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Abstract— In today's fast-paced technological landscape, the
proliferation of digital data and sensitive information has
become unprecedented. However, existing digital storage
solutions often fall short in terms of security and accessibility.
Addressing this challenge, this project introduces an innovative
hardware-based password authenticator system that combines
robust security measures with user-friendly accessibility. The
primary objective is to develop a secure and intuitive digital
locker system capable of efficiently storing and managing digital
documents. The project aims to bridge the gap in current
technology by offering a solution that prioritizes both security
and convenience. To achieve this, advanced hardware
components and encryption techniques are utilized. The
methodology involves the design and implementation of a
specialized hardware device equipped with cutting-edge
encryption algorithms to ensure the confidentiality and integrity
of stored documents.

Through extensive research and experimentation, the
project demonstrates that the advanced hardware-based
password authenticator system effectively addresses the security
and accessibility challenges prevalent in existing digital storage
solutions. The system not only provides secure storage but also
offers easy access and streamlined management of digital
documents. The utilization of hardware encryption and
biometric authentication significantly enhances document
security, as evidenced by the findings. The discussion delves into
the implications of these results, highlighting the potential of the
system to revolutionize digital document management practices.
In conclusion, the advanced hardware-based password
authenticator system represents a promising solution to meet
the evolving demands of secure digital document storage and
management.

Keywords— digital document, password authenticator, security,
biometric, encryption

INTRODUCTION

In an era characterized by rapid technological
advancement, the proliferation of digital documents and
sensitive information has reached unprecedented levels. The
necessity for secure and easily accessible digital storage
solutions has become increasingly apparent. This chapter
offers a concise yet comprehensive overview of the project
undertaken to address the challenges inherent in contemporary
digital document management. The digital revolution has
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fundamentally transformed how information is managed,
creating a paradigm shift in how we create, store, and access
data. This transformation is particularly evident in the
widespread adoption of digital documents, encompassing
personal records, business data, and financial information.
However, this surge in digital content has underscored the
need for storage solutions that are not only efficient but also
secure and robust. Conventional storage methods, while
functional, are susceptible to various security vulnerabilities
and accessibility constraints. The ubiquity and importance of
digital documents in daily life necessitate a reassessment of
storage and access approaches. Existing methods, though
capable of storing vast amounts of data, fall short in
addressing security concerns and ensuring seamless
accessibility. Thus, the contemporary digital landscape
presents both opportunities and challenges, highlighting the
need for innovative solutions that balance security and
accessibility. Within this context, pioneering research in
digital document management becomes crucial, aiming to
address these challenges and provide users with secure and
user-friendly storage solutions.

The motivation behind the proposed work stems from the
imperative need to bridge the existing gap in the domain of
digital document management. Current solutions, while
functional, often struggle to strike a balance between two
critical aspects: security and accessibility. Take, for example,
the prevalent use of password-protected digital storage. While
offering a level of security, this method is susceptible to
vulnerabilities that could lead to breaches and unauthorized
access. Conversely, fully secure systems prioritize data
protection to the utmost degree but may sacrifice accessibility,
making them less than ideal for users who require both
security and ease of access. It is this complex and seemingly
contradictory landscape that drives the research forward. The
project aims to surpass these limitations and transcend the
conventional dichotomy of security versus accessibility. We
are motivated by the aspiration to create a solution that offers
the best of both worlds—an integration of robust security and
seamless accessibility. The scope of the project extends to the
development of an advanced hardware-based password
authentication system, which seeks to redefine established
norms in digital document management. This system
represents a vision of a solution that not only addresses
existing challenges but also serves as a testament to the
possibility of reconciling the perceived trade-off between
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security and accessibility in the realm of digital document
management.

1. CHALLENGES AND PROPOSED SOLUTION

The primary challenge in this project lies in
reconciling what may initially seem to be contradictory
requirements: security and accessibility. These two
imperatives often appear to exist at opposite ends of
the spectrum. On one hand, stringent security measures
are crucial to protect sensitive digital documents from
threats such as data breaches. On the other hand,
seamless accessibility is equally vital, as users require
efficient access and management of their documents.
To effectively tackle these challenges, the project
leverages cutting-edge hardware components and
advanced encryption techniques. It recognizes that
conventional approaches to digital document
management, while effective to some extent, may fall
short in the face of evolving threats and the growing
need for user-friendly solutions.

The proposed password authentication system
represents a ground-breaking solution that aims to
harmonize the demands of security and accessibility. It
achieves this by integrating state-of-the-art encryption
algorithms and biometric authentication methods.
These components work together to safeguard not only
the confidentiality of stored documents but also their
integrity, ensuring they remain unaltered and secure
throughout their digital lifecycle. This work
symbolizes a significant advancement in the ongoing
evolution of digital document management. It holds
the potential to deliver enhanced security measures
without compromising on the crucial aspect of ease of
access. By doing so, it seeks to strike a harmonious and
innovative balance between these two indispensable
facets of digital document management. Subsequent
chapters of the project will delve into the technical
intricacies and practical implementation of the
advanced hardware-based password authentication
system. The project will present a comprehensive
methodology that underpins the research, detailed
results that attest to its efficacy, in-depth discussions
that shed light on the nuances of the approach, and
conclusive insights that collectively underscore the
profound significance and potential impact of the
research in the ever-evolving realm of digital
document management.

Il. LITERATURE SURVEY

Security is a critical concern in today's digital age, with an
increasing number of threats targeting sensitive information
and data breaches becoming more prevalent. Passwords and
encryption methods are essential components of digital
security. This literature survey aims to explore existing works
and recent advancements in the field of password
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authentication and hardware-based security keys, focusing on
the challenges they address and the potential gaps that the
proposed Affordable Password Authenticator seeks to fill. In
the realm of digital security, researchers have been exploring
innovative approaches to enhance password authentication
and protect sensitive information. [1] One notable study
conducted by Jain et al. in 2016 introduced the concept of
fingerprint-based authentication as a novel method for
managing passwords (Jain et al., 2016). Their research
emphasized the remarkable effectiveness of biometric
authentication, particularly fingerprint recognition, in
bolstering security. This approach replaces traditional
password entry with a more robust and personalized
verification process, reducing the risk of unauthorized access
as biometric data is inherently tied to an individual's unique
physical attributes. [2] In a separate study in 2018,
Sathiyamurthy and colleagues investigated the potential of
Bluetooth technology in strengthening security, specifically
in the context of secure data transmission and authentication
for password management (Sathiyamurthy et al., 2018). Their
research highlighted the critical importance of establishing
secure communication channels, particularly when dealing
with sensitive information like passwords. Bluetooth
technology, in this context, serves as a means to create secure
connections between devices, offering protection against
threats like data interception and unauthorized access. [3]
Another noteworthy research effort led by Huh et al. in 2017
explored the utility of hardware security keys as a robust
method of authentication (Huh et al., 2017). This study aimed
to showcase the effectiveness of hardware security keys in
defending against a range of threats, including phishing
attacks and unauthorized access. These keys provide a
tangible, physical layer of security to the authentication
process, making it significantly more challenging for
malicious actors to compromise user accounts. The research
highlighted the potential of hardware- based solutions in
elevating security standards in password management
systems. [4] In the pursuit of making advanced security
solutions more accessible, Goh and his team conducted
research in 2020 that focused on the development of low- cost
hardware authentication devices (Goh et al., 2020). Their
work recognized the growing need for affordable yet
effective security solutions, especially in a world where
threats are on the rise. This research represents a crucial step
toward democratizing, ensuring that individuals and
organizations from diverse backgrounds can access robust
security measures without significant financial barriers.
These studies collectively underscore the ongoing efforts to
innovate in the field of password authentication and digital
security. They emphasize the importance of exploring
biometric authentication, secure communication channels,
and hardware-based solutions to enhance security and protect
valuable information in an increasingly digital world. [5]
Smith et al. (2023) have contributed to the field with their
work on advanced biometric authentication. In their research,
they have highlighted the evolution of biometric
authentication methods, such as facial recognition and iris
scanning, which have notably enhanced the security of
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hardware-based authentication devices. These cutting-edge
biometric technologies offer heightened precision and
reliability in verifying user identities, adding an extra layer of
security to digital systems. Facial recognition, for example,
relies on the unique facial features of individuals, making it
extremely difficult for unauthorized access.

[6] Lee et al. (2022) have been at the forefront of research in
Bluetooth technology, focusing on security enhancements.
Their work underscores the ongoing efforts to improve the
security of Bluetooth communication within hardware-based
authentication systems. Bluetooth has become an integral
part of many authentication devices, and continuous research
has led to enhanced security protocols. These advancements
address vulnerabilities and bolster the security of
communication channels, ensuring the safe transmission of
sensitive data. For instance, researchers have implemented
encryption techniques to protect data during transfer, making
Bluetooth a more secure option for authentication.

[7] Additionally, Chen et al. (2021) have dedicated their
efforts to improving the usability and user experience of
hardware-based authentication devices. Recent studies in this
domain emphasize the importance of user-friendly interfaces
and designs that cater to users of varying technical expertise.
Usability improvements include simplifying setup processes,
providing intuitive interfaces, and ensuring that users can
easily navigate authentication  procedures.  These
advancements aim to make hardware-based authentication
devices more approachable and efficient for a broader user
base, reducing the barrier to entry for individuals and
organizations seeking enhanced security. These recent
advancements collectively demonstrate the ongoing
commitment to enhancing the security and usability of
hardware-based authentication systems. By incorporating
advanced biometric methods, refining Bluetooth security,
and improving user experience, researchers and developers
are addressing critical aspects of digital security and ensuring
that hardware-based authentication remains a robust and
user-friendly option for safeguarding sensitive information in
the increasingly digital world. Despite the presence of various
authentication methods and hardware-based security
solutions, several challenges and gaps persist in the domain
of password management and digital security. One
significant challenge is affordability. Many existing
hardware-based security keys come with a relatively high
price tag, rendering them inaccessible to the average user.
This financial barrier limits the adoption of robust security
measures, leaving individuals and organizations vulnerable to
threats. Another pressing issue revolves around the user-
friendliness of these hardware solutions. Some of them lack
an intuitive user interface, making them less approachable,
especially for individuals with varying levels of technical
expertise. This usability barrier can hinder the widespread
adoption of effective security solutions, as users may find
them cumbersome. Furthermore, there is a pressing need for
authentication devices that are not only secure but also highly
integrated and portable. Current solutions often fall short in
terms of seamless integration with various applications and
platforms. Users require authentication devices that can
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effortlessly work with a wide range of software, enhancing
their overall digital security. Lastly, democratizing security
remains an ongoing challenge. Bridging the gap between
high-end security solutions and a broader user base is crucial.
Affordable and effective security solutions are essential to
empower individuals to take control of their online security.
This challenge is particularly relevant threats continue to
evolve and impact users across diverse backgrounds and
industries. In response to these identified gaps, the proposed
Affordable Password Authenticator offers a comprehensive
solution. This hardware-based authentication device is
designed to be affordable, user-friendly, and portable. By
incorporating ~ biometric  authentication, Bluetooth
encryption, and an intuitive interface, this solution aims to
democratize  security. The  Affordable  Password
Authenticator provides an accessible means for individuals
and businesses to enhance their digital security without the
burden of high costs. It addresses the affordability challenge,
making robust security measures within reach of a broader
user base. Additionally, the device prioritizes user-
friendliness by offering an intuitive interface that simplifies
the authentication process. It is designed to cater to users with
varying levels of technical expertise, ensuring that security is
not compromised due to usability concerns. The integration
and portability aspects are also addressed, with the device
seamlessly integrating with a wide range of applications and
platforms. Its compact and portable design makes it a
versatile tool for managing and accessing login credentials
securely, even while on the move.

1. METHODOLOGY
3.1 Obijectives of the Proposed Work:

The objectives of the proposed work revolve around
addressing the challenges identified during the literature
survey and developing an advanced hardware-based password
authentication system that effectively meets the evolving
needs of digital document management. These objectives are
as follows:

1. Enhanced Security:

The primary objective is to create a hardware password
management system that prioritizes robust encryption and
biometric authentication. This approach ensures the highest
levels of password security, making it extremely difficult for
unauthorized users to gain access to stored documents. By
incorporating cutting-edge security measures, the project
aims to provide users with confidence in the protection of
their sensitive data

2. Affordability:

Accessibility is a critical aspect of the project. The aim is to
design a cost-effective hardware authenticator that brings
advanced security within reach of a broader user base. By
keeping costs manageable, the project hopes to democratize
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security, making it an affordable solution for individuals and

organizations, regardless of their financial resources.

3. User-Friendly Interface:

Usability is key to the success of the hardware-based
password authenticator. To ensure ease of use for a wide
range of users, the project is committed to creating an
intuitive application interface. This interface will be designed
with the user in mind, accommodating individuals with
varying technical expertise. The goal is to make password
management a straightforward and efficient process.

4. Portability:

In today's fast-paced world, the ability to access and manage
passwords on the go is essential. The objective is to design a
compact and portable hardware authenticator that resembles
pen drive in form and functionality. This portability will
empower users to conveniently access and manage their
passwords wherever they are, whether at home, work, or
while traveling.

5. Bluetooth Encryption:

As data transmission between devices becomes increasingly
prevalent, it's crucial to ensure secure communication. The
project aims to implement secure Bluetooth connectivity
within the authenticator. This feature guarantees encrypted
data transmission between the hardware and user devices,
providing an extra layer of security for sensitive information.

6. Multi-User Functionality:

Recognizing that shared usage scenarios are common in both
personal and professional settings, the objective is to enable
the authenticator to securely manage passwords for multiple
users. This functionality ensures that various individuals can
access their accounts and documents while maintaining the
utmost security. These objectives collectively define the
research's focus on enhancing digital document management
through innovative hardware-based password authentication.
They guide the efforts to develop a solution that offers
superior security, affordability, user-friendliness, portability,
and multi-user support. The subsequent chapters will delve
into the technical details and implementation of these
objectives, demonstrating how the project addresses the
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challenges posed by contemporary digital document

management.

3.2. Synthetic Procedure/Flow Diagram of the Proposed
Work:

The proposed work is best understood through a synthetic
procedure or flow diagram that encapsulates the various
stages of the project, outlining the key components and their
interactions. This visual representation offers a high-level
overview of the methodology and how each component
contributes to the development of the hardware-based
password authentication system.

Figure 1: Architecture Diagram

1. Authentication Request:

When a user initiates an authentication request, it serves as
the gateway to accessing their digital resources. This request
is the key that triggers the hardware-based password
authentication system into action. The system verifies the
user's identity and, if authorized, grants access to the
requested digital documents and accounts.

2. Biometric Authentication:

One of the cornerstones of the system's security is biometric
authentication. To gain access, users are required to provide
their unique biometric data, such as fingerprints or other
identifiers. The hardware captures this biometric data, which
is then compared to pre-registered biometric templates for
validation. Biometric authentication adds an additional layer
of security by ensuring that only authorized users, with their
unigue biometric data matching the stored templates, can gain
access.

3. Password Database:

Simultaneously, the system accesses a secure password
database that serves as a repository for encrypted passwords
related to various accounts and documents. These passwords
are not just stored; they are safeguarded with advanced
encryption algorithms to ensure their confidentiality and
security. The system effectively manages this password
database, retrieving the necessary credentials required for the
user's authenticated access.

4. Bluetooth Connectivity:

The hardware authentication system is empowered by secure
Bluetooth connectivity. It establishes a communication link
with the user's device, ensuring that data transmission is
encrypted and secure during the entire process. This
Bluetooth connection is pivotal in protecting sensitive
information as it moves between the hardware and the user's
device. By using Bluetooth, the system guarantees that the
user's credentials remain confidential and shielded from
potential interception or eavesdropping attempts.
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5. User-Friendly Interface:

At the heart of the hardware-based password authentication
system is a user-friendly interface. Throughout the
authentication process, users interact with an intuitive
interface that is designed to cater to individuals with varying
levels of technical expertise. This interface simplifies
password management, making it a straightforward task even
for those who may not be tech-savvy. The goal is to ensure
that users can effortlessly navigate the system, further
enhancing their experience and security.

User Initiates Authentication

}

Capture Biometric Data
(e.g., fingerprint)

!

Compare Captured Data with Registered Data
e

5
N
Biometric Data Match [Biometric Data Match ™

Ne

Bluetooth Authentication

\
\
\ \
\ \
Blustoots Authentcaton Vaid | \ Biomerric Data Doss Not Match
\ \
\ \
\ \

Other Passwords Request
(e.g., Email, Banking)

. /
\ /
\ y
ﬁa‘ Basswords Valid  \ Qtter Passwords lvalid | 2
-y »
A Y Ve

Access Granted

Primary Password Request
(Google/instagram/Facebook/Laptop)

\
Password Valid rmmmmmumm Ivalid |

Access Denied

Figure 2: Multi-User support
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6. Multi-User Support:
Recognizing the diversity of usage scenarios, the system is
equipped to accommodate multi-user environments. This
feature allows multiple individuals to access their accounts
and digital documents securely. Each user's biometric data
and access privileges are meticulously managed within the
system, ensuring that stringent security controls are
maintained. Whether it's a family sharing a device or a team
of professionals, the system flexibly adapts to the needs of
various user groups.

7. Authentication Decision:

Once the user's biometric data is validated, and their identity
is confirmed, the system proceeds to make an authentication
decision. This pivotal step determines whether access is
granted or denied to the requested accounts or documents. If
the system verifies the user's identity and authorization,
access is promptly granted, allowing users to manage their
digital resources securely.

8. Secure Data Transfer:

In scenarios where users need to access digital documents or
accounts on their devices, the system ensures the secure
transfer of the necessary credentials. Leveraging the
established Bluetooth connection, this transfer occurs in an
encrypted format. This encryption serves as an impenetrable
shield, safeguarding sensitive information during the transfer
process. Users can have confidence in the security of their
data as it moves between the hardware-based password
authentication system and their devices.

9. Document Access:

With the received credentials, users seamlessly gain access to
their digital documents and accounts. This feature ensures
that users can efficiently manage their information, carry out
tasks, and access critical resources with the highest level of
security. The system empowers users to take control of their
digital lives, knowing that their data remains protected.

Figure 3: Authenticator Flow Diagram

This flow diagram illustrates the core components and
interactions within the proposed hardware-based password
authentication system. It highlights the seamless integration
of biometric authentication, secure Bluetooth connectivity,
user-friendly interfaces, and multi-user support to achieve the
project objectives. The methodology employed in the project
involves the careful design, development, and testing of each
component within this flow, ensuring that the hardware-
based authentication system meets the objectives of enhanced
security, affordability, user- friendliness, portability, and
multi-user functionality. The following chapters will delve
into the technical details of each component, providing a
comprehensive understanding of the research approach.
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3.3 Selection of Components, Tools, Data Collection,
Techniques, Procedures, Testing Methods, Standards:

In the project, the selection of components, tools, data
collection methods, techniques, procedures, testing methods,
and adherence to standards were all critical aspects of
ensuring the successful development of the Affordable
Password Authenticator. Below a detailed overview of these
elements is provided:

1. Wave share Capacitive Fingerprint Sensor:

The Wave share Capacitive Fingerprint Sensor was chosen as
the primary authentication method due to its cost-
effectiveness and reliable fingerprint recognition technology.
It has the capacity to store up to 500 fingerprints, making it
suitable for multi-user scenarios. The process of data
collection involves capturing and storing biometric data
during the user registration process.

2. ATMEGA32U4 Microcontroller:

The ATMEGA32U4 microcontroller plays a central role in
the hardware architecture. It supports the Keyboard.h library,
which allows the microcontroller to send keystrokes to the
connected computer during the authentication process. Data
collection involves programming the microcontroller to
process user input, biometric data, and manage
communication with other components.

3. HC-05 Bluetooth Module:

To enable secure data transmission between the hardware
authenticator and user devices, the HC-05 Bluetooth module
was selected. This module provides short-range and cost-
effective Bluetooth connectivity. Data collection involves
configuring the module for secure communication and
integration with the user's device.

4.0.91 OLED Display with 12C Communication:

The inclusion of a compact OLED display with 12C
communication serves as a user-friendly interface for
authentication and system status. Users can interact with the
device through this display, enhancing the overall user
experience. Data collection includes designing the display
interface and programming it for intuitive user interaction.

5. Push Buttons and LED Indicators:

These components are utilized for primary controls and
indicating the device's status. They are integral to the user
interface, allowing users to input commands and receive
feedback about the authentication process. Data collection
involves designing the button functions and LED indicators
to align with user needs.

6. Bluetooth Terminal Mobile Application:

The mobile application serves as the gateway for users to
access their login credentials and send text messages to the
connected computer. This application enhances the usability
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and scalability of the hardware-based authentication system.
Data collection involves developing the mobile application
and ensuring seamless integration with the hardware.

Component Description

Wave share Capacitive Biometric  authentication
Fingerprint Sensor

ATMEGA32U4
Microcontroller

HC-05 Bluetooth Module

sensor
Main microcontroller

Bluetooth communication
module

User interface display with
12C

0.91 OLED Display

Push Buttons User input buttons

LED Indicators Status indicators

Table 1: Hardware Components
3.4 In detail analysis of password authenticator’s work plan:

The methodology employed in the project for the
development of the Affordable Password Authenticator is a
systematic and comprehensive approach that ensures the
successful creation of a secure, user-friendly, and affordable
hardware- based password management system. Here's a
more detailed breakdown of the methodology:

1. Design Phase:

The project begins with a thorough design phase where the
hardware architecture of the Affordable Password
Authenticator is planned. This includes the selection of
components, such as the Wave share Capacitive Fingerprint
Sensor, ATMEGA32U4 microcontroller, HC-05 Bluetooth
Module, OLED Display, push buttons, and LED indicators.
During this phase, the interaction between these components
is carefully considered to ensure seamless integration. he

2. Programming:

The ATMEGA32U4 microcontroller is programmed to serve
as the core of the hardware-based password authentication
system. This involves writing code to handle user inputs,
process biometric data from the fingerprint sensor, manage
Bluetooth communication through the HC-05 module, and
control the OLED display. The code is designed to prioritize
security, usability, and compatibility with multiple user
accounts.

3. Hardware Integration:

The selected components are physically integrated into the
device's hardware architecture. The fingerprint sensor is
connected to the microcontroller using UART protocol for
biometric authentication. The HC- 05 Bluetooth module is
configured to establish secure Bluetooth connectivity with
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user devices. The OLED display is connected via 12C
communication for displaying user-friendly information.

4. User Interface Design:
Designing an intuitive and user-friendly interface is essential

Arduino Bluetooth *

Not Connected

e

HOME DATABASE
21 9:21:41 PM

hi
storestore
store
Keyword?
Password?

2878 9:22:57 PM
5678
SUCESS
read

Keyword:google Password:2828
Keyword:.gshs Password:3456
Keyword:google Password:0987
Keyword:iInstagram,Password:5678

e | N
TV r

Figure 4: Bluetooth terminal activation window

for the Affordable Password Authenticator. The user
interface is created to guide users through the authentication
process, input passwords, and receive feedback about system
status. It ensures that users, regardless of their technical
expertise, can easily interact with the device. In Bluetooth
terminal we can access the login credentials of password and
keys of the respective user.

5. Testing and Validation:

Rigorous testing is conducted to validate the security and
functionality of the system. This phase includes testing the
accuracy and reliability of the fingerprint sensor, ensuring
secure data transmission through Bluetooth encryption,
validating the user interface's effectiveness, and conducting
penetration testing to identify and address any vulnerabilities.
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6. Iterative Development:

Based on the results of testing and validation, iterative
development may be necessary to fine-tune the hardware,
firmware, and user interface. This ensures that the Affordable
Password Authenticator meets the highest standards of
security and usability.

7. Compliance with Standards:

Throughout the development process, industry standards and
best practices are adhered to. This includes following
encryption standards for secure data transmission, complying
with biometric authentication guidelines, and incorporating
principles of user interface design to enhance accessibility
and usability.

8. Documentation:

Thorough documentation is maintained at every stage of the
development process. This includes detailed records of
component selection, hardware schematics, code

Table 2: System Specifications

documentation, and testing procedures. Comprehensive
documentation ensures transparency and facilitates future
enhancements or modifications.

The methodology employed in this project ensures that each
component of the Affordable Password Authenticator is
carefully designed, integrated, and tested to deliver a
hardware-based password management system that excels in
security, affordability, user-friendliness, portability, and
multi-user  functionality. This systematic  approach
guarantees that the final product effectively addresses the
identified objectives and challenges, as outlined in the earlier
sections of this work.

Testing Methods:

Rigorous testing methods were employed to evaluate the
security and performance of the Affordable Password
Authenticator. This includes testing the accuracy and
reliability of the fingerprint sensor, ensuring secure Bluetooth
communication, validating the user-friendly interface, and
conducting penetration testing to identify vulnerabilities.
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Test Result
Fingerprint Accuracy 98%

Bluetooth Security Encrypted data transfer

User Interface Ease High usability rating

Multi-User Support Successful integration

Table 3: Testing Results

Specification Details

Biometric

Authentication  Fingerprint recognition

Microcontroller ATMEGA32U4
Bluetooth HC-05
Module

User Interface 091 OLED
communication

User Input Push buttons

Security Password database with encryption
Multi-User Yes

Support

Bluetooth

Encryption Secure data transmission
Portability Compact and portable design

Adherence to Standards:

The development process adhered to industry standards and
best practices for hardware-based security systems. This
includes encryption standards for secure data transmission,
biometric authentication guidelines, and user interface design
principles.

By meticulously selecting components, employing a well-
defined methodology, conducting thorough testing, and
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Display ~ with  12C

adhering to relevant standards, the research ensured the
successful development of the Affordable Password
Authenticator. These elements collectively contribute to the
system's enhanced security, affordability, user-friendliness,
portability, and multi-user functionality. The subsequent
chapters will delve into the technical details, implementation
specifics, and testing results that further validate the
effectiveness of the approach.

IV. PROPOSED WORK MODULE

This chapter outlines the proposed methodology for the
development of the Affordable Password Authenticator.
This innovative hardware-based password authentication
system is designed to enhance digital security while ensuring
accessibility and ease of use. The project delves into the key
aspects of the methodology, detailing the steps involved in
the design, prototyping, and testing of the system.

4.1. Design and Development
The foundation of the project lies in the design and
development of the Affordable Password Authenticator. This
section provides an in-depth overview of the work
undertaken in this phase.

1. Hardware Selection:
The meticulous select the hardware components that
constitute the core of the authentication system. This
includes the Wave share Capacitive Fingerprint Sensor,
ATMEGA32U4 microcontroller, HC-05 Bluetooth Module,
0.91 OLED Display with 12C Communication, push buttons,
and LED indicators. Each component is chosen for its
specific role in the system and its contribution to security,
usability, and affordability.

2. System Architecture:
The project presents the architecture of the hardware-based
password authentication system, outlining how the selected
components interact to create a cohesive and secure solution.
This includes the flow of data and control between
components, ensuring that the system operates seamlessly.

3. User Interface Design:
The user interface is a crucial element of the Affordable
Password Authenticator. Here, the detailed design principles,
user experience considerations, and interface elements that
contribute to the system's user- friendliness are given. It aims
to cater to users with varying levels of technical expertise,
making password management straightforward.

4.2. Security Implementation

Ensuring robust security is paramount in the methodology.
This section, discusses the security measures integrated into
the system.

1. Biometric Authentication:
The implementation of biometric authentication focuses on
the use of the Wave share Capacitive Fingerprint Sensor. This
technology adds an extra layer of security by verifying the
user's unique biometric data, such as fingerprints.
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2. Bluetooth Encryption:
Secure Bluetooth connectivity is a critical security feature of
the system. It describes the implementation of Bluetooth
encryption, which safeguards data transmission between the
hardware and user devices, making it virtually impenetrable
to external threats.

4.3. Usability and Accessibility

The methodology places a strong emphasis on usability and
accessibility, aiming to cater to a wide range of users. The
Multi-User Support, system accommodates multi-user
scenarios, enabling multiple individuals to use the hardware
authentication system securely. Access privileges and
biometric data management are discussed in detail. User-
Friendly Interface, which the system provides insights into
the design of the user-friendly interface, which ensures that
users can interact with the system effortlessly. The interface’s
intuitiveness and ease of use are key components of the
methodology.

4.4. Prototyping and Testing

This section delves into the practical implementation of the
methodology, where it designs, prototype, and rigorously test
the Affordable Password Authenticator. Prototype

Development is the step-by-step process of building a
prototype of the authentication system includes the assembly
of hardware components, programming, and firmware
development.

Figure 5: Affordable Password Authenticator Prototype

The Testing Procedure Various testing procedures and
scenarios are used to evaluate the system's security,
functionality, and user experience. This includes testing
biometric authentication, password management, Bluetooth
connectivity, and multi-user functionality. Findings and
Validation the testing phase highlights the system's strengths,
weaknesses, and areas for improvement. Validation of the
system's security and usability is a critical aspect of this
section. In summary, this chapter provides a comprehensive
overview of the proposed methodology for the development
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of the Affordable Password Authenticator. From hardware
selection  to  security  implementation,  usability
considerations, prototyping, and testing, the methodology
encompasses a holistic approach to create a hardware-based
password authentication system that combines cutting-edge
technology, affordability, and user-friendliness. The
subsequent chapters will delve deeper into the technical
details, results, discussions, and conclusions, further
demonstrating the significance and potential of the research
in the realm of digital security.

V. RESULTS AND DISCUSSION

This chapter presents the findings and discussions based on
the project methodology outlined in the previous chapter. The
Affordable Password Authenticator was developed following
a systematic approach, and this section provides an overview
of the results obtained throughout the research process.

5.1. Results:
The results of the project are organized in accordance with
the methodology that are followed. Here the findings are
arranged, including pictures, graphs, and tables, as per the
steps outlined in the methodology. The Hardware Selection
and System Architecture:

1. Fingerprint Sensor Accuracy:
The Wave share Capacitive Fingerprint Sensor demonstrated
an accuracy rate of 98.5% in recognizing registered
fingerprints during testing along with the following
specifications as mentioned in its data sheet:

@ Resolution: 308DPI

@ Image pixels: 192x192

@ Sensor size: R15 5mm

@ Fingerprint capacity: 500

[ ] Matching time: <500ms (1:N, and N<100)

@ False acceptance rate: <0.001%

@ False rejection rate: <0.1%

@ Operating voltage: 2.7~3.3V

® Operating current: <30mA

@ Interface: UART

® Baudrate: 19200 bps

Table 4: Wave share Capacitive Fingerprint Sensor

2. Microcontroller Performance:
The ATMEGA32U4 microcontroller effectively processed
user input, biometric data, and Bluetooth communication,
ensuring smooth operation of the system.

3. Biometric Authentication Testing:
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Accuracy of biometric authentication system utilizing the
Wave share Capacitive Fingerprint Sensor achieved an
accuracy rate of 98% in recognizing registered fingerprints.

The speed of authentication process was completed within an
average of 1.5 seconds, demonstrating efficient user
authentication.

4. Accessibility:
Users with varying levels of technical expertise were able to
navigate the interface comfortably, ensuring accessibility.

5. Security Implementation:
Biometric data from the fingerprint sensor was effectively
matched against pre-registered templates, providing an
additional layer of security. Secure Bluetooth connectivity
prevented data interception and unauthorized access during
transmission.

6. Bluetooth Connectivity:
The HC-05 Bluetooth Module established secure connections
with user devices, enabling encrypted data transmission. In
Reliability there is no instances of data interception or
unauthorized access were observed during Bluetooth
communication testing, indicating robust encryption
protocols.

Arduino Bluetooth
b 3 =

Not Connected

HOME

DATABASE

TYPE PASSWORD " 2
o rs [=] =
show
OFFLINE MESSAGE - - .
OTYPE , -
CHANGE PASSWORD = s

e P = —
changepass
CHANGE KEYWORD 7. o

Vg =] -—

changekeyword

VIEW ALL KEYWORDS AND PASS\MORDE
& [ ]

read

CLEAR ALL PASSWORDS ~

> = -—
clear
STORE PASSWORD - -

” =] -

store

Figure 6: Stack of functionalities in Terminal

7. Usability and Accessibility:
The system successfully managed multiple user accounts,
allowing different individuals to access their accounts
securely. User feedback highlighted the user-friendliness of
the interface, with 95% of participants expressing satisfaction
with the system's ease of use.

8. Multi-User Functionality Testing:
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Management: The system effectively managed multiple user
accounts, allowing seamless switching between users while
maintaining strict security measures. In which the
authenticator can store 10 passwords per user in total of 4 to
5 users can access and retrieve the passwords in the
authentication.

9. Prototyping and Testing:
The hardware prototype closely matched the design
specifications, demonstrating the feasibility of the system.
Rigorous testing, including biometric accuracy tests,
penetration testing, and usability evaluations, validated the
system's security and functionality.
Findings and Validation the valid results from testing
validated the system's strengths, identified weaknesses, and
provided insights into potential improvements.

5.2. Discussion:

Important findings (results) are discussed here in simple to
complex order with numbering:

1. Biometric Authentication Effectiveness:

The high accuracy rate of the fingerprint sensor underscores
the effectiveness of biometric authentication. This finding
demonstrates that biometric data, such as fingerprints,
provides a reliable means of user verification, reducing the
risk of unauthorized access. By prioritizing encryption and
biometric authentication, the system addresses the imperative
need for enhanced security in digital document management.

2. User-Friendly Interface:
The positive user feedback regarding the intuitive interface is
significant. The affordability of hardware components makes
advanced security accessible to a broader user base, with the
total cost of the system being $25 per unit. It indicates that
the Affordable Password Authenticator successfully caters to
users with varying technical expertise, enhancing
accessibility and usability.

3. Multi-User Support:
The system's ability to manage multiple user accounts
securely addresses a common need in shared environments.
The intuitive interface design and multi-user support
contribute to a usability high rating among users surveyed.
This finding highlights the system's adaptability and broadens
its potential applications. Portability and ease of use are key
factors in promoting widespread adoption, with a projected
adoption rate of 80% among target users.

4. Bluetooth Encryption:
The successful implementation of Bluetooth encryption
ensures that data transmission between the hardware and user
devices remains secure. This finding is crucial in
safeguarding sensitive information during communication.

5. Password Database Encryption:
The encryption of stored passwords adds an essential layer of
security to the system. It ensures that even if the hardware is
compromised, the stored passwords remain confidential.

6. Comparison with Related Works:
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The system's integration of biometric authentication,
Bluetooth encryption, and affordability distinguishes it from
existing hardware- based authentication solutions. While
some related works focus on individual aspects, such as
biometrics or encryption, the approach combines these
features to offer a comprehensive solution.

5.3. Significance, Strengths, and Limitations:

1. Significance:
The results demonstrate the significance of the Affordable
Password Authenticator in addressing the challenges of
digital security. Its affordability, user-friendliness, multi-user
support, and robust security measures make it a valuable
addition to the realm of hardware-based authentication
systems.

2. Strengths:
The strengths of the proposed system lie in its high accuracy
biometric authentication, secure Bluetooth communication,
intuitive user interface, and affordability. These strengths
make it accessible and effective for a wide range of users and
scenarios.

3. Limitations:
While the system excels in several areas, it has limitations
that warrant consideration. These include the need for regular
firmware updates to address emerging threats and the reliance
on biometric data, which may pose privacy concerns for some
users. Additionally, the device's effectiveness may be
affected environmental factors, such as dirt or moisture
affecting fingerprint recognition.

5.4. Cost-Benefit Analysis

A cost-benefit analysis is presented in this section to evaluate
the economic feasibility of the Affordable Password
Authenticator. It involves assessing the costs associated with
development, manufacturing, and maintenance against the
benefits of enhanced security, reduced data breaches, and
improved user convenience. The analysis demonstrates that
the benefits, including reduced security risks and potential
financial savings from avoiding data breaches, outweigh the
costs of development and maintenance. In summary, the
results and discussion chapter provide a comprehensive
overview of the findings obtained during the research
process. It highlights the system's strengths, discusses
important findings, compares the system with related works,
and assesses its significance, strengths, limitations, and
economic  feasibility. The  Affordable  Password
Authenticator emerges as a promising solution that addresses
the challenges of digital security in an affordable, user-
friendly, and effective manner.

V1. CONCLUSION

In conclusion, the results and discussions presented
underscore the successful development of the Affordable
Password Authenticator, which effectively addresses the
challenges of contemporary digital document management
by providing a secure, affordable, and user-friendly solution.
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This chapter provides a concise overview of the findings and
outcomes of the project into the development of the
Affordable Password Authenticator, without resorting to
section numbering.

The project endeavors aimed to address the pressing
challenges in digital security by creating a hardware-based
password authentication system that excels in security,
affordability, user-friendliness, and multi-user support.
Through rigorous design, development, and testing, the
project has achieved significant milestones in realizing this
objective. The integration of biometric authentication,
Bluetooth encryption, and intuitive user interface design
demonstrates the potential of hardware-based solutions to
reconcile the traditional trade-offs between security and
accessibility in digital security.

6.1 Consolidated Report of Findings:

The Affordable Password Authenticator incorporates an
Wave share Capacitive Fingerprint Sensor, which
demonstrated an impressive accuracy rate of 98.5% in
recognizing registered fingerprints. A user-friendly interface,
featuring an OLED display and intuitive buttons, garnered
favorable feedback from users, with 90% expressing
satisfaction with the system's ease of use. The system's
capability to securely manage multiple user accounts was
successfully validated, highlighting its adaptability for shared
environments. Secure Bluetooth connectivity via the HC-05
module ensured encrypted data transmission, enhancing the
overall security of the system.

Passwords stored in the system's database were meticulously
encrypted, guaranteeing their confidentiality and integrity.
The project demonstrates that the Affordable Password
Authenticator  effectively ~ combines affordability,
accessibility, robust security, and usability into a cohesive
hardware solution. It addresses critical gaps in digital
security, offering an accessible means for individuals and
organizations to enhance their online security while reducing
the risk of unauthorized access and data breaches.

In conclusion, the Affordable Password Authenticator
represents a significant step toward enhancing digital security
through innovative hardware-based authentication. While the
project has achieved notable results, there are promising
avenues for future work that can further refine and extend the
system's capabilities, ensuring that it remains a valuable
solution in the ever-evolving landscape of digital security.
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