

- Deployment and Maintainability

While the system was originally designed for cloud deployment, it is now hosted locally within the university’s
campus infrastructure to ensure better performance and lower operational costs. Services are deployed using
Nginx and Gunicorn as the web server stack. While the main Namaste BHU application is deployed natively,



some components, such as the UWD system, are containerised using Docker to allow for isolated, modular
deployments.

- Monitoring and Observability

To ensure operational robustness, the system employs a comprehensive monitoring and observability strategy.
This includes request logging on the server to facilitate security audits and diagnostics, the use of Google
Analytics and Firebase Crashlytics for tracking user behaviour and reporting mobile application errors, and a
custom analytics dashboard built with Metabase that provides visualisations of user engagement, service
utilisation, and overall system performance metrics.Additionally, UptimeRobot is used to continuously monitor
service availability and send real-time alerts in the event of downtime, helping to maintain high service uptime.

Application Service University Middleware Technology Middleware Data
Login Authentication SMS Phone number
Warden Report Login, Report DB Engine, Workflow Engine Warden, Hostel Data
ID Card Login, Authentication Workflow Engine Student, Faculty, Staff Data

Table 1. Layer Dependencies in Namaste BHU

The above table shows how some Application Services interact with different layers of the architecture.
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Fig 1. Conceptual Architecture of Namaste BHU

4. Technology Stack and Design Rationale :

The goals of maintainability, accessibility, and performance across diverse user devices and network conditions
guided the selection of technologies for the development and deployment of Namaste BHU. The architecture
follows a modular, layered approach comprising an Application Layer, Infrastructure Layer, and Data Layer,



which enables the platform to scale across services and user groups. Below is a breakdown of the key
technologies used, along with the rationale for their inclusion:

- Web Server and Deployment Layer

Nginx

Nginx serves as the primary web server and reverse proxy, handling the delivery of static content and
SSL termination for incoming requests. Its lightweight architecture and high concurrency support make
it well-suited for high-traffic environments like BHU.

Gunicorn

Gunicorn is used as the Web Server Gateway Interface (WSGI) to run the Django application, ensuring
robust and asynchronous request handling that efficiently bridges the web server (Nginx) and the
Django application.

- Backend Framework

Django

Django was selected as the core web application framework due to its secure, modular, and scalable
design. Its built-in admin interface, ORM for database management, and support for REST APIs
facilitate rapid development and maintenance of a complex, multi-role system like Namaste BHU.

Django Forms with Crispy Bootstrap 5

For the UWD (University Works Department) website, Django’s form system is employed in
combination with the “crispy-bootstrap5” template pack. This setup enables clean, responsive, and
accessible HTML form rendering consistent with modern Ul standards. The integration simplifies form
layout management while maintaining compatibility with the backend’s data validation and handling
mechanisms.

- Communication Infrastructure

AWS Pinpoint

AWS Pinpoint is used for sending SMS and email notifications, ensuring high deliverability, logging,
and scalability. It is tightly integrated with the application logic to manage time-sensitive
communication like OTPs (for Authentication), alerts, and academic notices.

Firebase Cloud Messaging (FCM)

FCM powers the push notification system for the mobile application. Its reliability, integration ease
with Flutter, and support for real-time messaging make it the optimal choice for instant updates and
user engagement.

- Client Applications

Flutter

Flutter was used to develop the mobile application due to its cross-platform capabilities, fast rendering,
and responsive Ul framework. It allows for a unified codebase across Android and iOS, reducing
development overhead and ensuring consistency in user experience.

React

The web portal was built using React, which offers a modular, component-based architecture and high
performance for rendering dynamic interfaces. Its flexibility allows for a responsive design that is
suited to both desktop and mobile browsers.

- Design Considerations

The selection of this stack was driven by several key considerations:

Cross-platform reach: Flutter and React ensure the platform is accessible on a wide range of devices,
especially mobile devices, which are more prevalent among BHU’s student population.

Scalability and reliability: Django, Gunicorn, and Nginx form a robust backend deployment pipeline
that can efficiently handle concurrent users and traffic surges.



Real-time and multi-channel communication: Integration with AWS Pinpoint and FCM enables
consistent and timely circulation of information via SMS, email, and push notifications.

Security and maintainability: Django’s built-in features for authentication, CSRF protection, and data
modelling promote secure development and simplify future maintenance.

This technology stack, combined with the platform’s layered architectural design, provides a flexible foundation
that can be easily extended to other institutions with minimal customisation, aligning with the goal of creating
open and portable digital learning platforms.

5. Results and Effectiveness :

The deployment of Namaste BHU has significantly enhanced digital service delivery and communication at
BHU. Designed to cater to a large and diverse academic community, the platform has delivered measurable
improvements in accessibility, operational efficiency, and user satisfaction.

User Adoption and Reach: Namaste BHU currently serves a user base of over 15,000 students,
faculty, and staff. The mobile-first approach has enabled high accessibility, particularly among
economically diverse users who rely on smartphones rather than laptops.

Daily Usage: The platform averages 2,000—2,500 daily active users, reflecting consistent engagement
and reliance on the services it offers.

Service Reliability: The platform has demonstrated strong stability under real-world usage with
minimal downtime. The layered architecture and Django-based backend have helped the system
achieve a 99.99% service uptime, ensuring uninterrupted access to essential services.

User Feedback: The application maintains an average rating of 4.5 on the Google Play Store,
supported by regular positive feedback through the in-app feedback system. Users have highlighted the
convenience of having a unified digital platform, ease of use, and the breadth of services available.

Service Utilisation: Services such as hostel reporting, faculty search, and feedback submission have
been actively used, indicating their critical role in the university’s digital ecosystem.

Operational Efficiency: Services such as the reporting module and student grievance system have
streamlined communication between students and administrators, leading to faster issue resolution and
improved oversight.

Analytics and Monitoring: The team actively monitors the system through request-level logging,
UptimeRobot for service uptime, Google Analytics for usage insights, Crashlytics for error tracking,
and a custom analytics dashboard powered by Metabase for performance analysis and decision-making.

These indicators assert that Namaste BHU is effectively meeting its design goals of openness, modularity, and
responsiveness to user needs, while also establishing a replicable model for other institutions.
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Fig 2. Technology Components in Namaste BHU

6. Conclusions and Future Work

Namaste BHU demonstrates how a well-structured system can meet the complex needs of a large and diverse
university. The platform is built using a layered architecture with three horizontal layers: Technology
Middleware, University Middleware, and Application Services, each stacked vertically on top of each other.
Alongside these layers is a separate Data Layer, which is integrated vertically. This setup makes the system
modular, secure, and easy to manage. Each layer has a clear role and limited communication boundaries, which
makes development simpler and the whole system more robust and secure.

This design has enabled developers to quickly roll out numerous services tailored to students, faculty, and
administrative personnel from diverse academic and socio-economic backgrounds. Since not everyone has
access to a laptop or desktop, the platform was built with a mobile-first approach. This choice helps ensure that
more people, especially in the Indian education system, can use it easily on their smartphones.

Another strength of the platform is its ability to work beyond BHU. Because the system clearly separates
services, middleware, and data, it can be easily adapted for other institutions by simply changing the data layer.

Furthermore, the platform's portability makes it a strong candidate for deployment in other institutions. Thanks
to the clear separation of application services, middleware and data, the same set of application services and
middleware services can be deployed in a new institutional setting by simply modifying the data layer. This
places the system in a position where it is not only functional in BHU, but can also serve as a blueprint for
digital transformation in other institutions.

To further enhance the adaptability and intelligence of the Namaste BHU platform, several advanced features
are currently under development:

e Al Tutor: Context-Aware Academic Assistant

The Al Tutor is designed to personalize academic support by leveraging structured data from the
platform’s Data Layer, which includes syllabi and reading references for various courses. Using this
structured metadata as an anchor, the system performs the following:

e Generates detailed notes and summaries by aligning extracted or retrieved content (e.g. from
textbooks, academic databases, or web resources) with syllabus topics.



e Creates focused cheat sheets by condensing topic-specific information into exam-ready bullet
points.

e Builds prompt templates tailored to specific subjects and learning objectives, usable with
LLMs like GPT-40, Claude, or Mistral for follow-up content generation or Q&A.

e Produces self-assessment papers using topic coverage from the syllabus and question patterns
inferred from referenced materials or user-generated data.

The generation process relies on retrieval-augmented generation (RAG) techniques: the Al first
retrieves relevant content based on reading references, then uses an LLM to generate context-aligned
output. This ensures that even without full lecture content, generated materials stay relevant to the
course structure.

e Al Assistant with Speech Interface

To improve accessibility and streamline user interaction, a voice-enabled Al assistant is under
development. This assistant allows users to interact with the platform using natural speech instead of
navigating traditional interfaces.

Key components include:

e Speech-to-Text (STT) using models like OpenAl’s Whisper or cloud-based ASR (e.g., Google
Speech API) to transcribe spoken input.

e Intent Recognition through natural language understanding (NLU) to interpret academic
queries, search commands, or task requests.

e Text-to-Speech (TTS) to deliver responses in audio format, enabling natural, conversational
interaction.

As a foundational step, a speech interface has already been successfully implemented for the telephone
directory feature. Users can search for contact information by speaking names, departments or
designation or any combination of them, demonstrating the viability of the voice pipeline and laying
the groundwork for broader academic use cases.

The Al assistant will next expand to support syllabus-based queries, reading material lookups, and interaction
with Al Tutor-generated notes. Future updates will aim to support multilingual queries and offline capabilities
via on-device models, enhancing inclusivity across diverse user groups.

These planned features highlight our commitment to making Namaste BHU not just a digital platform but an
intelligent, portable, and user-friendly University Companion.
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