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    Abstract— Digital transformation and student engagement 

are critical areas of focus in modern higher education. This 

project presents the development of a full-stack web 

application, the Student Connect Web Portal, designed to 

provide a streamlined, accessible, and user-friendly platform 

for students to manage their academic journey, access 

resources, and communicate with faculty and administration. 

The system utilizes the MERN stack (MongoDB, Express.js, 

React, Node.js) to create a high-performance, single-page 

application. When a student or faculty member accesses the 

portal, the system provides a unified dashboard to manage 

academic information, professional profiles, and departmental 

communications, simulating a "LinkedIn-style" platform for 

the university. The core of the system is controlled by 

a Node.js backend, which processes API requests and interacts 

with the MongoDB database. This project demonstrates how 

modern, full-stack JavaScript technologies can be integrated to 

create a functional, cost-effective, and centralized digital 

campus, highlighting its potential to solve issues of system 

fragmentation and improve the overall student experience. 
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                                      I.        INTRODUCTION 

 

Educational Technology (EdTech), as a multidisciplinary 

domain, blends computer science, information systems, and 

pedagogy to design platforms capable of enhancing learning 

and administrative efficiency. In recent decades, higher 

education has transitioned from fixed, static websites 

performing informational tasks to dynamic, interactive digital 

environments capable of navigating complex and personal 

student journeys. This digital transformation is reshaping 

teaching, improving student engagement, and optimizing 

institutional operations.  

 

One of the most vital aspects of this transformation is the 

creation of a unified digital campus—the capability of a 

university to consolidate its disparate services, data, and 

communication channels into a single, centralized platform 

without user confusion. collisions. Without an effective unified 

platform, students and faculty would struggle in the modern 

academic environment, where information is abundant but 

siloed. Whether accessing course grades, registering for classes, 

or receiving administrative alerts, users must constantly assess 

different systems and adapt their behavior to find information. 

This capability is not only essential for task efficiency but also 

for the retention and success of the student. 

 

Historical Context of Obstacle Detection : 

 

Historical Context of Student Information: Historically, student 

information management was rudimentary, often restricted to 

paper-based records in filing cabinets. Collision detection (i.e., 

data errors) was achieved through basic manual audits or limit 

switches—physical and human processes that responded when 

a discrepancy was found. These systems were reactive, only 

informing the administration of an issue after it had occurred, 

which posed significant limitations in a large-scale institution. 

 

As information technology evolved, institutions began to 

explore more proactive methods of data management. The 

1980s and 1990s saw the integration of Student Information 

Systems (SIS). These systems allowed administrators to 

digitally manage enrollment, grades, and attendance. While 

more advanced than paper, these early SIS platforms were often 

internally-focused "systems of record," not "systems of 

engagement." 

 

This limitation gave rise to the incorporation of Learning 

Management Systems (LMS) in the 2000s, such as Moodle or 

Blackboard, which use web-based interfaces to deliver course 

content. These systems allowed for greater interaction but 

created a new, separate silo from the administrative SIS. This 

created a fragmented digital experience where a student needed 

multiple logins to access different, non-communicating parts of 

their academic life. 
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Principle of Ultrasonic Obstacle Detection: 

 

The MERN stack (MongoDB, Express.js, React, Node.js) 

represents a modern, full-stack JavaScript approach to 

building web applications, utilizing the JavaScript language 

and JSON data format across the entire stack. These 

components work on the principle of a service-oriented 

architecture. The client (React) is decoupled from the server 

(Node/Express), and they communicate via a standardized API. 

The basic data flow is:                                      

1. React.js (Frontend): A component-based library for 

building user interfaces. It manages the application's "state" and 

renders all visual elements in the user's browser. 

2. Node.js & Express.js (Backend): The Node.js 

runtime environment and Express.js framework create a 

backend server. This server receives API requests from the 

React client, processes the business logic, and authenticates the 

user. 

3. MongoDB (Database): A NoSQL, document-based 

database. The Node.js server uses it to store and retrieve data 

(e.g., user profiles, posts) in flexible, JSON-like documents.    

. 

 

This time-to-first-interaction is rapid, as React.js creates a 

Single-Page Application (SPA) that can update content 

dynamically without requiring a full page reload, providing a 

fast and fluid user experience. 

Modern Portal Technologies: While MERN provides the 

foundational stack, modern portals increasingly employ more 

sophisticated technologies such as: 

• Predictive Analytics: Using data to identify at-risk 

students for early intervention. 

• AI-Powered Chatbots: Automating routine student 

inquiries for 24/7 support.    

• Service Integration: Using RESTful APIs to connect 

to all third-party campus systems (like the existing SIS or 

LMS). 

• Blockchain: For secure, verifiable academic 

credentialing. 

 

Each technology comes with trade-offs in terms of cost, 

complexity, data privacy, accuracy, and processing 

requirements. For an institutional project, the MERN stack 

strikes an ideal balance between performance, scalability, and 

development efficiency. 

Significance of Unified Portals in Higher Education: A unified 

portal is more than a technical function—it is a fundamental 

enabler of student success. It allows students to operate in 

the unknown, unstructured, or dynamically changing 

environment of a university. Whether a student is finding a 

new club, checking a grade, or connecting with an alumnus, 

they must navigate the university's digital systems safely and 

efficiently. Key reasons unified portals are so important 

include: 

• Efficiency: Reduces interruptions in a student's 

workflow due to fragmented systems or lost information. 

• Engagement: A user-friendly, centralized "digital 

campus" fosters a sense of community and connection, which 

are critical factors in student retention.    

• Autonomy: Enables students to operate independently, 

finding answers and managing tasks (like registration or 

payments) without continuous administrative monitoring. 

• Adaptability: Allows the institution to function in 

environments not pre-programmed or mapped in advance. 

Moreover, as we transition into the era of smart 

campuses and digital-first education, the same principles of a 

unified data-driven experience are being adopted to reduce 

student drop-out rates and improve institutional outcomes by 

removing or reducing the chance of human error (e.g., missing 

a deadline).    

Relevance to This Project: The project titled "Design and 

Implementation of a Student Connect Web Portal Using the 

MERN Stack" aims to demonstrate a simplified model of what 

is being implemented in high-end, modern digital campuses. By 

integrating MERN stack technologies with an API-based 

control system, the project replicates how a university can 

consolidate its services and make real-time decisions to 

support students. 

In this project: 

• The React.js frontend serves as the "user interface" of 

the digital campus. 

• The Node.js/Express.js API acts as the "central 

nervous system," processing data and commands. 

• The MongoDB database functions as the "brain," 

storing and retrieving all user, course, and profile information. 

• The "LinkedIn-style" profile provides a 

"professional identity" system to mimic real-world career 

platforms. 

This simplified model not only illustrates how a full-stack 

application works but also introduces developers to real-world 

software engineering concepts like API design, database 

management, and stateful authentication. It also highlights 

the growing importance of user experience in institutional 

systems, particularly centralized portals, which are becoming 

a standard in modern educational design. 

                II.     PROBLEM IDENTIFICATION 

 

In today’s digital-first world, students and faculty in higher 

education face significant digital fatigue and information 

fragmentation. A large number of these issues occur due to 

human error, such as slow administrative reaction time, 

distraction, or failure to notice nearby deadlines—especially 

while navigating multiple, disconnected systems. 

 

To minimize such errors, there is a strong need for a automatic, 

centralized platform that can consolidate information and 

present it in a user-friendly manner. Currently, most advanced 

digital campuses (like those at large, well-funded universities) 

use expensive, proprietary technologies from vendors like 

Oracle or Ellucian, which are not affordable or practical for a 

single department or a smaller institution. 

https://ijsrem.com/
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Therefore, developing a low-cost and reliable unified portal 

using open-source MERN stack technology can help improve 

the student experience and reduce administrative overhead. 

This project aims to design and implement such a system by 

using a React.js frontend to unify the user experience. When 

information is needed, the system automatically fetches it from 

a centralized backend to prevent confusion. 

 

This project aims to design and fabricate such a system by using 

ultrasonic sensors to measure the distance between the vehicle 

and an obstacle. When the object is detected within a set 

distance, the system automatically applies the brakes to prevent 

collision. 

 

• Problem: Increasing digital fatigue, information 

fragmentation, and poor user experience for students and 

faculty. 

• Cause:  Lack of a centralized, user-friendly platform; 

reliance on multiple, disconnected, and "clunky" legacy 

systems (e.g., separate SIS, LMS, email, and career portals).  

• Need: An accessible, streamlined, and mobile-

responsive platform that unifies academic, administrative, and 

professional development functions. 

• Solution: Design and implementation of the Student 

Connect Web Portal, a unified platform built on the MERN 

stack.  

 

            III.    LITERATURE REVIEWS 

 

A) Literature Survey: 

 

In order to place this project in context, this chapter reviews 

prior work in Educational Technology (EdTech), focusing on 

the systems this portal aims to integrate. The aim is to 

understand the methodologies, strengths, and limitations of 

similar systems, and then to identify how this project's design 

can improve upon them. The literature surveyed includes 

analyses of Student Information Systems (SIS), Learning 

Management Systems (LMS), and modern career-centric 

platforms that use web-based technologies, database 

management, and API-driven architectures. 

 

Review of Similar Projects or Techniques. Below are several 

past works and existing system categories relevant to this 

project, with a focus on their approach, components used, and 

how they handle the student data and engagement. 

 

Techniques and Algorithms from Literature 

 

• Centralized Database: Most systems rely on a core 

database (SIS) for administrative data. 

• Service-Oriented Architecture: Modern systems are 

built as separate services (e.g., registration, academics) that 

ideally communicate via APIs. 

• Web-Based Portals: The use of web portals as the 

primary user-facing interface for accessing information.    

• Third-Party Integrations: The ability to integrate 

with other campus systems, such as an LMS or financial aid 

platform.    

• Profile Management: Allowing students to create and 

manage their own profiles, a key feature of platforms like 

Handshake and LinkedIn. 

• Authentication/Authorization: Use of secure login 

mechanisms to control access to sensitive student data. 

 

1. Analysis of Traditional Student Information Systems 

(SIS) In these systems (e.g., Oracle PeopleSoft, Ellucian 

Banner), the institution manages core administrative functions. 

The system operates by storing student enrollment, grades, and 

financial aid information in a robust, relational database. When 

a student registers for a class, the microcontroller (i.e., the SIS) 

commands the motors (i.e., the registration tables) to update the 

student's record. The approach is simple and cost-effective for 

administration but often "aging out," "clunky," and not "built 

for modern institutional needs". The limitation of this system is 

the absence of a modern user experience and a focus on 

engagement; it is a "system of record," not a "system of 

engagement".    

2. Analysis of Learning Management Systems (LMS) 

(Moodle, Canvas, Blackboard) This work presents a separate 

category of system focused on academic course delivery. These 

systems employ platforms (Moodle, Canvas) integrated with 

course materials and discussion boards. The system 

continuously senses user activity (e.g., assignment submissions) 

and detects when a student completes a task. When an 

assignment is detected, it takes an alternate route and resumes 

motion once the path is clear. This system effectively 

demonstrates basic course management and is reliable in static 

course conditions. However, it lacks an automatic braking or 

stopping mechanism (i.e., integration with the main SIS) and 

has limited sensor coverage (i.e., it is disconnected from the 

broader student administrative and professional journey).    

3. Analysis of Career Development Platforms (LinkedIn 

vs. Handshake) This category focuses specifically on the 

"LinkedIn-style" component. This review compares two 

dominant models. LinkedIn is the global, open-network 

standard for all professionals, excellent for long-term 

networking. Handshake is a university-centric, closed-network 

model, which partners with university career centers to provide 

verified, student-focused job postings. The review analyzes 

various aspects such as network model, user base, and 

integration with career services. It highlights that while 

Handshake offers higher response rates from recruiters 

specifically targeting students , both platforms are external and 

disconnected from the university's internal academic portal.    
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B) Literature Summary 

 

   From the literature, it is clear that the EdTech landscape is a 

well-studied area, with many systems for administration (SIS), 

academics (LMS), and careers (LinkedIn/Handshake). 

However, many of these focus solely on one vertical, with less 

emphasis on holistic integration or a unified user experience. 

This project fills in this niche by combining academic 

management, departmental communication, and professional 

networking, using a single, affordable MERN-stack 

application. This literature survey helps define the criteria for 

evaluating the project (such as usability, response time, data 

integrity, cost) and informs design decisions (database schema, 

API endpoints, authentication logic, etc.). 

 

     C) Research Gap 

 

• Lack of holistic integration: Many existing university 

systems are siloed. There is a lack of platforms that 

successfully integrate administrative records (from an SIS), 

academic coursework (from an LMS), and professional 

networking (like LinkedIn) into one user-friendly interface. 

• Limited sensor arrangement: Many portals are not 

mobile-first, are clunky, and have a poor user experience, 

leading to student disengagement.    

• Warning systems: Academic portals are disconnected 

from career/alumni networks. The academic profile (grades, 

projects) is disconnected from the professional profile (resume, 

network). 

• Dynamic / highspeed environments: Most systems 

are proprietary, expensive, and difficult to customize for a 

specific department like Computer Science and Engineering. 

• Complexity vs cost tradeoff: More robust, integrated 

vendor systems (like those from Oracle or Ellucian) are 

extremely costly and complex. 

• Lack of standard benchmarking: Different works 

use different metrics for "student success" or "engagement," 

making comparison difficult. 

 

                          IV.     RESEARCH METHODOLOGY 

A. Proposed System 
 

 

Working: 

 This chapter explains the real-time functioning of the web 

portal during operation, covering how each MERN stack 

component contributes to its ability to manage data, 

authenticate users, and render information. The portal operates 

as a Single-Page Application (SPA) using API feedback and 

embedded logic implemented via the React.js client and 

Node.js backend. 

 

Step 1: Client-Side Interaction and State Management (React.js) 

The system is initiated when the user navigates to the portal's 

URL in their browser. The React.js frontend application is 

loaded, which handles all UI components, internal state 

management (e.g., who is logged in), and user input. 

Components and state are set to their default idle states (e.g., 

user is not authenticated, data arrays are empty). 

 

Step 2: API Request and Authentication (Express.js) The 

two HC-SR04 ultrasonic sensors (mounted on the left and 

right front sides) are triggered one after the other. When a user 

performs an action (e.g., clicks "Login" or "Submit Post"), the 

React client sends an asynchronous HTTP request to the 

backend API, which is built with Express.js. For security, this 

project uses JSON Web Tokens (JWT). Upon successful 

login, the Express server generates a JWT and sends it to the 

client. The client stores this token and includes it in the header 

of all subsequent requests to prove its identity. The Express 

middleware validates this token on every protected API route.    

 

Step 3: Backend Logic and Database Operation (Node.js & 

MongoDB) After both distances are calculated, the robot 

compares the values against a preset threshold (e.g., 15 cm). 

The Node.js server, running Express.js, receives the 

authenticated API request and parses it (e.g., JSON body, URL 

parameters). The server's "controller" then executes the 

required business logic. It uses Mongoose , an Object Data 

Modeling (ODM) library, to communicate with 

the MongoDB database. Mongoose schemas define the 

structure for data 

(e.g., UserSchema, CourseSchema, PostSchema). The server 

performs CRUD (Create, Read, Update, Delete) operations, 

such as User.create() for registration or Post.find() to fetch all 

notices.  

 

Three main scenarios: 

• POST Request (e.g., Login/Registration): 

• User.findOne() or User.create(). 

• → Action: If successful, generate and return a 

JWT. 

• GET Request (e.g., Fetch Posts): 

• Post.find(). 

• → Action: Return a JSON array of post 

documents. 

• PUT Request (e.g., Update Profile): 

• User.findByIdAndUpdate(). 

• → Action: Update the document in the 

database and return the updated user object. 

 

Step 4: JSON Response and UI Update (React.js) After the 

database operation is complete, the Node.js server sends the 

data (or a success/error message) back to the client in JSON 

format. The React client, which was awaiting this response, 

receives the JSON. It then updates its state (e.g., storing the 

user data or the list of posts). React's "virtual DOM" efficiently 

re-renders only the necessary components on the page. For 

example, a new notice posted by faculty appears instantly on 

the student dashboards without a full page reload. 

https://ijsrem.com/
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                                      V   .APPLICATIONS 

 

Obstacle avoidance is a fundamental function in robotics and 

autonomous systems. The design and working principle of the 

prototype portal presented in this project have several real-

world applications across various domains. The same core 

logic—centralizing data, providing a user-friendly UI, and 

enabling communication—is critical:  

Below are key application areas where unified portal systems 

are critical: 

 

• Unified Academic Hub: Consolidates access to 

course registration, class schedules, exam timetables, grades, 

and transcripts, eliminating the need for students to check 

multiple, disparate systems. 

• Streamlined Communication Platform: Serves as 

the single source of truth for faculty announcements, 

administrative notifications, and departmental news. It can also 

host forums and messaging systems for peer-to-peer and 

student-faculty collaboration. 

• Professional Development and Networking: This is 

the "LinkedIn" feature. Students can build a rich profile 

showcasing their projects (with links to GitHub, etc.), skills, 

and work experience. This profile can be shared with faculty, 

alumni, and potential employers, bridging the gap between 

academic achievement and career readiness. 

• Enhanced Student Engagement and Retention: By 

providing a single, "digital campus" , the portal fosters a sense 

of community. It can serve as a hub for student clubs, campus 

events, and support services, which are critical factors in 

enhancing the student experience and improving retention. 

 

VI.  ADVANTAGES 

 

Saves space and simplifies wiring The selection of the MERN 

stack for this project provides several distinct advantages: 

• Full-Stack JavaScript: Uses a single language 

(JavaScript) for both client and server, streamlining the 

development process, reducing the learning curve, and fostering 

code consistency. 

• High Performance and Scalability: Node.js's non-

blocking, event-driven architecture is exceptionally efficient for 

handling many concurrent I/O operations (like users fetching 

data), making the portal fast and responsive. Both Node.js and 

MongoDB are designed for horizontal scalability. 

• Flexible Data Modeling: MongoDB's NoSQL, 

document-based schema is a significant advantage for a student 

portal. It allows for storing complex, varied data—such as a 

student profile that includes a simple name, an array of 

"projects," and a nested "education" object—without a rigid, 

predefined schema. 

• Rich User Experience: React.js enables the creation 

of a fast, responsive, and dynamic Single-Page Application 

(SPA). This provides a fluid, app-like user experience, as data 

is updated on the page instantly without disruptive full-page 

reloads. 

• Centralized and Cost-Effective: A single, unified 

MERN application consolidates all student services, reducing 

the "administrative burden" and data duplication associated 

with managing multiple, fragmented systems. 

 

 

                                      VII.   LIMITATIONS 

 

• Threshold-based detection: If ultrasonic sensor reports 

distance less than some threshold, the robot performs avoidance 

or stopping. Despite its advantages, the MERN stack and the 

SPA model have limitations that were identified during the 

project: 

• State Management Complexity: In a large-scale React 

SPA, managing the global application "state" (e.g., user 

authentication status, profile data) becomes complex. While 

React's built-in hooks are sufficient for small apps, a large 

portal like this often requires additional libraries (like Redux or 

Context API) to prevent "inconsistent UI behavior".    

• Database Query Optimization: The flexibility of 

MongoDB can be a drawback. As the data grows, inefficient 

queries (e.g., without proper indexing) can "slow down the 

application". Unlike SQL, there is no enforced schema, which 

can lead to data integrity challenges if not carefully managed at 

the application level.    

• Security Overhead: A full-stack application that 

handles sensitive student data requires diligent security. 

Developers must manually implement robust measures for 

input validation (sanitization), authentication (JWTs), and 

authorization (role-based access control) to prevent 

vulnerabilities.    

• Search Engine Optimization (SEO) Challenges: As a 

client-side rendered SPA, the initial HTML file is largely 

empty. This makes it difficult for search engine crawlers to 

"index pages," which is a significant limitation for any public-

facing content, such as student profiles or project showcases. 

This can be mitigated with server-side rendering (SSR), but it 

adds complexity. 

•  Reactive vs predictive behavior: Most projects are 

reactive (respond only after obstacle is detected). A few include 

predictive or smarter strategies, like using ML to predict 

obstacle proximity or direction. 

• Database Query Optimization: The flexibility of 

MongoDB can be a drawback. As the data grows, inefficient 

queries (e.g., without proper indexing) can "slow down the 

application". Unlike SQL, there is no enforced schema, which 

can lead to data integrity challenges if not carefully managed at 

the application level.    
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                                     VIII.   RESULT 

 

 

     This chapter summarizes the practical results of the portal 

prototype, observations from testing, and limitations identified 

during real-world operation. It also includes visual 

documentation of the working model. 

 

Output Demonstration :- After uploading the code to 

deployment services (e.g., frontend to Vercel, backend API to 

Render, and database hosted on MongoDB Atlas ), the portal 

was powered and tested with dummy data representing 

students, faculty, and administrators. The portal performed as 

expected in various test environments, successfully integrating 

the separate MERN components into a cohesive application.    

 

Demonstrated Functionalities: 

 

 

Test Case 

 

Expected Behavior 

 

Observed Result 

New User 

Register 

User provides account 

is created. 

Successful 

Invalid data entry User attempts to 

register with a 

modified email or 

missing password. 

 

 

 

 Successful 

Faculty login 

(Admine) 

User with role faculty 

enters correct 

credentials. 

 

Successful 

Profile Update  

Student uploads a new 

resume. 

 

Successful 

Protected route A logged-out user 

attempts to access the 

URL directly. 

 

Successful 

 

                                Table nu.  1 

  

 

 

                                         IX.   CONCLUSION 

 

This project focused on designing and implementing 

a "Student Connect Web Portal" utilizing the MERN 

stack (MongoDB, Express.js, React, Node.js). The primary 

goal was to address the critical problems of system 

fragmentation and poor user experience in higher education 

by creating a single, unified platform. 

Throughout the project, we successfully integrated these full-

stack components and developed a control logic (RESTful API) 

that allowed the portal to: 

• Continuously serve a dynamic UI using React.js, 

• Process data and manage business logic in real-time 

with Node.js, 

• Control user authentication and authorization via JWT, 

• Persist all user and application data in a flexible 

MongoDB database. 

 

This hands-on experience provided valuable insights into the 

principles of full-stack web development, API design, database 

management, and the importance of user-centric design in 

EdTech. We learned how to interpret API requests, implement 

conditional logic for authorization, and manage connectivity 

among components. 

The project was effective in demonstrating a basic yet 

functional prototype of a modern, centralized digital campus. It 

highlights the potential for using full-stack JavaScript to 

develop scalable, cost-effective solutions to legacy problems. 

However, we also identified limitations, such as the complexity 

of state management and the need for direct integration with 

existing university systems, which can be addressed in future 

work. 

Overall, this project serves as a foundational step toward more 

sophisticated, integrated, and intelligent educational platforms 

and deepens understanding of full-stack concepts that are 

applicable across industrial, commercial, and research domains. 

 

                                X.  FUTURE WORKS 

 

While the current portal successfully demonstrates basic data 

management using the MERN stack and a microcontroller, 

there is significant potential for further development. By 

incorporating additional data sources, artificial intelligence, and 

navigation technologies, the portal can evolve into a highly 

capable autonomous system. 

 

Below are key areas for future improvement and expansion: 

 

Integration of Advanced Data Sources The current system is 

standalone and uses only two ultrasonic sensors. A future 

version must integrate with the university's existing Student 

Information System (SIS) and Learning Management 

System (LMS) via their APIs. This "sensor fusion" would 

allow the portal to auto-populate courses, grades, and 

schedules, making it the single source of truth. 

    

Use of AI and Machine Learning Implementing Artificial 

Intelligence (AI) or Machine Learning (ML) algorithms can 

make the portal significantly smarter and adaptable :    

 

• AI-Powered Recommendation Engine: An AI can 

analyze a student's profile, grades, and project interests to 

provide personalized recommendations for courses, faculty 

mentors, and even career opportunities.    

• Intelligent Chatbots: Integrate an AI-driven chatbot 

to provide 24/7 student support, answering common questions 

about registration, financial aid, or IT.    

• Predictive Analytics for Student Success: The portal 

will generate vast amounts of engagement data. An ML model 

https://ijsrem.com/
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can analyze this data (e.g., login frequency, interaction with 

coursework) to proactively identify at-risk students, allowing 

for early intervention.    

• Behavioral Modelling: AI can help mimic human-like 

decision-making or customize navigation strategies for 

different scenarios. 

 

This would require more powerful hardware, such as a 

Raspberry Pi, NVIDIA Jetson, or cloud-based processing, and 

evolve the portal from a passive information hub into an active 

student success tool. 
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