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KEYWORDS ABSTRACT

User-friendly, WellnessPi, The continuous evolution of the Internet of Things (IoT) and wearable technology has
healthcare monitor- ing, IoT significantly advanced per- sonal health monitoring, making real-time tracking more acces-
advancements. sible and efficient. WellnessPi is an innovative personal health monitoring system developed
using Arduino and loT-enabled sensors. This system integrates multiple health monitoring
com- ponents, including heart rate, SpO2, body temperature, and ECG sensors, to provide a
holistic view of an individual’s health. The collected physiological data is wirelessly
transmitted to a cloud- based platform, where it is analyzed and displayed on an intu- itive
dashboard. Users can conveniently access real-time health metrics, track long-term trends,
and receive timely insights into their well-being. The integration of cloud computing allows
for secure data storage, remote accessibility, and advanced analytics, which contribute to
early detection of potential health issues. By leveraging IoT, WellnessPi enhances proactive
healthcare by enabling individuals to monitor their health parameters from any location.
This system is particularly beneficial for individ- uals with chronic conditions, fitness
enthusiasts, and healthcare providers seeking continuous patient monitoring. The ability to
visualize real-time health data encourages users to make in- formed decisions about their
well-being while fostering preventive healthcare practices. With its user-friendly interface
and seamless integration of wearable technology, WellnessPi represents a step forward in
personal health tracking. By bridging the gap between traditional healthcare monitoring
and modern IoT advancements, it empowers individuals to take charge of their health,
potentially reducing medical complications through early intervention and timely

awareress.
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1. INTRODUCTION

With growing concerns about personal health, real-time
monitoring has become essential for maintaining overall
well- being and detecting medical conditions at an early
stage [1]. Conventional health assessment methods
primarily depend on periodic medical checkups, which
may not effectively capture sudden changes in vital
health parameters. In contrast, con- tinuous monitoring
through advanced technologies provides a more reliable
and immediate assessment of an individual’s health
status [2]. WellnessPi is an innovative solution that
of IoT and Arduino-based

biosensors to offer an affordable,

leverages the power
real-time health

monitoring system.

By integrating multiple sensors, WellnessPi collects
and an- alyzes physiological data such as heart rate,
blood oxygen levels (SpO2), body temperature, and ECG
signals [3]. This information is then processed and
displayed on an interac- tive dashboard, accessible via
web and mobile applications, allowing users to track
their health conveniently. The system facilitates remote
monitoring, ensuring timely intervention and promoting

a proactive approach to healthcare [4].

the field of

manufactur- ing, the industry faces increasing pressure

Simultaneously, in semiconductor

to enhance pro- duction efficiency, reduce costs, and
standards. As

continue to increase and feature sizes shrink, there is a

maintain high-quality wafer sizes
critical need to shift from reactive to predictive
maintenance strategies [5]. Predictive maintenance
(PdM) has been recognized by the International
Technology Roadmap for Semiconductors (ITRS) as a
that

unplanned downtime, improve equipment reliability,

crucial innovation can significantly reduce

and optimize operational costs. By uti- lizing real- time
PdM enables

manufacturers to anticipate maintenance requirements

process and equipment state data,

and address potential failures before they disrupt
production [6]. This marks a significant advancement
over traditional time- based or part-count-based
maintenance approaches, which may not always align

with actual equipment conditions.

An integral component of PAM is Equipment Health
Mon- itoring (EHM),

tracking of tool performance and condition [7]. EHM

which provides continuous
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utilizes data such as fault detection outputs and
operational status to assess equipment health, helping to
streamline maintenance activities. By imple- menting an
EHM dashboard, manufacturers can gain insights into
tool degradation, predict upcoming failures, and reduce
downtime after maintenance events [8]. This approach
not only ensures higher production efficiency but also
minimizes vari- ability in semiconductor fabrication
processes. The combined deployment of PAM and EHM
technologies is essential for optimizing maintenance
cycles, enhancing production stability, and reducing

operational costs.

This paper presents the development and evaluation
of PdM and EHM

semiconductor manufac- turing environments [9]. It

technologies in real-world
explores the advantages of both approaches and their
role in improving equipment reliability and production
efficiency. The study further discusses projects
undertaken to deploy and assess these technologies,
providing insights into their practical implementation.
By designing an adaptable and extensible EHM system,
the proposed solutions can be applied across different
tool types, ensuring scalability within the industry [10].
Additionally, this research examines the effectiveness of
PdM strategies through initial deployment results,
highlighting their potential for cost reduction and
improved production outcomes. The findings emphasize
the importance of integrating predictive and health
monitoring technologies to establish best practices in
semiconductor

man- ufacturing and drive future

advancements in the industry [11].
II. LITERATURE SURVEY

Current health monitoring technologies mainly rely
on two approaches: high-precision medical equipment
While

hospital-based systems offer exceptional accuracy, they

and consumer- grade wearable devices.
are expensive, require professional oversight, and are
impractical for continuous personal use. On the other
hand, wearable health devices are more affordable and
user-friendly but often provide limited health insights,
primarily tracking basic parameters such as heart rate
and step count. These devices lack the capability to
monitor a comprehensive set of health metrics and
frequently do not support real-time connectivity, making

them less effective for proactive healthcare management




[12]. This gap in the market highlights the need for an
IoT-driven personal health monitoring system that is
cost-effective, integrates multiple health indicators, and
enables real-time remote tracking. Such a system would
bridge the divide between clinical-grade accuracy and
health

outcomes through continuous monitoring and early

consumer convenience, facilitating better

detection of health anomalies.

Similarly, in semiconductor manufacturing, predictive
main- tenance (PdM) and equipment health monitoring
(EHM) have gained prominence as essential strategies
for improving op- erational efficiency and minimizing
downtime. EHM utilizes advanced data analytics to
establish a comprehensive profile of a machine’s
performance, allowing manufacturers to detect early
signs of equipment deterioration [13]. Unlike direct
control systems that may automatically halt operations,
EHM provides diagnostic insights without shutting
down machinery. These insights empower engineers to
investigate performance deviations, identify the root
causes of anomalies, and take pre- ventive actions before
failures occur. This proactive approach ensures that
production tools operate at peak efficiency while

minimizing disruptions [14].

PdM takes this a step further by predicting the optimal
time for maintenance, reducing unexpected equipment
failures and optimizing servicing schedules. By
leveraging real-time data on equipment conditions, PdAM
allows manufacturers to plan maintenance activities
strategically, balancing operational costs with
performance longevity. Key factors that influence PdM
effectiveness include the accuracy of failure predictions,
the estimation of remaining usable life (RUL) [15], and
the  cost-benefit assessment of  maintenance
interventions. Through precise forecasting and timely
PdM

semiconductor manufacturing by preventing costly

interventions, significantly enhances

breakdowns, extending equipment lifespan, and

improving overall production consistency.
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Fig. 1. Real Time Tracking Detector

When combined, EHM and PdM create a holistic
approach to maintenance management. EHM provides
continuous moni- toring and diagnostic insights, while
PdM ensures maintenance activities are performed at the
optimal time to prevent failures [16]. Together, these
methodologies enable manufacturers to seamlessly
transition from maintenance activities back to full- scale
production, reducing downtime and enhancing opera-
tional stability. Their integration is particularly vital in
semi- conductor fabrication, where even minor
disruptions can lead to significant financial losses and

production inefficiencies.

The adoption of real-time IoT-based solutions for both
health and

represents a transformative shift in technology-driven

semiconductor equipment monitoring
efficiency. A robust health monitoring system that offers
real-time data track- ing, multiple parameter analysis,
and remote accessibility would greatly benefit
individuals seeking continuous and proactive healthcare
solutions. Likewise, advanced predictive maintenance
and solutions in

equipment health monitoring

semiconductor manufacturing contribute to lower
operational costs, higher production efficiency, and
improved reliability of critical manufacturing tools. As
these

intelligent monitoring systems will be key to optimizing

industries continue to evolve, integrating

performance and ensuring long-term sustainability [17].

Similarly, in the semiconductor industry, predictive
mainte- nance (PdM) and equipment health monitoring
(EHM) have emerged as essential technologies to
enhance manufacturing efficiency. EHM creates a
multivariate fingerprint of a tool’s operational state,
identifying deviations from normal condi- tions that may
indicate potential Unlike
EHM dashboards do not shut down
equipment but provide diagnostic insights through data

failures. direct control

mechanisms,




analytics, enabling users to investigate anomalies and
conduct root cause analysis. This functionality is critical
in ensuring that manufacturing tools maintain optimal
performance and transition smoothly from maintenance
events back to production. PdM, on the other hand,
predicts when maintenance is required, reducing
unscheduled downtime and optimizing maintenance
schedules. By leveraging real-time equipment state
information, PdAM minimizes operational costs, improves
cycle time, and en- hances production efficiency. The
successful implementation of PdM depends on key
factors such as prediction accuracy, remaining usable life
(RUL) estimation,
maintenance actions. When deployed together, EHM

and cost-benefit anal- ysis of
and PdM complement each other across the entire
maintenance cycle, ensuring seamless transitions from
maintenance recov- ery to full production readiness.
These predictive capabilities are crucial in modern
semiconductor manufacturing, helping - industries
reduce costs, improve tool reliability, and maintain high

production standards.
III. PROPOSED SYSTEM

WellnessPi is an advanced health monitoring system
that

Arduino-based plat- form to enable real-time tracking of

integrates  multiple biosensors with an
key health parameters. Designed for continuous health
monitoring, it measures heart rate, blood oxygen levels
(5p0O2), body temperature, and ECG signals, offering
users valuable insights into their well-being. The system
leverages wireless communication technologies such as
Wi-Fi and Bluetooth to securely transmit collected data
to a cloud-based storage platform, ensuring seamless
remote access. Users can monitor trends, analyze health
patterns, and make informed healthcare decisions
through an interactive dashboard that visualizes both
real-time and historical health data. To enhance safety,
WellnessPi includes an automated alert mechanism that
sends SMS or email notifications when any parameter
exceeds safe thresholds, allowing for timely medical

intervention.

The system follows a structured methodology to
ensure efficiency and reliability. First, biosensors
compatible with Arduino are integrated, including the
MAX30100 for heart rate and SpO2 measurement, LM35
or DS18B20 for body temperature monitoring, and
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ADS8232 for ECG signal acquisi- tion. These sensors
continuously capture real-time health data, which is
processed and refined by the Arduino microcontroller.
The formatted data is then transmitted via a Wi-Fi
module (ESP8266/NodeMCU) to a cloud platform such
as Firebase or ThingSpeak, where it is stored and
analyzed. A user-friendly web-based dashboard, built
using HTML, CSS,

interactive

and JavaScript, provides an

interface for viewing health metrics.
Advanced data analysis and pattern recognition can be
im- plemented using Python or MATLAB, enhancing the
system’s ability to detect health anomalies. WellnessPi is
designed to be accessible through both mobile and web
applications, ensuring remote health monitoring from

any location.

The hardware components of the WellnessPi system
include an Arduino Uno or Arduino Mega, which acts as
the core processing unit for collecting and managing
sensor data. A small LCD or OLED display provides
local visualization of real-time readings. The system is
powered through a recharge- able battery or adapter,
making it and various

portable adaptable for

environments. For software implementation, the
Arduino IDE is used for microcontroller programming,
LabVIEW. or Blynk dashboard

visualization. Secure cloud integration is achieved

while supports
through Firebase or ThingSpeak, enabling efficient data

storage and retrieval.

| |

Fig. 2. Patient Monitoring Dashboard

By incorporating IoT technology into healthcare,
WellnessPi offers a cost-effective and reliable solution for
continuous health monitoring. Its ability to provide
real-time insights, remote accessibility, and automated
alerts makes it a valuable tool for individuals seeking
proactive health management. The system ensures early
detection of health issues, reducing potential risks and
improving overall well-being. With its combination of

biosensors, cloud-based connectivity, and an intuitive




dashboard, WellnessPi represents a modern approach to

personal healthcare, bridging the gap between

clinical-grade accuracy and consumer convenience.
IV. RESULTS

The WellnessPi personal health monitoring dashboard
pro- vides an affordable and efficient solution for
real-time health tracking, integrating IoT and machine
learning to enhance self-

monitoring, preventive

healthcare, and timely medical intervention. By
continuously monitoring vital health param- eters and
offering remote access to health data, WellnessPi
empowers individuals to take charge of their well-being.
The cloud-based

dashboard, and auto- mated alerts ensure accessibility

system’s storage, interactive

and proactive health manage- ment. Future
advancements can focus on Al-driven predictive
health

recommendations and early detection of medical

analytics to provide personalized
conditions. Additionally, integrating the system with
smartwatches and other wearable devices will enhance
usability and real-time tracking, making WellnessPi

more accessible to a broader audience.

The development and deployment of an Equipment
Health Monitoring (EHM) solution have demonstrated
its effective- ness in tracking equipment status across
different operational environments. This portable and
extensible system can be deployed readily and updated
to incorporate additional smart health “indicators,
improving diagnostic accuracy. EHM not only aids in
identifying potential health issues in equipment but also
accelerates recovery following maintenance. Its capa-
bility to fingerprint tool states allows for quicker
transitions back to operational readiness, reducing
downtime and im- proving efficiency. The system has
been validated by industry experts and meets the criteria
for a portable equipment health dashboard, ensuring its
relevance for large-scale industrial use. Predictive
Maintenance (PdM) feasibility analysis has also been
successfully conducted using a structured approach to
identify maintenance needs, optimize downtime
management, and develop predictive models. The
implementation of PdM solutions enhances overall
equipment reliability and minimizes unexpected
failures. The data consolidation, filtering, and modeling

techniques used in both EHM and PdM can be lever-
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aged for various applications  within the

nano-manufacturing industry. Given their proven
effectiveness, the next phase involves wider deployment
and continuous refinement of these technologies. Future
efforts will focus on enhancing PdM capabilities through
additional data sources, such as pump diagnostics, and
integrating smart indicators for improved pre- dictive
accuracy. By expanding the adoption of these solutions,
industries can achieve greater efficiency, reduced costs,

and more reliable equipment operation.
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Fig. 4. Personal Health Dashboard
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V. CONCLUSION

The WellnessPi health monitoring system offers a cost-
effective and efficient approach to real-time personal
health tracking. By combining Internet of Things (IoT)
technology with machine learning, the system empowers
users to monitor their health independently, promoting
preventive healthcare and enabling timely medical
intervention. With the ability to track vital parameters
heart body
temperature, and ECG, WellnessPi allows users to stay

such as rate, blood oxygen levels,
informed about their health status and make better

decisions regarding their well-being.




This system represents a significant advancement in
per- sonal healthcare technology, allowing individuals to
monitor their health continuously, regardless of their
location. As the system evolves, future enhancements
could include integrating artificial intelligence (AI) for
predictive analytics. Al-powered insights would enable
more precise health recommendations based on
individual data patterns, further personalizing the
health monitoring experience. In addition, integrating
Well- nessPi with smartwatches and other wearable
devices would expand its accessibility, enabling users to
conveniently track their health metrics in real-time,

directly from their wrists.

The potential of the WellnessPi system goes beyond
individ- ual health monitoring. It holds promise for
broader healthcare applications, such as remote patient
monitoring, which could assist healthcare providers in
managing patients’ health with- out the need for
frequent in-person visits. This system could contribute to
the reduction of healthcare costs, as it allows for early
detection of health issues, potentially preventing costly

hospitalizations and emergency treatments.

In conclusion, WellnessPi represents a step forward in
the evolution of personal healthcare solutions. Its
integration of IoT, machine learning, and cloud-based
connectivity provides users with continuous, actionable
insights into their health. With future advancements,
such as Al-driven predictive ana- lytics and smartwatch
integration, WellnessPi has the potential to revolutionize
personal healthcare and contribute to the widespread

adoption of smart medical technologies.
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