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Abstract

Patients diagnosed with Covid-19 often exhibit a range of symptoms including but not limited to dyspnea, irregular
cardiac rhythm, and pulmonary dysfunction, which bear resemblance to the clinical manifestations seen in cases of
pneumonia. These symptoms indicate abnormal blood oxygen saturation. The Pulse Oximeter is one of several
medical devices that measure blood oxygen levels. According to news reports, mass media, and surveys at health
facilities (Faskes) in Banyuwangi, many hospitals that treat Covid-19 patients are now unable to independently
provide sufficient quick test equipment for early diagnosis. A Covid-19-positive quarantined patient may be
hospitalized under medical care. As a responsible traveler from a Covid-19 red zone, they may self-quarantine at
home. Such instances need infectious risk evaluation. Covid-19 infection might take 10-14 days or more to show
symptoms. Some may stay asymptomatic during the illness. Covid-19 may cause asthma-like and pneumonia-like
symptoms. This effort focused on developing bloodstream dissolved oxygen measurement equipment. This was
done via medical cooperation and independent experimentation. Healthcare has largely used the Pulse Oximetry Kit.
However, the Pulse Oximetry Kit still lacks a real-time monitoring system and the capacity to log measurement
findings for Covid-19 patient management. The main goal of this project is to improve pulse oximetry kits using loT
technologies. These kits will use cellphones to remotely monitor covid-19 patients while keeping to physical and
social distance rules.
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1. Introduction

In order to maintain optimal functionality, the human brain requires a consistent and
uninterrupted flow of oxygen. Consequently, it is susceptible to settings characterized by a
limited presence of this atmospheric gas. At higher elevations, a decline in barometric pressure
leads to a reduction in the partial pressure of oxygen in the air that is inhaled, resulting in the
occurrence of hypoxia in human beings [1].The use of blood oxygen sensing is prevalent in
medical contexts to promptly check the amounts of oxygen in human blood. The measurement of
oxygen saturation is a direct indicator of the blood's ability to deliver oxygen. Oxygen plays a
crucial role in facilitating the aerobic metabolism of cellular tissue. Hypoxia has detrimental
effects on human physiology and has the potential to result in fatality. A normal oxygen
saturation percentage is defined as being over 90%. A score of 90% or below [2] suggests an
anomaly that necessitates additional examination to ascertain the potential existence of any
undiagnosed health issues.Indonesia is now grappling with the repercussions of the COVID-19
pandemic, which has resulted in a significant effect on the nation. As of the latest data, there
have been 4,043,736 confirmed cases of COVID-19 throughout Indonesia, accompanied by a
total of 13,0182 fatalities [3]. Within the country, the province of Riau has also been
significantly affected, with 120,707 positive confirmed cases and 3,559 deaths [3].Patients
diagnosed with Covid-19 often exhibit a range of symptoms, including but not limited to
dyspnea, irregular cardiac rhythm, and pulmonary dysfunction, which bear resemblance to the
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clinical manifestations seen in cases of pneumonia.The presence of these symptoms suggests that
the level of dissolved oxygen concentration in the blood is abnormal [4]. The typical range for
oxygen saturation is 75-100 mmHg. When oxygen saturation falls below this range, individuals
may need supplemental oxygen. Conversely, if oxygen saturation surpasses the upper limit of
normal, it might potentially lead to lung injury [5].The user's text is not clear enough to be
rewritten in an academic manner. Certain individuals infected with Covid-19 may exhibit a
phenomenon known as joyful hypoxia, characterized by significantly reduced amounts of oxygen
in the bloodstream. Remarkably, these individuals remain asymptomatic and are able to engage
in their daily activities without any discernible symptoms [6]. One of the factors contributing to
the absence of symptoms in individuals with COVID-19 during hypoxia is the delayed response
of the brain, which only occurs when oxygen levels reach a very low threshold [7].

The increasing number of confirmed Covid-19 cases among patients in Indonesia, particularly in
Banyuwangi, highlights the severity of the viral epidemic. Based on the available data on the
progression of the Covid-19 pandemic in Banyuwangi [8], it is observed that the number of
individuals at risk, supervised individuals, and supervised patients has exhibited a gradual
increase. However, there is currently no evidence to suggest a decline in Banyuwangi regency's
status from the yellow zone to the Green Zone. According to the surveys conducted [9], health
facilities in Banyuwangi, including hospitals and Puskesmas, encounter challenges in providing
rapid test and swab test services to patients exhibiting symptoms of Covid-19. These challenges
arise from the limited availability of equipment, which incurs significant costs if procured
independently. Symptoms symptomatic of Covid-19 include shortness of breath, irregular
heartbeat, and alterations in lung function like those seen in cases of pneumonia [10]. The
symptoms shown by the individual indicate that the oxygen saturation levels in their bloodstream
are abnormal. The typical oxygen (O2) concentration in a healthybloodvessel ranges from 75 to
100 mmHg. If the dissolved oxygen level falls below this range, an individual may need
supplemental oxygen. Conversely, if the oxygen levels beyond the usual range, it may lead to
dysfunction or harm to the lung cells. The Pulse Oximetry (Sp0O2) technique [11] is often used as
a benchmark for assessing the overall well-being of the human body, specifically by quantifying
the concentration of oxygen dissolved in the bloodstream. Aberrant levels of dissolved oxygen
have been seen in several health conditions, including pneumonia, cardiovascular problems, and
asthma. Furthermore, these levels are used as a diagnostic tool to assess potential anomalies in
newborn infants.

2. Related works

The first identification of Covid-19 occurred in December 2019 inside Wuhan City, located in
the province of China. During this time, many individuals were admitted to hospitals with an
initial diagnosis of pneumonia.The individuals in question were first diagnosed with a condition
that was shown to have epidemiological connections to both animal and seafood markets. This

condition then escalated into a severe epidemic [5]. The first instance of individuals contracting
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COVID-19 was documented on December 18, 2019. Within a span of 10 days, five patients
exhibiting symptoms of severe respiratory diseases were identified, and unfortunately, one
fatality was reported. In early January 2020, a total of 41 individuals were diagnosed with
COVID-19. The majority of these patients had comorbidities, including cardiovascular
conditions, hypertension, and diabetes. Several individuals have symptoms such as asthma and
pneumonia, seizures, coughing, and a body temperature ranging from 38-39 degrees Celsius
[12].

The Novel coronavirus disease 2019, also referred to as Covid-19, is a pathogen that specifically
targets the respiratory system in humans. Presently, the global populace is confronted with a
significant danger in the form of the Covid-19 pandemic. Covid-19 may be traced back to two
earlier outbreaks in the 2000s, namely Middle East Respiratory Syndrome (MERS)-CoV and
Severe Acute Respiratory Syndrome (SARS)-CoV. The first identification of Covid-19 occurred
in December 2019 inside Wuhan City, located in the province of China. During this time, a
group of individuals were admitted to hospitals with preliminary indications of pneumonia. The
first claims suggested a potential epidemiological connection between these individuals and
livestock and seafood markets, which later developed into a severe epidemic. In December 2019,
a research was undertaken by Zhao and Lin [13] to calculate the reproduction rate (Ro) of Covid-
19 using exponential growth methodologies. The study determined that the average Ro estimate
for COVID-19 was between 2.24 and 3.58, representing an eight-fold increase. If the
reproductive number exceeds 1, it is postulated that Covid-19 has the potential to induce a
pandemic due to its accelerated progression.

Previous researchers have conducted several instances of pulse oximetry based on the Internet of
Things [14-19] to monitor various health concerns, including heart health conditions, asthma
patients, and lung health. Furthermore, amidst the ongoing covid-19 pandemic, several
researchers are engaged in investigations using pulse oximetry as a means to identify and track
the condition of individuals afflicted with covid-19, as shown by the studies conducted by [20-
21]. These studies specifically explore the use of an android-based SPO2Max30100 device for
the purpose of monitoring oxygen saturation levels. The test results of the Max 30100 sensor can
accurately identify oxygen levels, as seen by the values obtained from each sample. These
findings are then sent to an Android device and displayed on the LCD screen using the Blynk
application. Another study that examines computer-based pulse oximetry is undertaken by Firda
Ryan et al., in a paper titled "Computer-Based Wireless SpO2 Monitoring for Patient Monitoring
of Chronic Obstructive Pulmonary Disease (COPD)." During the monitoring process, an oxygen
level detection is performed using a finger sensor. The data obtained from this sensor is then
processed on the ATmega328P microcontroller. Subsequently, the processed data is sent to a
personal computer (PC) using Bluetooth HC-05 technology. The received data is displayed in an
Excel format on the PC. One limitation of this research is the lack of integration between the
input device for the oxygen level sensor and the monitoring device for the patient's status [21].

The aforementioned article [22] examines a comprehensive healthcare system designed to
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monitor oxygen saturation via the use of pulse oximetry. The research only used SMS alerts to
remind individuals to engage in preventative measures, while physicians got SMS notifications
about a patient's status if their oxygen saturation level fell below 50. This allowed doctors to
promptly provide necessary therapy to patients.

3. Materials and Methods

The functioning of the system is dependent on the use of ESPDUINO-32 as a receiver or
Bluetooth Low Energy receiver, which will be linked with Pulse Oximetry BLE. The
ESPDUINO-32 and NEO-6M GPS devices are interconnected with the Node MCU in a serial
manner, enabling real-time monitoring of data from these devices on server databases.
Fingerprints serve as a means of identification or verification of a patient's identity when using
this particular technology. The system architecture will be shown in Figure 1 and Figure 2.

Figure 2. System connections

Pulse Oximetry Kit BLE :Pulse oximetry is a noninvasive technique used to measure an
individual's blood oxygen saturation levels. The accuracy of peripheral oxygen saturation (SpO2)
measurements is generally within a range of 2%, with 95% of cases falling within a 4% accuracy
range when compared to the more precise and intrusive measurement of arterial oxygen
saturation (Sa02) obtained from arterial blood gas analysis. However, there exists a strong
correlation between the two variables, indicating that the pulse oximetry approach, which is safe,
easy, noninvasive, and cost-effective, has significant value in the clinical setting for assessing
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oxygen saturation levels [23-25]. The pulse oximetry kit is a medical device used to measure the
oxygen saturation level in a person's blood. It consists of a sensor that is often placed on a
Bluetooth Low Energy (BLE) is a technological instrument used for the quantification of oxygen
saturation levels inside the bloodstream. This device is often referred to as a saturation monitor.
Pulse oximetry is a commonly used medical technique utilized by healthcare professionals, such
as physicians and nurses, to assess the well-being of patients, particularly those afflicted with
respiratory tract ailments [26]. The Pulse Oximetry Kit, which formerly relied on wires for
monitoring, has undergone a transformation. It now incorporates Bluetooth Low Energy (BLE)
technology and a compact LCD display to visualize the monitoring outcomes, as seen in Figure
3.

Figure 3. Pulse Oximtery BLE

ESPDUINO-32 : Th ESPDUINO-32 is a microcontroller designed to function as an electronic
network controller, with integrated Wi-Fi and Bluetooth Low Energy (BLE) capabilities. The
ESPDUINO-32 gadget may be interconnected with other devices that use Bluetooth Low Energy
technology, as seen in Figure 4. This development board integrates the architectural features of
an Arduino Uno with the widely-used ESP32 Wifi module. Consequently, the pin-outs are
designed based on the ESP32 form rather than the UNO's. The result is a compact and portable
board that facilitates the implementation of your future Internet of Things (IoT) projects. The
development board, which is built upon the ESP32 microcontroller, adopts the primary design of
the Arduino Uno rev.3. Programming may be conducted using the Arduino or PlatformlO
Integrated Development Environment (IDE) by utilizing the micro-USB interface [27]. The card
has the capability to receive power either via its micro-USB connection or via an external power
source with a voltage range of 5-12V DC.
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Figure 4. ESPDUINO-32

NodeMCU :The NodeMCU firmware is an open source software that is accompanied with open
source designs for prototype boards. The nomenclature "NodeMCU" is derived from the
amalgamation of the terms "node™ and "MCU," which stands for micro-controller unit.The user's
text is already academic and does not need to be rewritten. From a technical standpoint, it is
important to note that the name "NodeMCU" mostly pertains to the firmware itself, rather than
the development Kits that are often associated with it. The inclusion of a reference is necessary to
support the claims made in the preceding statement. Both the designs for the firmware and
prototype board are available as open source.According to the source provided. The firmware
employs the Lua programming language. The firmware used in this context is derived from the
eLua project and built upon the Espressif Non-OS SDK for ESP8266. The use of several open
source projects, like lua-cjson and SPIFFS. The user did not provide any text to rewrite. In light
of limited resources, it is necessary for users to carefully choose the modules that are pertinent to
their project and construct a firmware that is customized to meet their specific requirements.
Furthermore, the implementation of support for the 32-bit ESP32 has been accomplished. The
often used hardware for prototype purposes consists of a circuit board that serves as a dual in-
line package (DIP). This DIP incorporates a USB controller with a smaller surface-mounted
board that houses the microcontroller unit (MCU) and antenna. The use of the Dual In-line
Package (DIP) format facilitates convenient prototyping on breadboards. The basic architecture
of the system was derived from the ESP-12 module of the ESP8266, which is a System-on-a-
Chip (SoC) that combines Wi-Fi capabilities with a TensilicaXtensa LX106 core. This core is
extensively used in 10T applications [28].

Figure 5. NodeMCU

Finger Print sensor : The primary purpose of this fingerprint is to authenticate the
identification information by capturing and storing the fingerprint pattern in a database. The
fingerprint sensor under consideration is the AS608, as seen in the image provided.
Communication is facilitated by the use of a 4-pin configuration. Serial TTL is employed in
instances when a connection is established with the Arduino or similar controllers, including
VCC, GND, TX, and RX, as seen in Figure 6.
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Figure 6. Finger Print sensor

GPS NEO-6M :The present module is a comprehensive GPS system that use the NEO 6M GPS
technology as its foundation. This device utilizes state-of-the-art technology to provide optimal
location information and is equipped with a bigger integrated 25 x 25mm active GPS antenna
with a UART TTL connection. In addition, the inclusion of a battery facilitates the expeditious
acquisition of a GPS lock. The present iteration of the GPS module demonstrates compatibility
with the Ardupilot Mega V2 platform. The use of this GPS module provides optimal location
information, hence enhancing the operational efficiency of Ardupilot or any other Multirotor
control platform. The GPS module is equipped with a serial TTL output, including four distinct
pins: TX, RX, VCC, and GND. The u-center software may be downloaded to facilitate the
configuration of GPS devices, enabling users to modify settings and access additional
functionalities.

Figure 7. GPS NEO-6M

HMI UART TFT LCD Module : The Liquid Crystal Display (LCD), sometimes known as the
LCD, is a media viewer that utilises liquid crystals as its primary medium. The LCD feature has
significant importance as it serves the purpose of displaying the operational status on a certain
tool. The Inter-integrated Circuit (12C) is a bidirectional serial communication protocol that
utilises two channels and is especially designed for the purpose of receiving or transmitting data.
The module comprises of two systems, namely the Serial Clock (SCL) channel and the Serial
Data (SDA) channel. These systems provide the transmission of data between the module and its
control.
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Figure 8. HMI TFT LCD
Planning: Planning is an integral component of the first phase of research endeavours, including
the Literature Review and Project Scope. The purpose of doing the Literature Review was to
gather reliable information and data pertaining to the symptoms of Covid-19, as well as the need
for equipment necessary in the treatment and care of patients. The creation of a project scope
serves the purpose of constraining the execution of research endeavours within defined
boundaries, which are primarily determined by factors such as cost, time, human resources, and
hardware requirements.
Product Research Processing: The stage of product research including the processing or
implementation of research activities is referred to as project execution and Project Process
Quality Management. The execution of a project starts from the analysis phase, whereby the
issue is translated into the hardware and software requirements necessary for the research
process. This execution continues until the monitoring and assessment of each step of the
project's operations. Project Process Quality Management is conducted to uphold the quality of
implementation activities pertaining to the management of research implementation, progress
reporting, and research control in accordance with the research scope encompassing cost,
schedule, human resources, and progress documentation.
Product Development : Product development is a crucial phase within the realm of research
endeavours, including the creation of prototypes and the effective management of project
closure. The prototyping phase occurs subsequent to the testing of the network, after the
integration of hardware and software components of the equipment has been accomplished and
successfully calibrated in accordance with the intended functionality of the Pulse Oximetry Kit.

4. Results

This study presents a research tool called the Pulse Oximetry Kit, which utilises the Internet of
Things (IoT) technology. The kit includes a Pulse Oximetry BLE sensor that adheres to
established health standards. The Pulse Oximetry BLE device is linked to the ESPDUINO-32
microcontroller by a Bluetooth connection, which is already included into both devices. Once the
data is received by the ESPDUINO-32, it is then sent to the NodeMCU in a serial manner. The
data acquired by NodeMCU is sent to the Database Server over the Wi-Fi network established on
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the device. The Oximetry BLE Pulse Sensor employs the fingertips as a medium for quantifying
the concentration of dissolved oxygen in the bloodstream. The determination of oxygen levels is
achieved using a direct measurement. The Pulse Oximetry Kit Sensor is connected to the
ESPDUINO-32 device by Bluetooth technology, allowing for programming on the Arduino IDE
using the C programming language. The finished measurements will be processed by Node MCU
and then sent to the Database Server for direct access by the developed application. The results
indicate that the use of pulse oximetry with the Jumper brand yields a SPO2 reading of 100%,
whilst loT-based pulse oximetry yields a SPO2 reading of 98%. Both oxygen saturation rates fall
within the normal range.

Figure 9. Program

5. Conclusion

The results of the conducted study indicate that the loT-based pulse oximetry system has
effective performance. The sensor exhibits a commendable level of sensitivity, enabling the 10T-
based pulse oximetry device to accurately detect the blood oxygen saturation level (SPO2). After
conducting a comparative analysis between conventional pulse oximetry, widely employed in the
medical field, and loT-based pulse oximetry, and evaluating the test outcomes, it can be deduced
that loT-based pulse oximetry demonstrates a commendable level of accuracy and a reasonably
satisfactory sensor sensitivity, with an approximate response time of 5 seconds. The Tool Pulse
Oximetry Kit, which operates on the Internet of Things (IoT) framework, employs a Pulse
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Oximetry BLE Sensor to quantify the concentration of dissolved oxygen (0O2) in the
bloodstream. Subsequently, the collected data is processed by the ESPDUINO-32 device and
sent to a Database Server via the NodeMCU platform. The investigation and experimental phase
have been conducted to ascertain the lowest threshold of dissolved oxygen levels in the
bloodstream. The purpose of developing an Internet of Things (loT)-based pulse oximetry
system was to enable the detection of oxygen saturation levels in a patient's blood. In the event
of a reduction in oxygen saturation or abnormal conditions, the health Centre may promptly
respond and make informed decisions about necessary actions. An area of potential future
investigation is including the monitoring of the geographical whereabouts of individuals
diagnosed with Covid-19 who have oxygen saturation levels below the established normal range.
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