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Summary 
Telemedicine is a doctor-assistance system which helps to 
provide healthcare services to patients residing in remote and 
underprivileged areas. A usual predominant issue associated 
with this field is the scarcity of trained doctors to serve a large 
number of patients. In this paper, we take a step to address the 
scarcity of trained doctors. We proposed and evaluated an 
algorithm to optimally utilize available doctors in a telemedicine 
system which minimizes overall waiting time of patients. We 
used three important parameters of doctors including 
consultation time, switching time, and workload to develop a 
scheduling algorithm named Minimum Wait Optimal Load 
(MWOL) which efficiently utilizes available doctors and 
minimizes average patients waiting time. We performed discrete 
event simulations to evaluate our proposed algorithm and 
compared it with a Round Robin (a strategy that assigns next 
available doctor to a patient) algorithm with varying consultation 
and switching time of doctors. Our proposed algorithm MWOL 
showed increase in its efficiency as compare to Round Robin 
algorithm from 0.0% to 37.34% and serves more patients in 
majority of our simulations. We believe that the proposed 
scheduling algorithm would contribute in telemedicine systems 
to minimize average patient waiting time and maximize optimal 
utilization of available doctors thus providing improvement in 
quality and stability at system level. 
Key words: 
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1. Introduction 

Telemedicine is an emerging technology to facilitate the 
provision of healthcare services based on Information and 
Communication Technologies (ICT) to serve a large 
population living in remote and underprivileged areas [1-
7]. Telemedicine systems are capable of providing general, 
specialized and, emergency services to patients residing in 
remote areas [1]. The demand of healthcare service is 
increasing day by day and makes it a challenging task to 
meet the demand with limited trained healthcare resources 
specifically doctors. Therefore, telemedicine system has a 
potential to help overcoming this global challenge. In a 

typical telemedicine system, patients interact with a 
telemedicine server using Internet connection from distant 
location by providing personal information, symptoms, 
and lab test reports. Once a patient’s information reaches 
to the telemedicine server, an automated process assigns a 
doctor to the patient. Then the doctor provides the 
feedback (i.e., evaluations, prescription, etc.) to the 
patient using smart phone or personal computer. Fig. 1 
shows an overall working process of a telemedicine 
system. A typical telemedicine health-care system 
consists of three main entities: healthcare consumers 
(patients), healthcare service providers (doctors, nurses, 
paramedic staff, etc.), and ICT resources (communication 
network and telemedicine server). A traditional 
telemedicine server provides end-user interface (to 
patients and doctors), storage space for Electronic Health 
Records (EHR) [7]. It automatically assigns patents to 
doctors, provide tools to analyze patients’ EHR, lab 
reports, and can even support call center [8]. 
 

 

Fig. 1 Overall working process of a telemedicine system 

World Health Statistics (WHS) 2013 report [9] indicates a 
poor doctor to patient ratio for a population of 10,000 for 
different countries. The report shows Austria and Russian 
Federation has the highest number of physicians, 48.6 and 
43.1 Respectively. On the contrary, Bhutan and 
Afghanistan have the lowest number of physicians, 0.7 
and 1.9, respectively. The increasing shortfall of doctors 
has several effects including increase in medical cost, 
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overcrowded hospitals and clinics, and increase in wait 
time of patients [10]. Therefore, telemedicine system 
would be helpful to overcome the global poor ratio of 
doctors to patient by allowing patients globally to access 
the healthcare services [11]. However, serving a large 
number of patients with a minimal average wait time will 
remain challenging. Current research trends in 
telemedicine systems are focusing to provide an easy to 
use and reliable system for increasing healthcare access. 
However, serving a large number of patients with minimal 
average wait time of patients; either number of doctors in 
a telemedicine system should be significantly increased or 
devise new methods to efficiently assign doctors to 
patients. It is difficult and time consuming to increase 
number of doctors; however, developing new 
methods/algorithms to efficiently assign doctors to 
patients in a telemedicine system is a viable solution. 
In this paper, we propose and evaluate an efficient 
algorithm named Minimum Wait Optimal Workload 
(MWOL) to assign patients to doctors which minimizes 
average waiting time of patients by optimally assigning 
the available doctors. Our proposed algorithm adopts a 
greedy approach to assign patients to doctors who are 
available to serve the patients. Therefore, it helps in 
overcoming hindrance of patients caused by long waiting 
time. This would ultimately provide commitment to serve 
more patients at the earliest possible time slot providing 
improvement in health services, system level stability, and 
increase reliability of telemedicine services. We evaluate 
our proposed algorithm using a set of various discrete 
event simulations and compare it with a Round Robin 
scheduling algorithm. In majority of simulations, our 
proposed algorithm shows better efficiency and serves 
greater number of patients comparing to Round Robin 
algorithm. 
In the rest of this paper, we explain related work, our 
proposed algorithm (MWOL) methodology, MWOL 
scheduling policy, experimental setup, evaluation, and 
conclusion. 

2. Related Work 

There has been a great deal of research in developing 
EHR and Telemedicine services. Yilmaz [12] provides 
strategies to develop a rule based intelligent health system 
to store and share EHRs among physicians belonging to 
different institutes to provide assistance in decision-
making for diagnoses. Another important development in 
EHR research is to reduce patient’s waiting time by 
allowing patients to get electronic appointments (e- 
appointments). Chen et al. [13] advocate benefits of e- 
appointments and suggest that e-appointments help to 
improve quality of healthcare systems and decrease 
patient waiting time. Ensuring EHR data security is an 

important concern, therefore, Almulhem et al. [14] and 
Păun et al. [15] have designed security models to 
overcome the possible attacks on EHR systems 
specifically considering secure electronic storage, life 
time availability, and unauthorized access based on EN-
13606 standards. To maintain and achieve Quality of 
Service (QoS) in EHR, a study is presented in [16] based 
on perception and requirement of the   users.   Wang   [17]    
developed    a    system named Liflines2 to perform 
temporal analysis of EHRs to generalize results for a large 
number of records and to visualize the information that 
can help doctors in fulfilling complex tasks. Other 
research trends in the field of EHR includes development 
and identification of modules to develop EHR to replace 
conventional paper based system [18], monitoring the 
health information technology progress [19], physician 
time impact on quality of healthcare service [20], patient 
access to information stored in EHR, implementation of 
ambulatory services to attain proficient contacts between 
patients and doctors [21, 22], and identification of 
influential factors of physicians to incorporate usage of 
EHR [23]. 
Telemedicine research trends are mainly focusing on cost, 
quality, accessibility to care, network provisioning, 
integration of clinical and health services, satisfaction 
achieved using telemedicine, adoption of technological 
advancement, and security issues. In [24] authors analyze 
the security and privacy threats and possible measures that 
can be  taken to  overcome the fear  of people  to adopt 
telemedicine regarding their safety while using Wireless 
Sensor Networks (WSN) and Wireless Body Area 
Networks (WBAN). To overcome the issues of readily 
availability of network and minimizing processing load on 
WBAN, [25] proposes a cloud based approach, partition 
the cloud into a local and global cloud to minimize 
congestion, interference and delays in data delivery for 
non-hospitalized remote patients. Convenient and 
effortless concept of telemedicine based ambient 
ambulatory services is provided in [26] using Quasi-
zenith [27] satellite links. In [28-36] authors studied 
physicians’ acceptance of telemedicine as a technology 
and trust of doctors and patients with the system. These 
papers concluded that patients and doctors are ready to 
accept telemedicine and it is capable enough to compete 
with conventional face-to- face healthcare services. 
Furthermore, telemedicine research community is actively 
pursuing research related to integration of clinical and 
health care services (telecardiology, telerehabiliation, 
teleopthamology, telepsychiatry, teleradiology, etc.), 
patient education, remote patient monitoring, and 
adoption of latest ICT technologies including Long Term 
Evolution (LTE), WiMax, WiFi, Internet of Things (IoT), 
and Vehicular Adhoc Networks (Vanets). 
In healthcare industry, there is a great concern to 
minimize patient’s waiting time in face to face traditional 
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healthcare services. For example, the problem of patient’s 
waiting time due to heavily overloaded doctors is 
identified in [21]. This patient’s suffering in wait 
contributes in degradation of quality of health services. 
Therefore, many traditional healthcare service providers 
are adopting appointment scheduling procedures 
specifically for operation procedures to utilize operation 
rooms efficiently [37], [38]. For example, in [39] authors 
propose a scheduling method to utilize an operation room 
(OR) effectively to minimize waiting time of patients, 
overtime of doctors and idle time of the OR staff to curtail 
the incurred cost. In [40] authors identified three areas for 
attracting and retaining benefaction of new patients. These 
areas include patient admissions, patient routing, and 
scheduling of available resources in healthcare facility. In 
[41] authors proposed an appointment scheduling model 
based on patient’s preferred timing, appointment 
cancelation and no show behavior. The scheduling 
procedure is efficient to maximize per day profit by 
dynamically scheduling patients. All of these 
appointments and patient scheduling studies include 
uniform patient arrival, even distribution of demands, 
uniform service time, arrival punctuality, equal 
intermediate intervals of patients with a primary focus on 
conventional face to face health systems mostly for 
surgical (operation room) scheduling. 
However, there is no study that mentioned patient 
scheduling procedure in a telemedicine system to 
minimize patient’s waiting time and efficient utilization of 
doctors. In this paper, we take first step to propose and 
evaluate an efficient algorithm to assign doctors to 
patients automatically that minimizes patient waiting time 
comparing to a baseline approach. The proposed 
scheduling procedure considers dynamic arrival of 
patients, early assignment of priority patients, non-
uniform service time, early and late arrival of patients, 
and interruptions/breaks of physicians. 

3. Methodology 

In this section, we explain our methodology to efficiently 
schedule doctors to patients in a telemedicine system. Our 
proposed scheduling process is designed to minimize an 
overall average patient wait time, increase patient 
satisfaction in the telemedicine system, and effectively 
utilize available doctors. First, we explain important 
parameters associated with doctors, and then provide a 
mathematical formulation for doctors to patient 
assignment, and then we explain the proposed MWOL 
scheduling algorithm, and finally we explain the Round 
Robin scheduling algorithm used as a baseline to compare 
with the proposed algorithm. 

3.1 Selected Parameters 

We associate average consultation time, average 
switching time (some literature refer this as an idle time), 
workload (maximum number of patients that a doctor can 
serve at a given time interval), and availability with each 
doctor registered in the telemedicine system [42]. The 
proposed scheduling algorithm uses these parameters to 
minimize the average patient wait time. These parameters 
are selected to cover most of the qualitative parameters of 
the healthcare domain. We explain these parameters 
briefly in the following subsections. 

3.1.1 Consultation Time 

Consultation time is an end to end time required by a 
doctor to serve a patient. In a telemedicine system, 
consultation time includes reviewing patient’s history, 
investigating current disease information, examining 
patient reports, and writing prescription for the patient. 

3.1.2 Switching Time 

Switching time refers to a time required by a doctor to 
shift from one patient to another. In telemedicine system, 
switching time includes network latency involved to 
download patient’s information. Moreover, switching 
time may also include a time doctor may take to rest to 
eliminate stress factor and overcome the frustration 
caused by excessive load. 

3.1.3 Workload 

Workload refers to a maximum number of patients that a 
doctor may serve in a given time period [42]. In our 
proposed model, two different queues (a data structure 
that works on first in first out mechanism) namely wait 
queue and job queue are associated with each doctor. Wait 
queue contains patients that are assigned to the doctor and 
waiting for their turn to be served. Job queue contains a 
patient which is currently under consultation of the doctor. 

3.1.4. Doctor’s Availability 

Each doctor is associated with a binary variable named 
availability to indicate current state of a doctor in the 
telemedicine system. If a doctor is logged in to the 
telemedicine system then his/her availability is set to 1 
otherwise default value remains 0. 

3.2 Mathematical Formulation 

Our proposed scheduling algorithm is designed to 
minimize patients wait time and improves satisfaction of 
patients towards the telemedicine service. Therefore, our 
objective function is to minimize average patient wait 
time through efficient scheduling of patients to doctor. 
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Table 1 explains the symbol we used in the rest of this 
paper. 

Table 1: List of Symbols 

 
The objective function is explained in (1): 

 
Where 𝑊𝑊Pi is the average patient wait time in the 
Telemedicine system, calculated using (2): 

 
Equation (1), the objective function, in conjunction with 
(2) ensures to minimize the average patient wait time in 
an online telemedicine system using a greedy approach. 
The proposed greedy approach always selects the doctor 
with minimum switching and consultation time to assign 
the doctor which leads to an optimal allocation to 
minimize wait time of patients. 

Algorithm I: MWOL Algorithm 

 
Fig. 2 shows placement of pre-scheduling queue and 
assignment of patients to doctor’s wait and job queue. 
 
 

 

Fig. 2 Queuing and Scheduling process of the MWOL Algorithm 

It is possible that the proposed scheduling algorithm may 
identify a set of doctors (more than one) providing same 
minimum wait time for a specific patient. For this special 
case, the scheduler identifies a doctor having minimum 
patients in his/her wait queue and the sum of switching 
and consultation time is also minimum among the set of 
doctors. 
We use generic round robin algorithm (Explained in 
Algorithm 2) as a baseline to compare with our proposed 
MWOL algorithm. 

 

3.3 Simulation Design 

We used Matlab’s Simulink toolbox to perform discrete 
time event simulation to evaluate our proposed algorithm. 
To initialize the input parameters (consultation time and 
switching time for doctors), we performed a survey with a 
sample size of 110 doctors. Participants of the survey 
were consultants, teaching faculty, clinicians, dentists, 
physicians, surgeons, medical officers, training medical 
officers, and house officers. In our proposed simulation 
based experimental setup, patients are generated using 
poison distribution which caters non uniform and non-
punctual arrival of the patients. The variation in 
consultation time and switching time in conjunction with 
non-uniform patient arrival indicates the inclusion of un-
even demand distribution of doctors and patients and non-
uniform service time as well. Moreover, the variation in 
switching time provides un-equal intermediate intervals of 
patients. Consequently, it overcomes most of the 
weaknesses found in the parameters of previous literature. 
To understand different scenarios, we performed four 
simulations with varying switching time and consultation 
time of doctors. Simulation scenarios also consider 
different doctor to patient ratios varying from 1:5, 1:25, 
and 1:50. All different variations of important parameters 
of the simulations are summarized in Table 2. 

Table 2: Summary of Simulation Parameters 
 Switching 

Time 
Consultation 

Time 
Doctor 
Patient 
Ration 

Wait 
Queue 
Size Min Max Min Max 

 
Simulation 1 

 
10.96 

 
10.96 

 
12.15 

 
12.15 

1:5 7 
1:25 30 
1:50 60 

 
Simulation 2 

 
1.75 

 
8.057 

 
5.25 

 
14.25 

1:5 7 
1:25 30 
1:50 60 

For each patient Pi in the system If 
(Pi == priority patient) 

Assign Pi to head of Pre-Scheduling Queue Else 
Assign Pi to tail of Pre-Scheduling Queue 

While (pre-scheduling queue has a patient) 
Pi is a patient extracted from the pre-scheduling queue 
Calculate𝑊𝑊𝑃𝑃   

using Equation2 
Assign Pi to doctor’s Dj (that gives minimum 𝑊𝑊𝑃𝑃 ) wait queue 
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Simulation 3 

 
1.75 

 
15 

 
5.17 

 
18.5 

1:5 7 
1:25 30 
1:50 60 

 
Simulation 4 

 
1.429 

 
25 

 
5.25 

 
20.50 

1:5 7 
1:25 30 
1:50 60 

To evaluate the simulation results of the proposed 
algorithm and Round Robin, we measure average patient 
wait time, percentile average difference (PAD), and 
number of patients served during each simulation. The 
PAD formula is explained in the equation 3. 

 
Where in the above equation, PWT refers to Patient Wait 
Time, RR refers to Round Robin, and MWOL is a name 
of our proposed algorithm. 

4. Results 

In this section, we explain the results obtained through 
simulations using our proposed and baseline Round Robin 
algorithms. We explain each simulation results in 
following sub sections: 

4.1 Simulation 1 

In this simulation all doctors’ consultation and switching 
time are initialized with same values. We observed that 
both the algorithms, Round Robin and MWOL, provides 
identical patient’s average wait time and patients served 
for all variations of doctor to patient ratios. Therefore, 
PAD is 0% for all patients to doctor ration. Performance 
of both the algorithms is similar due to homogeneity in 
the doctor’s switching and consultation time. The average 
increase in patient wait time is depicted in Fig. 3 for the 
three cases of 1:5, b) 1:25 and c) 1:50 of doctor to patient 
ratio respectively. As the behavior of both the algorithms 
is same therefore, Round Robin Algorithm overlaps the 
MWOL algorithm. 
 

 

Fig 3 Average Wait Time of Simulation 1 (Worst Case), for doctor to 
patient Ratio of a) 1:5, b) 1:25 and c) 1:50 

4.2 Simulation 2 

In this simulation, we assigned varying consultation and 
switching time to the doctors. However the difference 
among doctor’s consultation and switching is minimum 

and increasing uniformly. The value of switching time 
varies from 1.75 to 8.057 minutes and consultation time 
varies from 5.25 to 14.25 minutes. Our proposed 
algorithm MWOL performs slightly better by providing 
less average patient wait time comparing to Round Robin. 
We observe PAD 10.53%, 11.46% and 10.92% for doctor 
to patient ratio of 1:5, 1:25, and 1:50 respectively. 
However, a slightly greater number of patients are served 
using MWOL algorithm comparing to Round Robin. The 
average increase in patient wait time is depicted in fig. 4 
for the three cases a)  1:5,  b)  1:25  and  c)  1:50  of  
doctor  to  patient  ratio respectively. The PAD ratio has 
been decreased slightly with a maximum of 0.54% upon 
the scheduling of arrival of greater number patients to the 
system indicating the incorporation of frustration 
experienced due increase in workload. 

 

Fig. 4 Average Wait Time of Simulation 2 (Below Average Case), for 
doctor to patient Ratio of a) 1:5, b) 1:25 and c) 1:50 

4.3 Simulation 3 

In this simulation, we assigned consultation and switching 
time with moderate difference and increasing uniformly. 
The values of switching time are varying from 1.75 to 15 
minutes and consultation times are varying from 5.17 to 
18.5 minutes for the doctors available in telemedicine 
system (table 2). MWOL algorithm outperforms Round 
Robin in average patient wait time. We observe PAD 
18.38%, 19.40%, and 16.72% for doctor to patient ratio of 
1:5, 1:25, and 1:50 respectively. The number of patients 
served using MWOL algorithm is observed higher when 
compared to Round Robin algorithm (table 3).The 
average increase in patient wait time is depicted in fig. 5 
for the three cases of a) 1:5, b) 1:25 and c) 1:50 of doctor 
to patient ratio respectively. The PAD ratio has been 
decreased slightly with a maximum of 2.68% upon the 
scheduling of arrival of greater number patients to the 
system indicating the incorporation of frustration 
experienced due increase in workload. 

 

Fig 5 Average Wait Time of Simulation 3 (Average Case), for doctor to 
patient Ratio of a) 1:5, b) 1:25 and c) 1:50 
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4.4 Simulation 4: 

In this simulation, we assigned consultation and switching 
time to doctors with a large difference increasing 
uniformly. The values of switching time are varying from 
1.429 to 25 minutes and consultation times are varying 
from 5.25 to 
20.50 minutes for the doctors available in telemedicine 
system (table 2). We observe PAD 36.36%, 37.34%, and 
29.98% for doctor to patient ratio of 1:5, 1:25, and 1:50 
respectively (table 3). The number of patients served 
using MWOL algorithm is substantially higher comparing 
to Round Robin algorithm. The average increase in 
patient wait time is depicted in fig. 6 for the three cases of 
a) 1:5, b) 1:25 and c) 1:50 of doctor to patient ratio 
respectively. The PAD ratio has been decreased slightly 
with a maximum of 7.36% upon the scheduling of arrival 
of greater number patients to the system indicating the 
incorporation of frustration experienced due increase in 
workload. 

 

Fig 6 Average Wait Time of Simulation 3 (Best Case), for doctor to 
patient Ratio of a) 1:5, b) 1:25 and c) 1:50 

We summarized simulation results in Table 3. For each 
simulation, the table shows total number of patients, 
number of available doctors, average wait time in minutes, 
PAD, and percentage of patients served by the scheduling 
algorithms. 

Table 3: Summary of the Results 

 
No.  
of 
Patient 

No.  
of 
Doctor 

 
Algorithm 

Average 
Wait 
(Min.) 

 
PAD 

Patient 
Served 

Simulation 
1 

 
100 

 
20 

RR 70.02  
0% 

68.0% 

MWML 70.02 67.0% 

500 20 
RR 301.03 

0% 
82.6% 

MWML 301.03 82.6% 

1000 20 
RR 589.89 

0% 
84.7% 

MWML 589.89 84.6% 

Simulation 
2 

100 20 
RR 39.19 

10.53% 
88.0% 

MWML 35.27 90.0% 

500 20 
RR 169.74 

11.46% 
96.0% 

MWML 151.35 96.6% 

1000 20 
RR 332.94 

10.92% 
98.2 

MWML 298.44 98.8 

Simulation 
3 100 20 

RR 54.39 
18.38% 

78.0% 

MWML 45.23 88.0% 

500 20 
RR 236.14 

19.4% 
88.0% 

MWML 194.37 95.2% 

1000 20 
RR 463.30 

16.72% 
89.9% 

MWML 391.83 98.2% 

Simulation 
4 

100 20 
RR 65.57 

36.36% 
72.0% 

MWML 45.37 88.0% 

500 20 
RR 284.85 

37.34% 
79.6% 

MWML 195.21 95.6% 

1000 20 
RR 558.97 

29.98% 
81.6% 

MWML 413.24 92.6% 

5. Conclusion 

In this paper we proposed and evaluated an efficient 
algorithm named MWOL (Minimum Wait and Optimal 
Load) to assign doctors to patients in a telemedicine 
system based on a greedy approach. The proposed 
algorithm considers doctor’s average switching and 
consultation time to schedule the patient to minimize the 
patient’s wait time by utilizing doctors efficiently. We 
compared our proposed algorithm with a Round Robin 
algorithm (a strategy to assign next available doctor to the 
patient) using different simulations. The simulations are 
designed to evaluate the effect of consultation and 
switching time of doctors in overall minimizing average 
patient wait time. Our simulations results show that the 
MWOL outperforms Round Robin when consultation and 
switching time of doctors are varying. However, MWOL 
gives comparable performance while consultation and 
switching time of doctors are constant. In reality, it is 
difficult that all the doctors take same switching and 
patient handling time, therefore, the proposed algorithm 
would help to increase the number of patients served, 
reduce the overall average patient wait time to get the 
prescriptions and feedback from doctors using online 
telemedicine system to achieve quality and system level 
stability. In countries where patient to doctor ratio is poor, 
telemedicine is an effective technology to introduce and 
ensure the availability of healthcare to every individuals. 
However, limited number of trained telemedicine doctors 
need to be utilized efficiently to increase quick assistance 
of healthcare to remote and underprivileged areas. 
Therefore, our proposed algorithm will help to minimize 
average patient wait time in a telemedicine system by 
utilizing available doctors efficiently. Currently, we are 
extending the proposed algorithm to allow scheduling of 
medical specialist using patient specific parameters. 

Acknowledgments 

Author acknowledges Higher Education Commission for 
their research fellowship to MI and supported funding of 



IJCSNS International Journal of Computer Science and Network Security, VOL.16 No.4, April 2016 7 

National ICT R&D Ministry of Information and 
Technology, Government of Pakistan. 
 
References 
[1] Zundel KM. Telemedicine: history, applications, and 

impact on librarianship.  Bull Med Libr Assoc 1996; 
84(1):71-79. PMCID: PMC226126 PMID:8938332 

[2] Garshnek V, Burkle FM. Applications of telemedicine and 
telecommunications to disaster medicine. J Am Med Inform 
Assoc 1999; 6(1):26-37. doi: 10.1136/jamia.1999.0060026. 

[3] Higgins C, Dunn E, Conrath D. Telemedicine: an historical 
perspective. Telecommun Policy 1984; 8(4):307-313. doi: 
10.1016/0308-5961(84)90044-2 

[4] Crump WJ, Pfeil T. A telemedicine primer: an introduction 
to the technology and an overview of the literature. Arch 
Fam Med 1995;4(9):796. doi: 10.1001/archfami.4.9.796 

[5] Khoja S, Durrani H, Scott RE, Sajwani A, Piryani U. 
Conceptual framework for development of comprehensive 
e- health evaluation tool. Telemed E-Health 2013;19(1):48-
53. doi: 10.1089/tmj.2012.0073 

[6] Coiera E. Recent advances: Medical informatics. BMJ 
(Clinical research ed.) 1995; 310(6991):1381-1387. doi: 
10.1136/bmj.310.6991.1381 

[7] De Toledo P, Jimenez S, del Pozo F, Roca J, Alonso A, 
Hernandez C. Telemedicine experience for chronic care in 
COPD. IEEE Trans Inf Technol Biomed 2006; 10(3):567- 
573. doi: 10.1109/TITB.2005.863877 

[8] Martínez I, Fernández J, Galarraga M, Serrano L, de 
Toledo P, Jiménez-Fernández S, Led S, Martínez-
Espronceda M, García J. Implementation of an end-to-end 
standard-based patient monitoring solution. Iet 
Communications 2008;2(2):181-191. doi: 10.1049/iet-
com:20060703 

[9] World health statistics 2013, PartII: Global Health 
Indicators, World Health Organization:  a wealth of 
information on global public health. Available at: 
www.who.int/entity/gho/publications/world_health_statistic 
s/EN_WHS2015_Part2.pdf?ua=1 

[10] Teljeur C, Thomas S, D O'Kelly F, O'Dowd T. General 
practitioner workforce planning: assessment of four policy 
directions. BMC Health Serv Res 2010;10(1):148. doi: 
10.1186/1472-6963-10-148 

[11] Rimsza, ME, Hotaling AJ, Keown ME, Marcin JP, 
Moskowitz WB, Sigrest TD, Simon HK. The Use of 
Telemedicine to Address Access and Physician Workforce 
Shortages. Pediatrics 2015;136(1):202-209. doi: 
10.1542/peds.2015-1253. 

[12] Yılmaz Ö, Erdur RC, Türksever M. SAMS–A Systems 
Architecture for Developing Intelligent Health Information 

Systems. J Med Syst 2013;37(6):1-17. doi: 
10.1007/s10916- 013-9989-5. 

[13] Chen SC, Liu SC, Li SH, Yen DC. Understanding the 
mediating effects of relationship quality on technology 
acceptance: an empirical study of e-appointment system. J 
Med Syst 2013;37(6):1-13. doi: 10.1007/s10916-013-9981-
0 

[14] Almulhem A. Threat modeling for electronic health record 
systems. J Med Syst 2012; 36(5):2921-2926. doi: 
10.1007/s10916-011-9770-6 

[15] Păun ID, Sauciuc DG, Iosif NO, Stan O, Perşe A, Dehelean 
C, Miclea L. Local EHR management based on openEHR 
and EN13606. J Med Syst 2011; 35(4):585-590. doi: 
10.1007/s10916-009-9395-1 

[16] de la Torre-Díez I, López-Coronad M, Rodrigues JJ. How 
to measure the QoS of a web-based EHRs system: 
Development of an instrument. J Med Syst 2012; 
36(6):3725-3731. doi: 10.1007/s10916-012-9845-z 

[17] Wang TD, Wongsuphasawat K, Plaisant C, Shneiderman B. 
Extracting insights from electronic health records: case 
studies, a visual analytics process model, and design 
recommendations. J Med Syst 2011;35(5):1135-1152. doi: 
10.1007/s10916-011-9718-x. 

[18] Yang P, Pan F, Xu Y, Liu D, Liang, Y, Yang Z, Sun Y, Ye 
Q. Creating content modules for Chinese EHR documents 
and their trial implementation in Wuwei City. J Med Syst 
2012;36(6):3665-3675. doi: 10.1007/s10916-012-9840-4. 

[19] Hsiao CJ, Beatty PC, Hing ES, Woodwell DA, Rechtsteiner 
EA, Sisk JE.  Electronic medical record/electronic health 
record use by office-based physicians: United States, 2008 
and preliminary 2009. National Center for Health Statistics 
Health E-stat. Available at: 
198.246.124.29/nchs/data/hestat/emr_ehr/emr_ehr.pdf, 
accessed on 19/07/2015. 

[20] Pizziferri L, Kittler AF, Volk LA, Honour MM, Gupta S, 
Wang S, Wang T, Lippincott M, Li Q, Bates DW. Primary 
care physician time utilization before and after 
implementation of an electronic health record: a time-
motion study. J Biomed Inform 2005;38(3):176-188. doi: 
10.1016/j.jbi.2004.11.009. 

[21] Yarbrough AK, Smith TB. Technology acceptance among 
physicians: a new take on TAM. Med Care Res Rev 2007; 
64(6):650–672. doi: 10.1177/1077558707305942. 

[22] Xiong W, Bair A, Sandrock C, Wang S, Siddiqui J, Hupert 
N. Implementing telemedicine in medical emergency 
response: concept of operation for a regional telemedicine 
hub. J Med Syst 2012; 36(3):1651-1660. doi: 
10.1007/s10916-010-9626-5 

[23] Ventres W, Kooienga S, Vuckovic N, Marlin R, Nygren P, 
Stewart V. Physicians, patients, and the electronic health 
record: an ethnographic analysis. Ann Fam Med 2006; 
4(2):124-131 doi: 10.1370/afm.425 

[24] Al Ameen M, Liu J, Kwak K. Security and privacy issues 
in wireless sensor networks for healthcare applications. J 
Med Syst 2012;36(1):93-101. doi: 10.1007/s10916-010-
9449-4. 

[25] Almashaqbeh G, Hayajneh T, Vasilakos AV, Mohd BJ. 
QoS- aware health monitoring system using cloud-based 
WBANs. J Med Syst 2014;38(10):1-20. doi: 
10.1007/s10916-014- 0121-2. 

[26] Nakajima I. Japanese telemedical concept of ambulatory 
application. J Med Syst 2011; 35(2):215-220. doi: 
10.1007/s10916-009-9358-6. 

[27] Petrovski IG, Ishii M, Torimoto H, Kishimoto H, Furukawa 
T, Saito M, Tanaka T, Maeda H. QZSS-Japan's New 
Integrated Communication and Positioning Service for 
Mobile Users. GPS World 2003; 14(6):24-26. 

[28] Hu PJ, Chau PY, Sheng ORL, Tam KY. Examining the 
technology acceptance model using physician acceptance of 
telemedicine technology. Journal of management 
information systems 1999; 16:91-112. 

http://www.who.int/entity/gho/publications/world_health_statistics/EN_WHS2015_Part2.pdf?ua=1
http://www.who.int/entity/gho/publications/world_health_statistics/EN_WHS2015_Part2.pdf?ua=1
http://www.who.int/entity/gho/publications/world_health_statistics/EN_WHS2015_Part2.pdf?ua=1


IJCSNS International Journal of Computer Science and Network Security, VOL.16 No.4, April 2016 8 

[29] Gustke SS, Balch DC, West VL, Rogers LO. Patient 
satisfaction with telemedicine. Telemedicine Journal 2000; 
6(1):5-13. doi: 10.1089/107830200311806. 

[30] Collins K, Nicolson P, Bowns I. Patient satisfaction in 
telemedicine. Health Informatics J 2000; 6(2):81-85. doi: 
10.1177/146045820000600205. 

[31] Young LB, Chan PS, Lu X, Nallamothu BK, Sasson C, 
Cram PM. Impact of telemedicine intensive care unit 
coverage on patient outcomes: a systematic review and 
meta-analysis. Arch Intern Med 2011; 71(6):498-506. doi: 
10.1001/archinternmed.2011.61. 

[32] Bashshur R, Shannon G, Sapci H. Telemedicine evaluation. 
Telemed J E Health 2005;11(3):296-316. doi: 
10.1089/tmj.2005.11.296. 

[33] Mair F, Whitten P. Systematic review of studies of patient 
satisfaction with telemedicine. Br Med J (Clin Res Ed) 
2000; 320(7248):1517-1520. doi: 
10.1136/bmj.320.7248.1517. 

[34] Currell R, Urquhart C, Wainwright P, Lewis R. 
Telemedicine versus face to face patient care: effects on 
professional practice and health care outcomes. Cochrane 
Database Syst Rev 2000;doi:10.1002/14651858.CD002098. 

[35] Whitten P, Love B. Patient and provider satisfaction with 
the use of telemedicine:  overview and rationale for 
cautious enthusiasm. J Postgrad Med 2005; 51(4): 294-300. 
Available at: 
http://www.jpgmonline.com/text.asp?2005/51/4/294/192 43. 

[36] Hill EE, DeRuvo SS. A qualitative assessment of patient 
and provider satisfaction with new implementation of a 
telemedicine system. International journal of healthcare 
technology and management 1999; 1(1): 239-251. 
doi:10.1504/IJHTM.1999.001057. 

[37] Erdogan SA, Denton B. Dynamic appointment scheduling 
of a stochastic server with uncertain demand. INFORMS J 
Comput 2013; 25(1):116-132. doi:10.1287/ijoc.1110.0482. 

[38] Pérez E, Ntaimo L, Malavé CO, Bailey C, McCormack P. 
Stochastic online appointment scheduling of multi-step 
sequential procedures in nuclear medicine. Health Care 
Manag Sci 2013; 16(4):281-299. doi: 10.1007/s10729-013-
9224-4. 

[39] Denton B, Gupta D. A sequential bounding approach for 
optimal appointment scheduling. IIE Transactions 2003; 
35(11):1003-1016. doi: 10.1080/07408170304395. 

[40] Jun JB Jacobson SH Swisher JR. Application of discrete- 
event simulation in health care clinics: A survey. J Oper 
Res Soc 1999; 109-123. doi:10.2307/3010560. 

[41] Feldman J, Liu N, Topaloglu H, Ziya S. Appointment 
scheduling under patient preference and no-show behavior. 
Oprn Res 2014; 62(4):794-811. doi: 
10.1287/opre.2014.1286. 

[42] Idrees M, Iqbal W, Bazaz SA. Real-time doctor-patient 
assignment in a telemedicine system. Multi Topic 
Conference   (INMIC),   2013   16th   International   2013; 
55(60):19-20 doi: 10.1109/INMIC.2013.6731324. 

 
 
 
 
 
 
 

Muhammad Idrees         received      
the B.S. degrees in Computer 
Science from University of Peshawar, 
Pakistan in 2005, M.Sc. degree in 
Computer Engineering form Center 
of Advance Studies in Engineering, 
Islamabad, Pakistan in 2009. He is 
currently Ph.D. scholar at Center for 

Advance Studies in Engineering with research in the field 
of Telemedicine. 
 

Waheed Iqbal received Ph.D. and 
Master of Engineering degree in 
computer science from the Asian 
Institute of Technology, and master 
of information technology from the 
Barcelona School of Informatics, 
Spain. He is currently working as 
Assistant Professor in the Computer 
Science program at PUCIT, 

University of the Punjab, Lahore Pakistan. His area of 
interest includes resource management, cloud computing, 
data mining, big data analysis, and telemedicine. 
 

Faisal Bukhari revived Ph.D. and 
M.S. degree in Computer Science, 
Asian Institute of Technology (AIT), 
Thailand, M.Sc., Computer Science, 
Punjab University and M.Sc., 
Statistics, Punjab University. He is 
currently working as Assistant 
Professor in the Computer Science 
program at PUCIT, University of the 

Punjab, Lahore Pakistan. His area of interest includes 
Computer Vision, Image Processing, Machine Learning, 
Statistics, and telemedicine. 
 
 

Shafaat Ahmed Bazaz received Ph.D. 
degree in Controls and Computer 
Sciences from Institute National des 
Sciences Appliquées (INSA) 
Toulouse, France in 1998, M.S. from 
Université de Franche Comté, 
Besanc¸ France in 1994 and B.S. 
from NED University of Engineering 
and Technology Karachi in 1989. 

His research interest includes retinal Image Analysis and 
Screening System for Grading and Diagnosis of Diabetic 
Retinopathy, Telemedicine systems, Development of 
MEMS based gyroscopes 
& accelerometer, Neural Probes for Brain Implants, 
Integration of Force sensors with microgrippers for 
biomedical applications. 


