African Journal of Advanced Pure and

AT
y .@@f’- Applied Sciences (AJAPAS) f \
.@“ ®_ Online ISSN: 2957-644X (& {;\' 2R
Ce = Volume 3, Issue 4, October - December 2024 3(* 3 !D
Page No: 356-364
AJAPAS Website: https://aaasjournals.com/index.php/ajapas/index
IS1 2024: 0.877 SJIFactor 2024: 6.752 1.62 i) ol Salaa

An Affordable Internet of Things Solution for Health Monitoring
Utilizing ESP32 Technology

Ahmed Salem Daw Alarga ", Elhadi Elfitory Algarai 2, Nuria Mohamed Haider 2, Abdussalam Ali Ahmed *
! Electrical Engineering Department, Elmergib University, Khums, Libya
2 Software Engineering Department, Elmergib University, Khums, Libya
3 Computer Science Department, EImergib University, Khums, Libya
4Mechanical and Industrial Engineering Department, Bani Waleed University, Bani Waleed, Libya

ESP32 4. aladiuly daal) 48) sl 4 ghaa jlauly oLl i ) Ja

faaal e 2l de G as e desady 5 2l pall o) sl galed) CTad )Y Al sea]
Ll ¢ pmaddl o yall Al ¢Aily Sl disigl) and |
Ll ¢ puadd) e jall Zaala clina pall Aidia and 2
Ll €poaal) e pall Al eyl
Lad ey ey o Al e liall 5 4S0ilS0all digl) and

*Corresponding author: ahmedar82.as@gmail.com

Received: September 30, 2024 | Accepted: November 13, 2024 | Published: November 20, 2024

Abstract

The Internet of Things (loT) technology has become inevitable in various fields due to its prominent role in
achieving speed and accuracy in business performance. One of the most important fields in which 10T technology
has contributed to its development and brought about a technological revolution is the field of healthcare. 10T
technology has contributed to transferring patient data and displaying it to doctors remotely without the need for
the doctor to be present next to the patient. In this paper, a healthcare system based on loT technology was
designed using an ESP32 board, an LM35 sensor, and a MAX30102 sensor, which is characterized by being
inexpensive and easy to use. This system transfers a set of parameters specific to the patient's condition to a
graphical user interface (GUI) designed on the Blynk platform, so that this interface allows the doctor following
up on the patient's condition to review these parameters and then diagnose the patient's condition without the need
to be with him. The system was tested and good results were obtained, as the parameters specific to the patient's
condition were displayed on the GUI in real time.
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Introduction

Previously, health care for patients depended on the doctor visiting patients in their places of residence, whether
hospitals or homes [1], which leads to a delay in the diagnosis process of the patient's condition, which causes a
delay in the patient's recovery, so it was necessary to search for ways to avoid the problem of delayed follow-up
of the patient and diagnosis of his condition by the doctor by inventing smart technologies that allow remote
follow-up of patients' conditions [2]. Modern technology has contributed greatly to the development of health care
systems in terms of the ability to access data related to patients' conditions and monitor them remotely. Recently,
what is known as Internet of Things technology has emerged, which has made this world a small network of
electronic devices interconnected with each other. Through Internet of Things technology, it has become possible
to monitor patients' conditions remotely, such as measuring heart rate, blood oxygen level, and body temperature
[3]1[4]. The Internet of Things (loT) technology is a process of merging the field of communications with
embedded systems to form a system capable of connecting electrical and electronic devices with each other via
the Internet and then monitoring and controlling these devices remotely [5]. In other words, it is a group of
electronic devices connected to each other through different communication networks, so that this technology
allows sharing different data for the purpose of monitoring and remote control, in addition to storing this data for
the purpose of using it later when needed, as happens in healthcare systems in which the patient's condition is
monitored and diagnosed remotely [6]. Where data related to the patient's condition such as temperature, heart
rate, etc. is collected through a group of sensors located on the patient's body from points, and then this data is
shared with the doctor supervising the patient for the purpose of diagnosing his condition [7][8]. In short, the
concept of the Internet of Things (loT) technology is the ability of all electrical devices to interact and
communicate with each other to perform different functions [9]. 10T technology has contributed to the
development of many fields, including: monitoring and controlling homes remotely, which have turned them into
smart homes that the user can supervise via the Internet, healthcare and monitoring patients and diagnosing their
condition remotely, designing and building cities, which have become known as smart cities as a result of
facilitating life procedures in these cities, and the field of industry [10] [11]. It has also contributed significantly
to the development of the field of healthcare and monitoring patients' cases remotely, as it has helped doctors
monitor patients and diagnose their cases remotely using 10T technology, which allows these doctors to obtain
data related to the patient's condition in real time and then diagnose the patient remotely without the need to visit
the patient [12]. Thus, healthcare systems have become advanced smart systems that are available for continuous
access in real time thanks to 10T technology [13]. The Internet of Things technology is characterized by the ability
to facilitate and improve most of the work related to all industrial, agricultural, economic, social and other fields
[14]. Thus, there will be a significant reduction in the time required to diagnose the patient by dispensing with
visiting him, which may be in a remote and distant area. There will also be a reduction in the cost related to the
process of moving to the patient, in addition to another important factor, which is the time required for the
diagnosis process, as it will require less time to diagnose the patient through IoT technology [12]. Despite the
advantages of Internet of Things technology in terms of rapid diagnosis of patients' cases and remote follow-up,
there are risks that must be taken into account. These risks are represented by the risk of stealing patient data and
spying on them because these smart systems are connected to the Internet, which in turn is vulnerable to hacking
and theft. [15][16].

Evolution of healthcare monitoring systems
The methods used to follow up on patients and monitor their condition can be classified into several categories,
including:

A. Traditional Healthcare Monitoring Systems
Traditional Healthcare Monitoring Systems refer to established methods of tracking and managing patient health
primarily through in-person assessments, manual data collection, and centralized record-keeping, often involving
paper-based documentation and standardized protocols. These systems typically emphasize routine visits and
clinician-driven monitoring, lacking real-time data integration and patient engagement [17][18][19].

B. Remote Healthcare Monitoring Systems
These are systems that do not require the presence of specialists next to the patient, as a smart monitoring system
located on the patient’s body is connected to a Wi-Fi network or the Internet, so that it sends data about the
patient’s condition to specialists for the purpose of diagnosing the patient’s condition.[20][21]

C. Mobile Healthcare Monitoring Systems
Mobile healthcare monitoring systems are characterized by the ability to track the patient anywhere by providing
smart applications on the mobile phone, which allows the doctor to access the patient’s data from anywhere in the
world. [22] [23], [24], [25].

D. Wearable Healthcare Monitoring Systems
Wearable healthcare monitoring systems are systems that allow the user to wear them and move them anywhere,
and thus the doctor can monitor the patient’s condition continuously and anywhere.[27][26]
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E. Implantable Healthcare Monitoring Systems
In these systems, precise sensors are implanted that take several images like capsules inside the human body
through injection or ingestion by the patient, so that these sensors transmit precise data about the patient’s body
from the inside to the doctor. This data may be images, analyses, etc. [28].

lot based healthcare systems architecture

The work of 1oT-based monitoring systems depends on several stages illustrated in Figure (1) which are:[5]

i. Sensors: They work to convert physical quantities such as the patient's temperature into electrical signals and
send them to the microcontroller.

ii. Data processing: In this stage, the electrical signals received by the microcontroller from the sensors are
analyzed and converted into digital quantities through which the patient's condition is diagnosed.

iii. Data transmission: In this stage, data related to the patient's condition is sent to the doctor through wireless
networks such as the Internet.
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Figure 1: Architecture Of the Healthcare Monitoring System.

Your Doctor

Literature review

Many studies have presented different designs for remote health monitoring systems, which generally depend on
sending patient data to the doctor using wireless communication methods. Among these designs is what was
presented by [29], where a health monitoring system based on the Internet of Things was designed using the
Arduino board and the Nodemcu board as well as the GSM system, so that patient data is captured by sensors on
the patient's body as well as sensors in the patient's environment, and then this data is processed and sent to the
doctor.

The GSM unit was also used to send patient data to the doctor remotely [30]. A system for monitoring lung
patients was designed to follow up on their health condition and send this data to the doctor [31]. A system for
monitoring patients' heartbeats was also designed remotely and sending this data to the doctor through a
smartphone application [32]. A design based on loT was also designed to monitor the patient's condition remotely
and send his data to the specialist doctor [33]. A remote health monitoring system was also designed that mainly
depends on transferring patient data to the doctor via the Internet and the possibility of using the telephone network
in emergencies to transfer patient data through text messages or voice calls [29].

Proposed healthcare system architecture

The healthcare monitoring system presented in this research as shown in Figure (2) has been built using three of
elements that were taken into consideration for simplicity in addition to their low cost. These three elements are:
the input elements, which are represented by sensors, the data processing element, which is represented by the
ESP32 board, and the output element which is represented by GUI.

LM35
sensor

MAX30100
sensor

Figure 2: Block diagram of the proposed control system.

A. Sensors:
These are sensors through which physical quantities in the patient’s environment are read. Two sensors were used
for this purpose, which are:
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i.  Temperature senor (LM35)
The human body temperature varies from one person to another according to age, gender, and health condition.
The normal temperature of the human body ranges from 36 degrees Celsius to 37.3 degrees Celsius [18]. There are
several types of temperature sensors, the most important of which is the LM35 sensor due to its low price and ease
of use, as shown in figure (3)[5].

Figure 3: LM35 temperature sensor.

The LM35 temperature sensor has a high reading accuracy of +/-0.4°C and a measuring range of 0 to 100°C. This
sensor can operate at a voltage ranging from 4V to 20V .[34]

ii. MAX30100 sensor
The MAX30102 sensor shown in Figure (4) is used to measure heart rate and blood oxygen levels together, it is
characterized by a high accuracy of up to 95%[34]. It need for a small operating voltage ranging from 1.8 volts
to 3 volts.

(o Ne
GND RD I
° o ¥ z 'I;J.
MH-ET LIVE®: =
VIN SDASCL GND &

00000,

Figure 4: illustrates how MAX30102 sensor.
iii. ESP32 Board
The ESP32 bhoard is responsible for receiving signals from sensors in the patient's environment, processing these
signals, sending them via loT technology to the doctor, and displaying them on a GUI on the doctor's phone.
Figure (5) shows the ESP32 board, which is an advanced board with a larger memory capacity than the Arduino
board, and Wi-Fi and Bluetooth technology have been integrated into this board

5]

3
Figure 5: Indecates the ESP32 board.

The remote health monitoring system was programmed using Arduino IDE, which is an open source program that
writes the code in C language. [35]. A graphical user interface was also designed using Blynk platform, where the
graphical user interface allows remote monitoring and control of control systems by exchanging control signals
between the control systems and the graphical user interface, which saves a lot of time and effort for the user in the
monitoring and control processes. Figure (6) shows the graphical user interface of the health monitoring system
presented in this research, which includes readings of the temperature sensor, heart rate, and blood oxygen level
[36]
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Figure 6: The graphical user interface.

The mechanism of the presented healthcare system

The proposed healthcare system in this research works by sensing physical quantities such as the patient's
temperature, heart rate, and blood oxygen level, then converting these values to the ESP32 board, which processes
these values and converts them into digital values that can be displayed and manipulated. The digital values that
express the values of the physical parameters are transferred via the Internet of Things technology to the graphical
interface on the Blynk platform so that the doctor can view them remotely wherever he is and diagnose the patient's
condition. The proposed system in this research was designed and implemented as shown in Figure (7). The focus
in its design was on its low cost and high performance.

Figure 7: The healthcare monitoring system presented in this research.
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Results
The system presented in this research, shown in Figure (8), was tested to measure three parameters which are:
temperature, heart rate, and blood oxygen levels on two people aged forty years, person A and person B.

Figure 8: Indicates how to test our healthcare system.

As the normal human body temperature ranges from 30 to 36 degrees Celsius, while the normal heart rate for an
adult range from 84 to 90 beats per minute [29], and if it rises above 90 beats per minute, this indicates that there
is an increase in the heart rate [37].
And the normal value of blood oxygen (Pa02) is between 75-100 mm Hg. Therefore, any value of PaO2 outside
this range indicates a malfunction in the human body [38][39].
The system was tested in two cases as follows:

1- person A was healthy with good parameters as shown in Figure (9).

Fo

Temperature “  Heart Rate

Blood Oxygen Alarm

Figure 9: The experimental results of person A.
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2- person B had pneumonia and fever with bad parameters as shown in figure (10).

Temperature Heart Rate

Blood Oxygen Alarm

Figure 10: The experimental results of person B

Conclusion

In this research, a remote healthcare system was designed using [oT technology. This system aims to assist doctors
to follow up and diagnose patients remotely without the need to be present with them. The system was
implemented and tested and the results were very good, as the required parameters were displayed in real-time on
a phone application designed on the Blynk platform. The system presented in this research was characterized by
the accuracy of its results, its low price and ease of use, in addition to the possibility of carrying it and moving it
anywhere, which would give the patient more moral energy because the patient is not obligated to be in one place.
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