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Abstract: The captioned work focuses on improving systems level quality and assistive healthcare services
in developing countries like Pakistan. According to an independent survey, approximately 12.9 million
people have no access to healthcare services in Pakistan. In this paper, we propose a model based on mobile
applications that make use of GPS, internet (GPRS/Wi-Fi) and a web service; deployed on smart phones to
facilitate patients and ambulance service providers at the same time. Architectural design of proposed model
has three tiers i.e. tier-1 for remote patient monitoring, tier-2 is the framework of web-services and tier-3
handles ambulance services. Two different versions of mobile phone applications run along; one (an
author’s earlier work for monitoring of Vital Health) at remote patient’s side, titled ViHealth integrated
with ambulance locator. On the other hand, the mobile application at ambulance side, to keep track on
location of ambulances. A middle-tier web application is responsible for communication with both
applications. We have conducted a case study and model validation where we first analyze the performance
of existing emergency services with the proposed model. Then we perform the validation of our model by
performing rough set analysis of the condition and decision attribute. Finally, we compare emergency
services in four countries from South Asia and two from the Middle East and results suggest that the
proposed model could improve the response time of existing emergency services up to 50%.
Keywords: ambulance service, eHealth services, emergency services, moving objects, remote patient
monitoring.
1. Introduction
Environmental enhancements and wellbeing
in developed countries are not different from
developing countries. The only difference is the
access and availability to rural and remote areas,
around the globe. In many developing countries
like Pakistan, percentage of population in rural
and remote areas is higher than the population
living in urban areas. Pakistan is a country where
infrastructure and healthcare planning is world
renowned right from the birth of this country i.e.,
From BHU: Basic Health Units, RHC: Rural
Health Centers, THQ: Tehsil Headquarter
Hospitals, DHQ: District Headquarter Hospitals
to tertiary hospitals, but citizens are not being
benefited well due to various inefficiencies
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though healthcare facilities are ruined. This work
tries to exploit the effective rather efficient
involvement of such state of the art healthcare
infrastructure to promote healthcare for citizens.
We need a strong infrastructure network and
better health services to take care of patients in
distant and remote areas. Cardiovascular
Diseases (CVDs) are rising in low-income
earning countries and 86 percent CVDs sufferers
live in these countries which also includes
Pakistan [1]. A study, which carried out on 2000
persons, both males and females of Islamabad
having 20 years of age or above on more than 19
parameters per health-indicator; shows more than
6 percent are affected by CVDs [2]. This shows a
high risk of CVDs in Pakistan. Besides CVDs
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diabetes is the cause of 88,000 deaths per day [3].
In year 2011, WHO statement estimates that
Pakistan has become 7th largest country in terms
of diabetes population and it will be 4th largest of
the year 2030, this is an alarming figure. Risk of
heart attack and stroke has 2 to 4 times more
likelihood in diabetic patients as compared to
normal population. Heart disease in women with
diabetes is 2-3 times more than women without
diabetes. Almost the same figures mentioned in
[4]. Cardiovascular diseases, including heart
disease and stroke, are the world’s largest killers,
claiming 17.3 million lives a year [5]. While in
Pakistan, coronary heart diseases claim about
200,000 lives per year that is 0.41% of the
population and the situation is alarming as the
number is consistently on the rise. Studies reveal
that more than two-third of the total deaths by
cardiovascular diseases occur in developing
countries. The CVDs take lives prematurely and
by 2030, it is expected that 23 million people will
die from CVDs annually. Therefore, if these
chronic diseases can be notified through prompt
and/or early alarming systems, prevention would
be easier and the above-mentioned percentage
may also be decreased. Keeping in view of
aforesaid issues, use of mobile phone technology
is now becoming very common in Pakistan
different applications and models has already
been proposed by scientists for remote patient
monitoring as discussed in [6]. We are focusing
on the ambulatory services with respect to the
mobile patients by integrating two applications,
one continuously monitors the vital signs of
patients and other handles ambulatory services
for caretaking and transporting the patient by
tracking nearest ambulance through a web service
and engaging it for assistance; as desired. This
three tier architecture is the follow up work of the
initial study of remote patient monitoring and
emergency services presented in [7].
The rest of the paper is organized as follows:
In section 2 we review existing mobile healthcare
applications in developing and developed
countries. In section 3 we propose our three tier
healthcare architecture in detail, including the
core functionality of each tier. Section 4 presents
a case study and model validation. In section 5,
we analyse the performance of the existing
emergency system in some of the South Asian &
Middle Eastern countries with our proposed
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model. Finally, we conclude our work in section
5.
2. Related Applications
2.1. Mobile Healthcare Applications in
Developed Countries
There are many remote sensing and
monitoring applications in healthcare are being
used worldwide successfully and with a large
number of confident and trustworthy users.
Description and details of products/ applications
are described in [8] and appended in Table 1,
which reviews the existing applications in terms
of monitoring, self-help, in treatment, diagnosis
and emergency response and prevention services.
In Asian region Japan and UAE offer self-help
services to the citizen in health monitoring and
healthy lifestyle. A study by [9] depicts how to
improve emergency and urgent care system
improvement and communication loopholes in
this regard. Article in [10] shows a study on
emergency phone calls and awareness to the
patients in England. In South Africa and
Tanzania, patients with diabetes and chronic
diseases have treatment & preventions support
using prompt reminders on their mobile phones;
whereas, in USA almost all applications and
services are provided on mobile devices.
Moreover, in Germany, Norway, Australia and
Mexico variety of mobile applications are being
used to facilitate patients. An emergency
response ambulance service using wireless sensor
network is being introduced in Taiwan.
2.2. Mobile Healthcare Applications in
developing countries
There is an incredible growth in the
development of information and communications
technology around the globe. Mobile technology
has really changed the user perception and the use
of smart phones is ever increasing and people are
more comfortable with apps-based services
compared to the traditional text or SMS based
services [8]. Increase in revenues will be driven
by volumes as more and more people start using
treatment solutions. The wellness market in Asia
will be supported by increasing urbanization and
affluence together with rising incidence and
awareness of diseases. Nevertheless, the
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Table 1. Description and details of products/ applications [8]

symptom domain in almost every disease is same
and can be noticed with current body wearable
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sensors and devices. Wellness services that
provides tips for healthy living have already been
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launched in India and UAE [8]. Wellness services
will also follow a similar pattern of movement
from text-based solutions to app-based solutions.
2.3. Mobile Healthcare Applications and
Services in Pakistan
Importance of ambulance service in
healthcare is essential due to the time critical
factor for providing necessary and required first
aid to the remote patients. Generally, patients in
need of medical assistance have to be rushed to
the hospital in no time, therefore transporting in
the least amount of time with sufficient medical
assistance is needed. In many occasions patients
expired during transit as no first aid is provided
in ambulances or due to large distance from the
main hospital. Both of these cases are handled by
our proposed model by continuous monitoring
and automatic call to a nearby ambulance as and
when required.

Following are some of the implementations
of mobile patient monitoring working in Pakistan
but with limited effect.
• Teledoctor by Telenor Pakistan is a general
public facility in Pakistan which offers 24/7
access to qualified physicians and thereby
enables primary health advice over the
phone.
• Telecom is providing remote patient care
using live video streaming to evaluate
patients supervised by DOW University of
Health Sciences Karachi since August 2010.
• Taaleem Foundation is working in
Baluchistan province for past 25 years.
Remote Clinics are being held in
collaboration with DOW University of
Health Sciences. Other services require
patient input to provide feedback to the
facilitator and most of the applications are
developed for antenatal support in Pakistan.

Fig. 2. Current system
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2.4. Ambulance Services in Pakistan
The captioned service is an inevitable part of
every community and Pakistan is the only
country in the world with the largest network of
ambulance service i.e., Edhi; a renowned name
across the globe. Nevertheless, many other
organizations are also providing this service
publicly which includes mainly Chhipa, Alamgir
Welfare Trust, Alkhidmat Foundation, Khidmate-Khalq Foundation, Rescue 1122 and Aman
foundation. Basically, ambulance service in
context has two major benefits while providing
healthcare to remote patients; one is to provide
instant and immediate medical assistance and
second is to transport them to the nearest medical
facility as elaborated in Fig. 1. Generally, the
ambulance is a publicly available service which
is very crucial in a dense population region and in
big cities like Karachi and Lahore. It is often seen
that in an emergency; people call more than one
emergency service providers to minimize the
time to reach nearby healthcare facilities as
shown in Fig. 2, which may take more time and
engage more services/resources. Moreover, if
two ambulances of different ambulatory service
providers arrive at the same time a more complex
situation often occur here to get credit. Therefore,
to reduce this effluence of affluence proposed
architecture with an ICT solution would be
inevitable. There is no match of physician’s direct
interaction with the remote patient-in-trauma, so
only mode of immediate transportation of patient
to the physician in Pakistan is via ambulance
which may also have in-built paramedical
facility.
When someone meets any trauma situation on the
road/remote location; he/she needs an ambulance
immediately for the basic services. There are a
number of occasions specially in case of road
accidents that more than one ambulance service
is called by individuals on the road resulting in
waste of resources i.e. engaging two or more
ambulances meanwhile someone other may be
needed in the same conditions. Sometimes the
person who calls an ambulance, does not know
the exact location or unable to guide the
ambulance service which leads to the wastage of
time. The purpose of this work is to overcome
above mentioned two major problems. It works in
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a very simple way. We just need to have an
android-based mobile phone.
3. Proposed Model
The elaborated existing emergency system as
shown in Fig. 3 is a nutshell to get a quick
understanding. This system does not hamper
conventional or current system. This system
docks a tablet in the ambulances which are
registered at web service and continuously record
and track the position of these registered
ambulances for a ready-reference to calculate
nearest ambulance. This service is backed up
records after every 30 minutes to keep database
lightweight and optimized as in this system only
current location of ambulance is required and

Fig. 3. Locating nearest available Ambulance
at a glance

Fig. 4. A Three tier block diagram of
proposed system
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outdated information must be deleted or backed
up.
The architecture of proposed system is
mapped in Fig. 4, depicting main tiers. Moreover,
Fig. 5 briefly elaborates these three tiers.
Applications running at the patients’ side and in
ambulances both continuously fetch their own
positions and record it locally and on web server
periodically as described in Fig. 5 and Fig. 6. A
detail overview of proposed architecture
including core functionalities of its three tiers is
described below:
3.1. Tier 1 – Patient Application
This tier is responsible for continuous
monitoring of remote patient with the ambulance
locator application, which includes following
three components:
Bio signal sensors: These sensors are
wearable sensors, which determine the readings
from the patient’s body and send them to
ViHealth application in the patient’s smart phone.
These signal sensors may include following:
• ECG sensor
• Temperature sensor
• Blood pressure sensor
• Heart rate sensor
• Respiratory rate sensor
• Blood oxygenation sensor
• Blood sugar sensor
• Motion sensor
These parameters are essential in human
physiology and thus called physiological
parameters for determining the patients’
condition [11] [12] [13] [14] [15] [16].
ViHealth application (running on patients’
phone): ViHealth is the product of our team
member’s prior work as shown in Fig. 7 the job
of ViHealth application is to process readings
from bio signal sensors and make decisions on
these results. These decisions include whether to
make alarm at the user’s current health condition
or not and invoking AMBULATOR (Ambulance
Locator – a service available in ViHealth
application to find and locate nearest ambulance).
This decision is made by checking threshold
values upon each reading. If readings of a patient
is greater than these threshold values then
ambulance locator will be invoked in order to set
an alarm/alert to be raised in the patient’s smart
phone. If patient respond to this alert then
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application is on manual mode if user does not
respond in a specific time period then the
ambulance locator application switch itself to
automatic mode for locating the nearest
ambulance for this patient. While the application
is in automatic mode, it will automatically send
messages to the patient’s family and his/her
family physicians by looking at the prescribed
numbers list in the patient’s cell phone.
False Alarm Management: ViHealth
application has a well-defined knowledge base. A
set of rules governs actuators of this application
which follow the pattern of vital signs and history
of the patient’s health, ensure the decision about
the patient’s health status and call if he or she is
in absolute need of ambulance assistance; thus
avoiding any false alarm for ambulance call.
Ambulance locator application (running on
patients’ phone): The job of ambulance locator is
to send the position and identification of the
patient to the web service (to find the nearest
ambulance for the user). The snapshots of
application running on caller-end and in
ambulance are shown in Fig. 8. Call for an
ambulance in emergency is illustrated in Fig. 9.
3.2. Tier 2 – Communication
Web service: This distant located program
with a database is responsible for locating patient
and ambulance locations in every instant of time.
This can be done by receiving data after a specific
interval of time and updating the table. This web
service is connected with the patient ViHealth
monitor GPS device. As soon as any alert
message from the patient monitor is triggered the
web service process will start. The web service
gets relevant information of the patient and the
ambulance from the lookup table or database
which is continually getting updated by the
satellite and calculates nearest ambulance with
respect to the current location of the patient. The
location of the nearest ambulance to the patient is
tracked by finding straight-line distance from the
patient to the ambulance [17] [18]. After finding
the nearest ambulance a message is sent to the
ambulance (on ambulance driver Smartphone)
and if ambulance driver is busy or not been able
to reach the destination he can pass this request to
the other ambulance driver. The web server is
also responsible for sending reports to the
patient’s doctor. Doctor may receive patient’s
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Fig. 5. ARMIES– A Three Tier Architecture of Proposed System
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Fig. 7. Different snapshots of ViHealth application

Fig. 8. Snapshots of ambulance locator application showing patient registration, locating nearest
ambulance, calling and locating patient’s location
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condition at any time. Web server can also
inform patient’s family members on emergency
via web and SMS [19].
Data communication: This module is
responsible for sending and receiving data of the
patients’ readings and ambulances locations to
the server than the web service may take suitable
actions accordingly. Job of this module is simple,
it locates the locations of the patients and send it
to ambulances according to the needs. Location
of a person is determined by his/her longitude
latitude position. A satellite is generally used in
the GPS (Global Positioning System) to track a
relevant object which is related to or using a GPs
service. In this case this module tracks the
position of a patient (which is wearing a health
monitor with GPS embedded in it) continuously
as it moves from one location to another and it
also tracks the patrolling ambulances nearer to
the patient so that (under the control of web
service) satellite can send a proper location of the
patient to the ambulance which is most nearer to
him/her in the case of emergency. This satellite
will continuously track the positions of the
patient and the ambulances and this record are
maintained in the server database.

Fig. 9. Flow of patient application call (up) and
flow of ambulance application status (down)
3.3 Tier 3 – Ambulance Application
Ambulance locator (running on tablet PC in
an ambulance): This is an Android application
which periodically records its location in web
service database. It provides the location of the
patient and sufficient details (photo, first-aid
medicine, history of patient etc.) so that
ambulance driver easily reaches and find patient.
If driver is unable to cater this request or unable
to reach destination, driver may pass this request
to other fellow ambulance driver(s).
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Ambulance: The target resource in this work.
The ambulance can be of any type like vehicle or
helicopter which is already being tracked by the
satellite. The nearest ambulance to the patient
will receive an alert message according to the
situation of any patient which is in danger. This
GPS service which the ambulance is used will
also help it in finding the shortest paths to reach
the patient as soon as possible. As soon as the
ambulance gets all the information about the
patient, it will try to reach the patient position.
Any ambulance whenever receives an emergency
signal from the patient, it will first consult to an
automated response system and ask for the
permission from its checkpoint that whether to
take it or leave it if there is any other emergency.
Checkpoints: These are the ambulance
service providers’/ NGOs, resource points
located at important hubs of transport. These
checkpoints are monitored and controlled
automatically by the application running on the
server. Before going to patient address all
ambulance drivers must have to take permission
from their respected checkpoints, if they receive
yes then they should proceed to the patient
address. There can be many checkpoints of the
ambulances. An ambulance starts its journey
from its checkpoint and comes back to it for the
rest (while there is no emergency). Whenever any
ambulance received an emergency signal from
the satellite, the ambulance first asks its
checkpoint for permission (through automated
system). When the checkpoint acknowledges the
call from the ambulance it checks any recent
emergency calls around the area. If there is
another more severe (and/or nearer) emergency
call, then this permission will be cancelled and
the checkpoint will ask the ambulance to reach
any other area and this case will be transferred to
another nearer ambulance. If there are no
emergency calls, then the checkpoint consider the
request from the ambulance and grant it to reach
at the patient location.
4. Case Study and System Validation of
System Using Rough Set
In this section we consider the case of
emergency services in Karachi, Pakistan. We
analyse the performance of two major ambulatory
service providers i.e. Edhi and Chipa [30, 31]
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Table 2. Comparison among major ambulance service providers and the proposed system
Response Time of Ambulance service providers (in
Minutes)
Scenario
Description
Edhi

Chhipa

Proposed System

Best
case

2

2.5 ~ 3

~ 1 or less

Most
likely

4~ 6

5~ 8

3~ 6

20

In Pakistan, due to dependency on
information and communication
system and/ or database & cloud
computing problem may often exist
(i.e., mobile phone service down due
to any reason by local/ federal
government etc.) Therefore, Manual
methodology is inevitable in worst
case or all possible resources may be
utilized in view of severity and
patient’s situation.

Worst
case

10~
15

The time that is wasted in
communication will be saved
from caller’s request to the
ambulance arrival.
Proposed system is capable of
saving 30% to 50% time in
average.
Proposed system is capable of
saving 20% to 30% less time in
average.
If ambulance is not available in
nearest booth then they contact
other nearest booth for patient
assistance.
Proposed system is capable of
saving 10 to 20% less time. If
minor technical error occur and
resetting of application make it
convenient to operate.
In case if web service responding
too late as there may be burdened
calls to cater from patients and/or
database take too long to respond
or unavailable. This problem can
be overcome by continuous
maintenance and appropriate
load balancing techniques; as
patients’ registration count
increases.

Table 3. A case study for
Attributes
Events

e1
e2
e3
e4
e5
e6

BP (Systolic)
(Low, Normal,
High)
(-1, 0, 1)

BP (Diastolic)
(Low, Normal,
High)
(-1, 0, 1)

Posture
(Stationary,
Moving)
(0,1)

Heart rate
(Low, Normal,
High)
(-1, 0, 1)

Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low

Stationary
Stationary
Stationary
Moving
Moving
Moving

Low
Normal
High
Low
Normal
High

(doi:1444-8939.2018/5-6/MRR.39)

Decision
Alert
(No,
Yes)
(0, 1)
No
No
Yes
Yes
No
No
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e7
e8
e9
e10
e11
e12
e13
e14
e15
e16
e17
e18
e19
e20
e21
e22
e23
e24
e25
e26
e27
e28
e29
e30
e31
e32
e33
e34
e35
e36
e37
e38
e39
e40
e41
e42
e43
e44
e45
e46
e47
e48
e49
e50
e51
e52
e53
e54

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

Normal
Normal
Normal
Normal
Normal
Normal
High
High
High
High
High
High
Low
Low
Low
Low
Low
Low
Normal
Normal
Normal
Normal
Normal
Normal
High
High
High
High
High
High
Low
Low
Low
Low
Low
Low
Normal
Normal
Normal
Normal
Normal
Normal
High
High
High
High
High
High
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Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving
Stationary
Stationary
Stationary
Moving
Moving
Moving

Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High
Low
Normal
High

No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
No
No
No
Yes
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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through surveys and field work. We consider
response time as a parameter and on the basis of
this we analyze their performance in different
scenarios. Response time means the time elapsed
between registering call and the arrival of the
ambulance at patient location.
Around 97 percent emergency phone calls
requesting
for
ambulance
to
provide
transportation and first aid services as shown in
Fig. 10.
All over Pakistan there are 1800 Edhi
ambulances. In Karachi, Edhi Ambulances
receive 6000 calls per day see [20]. In different
cases response time of Edhi Ambulances as
shown in Fig. 11 is studied approximately 10
minutes per call [21] and Aman Foundation and
Chippa have less than 10 minutes response time
[22].
Observations from the comparison of two
major ambulatory services and proposed system
shown in Table 2 based on three scenarios i.e.,
best case, most likely and worst case. The
conventional method takes around 10 to 50
seconds call answer time (at emergency call
centers) then around 8 to 10 minutes response
time, which accumulates about 9 to 11 minutes.
The proposed architecture positively shortens the
response time, hence reduce the Golden Time for
in-trauma remote patients where every second
counts; as it directly locate and engage nearest
ambulance, which is a very significant lead. It
bypasses call register time, i.e., time required to
learn and guide ambulance driver about remote
patients’ geographic location on digital map,
identification and necessary paperwork in due

Fig. 10. Share of Emergency calls for
Ambulance in Pakistan
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Fig. 11. Major Service providers’ response time
(in minutes) for emergency calls for an
ambulance in Karachi
course and only focus and concentrate to
facilitate patient(s) in least amount of time.
4.1. Model Validation
In this subsection, we will use the rough set
model for analyzing the data from the wearable
blood pressure and heart-rate sensors. These data
are recorded for 54 events, considering BP
(Systolic), BP (Diastolic), Current Posture and
heart rate. We have consulted a cardiologist from
King Fahad for the alert decision on each event as
shown in Table 3 as a condition and decision
attribute. Then, we will perform rough set
analysis on the decision table which is
representing the proposed information system
model.
Every row in above Table 3 are called
Examples (objects, Entities)
Conditional Attributes = {PBS, PBD,
Posture, Heart rate}
Decision attribute = {Alert}
Information System (IS) is an ordered pair
(U, A)
U is a finite, non-empty set consists of objects
A is a finite, non-empty set of attributes such
that for every
is called the value set of a Decision System
/ Table
DS:
is the decision attribute
The elements of A are called the condition
attributes.
4.2. Indiscernibility
Table 3 shows the decision table or the
decision system for highlighting information
system.
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The equivalence relation is a relation which
follows all three attributes, that is, reflexivity,
symmetricity and transitivity. For instance: A
binary relation
which is
for any object )
 reflexive (
then
), and
 symmetric (if
 transitive (if
and
then
)
The equivalence class [x]B of an element
consists of all objects
such that
.
Let IS = (U, A) be an information system,
then with any
there is an associated
equivalence relation:
Where,
is called the Bindiscernibility relation.
If
, then objects
are indiscernible from each other by attributes
from .
The equivalence classes of the B-

Vol.5(2). PP. 365-381, 2018

indiscernibility relation are denoted by [x]B
So, the non-empty sets of condition attributes
(i.e., the power set minus the null set) are listed in
the decision table, as mentioned below:
{BPS},
{BPD},
{Posture},
{Heart rate},
{BPS, BPD},
{BPS, Posture},
{BPS, Heart rate},
{BPD, Posture},
{BPD, Heart rate},
{Posture, Heart rate},
{BPS, BPD, Posture},
{BPS, BPD, Heart rate},
{BPS, Posture, Heart rate},
{BPD, Posture, Heart rate}, and
{BPS, BPD, Posture, Heart rate}.

Hence,

Therefore,

And so on.
Let, H = {h : Alert(h) = Yes}
Here, we consider the space and time phenomenon as highlighted in Table 3 for the decision class, and by
using the definition of approximation
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The IS-Lower approximation set for conditional attributes {BPS, BPD} is,

 Yes
The IS-Upper approximation for set conditional attributes {BPS, BPD} is,

The boundary region BNIS(H) =
nor ruled out as members of the target set,

 No
is consists of stochastic events that can neither be ruled in

BNIS(H) =

~ ~>Equivalently No

The negative region, containing the set of events that can be definitely ruled out as members of the
target set is,

Hence, the boundary region BNIS(H), is non-empty. Therefore, Decision class Alert is ROUGH.
This shows that the attributes in the case
presented above, are indispensable in the
proposed information system for ambulatory
service. Rough Set Theory is one of the soft
computing approaches that uses sets to represent
vague or incomplete knowledge and provide a
framework for approximation of concepts. It has
been widely used to deal with imprecision in
health sciences such as in patient diagnosis and
disease classification. Result present a review of
rough set theory and its applications in the
generation a decision ‘Alert‘ [23], with rule base
diagnosis with several examples using available
possible attribute sets.
5. Emergency Services in South Asia & Middle
East
According to a study of Centralized Accident
and Trauma Services (CATS) by All India

(doi:1444-8939.2018/5-6/MRR.39)

Institute of Medical Sciences (AIIMS), the
average response time i.e. the time from
receiving the call by the ambulance to reaching
the site for is about 10 minutes while as the
average time needed for the ambulances to shift
the patients from the site to the selected hospital
is about 30 minutes. The average total call time
i.e. the time of dispatch of ambulance from base
to returning back to base is approx. 57min [24].
According to the online poll conducted by the
Saudi Red Crescent Society Saudi Arabia,
average ambulance response time (ART) was
approximately 13 min [25]. Moreover, a research
study presented in [26] shows that generally
citizens are not satisfied with the quality of
services often provided by government hospitals.
Therefore, the improvisation in quality of service
in this area is to be considered as well.
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The survey, conducted on emergency
response time of ambulances in Bangladesh
revealed that the average response time was 33
min. The average total time needed for the
ambulances to shift the patients from the site to
the selected hospital was 75.95 min, with 6.67
min dispatch time, 26.67 min travel time, 9.24
min service time and 33.37 min travel time [27].
The comprehensive study conducted in Iran
revealed that average response time in cities
(except Tehran) was 8 minutes and in suburban
areas was 15 minutes. In Tehran city it was 12
minutes. Overall average response time was 11
minutes [28]. In Sri Lanka, average response time
of ambulances is 13 minutes [29].
The Fig. 12 gives the comparison of average
response time of India, Pakistan, Bangladesh, Sri
Lanka, Iran and Saudi Arabia. The proposed is
likely to shorten the average response time to 6
minutes.
6

Prosposed System

generally everywhere, especially in the
developing countries to enable and facilitate,
especially in the developing countries to enable
and facilitate those patients more efficiently who
are away from home or health care center and
require twenty-four- seven monitoring. The work
may be extended to add more functionality
regarding processing patients’ data during
emergency and providing more pre-hospital
healthcare services for villagers and remote area
residents. To find the shortest route to the
healthcare facility (especially in case of traffic
congestion) using live satellite imagery analysis
adds more functionality in this system. Moreover,
a very vigilant, trustworthy and reliable
monitoring of all activities is really critical and
utmost important issue that is needed to be
focused and engineered with a great care.
Disclaimer
The authors neither favor nor recommend (or
vice versa) any specific ambulance service in any
context.
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Fig. 12. Comparison of Average Response Time
of 6 countries from South Asia and Middle East
6. Conclusion
Emergency services systems are a critical
part of the health care in any country. In this paper
we have focused on improving the quality of
existing healthcare system in developing
countries like India, Pakistan, Iran, Sri Lanka,
Bangladesh, and Saudi Arabia. The proposed
architecture is presented which helps in
minimizing golden and access time to create a
win-win situation for both patients and healthcare
givers. We present the survey of emergency
services with respect to key parameters in
countries of South Asia and Middle East. To
provide a proof of concept we propose a model
for Pakistan; which can be implemented

(doi:1444-8939.2018/5-6/MRR.39)
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