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ABSTRACT There are vital signs in the human body that indicate important physiological values for the body. In the COVID-19
pandemic, some of the important vital signs that must be monitored are BPM (Beats Per Minute) and SpO2 (oxygen saturation) as
indicators of whether a person is in good health or lacks oxygen to predict the early symptoms of COVID-19. The purpose of this
study is to create a device on the patient's wrist that can monitor BPM and SpO2 in real-time, as well as provide notifications on
smartphones and emails when the patient's condition is abnormal. The contribution of this study is to implement an IoT (Internet of
Things) system using a Wi-Fi connection so that monitoring activities are not separated by distance and time. The MAX86141
sensor is used in the design of this tool to detect the BPM and SpO2 values, after which the data is processed and displayed on the
ESP32 TTGO T-Display. Monitoring results are also sent to the Blynk, and if the patient's condition is abnormal, an email
notification is sent. According to the tool testing results, BPM has the smallest error of 0.94 percent and the largest error of 6.48
percent, whereas SpO2 has the smallest error of 0.20 percent and the largest error of 3.23 percent. The findings of this study can be
used to improve the ease and efficiency of body health monitoring activities. This has the potential to significantly improve public
health service quality, particularly during the COVID-19 pandemic.

INDEX TERMS Blynk, BPM, ESP32 TTGO T-Display, MAX86141, SpO2

I. INTRODUCTION
One of the most important factors that can improve community
life is health. Health equipment is one of the supports for the
advancement of community health services. With the
advancement of technology, many sophisticated medical
devices have been created to diagnose disease, treat disease,
cure disease, and support and maintain the life of patients [1].
Several vital signs in the human body indicate a critical function
for the human body. These vital signs represent the significance
of human physiological functions such as blood pressure, body
temperature, oxygen saturation, pulse rate, and respiratory rate
[2]. These vital signs can indicate whether or not a person is
healthy [3]. Some of the vital signs that must be monitored
during the COVID-19 pandemic are BPM (Beat Per Minute),
which is the number of heartbeats per unit time expressed per
minute or Beat Per Minute (BPM), and oxygen saturation or
SpO2, which is a health benchmark for measuring the amount
of oxygen in the bloodstream. BPM (Beats Per Minute) and
SpO2 (oxygen saturation) to determine if a person is in good
health or lacks oxygen to predict early COVID-19 symptoms
[4]. The World Heart Federation reports that heart disease is the

cause of death for more than 17 million people every year.
Normal heart rate ranges from 60-100 BPM. There are several
abnormal conditions in the heart rate due to a wrong lifestyle
such as a heartbeat that is too fast (tachycardia), too slow
(bradycardia), or irregular (arrhythmia) even when you are not
active. Abnormalities of increased heart rate are associated with
cardiovascular mortality in the general population and patients
with ischemic heart disease. Atrial fibrillation with persistent
rapid ventricular rates is the most common cause. The first
reported case of death was from the study of Framingham, Levy
et al. that transient tachycardia alone or associated with
transient hypertension is a prognostic risk factor in the general
population. The mortality rate in patients with a heart rate above
100 BPM is more than two times greater than in patients with a
heart rate less than 100 BPM. Death due to abnormal heart rate
conditions can be prevented if first aid is given when an
abnormal heart rate condition is detected. The SARS-CoV-2
virus, which causes Coronavirus Disease 2019 (COVID-19),
has been declared a pandemic by the World Health
Organization (WHO) since March 11, 2020, and has infected
more than 54 million people and killed more than 1.3 million
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people as of November 14, 2020. Infection with SARS-CoV-2
causes pneumonia with respiratory failure, which is similar to
Acute Respiratory Distress Syndrome (ARDS) [5][6]. Oxygen
(O2) is a gas that is required for metabolic processes [7]. All
functional body processes rely on oxygen. The absence of
oxygen causes the body's functional decline or even death. As a
result, the most important and critical requirement for the body
is oxygen [8][9]. The percentage level of oxygen-bound
hemoglobin or oxyhemoglobin in the blood is known as oxygen
saturation. Hemoglobin is the component of blood that binds
oxygen and transports it to organs, tissues, and body cells [10].
There are two methods for measuring oxygen saturation in the
blood: Blood Gas Analysis (BGA), which is a blood test taken
through an artery, and pulse oximetry, which estimates the
amount of oxygen in the blood by sending infrared rays to the
blood vessels. The amount of light reflected by capillaries and
the oxygen level in the blood is measured [11]–[13]. A normal
heart rate ranges from 60 to 100 beats per minute. Meanwhile,
normal SpO2 levels range from 95% to 100%. When the SpO2
level falls below 95%, it indicates a hypoxic condition or a lack
of oxygen. Hypoxia can occur without causing any signs or
symptoms in some cases (happy hypoxia) [14][15]. That is a
condition in which the patient's body is suddenly deprived of
oxygen while remaining comfortable and exhibiting no
symptoms. As a result, knowing the COVID-19 patient's heart
rate and oxygen saturation (SpO2) is critical [16]. People
infected with COVID-19 will generally experience hypoxia,
which causes shortness of breath. If treated too late, the patient
will experience respiratory failure, organ failure, and eventually
death [17][18]. Implementation of wearable devices for
continuous monitoring is expected to influence health care in
several ways [19]. Therefore it is necessary to monitor health
conditions, especially monitoring the value of heart rate and
oxygen saturation by utilizing IoT (Internet of Things) [20].
Monitoring symptoms and signs of illness is important for
patients and the paramedics to diagnose the virus disease [21].
This could facilitate patient’s mobility and recovery during
admission [22][23]. Moreover, the devices can result in
improved health outcomes and can be used as a diagnostic tool
in the identification of several diseases or clinical deterioration
during admission [24][25][26]. As a result, it is necessary to
monitor health conditions, particularly the values of heart rate
and oxygen saturation, using IoT (Internet of Things)
[20][27][28]. It is hoped that doctors, nurses, or families can
help monitor the vital signs to take appropriate action [29][30].
In addition to notifications, monitoring that is not separated by
distance is required so that monitoring can be carried out
anywhere and at any time. With remote monitoring, the doctor
or nurse does not have to monitor the patient directly at all times
using only the doctor's or nurse's cellphone to see the BPM and
SpO2 values from the patient [31]. In 2021, Pandu Arsy
Filonanda from the Medical Electrical Engineering Poltekkes
Of The Ministry of Health Surabaya conducted a bpm and
temperature detection research designed to resemble a
Smartband used on the Wrist as well as data sent to Android
The device was in the form of a bracelet with an LCD from the

T-Display TTGO ESP32 that will display the BPM value
obtained from the SEN0203 sensor with data collection on the
wrist and using non-contact infrared temperature MLX90614 so
that the temperature obtained by the temperature sensor is not
affected by the heat around the sensor. However, the tool's size
was still too large due to the use of two sensors, SEN0203 and
MLX90614 [32].

Based on the results of the problem identification above,
the author will create a tool Smartband Monitoring BPM and
SpO2 Based on IoT (Internet of Things) to reduce patients who
are late to be treated due to undetected early symptoms of
COVID-19, minimize infection due to direct contact with
patients, or contact with medical devices that have been used to
treat patients [33]. This tool is a development of a previous tool
that displays BPM and SpO2 values using the MAX86141
sensor with data retrieval on the wrist with a smaller physical
form, The use of tools is not affected by distance, and aims to
help paramedics or families detect early symptoms of COVID-
19, monitor conditions patients continuously, and reduce direct
contact with patients to minimize COVID-19 disease
transmission.

II. MATERIALS AND METHODS
The study is conducted as an experiment. In this study, the

authors proposed an IoT-based Smartband monitoring BPM
and SpO2 to measure BPM and SpO2 parameters which are not
separated by distance from the IoT system. The materials and
method will be explained in the following section.
A. DATA COLLECTION

BPM and SpO2 data were retrieved from 10 adult
respondents, 5 male respondents, and 5 female respondents over
the age of 18, with each respondent taking data 10 times using
comparisons and the data retrieval time interval was every 5
seconds using the metronome application. The MAX86141
sensor is used in this study as a BPM and SpO2 sensor on the
wrist. The voltage source is a 3.7v Lithium Battery [34]. The
ESP32 TTGO T-Display incorporates a microcontroller,
display, and WiFi module. Pulse oximetry is used as a
comparison tool for BPM and SpO2 data. The Smartband
module design can be seen in FIGURE 1.

FIGURE 1. Smartband monitoring BPM and SpO2 based on IoT using the
MAX86141 sensor and ESP32 TTGO T-Display module design
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In this study, after the tool was completed, the module
measurement results were compared to the following steps and
the measurement process is carried out as in FIGURE 2:
1. The respondent activates the tool and secures it to the

respondent's wrist by tightening the strap or rubber band to
fit the size of the wrist.

2. To ensure optimal sensor performance, make sure the
sensor's surface is in contact with the skin.

3. Respondents used pulse oximetry on their fingers as a
comparison tool.

4. Using the metronome application, each respondent will
collect 10 BPM and SpO2 data points at 5-second intervals.

5. After 10 seconds, the module will display the BPM SpO2
reading and compare it to the pulse oximetry reading.

6. Keep a record of each measurement result for data analysis.

FIGURE 2. The process of measuring BPM and SpO2 parameters using
Smartband module design and pulse oximetry (Finger Pulse Oximeter
General Care Model F02T)

The patient will be paired with a bracelet that already has
a MAX86141 sensor that reads BPM and SpO2 data from the
patient's wrist. The data reading from the MAX86141 sensor
will be processed by the ESP32 TTGO T-Display
microcontroller and displayed on the LCD from the ESP32
TTGO T-Display before being sent to the Blynk application on
the smartphone device. If the patient's condition is abnormal,
the Blynk application will send an email notification to the
specified email address immediately. These steps can be viewed
according to FIGURE 3.

MAX86141

Microcontroller
ESP32 TTGO

T-Display

Display
ESP32 TTGO

T-Display

Patient’s
Smartphone

(Blynk)

Paramedic’s
Email

WiFi Module
ESP32 TTGO

T-Display

WiFi Blynk
Server

FIGURE 3. System Diagram Block. When the system starts working,
Smartband detects BPM and SpO2 from the wrist. ESP32 TTGO T-Display will
initialize the program and process the output results and display them on
LCD, and send a notification if the result is abnormal

FIGURE 4 In the flowchart of the microcontroller when
the start button is pressed, an initialization process begins, and
the MAX86141 sensor begins to detect heart rate and oxygen
saturation on the patient's wrist. The reflection method is used
to measure heart rate and oxygen saturation in the wrist blood
vessels, with infrared as a light source paired parallel to a
photodiode as a light sensor. The photodiode's signal or change
is the reflection of infrared light. The amount of light intensity
received by the photodiode is converted into an electric current.
The ESP32 TTGO T-Display, as a microcontroller, will process
the data and calculate the heart rate (BPM) and oxygen
saturation (SpO2) values based on the reflected light from
infrared emitted into the veins on the wrist. After the value of
the two parameters has been determined, it will be displayed as
a number on the ESP32 TTGO T-LCD Display and sent to the
Blynk application installed on the patient's smartphone via a
Wi-Fi connection. When the patient's condition is abnormal or
the oxygen saturation value (SpO2) is less than 95 percent and
BPM is under 60 and more than 100, the Blynk application on
the patient's smartphone will send notifications while sending
monitoring data to the specified email address.

Start

Initialization

Blynk is
connected

Microcontroller processing data

Sending an email to paramedic

Finish

No

Yes

BPM and SpO2
are normal

Notifications on the patient's
smartphone

Detect input signal

Displaying data on the ESP32 TTGO
T-Display screen and Blynk App

No

Yes

Sending data to the Blynk server

FIGURE 4. The flowchart of the system. The system begins by initializing and
connecting to Blynk App. The sensor detects the input signal and the
microcontroller process the data signal. The output sends to the Blynk
server and displayed on ESP32 TTGO T-Display and Blynk. If the BPM and
SpO2 are abnormal, the system will send a notification on the smartphone
and an email.
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B. DATA ANALYSIS
Measurements of each parameter, BPM, and SpO2 all were
repeated 10 times. The average value of the measurement is
obtained by using the mean or average by applying equation (1):̅ = ⋯

(1)

where ̅ indicates the mean (average) value for measurement,1 indicates the first measurement, 2 shows the second
measurement, and indicates the measurement. The
standard deviation is a value that indicates the level (degree) of
variation in a group of data or a standard measure of deviation
from its mean. The standard deviation (SD) formula can be
shown in equation (2): = ∑( ̅)( ) (2)

where indicates the amount of the desired values, ̅ indicates
the average of the measurement results, shows the number of
measurements. SD shows the resulted standard deviation, and
show the amount of measurement. The %error shows the error
of the system. The lower value error is the difference between
the mean of each data. The error can show the deviation
between the standard and the design or model. The error
formula is shown in equation (3).% = ( ) × 100% (3)

where is a value measured from the calibrator. The is the
value measured from the design.

III. RESULT
BPM and SpO2 data are taken from the comparison display,
namely pulse oximetry, and compared with the values listed on
the MAX86141 module's display. Each respondent collected
BPM and SpO2 data with MAX86141 and pulse oximetry 10
times. The average value of BPM and SpO2 is then calculated
and compared to the mean value of MAX86141 and pulse
oximetry in 10 respondents. Data is presented graphically in
TABLE 1, TABLE 2, FIGURE 5, and FIGURE 6.

TABLE 1.
The average BPM for 10 respondents (R) was 10 times data collection with

MAX86141 and pulse oximetry

Subject
Average

MAX86141
(BPM)

Average
Pulse

Oximetry
(BPM)

Standard
Deviation Error (%)

R1 59.9 58.8 3.90 1,836

R2 79.4 84.9 3.92 6,927

R3 85.8 89 7.90 3,730

R4 64.7 65.7 5.98 1,546

R5 84.3 85.1 9.81 0,949

R6 100.9 102.5 7.29 1,586

R7 72.2 74.3 4.92 2,909

R8 86.7 87.7 10.15 1,153

R9 72.1 75.4 2.51 4,577

R10 82.3 84.7 3.86 2,916

FIGURE 5. Graph mean value of BPM between MAX86141 and pulse
oximetry

TABLE 2.
The average SpO2 for 10 respondents was 10 times data collection with

MAX86141 and pulse oximetry

Subject
Average

MAX86141
(%)

Average
Pulse

Oximetry
(%)

Standard
Deviation

Error (%)

R1 98.7 98.1 0.95 0,608

R2 99.1 97.9 0.32 1,211

R3 97.7 96.6 0.48 1,126

R4 98.9 96.4 0.74 2,528

R5 98.9 98.2 0.32 0,708

R6 94.6 96.4 0.52 1,903

R7 98.3 98.1 0.48 0,203

R8 99.1 98.7 0.32 0,404

R9 99.1 97.1 0.32 2,018

R10 95.8 97.5 0.79 1,775

FIGURE 6. Graph mean value of SpO2 between MAX86141 and pulse
oximetry

TABLE 2 and FIGURE 5 The error value and standard
deviation can be calculated using the mean BPM and SpO2
value between MAX86141 and pulse oximetry. The smallest
error value in BPM data is 0.94 percent, and the largest error
value is 6.48 percent and producing an average error value of
2.76 percent. The smallest error value in SpO2 data is 0.20
percent, and the largest error value is 3.23 percent and
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producing an average error value of 1.41 percent. Nonlinearity
in the BPM and SpO2 value in the module can be caused by the
movement of the patient's hand and improper placement of the
module on the patient's wrist

TABLE 3.
Error and standard deviation test of BPM and SpO2

Subject
BPM SpO2

SD Error (%) SD Error (%)

R1 3.90 1.87 0.95 0.61

R2 3.92 6.48 0.32 1.23

R3 7.90 3.60 0.48 1.14

R4 5.98 1.52 0.74 2.59

R5 9.81 0.94 0.32 0.71

R6 7.29 1.56 0.52 1.87

R7 4.92 2.83 0.48 0.20

R8 10.15 1.14 0.32 0.41

R9 2.51 4.38 0.32 2.06

R10 3.86 2.83 0.79 3.23

Average 6.03 2.76 0.53 1.41

FIGURE 7. Graph BPM and SpO2 parameters measurement error between
the design and pulse oximetry. The measurement was conducted 10 times

for each respondent.

IV. DISCUSSION
Data analysis is performed to determine the final result of the
tool as well as the level of accuracy of the sensors used. Data
will be collected from 10 respondents, with each respondent
collecting data 10 times at a 5-second interval using the
metronome application. The MAX86141 sensor's measurement
results on the BPM and SpO2 parameters were compared to
pulse oximetry. The BPM data has the smallest error of 0.94
percent and the largest error of 6.48 percent, while the SpO2
data has the smallest error of 0.20 percent and the largest error
of 3.23 percent. The BPM and SpO2 values in the module are
nonlinear, which can be caused by patient movement,
differences in data collection location, and placement of the
module on the patient's wrist.

In 2022, Muhammad Syaidul Alam from the Department
of Computer Engineering at American International University-
Bangladesh (AIUB) conducted a study titled An IoT Based
Project on Patient Health Monitoring System [35]. The
MAX30100 sensor is used as a BPM SpO2 sensor, the

MLX90614 as a temperature sensor, the ESP8266 as a Wi-Fi
module, a 3.7V lithium battery, and TP4016 charger module, an
OLED display, and a breadboard in this tool. In comparison to
this study, this Smartband device has several advantages,
including the use of the ESP32 TTGO T-Display component,
which can function as a microcontroller, display, and Wi-Fi
module, reducing the use of tools and materials. Because the
ESP32 TTGO T-Display is already connected to the battery,
charging to a 3.7V lithium battery without the use of a charger
module is possible. The MAX86141 sensor measurement
results are directly displayed on the screen of the ESP32 TTGO
T-Display, with no additional OLED. The tool is more portable
and convenient, allowing it to be carried anywhere. The tool has
time and date information without relying on the RTC module,
but rather on a Wi-Fi connection.

After the analysis, this tool still has flaws, such as the
measurement results on the module lacking graphics and the
box size remaining too large, causing the measurement value to
be unstable if the patient's wrist moves.

The results of the study on the above tool, with the design
of a portable tool, the connection during monitoring activities
are not separated by distance, and the results can be monitored
on Blynk and there are abnormal notifications in email, are
expected to have implications in increasing the ease and
efficiency of BPM and SpO2 monitoring activities because this
can certainly improve the quality of public health services,
particularly during the COVID-19 pandemic.

V. CONCLUSION
The purpose of this study is to create a device on the

patient's wrist that can monitor BPM and SpO2 in real-time and
is not affected by distance, as well as provide notifications on
smartphones and emails when the patient's condition is
abnormal. BPM and SpO2 data were retrieved from 10 adult
respondents, 5 male respondents, and 5 female respondents over
the age of 18, with each respondent taking data 10 times using
comparisons and the data retrieval time interval was every 5
seconds using the metronome application. According to the tool
testing results, BPM has the smallest error of 0.94 percent and
the largest error of 6.48 percent, whereas SpO2 has the smallest
error of 0.20 percent and the largest error of 3.23 percent. It is
hoped that this tool will assist medical personnel or families in
monitoring the patient's condition so that they can take
appropriate action and reduce direct contact with patients.
Further research can be done by adding measurement results in
graphic form, reducing the size of the box, making it more
comfortable to use and ensuring that the value is not affected by
the movement of the patient's wrist, and making the
measurement value much more stable.
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APPENDIX

Listing Program: https://docs.google.com/document/d/1Wtz-
SljcAE1yErRhTKaDvmJDttFTsR0u/edit?usp=sharing&ouid=108696
089362741987293&rtpof=true&sd=true
Schematic:
https://docs.google.com/document/d/1mzMdYb6xXxnBQBM0GXOy
m4-
ZtE63ESRE/edit?usp=sharing&ouid=108696089362741987293&rtp
of=true&sd=true


