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Abstract: Blood donation is the cornerstone of healthcare, but traditional systems in blood management
often face problems of data security threats, the mismatch of donor recipients, and low donor engagement. It
also has to be a challenge in emergencies: to locate the nearest donors and hospitals. BloodConneX deals with
this challenge by means of data security via the use of SHA-256 cryptographic hashing, monitoring the status
with WebSockets, and gamification mechanisms to attract the donors. Plus, locating donors and hospitals is
possible through a map view, which allows for real-time navigation and voice guidance. Once clicked on the
"Get Direction” button, a user will get a list of step-by-step instructions to reach the donor location. Upon
searching for hospitals, the system identifies the user's location and gives voice-guided directions to nearby
hospitals, which is said to reduce emergency response time and ease of access to donation. BloodConneX thus
presents a safer, simpler, and more engaging way to manage blood donations.

Index Terms - Blood donation management, cryptographic security, WebSockets, gamification, real-time
tracking, location-based navigation.

|. INTRODUCTION

Donating blood still remains one of the central acts within global health to give proper time to the transfusion
that is being given. However, most traditional systems of blood donation tend to operate inefficiently in
practice, always struggling with some challenge regarding either finding a donor fast enough or getting that
donor to a nearby hospital. Locating an appropriate donor or facility can be life-threatening during emergencies.
Others such risks of data security, low donor retention, and poor tracking systems further hinder the current
system.

BloodConneX is taking up various technological innovations in addressing security problems, monitoring the
status of a donor, and improving the donor’s engagement. SHA-256 cryptographic hashing is used to protect
the integrity of information, while WebSockets provide updates on the availability of donors instantly. A map-
based location feature has also been added to make it easier and faster. In the search for donors, a "Get
Direction™ button is provided by a donor with navigation straight to the location of the donor using real-time
voice guidance.

Other than security and tracking, BloodConneX uses gamification features such as leaderboards, achievement
badges, and contribution points to motivate donors to make regular blood donations. All these features, coupled
with personal email communication that helps facilitate donor-recipient coordination, make the blood donation
ecosystem more transparent, more engaging, and efficient.

The merging of the three features of BloodConneX-in real-time tracking, secure data management, and
location-based navigation-enables improvements in all the processes of blood donation and a boosting of donor
participation in emergencies through improved emergency responses. The research here examines how these
technologies work together to establish a modern, easily accessible, and sustainable system for blood donation.
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I1. MATERIALS AND METHOD
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FIGUREL. Overview of a(a) Blood Donation Management System

User Registration

In the User Registration Module, donors, recipients, and admins can easily set up an account on the platform.
When registering, users need to provide details like their name, contact info, blood type, and eligibility status.
We securely store this information, and passwords are encrypted using SHA-256 hashing to keep everything
safe from unauthorized access. The registration process guarantees that each user has a unique identity,
helping maintain an organized database for blood donation records.

User Login

The User Login Module enables multiple types of log-in methods to users and admins. The user will need to
type in his email and password for logging on, which will be validated against the credentials we have stored.
Role-based authentication allows access to blood requests, the history of donations, and the leaderboard
ranking for blood donors and recipients. Blood requests are monitored and managed by the admins, they track
the activities of donors, and carry out every other function related to this area. The access given to the module
is well protected, making it impossible for unauthorized users to access sensitive information.

Blood Request & Search

In this particular Module, the search can be directed toward finding available donors to send blood requests.
The donors, on their part, can accept or decline these requests. BloodConneX simplifies and quickens the
process with a built-in, real-time navigation system using OpenStreetMap API. When a recipient is searching
for a donor, he or she will have the option to click the "Get Directions™ button which offers turn-by-turn
navigation and voice instructions to help the user reach the donor's location. The same applies to hospitals—
once searched for, the system identifies the current location and provides a list of nearby hospitals with its
"Get Directions” button for easy navigation. This will greatly help in the matching process for donors and
recipients and will speed up response times during emergencies so that a call for blood and assistance to
medical facilities can be made very promptly.

Communication

BloodConneX allows for a more targeted and controlled method of communication through its
Communication Module. The recipient, upon the making of a blood request, can choose a donor from a list
and hit "Send Email." This allows direct coordination with respect to donor availability and logistics. In
contrast, the administrator will respond, albeit manually, to questions raised by users through the system and
will confirm that the information pertaining to donation processes, eligibility, and system malfunctions is
correct and relevant. Thus, BloodConneX establishes a sense of trust and authenticity while providing
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transparency in this form of manual exchange with users. Such personal verification by the recipient regarding
donor availability still involves the administrators in handling users' queries.

Gamification & Leaderboard

The Gamification & Leaderboard Module increases the donor's interest by giving points and achievements.
The donor will get 100 points for each donation and will be logged on a leaderboard that ranks the donor.
Additionally, they will be able to achieve achievements, such as milestone badges at specific donation levels.
This encourages continued engagement from the donors while setting up a competitive yet encouraging
environment for the donor.

Admin Dashboard

The Administrator Module in BloodConneX permits checking users' information, inventory for blood, and
blood requests through the sending of an e-mail with the SMTP protocol. Admins can see records of donors
and recipients and make sure donations and requests have been made in an exact manner. Admins can respond
in some way to a user query manually to provide assistance with the users' concerns.

SOFTWARE REQUIREMENTS

Operating System: Windows 11

Backend Framework: Spring Boot (Java-based)
Frontend Technologies: HTML, CSS, JavaScript
Database: H2 Database (for development and testing)
Web Server: Apache Tomcat (Embedded in Spring Boot)
Development Environment: Spring tool suite

Build Tools: Maven

Security: SHA-256 for hashing user data
Communication: SMTP (for manual email sending)

HARDWARE REQUIREMENTS

Processor: Intel Core i5 and above

RAM: Minimum 8GB and above

Network: High-speed internet connection for real-time communication
On-premise: Dedicated Windows server with at least 16GB RAM and SSD storage

I1l. RESULTS

BloodConneX is an innovative application that works in a structured workflow designed to protect user’s
accounts, manage blood orders smoothly, provide information exchange opportunities, and involve
gamification of blood donors. User registration is the first step. Users include donors, recipients, and
administrators filling in the personal details such as their names, contact info, blood type, and eligibility.
This information, as with the user accounts, is encrypted with SHA-256, so it is safe. After filling in all data
for the registration, users will log in with role-based authentication that will give access to features that are
applicable to the role of a donor, a recipient, or an administrator.

The Blood Request & Search Module streamlines the search for donors and sends out blood requests easily
to eligible recipients. Requests from recipients are either approved or denied by donors so that this aspect
works well. BloodConneX further enhances the interface with a location- and navigation-based module
integrated into its core with real-time map data. Once a user looks for a donor, "Get Directions™ pops up
with step-by-step directions and voice guidance to the donor's location in an instant. The same goes for
when the user searches for a nearby hospital: the application automatically locates the user and shows a
listing of blood-possessing hospitals along with real-time guiding and voice-assisted navigation. It can
reduce response time during emergencies, increase access, and allow recipients to immediately locate either
a donor or a medical facility.

The Communication Module of Communication enables the users to communicate by providing that
recipients may send requests for blood donation via emails to donors of choice by clicking the "Send Email”
button. This capability will allow users to verify whether a selected donor is available for donation before
proceeding with it. Moreover, administrators may respond to the blood donation inquiry regarding
eligibility and such system-oriented questions as well, guaranteeing everything is clear and transparent.
The BloodConneX will introduce a gamification system for donors where donors get 100 points for each
donation. This would enable them to reach their leaderboard rank and, therefore, gain achievement badges.
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This will keep the engagement level on the sustained level through this reward system and will maintain
the level of blood availability.

This module of administration is for system monitoring by an admin to ensure blood stock management,
donor activity tracking, request handling, and query management. With real-time tracking, data security,
and services based on location incorporated, BloodConneX is a very efficient, transparent, and accessible
blood donation management system.

FIGURE2. Overview a(a) Registration Page

FIGURE2. Overview a(d) Points Page
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FIGURE2. Overview a(i) Contact us Page

V. RELATED WORK

In recent years, advancements in blood donation management systems have surged, employing novel
technologies to guarantee security, efficiency, and increased donor engagement. These traditional methods
often get their hands dirty by facing problems like compromised data integrity or lack of donor participation.
Research has turned to several other innovations such as blockchain technology, WebSockets, cryptographic
security, and gamification to augment the experience of blood donation. The paper is a thorough review of
key studies in these areas and their links to BloodConneX, which applies SHA-256 hashing, tracking, and
gamification to the improvement of blood donation management.

1. Data Security and Integrity in Blood Donation Systems

In blood donation management, the challenge of data security cannot be left out of sight. Most systems, based

on centralized databases, remain under serious threat due to unauthorized alterations and cyber-attacks.

According to the study carried out by the researchers Vasagiri Sai Charan and P. Naveen Sundar Kumar
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(Rajeev Gandhi Memorial College, India), data integrity in blood donation systems requires urgent
improvement and the use of blockchain is recommended for tampering with the data. Blockchain has a
resource issue. In contrast, BloodConneX has its own method of securing the record through SHA-256
hashing to produce a hash for every record and assures data integrity without the load introduced by the
blockchain ledger.

2. Real-Time Donor Tracking Using WebSockets

Traditional systems of blood donation were, to a large extent, unmanageable as they cannot easily follow up
with potential donors or donors themselves on availability. Thus, a good number of them resort to manual
updates or whole processing that causes delays. Research conducted by Nandu et al. (J.B. Institute of
Engineering & Technology, India) elaborates on how WebSockets will allow online blood bank
management systems to communicate in real time. BloodConneX provides instant updates for donors and
recipients by using WebSockets and obviates page refreshing, significantly improving response time in
emergencies.

3. Gamification to Improve Donor Engagement

A retention rate in the donor population is a problem most blood donation campaigns face. Extensive research
has been done on gamification to raise the engagement levels of different industries, with special emphasis
on healthcare. A study by Lakshmi Prasanna et al. (Sanskrithi School of Engineering, India) describes
features such as leaderboards, badges, and rewards to stimulate donor participation. BloodConneX further
elaborates by introducing a point system where 100 points are awarded per donation, one achievement badge
is unlocked for every completed donation, and one medical benefit may be traded for 250 points. Not only
does this promote the involvement of donors, but also retains them over the long term.

4. Location-Based Navigation for Donor and Hospital Search

A major drawback with most conventional blood donation systems is a dearth of built-in navigation tools that
assist recipients in locating donors or, in an emergency, hospitals. Domingos et al. developed Blood Hero-a
gamified blood donation app offering location-based services to lead donors to collection centers. The
investigators Krishna et al. studied block-chain based identity verification of donors with geolocation
tracking. Building on such work, BloodConneX adds on by utilizing the OpenStreetMap API for navigation
and real-time voice guidance to get recipients to the right donor location. It is as easy as clicking on the "Get
Directions” button, then the recipient will have step-by-step guidance to the donor. In the meantime, the
system is capable of identifying the recipient's actual location and guiding him to nearby hospitals with instant
route instructions for quick medical assistance in emergencies.

5. Secure Communication Using SMTP

Smooth communication between donors, recipients, and administrators is vital in a well-functioning blood
donation system. BloodConneX integrates SMTP, or Simple Mail Transfer Protocol, to automatically send
email notifications when a recipient orders blood; this allows communication to flow easily among all parties
concerned. BloodConneX uses modern methods to protect sensitive data related to blood donations through
the security, efficiency, and the enhancement of donor involvement. SHA-256 cryptography hashing saves
user data with confidentiality against the unauthorized access of information; real-time WebSocket allows
fast and instant communication between donors and recipients for displaying donor status whenever it is
changed.

The gamification features like point-based rewards, leaderboards, and achievement badges allow the platform
to motivate users to donate regularly in a fun way. In addition, communication is made easier and clearer with
SMTP-based email notifications. Additionally, a list of nearby hospitals and donor search results are available
to the system, thus enabling quicker medical assistance. The structure of the workflow from registration to
donation confirmation allows the administrator to monitor donor activities closely and monitor blood
inventory levels in time. Combining secure data storage, live updates, and rewards, BloodConneX makes the
donation process smoother and extends long-term donor participation while improving the healthcare sector
as a whole.
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