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and the Internet of Medical Things (loMT) and is related to several issues. One of the
main issues is providing the remote patients with the required pre-hospital services
which includes the determination of the patient’s emergency level and selecting the
proper hospital. This study aims to improve the provisioning of personalized healthcare
service for the multi chronic disease elderly patients who use telemedicine system
through utilizing medical sensors and non-sensors IoMT devices, That includes
determination of the patient’s emergency level (triage level), identifying the disease,
and selecting the proper hospital in terms of availability and location. The proposed
framework called Multi Sources Healthcare Architecture-2 (MSHA-2). The proposed
framework accommodated the patient with different contingency levels based on
seven medical devices, namely, sensors for blood glucose, blood pressure, ECG, SPO2,
body temperature and respiratory rate and input medical texts. The framework
proposes two computational algorithms to achieve the required tasks. The simulation
of the framework is proposed in Baghdad, the capital city of Iraq, as the real physical
locations for 34 private and governmental hospitals are determined using Google map
coordinates. The appropriate hospital for the patient was identified in accordance with
the patient’s coordinates, which were taken from a GPS sensor. According to common
evaluation performance criteria, the proposed framework outperformed two
benchmark models and obtained 90% of the total services, whereas the benchmark
studies obtained 45% and 45% respectively. This study proposes a unique advance
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1. Introduction

The current health care system mainly focuses on treating diseases after they have been
diagnosed. Collecting data on older adults allows for a proactive approach to assessing their chronic
conditions rather than an emotional approach. Since the 20th century, the number of people aged
65 years and older with chronic diseases has been increasing, and this will continue to increase [1].
The number of patients is expected to increase due to the ageing of the population. By 2030, it is
projected that 1 in 6 people in the world will be aged 60 years or over. Furthermore, 80% of older
people will be living in low- and middle-income countries by 2050, making healthy ageing a truly
global priority[2]. The world health organization (WHO) declared that the stated non communicable
diseases (NCDs), such as heart disease, chronic respiratory disease, and diabetes, are the leading
cause of death in Eastern Mediterranean Region[3]. In addition to that, WHO also reported that one
of the challenges in Iraqi healthcare system is the high population growth rate which is increasing by
3.5% annually[4].

Given the advancements in technology and the challenges of scalability, personal health services
(PHS) are currently revolutionising the field of healthcare around the globe. Transforming healthcare
from within the hospital into (PHS) that are centred around an individual wherever he/she is located
as pre hospital services, has a positive effect on minimising hospital visits. Consequently, the number
of patients in Emergency Departments (EDs) in the hospitals is reduced, thus providing the ability and
considerable time to the medical staff to deliver services to urgent-care patients in sudden disasters
and accidents, such as car accidents and gun violence [5]. In addition to the patient’s need for home
care, which has proven positive effects on various health conditions, due to the decrease in the rate
of hospitalization of patients through early detection and prevention of complications through
monitoring patients’ vital signs and symptoms, where health care providers can intervene
proactively[6]. PHS refers to developing a treatment plan in reference to disease severity and physical
location for the remote patients [5]. The remote management of the elderly with chronic diseases by
using new technologies such as Internet of Medical Things (loMT) that provide high-quality
healthcare can significantly reduce EDs visits [7]. Figure 1 shows the application of the (loMT)
technology in healthcare within the structure of telemedicine system.

A telemedicine system consists of three tiers (Tier-1 is for users to collect data, Tier-2 is the
gateway which send the data to hospital, and Tier-3 is for the medical doctors to analyse the data,
generate services, and send the services back to the patient [8]. The Internet of Medical Things (loMT)
is a contemporary Tier 1 telemedicine system approach to linking medical sensors such as wearable
sensors such as skin contact sensors and applications related to healthcare technology systems over
a network connection to provide the ability to remotely monitor healthcare and diagnose and treat
patients remotely at different locations [9][10][11].

Relevant studies [8][12] have proposed scalable remote monitoring healthcare models to
accommodate the increasing in the patients’ numbers. However, these studies have several
weaknesses as the hospital physical location, patient location, patient’s request time, and patient’s
vital signs were not addressed. Therefore, there is urgent need for telemedicine framework that
address those limitations to provide the remote patients by PHS as a pre-hospital service which
includes determination of the patient’s emergency level (triage level), identifying the disease, and
selecting the proper hospital in terms of availability and location. Because of its importance in areas
of the care setting such as remote patient monitoring, the use of communication between patients
and healthcare providers, and the use of medical loT devices to monitor vital signs. Thus, making a
diagnostic decision and choosing the appropriate hospital based on the analysis of data collected
from the patient [13]. Because this preserves the lives of patients, especially those who are exposed
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to a critical health condition that requires medical intervention, the hospital closest to the patient’s
location is selected to ensure the patient’s rapid arrival to the hospital.
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Fig. 1. Internet of Medical Things (IloMT) based telemedicine system

This paper organized as the following: section 2 presents the literature review analyses, while
section 3 demonstrates the system design and illustrates all the components of the proposed
framework along with the medical guidelines. Section 4 shows a detailed results for the evaluation
of the proposed model and finally section 5 discusses the limitation of the study and shows the
research potential of the future works.

2. Literature and Related work

Personalisation in healthcare involves defining a treatment plan that is in line with the gravity of
the disease and the contextual factors of the patient, such as medical history, activity, and lifestyle.
Intelligent diagnosis helps develop a personalized treatment plan because it accurately describes the
condition of the patient and the status of the disease[14][15]. The dynamic extraction and timely
analysis of the useful and relevant information of the patient increase treatment accuracy [16].

Many studies have examined the delivery of integrated healthcare services in the home and
hospital environments based on various variables. Therefore, a variety of requirements must be
considered when creating integrated healthcare system. The study in[17] aimed to provide the
integrated and PHS to help for offering an efficient care to patients with chronic diseases and to
measure the risk of multiple sclerosis (MS). In [18], a personalized healthcare monitoring system
comprising data mining, a decision support system and context awareness, was used to facilitate
diagnosis, treatment, and healthcare in accordance with an individual’s genetics and lifestyle.
Another study [19] described an end-user development tool for the personalisation of context-
dependent assistance by nontechnical users in the ambient assisted living domain. In particular, the
applications for remotely monitoring and assisting elderly people at home through sending
multimedia messages and reminders. Moreover, the study in [14] claimed that the provision of a
personalized service is a fundamental challenge to the healthcare and is related to the issues of the
expansion of an ageing population (i.e., the increase in demand for healthcare services and physician
visits via the Internet and telemedicine).

In telemedicine systems, providing personalized services to a patient is an essential part of
telemedicine because it is the process of treating a patient. Personalisation means understanding the
needs of each individual/user and addressing those needs in a specific context[20]. Reducing the
waiting time for remote patients through accurate diagnosis is an important process to consider
when providing PHS to remote patients [8]. The most relevant studies that explored the provision of
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PHS in remote healthcare monitoring frameworks with loMT based on various features are presented
in Table 1.

Table 1
The literature survey on remote healthcare monitoring frameworks with personalized healthcare services
based on loMT

Priority Personal IoMT Hospital Patients Patient’s Heterogeneous Comments and Ref
Issue Services /10T Location Request Location Variables Limitations
Provision Time
Issue
YES YES NO NO YES NO YES Hospital profile and [8]

patient’s location were
not addressed

YES YES NO YES NO NO YES Hospital profile and [12]
patient profile were
not addressed

NO YES loT NO NO NO NO Data collection was not [20]
considered vital signs
and environmental
elements

YES NO loT NO NO NO YES Need to increase the [21]
heterogeneous sources

NO YES loT NO NO NO NO Need to increase the [22]
heterogeneous sources

NO YES loT NO NO NO YES Need to provide [23]
recommendations
focused on the user at
the right time

NO YES loT NO NO NO NO Need to be remotely [24]
domain
NO YES NO YES YES NO NO Limited to monitoring [25]

and need to increase
the heterogeneous
sources

Difficult to be perfectly

NO YES loT NO YES YES YES . [26]
implemented
Overcome the Proposed
YES YES loMT YES YES YES YES limitations in the P
Framework

relevant studies.

The critical analysis for the literature illustrates the strength points for the recent relevant
studies. However, despite all the benefits and advantages that they dispense, these systems and
frameworks exhibit some limitations that are concerned with the provision of PHS. The most relevant
studies [8][12] have proposed scalable remote monitoring healthcare models to accommodate the
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increasing in the patients’ numbers and provide a treatment plan. However, these studies have
several weaknesses (1) the distance between patient’s location and the hospitals’ physical locations
were not considered. (2) the patient’s request time was not considered. This variable is critical as
there are many private hospitals, in Eastern Mediterranean Region, that cannot admit patients in
night. (3), other limitations related to the context of the hospital and patient’s information profiles.
Existing frameworks do not consider patient location, request time, or hospital capacity. This study
addresses these gaps by introducing an improved hospital selection model.

3. Research Methodology
3.1 Conceptual Framework

The proposed framework Multi Sources Healthcare Architecture 2 (MSHA-2) is a new
improvement design for our previous design (MSHA) [27]. The components of the (MSHA-2) design
is presented in Figure 2.

The framework is composed of three tiers. Tier-1 considers the loMT devices tier whereas data
from medical sensors, manual inputs (text) and a GPS sensor are collected. In this tier, the loMT
technology gives the patient all the abilities to use different devices that are applicable to be utilized
in our proposed framework, for example the patient may use blood pressure sensor or the barometer
instrument. All data that will collect from Tier 1 will be forwarded to Tier 2 via wired or wireless
devices, such as Wi-Fi, Bluetooth, or ZigBee [27].

Tier 2 (the gateway) includes personal devices (smartphones, PDAs, and laptops) that process the
raw data that collected from Tier 1 devices and send them to Tier 3 which is the hospital server
(including cloud, server, database and loT processing platforms) through Internet protocols, Wi-Fi, or
GSM. When the patient’s data reaches the cloud /server of the hospital (Tier-3), the medical services
generating procedures are initiated. (MSHA-2) includes two algorithms that are proposed to be
implemented in hospital server (Tier-3) sequentially.

Algorithm-1(Triage Algorithm) to triage/classify the patients to the proper medical emergency
level. It is developed based on the Combined method of Dempster Shafer Theory (DS) and Fuzzy
Clustering Mean (FCM)[7]. The outcomes of the triage algorithm are (1) patient’s triage level which
consider the patient emergency level, and (2) Initial assessment and prediction for the patient’s
chronic disease. Then MSHA-2 initiates the hospital selection algorithm which is proposed and
developed based on the FCM method and it is implemented to provide the patient by the required
hospital based on the time and availability. Finally, MSHA-2 sends set of notifications to the patient,
patient’s family, and hospital front desk. The MSHA-2 conceptual framework is illustrated in Figure
3.
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Fig. 3. Proposed personalized healthcare services (MSHA-2) framework
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3.2 Evaluation of the Number and Type of loMT sources

The type of loMT medical sensors/sources used in Tier 1 is the main factor in determining the
number and type of medical features that can be used in Tier 3. The relevant remote triage
framework [8][28]uses seven sensory features from three types of medical sensors (ECG, SpO2 and
blood pressure sensors) and four non-sensory features as utilized in our previous studies and
presented in Table 2. However, to overcome the challenges encountered with the ageing of the
population and the suffering of elderly patients from multiple chronic diseases, more loMT sensory
and non-sensory inputs are utilized as presented in Table 3. Although collecting this number of
features is difficult and complex, it is crucial for improving PHS, which is also one of the main

contributions of this study.

Table 2
The triage medical guidelines used in MSHA-1 [8][28]
Medical Guideline triage: levels Measurement
Unit
Risk  Urgent  Sick Cold Normal
Case
Input ECG Heart Rate > <40 41- 50-59 60-90 Beat per
Variables  Sensor (Rhythm) 130 Or 50 Or minute
111-129  Or  91-100
101-
110
QRS width >0.3 <0.3 second
ST Yes No
Elevation
R-R Irregular Regular
Spo2 Sp02 <80 <81-90 91- 96-100 %100 per
sensor 95 cent
Blood High B.P. 22 219-18 17.9- 11-14 Hg
Pressure <= 14
sensor
Low B.P. 11<= 11-9 6-9 Hg
Text Rest? Yes No
Palpitation? Yes No
Shortness Yes No
of Breath?
Chest Pain? Yes No
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Table 3

New utilized loMT sensor and non sensors features and their triage medical guidelines used in The proposed
Framework MSHA-2

Medical Guideline triage: levels Measurement
Unit
Risk Urgent  Sick Cold Normal
Case
Input Blood sugar Hyper- <400 301- 121- 80-120 mg/Dl
Variables sensor glycaemia 400 300
Hypo- > 50 50-59  60- 80-120 mg/dL
glycaemia 79
Respiratory RR >350R 31-35 26- - 8-25 Respiratory
Rate <8 30 per minute
Temperature T - >40 38.1- - 34.1- °C
OR< 40 38.0
32 OR
32-
34
Text Mobility  Stretcher With Walking
help
Extreme Yes No
Thirst?
Blurred Yes No
Vision?
Urinate? Yes No

3.3 Algorithm 1: Remote Triage algorithm

The first service that can be provided to the remote patient is the extraction of the triage level
from the vital sign data collected from medical sensors and text data. In this tier, the data, after being
received from Tier 2, are processed to extract five levels of triage (risk, urgent, sick, cold case and
normal) in reference to a medical guide that contained readings and a medical range for each triage
level as shown in Tables 2 and 3. A brief description of the proposed algorithm in terms of triage level
is presented as pseudo-code in Figure 4.
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Input:
e jlinrange (0, 4) [range of each feature] // triage categories (5 categories)

Output:
o triage level (risk, urgent, sick, cold case, normal)

1: for j1in range(0, 5): #j1is number of column

2: f=[] #fisrowin f1

3. forjinrange(0, 16): #jis number of row

4: f.append(self.matrix[j][j1])

5. fl.append(f)

6: state = 'Normal' # health condition

7:forxin fl: # xis each row in f1

8 m=0

9: i=0

10: forx1inx: #x1 is each feature in each single row
11: m =m + x1 # summation the value(0 or 1) in each row
12: i+=1

13: if m>0: #if the result of summation more than 0
14: if f1.index(x) == 0:

15: state = 'Risk'

16: break

17: elif f1.index(x) == 1:
18: state = 'Urgent '
19: break

20: elif f1.index(x) == 2:
21: state = 'Sick'

22: break

23: elif f1.index(x) == 3:
24: state = 'cold case'

e jinrange (0, 18) [features of patient] // number of overall features (19 features)

Fig. 4. Pseudo code of remote triage algorithm

3.4 Algorithm 2: Hospital Selection algorithm

After determining the patient’s triage level in algorithm 1, the patient who has normal or cold-
case triage level can be stay in home and no need to transfer to hospital, while the patient who has
sick, urgent or risk triage levels should be sent to hospital. Selecting the appropriate hospital is one
of the most important services provided to the patient to preserve his/her life. Hospital profiles from
34 hospitals located in the City of Baghdad were formulated and presented in Table 4.

Table 4
Hospitals profiles for 34 hospitals in the City of Baghdad
NO. name Type location (coordinates)
X Y

1 Al karkh general hospital Governmental 33.3509719 44.36410349
2 Yarmouk Teaching Hospital Governmental 33.29423637 44.3523279
3 Ibn Al-Bitar Hospital for Cardiac Governmental 33.32737028  44.38863574

Surgery
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Al karama Teaching Hospital
Abu Ghraib General Hospital
Al Tarmiyah General Hospital

Al Mahmoudia General
Hospital

Al Kadhimiya Teaching Hospital
Al Furat General Hospital
Al-Hakim Hospital

Ibn Sina Hospital

Ibn Al-Khateeb Hospital

Al Sheikh Zayed General
Hospital

Al-Kindi Teaching Hospital

Al Mada'in General Hospital
Martyr Al-Sadr General Hospital
Al-Numan Teaching Hospital

Al Zafaraniyah General Hospital
Al Wasti Teaching Hospital

Ibn Al-Nafis Teaching Hospital
Baghdad Teaching Hospital
Al-Saadoon Hospital

Al Raahibat Hospital

Al-Jarah Hospital

Al Jadriya Hospital

Al Arabi Hospital

Al Banuk Hospital

Al Manar Hospital

Al Karkh Hospital

Al Masarra Hospital

Royal Hospital

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Governmental

Private

Private

Private

Private

Private

Private

Private

Private

Private

Private

33.33073804

33.30463224

33.66492063

33.07661884

33.38036629

33.27467959

33.3704063

33.3120456

33.22565249

33.31657769

33.34758324

33.10840935

33.37901496

33.36254821

33.26935986

33.31873347

33.31817762

33.35496319

33.31809185

33.30801841

33.31466929

33.29394773

33.31394837

33.39998856

33.3475289

33.31856812

33.35563401

33.32275847

44.37995969

44.1816617

44.39062888

44.36363372

44.32549774

44.27106742

44.2785936

44.40641604

44.51161529

44.42845336

44.4101878

44.57363135

44.46430927

44.35256153

44.48823579

44.43204037

44.42824236

44.39097969

44.42161653

44.42288797

44.4263935

44.42277633

44.43450492

44.40250358

44.4311779

44.32442143

44.35260077

44.32407028
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32 AlQima Hospital Private 33.95883255 44.26655055
33 Al-Harthyia Hospital Private 33.311172 44.36487504
34  AL-Belad Hospital Private 33.30264179  44.36773234

Selecting the appropriate hospital for the patient is dependent on three sequential variables,
which are: (1) patient’s request time, (2) patient’s triage level and initial diagnosis for the chief
complains, and (3) patient’s physical location, as presented in Figure 5.

Patient's Symptos

eMorning ePatient's
*Evening eMedical Features. coordinates
eDisease Diagnosis *Hospital
C it :
Request Time Patint's Physmal
Location

Fig. 5. Hospital selection Procedure

Considering the patient’s request time, the hospitals are selected in accordance with the
availability of the ED given that EDs in some private hospitals are closed at the evening in Baghdad
city. Therefore, request time is the first variable in hospital selection algorithm. Request time divided
the hospitals profile in the database into two lists, namely, morning (08:00 am to 07:00 pm) and
evening (24/7). According to the request time, if the request time is in the morning, the morning
hospital list is selected. This list includes all the hospitals (governmental and private). However, if the
request time is in the evening, the evening hospital list is selected which includes only the
government hospitals. After selecting the hospital profile list, the second variable which is the chief
complaint is considered.

In Baghdad city we have different specialist hospitals. According to the variance of the patient’s
medical emergency features that determined based on Table 2 and Table 3, we can conclude the
initial diagnosis for the patient. All the medical features represented in Table 2 and Table 3 are related
to the three common chronic diseases (heart, blood pressure and diabetes). So, based on the critical
patient’s features and hospital specialist, the hospital list is refined and filtered. Then the patient’s
physical location is considered as the final variable. The nearest hospital is chosen by selecting the
shortest distance between two coordinates, the patient’s coordinates, and hospital’s coordinates in
the hospital list. The patient’s coordinates are taken from a GPS sensor and compared with the
hospital’s coordinates that already taken from Google map and stored in the hospitals profile in Tier-
3 database. The distances (d) between the patient’s coordinates and hospital’s coordinates are
calculated using the ‘Haversine’ formula [29] as shown in Equation 3.1:

a = sin®>(A@/2) + cos @1 cos @2 -sin? AL/ 2) (3.1)

c=2-atan2(va,/(1 —a))

d=R.c

233



Journal of Advanced Research Design
Volume 137 Issue 1 (2026) 223-242

Where ? is latitude, A is longitude, R is earth’s radius (mean radius = 6,371 km);

Finally, when the nearest hospital is selected, the proposed framework sends ambulance to the
patient who has (sick. urgent or risk) triage level. In addition to that, the proposed framework initiates
the notification procedure whereas three notifications will be composed and sent. First notification
will be sent to the registration staff in the selected hospital to inform them to be prepared to the
patient, then second notification will be sent to the patient him/herself and the third notification will
be sent to the patient’s family to get acknowledged as the patient in urgent or risk triage level need
immediate support while he/she is waiting for the ambulance.

4. Results
4.1 Dataset

MSHA-2 was evaluated by using the most reliable and relevant medical database [30], which
contains numerous datasets that have already utilized in our relevant studies. Moreover, the values
of the new medical features that presented in Table 3 were generated randomly within the
consideration of medical guidelines ranges and added to the simulation. The evaluation dataset
includes 580 patients who showed symptoms of different triage level. All the patients’ dataset and
vital signs are presented in Appendix A. Hospitals profiles presented previously in Table 4. While,
Figure 6 illustrates their distributions using green landmarks locations icon in Baghdad city centre
according to Google map.

M

£
4
3 9
@
@ Q @ 9 \
Em i 9(.9‘2% ‘;’ %
0 - i ;
9 Tars =
2 ¢
- Google a]

Fig. 6. Locations for sample of the hospitals in Baghdad city using google map
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4.2 Simulation Setup

The proposed framework (MSHA-2) was implemented and evaluated in PyCharm 2021.2
(Community Edition) simulation environment on Windows 2010. The development codes were
written in Python programming language. The simulation was started by collecting patient’s medical
data from dataset and displaying the data through a GUI (Figure 7). In real-time implementations,
the patient uses the GUI to enter his/her data.

/

Name:
Spo2:

Hypoglecemia:

Hyperglycemia:

Raspirotery Rat:

Exterme Thirst?

 NO " YES

Urinate?

 NO  YES

€ False  True

Blurred Vision

" NO  YES

Chest Pain:

" False  True

Temprature: SH. Breath: Palip:
High Blood: " False ¢ True ¢ False ¢ True
Low Blood: rest? time now is evening?

T NO  YES

~

Heart Rate: Mobility:

Your Location " Walking " Withhelp ¢ Stretcher
(NLE):

Add Excel File:

= | =

Fig. 7. Grafical User Interface (GUI) for entry data

4.3 Computational Results

To present the comprehensive analysis and the ability of MSHA-2 in determining the triage level,
providing the proper hospital and medical services to a wide range of the patients who are different
in their variables and medical features, the computational results are presented through three
patient scenarios. Those scenarios are different in the patient’s emergency level which were (urgent,
sick, and cold case) respectively.

4.3.1 Scenario (1): Urgent triage level

Urgent level means the patient need to be transfer to the nearest hospital to get the fast medical
services. The system determines the hospital based on the proposed algorithm and send ambulance
to the patient based on his/her physical location. In addition to that, the system sends notifications
to the patient, hospital, and patient’s family respectively. The inputs parameters of the patient, and
the output services are shown in Figure 8, respectively.

235



Journal of Advanced Research Design Penerbit

Volume 137 Issue 1 (2026) 223-242 Akademia Baru

Sensor Data Symptoms Data

Sp02 82 Extreme Thirst? No
Hypo- glycaemia 200 Blurred Vision? No
Hyper- glycaemia 120 Urinate? Yes
Temperature 37 Rest? False
High B.P. 11 Palpitation? True
Low B.P. 7 Shortness of Breath? True
Respiratory Rate 33 CheSF Pain? Fa}se
Hart Rate (Rhythm) 70 Mobility? With help

l\

Time Data

Location Data
Location 33.58, 42.59/. ‘w now is evening?  No

(A) Input data based on loMT (sensor and non-sensor) devices

Diagnosis services
e Triage level : URGENT
¢ Disease type: Diabetes, heart disease

o 4———0Hospital services
. Hospital name Al Karma Teaching Hospital

. Ambulance? Yes

Notification services

. Message to hospital
I . Message to patient
. Message to patient’s relevant

(B) Output services including (Diagnosis, Hospital selection and Notifications)

Fig. 8. (A) inputs data, (B) outputs services based on MSHA-2 for Urgent Emergency level in scenario (1)

4.3.2 Scenario (2): Sick triage level

Sick triage level means the patient has minor pain and there is no urgent need to send an
ambulance. Therefore, the system determines the nearest hospital based on the proposed algorithm
and sends notification to the patient. In this scenario the patient should go to the hospital. No more
notifications are needed for the hospital and patient’s family. The patient, the input parameters, and

the output services are shown in Figure 9, respectively.
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Sensor Data Symptoms Data
Sp02 98 Extreme Thirst? No
Hypo- glycaemia 100 Blurred Vision? No
Hyper- glycaemia 70 Urinate? No
Temperature 36 Rest? 4 False
High B.P. 16 Palpitation? False
Low B.P. 8 Shortness of Breath? False
Respiratory Rate 26 Ches.t .Pa;n? Faflse .
Hart Rate (Rhythm) 68 Mobility? Walking

S o

Location Data S Time Data

Location 33.58, 42.59 7 . Time now is evening?  No

(A) Input data based on IoMT (sensor and non-sensor) devices

Diagnosis services
¢ Triage level: Sick
* Disease type: heart disease, AND/OR high blood presser.

| J
O 4———0Hospital services

] e  Hospital name: International Medical Center
e Need for Ambulance?: No

Notification services
e  Message to patient

(B) Output services including (Diagnosis, Hospital selection and Notifications)
Fig. 9. (A) inputs data, (B) outputs services based on MSHA-2 for Sick Emergency level in scenario (2)

4.3.3 Scenario (3): Normal triage level

Normal means the patient has no major medical emergency case and he/she is normal.
Therefore, MSHA-2 sends notification to the patient. In this scenario, there is no need to the patient
to go to the hospital. The patient stays at home and keeps monitoring his/her vital signs. No more
notifications needed for the hospital and patient’s family. The patient the input parameters, and the
output services are shown in Figure 10, respectively.
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Sensor Data Symptoms Data

Sp02 98 Extreme Thirst? No
Hypo- glycaemia 120 Blurred Vision? No
Hyper- glycaemia 70 Urinate? No
Temperature 36 Rest? False
High B.P. 11 Palpitation? False
LowB.P. 8 Shortness of Breath? False
Respiratory Rate 25 Chest Pain? False
Hart Rate (Rhythm) 70 . Mobility?
Location Data Time Data

Location 33.58, 42.59 ®-__Time now is evening?  No

(A) Input data based on loMT (sensor and non-sensor) devices

Diagnosis services
e  Triage level: Normal
e Disease type: No disease

O @——0 Hospital services

e  Hospital name: Baghdad teaching hospital
e  Need for Ambulance? No

Notification services
e  Message to patient

(B) Output services including (Diagnosis, Hospital selection and Notifications)
Fig. 10. (A) inputs data, (B) outputs services based on MSHA-2 for Normal Emergency level in scenario (3)

4.4 Comparison with Benchmark Studies

The aim of this section is to validate MSHA-2 performance and quantify the algorithms superiority

over previous relevant methods in the same field [8][12]. Table 5 shows the comparison with
Benchmarks.
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Table 5
Benchmarking MSHA-2 with relevant studies based on common research
Criteria [8]/2020 [12]/2019 Proposed MSHA-2
/Benchmark 1 /Benchmark 2
Telemedicine Applications v v v
Scalability v v v
Triage Levels v v v
Heterogeneous Medical Sensors v v v
Sources
Text-Frame v v v
Nonmedical Sensors X X \4
Multiple Chronic Heart Disease v v v
Diseases
Diabetes X X \4
High Blood Pressure X X v
Low Blood Pressure X X \4
Patient’s Location Location X X v
Request Time Day/Night X X v
Waiting time v X X
Hospital Selection Nearest Hospital X X v
Hospital Type X X v
Number Of Services X v X
Ambulance v v \4
Notifications Patient v v \4
Patient's Relatives X X \4
Hospital X X v
Total Points 45% 45% 90%

MSHA-2 and the benchmarks models have 20 common criteria in the research scope. Therefore,
we set a numeric evaluation system to get a numerical evaluation performance. As shown in Table 5,
MSHA-2 outperformed the two benchmark models. MSAH-2 obtained 90% of the total services and
standards set, whereas the two studies for comparison obtained only 45% and 45% respectively. The
benchmark models have only two main strength points compared to MSHA-2. Benchmark [8]
considered the patient’s waiting time, while benchmark [12] considered the type of medical services.
In contrast, MSHA-2 contributions were illustrated by considering (1) multi-chronic disease patients
based on IoMT sources, (2) patient’s request time, (3) patient’s location, and (4) hospitals’ physical
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locations. Improving the performance of MSHA-2 by considering patient waiting time and identifying
the optimal services package for each patient (doctor’s specialist, warding room, hospital resources,
medications, and other services) based on the patient's context-aware and medical status are set to
be potential future work in our PES research directions.

5. Conclusion

The objective of this research is to develop a telemedicine framework based on loMT technology
and computational algorithm to provide the remote patients by healthcare services. The provided
services are specifically in line with the patient’s health symptoms and condition which considered
more personalized healthcare services PHS.

Those services include triage level determination, hospital selection and package of notifications.
The proposed framework Multi Sources Healthcare Arckitecture-2 (MSHA-2) is a new extension
version for our previous proposed framework MSHA. (MSHA-2) consisted of several sequential stages
that started with the collection of sensory, non-sensory and location information in Tier 1 followed
by data transmission to the server in Tier 2. While, in Tier 3, the proposed framework provided PHS
in the form of home monitoring services (monitoring, notification and messages to the patient and
his/her relatives), pre-hospital services (triage level and initial disease type determination and
hospital selection) and hospital services (sending an ambulance). These solutions can improve PHS
for patients and give them an independent lifestyle and help them anytime, anywhere.

The results showed that MSHA-2 worked with high efficiency to preserve the life of the remote
patient by providing the proper services. The most important factor in preserving the patient’s life
was by choosing the appropriate hospital and then sending an ambulance which accelerate the
provisioning of medical services.

The Recommendation for future work includes considering patient waiting time and identifying
the optimal services package for each patient by considering (patient’s medical record, and
medications) based on the patient's context-aware and medical status. In addition to that,
considering the structures of affiliated hospitals, such as the numbers of hospital departments,
capacity of emergency departments (EDs), doctors, nurses, and beds need to be addressed. Further
research is needed to develop robust Al models by integrating Al and machine learning algorithms
into personalized healthcare systems to effectively analyse remote monitoring data, identify
patterns, and provide actionable insights to healthcare professionals. this suggested research
direction is important in choosing alternative hospital in the event of overcrowding in the patient
number in different cases such as disaster scene.
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