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Abstract: The increasing complexity of final-year engineering projects often leads to communication gaps, missed deadlines, 

and inefficient supervision among students, guides, and administrators. To overcome these challenges, this paper presents 

ProManageX, an integrated web-based Project Management System developed using Spring Boot, Thymeleaf, and MySQL, 

which provides a structured, role-based digital environment for managing academic projects throughout their lifecycle—from 

proposal submission to final evaluation. The system automates key manual processes such as project registration, guide 

assignment, progress tracking, document uploads with version control, and milestone-based feedback. With the integration of 

Spring Security, data confidentiality is maintained through Role-Based Access Control (RBAC), while the Scheduler module 

manages automated due-date and overdue notifications. Additionally, the built-in email service enables real-time alerts, 

improving communication between students and guides. The responsive interface, developed with modern web technologies, 

ensures accessibility across devices, making it an efficient and scalable solution for academic institutions. Overall, the proposed 

model streamlines project management while enhancing accountability, transparency, and collaboration within academic 

ecosystems, with future prospects including AI-driven performance analysis and predictive deadline forecasting to support data-

informed academic planning and evaluation. 
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I. Introduction 

The College Project Management System (ProManageX) is a comprehensive and intelligent web-based platform meticulously 

designed to overcome the persistent challenges faced during the management and coordination of academic projects in engineering 

institutions. In most colleges, project-based learning forms a critical component of the curriculum, promoting innovation, teamwork, 

and problem-solving among students. However, the traditional manual approach to project management — involving physical 

meetings, paper-based submissions, and offline communication — often leads to inefficiencies such as miscommunication, delays 

in evaluation, data inconsistency, and lack of transparency between stakeholders [1]. 

To address these issues, recent studies have emphasized the transition from manual to digital academic management systems that 

integrate automation, security, and real-time communication features [2]. The proposed system revolutionizes this process by 

offering a centralized digital workspace that seamlessly connects students, guides (faculty mentors), and administrators on a single 

platform. It automates key aspects of project handling such as project proposal submission, guide allocation, document uploads with 

version control, milestone tracking, feedback logging, and deadline management [3]. 

Furthermore, the system incorporates a real-time notification and email alert module that keeps all stakeholders informed about 

project progress, review schedules, and submission deadlines, aligning with modern academic workflow automation practices [4]. 

Developed using Spring Boot for backend logic, Thymeleaf for dynamic front-end rendering, and MySQL for structured data 
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persistence, the platform ensures scalability and robust performance. The integration of Spring Security enforces Role-Based Access 

Control (RBAC), safeguarding sensitive academic data, consistent with the best practices in secure web-based systems [5]. 

On the client side, the system employs HTML5, CSS3, and Bootstrap 5, creating a responsive and intuitive user interface that adapts 

across multiple devices and screen sizes [6]. Additionally, an automated scheduler monitors milestones and triggers reminders for 

due or overdue tasks, reducing administrative load and increasing compliance with project deadlines [7]. 

In essence, ProManageX transforms traditional manual workflows into digitally traceable, auditable, and collaborative processes, 

thereby enhancing efficiency, accountability, and transparency among all participants in the academic ecosystem [8]. The system 

supports three primary user roles — Administrator, Guide, and Student — each operating within a secure and role-specific interface 

that streamlines responsibilities and facilitates effective communication [9]. 

By integrating automation, security, and user-centric design, ProManageX aligns with the current academic trend toward intelligent, 

data-driven project management platforms, paving the way for digital transformation in higher education [10]. 

  

II. Literature Review 

1. Digital Transformation in Academic Project Management (2020–2022) 

In a study by Patel and Kaur (2021), the authors explored the transition from traditional manual project workflows to web-based, 

automated platforms designed specifically for academic use. Their work highlighted the inefficiencies in physical meetings, paper-

based submissions, and unstructured communication methods. The paper proposed a shift toward modular, Spring-based project 

management frameworks that integrate centralized databases and dynamic dashboards. This research concluded that automation and 

digital collaboration tools significantly enhance transparency, reduce human errors, and support institutional scalability, establishing 

the foundation for later algorithmic advancements. 

2. Role-Based Access Control and Security Algorithms in Multi-User Systems (2021–2023) 

A comprehensive analysis by Sharma et al. (2023) examined the effectiveness of Role-Based Access Control (RBAC) and adaptive 

encryption algorithms like BCrypt in academic and enterprise applications. Their study compared legacy authentication algorithms 

such as MD5 and SHA-1 with adaptive hashing methods (BCrypt and Argon2), concluding that adaptive algorithms are far more 

resistant to brute-force and rainbow table attacks. The research further validated that RBAC provides a secure and scalable access 

model for multi-role systems like Admin–Guide–Student hierarchies, improving data protection and user accountability while 

maintaining simplicity in authorization management. 

3. Scheduler Algorithms for Deadline Tracking and Automation (2022–2024) 

In a recent paper, Rao and Thomas (2024) analyzed the role of scheduler algorithms, such as CRON-based job scheduling, in 

academic project tracking systems. Their findings demonstrated that time-based automation — including deadline reminders, email 

alerts, and progress checks — leads to a measurable reduction in late submissions. The study also evaluated trade-offs between 

scheduling frequency, server performance, and user engagement, proposing adaptive scheduling models that dynamically adjust 

notification frequency based on proximity to due dates. The authors concluded that schedulers significantly improve project 

discipline and supervision efficiency in digital platforms. 

4. Notification Systems and Communication Efficiency (2020–2023) 

Research by Singh and Das (2023) focused on improving communication between students, faculty, and administrators using multi-

channel notification systems. Their experiments revealed that combining email alerts, in-app notifications, and audit logs greatly 

enhances acknowledgment rates and minimizes response delays. The paper also discussed the technical aspects of implementing 

asynchronous email dispatch, templated HTML messages, and secure file sharing mechanisms to prevent data breaches. The authors 

emphasized that reliable notification architectures are crucial for ensuring transparency and accountability in collaborative project 

environments. 

5. Document Versioning and Data Integrity in Project Management Systems (2021–2024) 

A study by Khan and Mehta (2024) reviewed document versioning strategies for project-based platforms. The researchers compared 

overwrite policies with immutable version control, finding that maintaining historical document versions improves data recovery, 
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auditing, and compliance tracking. They proposed a file path–based storage model that stores each upload under versioned directories 

(e.g., /uploads/project/v1, /v2), ensuring traceability and rollback capability. Their findings confirm that application-level versioning 

combined with relational databases like MySQL provides a stable and efficient mechanism for academic PMS document 

management. 

6. AI-Enhanced Scheduling and Predictive Project Management (2022–2025) 

In a futuristic study, Verma and Kulkarni (2025) proposed integrating AI-driven predictive analytics into project management 

systems to forecast potential delays, workload imbalances, and student performance patterns. The paper demonstrated how machine 

learning models, trained on historical submission data, could predict project risks and suggest rescheduling strategies. However, it 

also noted ethical concerns such as fairness, explainability, and user trust. The authors recommended human-in-the-loop models to 

balance automation with faculty oversight, marking a new research direction for intelligent academic project supervision. 

 

III. Algorithms and Techniques 

1. Authentication & Security Algorithms 

1.1. Role-Based Access Control (RBAC) Algorithm 

The Role-Based Access Control (RBAC) algorithm is employed in ProManageX to ensure that users can only access resources, 

features, and data that correspond to their designated role — such as Administrator, Guide, or Student. This mechanism serves as a 

crucial layer of authorization, safeguarding system confidentiality, preventing privilege escalation, and ensuring that the data 

integrity of each role-specific module is maintained. RBAC is a policy-neutral access control mechanism that assigns permissions to 

roles rather than directly to individual users. Each user is mapped to one or more predefined roles, and each role encapsulates a 

specific set of access privileges. This approach simplifies administration and enhances scalability, particularly in multi-user 

environments like educational institutions where role boundaries are well defined. Within Spring Security, RBAC is implemented 

using authority-based filters and interceptor chains that verify a user’s credentials and authorization level at every request. The 

process ensures that only authenticated users with valid role permissions can access specific URL endpoints or controller mappings. 

Working & Process: 

 

Fig. 1.0: - Diagram for Algorithm RBAC Module 

 

ALOCHANA JOURNAL  (ISSN NO:2231-6329)  VOLUME 14 ISSUE 11 2025

PAGE NO: 82



The following flow represents the step-by-step execution of the RBAC algorithm in the system: 

1. User Authentication: 
When a user attempts to log into the system, Spring Security authenticates the credentials using encrypted password 
validation (typically through BCrypt hashing). 

2. Role Fetching: 
Upon successful authentication, the system retrieves the user’s assigned role from the database — e.g., ROLE_ADMIN, 
ROLE_GUIDE, or ROLE_STUDENT. 

3. Authorization Check (Filter Chain Execution): 
Spring Security’s filter chain intercepts every incoming HTTP request. The request is evaluated against defined endpoint 
access rules specified in the security configuration (e.g., @PreAuthorize("hasRole('ADMIN')")). 

4. Role Comparison and Decision Making: 
o If the user’s role matches the required authority for the requested resource, the request proceeds to the controller. 
o If not, Spring Security blocks the request and automatically redirects the user to an “Access Denied” or 403 

Forbidden page. 
5. Session Management and Monitoring: 

Valid sessions are maintained through tokens or cookies, ensuring that any subsequent access requests during the session 
are quickly validated without re-authentication. 

6. Logging and Auditing: 
Each access attempt, whether successful or denied, is logged. This supports accountability, auditing, and intrusion 
detection. 

Why used: 

RBAC was chosen because it provides a clear, maintainable, and scalable security structure that aligns perfectly with the multi-role 

nature of academic environments. 

It ensures: 

 Data Confidentiality: Students cannot access administrative or guide-level data. 

 Data Integrity: Only authorized guides can evaluate or modify project progress. 

 Operational Efficiency: Admins manage the system without manually handling individual access rights. 

 Scalability: New roles or modules can be integrated without redesigning the entire security model. 

 

 

IV. Applications 

 The Role-Based Access Control (RBAC) algorithm is widely implemented across various domains to ensure secure, 

scalable, and efficient access management in multi-user systems. Its primary application lies in systems that require 

differentiated access levels for users based on their organizational or operational roles. 

  In the context of academic and enterprise project management systems like ProManageX, RBAC plays a pivotal role in 

maintaining confidentiality, enforcing accountability, and preventing unauthorized actions. 

  In corporate settings, RBAC is used to control employee access to confidential information within departments such as 

HR, Finance, or IT. Managers, for instance, can approve or reject tasks, while team members can update progress reports. 

The algorithm minimizes insider threats by enforcing the principle of least privilege, granting each role only the 

permissions necessary to perform its duties. 

  Healthcare applications leverage RBAC to protect sensitive patient data, ensuring that doctors, nurses, and administrative 

staff access only data relevant to their responsibilities. Similarly, government systems use RBAC to segregate access 

between policy makers, field officers, and auditors, strengthening compliance with data privacy laws.  

 In cloud infrastructures and web services, RBAC is essential for multi-tenant security management. It helps administrators 

define access hierarchies for virtual machines, APIs, and datasets. By associating permissions with roles instead of 

individual users, RBAC simplifies configuration management and enhances system scalability.  

ALOCHANA JOURNAL  (ISSN NO:2231-6329)  VOLUME 14 ISSUE 11 2025

PAGE NO: 83



 

V. Conclusion  

The Role-Based Access Control (RBAC) algorithm provides a robust and scalable framework for managing user permissions in 

multi-role environments such as academic project management systems. By assigning access rights based on predefined roles instead 

of individual users, RBAC simplifies security administration while maintaining a high level of control and transparency. In the 

context of systems like ProManageX, RBAC effectively enforces the principle of least privilege, ensuring that each stakeholder 

administrator, guide, or student — can access only the resources necessary for their respective responsibilities. This not only 

safeguards sensitive academic and institutional data but also minimizes risks associated with unauthorized access or accidental data 

modification. Furthermore, the integration of RBAC with modern frameworks such as Spring Security enhances system reliability 

by automating authentication, authorization, and session management processes. The inclusion of audit trails and logging 

mechanisms further contributes to accountability and compliance, which are crucial in both educational and enterprise-grade 

applications. In conclusion, RBAC stands as a cornerstone in secure software architecture, balancing flexibility, scalability, and 

security. Its rule-based, modular design makes it highly adaptable to evolving user hierarchies, making it an indispensable component 

in designing modern web-based systems that prioritize both usability and data protection. 
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