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Abstract - Wearable healthcare systems based on 

the Internet of Things (IoT) have been developed at 

a rapid pace to meet the increasing need to provide 

ongoing health monitoring, preventative healthcare, 

including smart fitness tracking. Many consumer 

wearable devices give limited health metrics 

without giving dependable health analytics or early 

warning systems, while conventional hospital-

based monitoring equipment might be difficult to 

wear all day due to their size, weight, and high 

price tag. This research introduces a wearable 

Internet of Things (IoT) device that can monitor 

several physiological indicators in real time as well 

as provide intelligent analysis of health condition in 

order to overcome these restrictions. 

 A microcontroller based on the ESP32 architecture 

is the brains of the proposed system, handling all of 

the processing and communication needs. It 

includes a MAX30102 sensor to track heart rate 

and SpO₂ levels in the blood, a temperature sensor 

to measure core body temperature in real-time, and 

supplementary sensing modules for 

electrocardiograms and pulses. The gadget 

constantly records the user's vitals and uses 

threshold-based analytical reasoning to determine 

their health status. A buzzer is used to notify the 

user and the IoT dashboard of any abnormalities 

that the system detects, such as low saturation of 

oxygen, irregular heart rate, abnormalities in the 

electrocardiogram (ECG), or an excessive body 

temperature. A online or handheld surveillance 

interface receives measurements of health data 

remotely, allowing for remote viewing, study of 

historical trends, and caregiver oversight. Constant 

patient surveillance, smart fitness tracking, home-

based healthcare applications, and geriatric care 

may all benefit from the suggested system's 

portability, affordability, and efficiency. 

Keywords— Technologies such as ESP32, medical 

data analysis, clever exercise tracking, a SpO₂ 
surveillance, rhythm tracking, a ECG measurement, 

temperature monitoring, and remote patient 

monitoring are being used in the context of 

wearable healthcare and the Internet of Things. 

I. INTRODUCTION 

Because of developments in embedded sensors, the 

Network of Things (IoT), and wearable electronics, 

healthcare monitoring has changed drastically. 

Dedicated medical instruments under the 

supervision of medical professionals often assess 

vital signs including rhythm of the heart, oxygen 

saturation in the blood, an ecg (ECG), and body 

temperature in traditional patient monitoring 

systems. These systems are typically used in 

hospital or clinical settings. Such devices work well 

for clinical diagnosis, but their high price tag, 

complicated design, and lack of mobility make 

them impractical for constant daily monitoring. 

This has led to an increase in the need for portable, 

wearable, internet-enabled health monitors that can 

keep tabs on vital signs even when patients aren't in 

a hospital setting, therefore bolstering preventative 

medicine. 

Wearable technology for monitoring health and 

everyday activities has also grown in popularity 

due to rising fitness consciousness and digital 

wellness apps. While it's true that many fitness 

trackers and smart bands can measure things like 

heart rate and steps taken, these devices typically 

fall short when it comes to providing 

comprehensive physiological data, as well as 

features like incorporated health analysis, 

specialized medical alert support, and dependable 

remote monitoring for both patients and caregivers. 

A better continuous health surveillance system is 

required for those who need constant monitoring 

due to chronic sickness, age, heart conditions, 

surgery, or athletic endeavors. 

The ability to recognize early indicators of aberrant 

physiological circumstances is where continuous 

health analytics really shine. Symptoms of 

exhaustion, illness, heart problems, respiratory 

problems, or other health issues could be shown by 
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changes in the ECG waveform, rhythm of the heart, 

oxygen saturation, and temperature. Timely action 

may mitigate health hazards if these anomalies are 

detected early. Thanks to the Internet of Things 

(IoT), wearable gadgets may now gather data from 

sensors, analyze it locally, send it to the cloud or 

online platforms, and then instantly notify users or 

caregivers if anything suspicious is detected. 

The fast development of the IoT has greatly altered 

healthcare by allowing linked wearable devices to 

continuously and in real-time monitor 

physiological indicators. Patients' evolving health 

conditions may not be promptly reported by 

traditional healthcare systems that depend on 

infrequent hospital visits and manual monitoring. 

Personal health monitoring systems that are based 

on the internet of things (IoT) enable the 

continuous recording of vital indicators including 

heart rate, physiology, saturation of oxygen, and 

electrocardiogram (ECG) data, which is great for 

early abnormality identification and remote 

healthcare delivery. Consequently, there has been a 

recent uptick in studies examining various wearable 

healthcare platforms with an emphasis on fitness 

tracking, continuous surveillance of patients 

systems, cloud- other cloud-based health 

monitoring frameworks, and sensing devices. 

Designing wearable health monitoring devices 

based on the internet of things (IoT) for ongoing 

vital sign observation has been the subject of a 

large amount of research. An Internet of Things 

(IoT)-based wearing health monitoring system 

called HOT Watch was suggested by Madavarapu 

et al. [1]. Its purpose is to collect and send 

physiological data in order to provide continuous 

health supervision. By presenting a new internet of 

things (IoT) medical tracking system for measuring 

vital signs, Chen and Sheng showed how linked 

sensing may enhance real-time observation of 

health care indicators [2]. Further highlighting the 

significance of devices that are wearable in long-

term physiological surveillance, Kareem et al. [12] 

introduced an Internet of Things (IoT) health 

monitoring system that relies on wearable sensors 

to provide continuous patient observation. Ahmed 

et al. [15] highlighted the increasing importance of 

personal platforms in monitoring medical data and 

personal management of health by discussing 

wearable medicine and continual vital-sign 

surveillance with IoT integration. All things 

considered, these studies show that wearable IoT 

devices are quickly becoming crucial for constant 

healthcare observation, particularly in uses where 

rapid monitoring and early identification of 

abnormalities are essential [1, 2, 12, 15]. 

Another important direction in the literature is the 

development of smart healthcare architectures 

that integrate wearable sensors with cloud, fog, 

or remote monitoring frameworks. Rghioui et al. 

proposed a smart healthcare system based on IoT 

wearable sensors and cloud computing, where 

physiological data from wearable devices are 

transmitted to cloud infrastructure for patient 

monitoring and analysis [3]. Hassan et al. 

introduced a robust health monitoring system using 

wearable sensors together with fog/cloud 

computing, showing that distributed computing 

can reduce latency and improve responsiveness in 

healthcare applications [5]. Similarly, Hassan et al. 

later proposed a cloud-supported smart 

healthcare framework for wearable monitoring 

and data analytics, further emphasizing the 

importance of cloud-assisted processing for large-

scale health data management [11]. Rahman et al. 

also developed an IoT-based smart healthcare 

monitoring system aimed at improving remote 

health observation through connected sensing 

devices and networked communication [6]. These 

works demonstrate that wearable monitoring 

systems are increasingly being designed as part of a 

broader digital healthcare ecosystem in which 

sensing, storage, communication, and analysis are 

tightly integrated [3], [5], [6], [11]. 

Integrating sensors for wearable devices with 

intelligent clouds, fog, other remote monitoring 

frameworks is another significant area in the 

literature about smart healthcare designs. A smart 

medical facility was suggested by Rghioui et al. [3] 

that would use cloud computing and Internet of 

Things (IoT) wearable sensors to monitor and 

analyze patients' physiological data. Distributed 

computing may increase responsiveness and 

decrease latency in healthcare applications, as 

shown by Hassan et al.'s comprehensive health 

monitoring system that uses wearable sensors in 

conjunction with fog/cloud computing [5]. Later 

on, Hassan et al. also highlighted the significance 

of internet-assisted processing for managing 

massive amounts of health data when they 

suggested a smart healthcare architecture that relies 

on the cloud for data analytics and wearable 

monitoring [11]. To further enhance remote health 

observation using linked sensor technology and 

networked communication, Rahman et al. have 

created an Internet of Things (IoT) intelligent 

medical monitoring system [6]. There is a growing 

trend in the design of wearable monitoring systems 

to integrate sensing, memory, communication, and 

analysis into a larger digital healthcare ecosystem, 

as shown in these studies [3, 5, 6, 11]. 

The larger Internet of Things (IoT) and the Internet 

of Things healthcare ecosystem, encompassing 

system designs, applications, and management 

approaches, is the subject of another significant line 

of inquiry. Islam et al. provide an extensive 
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overview of the Internet of Things (IoT) in 

healthcare, including topics such as the 

development of linked medical systems, key use 

cases, and the function of remote health monitoring 

using sensors [10]. Reviewing smart healthcare 

architectures enabled by IoMT, Chhetri et al. [13] 

concentrated on linked applications for health, 

system design, and security problems in medical 

IoT contexts. Also highlighting the potential of IoT 

sensor devices to improve healthcare accessibility, 

patient monitoring, and system efficiency, 

Gopichand et al. [14] investigated their usage in 

efficient healthcare management. Rather than 

standing alone, these studies demonstrate that worn 

monitoring systems for health are an integral aspect 

of the Internet of Things (IoT) healthcare 

architecture, which also incorporates networks of 

communication, services in the cloud, remote 

intelligence, as well as safe information processing 

[10], [13], [14]. 

In addition to the more commonplace use of 

wearable IoT devices for patient monitoring, 

researchers have investigated their potential for 

more niche healthcare and wellness applications. 

Researchers Chinthamu et al. demonstrated that the 

same concepts of wearable sensing employed in 

medical surveillance can also be utilized to monitor 

movement patterns, fitness output, and exercise-

related health markers [4] via their investigation of 

athlete fitness monitoring utilizing wearable IoT 

devices. This broadens the use of wearable systems 

for healthcare beyond clinical monitoring into 

smart wellness and health applications. Continuous 

sensing may help with illness management, 

maintaining a healthy lifestyle, and optimizing 

performance [4]. 

Due to the sensitive nature of the medical data 

produced by wearable devices, issues of security 

and trust continue to be major obstacles in the field 

of wearable healthcare. Highlighting the need of 

privacy, encrypted communication, and trustworthy 

data management in wearable medical applications, 

Gope and Hwang developed BSN-Care, a safe 

healthcare system that relies on the Internet of 

Things (IoT) and a network of body sensors [9]. 

The need for safeguarding privacy, secure data 

transfer, and protected cloud integration has been 

highlighted as crucial for the practical adoption of 

IoMT in healthcare, and this issue is echoed in 

larger assessments of the IoMT [10], [13]. 

Consequently, the safe administration of individual 

medical records is an essential component of any 

state-of-the-art wearable health monitoring device. 

II. PROPOSED MODEL 

A. SYMBOLIC LAYOUT 

The suggested continuous monitoring of health 

system is built as a platform for physiologic 

sensing and analytics that is connected with the 

Internet of Things. The sensor acquisition unit, the 

ESP32 processor and communication unit, the local 

alarm and display unit, and the IoT dashboards 

monitoring unit make up the four main components 

of the block diagram. Collaboratively, these 

systems keep tabs on critical metrics, assess current 

health status, and send out notifications locally and 

remotely. 

A temperature sensor, an electrocardiogram (ECG) 

sensor, a MAX30102 sensor, and an input for 

measuring pulse are all part of the sensor 

acquisition unit. The two most important 

physiological parameters that the MAX30102 

measures are heart rate & saturation of blood 

oxygen (SpO₂). You can tell a lot about your heart 

and lungs from these metrics. The user's core 

temperature may be detected by the temperature 

sensor, which can detect fever, heat stress, or an 

unusual increase in temperature. The 

electrocardiogram (ECG) sensor records the 

electrical activity of the heart, which might reveal 

abnormalities in the waveform or situations causing 

cardiac stress. For the purpose of verifying pulses 

and monitoring cardiac rhythms in real-time, a 

heart rate sensor is sometimes included as an 

additional input in some designs. 

 

Fig. 1. Schematic of smart fitness tracking and 

continuous health analytics 

The ESP32 microcontroller, the brains of the 

operation, receives the collected physiological 

signals and processes them. The ESP32 takes in the 

raw sensor readings, processes them into useful 

health metrics, and then checks them against user-

defined restrictions. For instance, one may compare 

the patient's heart rate to typical resting and 

exercise-related ranges, their SpO₂ to a minimal 

saturation threshold, and their temperature to limits 

for fever or increased body temperature. Basic 

analytical conditions are also used to detect for 

ECG or pulse anomalies. After that, the ESP32 
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checks to see whether the present health status is 

normal or not. 

Along with a buzzer, a nearby alert and display 

device has an LCD screen. Heart rate, blood 

oxygen saturation (SpO₂), temperature, 

electrocardiogram (ECG) level, wireless network 

status, other system messages are some of the real-

time health metrics shown on the LCD. Whenever 

the device detects any abnormal physiological data, 

an audio alert will be sent via the buzzer. For 

example, the user or caregiver may be notified by a 

buzzer if certain vital signs are detected, such as a 

dangerously low or high heart rate, an excessively 

high or low oxygen saturation, or an unsafely high 

or low body temperature. 

The ESP32's Wi-Fi capabilities are used to 

establish the Internet of Things monitoring device. 

Through a web etc mobile dashboard, users, 

physicians, or caregivers may remotely monitor the 

user's physiological state thanks to the controller's 

transmission of the gathered health information and 

alert status. The dashboard may show you data 

right now, alerts when anything is wrong, and 

trends over time so you can see the big picture. 

Smart fitness tracking, remote patient monitoring, 

and preventative health management are all made 

possible by this. 

The following is the basic idea behind how the 

block diagram works. The user's physiological data 

is continually collected by the sensors. The ESP32 

takes in the data from the sensors, analyzes it, and 

then checks the results against predetermined 

limitations. On top of sending data to the IoT 

dashboard, the LCD shows the present health 

metrics. A buzzer is activated and the alert status is 

updated on the online platform whenever any 

health parameter goes beyond or below the preset 

safe range. The suggested concept has a single, 

compact architecture that offers early warning 

assistance, fitness monitoring, and continuous 

wearable health analytics. 

B. FIRST VERSION OF HARDWARE 

An embedded platform based on ESP32, 

accompanied by physiologic sensors, a display 

module, and an Internet of Things communication 

interface, was used to construct the hardware 

prototype of the suggested wearable health 

monitoring system. This prototype proves that it is 

possible to create a small, wearable analytics 

device that can continually measure and send data 

from a variety of health metrics to an online 

dashboard. 

At its heart, the hardware prototype is the ESP32 

microcontroller. It talks to the Internet of Things 

server, updates the LCD screen, controls the 

buzzer, and executes analytical logic. The ESP32's 

built-in Wi-Fi makes it an ideal choice to wearable 

health applications that need real-time access to the 

cloud or dashboards. 

Prototype modules include the MAX30102 sensor. 

By using optical sensing principles, it checks the 

heart rate & blood oxygen saturation (SpO₂). 
Touching the sensor with the user's finger causes it 

to record optical fluctuations associated with the 

pulse, which it then uses to calculate the user's 

pulse rate & oxygen saturation levels. These 

readings are critical for keeping tabs on your heart 

and lungs whether you're at rest, working out, or 

sick. 

The device has a built-in temperature sensor to 

keep track of the user's core temperature in real 

time. Fever, illness, or heat stress may all cause a 

rise in core temperature, and a rapid drop or rise in 

temperature might signal a more serious health 

problem. At regular intervals, the ESP32 reads the 

readings from the sensors and displays them both 

locally and remotely. 

An electrocardiogram (ECG) sensor module, which 

records the heart's electrical activity, is also a part 

of the prototype. Weaknesses in the prototype's 

ability to read ECGs at a clinical level prevent it 

from identifying cardiac stress-inducing 

irregularities or waveform issues. It is also possible 

to validate heart rate behavior and see pulse 

waveforms with the inclusion of a pulse sensor. 

Readouts of current sensor readings and system 

health are shown on the LCD display in real time. 

Normal data shown comprises pulse rate, blood 

oxygen saturation (SpO₂), temperature, 

electrocardiogram (ECG) status, Wi-Fi status, and 

information about the internet connection (IP 

address). When the ESP32 detects any unusual 

health problems, a buzzer is linked to it so that it 

may immediately notify a nearby user. 
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Fig.2. Smart exercise tracking and continuous 

health analytics hardware prototype 

Users in the fitness industry, the elderly, those 

receiving home care, and those in need of long-

term physiological monitoring will find this gear to 

be both practical and comfortable to use. The 

system can be easily upgraded with other sensors 

like accelerometers, respiration monitors, blood 

pressure monitors, or even modules that allow 

GPS/GSM connection for emergency alerts, thanks 

to its modular architecture. Constructing a working 

prototype has shown that the suggested health 

analytics platform is feasible with small, 

inexpensive technology that may be used for 

practical wearable healthcare applications. 

III. DYNAMIC GRAPH 

Following device startup, the suggested wearing 

IoT-based health monitoring system's flowchart 

details the steps used to gather physiological data, 

analyze it, generate an alarm, and send it on to the 

IoT network. Powering on the ESP32-based device 

and initializing all attached modules, including the 

MAX30102 sensitivity sensing device, heat sensor, 

ECG detector, a pulse sensing device, LCD screen, 

a buzzer, and Wi-Fi interface, starts the process. 

Following completion of startup, the ESP32 will 

endeavor to establish a connection to any 

accessible Wi-Fi network. To access the data using 

the web or mobile interface, the user or caregiver 

may see the Internet Protocol or dashboards access 

information shown on the LCD after a successful 

connection. 

Once the network connection is established, the 

ESP32 will begin a continuous surveillance loop. 

Here, the gadget periodically takes readings from 

all of the sensors to see how the user's body is 

doing. In terms of physiological data, the 

MAX30102 reports SpO₂ and heart rate, while the 

thermometer gives core temperature & the pulse 

and ECG sensing modules detail cardiac and pulse 

health. The ESP32 is responsible for processing 

these numbers and showing them on the display 

screen in real time. 

After collecting data from the sensors, the 

controller checks each parameter against a set of 

restrictions. The machine begins by seeing whether 

the user's heart rate is normal. Abnormalities are 

defined as a heart rate that is either higher than the 

upper limit or lower than the lower threshold. The 

device then triggers an alarm if the SpO₂ reading 

drops below a certain threshold, which is the 

minimal safe level for oxygen saturation. A fever 

or unusual increase in temperature may be detected 

by comparing the measured temperature with the 

body's temperature threshold. In addition, the ECG 

status is tracked, and any abnormalities in the 

waveform or indications of faults are handled as 

extra warning events. 

The gadget will keep monitoring, refresh the LCD, 

and upload the new information to the IoT server if 

all parameters stay within the safe range. When the 

ESP32 detects an unusual value for any parameter, 

it will update a notification message of the IoT 

dashboard and sound an audio alarm via the buzzer. 

A prompt response may be effected by the 

dashboard notifying an individual, caregiver, or 

healthcare professional. 
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Fig. 3. Intelligent fitness tracking and continuous 

health analytics flow diagram 

The system is able to generate alerts in real-time 

and provide remote health supervision thanks to 

this flow, which also allows for smart fitness 

monitoring and continuous health analytics. 

IV. INDUSTRY-RANDOM FINDINGS 

Experimental evaluations were conducted under 

various physiological circumstances in order to 

validate the sensing effectiveness, alert creative 

synthesis capability, along with IoT communication 

behavior of the proposed smartwatch IoT-based 

real-time health analytics as well as smart fitness 

monitoring device. The device was implemented as 

a functional hardware prototype. An IoT dashboard 

interface, an LCD display, a buzzer, a body 

temperature sensor, an ECG detecting module, an 

ESP32 controller, and a MAX30102 sensor were 

all part of the experimental setup. The tests aimed 

to show that the gadget could track important 

health metrics in real time, detect anomalies, send 

out warnings both locally and remotely, and 

provide real-time health data for healthcare and 

fitness apps. 

 

Fig.4. Rotate the LCD screen 

Under controlled indoor settings, the gadget was 

evaluated on healthy subjects while they were at 

rest. Both the heart rate and the SpO₂ measurement 

were consistently within the normal range, which 

was 72–86 bpm and 97% to 99%, respectively. The 

patient's temperature stayed within the normal 

range of 36.4 to 36.9 degrees Celsius, and there 

were no abnormalities detected in the 

electrocardiogram or pulse waveform. Fig. 7 shows 

that all metrics were shown on the LCD, the IoT 

dashboard was properly updated, and the buzzer 

was kept in the OFF position under these 

circumstances. Depending on the Wi-Fi response 

time, the online dashboard updated real-time 

statistics typically every 3-5 s, indicating a normal 

condition. They proved that, under normal 

physiological circumstances, the gadget could keep 

tabs on critical metrics all the time without false 

alarms. 
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Fig.5. Status of WiFi connection shown on LCD 

Both resting & post-activity situations were used to 

assess the device's heart-rate monitoring 

capabilities. While at rest, the heart rate stayed at 

75 beats per minute; however, following little 

exercise like walking or stepping, it jumped to 

about 102–118 beats per minute. In order to detect 

aberrant pulse circumstances in the test scenario, 

the prototype employs a 110 bpm upper and 55 

bpm lower threshold. The system alerted the user 

and changed the dashboard status when the 

recorded heart rate exceeded 110 bpm after 

persistent exercise. A buzzer was engaged and the 

situation was designated as a significant pulse-rate 

warning. The system responded within one or two 

seconds after passing the threshold in many testing. 

The system also alerted the user whenever an 

unstable reading or simulated low pulse situation 

was presented, since it was considered an aberrant 

heart-rate occurrence. Based on these findings, it is 

clear that the gadget can track heart rates for fitness 

and health purposes. 

 

Fig.6. Making it easy to see the current state of 

health data from analytics on an LCD 

Experimental validation was also provided for the 

SpO₂ monitoring feature. The MAX30102 sensor 

indicated oxygen saturation levels between 97% 

and 99% during typical testing. A total safe SpO₂ 
level of 94% was programmed within the system 

for the purpose of threshold-based alert testing. If 

the ESP32 detected a lowered reading between 

90% and 93% due to either a simulated lower value 

or incorrect finger positioning, it would interpret 

this as a warning of low oxygen saturation. The IoT 

dashboard went from Normal to Warning, the siren 

went off, and the LCD showed the strange number. 

This finding lends credence to the system's ability 

to monitor respiratory function, evaluate weariness, 

and conduct healthcare observation from the 

comfort of one's own home by detecting drops in 

oxygen saturation and providing early warning 

assistance. 

We checked the temperature monitoring part by 

taking a normal reading and then intentionally 

boosting the sensor's temperature to make it seem 

like a fever. Throughout the course of routine 

monitoring, the measured core temperature stayed 

at around 36.6°C. The temperature was raised to 

about 38.1°C-39.0°C for abnormal testing. The 

prototype's method for detecting high body 

temperature employed a threshold of 37.5°C. A 

fever warning, buzzer activation, and temperature 

alert update on the online dashboard were all 

initiated when the temperature above this level. The 

LCD promptly showed the suspicious temperature 

reading along with the alert. Wearable healthcare 

situations may benefit from the device's ability to 

serve as a basic continuous fever monitoring unit, 

since the reaction latency was almost nonexistent. 

 

Fig.7. Monitoring health analytics data on LCD 

To see whether the gadget could detect unstable 

heart situations or fundamental abnormalities, we 

watched the ECG & pulse sensing behavior. When 

used as intended, the device showed no signs of 

abnormalities and the ECG output & pulse pattern 

were steady. In order to mimic a logic error, the 

controller was instructed to indicate an abnormal 

ECG state after introducing an unstable pulse 

pattern or irregular ECG status under test 

circumstances. Both the alert status and the buzzer 

were shown on the IoT dashboard. While this 

experiment shows that the linked ECG sensing 

stage may add another health signal to the analytics 
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platform, it is not meant to replace a complete 

diagnostic ECG system. 

When several metrics in fig. 8 exceeded their 

thresholds at the same time, an integrated 

evaluation of the device's behavior was carried out 

using an integrated abnormal condition test. In a 

typical experiment, participants' core temperatures 

reached 38.3 degrees Celsius, their heart rates 

reached 114 beats per minute, and their SpO₂ 
values fell to 92%. The ESP32 deemed the 

situation a serious health alert as all three metrics 

exceeded the specified safety limits. A warning 

status was updated on the IoT dashboard, all 

parameters were updated, and the buzzer stayed on. 

The LCD showed the aberrant numbers. This study 

validates the suggested system's ability to identify 

combined physiological risk circumstances early 

and coordinate the handling of multi-parameter 

health abnormalities. 

 

Fig.8. Viewing sensor data and alert status on a 

web dashboard 

The testing process also included checking the 

wearable device's Internet of Things connectivity 

capability. No physiological values were lost in the 

transmission from the sensors to the online/mobile 

monitoring platform. With reliable Wi-Fi, the 

dashboard updates every three to five seconds on 

average, and warning conditions showed up 

remotely quite quickly after being detected locally. 

Nearly instantaneously upon buzzer activation, the 

alarm was shown on the remote dashboard in the 

event of an irregular pulse, a low SpO₂, or elevated 

temperature. This proves, as shown in fig. 10, that 

the device may provide continuous wellness 

analytics and real-time remote health monitoring 

via IoT connection. 

 

Fig.9. Online dashboard for tracking patient status 

We ran the experiments again under different 

conditions to get a better feel for how the 

embedded devices behaved. While the system was 

operating normally, it recorded the following 

parameters: heart rate about 78 beats per minute, 

blood oxygen saturation approximately 98%, 

temperature approximately 36.7 degrees Celsius, 

and no ECG fault. Additionally, the buzzer was 

turned off. An alarm was activated when the heart 

rate rose beyond 110 beats per minute (bpm), a 

phenomenon known as exercise-induced high 

pulse. A warning was sent when the SpO₂ 
measurement was less than 94% in the context of 

simulated low oxygen circumstances. Warnings 

about fever were activated when the temperature 

rose over 37.5°C. When numerous abnormalities 

were identified at once, the device remained in alert 

state until the numbers were within the safe range. 

The feasibility of the suggested architecture for 

smart fitness analytics and wearable health 

monitoring is supported by these findings. 
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Fig.10. Web dashboard graphical representation of 

patient health level analytics 

All things considered, the experimental findings 

prove that the suggested smart health analytics 

system based on ESP32 is really feasible. The heart 

rate monitor, blood oxygen saturation (SpO₂), 
temperature, and electrocardiogram (ECG)/pulse 

status were all accurately monitored by the gadget. 

It also sent health data to an internet of things 

dashboard for remote monitoring, showed values in 

real-time on an LCD, and alerted users via a local 

buzzer in the event of abnormalities. Hospital 

monitoring, smart fitness tracking, home 

healthcare, the elderly, and preventative digital 

health are all areas that might benefit from the 

system's combination of peripheral detection, 

threshold-based health analytics, alarm generating, 

and cloud-connected supervision. 

V. FINAL THOUGHTS AND PROSPECTS 

For the purpose of real-time physical sensing, 

healthcare analytics, & remote healthcare 

supervision, this study introduced a device that can 

Internet of Things continous analytics for health & 

smart fitness monitoring device. A single wearing 

embedded system based on the ESP32 controller is 

suggested to incorporate heart-rate tracking, a heart 

rate detection, temperature of body sensing, 

ECG/pulse observation, a LCD-driven local 

monitor, a buzzer notification, and IoT dashboard 

connection. The technology is able to detect 

abnormal health situations and provide remote and 

local alerts by continually monitoring various 

critical data and compare them with specified 

criteria. 

Based on the results of the developed prototype, the 

recommended wearable device can accurately 

measure vital signs, send the latest health values to 

a web or mobile dashboard, and notify the user of 

any unusual conditions, such as a high temperature, 

low SpO₂, unusual ECG indication, or elevated 

heart rate. This system is ideal for smart fitness 

apps, monitoring the elderly, chronic patient 

surveillance, home healthcare, and preventative 

health analytics because to its mobility, cheap cost, 

and Internet of Things connection. The findings of 

the experiment show that it is possible to use a 

combination of wearable sensors and Internet of 

Things connectivity to provide continuous health 

surveillance in regular settings. 

There are a number of ways in which this work's 

future scope might be expanded. For more all-

encompassing health statistics, you may add 

sensors like accelerometers, respiration monitors, 

blood pressure, sleep tracking modules, or stress 

detectors. Health pattern classification, trend 

detection in arrhythmia, and abnormal event 

prediction from historical data may all be enhanced 

with the use of machine learning models. To make 

it even better for long-term use in healthcare digital 

ecosystems and next-gen personalised health 

monitoring systems, it could integrate with medical 

records in the cloud, work with mobile apps, send 

emergency SMS/GPS warnings, and manage its 

battery consumption efficiently. 
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