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ABSTRACT

Context. Remote patient monitoring (RPM) technology plays a vital role in developing healthcare services. The medical team
can continuously monitor a patient’s health status, even outside of hospitals. It is considered one of the most important digital health
services, as it facilitates patient care and reduces the spread of disease.

Objective. This paper aims to review current remote patient monitoring (RPM) systems for various diseases. Then proposes a
new platform architecture to increase the effectiveness and quality of remote patient care.

Method. The paper analyzes systems for remote monitoring, focusing on the most common systems of several diseases such as
diabetes, epilepsy, headache, cardiovascular and heart failure diseases, COVID-19, chronic kidney failure, fainting and unconscious-
ness, and cancer. Additionally, it provides an overview of the systems with contact and contact-less features, addressing them accord-
ing to the system type, architectures, technology used, and services they provide.

Results. After analyzing remote patient monitoring (RPM) applications for a variety of diseases, the results highlighted the
strengths and weaknesses of existing systems. We then demonstrated how the proposed architecture addresses these shortcomings

and develops a scalable and effective solution.

Conclusions. This paper validates the effectiveness of RPM for healthcare development, offering an innovative ontology-based
platform that improves service delivery and patient outcomes. This work offers valuable insights for healthcare providers, develop-

ers, and policymakers who are advancing remote care solutions.

KEYWORDS: biomedical telemetry, diseases, framework, medical information systems, Telemedicine.

ABBREVIATIONS
DSS is a decision support system;
RNS is a responsive neurostimulation;
EEG is an electroencephalogram;
RELAXaHEAD is an app for Migraine;
WHO is a world health organization;
CKD is a chronic Kidney Disease;
CDSS is a clinical decision support system;
DS is a Diabeo System,;
RPM is a remote patient monitoring;
ECG is an electrocardiogram;
ICU is an Intensive Care Unit;
COVIDI19 is a Corona Virus Disease of 2019;
SWRL is a semantic web rule language;
HTTP is a hypertext transfer protocol;
ICT is an Information & communication technology;
UTAUT? is a unified theory of acceptance and use of
technology;
TMIS is a telemedicine information system.

NOMENCLATURE
H; is a Health Status at time t;
S; is a Vector of patient vital signs at time t;
C; is a Vector of patient context parameters at time t;

O is a Ontology-based Context;
A is a New assertions incorporated into the ontology

at time t;
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R is a Set of SWRL rules applied for reasoning;
I; is an Aggregated risk score derived from patient

data;
Z; is a Notification zone classification;

Ty,Tr 1S a Thresholds for Yellow and Red alert

zones;
H " is a Nearest hospital to the patient;
Ho is a platform’s hospitals;
S is a specific hospital within the platform’s hospi-
tals;
¢_P,A_P isaPatient’s latitude and longitude;
¢ _S,A_S isaHospital’s latitude and longitude;
d(-,) is Geographic distance function ;
f(.) is a Processing Function.

INTRODUCTION

Remote patient monitoring is a set of technologies and
techniques that empower healthcare representatives, mak-
ing them integral to the process of tracking patients’
health data in real time, monitoring their health condition
remotely, and utilizing related information in their treat-
ment plan. The rapid growth of technology has brought
many changes in the 21st century and modern society, and
healthcare professionals are at the forefront of this trans-
formation [1]. Their role is becoming more essential and
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influential in people’s daily lives. In addition, technology
affects many aspects of human life, such as the education
field, commerce, politics, the work environment, health,
and so on. Therefore, healthcare institutions have turned
to using new information and communication technolo-
gies to improve the quality of their services and their pro-
ductivity. Furthermore, emerging technologies have en-
abled healthcare providers to share patient information
and monitor them remotely [2].

The emergence of modern technologies and the inter-
net has also contributed to the advancement of telemedi-
cine. These advancements are evident in several areas,
including consultations, medical record management,
radiology, surgical procedures, remote patient monitoring,
patient education, and medication reminders [3]. Remote
patient monitoring is considered one of the most impor-
tant telemedicine services, enhancing immediate access to
healthcare [4]. Lin [5] defines telemedicine as the use of
communication technologies to address medical concerns.
These services promote high-quality healthcare and con-
tribute to cost savings for governments and patients.

Furthermore, modern technologies and telemedicine
have enabled patients to access healthcare services any-
time, anywhere, eliminating the need for extensive travel
to find the best specialists, especially for individuals re-
siding in remote areas[6]. This focus on technology
benefits not only patients but also healthcare professionals
and policymakers. Studies have proven the effectiveness
of patient monitoring in many areas, such as mental
health, immunodeficiency, patients with chronic diseases,
such as heart patients, and monitoring patients’
compliance to medicines [7]. In addition to primary data,
the system can collect additional information such as
sleep patterns, activity levels, and patient weight. Some
systems extend their capabilities to include postoperative
management and monitoring of patient wounds [1] as
shown in Fig. 1.

Remote patient monitoring

',;J' Monitor patients' health in real-time
| @ Monitor health conditions

B{. Diagnose the patient remotely

F 5 Provide treatment plan

—

% Postoperative care

@ . .
,’_:]l Monitor patient wounds

Figure 1 — Features of Remote Patient Monitoring System
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The object of study is examined remote patient moni-
toring systems and highlights their shortcomings and limi-
tations. In addition, it examines the technologies, methods
used, and system architectures discussed in recent litera-
ture. It categorizes remote patient monitoring systems into
contact-based and contact-free types. Additionally, it in-
vestigates communication channels between doctors, pa-
tients, caregivers, and families. Communication is a criti-
cal area that needs immediate attention and enhancement.
Improving communication between these parties will en-
sure that families are promptly informed of any progress
in the patient’s health condition and needs, especially in
critical conditions that require immediate attention.

The subject of study focuses on remote patient moni-
toring systems managing different diseases, like diabetes,
epilepsy, headache, cardiovascular and heart failure dis-
eases, COVID-19, chronic kidney failure, fainting and
unconsciousness, and finally, cancer. This paper aims to
pave the way for future improvements in remote patient
monitoring systems, offering a hopeful outlook for the
potential advancements in healthcare technology.

The purpose of the work is to offer a comprehensive
outline of the proposed platform and a detailed plan. This
detailed plan is designed to avoid the most significant
limitations and incorporate the most compelling features
of previous systems, thereby reinforcing confidence in the
study’s recommendations.

1 PROBLEM STATEMENT

The problem of remote patient monitoring can be for-
mally defined as:

— A time series of heterogeneous patient vital signs,
St.

— A set of patient context parameters at time t, Ct, in-
cludes medical history, location, and activity.

— Knowledge Base: Represented as an ontology, O,
with medical concepts and relationships.

— A set of inference rules, R, defined in Semantic Web
Rule Language (SWRL).

— Predefined thresholds for risk zones tY (Yellow)
and TR (Red).

— A set of hospitals, Ho, with their geographic coordi-
nates ¢S,AS.

Now, the problem to find as presented as follows:

— The patient’s inferred health status at time t, Ht.

— A quantitative risk score, rt.

A notification  zone  classification, zt €
{Green,Yellow,Red}, based on comparison of rt with TY
and TR.

In the case of a critical alert (zt=Red), get the nearest
hospital H' to the patient’s location (¢P, AP).

The Objective is to minimize the time between the on-
set of a critical health event and the delivery of an appro-
priate intervention, through timely and accurate determi-
nation of Ht, rt, zt and H, subject to constraints of data
privacy, system interoperability, and real-time processing
requirements. Therefore, a deficiency in current systems
is the weak use of semantic compatibility. Ontologies

OPEN a ACCESS




p-ISSN 1607-3274 Pagioenexktponika, inpopmaTuka, ynpasminss. 2026. Ne 1
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2026. Ne 1

provide a structured and interoperable framework across
different fields. They unify knowledge, promote its reuse,
and simplify problem-solving. This article, therefore, ex-
plores the concept of remote patient monitoring and its
potential for improvement by identifying limitations in
existing systems. The article’s main contribution can be
summarized as follows:

— To develop a patient-contextual ontology to support
the semantic consistency of patient information. This on-
tology mitigates the impact of technology adoption resis-
tance, enabling patients to benefit from its potential ad-
vantages.

— This paper describes an improved platform with an
adaptable architecture for different diseases. This means
the possibility of creating a universal framework for re-
mote patient monitoring.

— This paper discusses the security and privacy of sensors,
and their accuracy in sensing the patient’s body. Further-
more, it explains the extent of its ability to protect sensi-
tive patient information.

— The analysis of the communication system within the
patient and healthcare institutions is of utmost impor-
tance. It plays a critical role in ensuring immediate re-
sponse and prompt information about any health condi-
tion, thereby underlining its urgency and importance.

— The system’s engineering for compatibility with
multiple operating systems is a testament to its scalability.
This, in turn, demonstrates the system’s adaptability and
reassures users of its acceptance in the technology land-
scape.

Generally, the problem can be summarized as deter-
mining a patient’s health status H; as a function of het-

erogeneous vital signs S; and ontology-based contextual

information O :
f (St ,O) = Ht'

2 REVIEWS OF THE LITERATURE

This research focuses on some remote monitoring sys-
tems for specific diseases. It focuses on the most common
systems of these diseases: diabetes, epilepsy, headaches,
cardiovascular diseases, heart failure, COVID-19, chronic
kidney failure, instances of fainting and loss of con-
sciousness, and cancer disease. This section conducts a
comprehensive analysis of existing research on remote
monitoring for patients with specific diseases. Within
each category, two additional classifications distinguish
between contact-based and contact-free patient monitor-
ing systems. The investigation aims to determine whether
these systems incorporate functionalities for sending
alerts to patients and their kin or medical personnel. Addi-
tionally, the systems will be assessed based on several
elements: the type of application, the architecture utilized,
the technology, and the services offered.

Remote monitoring systems for diabetes: Despite the
availability of advanced treatment options for diabetes,
many patients still struggle to achieve optimal control.
The main obstacles to control are non-adherence to medi-
cations and dosage adjustments prescribed by the doctor,
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and difficulties in determining the appropriate insulin
dose [8]. These patient concerns can be effectively ad-
dressed through remote monitoring and communication
[9]. Many technological solutions have been successfully
employed in diabetes management. We highlight some
illustrative examples of these solutions, including the Di-
abeo (DS) system, which provides an alert message with-
in the application interface, and the RPM system for
pregnant patients, a specialized system designed by Kan-
torowska et al. [10] for pregnant patients with diabetes.

Monitoring systems for epilepsy patients: Epilepsy, a
widespread neurological disorder, affects an estimated 65
million people worldwide. Moreover, seizures can mani-
fest in various ways [11]. The development of systems for
recording the number and characteristics of seizures rep-
resents a significant advancement for individuals with
epilepsy [12]. Remote monitoring systems are capable of
accelerating the diagnosis of the type of epilepsy and en-
suring immediate medical intervention for patients [13].
Ilustrative examples of these systems include monitoring
system for epileptic patients using loT [14], Nelli hybrid
system enhancements from [15], EEG at home was de-
signed by Biondi et al., [16], and the RNS designed by
Skarpaas et al., [17]. The first system stands out for its
unique feature of sending patient notifications.

Monitoring systems for headache patients: Headaches
affect more than one billion people worldwide. They pri-
marily affect individuals under 50 years of age, necessi-
tating attention and the development of medical and tech-
nological solutions to alleviate their effects [18]. Studies
indicate similar satisfaction rates and outcomes between
telemedicine visits for headache patients and traditional
in-person consultations, confirming the effectiveness of
telemedicine [19].Here we review some examples of re-
mote monitoring systems used to manage headache pa-
tients. The Leiden Headache Center has devised a web-
based electronic diary on a time-bound schedule [20].
Conversely, Minen et al., [21] developed a program called
RELAXaHEAD, a smartphone-based electronic diary (e-
diary). H- diary application aims to monitor chronic head-
ache patients from a distance [22].

Monitoring systems for cardiovascular disease and
heart failure: Emerging technologies have opened up sig-
nificant possibilities for improving healthcare support for
older adults living in their own homes or in nursing
homes. These technological advancements can be particu-
larly beneficial in providing electrocardiogram (ECG)
monitoring services to a wide range of individuals, in-
cluding the elderly, athletes, and the general public. Pro-
viding these technologies in patients’ homes reduces the
cost of medical equipment and minimizes reliance on
additional resources for caregivers [23].

Remote electronic monitoring of cardiac patients is
becoming increasingly prevalent. This method, which
involves taking the patient home, alerts, and routine inter-
rogations at fixed intervals, offers a level of convenience
that can be reassuring. It allows for increased comfort,
faster identification of serious arrhythmias or organ dys-
function, and timely responses from doctors. Moreover,
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remote monitoring screening may reduce the need for
stressful in-person visits, particularly for patients with
long travel periods or difficulty accessing personal care
[24]. This section presents some examples of remote car-
diac patient monitoring systems. For instance, remote
clinical monitoring of heart patients is described by [15].
Amrita Spandanam was designed to monitor heart pa-
tients remotely. A model in Gontarska et al. [2] study
estimates the degree of risk based on the vital parameters
of a remote patient. The 'ECG Android App' is a mobile
application that allows users to visualize their Electrocar-
diogram (ECG) waves [25].

Monitoring systems for COVID-19 patients: COVID-
19, abbreviated from “coronavirus disease 2019”. It is an
infectious respiratory disease. It swiftly spread world-
wide, prompting the World Health Organization (WHO)
to declare a pandemic in 2020 [26]. The global COVID-
19 pandemic, with its immediate and widespread impact,
has prompted healthcare systems to enhance their utiliza-
tion of remote patient monitoring (RPM) tools for patient
assessment and prioritization from a distance. The surge
in COVID-19 cases worldwide has strained healthcare
systems, exposing vulnerabilities and jeopardizing patient
well-being [27]. This section provides examples of remote
monitoring systems employed for managing COVID-19
patients.

Additionally, this section reviews two types of remote
monitoring systems: contact-based and non-contact-
based. As the name suggests, contact-based systems re-
quire physical contact with the patient, such as through
wearable devices or sensors. On the other hand, non-
contact-based systems can monitor patients from a dis-
tance, often using technologies like cameras or remote
sensors. Paganelli et al. [28] established an Internet of
Things-based framework for monitoring and examining
COVID-19 patients in the hospital or home and issuing
early warnings. An electronic platform in Sharma et al.
study [29] was designed to monitor COVID-19 patients
remotely using loT devices, aiming to contain the spread
of the disease.

Monitoring systems for chronic kidney disease pa-
tients: chronic kidney disease is a progressive decline in
kidney function [30]. Dialysis patients are individuals
with significant frailty. Home dialysis is a good solution
for enabling these patients to effectively reduce their ex-
posure to the hospital setting [31]. Remote monitoring
and online tools provide enhanced convenience and ac-
cess to care for these patients. These tools facilitate re-
mote consultations between patients and healthcare pro-
fessionals from the comfort of the patient’s home and
bring relief and comfort, knowing that their health is be-
ing monitored closely. Remote monitoring systems for
kidney failure patients have provided numerous benefits,
including reduced hospital visits and improved access to
healthcare providers. By utilizing these technologies, pa-
tients can receive timely care and support while minimiz-
ing disruptions to their daily lives. This section examines
contact-based and non-contact-based systems. Markossian
et al. [32] designed an app that primarily aims to facilitate
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self-management for individuals with CKD who do not
require dialysis. Scarpioni et al. [31] developed a system
to monitor and assist dialysis patients in reducing hospi-
talization risks during the COVID-19 pandemic.

Remote monitoring for fainting and loss of conscious-
ness: Most of the unconscious patients are in the intensive
care unit (ICU). These patients often require multiple life-
sustaining devices [33]. However, with technological ad-
vancements, healthcare providers can remotely monitor
pain, identify potential issues, and take preventive meas-
ures. This proactive approach enhances patients’ ability to
detect problems early on and also plays a crucial role in
reducing complications that may result in hospitalization.
Moreover, technology and remote pain monitoring have
significantly mitigated barriers to continuous care. This
section provides examples of patients in intensive care
units who are being monitored. Unlike the other systems
in this category, the first two systems possess the com-
munication feature. The system designed by Lee et al.
[33] aims to introduce an innovative solution: a remote
monitoring system specifically tailored for agitated pa-
tients. Emuoyibofarhe et al. [34] designed a remote moni-
toring system for preterm infants in neonatal ICU incuba-
tors. The system utilizes fuzzy rules for modeling and
simulation. Garelli et al. [35] have pioneered the devel-
opment of a groundbreaking platform for remote glucose
monitoring, specifically designed for COVID patients in
the ICU. A wearable system equipped with a mask con-
tains sensors that capture vital signs has been proposed by
Yang [15].

Remote Monitoring for Cancer Patients: Cancer
treatment protocols encompass a wide range of proce-
dures, including cancer diagnosis and various interven-
tions. These treatments, such as chemotherapy, radiation
therapy, and others, often lead to the development of pain.
Digital health tools and technologies help support fami-
lies, monitor disease symptoms, and remotely determine
patients’ pain levels. This side overs some examples of
these technologies to monitor cancer patients remotely.
Bernier Carney et al. [36] developed a game-based inno-
vative mobile application specifically designed for chil-
dren aged 6-—12 with cancer. Pavic et al. [37] created an
application capable of early detection and prevention of
health deterioration among cancer patients. ASyMS is a
mobile application that enables remote monitoring of can-
cer patients [38]. Mayo Clinic has introduced a remote
monitoring system for cancer patients involving a diverse
team of healthcare professionals [39]. To overcome the
limitations of these systems, as detailed in the work con-
tributions section, the proposed platform aims to build on
the semantic web rules and build an ontology that enables
semantic interoperability of patient information. This on-
tology will play a crucial role in addressing the issue of
interoperability between different devices. Furthermore, it
provides an architecture that is adapted to various dis-
eases. In addition, the proposed platform is designed to
significantly enhance communication between the doctor,
patient, patient’s family, and the healthcare giver, foster-
ing a sense of connection and engagement. The commu-
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nication provides notifications that contain developments
of the patient’s health condition and needs or an alert if
there is a critical condition that requires dealing with it.
Table 1 provides an overview of the studies we reviewed.
It shows the systems that were classified based on dis-
eases, the technology used, their architecture, the method
used, limitations, and contact-based systems.

3 MATERIALS AND METHODS

This paper proposes a novel ontology-based frame-
work for remote patient monitoring. The core methodo-
logical contribution is the integration of a dynamic pa-
tient-contextual ontology with a rule-based inference en-
gine to enable semantic interoperability and real-time,
context-aware clinical decision support. The complete
architecture of the proposed platform, named Reayah, is
illustrated in Figure 2 and consists of three primary com-
ponents: the actor side, the Reayah management unit, and
the database. The actor side encompasses all users of the
platform, including patients, doctors, and family mem-
bers. In addition, it is responsible for collecting data from
the Actors. The information that should be entered con-
tains all information about all users of the platform. For
instance, the patient possesses the following data: vital
signs, location, medical record, medical history, etc. On
the other hand, the doctor can view all the information
about his patients. Finally, the health provider manages all
the system’s users, hospitals, appointments, etc. So, this
side works as an acquisition operator that captures inputs
for the actors without regard to the data processing. The
core processing is handled by the Reayah management
unit, which is responsible for semantic inference
processing. It maps input data to ontology-consistent
individuals. It uses ontology rules alongside an inference
reasoner to deduce the correct notification. Based on the
patient’s information and context, the action manager
decides on the most appropriate alert (e.g., critical, me-
dium, low). Following this decision, the designated noti-
fication will be forwarded to the notification center.
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Data persistence is managed by a dual-part database,
which includes the Reayah database and the knowledge-
based database. The database contains all data of actors,
which in this context refers to patients and healthcare
providers. For instance, the actor’s data includes name,
age, date of birth, identity, file number, height, weight,
medical record, etc. The healthcare institution database
contains all the data of the institution, such as hospitals,
doctors, etc. In contrast, the knowledge-based ontology
contains predefined rules. SWRL is used to deduce in-
sights that are used within the platform.

This process can be formulated as a generalizable
computational method rather than a theoretical description
of the platform. In general, after a patient enters their
medical information C; such as [age, medical history,

health record, location, activity, and vital signs S

through the Reayah app, the underlying function F trans-
forms the information into new assertions A that are

integrated into the ontology in real time. The rule-based
inference engine in the ontology determines the estimated

health status Hy, risk score I}, and notification zone Z,

f:(5,C)—> A, 0=0_{t-1JUA,
(H¢,%,z;) = f(O,R), z, e {Green,Yellow,Red},
Zone mapping: z =Red
Y < <1R; Greenif K <tY.

if =1R; Yellow if

The proposed ontology is implemented in Web Ontol-
ogy Language (OWL 2), and the patient’s condition is
compared and inferred through the Pellet/Jena interpreter,
which uses the Semantic Web Rule Language (SWRL) to
infer the abnormal states and the current state of the pa-
tient.

Fig. 3 illustrates the workings of the Reayah platform.
After a patient submits their vital signs S;, the patient’s

context C; via the mobile app then the A is determined.

The SWRL-enabled model evaluates the rules to infer
abnormal status and calculate a risk score (f;). The noti-

fication zone then assigned to one of three zones

0
'

Enter health record

—Rule-based inference [
\ ) Yes»
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Figure 3 — Activity diagram of Reayah platform
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(green/yellow/red) based on thresholds (tY,tR). The

knowledge base is continuously updated, and notifications
are sent to doctor and family members. In red cases, the

nearest hospital (H *) is determined

H" =arg_ming 4o d((@_P,A_P).(¢_S.A_S)).

Therefore, the methodology adopted in this study is a
formal approach to remote patient monitoring, relying on
semantic web rules to give accurate conclusions. It
contributes to improving the efficiency, consistency, and
accuracy of medical decisions within the proposed
platform.  Furthermore, it utilizes context-aware
messaging to enhance and minimize errors in alerts. Alert
messages vary and depend on the patient’s condition.
They may be considered normal or emergency. All
information about patients, doctors, and the correct
medical decisions is stored in the proposed platform
database. The proposed platform supports many services.
It supports messaging services that generate alerts for the
patient, the doctor, and the patient’s kin automatically at
the time of an emergency by the server. Fig. 4 illustrates
the data that has been exchanged between the proposed
platform units during the platform’s operation. First of all,
the patient and doctor have to register on the server using
his/her own information, such as email, name, and
location. The following scenarios explain messaging
between patients and doctors in normal situations. For
example, the patient enters his daily vital signs as a
medical report and sends a consultation to a doctor. The
server sends a notification to the concerned doctor. The
doctor checks the medical report of the patient and the
patient’s medical history. After that, he sends medical
advice and the appropriate drug dosage to the patient.

On the other hand, we assume that the second patient
has an emergency. The patient’s blood pressure is high.
He enters his vital signs using the Reayah application.
Then the data will be analyzed and processed, and a
warning alert will be sent to a certain doctor and the
family of the patient. The doctor will decide the
appropriate medical procedure and send it to the patient.
The platform automatically sends medical advice and
alerts to the patient’s relatives.
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Figure 4 — Data flow of the proposed platform
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4 EXPERIMENTS

Remote patient monitoring improves treatment adher-
ence, a crucial aspect of patient care. These approaches
have mainly been applied to chronic health conditions.
Studies have shown that hospital treatment costs can be
significant. However, by delivering health services at
home, remote patient monitoring can help reduce time
and cost, as patients no longer need to travel to seek med-
ical attention, providing them with more comfort and less
inconvenience. This article focuses on exploring the con-
cept of remote patient monitoring, analyzing the associ-
ated systems, and highlighting the restrictions in the cur-
rent systems.

Fig. 5 offers a comprehensive overview of the classifi-
cation of systems based on specific diseases and the fea-
ture of communication between members of the clinical
team, patients, and their kin. In this representation, the
contact-based patient monitoring systems are represented
by blue-filled shapes. Consequently, Remote Patient
Monitoring (RPM) for pregnant patients, the Diabeo Sys-
tem, and a prototype for monitoring diabetes patients rep-
resent remote monitoring systems for diabetes. The Dia-
blo System involves contact-based monitoring, distin-
guishing it from the other systems in this category. On the
other hand, a Nelli hybrid system, a monitoring system
for epileptic patients using loT, EEG@HOME, and the
RNS System, are examples of epilepsy disease remote
monitoring. The system for epileptic patients using IoT
sends notifications to the patients, providing a unique
level of reassurance. Conversely, Leiden Headache Clinic
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monitoring systems
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Figure 5 — Classification of remote patient monitoring systems
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E-diary, RELAXaHEAD app, and H-Diary are standard
systems for remote patient monitoring with Headache
disease. Notably, the H-Diary offers contact-free func-
tionalities compared to the other systems, which may in-
trigue and interest the audience.

Furthermore, remote clinical monitoring of heart pa-
tients, DSS, Amrita Spandanam, and ECG android appli-
cations represent remote patient monitoring for heart fail-
ure disease. Remote clinical monitoring of heart patients
and Amrita Spandanam are contact-based systems, distin-
guishing them from the other systems in this category.
Moreover, an early-warning system for remote monitor-
ing of COVID-19 patients and an electronic platform to
monitor COVID-19 patients are examples of remote pa-
tient monitoring of COVID-19 disease. The former oper-
ates as a contact-based system, while the latter functions
as a non-contact-based system. In addition, a self-
management mobile app for chronic kidney disease and
an emote dialysis monitoring system are examples of
RPM for chronic kidney disease. The former operates as a
contact-based system, while the latter functions as a non-
contact-based system. However, the glucose monitoring
platform, RPM for agitated patients, the CDSS system,
and remote pain monitoring are examples of RPM for
fainting and loss of consciousness. The RPM for agitated
patients and the CDSS system are contact-based systems,
distinguishing them from the other systems in this cate-
gory. Finally, the Color Me Healthy application monitors
cancer patients remotely during COVID-19, and the Ac-
tivity Monitoring application and the ASyMS application
are examples of RPM for cancer disease. Monitoring can-
cer patients remotely during COVID-19 is a contact-free
feature in contrast with other systems in this category.
Context-aware technologies in healthcare offer tangible
benefits that can be measured through the results of the
studies and systems discussed. Previous systems have
shown a reduction in hospital admissions for chronic pa-
tients by enabling alerts, adjusting treatment plans, and
adhering to medications remotely. Additionally, the sys-
tems discussed have shown a decrease in emergency room
visits due to timely interventions. This proves that sys-
tems can improve patient care by predicting and prevent-
ing health crises before they escalate.

5 RESULTS

Although technology has advanced over the years, the
systems mentioned have some significant areas for im-
provement. As a result, we seek to provide a platform for
remote patient monitoring, which includes context-aware
technologies. Context-aware applications are increasingly
being used in healthcare due to their potential to increase
efficiency by providing real-time information on patient’s
health conditions. Context-aware refers to systems that
can understand and interact with their physical and digital
context [15].

Additionally, our context-aware platform can alert
medical staff and patients of critical conditions (see
Fig. 6), providing a sense of reassurance and confidence.
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Normal Breath_rate &
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Figure 6 — Reayah platform notifications

Our platform is designed to be context-aware of the
patient, focusing on determining the patient’s location,
health condition, physical activity, and more (see Fig. 7).

While using the app
Only this time

Don't allow

Figure 7 — Determine the location of the patient and their health
status

It will use context-aware technology to deliver per-
sonalized notifications, analyze individual health data,
and send customized messages to patients, their families,
or healthcare providers based on specific parameters (see
Fig. 8). It is important to recognize that the platform can
modify care plans to meet the changing needs of patients,
which enhances confidence in our platform’s ability to
adapt.

Furthermore, the platform can identify the nearest
hospital to the patient by utilizing the patient’s location.
This feature helps ensure faster patient arrival, especially
in emergencies. It thus allows healthcare providers to in-
tervene proactively to save the patient’s life. Finally, the
contextual features of our platform significantly improve
remote consultations by providing doctors with real-time
data, enabling them to make more informed decisions.
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ject
oz your advice
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Figure 8 — Communication between patient and doctor

In addition, deficiencies in communication between
patients and doctor were observed in some analyzed sys-
tems [17, 29, 31, 39], emphasizing the need to enhance
communication between these two parties. This ensures
that patients are informed about any developments in their
health condition and needs and are alerted in critical con-
ditions that require immediate attention. To enhance
alerts’ reliability, efficiency, and effectiveness and expand
them to include sending the patient’s family, we intend to
use context-aware messaging in alerts on our proposed
platform. The involvement of the patient’s family in the
messaging system is crucial for providing additional sup-
port and care, and it can be instrumental in mitigating
false notifications and increasing communication effi-
ciency between the medical staff and the patient’s family.

6 DISCUSSIONS

This paper has conducted a comprehensive analysis of
remote patient monitoring systems documented in current
literature, presenting a wide range of disease categories
covered by the existing systems. It specifically focuses
on the most common systems of these diseases: diabetes,
epilepsy, headache, cardiovascular and heart failure dis-
eases, COVID-19, chronic kidney failure, fainting and
unconsciousness, and cancer. After that, the researchers
proposed an ontology-based framework consisting of both
with-contact and contact-free features by developing a
remote monitoring system. In addition, the paper demon-
strated the data flow model and comprehensively ana-
lyzed the different systems presented by different re-
searchers in the literature. This analysis highlights the
significant potential of the evolving healthcare technology
field to greatly enhance patient care. The presented ge-
neric platform architecture is a pathway for the developers
to build a patient monitoring ontology-based system
based on context-aware category. Table 1 summarizes a
comparison between previous studies and the current
study. It illustrates the systems classified based on dis-
eases, the technology used, their structure, the method
used, limitations, and the communication-based system. It
demonstrates that the current study differs from previous
studies in that it relies on an ontology and semantic web
rules and is distinguished by its classification of alerts
into three zones. Furthermore, the researchers are excited
to design a platform for remote patient monitoring that
offers enhanced electronic healthcare services through the
use of telemedicine information systems (TMIS) and
cloud computing platforms. The plan, an ontology-based
system, will not only facilitate the semantic interoperabil-
ity of patient data but also leverage patient context to pro-
vide more efficient and effective patient care services.

Table 1 — Comparison between previous studies and the current study

Disease Architectu Contact-
System Type Technology Used re of the Method used Limitations based
P system system
Bluetooth Replaced the conventional
RPM for pregnant Diabetics | MyChart app, and 3-ticred mIZ) a;ﬂf;;?sseﬁ;gzth?gcg; The scope of the study was No
patients [10] disease. Electronic Health . & - & limited to pregnant women. ’
Record with an Electronic Health
) Record
Mobile
Diabeo System [9] Diabetics A?ﬁig h;:gt;ﬁg ?(IDIS 3-tiered Machine learning The accuracy rate is not Yes
disease. plat f(())rms and a : algorithms. available.
web portal.
A prototype for Clinical Decision Clinical Decision Support The architecture in this
Drootyp Diabetics Support System, . Systems (CDSS) and study does not encompass
monitoring diabetes . 4-tiered . No
atients [40] disease. knowledge base, ) Electronic Health Records a real system of remote )
P and HER. (EHR). patient monitoring.
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Continuation of Table 1

Data were collected only
from one recording, and
Nelli hybrid system Epilepsy Video camera and . Machine learning the study targeteq a sroup
[15] b ] 1-tiered. . less prone to seizures. No.
disease. microphones. techniques. . : .
Finally, patients with non-
motor seizures were not
evaluated.
Monitoring system Insufficient accuracy of the
for epileptic patients | Epilepsy MATLAB and . . sensors employed for Yes
using loT disease. IoT devices. -tiered. Fuzzy logic. identifying epileptic
[14] seizures.
Wearable sensor ANT Neurowas is used to
device, EEG record EEG, self-report
Epilepsy recording, and . self-reporting sensors, and Fewer number of
EEG@HOME [16] disease. mobile app (Seer 2-tiered. the app collects data participants. No.
app; Seer related to seizing
Medical). occurrence app.
The physician utilizes a
tablet to configure
. tecti timulati
The RNS System Epilepsy Tablet, Patient . s:tt?g;;s nazriSeSlllg‘:;?cleosr; .
b Data Management 3-tiered. > Lack of security. No.
[17] disease. System (PDMS) and review data from the
Y ’ neurostimulator. The data
monitor for the patient’s
home.
Leiden Headache Headache Electronic diary . A web-based survey was There is an absence of 2
- . . 1-tiered. sent to the patient through reliable method to assess Yes
Clinic E-diary[20] disease. and tablet. . .
email. patient acceptance.
RELAXaHEAD Self-reported specific The limited sample size
RELAXaHEAD app | Headache app, electronic |-tiered details about patients’ and absence of a reliable Ves
[21] disease. diary, and ’ headaches, sleep-related method to assess patient
smartphone. questions, and medications acceptance.
Web server The patient enters data
! through daily diaries that The absence of a
. Headache Oracle, JAVA, . . . . .
H-Diary [22] . . 3-tiered. contain a questionnaire mechanism to assess No.
disease. PHPS, JavaScript, consisting of yes and no atient acceptance
HTML, and CSS. EOY p ptance.
questions.
a?:é‘;’lj:rs Scheduled and
.. . p § unscheduled in-person The limited sample size
Remote clinical Cardiova implantable . .
. . . interrogation before and the absence of a
monitoring of heart | scular cardiac 1-tiered. . . Yes
. . . discharge and remote mechanism to assess the
patients [41] disease. defibrillators, and . . o . .
. interrogation post- utility of interrogations.
follow-up device .
discharge
care.
DSS for remote Cardiova Deep neural The database was spht 1.nt0 _
. . network models . three sets: train, validation, | The capacity for the model
patient monitoring scular 1-tiered. . S No
N . and the rule-based and test, with a distribution was reduced.
of heart disease [2] disease. .
model. ratio of 4:1:1.
Sensors collect data and
then analyze it. The
IoT devices, Wi- severity is measured using
Amrita Spandanam Cardiova Fi and cellular Consensus Abnormality
[ fz] scular data, mobile S-tiered. Motif technology and other The limited sample size. Yes
disease. phones, and the algorithms, and the results
Cloud. are sent to the medical
team to take the correct
action.
The app leverages
microcontroller
ECG android Cardiova SQL,Bluetooth, techpology, s'1gna1
application [25] scular 1010 3. tiered processing algorithms for The app was run on No
PP di Microcontroller, : ECG wave analysis, and Android only. :
sease. MATLAB. communication protocols
to ensure secure and
private data transfer.
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Continuation of Table 1

An early-warning

SQL and NoSQL,

system for remote COVID- data mining. Data acquired from sensors | The accuracy of the sensor
monitoring of 19 Machine learning 3- tiered. are analyzed on cloud data was not examined. Yes
COVID-19 patients | disease. models and servers.
[28] blockchain.
An electronic Cooza simulator, The collected data was
latform to monitor COVID- IoT, artificial analyzed using CAF and The model needs more
p Covid-19 patients 19 intelligence 3- tiered. KMCCA methods. It was ener No.
[295, disease. techniques, and then classified using SVM £y
Wi-Fi. and KNN.
Patient self-management,
Self-management . recommendations for
. Chronic . .
mobile app for . NVivo software . adherence to medication . .
S kidney 1-tiered. - . The limited sample size. Yes
chronic kidney disease and smartphones. regimens, avoidance of
disease [32] : further nephrotoxic insults,
and maintenance of diet.
Video camera,
Remote dialysis Chronic monitor,
monitoring system kidney microphone, and 1-tiered. Home dialysis network. The limited sample size. No.
[31] disease. technology
communication.
Fainting Different Observed a.det’alled view
. of each patient’s glucose
o and loss continuous .
Glucose Monitoring . . evolution and other met- . .
of glucose monitor 1-tiered. . . The limited sample size. No.
Platform [35] . . rics, automatically up-
conscious devices and loaded daily to the plai-
ness Bluetooth. Y p
form.
Fainting . . . .
RPM for agitated and loss Microsoft Kinect, Designed a det‘ectlon
. computer . system to identify the The accuracy of the sensor
patients [33] of . 1-tiered. ", T . Yes.
nscious game graphics, position of the patient in data was not examined.
rClZss and IBM SPSS. three-dimensional space.
z;lclinltfl)r;f The system utilizes fuzz There is an absence of a
The CDSS system of LabVIEW and 3- tiered rulez for modeline an dy mechanism to test and Yes
[34] . MATLAB. : . eling assess the system’s accu-
conscious simulation.
racy.
ness.
zﬁ(ljnlt:;f Sensing devices, This device utilizes a facial
Remote pain Wi-Fi, cloud . surface electromyogram The accuracy of the sensor
o of 4- tiered. . . No.
monitoring [15] conscious | S€TVer computer, (sEMG) to monitor a pa- data was not examined.
ness or a smart device tient’s pain intensity.
ganllfc-:t?(s)id Self-report, a checklist of
Color Me Healthy Cancer ppice i . general symptoms, and The accuracy of the sensor
Lo . JavaScript, and 1-tiered. > . . Yes
application [36] disease. tablet children express their pain data was not examined.
’ experiences.
Cellular-enabled
. tablet, Resideo . - ..
Monitoring cancer Life Care Patients measure their vital | The system is implemented
patients remotely Cancer Solutions |-ticred signs regularly; this data is for a small number of No
during the COVID- | disease. ’ integrated with electronic patients in one healthcare
19 [39] software, health records system.
Bluetooth-enabled ’ ’
devices
The limited sample size
Smartphone Lo
.. o s The patient is at home and the absence of a
Activity Monitoring | Cancer Galaxy S5 mini, . . . .
R . 1-tiered. filling out a daily symptom mechanism to test and Yes
application [37] disease. SIM card, the . .
. questionnaire. assess the acceptance of
bracelet Everion, .
wearable devices.
Electronic symptom .
The ASyMS . . questionnaires to assess the There is an absence of a
. Cancer Android mobile . . mechanism to test and
application [38] . 1-tiered. presence, severity, and Yes
disease. phone - . assess the acceptance of
distress levels associated S
. . the application.
with various symptoms.
The patient enters his vital
Current study General Flutter, Laravel 1-tiered. data daily, compared with The limited sample size. Yes

and Protégé

the semantic web rules,
and medical advice is sent.
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CONCLUSIONS

This study provides a detailed review of several re-
mote patient monitoring (RPM) systems, focusing on
common diseases such as diabetes, epilepsy, cardiovascu-
lar disease, chronic kidney disease, and cancer. The anal-
ysis highlights significant differences in technological
approaches and identifies critical limitations, including
issues of semantic consistency and contextual awareness.

The scientific novelty of the study is that researchers
propose an innovative ontology-based framework for re-
mote patient monitoring systems, integrating contact-
based monitoring methods. This framework utilizes on-
tology, semantic web rules, and cloud computing to en-
able the delivery of scalable and efficient healthcare ser-
vices.

The practical significance of the findings demon-
strates the potential of a context-aware and semantically
enriching platform to revolutionize telehealth services. By
facilitating alignment and intelligent decision-making, the
proposed system lays the foundation for remote patient
monitoring. A data flow model is included to illustrate
how patient context is integrated into context-aware mes-
saging processes for monitoring patient health status. The
practical significance of this research lies in its real-world
applicability, providing developers and systems engineers
with a clear blueprint for designing intelligent and adap-
tive remote patient monitoring platforms. This framework
paves the way for improved patient care and reduced hos-
pital visits.

Prospects for further research are focuses on im-
plementing the proposed system in diverse healthcare
settings and larger areas to assess its user acceptance. The
study also calls for continued research in the fields of
ontology engineering and remote monitoring.
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AHOTALIA

AxTyanbHicTh. J{ucranuiiitnuit Moxitopunr nauientis (RPM) Bixirpae kio4oBy pons y TpaHcdopmaliii 0XOpOHH 3710pOB’s, 3a-
Oesmeuyroun Oe3nepepBHE BiICTEKEHHS 3I0POB’S B PEXKHUMI PEaTbHOTO Yacy 1M03a MEeXaMy TPAAUIIHHNX KIHIYHUX cepeaoBuml. Sk
HapDKHAN KaMiHb HU(PPOBUX MEAWYHUX NOCIyT, RPM cripusie mpoakTHBHUM Ta MPOQiIaKTHYHUM TiIX01aM [0 AOTIIAIY.

Meta poGotn. Ll crarTst Mae Ha MeTi mocmiguTH KoHuenmiro RPM, neperisiHyTH iCHyIOYi CHCTEMH Ta 3alpOIOHYBAaTH HOBY
apxXiTeKTypy IIaTGopMH JUIs MiABUIICHHS e(heKTUBHOCTI, JOCTYITHOCTI Ta SIKOCTI HAJQHHS MEIUYHOI JOTIOMOTH.

Meton. BukopucTOBYIOUH SKICHHI aHATITHYHAN METOJ, JOCTIKCHHS po3risaae cucteMd RPM, ajganToBaHi 10 KOHKPETHUX
yMoB. BoHO Kiacuikye i cuctemMu 3a pexxuMoM poOOTH, KOHTAKTHUM 4M OE3KOHTAKTHHM, Ta OLIHIOE IXHI TEXHOJIOT1i, apXITeKTypH
Ta NpONOHOBaHi nocayru. Kpim Toro, BOHO mpencraBisie 3aporoHOBaHy oHTONOriuHy mwiatdpopmy RPM, 1o Britouae MipKyBaHHS
Ha OCHOBI MPaBIJI ISl IOCHJICHHS IPUHHATTS KIIHIYHUAX PillCHb.

PesysabTaTu. AHaniz oxomtoe 3actrocyBanHs RPM mis Takux cTaHiB, SK Iia0eT, emisencis, ToJOBHUHA 01k, cepLEeBO-CYANHHL
3aXBOPIOBaHHS, cepueBa HepoctaTHicTh, COVID-19, xpoHiuHa XxBOopoOa HHUPOK, pak Ta HENPUTOMHICTh. BiH BH3Hauae CHIBHI Ta
HEJIONMIKK ICHYIOUMX CHCTEM Ta LIIOCTPYE, SIK 3alpOIIOHOBAHA apXiTEKTypa BHpINIye Hi MpoOiieMu, Hamalodd IepCOHai30BaHi,
MacmtaboBaHi Ta eheKTHUBHI PIlIEHHS JUIST MOHITOPHHTY.

BucHoBku. Jlocni/ukeHHsI IiJKPECHIOe 3pocTarody BaxIMBICTE RPM B 0OXOpoHi 370poB’s Ta HpencTaBiisic iHHOBaLiiHY,
OHTOJIOTIYHO OPiEHTOBaHy ILIaT(GOPMY Uil HOKPAIEHHs HAaIaHHS MOCIYT Ta pe3yJIbTaTiB JIiIKyBaHHS HanieHTiB. [loganbrui 3ycriis
OyIyTh 30cepemKeHi Ha KiTiHIuHINA Baigauii Ta ouiHui eeKTHBHOCTI B peaqbHuX yMoBax. L{s poboTa Hajgae wiHHy iHMOpMaio s

MEJUYHUX MPAL[iBHUKIB, PO3POOHUKIB Ta MOJIITHKIB, IKi BIOCKOHAIIOIOTh PILlIEHHS ISl TUCTAHI[IHOT JOOMOTH.
KJIFOYOBI CJIOBA: 6iomennuHa TeixeMeTpis, XBopoOH, GppedMBOPK, MeITu4HI iHGOpPMAaLiiiHI CHCTEMH, TeIeMeIUIINHA.
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