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Abstract— This research paper discusses the development
process of a web-based vending machine management
system  with  contemporary web  development
technologies and design tools. The paper covers the
whole development cycle, from the initial design in
Figma to frontend implementation, backend
architecture, and database design. The system is
designed to offer real-time monitoring, inventory
management, and sales analytics for vending machine
operators. This research emphasizes best practices,
possible challenges, and implementation strategies for
developing an efficient and scalable solution.

1. Introduction
The wvending machine market has experienced
tremendous growth over the past few years, with the
global market expected to be valued at $146.6 billion by
2027. The growth notwithstanding, most vending
machine businesses continue to use manual systems for
stock management, maintenance planning, and sales
reports. This paper outlines an all-encompassing web-
based system that harnesses innovative web
technologies to streamline and enhance these processes.
The system proposed enables operators to:
. Real-time vending machine status monitoring

. Firmware or software-generated automatic
orders for restocking

. Sales data analysis to maximize product
location and price

. Scheduling maintenance and servicing requests

. Cashless payment processing and payment

gateway integration

This paper will consider every aspect of the
development process, from the initial UI/UX design via
Figma to frontend implementation, backend
architecture, and database design.

Literature Survey
Evolution of Vending Machine Technologies
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The technological development of vending machines has
come a long way in the last few decades. Ramachandran
et al. (2021) documented the technological growth from
coin-operated mechanical systems to intelligent,
networked vending machines, indicating how the
inclusion of 10T changed the face of the industry. Their
study shows that contemporary vending machines have
become more than mere dispensing mechanisms and
have become sophisticated retail devices with the
capability for real-time communication and analytics.
Lee and Wong (2022) studied the technological
revolution of vending machines in various markets and
observed that adoption rates are hugely differentiated
across regions. Their comparative study showed that
East Asian markets, especially Japan and South Korea,
are the leaders in the adoption of smart vending
machines with adoption levels higher than 65%
compared to around 28% in North American markets.
IoT Integration in Vending Solutions

The application of Internet of Things (IoT) technologies
in vending machines has been widely researched. Chen
et al. (2023) created a proof-of-concept system using
embedded sensors and microcontrollers to track different
machine parameters such as inventory, temperature,
power usage, and operational state. Their results showed
that loT-based machines saved 37% on maintenance and
42% on stock-outs compared to conventional systems.
Nakamura and Rodriguez (2023) also suggested a
holistic framework for 10T deployment in vending
infrastructure that considered both hardware and
software factors. Their study highlighted the role of edge
computing in minimizing latency for time-critical
operations such as payment processing and inventory
replenishment. They showed that processing data at the
edge cut response times by 78% against cloud-only
systems, which had a major impact on user experience
during high usage hours.

2. Ul/UX Design with Figma

2.1 Design System Development

Creating a cohesive design system in Figma serves as the

foundation for the entire application. The design system
includes:
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e Color Palette: Primary colors (#2563EB,
#1E40AF) for branding elements, with
supporting neutral tones (#F3F4F6, #ESE7EB,
#D1D5DB) for backgrounds and secondary
elements. Warning and success states use amber
(#F59E0B) and emerald (#10B981)
respectively.

o Typography: Inter for primary text with system
fallbacks (16px base size, 1.5 line height), with
Montserrat for headings.

e Component Library: Reusable components
including buttons, form inputs, cards, tables,
and navigation elements. Components utilize
Figma's auto-layout and variants to maintain
consistency across different states.

2.2 Wireframing and Prototyping

The wireframing process begins with low-fidelity
sketches that map the user journey through the
application:
1. Dashboard: Real-time overview of machine
status, sales metrics, and alert notifications

2. Machine Management: Detailed view of
individual machine status and configuration

3. Inventory Management: Stock levels and

reordering interface

4. Analytics: Sales trends, machine performance
comparisons, and revenue reporting

5. User Management: Admin controls for user
roles and permissions

High-fidelity prototypes are then developed in Figma
with interactive elements to simulate user flows. This
allows for early usability testing and stakeholder
feedback before moving to development.

2.3 Responsive Design Considerations
The design implements a mobile-first approach with
responsive breakpoints at:

e Mobile: 320px - 639px

e Tablet: 640px - 1023px
e Desktop: 1024px and above

Figma's auto-layout and constraints are utilized to
ensure elements respond appropriately across different
screen sizes.

3. Frontend Development

3.1 Technology Stack

The frontend implementation utilizes modern JavaScript
frameworks and libraries:
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e React: For building the component-based user
interface

e TypeScript: To add static typing and improve
code quality

e Tailwind CSS: For implementing the design
system with utility classes

e Redux Toolkit: For state management across the
application

e React Query: For efficient server-state

management and data fetching

e Chartjs: For interactive data

visualizations

implementing

o React Router: For client-side routing
3.2 Component Architecture

The frontend architecture follows a modular approach
with components organized into the following
categories:
1. Atomic Components: Basic Ul elements like
buttons, inputs, and cards

2. Composite Components: Combined elements
like data tables, form groups, and search filters

3. Feature Components: Domain-specific
components like machine status cards or
inventory tables

4, Layout Components: Page structures,
navigation, and responsive containers
5. Page Components: Complete views that

compose multiple components

This structure facilitates reusability and maintains
separation of concerns across the application.
3.3 State Management
The application uses Redux Toolkit for global state
management with the following slices:
e Authentication: User credentials and session
management

e Machines: Vending machine status and

configuration data

e Inventory: Product stock levels and reorder
thresholds

o Alerts: System notifications and error states

React Query handles server state with features like
background refetching, caching, and optimistic updates
to improve user experience when interacting with the
backend.

3.4 Frontend-Backend Integration

| Page 2


http://www.ijsrem.com/

&5‘1 .. 3{3

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

Rmizadt

The frontend communicates with the backend through a

Volume: 09 Issue: 03 | March - 2025

SJIF Rating: 8.58

ISSN: 2582-3930

RESTful API client that;

Handles authentication tokens and request
headers

Implements retry logic for failed requests
Provides consistent error handling

Normalizes response data for the application
state

WebSocket connections are established for real-time
updates on machine status, inventory levels, and sales

data.

4. Backend Architecture
4.1 Technology Stack
The backend system utilizes:

Node.js: Runtime environment

Express.js: Web framework for RESTful API
endpoints

Socket.10: For real-time bidirectional

communication
Prisma: ORM for database interactions

JSON Web Tokens
authentication

(JWT): For secure

Jest: For unit and integration testing

Swagger/OpenAPI: For APl documentation

4.2 API Design
The API follows RESTful principles with the following
main resource endpoints:

/api/auth: Authentication and user management

/api/machines: Vending machine operations and
status

[api/inventory: Product and stock management
[api/transactions: Sales and payment processing

fapi/analytics: Reporting and data analysis

Each endpoint implements proper HTTP methods (GET,
POST, PUT, DELETE) with appropriate status codes
and consistent response structures.

4.3 Business Logic Implementation

Core business logic is organized into service modules:

1.
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Machine Service: Handles machine registration,
status updates, and configuration

Inventory Service: Manages product catalog,
stock levels, and reordering

Transaction Service: Processes sales, refunds,
and payment integrations
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4.

Analytics  Service: Generates and

calculates performance metrics

reports

Notification Service: Manages alerts for stock
levels, maintenance needs, and system events

Each service implements validation, error handling, and
business rules specific to its domain.

4.4 Security Considerations

The backend implements several security measures:

Authentication: JWT-based authentication with
refresh tokens

Authorization:  Role-based control

(RBAC) for different user types

aCcess

Input Validation: Request validation using Joi or
similar libraries

Rate Limiting: Protection against brute force and
DosS attacks

HTTPS: Encrypted data transmission

Logging: Comprehensive activity and error
logging for audit purposes

5. Database Design

5.1 Database Schema

The PostgreSQL database schema includes the following
core tables:

Users: User accounts and authentication details

Machines: Vending machine information and
status

Products: Product catalog with descriptions and
pricing

Inventory: Current stock levels for each product
in each machine

Transactions:  Sales records

information

and payment

Maintenance: Service records and scheduled
maintenance

Alerts: System notifications and their status

Relationships between tables are designed to maintain
referential integrity while optimizing for read and write
operations.

5.2 Data Models
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5.3 Data Access Layer
The data access layer uses Prisma ORM to:
o Provide type-safe database operations

e Manage database migrations
e Optimize query performance
e Handle relationships between entities

e Implement transaction support for operations
that affect multiple tables

5.4 Database Performance Considerations
To ensure optimal performance:
o Indexes are created on frequently queried fields

e Composite indexes support common query
patterns

o Denormalization is applied where appropriate
for read-heavy operations

e Connection  pooling database

connections efficiently

manages

e Query optimization
implemented

and monitoring are

6. Integration with 10T Devices
6.1 Machine Connectivity
Vending machines connect to the system through:
e REST API: For periodic status updates and
configuration changes

o WebSockets: For real-time event notifications

e MQTT: Lightweight protocol for resource-
constrained devices

Each machine is identified by a unique device ID and
authentication token.

6.2 Data Collection and Processing
The system collects the following data from machines:
e Inventory levels detected by sensors

e Temperature and operational status
o Transaction details

o Error conditions and maintenance alerts
© 2025, [JSREM
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This data is processed, validated, and stored in the
database for monitoring and analysis.

7. Deployment and DevOps

7.1 ContainerizationThe application is containerized using

Docker with separate containers for:
o Frontend application

o Backend API

o Database

e Cache (Redis)

o WebSocket server

Docker Compose orchestrates these containers for
development, while Kubernetes manages production
deployment.CI/CD Pipeline
The continuous integration and deployment pipeline
includes:
1. Code Linting and Testing: Automated on every
pull request

2. Build Process: Creating optimized production
builds

3. Container Building: Generating Docker images

4. Staging Deployment: Automatic deployment to
staging environment

5. Production Deployment: Manual approval for
production rollout

GitHub Actions or similar CI/CD services automate this
workflow.

7.2 Monitoring and Logging
Operational monitoring includes:
o Application Performance: Response times and
error rates

e Server Metrics: CPU, memory, and disk usage

o Database Performance: Query execution times
and connection pool status

e User Experience: Real user monitoring for
frontend performance

ELK Stack (Elasticsearch, Logstash, Kibana) or similar
solutions manage centralized logging.

study has presented a holistic
methodology for creating a vending machine
management system with the latest web technologies.
Through the use of Figma for design, React for frontend
development, Node.js for backend development, and
PostgreSQL for database storage, the system offers a
scalable solution for vending
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machine operators.
The design focuses on real-time functionality,
responsive design, and security with modularity for
future growth.The system's capability to yield
actionable insights through analytics can assist operators
to enhance their business processes and boost revenue.
The use of this system is a major improvement over
conventional vending machine management methods.
Through the digitization and automation of processes
that were once manual, operators are able to gain
significant  operational efficiencies. Real-time
monitoring features allow for proactive maintenance,
minimizing machine downtime and lost sales
opportunities. Inventory optimization algorithms can
greatly minimize waste from expired products while
maintaining popular products in stock.
From a technical standpoint, the system reflects the
seamless fusion of wvarious contemporary web
technologies and design principles. The Figma-first
development style guarantees a harmonious user
experience on every platform, and the component-based
React framework makes future maintenance and feature
extension easier. The separation of concerns between
frontend, backend, and database layers allows for
adaptability to future technological evolutions.
The business impact of such a system extends beyond
operational improvements. The analytics capabilities
provide valuable insights into consumer preferences and
purchasing patterns, enabling data-driven decision
making for product selection and pricing. Integration
with payment systems opens opportunities for loyalty
programs and promotional campaigns, potentially
increasing customer retention and average transaction
value.Implementation ~ issues  organizations  can
encounter include the upfront cost of hardware for 1oT-
enabled machines, possible reluctance to change
technology from operations personnel, and complexity
in transitioning from legacy systems. A phased
deployment strategy is suggested, beginning with a
small set of machines to test the system's efficacy prior
to widespread rollout.
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