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Abstract: Addressing the pressing challenges of the contemporary healthcare system, this research introduces a pioneering
Integrated HealthTech Network (BPHIN) that integrates 10T for real-time health monitoring and Blockchain for secure data
management, aiming to revolutionize healthcare delivery and epidemic response. The current system's shortcomings,
characterized by fragmented infrastructure and slow epidemic responses, are met with inefficiencies, with data breaches
occurring at an alarming rate of over 25% and resource allocation lagging behind by approximately 30%. The BPHIN
methodology promises to counter these issues by ensuring a seamless and secure flow of health data, enhancing system
reliability by an estimated 99%. The findings underscore a considerable increase in user engagement, with BPHIN's
gamification strategies boosting participation by up to 50%. This significant achievement is attributed to the meticulous real-
time monitoring and data integrity assurance offered by the BPHIN model. Ultimately, the paper showcases how BPHIN
could enhance healthcare delivery, elevate user satisfaction by 40%, and expedite epidemic response, marking a potential
increase in overall system effectiveness by 40%.
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the significant roles these technologies can play in
addressing healthcare challenges.

1 Introduction

In the wake of the 21st-century health crises, the global

healthcare landscape has been under immense pressure to
evolve rapidly and effectively. The COVID-19 pandemic, in
particular, has exposed vulnerabilities in public health
infrastructure, emphasizing the urgent need for innovative
solutions. This paper explores the potential of integrating
Internet of Things (loT) and blockchain technology to
revolutionize public health infrastructure, enhancing
healthcare delivery and epidemic response.

The advent of the fourth industrial revolution has
ushered in a new era of technological advancements. 10T
has emerged as a pivotal technology, offering real-time data
collection and monitoring through interconnected devices.
Concurrently, blockchain technology has been recognized
for its ability to ensure data integrity, security, and
transparency. Notably, Otoum et al. (2021)[1], Signé
(2021)[2], and Chamola et al. (2020)[3] have highlighted

The current healthcare systems worldwide are grappling
with several challenges. The lack of real-time data access,
privacy concerns, data breaches, inefficient resource
allocation, and slow response to epidemics are just the tip of
the iceberg. These issues have been exacerbated by the
COVID-19 pandemic, as pointed out by Mbunge et al.
(2021) [4], who underscore the necessity for a
transformative shift in virtual care through emerging digital
health technologies.

The core problem lies in the fragmented and often
outdated public health infrastructure that struggles to cope
with the dynamic and complex nature of modern healthcare
challenges. As Chattu et al. (2019) [5] discuss, there's a
critical need for robust routine disease surveillance systems
strengthened by global health security measures. This paper
seeks to address how integrating 10T and blockchain can
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revamp the existing systems to be more responsive and
resilient.

The motivation for this research is rooted in the
imperative to bridge the gap between the promise of the
fourth industrial revolution and the actual delivery of
effective healthcare services, as highlighted by Signé
(2021)[2]. The potential of 10T and blockchain to transform
healthcare has been widely recognized, but their full
capabilities are yet to be harnessed. Kumar et al. (2022)[6]
and Chakraborty (2022)[7] provide contemporary reviews
of Al-powered blockchain technology for public health,
indicating a growing interest and potential in this field.

Key Contributions

This paper makes several key contributions to the field
of public health infrastructure:

1. Development of a Blockchain-Based Health Data
Exchange Protocol: This contribution outlines the
creation of a robust protocol for the secure and
efficient exchange of health data using blockchain
technology. It emphasizes enhancing data integrity
and confidentiality, addressing the prevalent issues
of data breaches and unauthorized access in current
healthcare systems.

2. Integration Framework for 10T and Blockchain
in Public Health Monitoring: This point details the
establishment of a comprehensive framework that
seamlessly integrates 10T devices with a blockchain
network, enabling real-time health monitoring and
rapid epidemic response. It highlights the role of this
integration in ensuring accurate, timely, and secure
health data management.

3. Design of a Decentralized Public Health
Information Network: This contribution focuses on
the construction of a decentralized, transparent, and
immutable public health information network. It
underscores the network's role in facilitating access
to vital health information for stakeholders,
improving  decision-making, and  ensuring
continuous data availability for enhanced public
health policy and infrastructure.

This comprehensive study is meticulously organized
into seven distinct sections, each building upon the last to
provide a thorough exploration of revolutionizing public
healthcare infrastructure through 10T and Blockchain
integration. Following an enlightening introduction, Section
2 delves into related work, comparing current systems and
highlighting the need for innovation. Section 3 unveils the
proposed system, the Integrated HealthTech Network
(IHTN), detailing its architecture and the synergistic role of
10T and Blockchain. In Section 4, performance evaluation
methods are discussed, outlining the advanced
mathematical models and metrics used to assess system
efficiency, reliability, and security. Section 5 presents a
detailed analysis of the results, offering insights into the
system's real-world impact, user engagement, and
healthcare delivery improvements. Section 6 concludes the
study, reflecting on the achievements and the significant

strides made in enhancing healthcare infrastructure. Finally,
Section 7 discusses future work, charting the path forward
for continued enhancements, broader implementation, and
the evolution of smart healthcare solutions in response to
emerging needs and technologies. This structured approach
ensures a logical flow and a comprehensive understanding
of the study's contributions to the field.

2 Related Work

The integration of emerging technologies in healthcare,
especially during the COVID-19 pandemic, has been a focal
point of several scholarly studies. These works collectively
weave a narrative of how interconnected technologies can
significantly enhance healthcare delivery and epidemic
response.

Rahman et al. (2022) [8] delve into the transformative
potential of 5G-enabled technologies in healthcare contexts,
especially during global epidemics like COVID-19. They
highlight the acceleration of telemedicine and remote
diagnostics, facilitated by 5G's high-speed and reliable
communication. This advancement, when integrated with
10T and blockchain, could revolutionize real-time health
monitoring and data management, paving the way for a
more responsive healthcare system. This notion of
technological synergy is further explored by Mbunge et al.
(2023) [10], who present an overview of various emerging
technologies, including loT, Al, and blockchain, for tackling
pandemics. They emphasize the collaborative power of
these technologies in creating effective responses to health
crises, a perspective that aligns with Bhatia's (2021)[11]
discussion on how emerging health technologies are set to
transform healthcare delivery, suggesting a shift towards
more personalized and efficient healthcare solutions.

The role of blockchain as a pivotal technology in
healthcare is extensively discussed in the literature. Sharma
et al. (2020) [9] focus on the applications of blockchain
technology in combating the COVID-19 pandemic. They
propose that blockchain's immutable ledger could be crucial
in tracking the virus's spread, managing medical supply
chains, and ensuring the authenticity of health information.
This concept of using blockchain for health data integrity
and pandemic management is echoed by Sahal et al.
(2022)[16], who explore blockchain-based digital twins for
smart pandemic alerting, emphasizing decentralized
COVID-19 pandemic alerting use cases. In a similar vein,
Cerchione et al. (2023)[12] propose a novel approach for
digitalizing healthcare services by designing a distributed
electronic health record ecosystem using blockchain. They
provide a framework for integrating blockchain into
hospital systems, enhancing the security, privacy, and
interoperability of health records. Further advocating for the
deployment of blockchain in healthcare, Attaran (2023)[15]
examines the potential of blockchain-enabled healthcare
data management in the context of the COVID-19 outbreak,
suggesting that the pandemic could reinforce the
deployment of blockchain in healthcare for transparent and
secure management of health data.

The broader context of health security and the role of
advanced technologies is explored by Giacomuzzi et al.
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(2022)[13]. They investigate health security as a global
public good in the conditions of the Revolution 4.0, arguing
for the integration of advanced technologies in building
robust health security systems that can respond effectively
to global health challenges. Complementing this
perspective, Chakraborty et al. (2022)[14] focus on the

implementation of smart healthcare systems using Al, 10T,
and blockchain. They provide an analysis of how these
technologies can be integrated to create intelligent, efficient,
and patient-centered healthcare systems, pointing towards a
future where technology empowers both healthcare
providers and recipients.

Table 1: Technological Innovations in Healthcare: A Comparative Analysis of Recent Studies

Citations Algorithm/Techn | Details Strengths Limitations
ique
Rahman et al. 5G-enabled Focus on high-speed, Enhanced telemedicine, | Requires robust
(2022) [8] Technologies reliable communication for | real-time data infrastructure, potential
healthcare. transmission. privacy concerns.
Sharmaetal. Blockchainin Application in tracking Immutable data, Scalability issues,
(2020) [9] Healthcare virus spread and managing | increased transparency, | complexity of
medical supply. secure information implementation.
flow.
Mbunge et al. Various Emerging | Overview of 10T, Al, and Comprehensive May involve high costs

(2023) [10] Technologies blockchain for tackling approach, improved and complex
pandemics. response and integration.
monitoring.
Bhatia (2021) Emerging Health General discussion on Personalized care, Implementation
[11] Technologies transformative potential. efficiency. barriers, need for

regulatory frameworks.

Cerchioneetal. | Blockchain-based

Designing a distributed

Enhanced security and Privacy issues, need for

(2023) [12] EHR EHR ecosystem. interoperability of standardization across
health records. systems.
Giacomuzzi et Health Security & | Role of technologies in Potential for robust, May require significant

al. (2022) [13] Advanced Tech

global health security.

responsive health
systems.

policy and
infrastructure changes.

Chakraborty et | Smart Healthcare | Integration of Al, 10T, and Intelligent, efficient, Complexity, need for
al. (2022) [14] Systems blockchain. patient-centered advanced technical
systems. expertise.
Attaran (2023) Blockchain in Focus on data management | Reinforces data Needs for widespread
[15] Healthcare Data during COVID-19. integrity and access acceptance and
control. understanding.
Sahal et al. Blockchain-based | For decentralized pandemic | Real-time alerting, Potential data overload,

(2022) [16] Digital Twins alerting.

decentralized approach. | requires reliable data

sources.

This table encapsulates the diverse spectrum of
advanced technological solutions explored in recent
literature to revolutionize healthcare amidst challenges like
the COVID-19 pandemic. It includes studies from Rahman
et al. (2022) [8] on 5G technologies enhancing
telemedicine, to Sharma et al. (2020) [9] discussing
blockchain's role in secure medical supply management,
and Mbunge et al. (2023) [10] emphasizing a combined
approach of 10T, Al, and blockchain for pandemic
management. Furthermore, it incorporates Bhatia's (2021)
[11] insights on emerging health technologies, Cerchione et
al. (2023) [12] on blockchain-based EHR systems, and
Giacomuzzi et al. (2022) [13] discussing technologies in
global health security. Additionally, it features Chakraborty
et al. (2022) [14] on smart healthcare systems, Attaran
(2023) [15] focusing on blockchain for healthcare data
during COVID-19, and Sahal et al. (2022) [16] on

blockchain-based digital twins for pandemic alerting.
Collectively, these studies not only underscore the strengths
of individual technologies in enhancing healthcare delivery
and epidemic response but also candidly address the
associated limitations and complexities, offering a holistic
view of the potential and challenges in integrating advanced
technologies into healthcare infrastructure

3 Proposed System: Integrated HealthTech
Network (IHTN)

The Integrated HealthTech Network (IHTN) is a
proposed system designed to revolutionize the public health
infrastructure by integrating loT devices, blockchain
technology, and Al-driven analytics. The system aims to
enhance healthcare delivery, ensure secure and efficient
health data management, provide real-time epidemic
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surveillance and response, and empower patients with
access to their health information and telemedicine services.

Data Collection and Management

10T Devi
(Health Monitors, Environmental Sensors)

Figure 1. Conceptual Framework of the Integrated
HealthTech Network (IHTN)

The conceptual figure illustrates the operational flow
and interaction within the Integrated HealthTech Network
(IHTN). It starts with 10T devices and environmental
sensors, which are strategically deployed to monitor health
vitals and environmental data. These devices collect crucial
real-time information, such as temperature, heart rate, air
quality, and more, which is then transmitted to the
blockchain network.

Within the blockchain network, the collected data is
securely managed and stored. Smart contracts are employed
to automate access control, ensuring that only authorized
personnel can access sensitive health information. This
layer is pivotal in maintaining the integrity, security, and
privacy of the health data, addressing common concerns
around data breaches and unauthorized access.

The data within the blockchain is then processed and
analyzed by Al-driven analytics. This component utilizes
advanced algorithms to perform predictive analysis and
resource optimization, offering valuable insights into
potential health risks, disease outbreaks, and efficient
allocation of medical resources. The Al component is
crucial for transforming raw data into actionable
intelligence.

Outputs from the Al analytics are then channeled into
two main streams. One leads to a real-time epidemic
surveillance dashboard, which provides a dynamic and
interactive platform for health authorities and policymakers
to monitor health trends, receive alerts, and coordinate
response strategies. The other stream leads to a patient-
centric health services platform, offering patients access to
their medical records, telemedicine services, and
personalized health insights.

Finally, the system includes a public alert system,
designed to disseminate timely and accurate health
information and alerts to the public and end-users. This
feature is essential for ensuring community-wide awareness
and preparedness during health crises.
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Figure 2: Schematic Representation of the Blockchain
Public Health Infrastructure Network (BPHIN)

The figure provides a detailed schematic of the
Blockchain Public Health Infrastructure Network (BPHIN),
portraying a sophisticated architecture that leverages loT
devices and blockchain technology to enhance public health
monitoring and data management. Initially, the system
incorporates a variety of loT devices such as wearable
sensors that track individual health metrics like heart rate
and steps, alongside CCTV image sensors that monitor
public areas for health-related observations. These devices
feed a constant stream of data into the network, showcasing
the system's capacity to capture a wide range of health
indicators seamlessly.

This influx of data is securely transferred to the
blockchain network, ensuring that sensitive health
information is encrypted and safeguarded against
unauthorized access. The blockchain is depicted as a robust
structure of interconnected nodes, which facilitate peer-to-
peer (P2P) communication, a key feature underscoring the
decentralized and collaborative nature of the network. Each
node plays a crucial role in validating transactions,
contributing to the network's integrity and trustworthiness.

The nodes are also responsible for connecting the
incoming data to Electronic Health Records (EHR), thereby
digitizing and storing health information with unparalleled
security. The integration of smart contracts into the EHR
system automates health data management and access,
streamlining processes such as patient consent and data
sharing among healthcare providers. These contracts act as
self-executing agreements that trigger actions when certain
conditions are met, exemplifying the system's efficiency
and responsiveness.

Finally, the end-users of the system, including patients
and healthcare providers, benefit from automated access to
health data managed by smart contracts. This ensures that
individuals receive timely insights into their health status,
while healthcare professionals are equipped with up-to-date
information to inform clinical decisions. The diagram
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encapsulates the entire data flow from capture to user
access, highlighting the innovative fusion of blockchain and
10T to revolutionize public health infrastructure.
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Figure 3: Health Data Transaction Flow in the Blockchain
Public Health Infrastructure Network (BPHIN)

The figure 3 presents Health Data Transaction Flow in
the Blockchain Public Health Infrastructure Network
(BPHIN) encapsulates the systematic process by which
health data is captured, validated, and securely recorded
within the blockchain. It starts with the collection of health
data, which triggers the creation of a new transaction block.
This block is then disseminated across a network of nodes,
such as hospitals and clinics, symbolized by a multi-cloud
structure to represent the decentralized nature of blockchain
technology. These nodes undertake the critical task of
validating the data for accuracy and integrity. Upon
successful validation, nodes are rewarded with 'Health
Coins,’ a form of incentive that encourages active
participation in the network's maintenance. Subsequently,
the validated block is appended to the existing blockchain,
thus forming an immutable health record. The process
culminates with the completion of the transaction,
whereupon an updated and secure health report is made
available to the patient, the public, and healthcare
consultants. This streamlined flow reflects the BPHIN's
dedication to enhancing the reliability and efficiency of
public health data management, ensuring that patient
records are kept secure and up-to-date while fostering a
proactive health management culture through incentives.

For BPHIN coins,
implemented:

a scoring system could be

e BPHIN Coins Awarded (Minimum to
Maximum): Patients and participants could be awarded
coins based on their health scores, which are calculated

from data such as blood pressure, heart rate, steps taken, and
overall healthiness. For instance:

e Healthy Range: 80-100 BPHIN coins
e Moderate Range: 50-79 BPHIN coins
¢ Risk Range: 0-49 BPHIN coins

The BPHIN coins serve as a metric reflecting the health
status of an individual. Higher coin counts indicate a
healthier status, incentivizing individuals to maintain or
improve their health. Reports generated from this system
can be distributed to patients, the general public, and
healthcare consultants to provide insights into population
health trends and individual health statuses.

The visualization of this system would clearly depict the
seamless flow of health data through blockchain
technology, emphasizing security, transparency, and
incentivization within the healthcare domain.

Building on the concept of the Blockchain Public Health
Infrastructure Network (BPHIN), we create a set of tables
that detail the step-by-step process from data capture to
BPHIN coin allocation, with distinct examples for each
health range.

Table 2: Health Data Capture and Initial Coin

Allocation
Participant Health Value Data Initial
Metric Capture BPHIN
Device Coins
Alice Heart Rate 75 Wearable 10
(bpm) Sensor
Bob Blood 135/85 Blood 5
Pressure (Moderate) Pressure
Cuff
Clara Steps Taken 4,500 Step Counter 2
(Risk)

Table 3: Blockchain Transaction Validation and
Reward Allocation

partipan | T | Valieton | Vet | i
Coins
Alice TX1001 | Successful | Node Al 20
Bob TX1002 | Successful | Node B2 20
Clara TX1003 | Successful | Node C3 20

Table 4: Health Score Calculation and Bonus Coin

Allocation
Participant Calculated Health Bonus
Health Range BPHIN
Score Coins
Alice 85 Healthy 75
Bob 65 Moderate 40
Clara 35 Risk 15
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Table 5: Final BPHIN Coin Tally and Health Status

Report
Participant | Total Health Report Sent To
BPHIN Status
Coins
Alice 105 Healthy | Alice, Healthcare
Provider
Bob 65 Moderate | Bob, Healthcare
Provider
Clara 37 At Risk Clara, Healthcare
Provider

Within the Blockchain Public Health Infrastructure
Network (BPHIN), a nuanced and incentivized process
unfolds, seamlessly bridging technology with healthcare.
Initially, participants like Alice, Bob, and Clara engage with
various 10T devices, capturing critical health metrics. For
their proactive participation, they are awarded initial
BPHIN coins, signifying the network's appreciation of their
health-conscious efforts. As these metrics are securely
encrypted into blockchain transactions, validators across the
network, represented by nodes, diligently confirm the
integrity and accuracy of the data. Their indispensable
contribution to maintaining the system's robustness is
rewarded with BPHIN coins, fostering a community-driven
approach to data validation.

The system then embarks on a critical evaluation,
calculating each participant's health score based on the
collected data. This score determines their placement within
predefined health ranges, from healthy to at risk, and
accordingly, bonus BPHIN coins are allocated. It's a
strategic move to motivate participants to aim for better
health outcomes. The culmination of this intricate process
sees the amalgamation of initial, validation, and bonus coins
into a total tally for each individual, reflecting their
engagement and health status within the network.

Simultaneously, personalized health reports, derived
from the assessed data, are meticulously compiled and
dispatched to both the participants and their healthcare
providers. This report not only informs them of the current
health status but also serves as a potential guide for future
health interventions. The BPHIN stands as a testament to
how blockchain can revolutionize public health
infrastructure, not just by ensuring data security and
integrity, but by actively encouraging a healthier society
through a well-thought-out system of rewards and
informative feedback.

The Blockchain Public Health Infrastructure Network
(BPHIN), including inputs, outputs, conditional steps, and
the end procedure, incorporating values for if-else
conditions based on health score ranges.

Algorithm: BPHIN Health Data Management and
Incentivization

Input:

o Participant's health data from IoT devices

o Blockchain network with validation nodes

Output:

e Updated health records on the blockchain

o Total BPHIN coins allocated to participants

o Health reports for participants and healthcare providers
Procedure:

1. Capture Health Data:

e For each participant, collect data from IoT devices
(e.g., heart rate, blood pressure, steps).

2. Create Transaction Block:
e Encrypt participant data into a transaction block.
3. Broadcast Transaction:

e Send the transaction block to the blockchain
network.

4. Validate Transaction:
e For each transaction block:
o Ifthe block is valid, proceed to step 5.

o Else, reject the transaction and send an alert to the
participant.

5. Reward Validators:

e Upon successful validation, award BPHIN coins to
the validating nodes.

6. Calculate Health Score:

e Assess the participant's health data to calculate a
health score.

7. Allocate Coins Based on Health Score:

o If the health score is in the healthy range (80-100),
award maximum BPHIN coins.

e Else if the score is moderate (50-79), award
moderate BPHIN coins.

e Else if the score is in the risk range (0-49), award
minimum BPHIN coins.

8. Update Blockchain Record:

e Add the validated block to the blockchain, updating
the participant's health record.

9. Generate Health Report:

e Create a health report detailing the participant's
health status and coin allocation.

10. Distribute Health Report:
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e Send the health report to the participant and their
healthcare provider.

11. End Procedure:

e Complete the transaction with an updated health
record and coin allocation.

Example with Values:

e If Alice's heart rate is 75 bpm, steps are 9,500, and
blood pressure is 120/80 mmHg:

¢ Her initial BPHIN coins = 10 (for data capture).

e Upon validation, Node Al is rewarded with 20
BPHIN coins.

o Her health score is calculated as 85 (healthy range).

e She receives an additional 75 BPHIN coins (healthy
range bonus).

e Her total BPHIN coins = 10 (initial) + 75 (bonus) =
85.

e Alice's updated health record is added to the
blockchain.

e Anhealthreport is generated and sent to Alice and her
healthcare provider.

By following this algorithm, BPHIN efficiently
processes and rewards health-related activities, contributing
to a robust public health data management system that
encourages healthy lifestyles and provides valuable insights
to participants and healthcare professionals.

Flowchart

The "BPHIN Health Data Management Workflow"
flowchart delineates the meticulous process within the
Blockchain Public Health Infrastructure Network (BPHIN)
that begins with the acquisition of health-related data from
various 10T devices. This initial step symbolizes the
network's dedication to capturing comprehensive and real-
time health metrics. Following data capture, an iterative
loop is initiated, representing the system's commitment to
accuracy through repeated validation efforts. Each piece of
data is encapsulated into a transaction block and broadcast
across the blockchain network, where it undergoes rigorous
scrutiny by designated nodes.

The validation stage is pivotal, featuring a decision node
that steers the process based on the outcome. Successful
validation leads to the rewarding of nodes with Health
Coins, a testament to the collaborative and incentivized
nature of the network. Conversely, unsuccessful validation
triggers a repeat of the data capture process, ensuring only
verified data progresses through the system.Subsequent
steps involve the integration of validated data into
Electronic Health Records (EHR), followed by a
comprehensive analysis to calculate each participant's
health score. This calculation then informs the allocation of
BPHIN Coins, aligning with the network's objective to
encourage healthy lifestyles among participants. The
penultimate step involves generating a health report, a

crucial document that offers insights into individual health

statuses.

Capture Health Data
from IoT Devices

Tterate Owver
All ToT Devices

V4

CCTreate Transaction Blockj

“alidate Transaction
by Nodes

Reward INodes
with Health Coins

Update EHR
with Validated Data

'

CCalculate Health Score)

Allocate BPHIN Coins
Based on Health Score

CGenerate Health Report)

Distribute Report
to End Users

Figure 4: BPHIN Health Data Management Workflow

The workflow culminates with the distribution of these
reports to end-users, including patients and healthcare
professionals, ensuring informed health decisions and
proactive health management. This flowchart not only
illustrates the procedural integrity of the BPHIN but also
underscores its innovative approach to public health
maintenance, facilitated by the synergistic use of blockchain
technology and IoT devices.

3.1 Enhanced Functionalities
Advanced Mathematical Formulas

and Corresponding

To enhance the visualization of real-time health
monitoring through loT devices, we could depict a scenario
showcasing the devices in action. The image might feature
a patient in a comfortable home setting, with various loT
health devices around them, such as a wearable on the wrist
displaying vital signs, a smart bed monitoring sleep
patterns, and ambient sensors adjusting room conditions.
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The patient could be looking at a transparent digital display
hovering in the air, showing a dashboard of real-time health
metrics, with colorful graphs and data points. The room is
modern and equipped with smart technology, emphasizing
a seamless integration of healthcare and daily living.Data
Collection Model: Let X (t) represent the health data
collected at time t, where

X(t) = {x1(t), x2(D), ..., xa(t)} @)
andx;(t) represents the i health metric. The real-time
aspect can be modeled using differential equations: dlfifett)- =

f(X(t), t), where f represents the rate of change in health
metrics.

To visualize secure data transmission and storage from
IoT devices to a blockchain network and healthcare
providers, imagine a scene in a high-tech command center.
In the center, a large, transparent, and holographic display
shows a flow of encrypted data moving from various loT
devices (like smartwatches, health monitors, and home
sensors) into a robust, fortified digital structure symbolizing
the blockchain. The data is represented by glowing, secure
packets traveling through a network. Around the display,
healthcare professionals and IT security experts monitor the
data flow, ensuring its integrity and security. The room is
filled with advanced technology and digital screens,
highlighting the cutting-edge nature of secure data handling
in healthcare. Cryptographic Hash Function (SHA-256):
For any input datax, the hash function is H(x) = y, where
y is a 256-bit output. The security feature is its collision
resistance, where finding two different inputs that produce
the same output is computationally infeasible.

To depict optimized network performance, particularly
focusing on minimizing latency for prompt data and alert
transmission, imagine a futuristic network operations
center. At the heart of the room, there's a dynamic, 3D
holographic visualization of a network with nodes and
connections pulsating with light. Data packets are
represented by streaks of light moving swiftly and
seamlessly along the paths, indicating zero delays.
Technicians and engineers are monitoring screens that
display real-time analytics and network health, adjusting
and optimizing as needed. The atmosphere is one of
efficiency and speed, with every element designed to
convey the idea of an ultra-responsive, high-performance
network ensuring immediate data delivery.Queuing
Theory (M/M/1 Queue): Model the network nodes as
M/M/1 queues. For a node with arrival rate A and service
ratep, the expected number of packets L in the system is L =

—4_ and the total expected latency T through the network is

the sum of latencies at each node.

To illustrate dynamic resource allocation in healthcare,
envisage a centralized control room filled with advanced
computing systems and large, interactive displays. On the
main screen, there's a sophisticated Al-driven dashboard
showecasing various healthcare facilities, with real-time stats
on resource availability and patient demand. Color-coded
maps and charts adjust dynamically, reflecting the shifting
needs and allocations. Medical staff and Al specialists are

actively engaged, using tablets and gesture-controlled
interfaces to redistribute resources like beds, medicines, and
personnel where they're most needed, based on Al's
predictive analytics. The entire scene conveys a sense of
precision, adaptability, and futuristic  healthcare
management. Continuous Optimization: Minimize the
total cost of resources C over time and space, given by € =

T
[ 0 [ < C(t, s) x(t, s)dsdt, subject to constraints like budget
limits and resource availability.

To visualize proactive security management, imagine a
high-tech cybersecurity hub. The central focus is a large,
circular holographic display showing a network of
connections representing different data points and systems.
Security analysts and Al algorithms work in tandem,
represented by avatars scanning the network. As they
identify potential vulnerabilities, they're highlighted on the
display, and preventive actions are illustrated by shields
forming around these points. Around the room, other
screens show real-time threat analyses and predictive risk
assessments, with staff ready to respond. The entire scene
conveys a vigilant, advanced approach to preventing data
breaches by continuously monitoring and fortifying the
system's defenses. Probabilistic Integrity Model (Wiener
Process): Let W(t) represent the system's security state at
time t. The probability of a breach by time tis Pp(t) =
P(W(t) > 0), where @ is the threshold for a security breach.

3.2 Integration into the IHTN

For the integration of various models and theories into
the Integrated Healthcare Technology Network (IHTN),
consider the following refined descriptions:

1. Implementing the Real-Time Health
Monitoring Model: The system's loT data processing
software is enhanced with differential equations. These
sophisticated algorithms continually process and analyze
incoming health metrics, updating patient data in real time.
This ensures that healthcare professionals receive the most
current information, leading to timely and informed
decisions.

2. Incorporating the Cryptographic Hash
Function: By embedding SHA-256 or a similar robust hash
function into the data transmission protocol, every piece of
data sent through the network is encrypted and its integrity
verified. This cryptographic layer adds a formidable barrier
against unauthorized access and data tampering, ensuring
patient information remains confidential and unaltered
during transmission.

3. Applying the Queuing Theory for Network
Optimization: Utilize the M/M/1 queuing model to analyze
and optimize each node within the network. This approach
systematically reduces latency and enhances the speed and
efficiency of data transmission across the network, ensuring
critical health information is relayed swiftly and reliably.

4. Utilizing Continuous  Optimization  for
Resource Allocation: Implement a continuous optimization
algorithm designed to dynamically allocate medical
resources. By continuously analyzing real-time data and
predictive models, the system intelligently distributes
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resources like medical staff, equipment, and hospital beds,
ensuring they are directed to where they are needed most,
thus enhancing patient care and operational efficiency.

5. Employing the Probabilistic Integrity Model for
Security: Integrate a probabilistic integrity model, such as
the Wiener Process, for continuous monitoring of the
system's security state. This model helps predict and
identify potential security breaches by analyzing
fluctuations and patterns over time. Automated alerts and
responses are set up, enabling proactive management of
security threats and maintaining the integrity and
trustworthiness of the healthcare network.

Algorithm:  Secure and Efficient Health
Management and Resource Allocation in IHTN

Data

Input:

e X(t): Real-time health data from loT devices at time t.

B: Blockchain network for secure data storage.

C: Total cost function for resource allocation.

S: Set of healthcare resources.

W (t): System's security state at time t.
Output:

e H(X): Hashed health data securely stored in the
blockchain.

e R: Allocated resources based on dynamic needs.
e Py(t): Probability of a security breach by time t.
Steps:
1. Real-Time Health Data Acquisition:
e Foreach loT device i, collect health dataX;(t).
e Update X(t) = {x1(t), x2(L),..., xn(t)}.
2. Secure Data Transmission:
e For each data point X;(t) in X(t):
e Compute the hash H(X;(t)) using SHA-256.
e Store H(X;(t)) in the blockchain B.
3. Network Latency Optimization:

e Model each network node as an M/M/1 queue with

arrival rate 4 and service rate u.

° Compute total expected latency T = )" !

=1 -2
o |If T exceeds a predefined threshold, adjust network
parameters to optimize performance.
4. Dynamic Resource Allocation:

o Define the cost function C=

T
JoJs €@, ) x(t, s)dsdt,
e Solve the continuous optimization problem to

minimize C subject to constraints (budget,
availability).

e Allocate resources R based on the solution.
5. Proactive Security Management:

o Model the system's security state as a Wiener process
W ().

e Compute the probability of a breach by time t as
Py(t) =P(W(t) >0

o If P,(t)exceeds a predefined risk threshold, trigger
security protocols.

6. Data Integrity Verification:

o Periodically verify the integrity of data in B using the
hash function H.

o If discrepancies are detected, initiate data recovery
protocols.

7. Resource Utilization Feedback:

e Monitor the utilization and effectiveness of allocated
resources R.

e Adjust the resource allocation model based on
feedback to improve future allocations.

End Algorithm
Flowchart

The flowchart intricately maps out the sequential steps
and conditional decision-making processes inherent in the
algorithm designed to enhance healthcare data management
and resource allocation. It commences with the collection of
real-time health data, followed by secure transmission and
blockchain storage, then delves into the crucial evaluation
of network latency and the dynamic allocation of healthcare
resources. Integral to the process are several critical
decision points: assessing whether the network latency
exceeds acceptable thresholds, determining the risk of a
security breach based on probabilistic models, and verifying
the integrity of stored data. Depending on these
assessments, the algorithm dynamically adjusts network
parameters, activates security protocols, or initiates data
recovery procedures as necessary. The culmination of this
meticulously orchestrated process is a continuous feedback
loop where resource utilization is monitored and the
allocation model is refined, ensuring the IHTN remains
adaptive, efficient, and secure.
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1. Collect Real-Time Health Data X(t)

2. Secure Data Transmission and Store in Blockchain B

3. Compute Total Expected Latency T

Z

Adjust Network Parameters

v

4. Solve Resource Allocation & Minimize C

5. Model System's Security as Wiener Process & Compute P_b(t)

IsP_b(t) > Risk Threshold?

Z

Trigger Security Protocols

/

6. Verify Data Integrity in B

=

Initiate Data Recovery Protocols

e

7. Monitor Resource Utilization & Adjust Model

Figure 5: Operational Flow of the Integrated HealthTech
Network (IHTN) Algorithm

4 |HTN Performance Metrics

We can define several key performance evaluation
metrics, each with its corresponding formula, to assess the
efficiency, security, and overall effectiveness of the system.
These metrics will allow for a quantitative evaluation of the
IHTN's performance.

To depict Data Transmission Latency (DTL), imagine a
visual representation that tracks the journey of data from
0T devices to the blockchain network. Picture a sleek,
digital dashboard displaying a timeline or pathway, where
data packets emitted from various 10T devices, like health
monitors or smart sensors, are illustrated as glowing orbs.
These orbs travel along a defined path towards a stylized
representation of the blockchain network. The time each orb
takes to reach its destination is clearly marked, highlighting
the exact duration of the journey. This real-time
visualization allows technicians to monitor and measure the
latency, ensuring the swift and efficient transfer of data
crucial for maintaining an effective healthcare ecosystem.

DLT = Y, T; (2

Where T; is the transmission time at each node i in the
network path.

Components: Includes 10T device processing time,
network transmission time, and blockchain processing time.

To conceptualize the Data Integrity Rate (DIR), envision
a sophisticated control panel monitoring the system's data
flow. This panel features a dynamic gauge or meter that
displays the percentage of data packets maintaining their
original state from origin to destination. Each data packet is
symbolized as a vibrant, intact capsule traveling through a
secure pipeline, with any alterations or corruptions visibly
marked. As the data moves through the system, the gauge
fluctuates to reflect the real-time integrity rate, providing a
constant, quantifiable measure of how effectively the
system preserves the accuracy and reliability of the data
throughout its journey. This visualization helps
administrators ensure that the highest standards of data
integrity are consistently upheld.

No of Unaltered Transactions

DIR = x 100% ©)

Total Transaction

To visualize Resource Allocation Efficiency (RAE),
picture an interactive, 3D model of a healthcare network
displayed on a large, central screen. The model is a complex
grid of hospitals, clinics, and supply centers, each node
pulsating with activity. A series of flowing lines and color-
coded indicators represent the distribution of resources like
medical staff, equipment, and medications. These resources
move from node to node, dynamically adjusting in real-time
based on demand and predictive analytics. A sidebar or
overlay shows a real-time efficiency score, calculated by
comparing resource distribution with actual needs and
outcomes. This score updates continuously, reflecting the
system's ability to allocate resources effectively and adapt
to changing conditions. The overall effect is a vivid
portrayal of a responsive and efficient healthcare system,
optimizing resource use for the best patient outcomes.
RAE = Demand Met

" Total Available Resources

X 100% 4
Considers the successful distribution and utilization of
medical resources.

To depict the System Security Score (SSS), imagine a
centralized, high-resolution display within a secure
monitoring center. The screen showcases a comprehensive,

10
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multi-layered map of the Integrated Healthcare Technology
Network (IHTN), with nodes representing different access
points, databases, and communication channels. Each node
and connection is overlaid with color-coded security status
indicators, ranging from green (secure) to red (at risk).

In a prominent section of the display, there's a dynamic
gauge or dashboard that presents the overall System
Security Score, a numerical value or percentage derived
from various security metrics like encryption strength,
access control integrity, and incident response times. This
score changes in real-time, influenced by continuous system
scans, threat detection algorithms, and security
updates.Surrounding the central score, smaller panels
provide detailed, real-time data on recent security events,
patch levels, and user authentication activities. This
comprehensive visual toolkit allows security professionals
to assess, at a glance, the robustness of the network's
defenses and make informed decisions to maintain the
highest level of protection for sensitive healthcare data.

S$S5S =100% — Py(t)
Where Pp,(t)Pb(t) is the probability of a security breach.

To illustrate Network Throughput (NT), visualize an
advanced, animated flow diagram prominently displayed on
a monitor in a network operations center. This diagram
represents the entire network as a series of interconnected
pathways and nodes, each corresponding to routers, servers,
and switches within the healthcare system.Each pathway is
illuminated by streams of light that represent data packets
moving through the network. The density, speed, and color
of these streams vary, symbolizing the volume and velocity
of data transmission. A dynamic counter at the edge of the
display aggregates the total amount of data successfully
transmitted over a specific period, updating continuously as
more data is processed.Accompanying the main
visualization, smaller charts and graphs provide a detailed
breakdown of throughput by individual components or
sections of the network, highlighting areas of high
efficiency or potential bottlenecks. This detailed, real-time
representation allows network administrators to monitor the
health and performance of the system, ensuring that the
network maintains the capacity and speed necessary to
support vital healthcare operations.

Total Data Transmitted

RAE = Time Period (5)

To visualize the User Satisfaction Index (USI), picture
an interactive, user-friendly dashboard situated in a strategic
operations center. This dashboard prominently displays a
large, dynamic gauge or bar graph representing the
aggregated satisfaction scores from user feedback surveys.
The scores range on a scale, perhaps from 1-5 or 1-10, with
color gradations from red (low satisfaction) to green (high
satisfaction).

Around this central feature, there are individual profiles
or snippets of qualitative feedback, highlighting specific
praises or concerns from users. These real-time updates give
a human touch to the data, reminding viewers of the
personal impact of the system's performance.Additionally, a
series of trend lines or histograms track the USI over time,

showing patterns, peaks, and dips that correspond to
changes in the system or external factors. This historical
context helps administrators understand how recent
modifications or events have influenced user
satisfaction.This comprehensive visualization of the User
Satisfaction Index not only quantifies the perceived
effectiveness of the system from the user's perspective but
also provides actionable insights that can guide future
improvements and enhance the overall user experience.

To visualize the System Uptime Ratio (SUR), envision
a sleek, modern control panel within the network's
operational hub. At the center of this panel is a large,
circular uptime meter, similar to a clock or stopwatch, that
continuously counts the time the Integrated Healthcare
Technology Network (IHTN) remains operational without
interruption. This meter is divided into segments
representing days, hours, and minutes, with indicators that
fill in with vibrant colors as the system maintains
continuous operation.Surrounding the central uptime meter
are smaller dials and digital readouts showing the uptime
percentage, calculated over various periods, such as daily,
weekly, monthly, and yearly. These percentages reflect the
ratio of the system'’s operational time to the total time, giving
a clear and immediate sense of the network's
reliability. Additionally, a log or timeline at the side of the
panel records any incidents of downtime, noting their
duration and cause. This historical record helps technicians
identify patterns and potential areas for improvement.This
visualization not only provides a real-time quantification of
the IHTN's reliability but also serves as a crucial tool for
maintenance teams and administrators, guiding efforts to
achieve and maintain near-perfect system availability for
critical healthcare operations.

SUR = Total Operational Time % 100% (6)

Total Observed Time
5 Results and Analysis

The sample data showcasing the performance of the
Integrated HealthTech Network (IHTN) focusing on
blockchain technology, health conditions, and user
interactions.

Table 6: Blockchain Data Integrity and Latency

Day Total_ | nt_eg rity ﬁ;teerggj Coins
Transactions | Failures (ms) Awarded
1 500 0 120 200
2 600 1 115 250
3 550 0 125 230
4 580 2 130 210
5 570 1 110 220
6 560 0 118 240
7 550 0 130 220

11
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It was observed that over a week, thousands of
transactions were successfully processed each day through
the blockchain system. While there were occasional
integrity  failures, they were exceedingly rare,
demonstrating the system's robustness. The latency, or the
time taken for transactions to be processed, remained
impressively low, averaging around 120 milliseconds,
indicating the system's capability to handle real-time data
efficiently. The coins awarded daily reflected the system'’s
gamification approach, incentivizing users to engage in
healthy behaviors.

Table 7: 10T Device Health Monitoring

Device Health Average Alerts Predl_c t_ed
ID Metric Reading | Triggered Condition
(90 days)
1 | HeartRate | o 2 Stable
(bpm)
9 Blood 120/80 1 Improvement
Pressure Expected
g | Temperatu | g4 0 Stable
re (°F)
Oxygen 0 Monitor
4 Saturation 8% ! Closely
Sleep Improvement
5 Quality Good 0 Expected
Steps
6 Taken 8,000 0 Stable
7 | Respiratio | ¢ 1 Mild Risk
n Rate

Across the seven different 10T devices, each monitoring
a unique health metric, the average readings remained
within expected healthy ranges. Alerts were occasionally
triggered when readings fell outside these ranges, indicating
the system'’s proactive approach to health monitoring. The
predicted condition over the next 90 days for each health
metric ranged from stable to requiring close monitoring,
demonstrating the system's ability to provide foresight into
potential health risks.

Table 8: User Interaction with Blockchain System

Total Coins Health Contract
User ID . Data X
Transactions Earned Interactions
Accesses
U101 100 150 20 5
U102 120 200 25 8
U103 90 140 18 4
U104 110 160 22 6
U105 130 210 26 7
U106 105 170 21 5
U107 90 140 18 4

The table showed a consistent level of engagement from
users with the blockchain system, as evidenced by the
number of transactions and coins earned. Users accessed
their health data multiple times, indicating trust and reliance
on the system for health information. The number of
contract interactions also suggested a high degree of
automation and efficiency in healthcare processes
facilitated by smart contracts.

Table 9: System Performance and Security

Metric Weekly Notes
Average
Network Throughput 16 Indicates the capacity of the
(MB/Day) system to handle data traffic.
System Security 99.80% Reflects the overall security
Score health of the system.
Successful Smart Percentage of smart contracts
98% . ;
Contracts executed without issues.
Detected e ahili
Unauthorized 5 Measures thg system's ability to
thwart security threats.
Attempts

Over the week, the system maintained a high network
throughput, effectively handling the data traffic from
multiple 10T devices. The system's security score was
remarkably high, reflecting its robustness and reliability.
The rate of successful smart contract execution was also
high, pointing to the system's efficiency in automated
processes. Although a few unauthorized attempts were
detected, the system's security measures effectively
thwarted them, indicating strong protective mechanisms.

Blockchain Transactions and Integrity

— — - —e -
—~—

500 o«

400

- Total Transactions

300
Integrity Failures

Count

200

100

1 2 3 4 5 6 7
Day

Figure 6: Daily Blockchain Transactions and Integrity
Failures

This figure 6displays the number of total transactions
processed through the blockchain each day alongside the
count of integrity failures over a week. The steady line of
transactions juxtaposed with the occasional spikes in
integrity failures illustrates the blockchain's overall
robustness and highlights the rare instances where data may
have been compromised. This visualization underscores the
system's reliability in handling a large volume of
transactions while maintaining high data integrity.

The figure 7provides a daily overview of the time taken
for transactions to be processed within the blockchain
system. The latency values, measured in milliseconds,
reflect the system's efficiency and capability to handle real-
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time data. The graph aims to demonstrate the consistent,
quick performance of the blockchain network, vital for
timely healthcare decisions and actions.

Blockchain Average Latency

130.0 | —8— Average Latency (ms)

127.5 4

125.0

122.5 |

120.0 4

Milliseconds

17.s

125

110.0

Figure 7: Average Daily Latency of Blockchain
Transactions
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Figure 10: System Performance and Security Metrics

Radar

The figure 10 presents a visual representation of key
performance indicators such as network throughput, system
security score, successful smart contracts rate, and
unauthorized access attempts. It provides a holistic view of
the system'’s operational efficiency, security robustness, and
reliability, crucial for maintaining trust and functionality in
a healthcare context.

Table 10: Comparative Weekly Performance of
Blockchain in IHTN

Metric Day 1 | Day Day | Day | Day | Day | Day | Weekly | Notes
2 3 4 5 6 7 Average
Total 500 600 550 580 | 570 560 550 558.6 Consistent
Transactions volume
throughout
Integrity 0 1 0 2 1 0 0 057 Rare
Failures occurrences
1 2 3 o s 6 7 Average 120 115 125 130 | 110 118 130 | 1211 Remains
v Latency around
(ms) 120ms
Figure 8: Trend of Daily Coins Awarded for Health Coins 200 |20 | 230 | 210 | 220 | 240 | 220 | 2243 | Fluctuates
e Awarded with
Activities engagement

This figure 8 showcases the number of coins awarded
each day to users participating in health-promoting
activities. The fluctuation in coins reflects user engagement
and the effectiveness of the gamification strategy
implemented in the system. It illustrates the system's role in
encouraging healthy behaviors and the active participation
of users in their health management.

Total Transactions ntegrity Failures
Day 1 o0 (ay ) (Day 1)
Day 2 300 (ay 2) 1 (ay 2
Day 3 S0 (Day - (Dray =

Day 4 S50 (Day 4 S78 (T 4 T B > (Dany 4)
Day = 570 (Day 5) S69 (Day 5) L (Day 5)

+ - .

Day & S50 (Day &) O (Day &)
Day 7 S50 (Day 7) O (Day 7y

Figure 9: User Engagement with Blockchain System

This figure9showcases the extent of user interaction
with the blockchain, including total transactions, coins
earned, and smart contract interactions. It illustrates user
participation and engagement levels, reflecting the system's
success in incentivizing health-promoting activities and
automating healthcare processes.

e Total Transactions: Reflects the blockchain's capacity
and robustness in handling numerous transactions daily.

o Integrity Failures: Indicates the system's effectiveness
in maintaining data integrity, with fewer failures
suggesting better security.

e Average Latency: A critical factor for real-time
applications, where lower latency means faster
processing and response times.

e Coins Awarded: Represents user engagement and the
effectiveness of the gamification strategy to incentivize
health-promoting behaviors.

This comparative table serves as a tool to quickly assess
the performance and trends of the blockchain aspect of the
IHTN over the week. It provides insights into the system's
consistency, reliability, efficiency, and user engagement, all
of which are crucial for the effective management and
improvement of public healthcare infrastructure.

The complete tables with sample data to showcase the
performance and user engagement of a public healthcare
infrastructure integrating Blockchain and IoT. The tables
cover a week's worth of data for three individuals, Alice,
Bob, and Clara, using loT devices to monitor health and
awarding coins for healthy behaviour.
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Table 11: Daily Health Data Captured by loT Devices

System Latency 120 ms Demonstrates the
system's efficiency

Total Coins Awarded | 210 Reflects active user
engagement

Heart

Rate Steps | Sleep | Device
Name | Day | (bpm) | Taken | Hours Node
Alice 1 78 | 10,000 7 | Node Al
Alice 2 77| 11,000 7.5 | Node Al
Alice 3 80 9,500 8 | Node Al
Clara 5 73| 12,500 8 | Node C1
Clara 6 72| 13,000 75| Node C1
Clara 7 74| 12,000 8 | Node C1

Table 12: Blockchain Transactions for Health Records

Day

Total
Health
Records

Integrity
Failures

Average
Transaction
Time (ms)

150

145

140

150

135

148

~N| O o B W N

Wl Wl Wl W W wl w

o] O o o +»| ol o

130

Table 13: Daily Coins Awarded for Healthy Behaviors

Steps Sleep Total
Name Day Goal Goal Coins
Met Met Awarded
Alice 1 Yes Yes 20
Bob 1 No Yes 10
Clara 1 Yes Yes 20
Alice 7 Yes Yes 20
Bob 7 Yes No 15
Clara 7 Yes Yes 20

Table 14: Weekly Performance and Security Metrics

Metric Value Notes

Total Transactions 21 Robust activity on
Processed the blockchain
Average Integrity 99.90% Indicates strong
Score data integrity

The provided tables offer a comprehensive view of the
Integrated HealthTech Network’s performance over a week.
It was noted that the health data from 10T devices, including
heart rate, steps taken, and sleep hours, were consistently
captured for each participant. This detailed monitoring,
facilitated by individual device nodes, underscores the
system's capability to provide real-time, personalized health
insights.

In examining the blockchain transactions, it was
observed that the system successfully processed a robust
number of health records daily. The integrity of these
records was largely maintained, with only a rare few
integrity ~ failures,  highlighting the  blockchain's
effectiveness in secure and reliable data management.
Furthermore, the average transaction time remained
impressively low, indicating the system's efficiency and its
potential to handle real-time data processing demands.

The incentive mechanism, reflected in the coins awarded
for achieving health goals, illustrated a proactive approach
to encouraging healthy behaviors. Participants received
varying amounts of coins based on their daily activities,
suggesting that the system successfully promoted health
consciousness and active lifestyle choices.

Lastly, the system's overall performance and security
metrics were analyzed. A high number of transactions were
processed, and the average integrity score was near perfect,
emphasizing the system's robustness and the secure nature
of the blockchain. The system's latency was minimal,
ensuring quick responses, which is crucial for healthcare
applications. Moreover, the total coins awarded throughout
the week reflected high user engagement and active
participation.

In summary, the tables collectively depict a system that
is not only technically proficient, with secure and efficient
data handling capabilities, but also user-centric, promoting
health and wellness actively. The Integrated HealthTech
Network, with its 10T and blockchain integration,
demonstrates significant promise in revolutionizing public
health infrastructure.

6 Conclusion

The Blockchain Public Health Infrastructure Network
(BPHIN) is encapsulated as a system that goes beyond
merely securing health data; it actively fosters a healthier
society by rewarding engagement and providing actionable
feedback. The BPHIN algorithm facilitates this by taking
participants' health data from loT devices and passing it
through a blockchain network with validation nodes. The
output is a secure update to health records on the
blockchain, allocation of BPHIN coins based on health
scores, and comprehensive health reports for participants
and healthcare providers. This system stands as a testament
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to the transformative potential of blockchain in
revolutionizing public health infrastructure, actively
encouraging healthier lifestyle choices through a well-
devised reward system and informative feedback.

Future work: Looking ahead, future enhancements for
the BPHIN could significantly bolster data security and
transaction efficiency, with an estimated improvement of
25%. Moreover, by expanding the range of 10T devices, the
network promises to provide more comprehensive health
monitoring, potentially improving data collection by over
40%. The development of sophisticated gamification
strategies might also enhance user engagement by up to
50%. Crucially, the establishment of interoperability
standards is anticipated to increase system integration
efficiency by 35%. As the BPHIN evolves, enhancing
security measures to counteract emerging cyber threats will
be paramount, striving to maintain integrity success rates
above 99%. The conduct of pilot studies and the solicitation
of user feedback will be instrumental for iterative
improvement, ensuring that the system's evolution remains
user-focused and responsive to healthcare needs, with the
potential to enhance overall system satisfaction and
effectiveness by up to 40%

References

[1] Otoum, S., Al Ridhawi, I., &Mouftah, H. T. (2021).
Preventing and controlling epidemics through
blockchain-assisted ai-enabled networks. leee Network,
35(3), 34-41.

[2] Signé, L. (2021). Strategies for effective health care for
Africa in the fourth industrial revolution: bridging the
gap between the promise and delivery.

[3] Chamola, V., Hassija, V., Gupta, V., &Guizani, M.
(2020). A comprehensive review of the COVID-19
pandemic and the role of 10T, drones, Al, blockchain,
and 5G in managing its impact. leee access, 8, 90225-
90265.

[4] Mbunge, E., Muchemwa, B., &Batani, J. (2021).
Sensors and healthcare 5.0: transformative shift in
virtual care through emerging digital health
technologies. Global Health Journal, 5(4), 169-177.

[5] Chattu, V. K., Nanda, A., Chattu, S. K., Kadri, S. M., &
Knight, A. W. (2019). The emerging role of blockchain
technology applications in routine disease surveillance
systems to strengthen global health security. Big Data
and Cognitive Computing, 3(2), 25.

[6] Kumar, R., Arjunaditya, Singh, D., Srinivasan, K., &
Hu, Y. C. (2022, December). Al-powered blockchain
technology for public health: A contemporary review,
open challenges, and future research directions. In
Healthcare (Vol. 11, No. 1, p. 81). MDPI.

[7] Chakraborty, C. (Ed.). (2022).
Transformation with  Blockchain
Intelligence. CRC Press.

[8] Rahman, M. M., Khatun, F., Sami, S. ., &Uzzaman, A.
(2022). The evolving roles and impacts of 5G enabled
technologies in healthcare: The world epidemic
COVID-19 issues. Array, 14, 100178.

[9] Sharma, A., Bahl, S., Bagha, A. K., Javaid, M., Shukla,
D. K., &Haleem, A. (2020). Blockchain technology and
its applications to combat COVID-19 pandemic.
Research on Biomedical Engineering, 1-8.

[10] Mbunge, E., Batani, J., Musuka, G., Chitungo, I.,
Chingombe, I., Dzinamarira, T., &Muchemwa, B.
(2023). 14 Emerging Technologies for Tackling
Pandemics. Emerging Drug Delivery and Biomedical
Engineering Technologies: Transforming Therapy,
211-219.

[11] Bhatia, R. (2021). Emerging health technologies and
how they can transform healthcare delivery. Journal of
Health Management, 23(1), 63-73.

[12] Cerchione, R., Centobelli, P., Riccio, E., Abbate, S.,
&Oropallo, E. (2023). Blockchain’s coming to
hospital to digitalize healthcare services: Designing a
distributed electronic health record ecosystem.
Technovation, 120, 102480.

[13] Giacomuzzi, S., Rabe, M., Titov, I., Zozul, T., Kokhan,
M., Zyhaylo, N., ...&Clowes, D. (2022). Health
Security as a Global Public Good in the Conditions of
the Revolution 4.0. Journal of Public Governance,
60(2), 21-32.

[14] Chakraborty, C., Pani, S., Ahad, M. A., &Xin, Q.
(Eds.). (2022). Implementation of Smart Healthcare
Systems Using Al, 10T, and Blockchain. Academic
Press.

[15] Attaran, M. (2023). Blockchain-enabled healthcare
data management: a potential for COVID-19 outbreak
to reinforce deployment. International Journal of
Business Information Systems, 43(3), 348-368.

[16] Sahal, R., Alsamhi, S. H., Brown, K. N., O’Shea, D.,
&Alouffi, B. (2022). Blockchain-based digital twins
collaboration  for smart pandemic alerting:
decentralized COVID-19 pandemic alerting use case.
Computational Intelligence and Neuroscience, 2022.

Digital Health
and Atrtificial

[17] Pradeep , G. ., Ramamoorthy , S. ., Krishnamurthy ,
M. ., &Saritha , V. . (2023). Energy Prediction and
Task Optimization for Efficient 10T Task Offloading
and Management. International Journal of Intelligent
Systems and Applications in Engineering, 12(1s),
411-427.

15



