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Abstract— The traditional approach for monitoring chronic diseases represents a major challenge for hospitals and the Ministry of
Health in Yemen. This research aims to develop a Remote Patient Health Monitoring System (RPHMS) using Bluetooth enabled
medical sensors and mobile phones. This research adopts the Rational Unified Process (RUP) is a software development process
framework to develop the proposed system. The RPHMS provides real-time monitoring for the patients suffering from chronic
diseases and manages the patients' medical record in which the diagnostic and prescriptive data are stored for further analysis. The
RPHMS consists of two major subsystems: Mobile Patient System (MPS) to wirelessly measure the patient's medical and position
data, and automatically send the data to the central hospital server; and Central Hospital System (CHS) to automatically store the
diagnostic data in the hospital database and then forward the data in form of Short Message Service (SMS) to the doctor. In addition,
the CHS enables the patient to get feedback from the doctor. Moreover, CHS stores the feedback and the prescriptions in the hospital
database. These data can be accessed by the patient using a mobile application. The results show that RPHMS enables hospitals and
doctors to obtain accurate and timely data regarding patients' chronic illnesses. This research concludes that the RPHMS improves
the control of the heart rate, blood pressure, and oxygen percentage in the blood (SPO2), since it provides real-time monitoring of
chronic patients.
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monitor the patients in remote areas [4]. The present
I. INTRODUCTION knowledge of mobile healthcare applications is still limited.

The Wireless Body Area Network (WBAN) is a sensing More specifically, most of the previous st}ldigs that have
technology that can be continuously worn on the patient's been - conducted on. mobile hez}lth monitoring - systems
body. The primary purpose of WBAN is to monitor the focused on thg following two §0!ut10ns: .
health situation of patients. It consists of several types of * Meagurmg and transmitting of patient's dafa to the
medical sensors. For example, wearable medical sensors are hospital server or the doctor. . .
used to form the WBAN around the body of the patient. The » Sending the feedback from the doctor's mobile phone

medical sensors of WBAN are characterized by low power, 0 to the pe}11tient’s inqbile ph;)lne directly. d ffici
small size, and diffusive wireless sensors [1], [2]. The fast owever, these solutions still cannot provide a sufficient

development of the WBAN has played a big role in interest for the patients from two aspects: firstly, the data of
providing efficient healthcare facilities to the sufferers of patients g‘mk s’e curlt%fllandhprlva(gf, P(;lrtlcuﬁarly ' case ?(f
chronic illnesses. Besides, mobile technology provides the missing oc.ttf)r IS1 mobric: phone. efm s, 1: ¢ dpatlent cou

fastest way to deliver the patient's data to the doctor. not enslure 111 that meisage came from the doctor or n(it'
Therefore, the development of healthcare applications based Seconq y, the I.nedvlca Pt escriptions are not Permar}ent Y
on WBAN together with mobile devices may assist millions stored in the patient's medical record for future diagnosis and
of people who suffer from chronic illnesses by improving decision-making. Qn the .othe’r hand,'thlose §tudles ignored
the quality of their lives and reducing healthcare costs [2], the process of storing patients: prescriptions in Fhe database
[3]. Additionally, the increase of chronic diseases poses an of the' remote hospital servet. The data of patients can be
urgent need to develop mobile healthcare applications to sent via wireless communication such as the General Pocket
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Radio Service (GPRS) technology (2.5G), which is provided
by telecommunication companies [5], [6].

SMS is considered a better communication way of mobile
technology than web service and socket technologies. The
SMS communication protocol does not resemble web
services that need to be hosted by the service provider for
applying a request and response communication model. SMS
messages can be sent and received as and when needed.
Some studies indicated the importance of collecting the
patient's location data by using the Global Positioning
System (GPS) receiver. The GPS receiver is considered a
feasible technology to identify the current location of the
patient. It provides the hospital with the location data of the
patient. These data enable the nurse to visit the patient's
current place and enable the healthcare provider to bring the
patient to the hospital. This is necessary when the remote
medical instructions are not useful. Before the actual
monitoring process, the patient must subscribe to the
hospital or healthcare center to obtain the remote monitoring
service [7]. Many prior studies lack developing the Patient
Subscription System (PSS) as an integral subsystem of the
central hospital system. This does not mean that the PSS is
not an issue in remote health monitoring applications.
Nevertheless, the PSS is an essential system to be
implemented in the central hospital server since it improves
the hospital's service quality. It also enables the healthcare
provider to manage and process the data of patients'
subscriptions.

The rapid spreading and increasing of chronic diseases
represent a significant challenge to the Ministry of Health
and Yemen hospitals. For instance, the University and
Science Technology Hospital (USTH) stated that more than
40% of primary visits to the hospital related to chronic
illnesses [8]. Furthermore, World Health Organization
(WHO) found that there are about 330 million individuals
have hypertension. Accordingly, in 2025, it might be around
1.56 billion individuals suffering from high blood pressure
[9]. However, all current monitoring systems implemented
in the private and public hospitals in Yemen are still using
the traditional approach of monitoring chronic patients. For
instance, when the medical professionals or the doctors want
to monitor the patients, they visit the patients at their beds to
make a suitable medical diagnosis. However, it is hard for
the patients to stay throughout their life in the hospital, and it
is also difficult for the doctor to visit the patient [1]
continuously.

Regarding chronic patients, there is a necessity to
maintain their health situation under monitoring and control.
Besides, many hospitals do not have an adequate capacity to
accommodate all chronic patients. Accordingly, the manual
approach is not suitable to monitor and manage these
patients.

Besides, storing the medical diagnosis data and patients
permanently in the remote hospital server database is vital to
future diagnosis and decision-making. However, the patient
centrally, the manual approach fails to address this issue [1].
Furthermore, many prior studies developed the patient's
medical record, which did not provide an adequate solution
for storing and managing the following: medical
prescriptions and diagnosis of patients, time of receiving of
patient's diagnosis, and time of sending of feedback to the
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patient [5]. An effective way of managing chronic diseases
can provide improved healthcare results. For example,
monitoring the patient's heart rate, blood pressure, and SPO2
can improve quality of life and reduce health costs [10].

According to Evans et al. [11], the healthcare applications
of the WBAN are divided into two categories relying on the
environments of their operating:

o Wearable WBAN (i.e., wearable sensors) work on the
patients' body such as portable, ambulatory, and
embedded sensors. They are used for the medical
sensing and monitoring.

o Implantable WBAN (i.e., implantable sensors), which
work inside the patient's body.

Accordingly, this research utilizes portable medical
sensors known as ECG [1], [12], [13]. This medical sensor is
incorporated with Bluetooth technology as a communication
protocol. It has enough bit rate (up to 433.9 Kb/s) and
bandwidth to transmit the mobile phones' signals. It also
enables the data to be transmitted securely because it
supports authentication and encryption methods. The
previous paragraphs discuss that WBAN is a sufficient
sensing technology for healthcare monitoring systems [14],
[15].

The remote healthcare systems have been developed and
implemented in Africa, Europe, and America countries.
Some of them were developed to support healthcare
monitoring for remote patients at home. Many types of
research are being done to review and improve the current
systems [4]. Many remote patients monitoring projects were
developed and implemented to be used for monitoring
patients at home, particularly those who have lost their
mobility [16], [17]. They suggest that the patients' data can
be delivered to the healthcare center if the patient resides at
home. However, anywhere delivery of the patient's data is
not supported by those systems. Another similar previous
study focuses on sensing and sending patients' data directly
from PDA to the doctors [18], [19]. They propose the system,
which is named "Remote Patient Monitoring" (RPM). It is
integrating GPS, GSM and wireless sensors have been
developed. It uses the plus oximeter sensor and cellular
phone to send patients' data in SMS to the doctors' mobile
phones. The SMS message contains the patient's medical and
location information. The RPM focuses on sensing and
sending the patient's data directly to the doctors. However,
the RPM does not have patients' medical modules located in
hospitals. It also does not have security protection over the
patients' data.

Regarding the process of real-time monitoring, the health
monitoring system called "Enhanced Personal, Intelligent
and Mobile System for Early Detection and Interpretation of
Cardiological Syndromes" (EPI-MEDICS) is developed to
support the real-time monitoring [20]. This system monitors
the remote patients at home and their work offices and on
trips. They argue about the efficiency of the current remote
health monitoring systems and they consider them
inadequate to meet the patients' requirements [21]. EPI-
MEDICS is used to collect the patients' health data and
location information and then send the patient's data to alarm
the server via mobile phone. The alarm server receives the
patients' data together with the alarm message.



Furthermore, the alarm server forwards the data in the
form of SMS to the hospital or to the doctor. The alarm
message is understood according to the alarm level. It is
necessary to notify the healthcare practitioners (doctors) of
the critical signal in a critical situation [13]. However,
locating the alarm software in a separate server (such as an
alarm server) is inefficient and slows down performance [22].
Indeed, the data need more management and processing until
it received by the doctors. It is better to embed the alarm
software as an integral subsystem of the hospital software.
Another issue is that the patients' feedback is not stored in
the patient's medical record. It is a big limitation. Commonly,
the software in the hospitals consists of two subsystems:

o The patient's medical record, which processes and
manages the information and history of the patients.

e GPS module that processes and manages locations
information of the patients and enables doctors to
explore patients' current location.

On the other hand, the SMS technology is not used as a
communication protocol in some previous projects [23].
They justified that the SMS needs interaction from the
patient to retrieve messages [23]. However, there are studies
focusing on the importance of using SMS and MMS as a
communication medium in the healthcare monitoring
application [7]. For example, some previous research argues
that mobile SMS and the MMS in healthcare monitoring
systems are essential for the patients until they can benefit
less time, effort, and cost [24].

At present, the hospitals and healthcare centers in Yemen
need to monitor their chronic patients systematically.
Therefore, new solutions are required. This study aims to
develop the RPHMS that can play an essential role in
providing healthcare services for remote patients,
particularly those in the Yemeni rural areas.

II. MATERIALS AND METHOD

This section discusses the proposed system model, the
tools, the processes, the techniques, and methods used to
design, develop, and implement the system. The RUP of the
system development life cycle is the methodology that is
used in the analysis, design, and implementation of the
RPHMS. The proposed model of RPHMS is shown in Fig. 1.

A. The Proposed Model

As shown in Fig. 1, the RPHMS mainly consists of two
systems: the MPS and the CHS. Firstly, the MPS is a mobile
system installed in the patient's mobile phone to measure the
patient's data from wearable sensor devices and then send
the data to the hospital medical server. Secondly, the CHS is
the system that will be installed in the remote central server.
It is used for receiving the patients' data and forwarding the
data to the doctor. Furthermore, the CHS consists of four
subsystems: the PMR, the PSS, the SMS system, and the
PTS. Firstly, the MPS is a mobile application that is
proposed to be installed on the patient's mobile phone. It is
responsible for interfacing between the wearable body
sensors and the hospital server. It also measures the patient's
data from the wearable sensors and sends the patient's data
to the hospital server. Secondly, the CHS software consists
of four subsystems as follow: PSS, PMR, SMS management
system, and PTS.
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1) The PSS: it is proposed to serve the subscription
phase such as patients' subscription and personal data,
subscription duration, subscription fees and the remote
monitoring services. The PSS also manages and controls the
configurations of the patients' medical sensors. Besides, it
authenticates the patients' access to accept or reject the
patients' data. Furthermore, it stores, manages, and controls
the users' accounts and performs user validation.

2) The PMR: it is proposed to manage the patient's
medical record. It includes the patient's diagnostic data
received from the patient's medical sensors and the doctor's
prescriptions for the patient. The patient's diagnostic data
and the patient's prescription information must be
automatically inserted and saved into the patient's medical
record.

3) The SMS: SMS management system is proposed to
act as a communication ring between the patient and the
doctor. It is used to receive the patient's data from the
patient's mobile phone and forward the medical data to the
doctor responsible for monitoring the patient. It also used to
receive feedback from the doctor and forward the feedback
to the patient. Furthermore, the SMS messaging system
enables the patient to query about his/her medical record by
sending the query results to the patient mobile phone.

4) The PTS: PTS subsystem is proposed to track the
patient's location. The PTS stores and manages the patient's
position information that is received from the patient's
mobile phone. It enables the hospital to identify the current
location of the patients. Google’s Latitude software will be
used to determine the patients' location because it does not
need to interact with the vendor or third party.

Client Environment Hospital Server Environment
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Fig. 1 The proposed model for RPHMS

B. Tools Used for Application Design

For the server applications, an oracle database 12C is
identified during this phase as the most suitable database for
the RPHMS system. An oracle 12C is selected as an
appropriate relational database management system for the
proposed system because the researcher has more than 16
years of experience in an oracle database. The reason for



using oracle database 12C is that it supports an effective
concurrency control model, which involves indexing,
partitioning, and parallel execution of processes. Besides, an
oracle database is a platform database, which can be run on
more than one operating system such as Linux, UNIX, and
Windows, and it also supports cloud computing technology
[25]. Similarly, Microsoft Visual Studio 2012 (C#.NET) is
used in this phase as an appropriate programming language
to develop the Graphical User Interface (GUI) of the
RPHMS. It was selected because the researcher has more
than 5 years of experience developing GUI by using C#NET
2012. As for mobile applications, Windows Mobile, together
with C#NET 2012, is used for developing mobile
applications.

III. RESULT AND DISCUSSION

This research determines whether the RPHMS improves
the HRV, SPO2, and BP control among patients with
uncontrolled diseases in Yemen. The RPHMS has been
developed by using mobile phone and GPRS technology.
Therefore, it provides the solution of mobility, which
enables the patients to be monitored from anywhere and
anytime. In addition to the solution of mobility, this study
provides other important benefits to the patients, the doctors,
and healthcare centers. Furthermore, it met the users'
requirements and avoided using the internet technology
because a significant obstacle that faces both patients and
doctors in Yemen is the unavailability of the internet. The
major results of this study's project as follows: the MPS, the
SMS, the PMR, the PTS, the PSS, and the results of access
into the system.

Firstly, the MPS provides real-time patient's health status
and location information. Accordingly, the doctor can
monitor the patient's current health status not only at home
but also from anywhere and at any time. This result confirms
the results of the study developed by previous study [5]. The
MPS also displays patient's medical prescriptions messages
in a separated list. This may be beneficial to patients so that
they can differentiate between medical and other messages.

Secondly, the major results that arose from the
implementation of the SMS subsystem are considered very
important in improving healthcare services provided by
hospitals in terms of the speed of information delivery at the
right time and right place. This system works as a liaison
between patients and doctors, since it receives the patient's
data, stores these data in the database, and sends the patient's
medical data to the doctor in charge. After that, it receives a
patient's medical prescription transmitted by the doctor,
stores it in the database, and sends it to the patient. This
result's possible explanation is that the hospital server must
authenticate the patient's diagnostic data and the patient's
feedback.

Thirdly, the most significant result that emerged from the
PMR implementation is that the patients' diagnosis and
prescription information are permanently saved for the
purposes of the future diagnosis. This means the doctor's
feedback must be stored in the patients' medical record
before sending the patient's feedback. The availability of the
patient's medical record and the patient's history in the PMR
could assist the doctors for better treatment.
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Fourthly, identifying and browsing the current patient's
location is also the significant result of the PTS.

Fifthly, for the hospitals or the healthcare centers, the
most significant results which emerge from the PSS are that
the healthcare center can manage the patients' subscription
procedures such as subscription fees, subscription duration,
and monitoring services. Although the patient should be
subscribed to the hospital or healthcare center to obtain the
remote monitoring service, this enables the patient to ensure
the quality of the hospital's remote monitoring service.
Therefore, this result provides beneficial value to the
hospitals in return to provide a remote monitoring service. In
contrast to prior studies, this result has not been previously
developed in other studies.

Sixthly, regarding remote access, only the patients and
doctors were authorized to access the CHS through using
their mobile phones remotely. Their ID and mobile phone
number authenticated the doctors while the patients were
authenticated by their ID, sensor ID, and mobile phone
number. The study developed to confirm that this result is
significant due to the patient's medical data's sensitivity [1].
Besides, patients' information must be private and
confidential. Regarding local access, the doctor can also
access the CHS by using a valid user name and password.
The local access into CHS is very useful when the doctor in
the hospital. It also enables the doctor to send feedback to
the patient using CHS and without using the mobile phone.

A. The Results of The Patient's Subscription

After registering a new patient by the nurse or doctor in
the system, the doctor decides about the chronic diseases of
the patient who will be monitored and the required
monitoring duration. To assign the remote monitoring
services to the patient, the doctor uses the interface given in
Fig. 2.

tient data management
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Fig. 2 Assigning the remote monitoring services to the patient (chs interface)

Delete Edit

The mandatory fields require to enter as in Figure 2 above
are as follows:

o the sensor ID that refers to patient's sensor device
identifier.

o The remote monitoring service, which refers to the
chronic disease of the patient that will be monitored.

o The user must select the doctor who is responsible for
monitoring the patient remotely.

o The beginning date of the patient's subscription, which
refers to the start of the monitoring operation.



o The finishing date of the patient's subscription that
refers to the end of the monitoring operation; (6)
Enabling of the remote monitoring option, which
indicates to confirm the activation of the remote
monitoring operation.

For every patient registered in the CHS, the patient's data
cannot be accepted by the remote hospital server if the
monitoring services are not assigned to the patient and if the
patient's monitoring service is not activated.

B.  Configuring the MPS for Connecting with the CHS

After subscribing to the patient in the hospital or
healthcare center, the system administrator must install the
MPS on the patient's mobile phone. Likewise, the system
administrator must prepare the communications settings
between the patient's mobile phone and the remote hospital
server.

C. Results of Monitoring Patients Remotely

This section presents the results of the remote monitoring
phase. It starts after registering the communication settings
between the client application (MPS) and server application
(CHS), and activating the remote monitoring service. In the
MPS, the monitoring results are automatically collected from
both the medical sensor device and the GPS receiver in one
SMS message. In the MPS, the process of measuring real-
time health and position information is considered as the
significant result of this study. Fig. 3 shows the result of
measuring the patient's location information. This figure
displays that there are two significant parameters: latitude
and longitude.

Latitude

47.633625
-122.186453333333

6{9 (6]

10/29/04 7:20:58 PM

Longitude
Satellites

Tine

TestGPSFle On, On

IGPS Sensor 5M5 Exit

These parameters are used in identifying the current
location of the patient. Fig. 4 displays the result of
measuring the patient's medical information. This figure
shows that there are three significant parameters: HRV,
SPO2, and BP that are used in diagnosing the health status of
the patient. In the MPS, the most critical results appear from
Fig. 3 and Fig. 4 because the patient's location and medical
information are automatically measured without user
interaction. Moreover, when the wireless medical sensor's
critical values, it directly alerts the MPS to send SMS
message to the remote hospital server. The MPS formats the
SMS message before transmitting it to the remote hospital
server. For the MPS, the SMS message format is

Fig. 3 Patient's Location Data
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implemented to transmit and receive data between the
patient's mobile phone and the remote hospital server. This
agreement is critical to distinguish the data from a different
format as soon as receiving them. Consequently, the data
with the different formats will be rejected before the
authentication and validation.

Fig. 4 Patient's medical data

Fig. 5 shows the format of SMS message that sent by the
MPS to the remote hospital server. The SMS message begins
with the RPHMS identifier followed by the patient ID,
sensor ID, medical information, and location information.

SPO2=99#1 G=-122.186451666667,L

| RPHMS#PID=3#5I0=19932#HR =72,
T=47.63363

|Send SMS

Fig. 5 Transmitting the patient's data in the form of SMS (MPS interface)

While the SMS management system is implemented as a
subsystem of the CHS in the remote hospital server, it
should be on connectivity and running to serve remote
patients. It also works as SMS server to send and receive
patient's data and instructions. Fig. 5 shows the interface of
the SMS server that consists of four text boxes. These text
boxes describe the SMS message status from the top left as
shown in Table 1 below.

TABLEI
SMS MESSAGE STATUS IN THE CHS
Message Status From To
Status description

1 Received Patient Remote
hospital server

2 Transmitted Remote Doctor

hospital server

3 Received Doctor Remote
hospital server

4 Transmitted Remote Patient

hospital server

Table 1 explains that the SMS message has four statuses
in the CHS as follows:
o SMS message that is received from the patient.



e SMS message that is transmitted to the doctor.

e SMS message that is received from the doctor.

o SMS message that is transmitted to the patient.

In detail, every transmitted SMS message from the
patient's mobile phone to the remote hospital server must
pass by several steps. The CHS is responsible for performing
these steps that are described as follows:

e The CHS examines whether the duration of the
patient's participation is not expired. If expired, the
CHS will notify the patient of renewing the
subscription via SMS message.

e The CHS receives the patient's data in the form of
SMS and then displays the received SMS as shown in
the interface given in Fig. 6.

e The CHS formats the SMS message by dividing this
message into patient's medical data and patient's
position data.

o« The CHS stores the patient's medical data in the
database and displays the results in the patient medical
record interface.

o The CHS stores the patient's location data in the
database and displays the results in the interface of
mapping the patient's location.

o After receiving and storing the patient's data in the
database, the patient's medical data is automatically
forwarded by the remote hospital server to the related
doctor as shown in the interface given in Fig. 6.

o The CHS receives the prescription and instructions for
the patient, which was sent from the doctor and stores
it in the database.

e The CHS sends the feedback, which was received
from the doctor to the related patient and displays the
results as shown in the interface given in Fig. 6.

RPHMS-SMS Server
SMS Messages Management

Transmitted SMS to doctors
Sent To DID=5
Sender=7
Message text

| Received SMS from patients
Received From PID=3
Sender=711811311

I

[S=HR=72,5P02=59

72,5P02=98=

| Received SMS from doctors

Received Fro
Sender=7111

Message text RPHME=DID=3=You have to use

medicine

Message textRPHMS=DID=3=You have to use

medicine

Connected lo the GPRS Modem |

Fig. 6 SMS server for sending/receiving SMS (CHS Interface)

In the CHS, the process of sending and receiving the data
may seem long, admittedly, but it benefits the patient greatly.
For example, it ensures the storage of the patient's diagnostic
data, the medical prescription, the medical instructions, and
the medical advice in the patient's medical records. In the
MPS, the process of filtering of SMS messages is used to
enable the patient to distinguish between the messages,
which came from the hospital server and the other SMS
messages, which came from others sources. Filtering the
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SMS messages that are received by the patient's mobile
phone is explained in the interface given in Fig. 7. The MPS
notifies the patient when the new SMS message is received.
It filters the received SMS messages in two ways:

o The SMS messages received from the hospital server
are filtered in the list box in the interface given in Fig.
7a. These messages have a specific format which
starts with the symbol RPHMS# and the SIM number
inserted into the GPRS modem attached to the hospital
server.

e The SMS messages that are received from other
sources such as friends are not filtered within the
healthcare messages as shown in Fig. 7b.

Although the mobile phone notifies the patient of
receiving a new SMS message regardless of its source, there
is a need to enable the patient to distinguish between the
messages that come from the doctor and other messages.

RPHMS#PID=3#5I0= 199232 #HR =72,
SPO2=09#LG=-122,18645 1666667 L

T=47.63353
Send SMS

RPHMS#PID=3#51D=109324HR =72,
SPO2=00# G=-122, 196451666667 L

T=47.633632
Send 5MS

RPHMS #vou have to use medicine as 1

RPHMS #ou have 1o use medicine as I

" New Text Message
+14254448851

Hi,How are you,

New Text Message
+14254448851

RPHMS#You have to use medicine as I have
I already prescribe ko vou,

(a) Receiving medical message

(b) Receiving other message

Fig. 7 Receiving the patient's feedback
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Prescription test
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Edit

| J

Esit l

Fig. 8 Exploring current patient's location (CHS interface)

The Fig. 8 shows the patient's medical record, which is a
document that includes all nursing and medical information
that covering all aspects related to the patient's status. For
viewing the patient's medical history, the doctor can find the
specific patient by using the drop-down list in the interface
given in Fig. 8. If the user wants to navigate the patient's
medical record for specific duration, this can be done by
entering the required duration and then click the button
called search to display the patient's medical record. The
interface given in Fig. 8 explains that the patient's
medical record consists of three main parts:




 The transaction of the medical record.

o Medical diagnosis of the patient. This section displays

the patient's diagnostic data.

o The medical prescription of the patient.

This section displays the data of treatment and the necessary
instructions to the patient described by the physician
according to the patient's diagnostic data and the date and
time of receipt from doctor's mobile phone and is this
prescription sent to the patient or not.

Fig. 9 shows the interface of mapping of the current
patient's location. This figure indicates that there are two
parameters used to identify the current patient's location:
latitude and longitude. The current values of the location's
parameters are directly stored in the database of the CHS
after receiving the current location data by the remote
hospital server from the patient's mobile phone. Therefore,
the user can navigate the current patient's location by
looking for the required patient using the search criteria such
as the patient's ID or patient's name in the drop-down list.
After entering the search criteria, the system responds in
displaying the current patient's location, then the user clicks
the button called (map patient's location) to browse the
current patient's location.

Get Cumrent Position of the remote patient

Patient Data Location Parameters

Patient ID Latitude:  [15.424889

PatientName |Saced Naser Najeeb Abdullah v 44,222717

Longitude:

Get Location parameters lMapPahEn(Ln(ath ] [ Clase ]

Fig. 9 Exploring Current Patient's Location (CHS Interface)

D. Discussion

The purpose of the evaluation is to present evidence that
the RPHMS consistently provides the results, which meet
the predetermined user requirements. To evaluate the
RPHMS, several parameters need to be considered, such as
user-friendly, system performance, and other innovative
aspects. Firstly, the GUI of the MPS and CHS are reliable
and user friendly. The users do not need to have more
technical knowledge for using both MPS and CHS. The
communication and application architecture of the RPHMS
is appropriately flexible. The implementation of RPHMS is
also perfectly soft. The MPS based mobile phone
implementation does not need the patient interaction because
of the following steps:

o The hospital system administrator in the hospital is
responsible for installing the MPS in the patient's
mobile phone and preparing the required
communication settings to connect to a remote
hospital server. This step will be made once after the
patient's subscription.

e The sending and receiving
automatically done by the MPS.

e« The MPS has an auto startup feature. This feature
enables the MPS to start up when starting up the
mobile device automatically.

For the CHS based hospital server implementation, the
doctor interaction is optional because the doctor has the
remote access privilege into the CHS through his/her mobile
device. This permission enables the doctor to receive the

operations  are
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patient's medical data and to make feedback anywhere and
anytime. Secondly, several parameters are used to measure
the system performance, such as the data storing, data
receiving, data sending, and data retrieving process. The
evaluation results for these parameters were referred that the
CHS based hospital server implementation provides high
performance due to its characteristics:

o It implemented oracle database 12C, which provides
high performance in responding to the system's SQL
statements.

e The connection between GUI of the CHS and the
database is implemented using the Oracle Data
Provider (ODB.NET) which also provides high-
performance data access

o The CHS is implemented and coded using the .NET
threading technology, which also plays an essential
role in increasing performance.

Furthermore, three innovative aspects distinguish the
RPHMS as follows:

o The PSS is implemented as a subsystem of the CHS,
which processes and manages all data and information
related to the patient's subscription operation. It is
considered as a valuable module from the healthcare
provider point of view.

o The feedback must be sent from the doctor to the
hospital server responsible for forwarding the patient's
prescription to the patient's mobile phone.

It seems a long operation but it is better due to the feedback
which must be authenticated and authorized by the hospital
server. Then the feedback is stored in the patient's medical
record before transferring it to the patient's mobile phone.

IV. CONCLUSION

The RPHMS has been developed to facilitate the follow-
up of chronic patients' status in remote areas that lack
complete medical coverage. It is also designed to provide
accurate and timely medical and location data to the
hospitals and healthcare centers to assist with illness
management. The RPHMS requirements were collected,
studied, and analyzed. Then, the RPHMS design model was
proposed and designed. In addition, the domain model, the
Use-Case model, and the Use-Case specification model for
the RPHMS were discussed. The system was designed in
terms of UML and the activity diagram, sequence diagrams
and class diagram were proposed and discussed. The white-
box and black-box were applied to test the functionality of
the RPHMS, and show the system was operating correctly.
The evaluation was done by measuring the following
parameters: user-friendly, system performance, and other
innovative aspects. Firstly, the system evaluation showed
that both MPS and CHS were user friendly and reliable.
Secondly, based on the system performance parameters, the
system evaluation showed that both MPS and CHS provide
good performance.

For further research, the researchers suggest further
improvements in this research for remotely monitoring many
chronic illnesses by utilizing new types of medical sensors.
The PTS is used to track the location of the patients based on
the GPS receiver. However, it receives the locations' signals
from GPS satellites in an open environment. If the patient is



located at home, then the current location's data cannot be
measured. Accordingly, the researcher suggests improving
the PTS for identifying patients' location in a wide range of
areas, such as an indoors and outdoors tracking system based
on mobile technology.

Moreover, the literature is still limited in the field of
developing the PSS and the SMS management system as two
subsystems of the remote healthcare monitoring systems.
This was a limitation faced by the researcher during this
study's execution. In the future, it is necessary to conduct
more research in this field. Based on this research results, the
researcher recommends the hospitals and healthcare centers
in Yemen to implement the RPHMS. It was developed not
only to improve the management of chronic illnesses but
also to provide healthcare providers with financial value.
Besides, the implementation of the RPHMS is very easy and
not expensive because it uses cheap and commonly available
technology. Furthermore, the researcher recommends the
Ministry of Health in Yemen encourage and fund the
implementation of the RPHMS in Yemeni hospitals.
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