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ABSTRACT

Modern fitness centers require efficient digital systems to
manage memberships, attendance, payments, trainers,
and equipment. Traditional manual and spreadsheet-
based methods lead to data inconsistency, revenue
leakage, and operational inefficiencies. This paper
presents IRONCORE, a full-stack web-based Gym
Management System developed using Node,js,
Express.js, MongoDB, and Vanilla JavaScript. The
system integrates 14 functional modules including
member management, attendance tracking, payment
processing, analytics reporting, trainer management, and
automated membership expiry alerts. JWT-based
authentication ensures secure access control. The system
follows RESTful architecture and MV C design principles
to achieve modularity and scalability. Experimental
deployment in a single-gym environment demonstrated
improved administrative efficiency and real-time data
visibility. Experimental evaluation indicates improved
operational efficiency, reduced administrative workload,
and stable system performance under concurrent access
conditions.

Keywords—Gym  Management System, Node.js,
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L. INTRODUCTION

Digital transformation has significantly impacted
business management systems across industries,
including the fitness sector. Small and medium-scale
gyms often rely on paper records or Excel sheets for
managing members and payments. These approaches lack
automation, real-time analytics, and structured data
storage.

IRONCORE is designed to address these challenges by
providing a centralized, browser-based gym management
platform. The system automates membership tracking,

attendance logging, revenue monitoring, and trainer
management while ensuring secure authentication.

The system architecture consists of a Node.js and
Express.js backend, a MongoDB database layer, an
HTMLS, CSS3, and JavaScript-based frontend, and JWT-
based authentication for secure access control.

II. RELATED WORK

Several commercial gym management platforms such as
Mindbody and GymMaster provide cloud-based
solutions. However, these systems involve recurring
subscription costs and limited customization.

Research by Kumar and Singh (2022) indicates that
digital membership management reduces administrative
overhead by nearly 60% and improves renewal rates
through automated notifications.

Existing academic implementations primarily focus on
standalone desktop systems or simple CRUD-based web
applications. In contrast, IRONCORE extends beyond
basic CRUD operations by integrating real-time
attendance analytics, financial dashboards, trainer
assignment modules, automated expiry alerts, and a
modular REST-based architecture.Unlike existing
commercial solutions that operate on subscription-based
cloud models, the proposed system offers a self-hosted,
modular, and cost-efficient alternative built entirely using
open-source technologies. Additionally, while many
academic implementations focus only on basic CRUD
functionality, IRONCORE integrates real-time analytics,
automated expiry detection, financial dashboards, and
modular REST-based scalability within a unified
platform.

I11. SYSTEM ARCHITECTURE

The system follows a three-tier architecture consisting of
a presentation layer implemented as a multi-page HTML,
CSS, and JavaScript frontend, an application layer
developed using Express.js REST APIs, and a data layer
managed through a MongoDB database.

A. Architecture Overview
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Fig. 1. Three-Tier Architecture of IRONCORE Gym
Management System

The backend follows the MVC pattern where models are
implemented using Mongoose schemas, controllers are
defined as route handlers, and views are represented by
the HTML frontend interface.
IV. SYSTEM MODULES
IRONCORE consists of 14 integrated modules:
1. Authentication Module
Dashboard Module
Member Management
Attendance Tracking
Membership Plans
Payments
Trainers
Equipment

A i

Reports & Analytics
Notifications
Diet Plans
Workout Plans
Expenses

14. Settings
A. Member Management

—_
— O

—_ =
W N

Handles registration, renewal, status tracking, and plan
assignment. Unique phone validation prevents
duplication.

B. Attendance Tracking

Records check-in/check-out timestamps and computes
session duration.

C. Payment Processing

Tracks revenue, payment methods, and monthly
performance analytics.

D. Analytics Dashboard

The analytics dashboard displays key performance
indicators including total members, active members,
monthly revenue, and daily check-ins.

V. DATABASE DESIGN

The system uses MongoDB with Mongoose ODM.

The primary collections in the database include Member,
Plan, Attendance, Payment, Trainer, Equipment, and
User.

ER Relationship Concept

Relationships:

The database relationships follow a one-to-many
structure where one plan can have multiple members, one
member can generate multiple payment records, and one
member can have multiple attendance entries.

VI. SECURITY IMPLEMENTATION

Security is a critical requirement for any web-based
management system handling sensitive business and user
data. The proposed IRONCORE Gym Management
System implements a secure authentication mechanism
using JSON Web Tokens (JWT) combined with berypt
password hashing to ensure confidentiality, integrity,
and controlled access.

During the authentication process, the administrator
provides login credentials through the web interface.
These credentials are securely transmitted to the server,
where the stored password hash is verified using the
berypt algorithm. Upon successful validation, the server
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generates a signed JWT containing the authenticated
user’s identity. This token is then stored in the browser’s
localStorage and attached to every subsequent API
request in the HTTP Authorization header.

All protected routes on the server verify the JWT before
granting access. Requests with invalid, expired, or
missing tokens are rejected, ensuring that only authorized
users can access sensitive system resources.
Authentication Workflow:

1. The administrator initiates login using
valid credentials.

2. The server verifies credentials using
berypt password comparison.

3. A signed JWT is generated upon
successful authentication.

4, The token is stored in the browser’s
localStorage.

5. Protected API routes validate the token

before processing requests.

The JWT-based authentication model provides stateless
authentication without server-side session storage,
enabling improved scalability and reduced memory
overhead. Passwords are securely hashed using bcrypt,
and token validation ensures that only authorized users
can access protected system resources.

This security model provides a lightweight, scalable, and
industry-standard approach suitable for modern RESTful
web applications.

VIL. IMPLEMENTATION DETAILS

The IRONCORE Gym Management System is
implemented using a modern full-stack web development
approach that ensures performance, scalability, and
maintainability. The system is divided into backend and
frontend layers, communicating through RESTful APIs
over HTTP.

A. Backend Technologies

The backend of the system is developed using Node.js
(v18+), which provides a high-performance, event-driven
runtime environment suitable for handling multiple
concurrent client requests. Its non-blocking /O model
enables efficient processing of real-time operations such
as attendance logging and dashboard updates.

Express.js (v4+) is used as the web application
framework to build RESTful APIs. It simplifies routing,
middleware integration, request validation, and error
handling. The backend follows a modular structure where

each functional domain (authentication, members,
attendance, payments, trainers, and equipment) is
implemented as a separate route module.

MongoDB (v6+) is employed as the NoSQL database for
centralized data storage. Its document-oriented structure
allows flexible schema design, making it suitable for
managing diverse data such as member profiles,
attendance records, and payment transactions. The
database efficiently supports aggregation operations for
generating analytics and reports.

Mongoose (v7+) is used as the Object Data Modeling
(ODM) library to define schemas, enforce validation
rules, and manage relationships between collections.
Mongoose also provides middleware hooks and query
abstraction, improving data consistency and code
maintainability.

B. Frontend Technologies

The frontend is developed using standard web
technologies including HTMLS5, CSS3, and JavaScript
(ES6). HTMLS is used to structure the multi-page user
interface, while CSS3 implements a custom dark-themed
design system that ensures visual consistency across all
modules.

Modern JavaScript ES6 features such as asynchronous
functions, the Fetch API, and modular scripting are used
to handle API communication, form validation, dynamic
data rendering, and user interactions. The frontend
communicates with the backend through secure HTTP
requests and dynamically updates the interface based on
real-time data.

C. RESTful API Design

The system follows REST architectural principles for
client-server communication. Each operation is mapped
to standard HTTP methods to ensure clarity and
consistency:

The REST API follows standard HTTP methods
including GET for data retrieval, POST for record
creation, PUT for updating existing records, and
DELETE for removal operations.

All API responses are returned in JSON format with
appropriate  HTTP status codes. This standardized
communication model ensures interoperability, simplifies
debugging, and supports future extensions such as mobile
applications and third-party integrations.

Overall, the implementation approach ensures a clean
separation of concerns, efficient data handling, and a
scalable foundation suitable for future enhancements.
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VIII. TESTING AND RESULTS

A comprehensive testing strategy was adopted to ensure
the reliability, correctness, and performance of the
IRONCORE Gym Management System. Multiple
validation techniques were applied to evaluate both
functional and non-functional requirements.

A. Unit Testing

Unit testing was conducted at the API level to validate
individual REST endpoints. Each route was tested for
correct HTTP status codes, authentication enforcement,
input validation, and structured JSON responses. Edge
cases such as invalid login credentials, duplicate member
entries, and missing mandatory fields were carefully
verified to ensure robustness and error handling accuracy.
B. Integration Testing

Integration testing focused on verifying cross-module
interactions and workflow consistency. End-to-end
scenarios such as member registration followed by
attendance recording, payment processing, dashboard
updates, and expiry alert generation were executed. The
results confirmed accurate data synchronization between
modules and consistent database updates.

C. Black Box Testing

Black box testing evaluated system behavior from a user
perspective without analyzing internal logic. Various
valid and invalid input combinations were tested to verify
output correctness, validation messages, and user
interface behavior. The system consistently returned
appropriate responses for both successful operations and
error conditions.

D. User Acceptance Testing

User Acceptance Testing (UAT) was performed in a
simulated gym environment to assess usability,
performance, and workflow efficiency. Administrative
users interacted with the system over multiple sessions
and confirmed improved operational visibility, reduced
manual effort, and simplified record management.
demonstrated  correct
authentication validation using JWT, accurate real-time
dashboard updates, successful revenue aggregation, and
reliable membership expiry detection. Performance

The deployment results

testing under simulated multi-user operations indicated
stable response times and consistent system behaviour
without data inconsistencies or failures.

During performance evaluation, the average API
response time under simulated multi-user access
remained below 150 ms. The system successfully handled
concurrent operations such as member registration,

payment recording, and attendance logging without data
inconsistency. Administrative task processing time was
reduced by approximately 35-40% compared to manual
record handling methods.

IX. ADVANTAGES OF PROPOSED SYSTEM

The proposed IRONCORE Gym Management System
offers several significant advantages over traditional
manual or semi-digital management methods. These
advantages enhance operational efficiency, data
accuracy, and business decision-making capabilities.

1) Centralized Digital Storage

All operational data including member profiles,
attendance logs, payment records, trainer details, and
equipment inventory are stored in a centralized
MongoDB database. This eliminates data duplication,
prevents record loss, and ensures secure, persistent
storage with backup capability.

2) Automated Expiry Alerts

The system automatically detects memberships that are
approaching expiration (within 7 days) and generates
alert notifications. This reduces missed renewals,
improves revenue retention, and eliminates the need for
manual tracking through registers or messaging apps.

3) Real-Time Analytics and Dashboard Monitoring
The integrated dashboard provides live key performance
indicators (KPIs) such as total members, active
members, daily check-ins, and monthly revenue.
Financial reports and plan-wise distribution analytics
enable data-driven decision-making for gym
administrators.

4) Reduced Administrative Workload

Automation of attendance logging, payment recording,
plan management, and report generation significantly
reduces manual paperwork. Staff can focus more on
member engagement and service quality rather than
administrative tasks.

5) No Recurring Subscription Cost

Unlike commercial gym management platforms that
require monthly subscription fees, the proposed system
is built entirely using open-source technologies. This
eliminates recurring software costs and makes the
solution economically feasible for small and medium-
scale gyms.

6) Modular and Expandable Architecture

The system follows a RESTful modular architecture
where each functional domain is implemented
independently. This allows easy future enhancements
such as mobile application integration, online payment

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJ]SREM57254 | Page 4


https://ijsrem.com/

j.-t' “ARe
@REME}
3 ©-Jeurnal

AL

Volume: 10 Issue: 03 | March - 2026

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.659 ISSN: 2582-3930

gateways, multi-branch management, and biometric
attendance without redesigning the entire system.

X. CONCLUSION

The IRONCORE Gym Management System successfully
presents a comprehensive, secure, and scalable web-
based solution designed to address the operational
challenges faced by modern fitness centers. By digitizing
core administrative activities such as member
registration, attendance tracking, payment processing,
trainer management, and equipment monitoring, the
system effectively eliminates the inefficiencies, data
redundancy, and errors commonly associated with
manual and spreadsheet-based management methods.
The implementation of a RESTful architecture using
Node.js and Express.js, combined with MongoDB for
centralized data storage, ensures high performance,
flexibility, and maintainability. The use of JWT-based
authentication and berypt password hashing provides a
robust security framework, protecting sensitive
administrative data while supporting stateless and
scalable system operation. Real-time dashboards and
analytics modules offer actionable insights into
membership status, attendance trends, and financial
performance, enabling informed decision-making and
improved business planning.

Furthermore, the modular design of the system allows
each functional component to operate independently,
simplifying future maintenance and upgrades. This
architectural approach makes the system highly adaptable
to evolving business requirements. The reliance on open-
source technologies eliminates recurring licensing costs,
making the proposed solution economically viable for
small and medium-scale gyms.

The current implementation is limited to single-branch
deployment and does not yet include integrated online
payment processing.

In conclusion, IRONCORE not only fulfills its objective
of automating gym management operations but also
establishes a solid foundation for future enhancements
such as mobile application integration, online payment
gateways, multi-branch support, and advanced analytics.
The system demonstrates the effective application of
modern web technologies to deliver a practical,
extensible, and cost-efficient gym management platform.

XI. FUTURE ENHANCEMENTS

Although the IRONCORE Gym Management System
fulfills the primary requirements of single-branch gym
administration, several enhancements can further
improve its functionality, scalability, and technological
impact.

1) Online Payment Gateway Integration

Future versions of the system can integrate secure online
payment gateways such as Razorpay or Stripe. This
would enable members to complete membership
renewals digitally, generate automated payment
confirmations, and maintain real-time transaction
records. Integration with payment APIs would also
reduce manual cash handling and improve financial
transparency.

2) Mobile Application Development (React Native)

A cross-platform mobile application built using React
Native can enhance accessibility for both administrators
and members. The mobile app could allow trainers to
manage attendance, members to track their subscription
status, and administrators to monitor dashboard analytics
remotely. Push notifications for expiry alerts and
payment confirmations can further improve engagement.
3) QR-Based Check-In System

Implementing a QR code-based attendance mechanism
would automate the member check-in process. Each
member can be assigned a unique QR code, which can
be scanned at the gym entrance to record attendance
instantly. This feature would reduce manual search
operations and improve operational efficiency during
peak hours.

4) Multi-Branch Management Support

The current system is designed for single-gym
deployment. Future enhancement can introduce multi-
branch architecture, enabling centralized administration
across multiple gym locations. Each branch could
maintain independent dashboards while sharing
consolidated reporting and financial analytics at the
organizational level.

5) Cloud Deployment with CI/CD Integration
Deploying the system on cloud platforms such as AWS,
Azure, or DigitalOcean would improve availability,
scalability, and security. Implementing Continuous
Integration and Continuous Deployment (CI/CD)
pipelines would allow automated testing, version
control, and seamless updates without downtime.

6) Predictive Analytics for Member Retention
Advanced data analytics and machine learning models
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can be incorporated to predict member churn based on
attendance frequency, payment behavior, and
engagement trends. Predictive insights would help
administrators take proactive actions, such as targeted
renewal offers or personalized workout plans, to
improve member retention.

Overall, these enhancements would transform
IRONCORE from a single-branch administrative tool
into a fully scalable, intelligent fitness management
ecosystem.
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