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Abstract:

The recovery of the patient is not limited to providing treatment, but it also requires continuous follow-up and
monitoring to ensure his safety and avoid any serious changes that may occur in the patient. There is no doubt that
traditional methods of monitoring the health condition in which the doctor is forced to visit the patient in his place
are often expensive and require a lot of time, in addition to the doctor making a lot of effort due to his frequent
visits to patients. Many studies have been presented to develop methods of monitoring the health of patients,
through the use of various technologies, the most important of which is the Internet of Things (IoT) technology,
which provides the possibility of remote monitoring using platforms on the Internet that are accessed via mobile
devices, so that the patient's health condition is displayed on these platforms, and then the doctor can view it
wherever he is. The idea of this research came to design a remote health monitoring system that does not require
an Internet connection to use, unlike what is found in monitoring systems that rely on IoT technology that require
an Internet connection. In this research, the Arduino Mega board and LabVIEW program were used to program
the monitoring system and design the graphical user interface (GUI). This interface displays the changes in the
vital parameters of six patients: temperature, heart rate, and blood oxygen level, so that the doctor inside the
hospital can monitor the condition of the six patients in real time while they are in their rooms without having to
be next to them, with the possibility of setting the maximum and minimum permissible value for these parameters,
so that if one of these parameters is outside the specified range, the system alerts the doctor by turning on an
indicator light to alert him of the presence of a danger to one of these six patients. The health monitoring system
for the patients' condition was designed and tested on six people and the results were good, as the vital parameters
of these people were displayed on the user interface in real time, and an indicator light was turned on for one of
the patients to alert the doctor because one of the parameters was outside the specified range.
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Introduction

To avoid any complications or deterioration in the patients' condition, the continuity and regularity of health care
and patient monitoring have become a matter that must be taken into consideration [1]. This is because not being
informed of any change that occurs in the patient’s health condition early, especially if this change is for the worse,
this will cause bad results for the patient’s health [2]. Health monitoring is the process of following up on patients

Ll — (A g RS alail) g andeil) Gilad duadll Lnand) — 3 jualaal) dragalst) bl jall 4l Adaal)
14 2025 sddwll (] saml) 3 :alaal) - E-ISSN:3005-5970



mailto:nmhaidar@elmergib.edu.ly

(Libyan Journal of Contemporary Academic Studies) 3_wabaall 41aalSY) il all 4l sl

and collecting their data to diagnose their conditions. This monitoring may be done traditionally by collecting data
for patients by visiting the patient repeatedly and recording his data and then diagnosing his condition, or it may
be done remotely by using smart systems and various communication networks so that different parameters in the
human body are sensed and then these readings are sent remotely to doctors and specialists who supervise the
patient’s condition. This method is known as remote health monitoring (RPM)[3]. For the patient's health
monitoring to be permanent and continuous, traditional healthcare methods will not meet this purpose. Still, they
may cause many problems due to the time taken to measure the patients' vital information, as well as the effort
exerted by the nurse to obtain this information [4]. This is because diagnosing the patient’s condition in traditional
methods depends on the doctor visiting the patient and examining his health condition directly. However, this
method has negatives, including not adhering to appointments, as well as the effort exerted by the doctor and the
time taken to reach the patient and diagnose him, which causes the patient not to be provided with appropriate
treatment at the appropriate time [5]. The process of monitoring and detecting the health status of patients was and
still is based mainly on the doctor visiting the patients, whether they are in the hospital or at their homes [3].
Therefore, finding an alternative to the traditional patient monitoring process has become a must, due to the time
and effort it consumes from the doctor, which results in delays in diagnosing patients and delays in their recovery
[3]. Modern methods based on digital technology will be able to provide continuous and permanent communication
between the nurse and the patient [6]. Modern methods are distinguished by their ability to share patient data with
the doctor in real time, which helps diagnose the patient’s condition and know the changes that occur in his health
condition [7]. Patient health monitoring systems have been developed using technologies that operate through
sensors and remote communication devices, which have the ability to provide continuous patient monitoring [8].
The RPM remote patient monitoring system has been implemented by sensing specific parameters in the patient’s
body such as temperature, heart rate, etc. using a set of sensors installed on the patient’s body, so that the sensor
readings are transferred to microcontrollers that process these readings and display them on graphical interfaces
that are available to the doctor [9]. Remote patient monitoring (RPM) can be defined as the procedures that allow
the nurse to monitor the patient’s condition remotely through modern communication methods that share the
patient’s vital parameters so that the nurse can view them and then diagnose the patient’s condition [10]. On the
other hand, remote patient monitoring (RPM) is about monitoring the condition of patients wherever they are,
whether in the hospital, at home, or even while they are on the move. RPM systems allow the doctor to
continuously monitor the patient’s condition and thus diagnose his condition [9]. Lack of discipline in measuring
the patient's vital parameters may lead to a deterioration in the patient's health condition, and may even lead to
death [11]. RPM systems contribute significantly to improving the quality of diagnosis and quickly detecting any
deterioration in the patient’s health, and thus addressing any danger that may occur to the patient before it is too
late [12]. The patient monitoring process is done remotely by deploying various sensors on the patient’s body.
These sensors read the patient’s conditions and transfer them to the control units (microcontrollers), and then
display these readings on a user interface on the phone or computer [9]. 10T technology is the core element of
RPM remote patient monitoring systems, as 10T technology provides the doctor with the ability to continuously
monitor patients from anywhere in the world [3]. 10T is based on connecting and integrating electronic devices
with each other via the Internet, to form a wide network of devices, through which data is shared, in addition to
the ability to monitor and control these devices remotely [9]. An l10T-based patient health monitoring system RPM
was designed using ESP32 board, which reads the patient's vital parameters (temperature, blood oxygen, heart
rate), and displays these parameters on a user interface that the doctor can view on his phone from anywhere in
the world [3]. However, 10T technology requires RPM systems to be permanently connected to the Internet to
share with doctors [9]. The use of Internet of Things technology in healthcare systems also requires the process of
storing and sharing data over the Internet [8]. Which may not be available in some areas, especially remote ones.
Monitoring patients in hospitals depends on the nurse visiting patients at regular intervals, which vary from one
region to another. Until now, there are no fixed standards for the periods required to monitor and examine patients
in hospitals. The period of monitoring patients ranges from 4 to 6 hours, and the time of these periods decreases
depending on the patient's condition, which may require a nurse's visit in a shorter time. The time taken to measure
the vital parameters of a single patient in the hospital and diagnose his health condition was measured, and it was
approximately five minutes if the lost time resulting from some interruptions during the time allocated for the
nurse's visit to the patient is excluded, as the total time sometimes required to visit and examine the patient reaches
approximately seven minutes. Also, the time required only for the process of measuring the patient's vital
parameters itself takes approximately four minutes, which is not a small amount of time if the total number of
patients in the hospital is taken into account, which has a negative result on the work efficiency of the nurses
responsible for measuring the vital parameters of patients, in addition to the delay in completing the work [11].

Proposed model

The patient monitoring system presented in this paper was designed based on two main parts: hardware and
software. The hardware part of this system can be seen in the block diagram shown in Figure (1), where data is
collected through a set of sensors, processed inside the microcontroller, and then dealt with in the system
environment based on this data.
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Figure 1: The block diagram of the presented system.

A. hardware
The presented system has been designed by using the following components:

1. LM35 temperature sensor
LM35 sensor shown in Figure 2, is characterized by its low cost, in addition to its accurate reading and ease of
connection and use. This sensor also has a good reading range, which ranges from 0°C to 100°C degrees Celsius,
and is also characterized by a high reading accuracy of up to +/- 0.4°C, and an operating voltage of 4V to 20V.
[13]

Figure 2: LM35 sensors.

2. MAX30102 sensor
number of heart beats per minute, and the percentage of oxygen in the blood both of them can be sensed by
MAX30102 sensor, by placing the patient’s finger on this sensor. MAX30102 sensor shown in Figure 3, is
characterized by a very high measurement accuracy of up to 95%, in addition to its need for a simple operating
voltage not exceeding 3V [13].
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Figure 3: MAX30102 sensor.

3. Arduino Mega
The Arduino Mega board illustrated in Figure 4, is the heart of the monitoring system circuit presented in this
research. It contains 54 pins that are used as digital inputs or outputs, in addition to containing 15 analog pins to
which the sensors are connected.
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Figure 4: Arduino mega.

B. Software
LabVIEW software was used in this paper to program the system, this software has the ability to design a graphical
user interface (GUI) through which changes in the system environment can be monitored. A graphical interface
has been designed in this research through which changes in the readings of the sensors connected to the patients
can be monitored and then displayed on the user interface in real-time.

The idea of the monitoring system presented in this research

The patient monitoring system presented in this research senses the vital parameters in the human body, which
are: body temperature, heart rate per minute, and blood oxygen level, then transfers these readings to the Arduino
board to process them and then display them on the GUI shown in Figure 5. This system monitors many patients
at the same time in real-time, as this system includes six LM35 sensors to be connected to the bodies of six patients,
in addition to six MAX30100 sensors that are also connected to the bodies of the six patients, so that the
temperatures, heart rate, and blood oxygen level are sensed for all of these patients at the same time, then
transferring these readings to the Arduino board to display them to the doctor in his room without the need for him
to be next to the patients so that the doctor can monitor the patients' condition remotely without the need to move
around the patients' rooms. This system is also distinguished by not needing the Internet, as the LabVIEW program
was used to program it and then the graphical user interface was designed to display the sensor readings on it.

LabVIEW Based Remote Patient Monitoring System In Hospital
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Figure 5: GUI of the presented system.
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The GUI was designed to contain six parts, each part of which parts as shown in figure 6 is specific to one of the
patients and contains several elements, which are:

A. Signal plotter: It displays a curve that shows the change in the vital parameters of the patients.

B. Control elements: Through which the maximum and minimum values of each vital information are set for
each patient separately, so that if this information increases or decreases from these values, the system alerts
the doctor.

C. Indicator lamp: Through this lamp, the doctor is alerted to the critical condition of the patients, as it is green
when the patient's condition is good, while it changes to red when one of the parameters is greater than or
less than the values set in the system's control elements.

D. Parameter display unit: In these units, the current readings of the parameters are displayed.
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Figure 6: The elements contained in each part of the GUI.

Results
The remote patient monitoring system presented in this research was designed and programmed using LabVIEW
software, where all the results obtained in real-time for the patients' health conditions were displayed on the GUI
and are shown in Figure 7. The maximum and minimum permissible information values were set as follows:

A. Maximum temperature = 38 C° Minimum temperature = 33 C°.

B. Maximum rate of oxygen = 75, Minimum rate of oxygen = 100.

C. Maximum pulse per minute = 70, Minimum pulse per minute = 100.
It can be noted from the figure 7 that the vital parameters of the first, second, third and fourth patients were within
the permissible range, which indicates that their health condition is good, while the vital parameters of the fifth
patient were outside the permissible range, which led to the indicator light turning on and changing its color to red,
announcing the presence of an abnormal condition for the fifth patient, which requires the doctor’s intervention
and transfer to this patient’s room.
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Figure 7: The vital parameters of the six patients in the real time.

The last values of the vital parameters of the six patients can be seen in Table 1.

Table 1 The last parameter reading of the six patients

_ parameters
Patient
Temperature C° | Pulse rate (PBM) | Oxyaen in blood %

1 35.6 94 88
2 36.3 88 87
3 36.7 93 82
4 37.0 91 90
5 38.2 106 123
6 36.6 87 93

Conclusions

Monitoring the health status of patients is considered one of the most important reasons for the success of the
treatments provided by doctors to patients, and since monitoring the health of patients using traditional methods
costs a lot of time and effort in addition to the lack of instant follow-up of patients in traditional methods, these
methods have been developed by using several technologies that provide the possibility of remote follow-up, so
that the doctor can monitor the patient remotely and diagnose his health condition without the need to be next to
him. In this research, a system for monitoring several patients remotely was designed using the LabVIEW program,
so that the system environment is monitored and the changes that occur in it are displayed on the GUI user interface
for all patients at the same time.
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