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ABSTRACT

This research paper presents an in-depth analysis of a
dynamic QR code email system implemented using Angular
for the frontend and Node.js with Express.js for the
backend. The system enables users to input multiple email
addresses and send QR codes containing personalized
URLs, facilitating targeted communication and engagement.
The backend is designed to track email interactions with
precise timestamps, ensuring efficient monitoring of user
engagement. MongoDB is employed for persistent storage,
offering a scalable and flexible database solution.

The study explores the motivation behind developing such
a system, detailing its methodology, implementation
process, and key results. Additionally, it addresses security
concerns, emphasizing the importance of data protection
and secure email distribution. The paper further discusses
the system’s technical architecture, covering aspects such
as API design, data flow, and integration challenges.
Scalability considerations are analysed to assess how the
system can handle increased traffic and large-scale
deployments.

Beyond the technical framework, this research delves into
cybersecurity implications, highlighting potential threats
and mitigation strategies to prevent data breaches and
unauthorized access. User behaviour analytics are also
examined, providing insights into how recipients interact
with the QR codes and the impact of personalized
marketing strategies. The study also presents various real-
world applications of this system, including its use in
corporate communications, event management, targeted
advertising, and secure document sharing. Overall, this
paper underscores the significance of dynamic QR code
email systems in enhancing personalized marketing,
improving information distribution, and ensuring secure
digital interactions.
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1. INTRODUCTION

With the increasing demand for personalized communication
in the digital age, QR codes have emerged as a reliable and
versatile mechanism for delivering content efficiently. Their
widespread adoption across industries such as marketing,
authentication, event management, and secure document
sharing highlights their growing significance. This paper
presents an innovative email-based QR code system that
dynamically generates QR codes, embeds personalized URLs,
and sends them to users with integrated tracking
capabilities. By leveraging modern web technologies, the

system enables efficient email distribution while ensuring
that each QR code can be monitored for engagement and
interaction tracking.

The implementation of this system utilizes Angular for an
intuitive and responsive user interface, allowing seamless
interaction for users to input email addresses and generate
QR codes. The backend, built with Node.js and Express.js,
processes QR code generation, email dispatch, and logging
mechanisms, ensuring smooth operation and real-time
tracking. MongoDB serves as the database, efficiently storing
email logs, tracking information, and timestamped
interactions to provide a comprehensive view of user
engagement.

This paper explores the evolution of QR codes, tracing their
development from static implementations to dynamic,
personalized solutions that cater to the increasing demand
for automation and analytics-driven communication. We
discuss their applications in modern digital interactions,
including targeted marketing campaigns, secure information
sharing, and authentication processes. Additionally, we
highlight the need for automated, trackable email
distribution, demonstrating how such a system enhances
engagement, improves marketing effectiveness, and provides
valuable insights into user behavior.

Furthermore, the study delves into the key benefits of the
proposed system, including its security features, scalability
for handling large volumes of emails, and efficiency in
managing and analyzing recipient interactions. We also
outline the major challenges involved in developing and
deploying such a solution, including data privacy concerns,
email deliverability issues, and potential security threats
such as phishing and QR code manipulation.

By addressing these aspects, this research underscores the
potential impact of dynamic QR code email systems in
revolutionizing personalized digital communication. The
findings provide valuable insights for developers, businesses,
and organizations looking to implement similar technologies,
ultimately contributing to the advancement of automated
and data-driven communication strategies.

2. Related Work

Several existing systems focus on email marketing and QR
code generation separately. However, few integrate both to
provide personalized, trackable URLs. Services like
MailChimp and SendGrid offer robust email marketing
solutions with tracking features, allowing businesses to
analyse email open rates and engagement. However, these
platforms primarily focus on email content optimization and
audience segmentation rather than integrating QR code-
based redirection mechanisms.
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On the other hand, standalone QR code generators such as
QRCode Monkey and Scanova provide customizable QR code
creation with options for branding and analytics. These
platforms enable users to generate static and dynamic QR
codes but lack the capability to directly integrate with
automated email tracking systems. Users must manually
embed QR codes into emails, leading to inefficiencies in
personalization and engagement tracking.

Some enterprise-level solutions, such as HubSpot and
Salesforce, offer partial integration of QR codes within
marketing emails. However, these systems typically require
third-party plugins or additional configurations to achieve
dynamic QR code generation based on user interaction.
Additionally, such solutions are often costly and complex,
limiting their accessibility for small businesses and
individual users.

Our proposed system bridges this gap by seamlessly

integrating dynamic QR code generation with an automated

email tracking mechanism. Unlike existing solutions, our

approach provides:

» Automated QR Code Generation: Every email contains
aunique QR code linked to a personalized URL, ensuring
individualized tracking.

» Email Tracking with Timestamps: The system logs
when emails are sent and tracks when users engage with
the QR code, offering real-time insights.

» Enhanced Security Measures: Unlike many QR code
generators that expose users to potential security risks,

our system incorporates encryption and authentication
protocols to ensure secure redirections.

> Cost-Effective and Scalable Architecture: Unlike
premium enterprise solutions, our system is designed
for scalability and affordability, making it accessible toa
broader audience.

By combining these capabilities into a single web application,
our research aims to enhance the effectiveness of email
marketing while leveraging QR codes for personalized
engagement tracking. This integration paves the way for
more dynamic and data-driven communication strategies in
business and marketing domains.

3. Data Sources
The study relies on multiple data sources, including:
» User Input: Email addresses provided by users

» Generated QR Codes: Dynamic QR codes containing
personalized URLs

» Email Logs: Stored in MongoDB, tracking recipient
email addresses and timestamps

» Application Logs: Capturing success/failure instances
of email deliveries

» Performance Metrics: Analysing the efficiency of the
system, including email delivery rates and response
times

» User Engagement Data: Tracking QR code scans, email
open rates, and click-through analytic
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Figure 1 : Flowchart - Project Process
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Figure 2: QR Code Email System Process Flow

4. Research Methodology
The research methodology follows a systematic approach:

4.1. System Design
Developing a web application using Angular, Node.js, and MongoDB involves multiple steps, including UI/UX design, API
development, and database structuring.

4.2. Implementation
Coding and integrating the QR code generator, email sender, and data logger ensure seamless communication between
frontend and backend components.

System Efficiency Formula

System Efficiency = ( Ol Codes Scanned = Engaged Users J « 100

Total Emails Entered = Valid Emails

4.3. Testing

We perform rigorous testing to validate system performance under different conditions, including:
Email validation testing

QR code scanning accuracy

System load and scalability tests

Security penetration testing

YV VY

Table 1: Classification Report of QR Code Email System

Ltage Description

Emails Enterad

Email Validation

QR Code
Generation

Email Sending

Database Logging

QR Code Scanning

User inputs multiple email addresses

Chedk if emtered emails follow a valid

lormat.

Create a QR code with a personalized URL.

tend anemail with the QR code attached.

Store email addiresses and timestamps in

MongoDB

User scans the received QR code

Purpose

Collect racipient information.

Ensure correct and deliverable email

addresses.

Provide a scanmable code linked to a

umicgue URL,
Deliver the OR code to recipients.

Keep track of email interacticns fos

analytics

Diirect uzer to the personalized URL.

Tracking
Engagemen!

Loy wser interachboms when they wcan the QR
Lo,

Monitor email suocess and uher
engagement
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4.4, Evaluation

Analyzing the efficiency, success rate, and usability of the system helps identify areas for improvement and future

enhancements.

5. System Implementation
5.1. Frontend (Angular)
» Users enter email addresses and trigger email sending.

» User-friendly interface with error handling and input validation.

5.2. Backend (Node.js & Express.js)

» Generates QR codes dynamically.

» Sends emails using Nodemailer.

» Ensures secure and efficient communication with the database.

5.3. Database (MongoDB)

» Stores email logs, tracking when and to whom emails were sent.

» Provides insights into email delivery success and failure rates.

6. Results and Discussion

The developed system successfully achieved the following:

Sent dynamic QR codes to multiple recipients.

Tracked email dispatch and log storage in MongoDB.

Ensured email validation to prevent incorrect entries.
Maintained an efficient and scalable architecture.

Measured system performance under high load conditions.
Analyzed user engagement metrics for further improvements.
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Figure 3: QR Code Email System

7. CONCLUSION [3]
The research successfully demonstrates a web-based QR
code email system with tracking capabilities. The integration
of Angular, Node.js, and MongoDB provides an efficient and
scalable approach for businesses and individuals seeking
automated QR code email delivery. Future enhancements
may include analytics dashboards and advanced tracking
features for deeper insights into email interactions. Our
study sets a foundation for more advanced implementations
in personalized marketing and digital identity verification.
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