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Resumen

En los ultimos afios, han surgido nuevas enfermedades con una alta tasa de contagio y riesgos para la
salud. Existe una necesidad imperante de desarrollar més aplicaciones para la atencidn sanitaria tanto
local como remota. Este trabajo presenta una aplicacion para el monitoreo de signos vitales utilizando
tecnologia [oT (Internet de las Cosas). El prototipo es capaz de medir la temperatura corporal, la presion

arterial, el porcentaje de oxigeno y la frecuencia cardiaca, tanto de manera local como remota.

En primer lugar, las mediciones se realizan localmente utilizando los sensores correspondientes a
cada una de las variables. Posteriormente, las variables son enviadas al dispositivo Particle Photon. Los

datos son procesados y convertidos en los valores correspondientes a las mediciones. Estos valores de
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las variables se envian a la nube, lo que permite que las lecturas estén disponibles en la interfaz tanto
de manera local como remota. Se utilizdé un algoritmo para calcular la presion arterial a partir de la

informacion proporcionada por el sensor de frecuencia cardiaca.

Finalmente, los datos obtenidos fueron comparados con los de medidores comerciales. Ademas, una
de las ventajas de este dispositivo es que puede continuar funcionando de manera local en caso de una
posible falla de la red Wi-Fi.
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Abstract

New diseases have surfaced recently, characterized by high contagion rates and significant health
risks. Consequently, there is an increasing demand for the development of applications catering to both
local and remote healthcare needs. This study introduces an [oT (Internet of Things) technology-based
application for monitoring vital health parameters. The prototype can measure body temperature, blood
pressure, oxygen percentage, and heart rate locally and remotely. The initial step involves conducting
measurements locally using dedicated sensors for each variable. Subsequently, the collected data from
these variables are transmitted to the Particle Photon, where they undergo processing and conversion
into corresponding measurement values. These values are then transmitted to the cloud, making the
readings accessible through the interface, both locally and remotely. An algorithm utilizing heart rate
sensor information is employed to enhance accuracy for calculating blood pressure. The obtained data are
meticulously compared against readings from commercial meters to validate the application's reliability.
Notably, a vital advantage of this device is its ability to seamlessly continue functioning locally in the
event of a potential Wi-Fi network failure.

Keywords: Health, Vital Parameters, Internet of Things, Particle Photon.
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Introduction

The development of wireless technology has increased rapidly due to its convenience and cost-effec-
tiveness compared to wired applications, especially considering the advantages of network-based ap-
plications. This technology is used for the medical care of people and monitoring health variables from
homes (Dey, Ashour, Shi, Fong, & Sherratt, 2017). Worldwide, life expectancy has increased thanks to
advances in medicine; additionally, the birth rate has declined, resulting in an aging population that can
burden countries economically. Therefore, developing cost-effective and easy-to-use systems to care for
people’s health and well-being is essential (Talal, et al., 2019); these systems can contribute to improving
care in health systems.

Mainly in Mexico and the United States, there are many people with obesity, affecting 39.8%
of adults, contributing to numerous health problems, mainly generating cardiovascular diseases,
hypertension, and type II diabetes, among others (Lum, et al., 2019). Moreover, in the last two de-
cades, some diseases have wreaked havoc on the population in different countries, such as influ-
enza and COVID-19. These diseases share common etiologies and occur in the same season; the
latter semi-paralyzed the world for more than a year (Tang, et al., 2020). The most critical variables
in these diseases to determine the health status of patients are temperature, percentage of oxygen,
heart rate, and blood pressure. For these reasons, there is ample opportunity to develop instru-
ments for measuring medical parameters at low cost and that integrate the necessary variables to
determine the health status of people.

The control of healthy variables is vital to keep people salutary such as heart rate, body temperature,
respiratory rate, blood oxygen saturation, heart rate variability, and blood pressure (Cheng, Wong, Chin,
Chan, & So, 2018). The work proposed in (Perry, Sheehan, Thilaganathan, & Khalil, 2018) to measure
Blood Pressure (BP) at home in pregnant women in which patients record their blood pressure using
their smartphone notes. Meng and Chen created a BP sensor built with a self-propelled fabric to diagnose
cardiovascular diseases using Bluetooth® technology (Meng, et al., 2018). Like Puput and Akio but with
a program in Raspberry Pi Model 3, the sensor used was an MPS20N0040D-S Microelectromechanical
Systems (MEMS) sensor (Prasetyo & Kitagawa, 2019).

There are commercial instruments on the web, such as the Samsung BioActive, a smartwatch that
collects vital signs; its estimated market price is approximately 382 USD (Galaxy Watch4 Classic 42 mm
Negro, 2022).

With the price of these auxiliary commercial instruments in treating or preventing some diseases,
they are only available to a few. On the other hand, the proposed instrument in this paper measures more
variables than all the previous ones. The instrument sends the variables to the cloud to be viewed from
anywhere in the world with internet access. This meter is a great help to medical staff dealing with highly
contagious and high-risk diseases.

The swift evolution of wireless technology, driven by its convenience and cost-effectiveness relative to
wired applications, has significantly reshaped network-based applications, particularly in healthcare. This
progress enables the remote monitoring of health variables from individuals’ homes (Dey, Ashour, Shi,
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Fong, & Sherratt, 2017). Globally, advancements in medicine have increased life expectancy while birth
rates decline, contributing to an aging population that poses economic challenges for countries. Conse-
quently, the imperative to develop cost-effective and user-friendly systems for maintaining people’s health
and well-being has become paramount, enhancing overall healthcare systems (Talal, et al., 2019).

In both Mexico and the United States, a significant percentage of adults, approximately 39.8%, con-
tend with obesity, contributing to various health issues, including cardiovascular diseases, hypertension,
and type II diabetes (Lum, et al., 2019). Furthermore, the past two decades have witnessed the emer-
gence of devastating diseases like influenza and COVID-19, sharing common etiologies and seasonal
occurrences, with the latter significantly impacting global functioning for over a year (Tang, et al., 2020).
Critical variables in assessing the health status of patients affected by these diseases include temperature,
oxygen saturation, heart rate, and blood pressure. This provides ample opportunity to develop cost-effec-
tive instruments to measure these medical parameters and integrate essential variables for a comprehen-
sive health assessment.

Monitoring key health variables, such as heart rate, body temperature, respiratory rate, blood ox-
ygen saturation, heart rate variability, and blood pressure, is indispensable for maintaining individuals’
well-being (Cheng, Wong, Chin, Chan, & So, 2018). Previous work (Perry, Sheehan, Thilaganathan, &
Khalil, 2018) proposed a method for measuring Blood Pressure (BP) at home, where pregnant women
recorded their blood pressure using smartphone notes. Meng and Chen introduced a BP sensor em-
ploying self-propelled fabric and Bluetooth® technology for diagnosing cardiovascular diseases (Meng,
et al., 2018). Similarly, Puput and Akio, utilizing a program in Raspberry Pi Model 3, employed an
MPS20N0040D-S Microelectromechanical Systems (MEMS) sensor for the same purpose (Prasetyo &
Kitagawa, 2019).

While commercial instruments, such as the Samsung BioActive smartwatch, priced at approximate-
ly 382 USD, are available online and collect vital signs (Galaxy Watch4 Classic 42 mm Negro, 2022),
their accessibility is limited due to their cost. In contrast, the proposed instrument in this paper surpasses
its counterparts by measuring a more comprehensive set of variables. Additionally, it transmits these
variables to the cloud for remote accessibility worldwide, proving invaluable for medical personnel deal-
ing with highly contagious and high-risk diseases.

1. Related Work

Although several papers are related to remote health, most only measure two variables. Researchers in
(Al khafajiy, et al., 2019) developed a prototype using the data sent to the cloud to detect any disorders
in the patient and inform the doctors about any abnormalities remotely in real-time. The measurement of
the signs of respiration and heart rate through radar was conducted in a non-invasive way considering the
variables of respiration and heart rate (Khan & Cho, 2017; Wu, Wu, & Yuce, 2018).

Shahidul proposed an Arduino-based four-variable (Body temperature, pulse rate, Oxygen satura-
tion, and heart pressure) prototype (Islam, et al., 2019); it was made with an loT-Particle Photon board,
and its platform for data monitoring and user interface, similar to the one presented in (Jamil, Ahmad,
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Igbal, & *, 2020). However, our approach with Particle Photon uses existing sensors to make the mea-
surements and calculates blood pressure using an algorithm.

An intelligent meter was developed with Bluetooth Low Energy (BLE) sensors in the literature
(Alfian, et al., 2018) A paper presented the development of Smart Wearable Sensors (SWS) for re-
al-time health monitoring via Bluetooth. This sensor is specifically designed to monitor sleep status, al-
though sleep status can alter several health variables, it does not consider measuring any other variables.
(Ruonan, et al., 2021).

Alizadeh, and Shaker used a Frequency-Modulated Continuous Wave (FMCW) radar operating at
77 GHz in a bedroom setting to extract respiration and heart rate from a patient confined to bed (Aliza-
deh, Shaker, Martins de Almeida, Morita, & Safavi-Naeini, 2019). This work measures only two vital
parameters and does not present remote communication to view the variables.

With the beginning of the COVID-19 pandemic, social distancing was commonplace. [oT health
monitoring systems reduced frequent visits between patients and doctors. For these reasons, a paper was
presented to control a person’s blood pressure, heart rate, oxygen level, and temperature through IoT and
a Raspberry (Bhardwaj, Joshi, & Gaur, 2022); it uses a Raspberry PI, which needs to have a local server
installed for cloud connection. With a Particle Photon, this setup is not required because it has a cloud
platform, which allows it to always be connected. A device designed to monitor multiple vital parame-
ters is presented in (Randazzo, Ferretti, & Pasero, 2020) with a mobile application to track the patient’s
electrocardiogram, SpO2, temperature, and physical activity integrating communication by Bluetooth.
Considering Bluetooth’s short range compared to Wi-Fi, it already has a significant disadvantage when
the least possible contact between medical personnel and the patient is required in the face of a highly
contagious and high-risk disease. The design of a real-time health monitoring system to measure pressure
and heart rate with data storage capability, health personnel can access the data via GSM (Global System
for Mobile communication) over the web (Swaroop, Chandu, Gorrepotu, & Deb, 2019). In Haghi (2020)
the authors developed a bracelet to measure environmental parameters and vital signs with IoT technol-
ogy; the prototype includes real-time communication between users and a doctor, measuring respiratory
rate, heart rate, temperature, and environmental parameters.

A prototype designed in Misbahuddin, Zubairi, Alahdal, & Malik (2018) monitors patients in ambu-
lances when transferred to the hospital, measuring heart rate, blood oxygen, airflow, body temperature,
ECG, glucometer, blood pressure, and patient position. To achieve the monitoring, the Arduino UNO was
used, and the ESP8286 was added for Wi-Fi connectivity to send the data to the hospital server.

The proposed a single input, single output (SISO) frequency-modulated continuous wave (FMCW)
radar architecture was presented in Mercuri, et al. (2021). The radar sensor integrates two scanning an-
tennas to distinguish people from objects to retrieve their respiratory and heart rate information. Howev-
er, the proposed device in this paper contemplates more parameters and the option of obtaining the value
of vital signs through the Internet, allowing medical personnel to spend most of the time without contact
with the patient. A patient-centric approach is essential, and the IoT paradigm will continue to generate
increasingly efficient solutions for patient management in hospitals and home care.

- ISSN 2992-6823




An IoT health-care monitoring system design to measure vital parameters through
non-invasive sensors

For a better understanding of the comparison of the devices, Table 1 summarizes the vital parameters
that each of them measures and the technology for its operation.

Table 1

Comparison of vital parameters and the technology.

Dia-
Blood stolic
Breath- oxy- Body Ardu- Rasp-
ing freq. gen- temp. blood ino berry
ation pres-
sure

Ref. Heart Mc Mp

(Khan & Cho, Ra-
2017)

(Wu, Wu, &
Yuce, 2018)
(Islam, et al.,
2019)
(Jamil, Ah-
mad, Igbal, & X X X Wi-Fi
*,2020)
(Alfian, et al.,
2018)

(Alizadeh,
Shaker, Mar-
tins de Almei-
da, Morita, &
Safavi-Naeini,
2019)

(Bhardwaj,
Joshi, & Gaur, X X X X Wi-Fi
2022)

(Randazzo,
Ferretti, & Pa- X X BT
sero, 2020)
(Swaroop,
Chandu, Gor-

repotu, & Deb,
2019)

freq.

X X Wi-Fi

Ra-

freq.

X X Wi-Fi
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(Haghi, 2020) X X X Wi-Fi
(Misbahuddin,
Zubairi, Alah-
dal, & Malik,
2018)

X X X BT Wi-Fi

Ra-
X X dio
freq

(Mercuri, et
al., 2021)

P_roposed de- X X X X Wl-
vice Fi

Table 1 presents an overview of various technologies employed for connectivity, the devices utilized in
the development process, and the variables taken into account by each study for health monitoring and
measurement. Among the reviewed approaches, Wi-Fi-based solutions demonstrate superior reach and
prove more advantageous for remote health monitoring. Additionally, devices featuring a server within
their platform exhibit a notable advantage by reducing dependency on local servers. Lastly, the capability
to measure a comprehensive array of vital signs further underscores the efficacy of these technologies.

Due to the above analysis, the need to make a low-cost device with several variables that would
allow the integration of new medical parameters was visualized; in addition, considering that the world
was in the final stage of a pandemic with a large number of deaths of civilians and medical personnel,
which led to the development of a vital signs meter with Wi-Fi connection, which would reduce the risk
to health personnel. On the other hand, seeing the saturation of hospitals in our environment, it was nec-
essary to make a device that would help monitor vital signs by doctors at home.

Something essential was to design and build a device with commercial electronic devices available
in the market and of easy acquisition; that would allow integration variables easily without representing
very high costs.

Our proposal is a device that performs vital signs monitoring through non-invasive sensors using the
Internet of Things, which allows the medical or nursing staff to have a simplified view of the patient’s
condition, with constant monitoring of the person, obtaining vital data at any time of the day and from
any place with Internet access, the instrument can also help medical staff outside the hospital monitor
treatments at home after patients leave the hospital.

The device is free software; therefore, it can easily integrate more variables; the application is for
local and remote monitoring in real time; it is built with commercial electronic devices; in addition, so it
is easy to reproduce and essential for several highly infectious and life-threatening diseases in humans.

The proposed device is distinguished by its accessibility, versatility, and potential usefulness in
highly infectious and life-threatening diseases. In addition, there is the possibility of decreasing hospital
patient costs due to reduced time or hospital stays.
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2. Materials and Methods

2.1. Prototype Development

The methodology in the design of the system is to divide the work of the sensors and connect them to the
system’s prototype.

The Particle’s Photon card provides the wireless communication system, and the board uses a
Broadcom Wi-Fi BCM43362 chip and data transformation by STM32 ARM Cortex M3 microcontroller.
Another hardware resource is 128kB of RAM.

The creation of the device was carried out so that the variables of body temperature, heart rate, and
oxygenation in the blood can be observed on a computer and an intelligent cell phone.

The system comprises two analog/digital sensors integrated into the Wi-Fi module for this prototype.
The first is the MAX30100 pulse oximetry sensor, which works as a method of detecting heart rate and
blood oxygenation (SpO_2) by emitting two types of light, red and infrared, as well as the MLX90614
module, which is a temperature sensor. The sensor becomes sensitive to infrared light radiation emitted
by a body at a distance.

These sensors were selected because they are non-invasive, so no incisive or surgical method is re-
quired for them to be used. The communication that both sensors share is through the 12C serial protocol.
They are also low cost and can be easily found in the market. In addition, they are also compatible with
Particle Photon.

Therefore, as mentioned above, the sensor reading is given through the STM32F205RGY6
microcontroller and [2C communication lines.

The MAX30100 module integrates the actions of a pulse oximeter and a heart rate monitor.
This optical sensor obtains readings using two LED wavelengths, one red and the other infrared,
to measure the absorbance of the blood pulse through a photodetector. Usually, the LED color
scheme is optimized for reading data taken by the index finger.

This sensor consists of an ambient light cancellation method, a 16-bit sigma/delta ADC, and
a discrete time filter. Its operating range is from 1.1 to 3.3 V. It maintains an [12C interface plus an
INT pin. A high signal-to-noise ratio (HSNR) provides strong resistance to motion artifacts while
maintaining fast data throughput.

The communication protocol for the Particle Photon card and the analog sensors is through
[Pv4, which uses 32-bit addresses. It is compatible with the Wi-Fi standard B, G, and N working
at a frequency of 120 Mhz. Figure 1 shows the communication diagram between the sensors, the
internet, and the communication card.
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Figure 1

General diagram of the communication system.

Note. Own elaboration.

Figure 2 shows a Diagram for heart rate measurement. In this process, [oT transmits informa-
tion through an internet network. Once the sensor readings are given, data is processed and sent
through a wireless access point within the server for later said information to be translated and
displayed in real-time to the cloud server.

Figure 2

Diagram for heart rate measurement.

Note. Own elaboration.
2.2. Process of obtaining data provided by the sensor.

In research, it is defined as the maximum heart rate value that can be achieved and can be deter-
mined by a maximum effort test in the laboratory or by theoretical references based on the con-
stant of 220 BPM (beats per minute) and age; or also with 208 - 0.7 x age (Sarzynski, et al., 2013):
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maximum heart rate = 220 - user age (1)

maximum heart rate = 208 -0.7 x user age (2)

The way to get information from the sensor is to adjust it to the point where the heart rate is taken without
causing discomfort to the patient.

Data collection occurs through a wireless connection. Table 2 shows the Particle Photon virtual
console, which shows the heart rate and blood oxygenation (SpO2) data and the sensor’s validation com-
pared with a SmartWatch that is available on the market.

Table 2
Validation of data provided by the sensor.

Blood oxygenation

Data source Heart Rate (BPM) SpO2 (%)
o

Data delivered by Parti-

cle Console BPM 63.8 Spo2 98.4

Validation using a Smart-
Watch

The sensor can support two sequential processing communication channels (red and infrared); applying
the Beer-Ambert Law, it is possible to define the intensity of light, which manages to decrease
with the length of the trajectory starting from the point of light emitted through the finger. We
have that there is a current component direct and an alternating current component, so the percent-
age of oxygenation in the blood (SpO2) is given by the expression of equation 3.

. log,, (Iac )(/11)

R' =
log,, (Iac )(’12)

3)

Where I is defined as the intensity of light used in the wavelengths. A and A, are the wavelengths.
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2.3. MLX90614 infrared body temperature sensor

The MLX90614 Infrared Temperature Sensor is a non-contact temperature sensor. It is used to measure
a patient’s temperature and does not require direct contact. One only must point the sensor toward the
object to measure the temperature (Subandi, Budi Nugroho, Nurkamilia, & Akhrian, 2021).

The value registered by the sensor corresponds to the patient’s average temperature within the sen-
sor’s measurement field. This sensor offers an accuracy of 0.5 °C.

Its operating principle is based on the Stefan-Boltzmann principle, which determines that any object
or body above absolute zero (0 °C) emits infrared radiation (Reggiani & Alfinito, 2021). The radiation
emitted is proportional to the patient’s temperature; this way, the net radiation emitted can be known from
the sensor generated voltage.

The calibrated emission factor is determined in equation 4:

q=&*a *T'*c* A*F, , —&,*T' *o* 4, (4)
Where each of the literals is defined as:

g, and ¢, correspond to the emissivity of the patient and the environment.

a, 1s the absorbance of the sensor.

o corresponds to the Stefan-Boltzmann constant.

F,_, is the shading factor.

T} and T, are the known temperatures of the sensor and the required temperature, respectively.

This sensor can detect radiation and convert it into a temperature. So, the infrared thermometer calculates
the difference between the IR radiation emitted by the patient and the environment.

3. Experimental Results and Discussion

The temperature should be taken at approximately 4-10 cm. The measurement must be made with the
sensor positioned towards the palmar muscle of the arm or the patient’s forehead and parallel to surfaces
to obtain a more accurate incident radiation reading.

Figure 3 shows the results obtained in measuring body temperature, taking 15 samples from a single
patient in a room at room temperature. Samples were taken from the patient’s forehead.
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Figure 3
Taking body temperature with the BIG HEALTHY thermometer and the proposed device.

Note. Own elaboration.

The graph in figure 3 compares the vital sign taking between the MLX90614 temperature sensor
and a digital infrared thermometer of the BIG HEALTHY® brand. The temperature ranges remain
within the characteristics of the sensor.

3.1. Diastolic blood pressure approximation

In diastolic blood pressure checking, there is a related method by multiple devices that determine the
blood pressure index of any patient. Said method maintains the census of the emission of electrocardio-
graphic R waves, which detects the pulse of the blood consequent to a blood vessel and determines the
time lapses TT between the emission of each R wave.

Figure 6 shows the graph determining the linear variations of the Diastolic Arterial Pressure (DAP).

Measuring diastolic blood pressure can help prevent adverse cardiovascular events (such as the
J-curve phenomenon) (Li, et al., 2021).

The method of approximation in the blood pressure index determines diastolic blood pressure con-
trol; this does not remain unchanged, even if the patient is exercising or un-der stress, which makes it
more feasible to obtain an approximation based on equation 5.

DBP =m*TT*(HR/HR_)+1 )

» DBP is diastolic blood pressure.

* m corresponds to the adjustment factor in the gradient of figure 6 for the adjustment of the graph
in a straight line in the variation of absolute diastolic arterial pressure that corresponds to the
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ordinate concerning the relation (HR / HRC) that corresponds to the abscissa which maintains
a value of -0.06 (HR/HR,).

* TT corresponds to the time from when the heartbeat begins until said activity ends to give way
to the time of the next heartbeat.

» I is the intersection shown in Figure 4. It is the slope m of the line with said ordinate.

* HRc corresponds to a constant equivalent to a resting heart rate value.

Figure 4
Linear variations of DBP under the equation (HR.TT)/HR

Note. Own elaboration.
3.2. Blood pressure measurement

A heart rate detection algorithm can determine diastolic blood pressure. Figure 5 shows how diastolic
blood pressure can be measured.

Figure 5

Process of measurement Diastolic Blood Pressure.

Note. Own elaboration.
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Figure 6 compares commercial medical instruments against the proposed device in the variables
of oxygen percentage, diastolic pressure, and beats per minute.

Figure 6

Proposed instrument vs. commercials.

3.3. Obtaining vital signs data.

The noteworthy aspects of the utilization of the noninvasive monitoring system for acquiring vital signs
encompass the following:

1. Implementation of I2C Communication Sensors: A pivotal element is the incorporation of
[2C communication sensors into the monitoring system. This strategic choice facilitates
seamless sensor data exchange, ensuring precise and efficient monitoring of vital signs.

2. Communication Methodology Design: The design of the communication methodology
between the vital sign sensors and the Photon card stands out. It involves the integration
of computer additives, leveraging the Particle IDE programming platform. This robust
framework enhances the interoperability and functionality of the monitoring system.

3. Interactive Web Interface Design: A significant contribution lies in creating an interac-
tive web interface that vividly displays vital signs in real time. This interface, crafted
using HTML, CSS, and JS programming languages, provides a user-friendly platform
for monitoring comprehensive and dynamic vital signs.

4. Validation Against Market-available Equipment: The validation process is crucial, en-
suring the reliability and accuracy of vital signs obtained by the prototype. Comparative
assessments against commercially available vital signs monitoring equipment contribute
to the credibility of the noninvasive monitoring system.
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In summary, the integration of I2C communication sensors, the meticulous design of communication
methodologies, the creation of an interactive web interface, and the thorough validation process collec-
tively underscore the efficacy and innovation of the noninvasive monitoring system for acquiring vital
signs. It is essential to emphasize the need for the patient to rest when measuring all vital signs.

Figure 7 shows the vital signs parameters according to the NOM-035-SSA3-2012 standard.

Figure 7
Vital signs parameters according to the NOM-035-SSA3-2012 standard.

Note. Own elaboration.

Table 4 shows an evaluation of nine patients taking their vital signs and comparing the results delivered
on the web interface with the devices available on the market.

The sample was taken from nine people aged between 22 and 42. Considering two of the following criteria:

1. The patient shows no history of cardiovascular problems.

2. Patients with cardiovascular problems or a history of these.

It is essential to define the parameters in which the patients are. Measurements should be taken while at
rest, as these reflect health status without any other effects.

The maximum relative errors were 1.02 in oxygen percentage, 5 in heart rate, 1.9 in temperature, and
10.81 in blood pressure. Although compared to commercial instruments, they were only factory certified.

The values of the commercial instruments are those in bold type.
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Table 4

Evaluation of nine patients taking their vital signs.

PATIENT AGE OXYGENATION HEART TEMPERATURE PRESSURE

(%) PULSE °0) (mmHg)
1 22 99 98 85 86 36.8 36.4 82 87
2 28 99 99 75 73 37.3 37.8 79 75
3 30 98 99 80 84 37.5 36.8 76 68
4 22 99 929 67 67 37.1 37.6 84 83
5 31 97 98 62 68 37.7 36.4 81 74
6 27 98 99 58 60 36.8 37.5 86 80
7 28 99 99 84 84 37.7 37.7 85 76
8 36 99 99 78 75 36.5 36.5 74 83
9 42 99 929 65 64 36.4 36.8 75 73

Figure 8 shows the image of the user’s web interface, which can be accessed through the following ad-
dress: https://sites.google.com/view/healthfrome/p%C3%A 1 gina-principal?authuser=1.

Figure 8

Web user interface.

Note. Own elaboration.

Figure 9 shows images of the use of the prototype for measuring the medical variables of oxygen per-
centage, pressure, heart rate, and temperature. For each variable, the measurement in a person and the
corresponding visualization in the web user interface is shown. The photograph is shown in the same
physical place; however, it can be seen anywhere in the world with the website address.
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Figure 9
The use of the prototype.

Note. Own elaboration.
4. Conclusions

This study introduces an Internet of Things (IoT) application designed for real-time local and remote
monitoring of vital signs crucial for maintaining optimal health. Comparative analysis with commercial-
ly available meters yielded results demonstrating comparable and acceptable measurements. A notable
feature of this vital signs monitor is its construction using readily available commercial electronic devic-
es, enhancing accessibility. Furthermore, its reproducibility is simplified and designed with elements tai-
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lored for seamless integration into the [oT landscape. The primary objective of this monitor is to facilitate
remote medical monitoring of vital signs, particularly vital in the context of various highly infectious and
life-threatening human diseases. While the design is straightforward, it effectively fulfills its intended
purpose.

Diverging from most smartwatches that connect to mobile applications, this prototype offers a unique
advantage. It measures a broader range of variables, including blood pressure, heart rate, temperature,
and oxygen percentage, and it also allows multiple individuals to access data from any part of the world
through a simple connection link. An essential contribution of this device lies in its ability to measure a
comprehensive set of variables, addressing a gap in conventional medical instruments that often measure
fewer variables and are confined to local use.

Moreover, the device could aid medical professionals in detecting diseases such as COVID-19,
influenza, and cardiovascular and pulmonary conditions, leveraging the variables measured by the pro-
posed instrument. This capability significantly reduces the need to expose healthcare workers to potential
risks in hospital settings frequently.

Finally, shortly, the work will be extended to incorporate more variables.
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