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ABSTRACT 
 

ABSTRACT 
 

The merits of 802.11s as the wireless mesh network standard provide a low 

cost and high independent scalability telemedicine infrastructure. However, 

challenges in degradation of performance as hops increase and the absence of 

Quality of Service (QoS) provision need to be resolved. Reliability and timely 

manner are important factors for successful telemedicine service. This research 

investigates the use of 802.11s for telemedicine services. A new model of 802.11s 

based on telemedicine infrastructure has been developed for this purpose. A non 

deterministic polynomial path selection is proposed to provide end-to-end QoS 

provisioning in 802.11s. A multi-metric called QoS Price metric is proposed as 

measurement of link quality. The QoS Price is derived from multi layers values that 

reflect telemedicine traffic requirement and resource availability of the network. The 

proposed solution has modified the path management of 802.11s and added resource 

allocation in distributed scheme. This modification and resource allocation 

improvement of 802.11s were given the designation medQoS-802.11s.  MedQoS-

802.11s could provide a link guarantee of telemedicine traffic transmission in the 

selected path. MedQoS-802.11s had been tested using ns3 simulation and real 

environment testbed. The result has shown that medQoS-802.11s could achieve the 

traffic guarantee for almost 95% telemedicine traffic with 58% for the resource 

intensive diagnostic video traffic. It has also shown that the cost of link path 

overhead is efficient with the transmission overhead having an increment of 6% 

compared to the original 802.11s. The concurrent connection results for single time 

transmission shows that medQoS-802.11s has a significant increase of up to 12% 

traffic than original 802.11s. The testbed results have verified the QoS guarantee of 

the intended telemedicine traffic per transmission time. In summary, the reliability 

and time guarantee of medQoS has highly improved 802.11s to transmit telemedicine 

traffic. 
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ABSTRAK 
 
ABSTRAK 
 

Faedah utama 802.11s adalah rangkaian jaring tanpa wayar yang 

menyediakan infrastruktur teleperubatan berkos rendah dan berskala bebas. Walau 

bagaimanapun, cabaran dalam kemerosotan prestasi disebabkan peningkatan 

lompatan dan ketiadaan penyediaan Kualiti Perkhidmatan (QoS) perlu diselesaikan. 

Kebolehpercayaan dan ketepatan masa adalah faktor penting untuk perkhidmatan 

teleperubatan yang berjaya. Kajian ini menyiasat penggunaan 802.11s untuk 

perkhidmatan teleperubatan.  Sebuah 802.11s model baru yang berasaskan 

infrastruktur teleperubatan telah dibangunkan untuk tujuan ini. Selain itu, pemilihan 

jalan polinomial tidak berketentuan dicadangkan untuk menyediakan penyediaan 

QoS bagi 802.11s. Pengukuran kualiti pautan ditentukan berdasarkan berbilang nilai 

metrik yang telah dicadangkan dan dikenali sebagai metrik “QoS Price.” QoS Price 

berasal dari pelbagai nilai-nilai lapisan yang mencerminkan keperluan trafik 

teleperubatan dan ketersediaan sumber rangkaian. Penyelesaian yang dicadangkan 

telah mengubah suai pengurusan laluan 802.11s dan menambah skim peruntukan 

sumber. MedQoS - 802.11s telah diuji dengan menggunakan simulasi ns3 dan 

persekitaran yang sebenar. Keputusan telah menunjukkan bahawa medQoS - 802.11s 

boleh mencapai jaminan trafik bagi hampir 95% trafik teleperubatan dengan 58% 

bagi sumber intensif trafik video diagnostik. Ia juga menunjukkan bahawa kos  

adalah cekap dengan kos penghantaran hanya meningkat sebanyak 6% dibandingkan 

dengan 802.11s yang asal. Keputusan beberapa penghantaran pada masa yang sama 

menunjukkan medQoS - 802.11s mempunyai peningkatan trafik yang ketara  

sehingga 12% daripada 802.11s asal. Keputusan testbed telah mengesahkan jaminan 

trafik teleperubatan direka per masa penghantaran. Secara keseluruhan, 

kebolehpercayaan dan masa jaminan medQoS telah sangat meningkatkan 802.11s 

untuk menghantar trafik bagi perkhidmatan teleperubatan.  
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CHAPTER 1 

INTRODUCTION 
 
CHAPTER 1  INTRODUCTION 

1.1.  Problem Background 

The implementation of information and communication technologies (ICT) to 

provide healthcare service at distance has been done for more than a century.  This 

can be traced back to the work of Telecardiogram by William Einthoven on 22 

March 1905 (Hjelm and Julius, 2005). He transmitted his electrocardiograph 

successfully through Leyden mile, a 1.5 km telephone cable in length from 

Polytechnic School in Delft to the hospital in Leiden.  The  booming of this field was 

started in early 1960s when National Aeronautics and Space Administration (NASA) 

implemented vital signs monitoring of astronauts during space mission and the first 

transmission of radiological images called Telognosis by Gershon and Cohen (1965).  

The telemedicine term was then introduced by Thomas Bird (1975) to recognize a 

delivery service where physicians examine distant patient through the use of 

telecommunication technologies. 

Telemedicine then came to community services as researchers and 

government bodies realized the potential of telemedicine.  Several telemedicine pilot 

and large projects had been launched for community services in early 1970s through 

mid-1980s.  Most telemedicine projects at that time were short-lived and terminated 

without being able to achieve its real niche market potential.  Many reasons had been 

argued for the cause of their failures, but the main technologies discrepancy at that 

time prevented the sustainability of telemedicine project in the long term and large 

scale implementation (Bashshur, 1995).  The use of high cost communication to 

reach remote area and equipment reliability were the main constrains to provide the 

cost-effective telemedicine as a substitute of face-to-face contact in this first era.     
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In the mid-1990s, telemedicine came to age with the advancement in image 

digitization, data compression and communication technology.  The cost problem 

had lowered by the vast distribution of new technologies and reduced computational 

cost.  The question regarding feasibility and reliability has been relatively answered 

by demonstrations of specific healthcare services, such as teleradiology, 

telecardiology and teledermatology.  Nowadays, it is difficult to find a country 

without an established policy or plans for implementing a telemedicine capability.  

The issues then arise for the large-scale implementation of telemedicine.  

The most significant barriers for the recent telemedicine implementation can 

be described in three different perspectives. The first perspective is the healthcare 

management where the barriers are the user and healthcare personnel acceptance 

with the technology skill improvement among parties. Second barrier is the 

regulation and policies issues, involving the reimbursement method and licensure of 

parties in global connectivity of telemedicine services. The third barrier is the 

selection of technologies to fulfill the increasing requirements in medical data 

exchanges with the lowest or even elimination of the cost.  In this research, we are 

focusing on the minimization of the third barrier. 

Current technology advancements have increased the need of complex 

information in telemedicine.  For example, the transmission of high and low signals 

has evolved into the high quality diagnostic images with three or four dimensional 

features.  The conceptual definition of telemedicine also spans to provide ubiquitous 

health services for personal and also large process policies for health care 

organization.  This new telemedicine paradigm triggers new domain concept where 

the exploitation of modern wireless technologies as the main key (Pattichis et al., 

2002). The expansion of emerging technology in telemedicine creates bigger 

challenges, where access availability, scalability and information reliability are the 

most dominant factors.  

 Wireless communication technology has seen the fastest growth in the 

history to provide telemedicine innovation, boosted by deployment of enabling 

technology and technological advancement in signal processing, access and coverage 

area. The well established and emerging wireless technologies have tackled the 

location boundary from wired based telemedicine, where the parties need at specific 
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place with the cable connection. The parties involved can tap into vital information 

anywhere and at any time within the wireless network coverage. Various wireless 

telemedicine solutions have been proposed and developed by adopting recent 

wireless technologies. 

Most proposed solutions were based on commercial off-the-shelf wireless 

technologies, with enhancements on flexibility and deliverability for heterogonous 

data.  The use of commercial network services, such as cellular and long term 

evolution (LTE), creates integration problems between different global 

communication options and standards.  Restricted scalability from network providers 

may limit the extent of telemedicine service, especially in the low market area.  The 

reliability and the quality of medical data exchanges in this network are very much 

reliant on the service level from network provider.   The use of independent wireless 

network is needed to provide an open integrity for telemedicine service 

enhancement. 

The proliferation of low cost wireless mesh network (WMN) in a number of 

large scale implementation, e.g. MIT roofnet (Bicket et al., 2005), has opened the 

door for independent telemedicine infrastructure.  The Institute of Electrical and 

Electronics Engineers (IEEE) has initiated the standardization work of WMN 

technology, where the identification nomenclature is IEEE 802.11s standard for 

WMN semi-infrastructure. The IEEE 802.11s has a self-organization characteristic, 

scalability in coverage area and its carrier technology solely based on independent 

and free license-exempt frequency spectrum. The 802.11s gives less backhaul 

constructions to every wireless node in the network compared to the conventional 

wireless local area network (WLAN) deployment. It is a low cost network with the 

reduction of installation, commissioning and operational cost thereby achieving 70% 

saving compared to conventional approaches (Roch, 2005). These criteria offer 

promises for an open implementation of cost-effective telemedicine services. IEEE 

802.11s is suitable candidate to leverage telemedicine service with the lower cost 

technology.   

Even though there are feasible promises for WMN implementation as 

telemedicine infrastructure, study shows only one large scale telemedicine project 

had been done within past ten years. This project was launched in 2007, called 
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Emergency Room Link (ER-LINK). ER-LINK was worked on 365 square kilometer 

with 95% coverage area of the city of Tucson, Arizona, USA (Wang, 2008). 

Unfortunately, due to its lack of operational fund, this project had been shut down 

since 2011 by the local government albeit the mesh infrastructure still in use daily 

(Versel, 2011). This project involves the use of Open Link State Routing (OLSR) 

WMN type.  

The other telemedicine infrastructure which involving non-802.11s standard 

WMN could be seen in Pirzada et al. (2009) for the incident area infrastructure, the 

concept of emergency application by Yarali et al. (2009) and triage infrastructure by 

Marti et al. (2009).  However, most of implementation performances, especially in 

throughput and delay, degrade significantly when the source is located at an 

increasing number of hops away from the destination. 

 

1.2.  Problem Statement 

The implementation of wireless mesh network, by means of 802.11s, could 

provide a low cost infrastructure for telemedicine services and improve grade of 

service performance. However, it is difficult to find current 802.11s WMN 

implementation for telemedicine infrastructure and its comparison analysis to other 

WMN architecture. There is a need to provide a performance evidence of 802.11s 

with other WMN architecture for telemedicine infrastructure. 

Despite the effort of 802.11s standard to fully optimize path control in the 

physical layer, the multihop 802.11s still depends on the path process performance 

for a correct path selection. Unfortunately, this path selection mechanism is hard to 

recognize the end-to-end Quality of Service (QoS) requirement from the upper layer.   

The reliability and timely manner of service in telemedicine could determine 

life and death situation (Philip and Istepanian, 2007).   Thus, it makes QoS provision 

as the very important parameter in telemedicine infrastructure.  The requirement on 

joint layer optimization in cross layering approach  is one of the feasible solutions to 

provide the optimum path selection (Borges et al., 2011; Mogre et al., 2007). In this 



5 

 

way, the deployment of 802.11s can be self-adaptive to physical network dynamics 

and meet end-to-end requirements of the applications (Gungor et al., 2008). 

Most cross-layering approach solutions for WMN relied on the network layer 

to provide routing mechanism.  These works only considered a single performance 

parameter, which is taken from upper layer or lower layer. Most of the existing 

works also relied on the adaptation  from mobile ad hoc networks with little support 

for Quality of Service (QoS) (Kone et al., 2007).  These solutions did not cover the 

core point that data link layer mechanism is the main distinctive part from 802.11s 

WMN.  There is a consideration need to implement such solutions at data link layer. 

 

1.3.  Aim and Objective 

The aim of this research is to provide 802.11s based telemedicine 

infrastructure with the end-to-end QoS provisioning of telemedicine service. The 

objectives below have been set out in order to achieve the aim of research; 

 To develop a system model of telemedicine service by utilizing 802.11s wireless 

mesh network as the main wireless backhaul. 

 To develop multi-metric model for the path selection mechanism in 802.11s by 

reflecting the required parameters from the telemedicine service and available 

resources in the network. 

 To integrate the path management and resource allocation in 802.11s based on 

the new multi-metric in a distributed manner by considering the condition of link 

resources. 

 To test and analyze 802.11s with the proposed modified 802.11s on the 

developed discrete time simulator and real environment test bed. 

 

1.4.  Scope and limitation 

In this thesis, the network is considered as the abstraction layers of OSI 

model. Over this past three decades, the clear boundaries of OSI model has been 
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used to produce modular and well defined architecture system (Kawadia and Kumar, 

2005). These advantages could help this research to focus on the optimized solution 

design related in layer two of OSI perspectives.   

This research is focused on the improvement of 802.11s - 2007 standards for 

telemedicine service infrastructures. 802.11s use 802.11a/b/g as physical layer and 

deliberately works in data link layer. The justification of the improvement needs for 

802.11s should be done by comparing 802.11s performance with the other WMN 

protocols. The proposed improvement is the modified 802.11s mechanism by 

integrating end-to-end QoS provisioning to the selected path. The selected path 

should satisfy the required performance from telemedicine services by considering 

the condition of available link resources. 

The general concept of telemedicine service is considered in this research. 

This means, the proposed solution should cover the data transmission from general 

medical devices for any scenario. There is no specific environmental scenario that 

should be determined, since any medical scenario is intended to use one or more 

medical devices.  

A set of minimum performance requirement for each telemedicine service 

should be determined to evaluate the proposed solution. This requirement should 

support its unique medical interface and should support the integration of all services 

regardless of their location and application (Rashvand et al., 2008) . There is no 

agreement on the perceived values and selected parameters from the study in 

literatures. Hence, all of parameters were based on the proposed telemedicine data 

model and its data traffic parameters. These traffic parameters should be quantifiable 

and feasible to be measured in 802.11s mechanism. It is wise to adopt several 

standards that are linked to the medical and networking for finding the values of each 

traffic parameter.  Thus, the available standards from ITU, IEEE, ETSI and DICOM-

NEMA are considered for the required performance to measure the achievable QoS. 

802.11s provides two path discovery mechanisms upon the way a path 

discovery is triggered. In the sense of QoS mechanism, the source mesh point needs 

to wait a transfer request from the upper layer and triggers the path discovery 

process. This method is only feasible from the nature of reactive path discovery 
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method in 802.11s. The path maintenance is done by scheduling the path discovery 

activation during an established transmission.  

The path management in 802.11s are based on the metric calculation.  The 

proposed modification of 802.11s metric should provide awareness of the link 

characteristic and at the same time should describe the QoS requirements from the 

requested traffic.  Consequently, the metric should be an objective measurement at 

each mesh point related to network performance parameter.  The multi-metric 

solution is needed as the performance of each telemedicine services is constrained by 

several parameters.  Nevertheless, the calculation of the metric set in path discovery 

algorithm should be nondeterministic polynomial time and minimizing the changes 

in 802.11s. 

The resource allocation in 802.11s is scheduled within intermediate mesh 

point along the selected route by request from the source mesh point.  The 

intermediate nodes should ensure the trade off between available resources and the 

required resources.  Hence, the scheduling and admission control resides on each 

802.11s mesh point in the same path. The system runs as a distributed but 

cooperative algorithm with the resource requirements centralized from the source 

mesh point. 

The intention of 802.11s is to provide semi-infrastructure wireless backhaul. 

The mesh node presents a minimal mobility and form the backhaul of the entire 

telemedicine network.  Thereby, any challenges affected from the physical location 

and movement speed of the wireless network are not substantial to be measured for 

the link quality of the network.   

The environment in the wireless medium is shared among mesh nodes.  This 

creates interference and congestion considering the frame losses and high delay. As 

the mesh network is a managed topology, most common problems from interference 

and co-channel existence are caused by poor network planning and poorly configured 

mesh point (Benyamina et al., 2012).  Nevertheless, these problems need to be 

addressed as the link quality awareness from the path discovery metric. 
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Low energy issues has received more attention in 802.11s by adding a beacon 

frames for the synchronization and power saving (Lin et al., 2011). The main idea of 

this process is to transmit the power state of mesh point to its associated mesh point 

within negotiated times. This research assumes that prior the path management 

process, each selected mesh point is already in light-sleep state. Thus, the 

management of energy is done before the path discovery is initialized. 

In term of the security issues, the 802.11s standards perform the dictionary 

attack-proof Simultaneous Authentication of Equals (SAE) algorithm (Hiertz et al., 

2010).  This authentication is done in a distributed and independent approach 

between a pair of neighbouring mesh points in a peer management process.  The peer 

management process is the initialization process before any path management 

process.  It is assumed that all mesh point in the system has been authenticated by its 

neighbour mesh point.  The end-to-end encryption or any secure mechanism for 

telemedicine data is assumed to be done by telemedicine application in upper layer. 

The interoperability with other 802.XX network concept is seamlessly 

integrated in 802.11s. The 802.11s supports transparent delivery of uni-, multi- and 

broadcast frames to destinations in- and outside the mesh network (Benyamina et al., 

2012).  Mesh point then forwards frames but do not communicate with non-802.11s 

stations. However, a mesh point may be collocated with other network by taking 

action as mesh base station (MBSS). Hence, the flow from MBSS in the 802.11s 

network could be treated identically as flow from mesh point in the 802.11s network. 

The performance analysis in this thesis utilized extensively the open discrete 

event network simulator of ns-3. As the successor of the famous ns-2 in 

telecommunication research area, ns-3 is an active open source projects, flexible, 

provided extended wireless capability and maintained by many network research 

community (Chaudhary et al., 2012; Sarkar and Halim, 2011; Sterbenz et al., 2013). 

The result of simulation are evaluated and verified by using real wireless network 

testbed implementation. 
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1.5.  Important Contribution 

In this thesis, we explore the use of 802.11s WMN technology and proposed 

the scheme for QoS routing protocol and its metrics with the proposed telemedicine 

data traffic type and parameters. Three important contributions had been identified as 

the contribution for line of knowledge in telemedicine and 802.11s technology.  

First, the preliminary implementation of telemedicine service with wireless 

mesh network as the infrastructure had been done. Second is the system model of 

802.11s for telemedicine services and the new QoS Price metric for 802.11s for QoS 

provision. Third is the modification of path management and additional resource 

allocation for 802.11s to support QoS Provision. 

Several papers and journals have been published for the research 

contributions. A preliminary work for telemedicine in wireless mesh network has 

been publish such as (Supriyanto and Satria, 2009b), (Mulyadi et al., 2009) and with 

the specific use for prenatal telemonitoring in (Supriyanto and Satria, 2009c). 

Also, the joint layer approach for QoS possibilities in wireless telemedicine 

were published in (Satria et al., 2009) and  (Supriyanto and Satria, 2009a). The 

possibilities of cross layer through data link layer also had been publish in (Putra and 

Satria, 2011). The QoS provisioning in 802.11s and its model were published in  

(Satria et al., 2014), with a journal are still in review process at International Journal 

of Electrical Engineering (IJECE) 2014. 

 
 

1.6.   Outline 

The remainder of this thesis is organized as follows.  

Chapter 2 gives the background and related work on telemedicine, 802.11s 

mesh network and the Quality of Service from telemedicine and network point of 

view. This chapter starts with the description on terminology of telemedicine and the 

use of wireless technology as the medium to deliver the health service. The second 

section is all about 802.11s as the extension amendment from the available 802.11 
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MAC and its detail framework. The third section explains the relation of QoS as the 

performance parameter from telemedicine services, wireless based telemedicine and 

the detail literature of the available metrics use for QoS parameters. 

Chapter 3 presents the research methodology to ensure that the research is 

progressing toward successful path. There are five stages of research, initiated by 

problem formulation and literature review. The first section explains in detail the 

modelling synthesis method to provide conceptual and mathematical models of 

general and proposed 802.11s system. The second section explains the 

implementation and performance analysis as the least stages of methodology. 

Chapter 4 presents the implementation of different aspect from the wireless 

mesh network as the low cost infrastructure backhaul for telemedicine service and its 

performance measurement in general.  In the first section, the proposed telemedicine 

service architecture is briefly explained and determined the characteristic per mesh 

points. The second section explains the proposed device traffic parameter. Third 

section is all about scenario for low cost telemedicine system and its preliminary 

implementation. Fourth, the performance analysis from common wireless mesh 

network protocols is analyzed. 

Chapter 5 focuses on 802.11s with proposed multi metrics for path selection, 

path management algorithm and resource allocation for telemedicine services. The 

first section describes the system model for telemedicine service by segregating the 

services into intermittent and continuous service. The second section explains the 

mathematical model of 802.11s for telemedicine infrastructure and its path selection 

model. The third is the main QoS Price explanation as the multi-metric performance 

with the mathematical model for three type of cost and path selection algorithm. In 

this section, the modified extended versions of control messages from 802.11s are 

also being described. Lastly, the fourth section gives the details about resource 

allocation and its calculation support from the proposed metric. 

Chapter 6 describes the performance analysis of the proposed routing metrics. 

It started with the explanation of ns-3 as the tool for our analysis. The first section 

analyzes the impact of protocol overhead introduced by the extended control 

message as the additional cost.  Next, the second analysis is the effect of the interest 
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cost  from the medQoS routing protocol. Third is the analysis from the impact of 

concurrent connections with focusing on diagnostic video data. Fourth is the use of 

real device testbed to verify the result from the simulation. 

Lastly, Chapter 7 is composed by the conclusion of this thesis and future 

research recommendations. 
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been introduced by Feng et al. (2010). It should be denoted that 802.11s a distributed 

scheme where channel conditions are different among the mesh point. Thus, The use 

of multi-channel distribution for WMN in Ghaboosi et al. (2008) could provide the 

initial work of CRN to be implemented in 802.11s. 

The 802.11s optional medium of MCCA could be used to provide collision-

free and guaranteed channel access in the period of time. There is a high possibility 

for  medQoS-802.11s mechanism to be adopted in MCCA based 802.11s network. 

However, the dynamic integration approach with intermediate non-MCCA MP 

should be considered. Several work of the MCCA enhancement for the end-to-end 

guarantee from the required traffic could be seen from the works of Kolorov et al. 

(2011) and Islam et al. (2011).  

The inter-working of 802.11s with the heterogeneous network is become 

prominent to provide a ubiquitous access for telemedicine service. Especially in the 

ambulance scenario, 802.11s is prone to provide service guarantee in the mobile and 

fast handoff situation. 802.11s are supported the inter-working with the MAP 

availability in one or more MP. As a result, the handoff delay then becomes increase 

when the client of one MAP moves to another MAP. There is a need for the proposed 

path discovery to provide a fast handoff parameter with the dynamic reservation 

mechanism based on the mobility parameters.  A study from Chi et al. (2011) could 

provide handoff mechanism of 802.11s for the ambulatory scenario. In general, the 

cost based optimization from Niyato et al. (2009) could provides the fundamental 

framework for  the inter-working of telemedicine services in heterogeneous network.   

 

 
 
 
 



109 

 

 
 

REFERENCES 
 

REFERENCE 
 

 

Akyildiz, I. F., Wang, X., and Wang, W. (2005). Wireless mesh networks: a survey. 

Computer Networks, 47(4), 445-487. 

Alexandrou, D., and Mentzas, G. (2009). Research Challenges for Achieving 

Healthcare Business Process Interoperability. Paper presented at the 

ETELEMED '09 Proceedings of the 2009 International Conference on 

eHealth, Telemedicine, and Social Medicine 58-65. 

Andreev, K., and Boyko, P. (2011). IEEE 802.11 s Mesh Networking NS-3 Model. 

IITP, WNS3, March. 

Aragüés, A., Escayola, J., Martínez, I., Valle, P. d., Muñoz, P., Trigo, J. D., et al. 

(2011). Trends and Challenges of the Emerging Technologies toward 

Interoperability and Standardization in e-Health Communications. IEEE 

Communications Magazine, 49(11), 182-188. 

Association, I. S. (2011a). 802.11s-2011 IEEE Standard for Information Technology-

-Telecommunications and information exchange between systems--Local and 

metropolitan area networks--Specific requirements Part 11: Wireless LAN 

Medium Access Control (MAC) and Physical Layer (PHY) specifications 

Amendment 10: Mesh Networking (Vol. IEEE Std 802.11s-2011). New 

York: IEEE. 

Association, N. E. M. (1999). Digital Imaging and Communications in Medicine 

(DICOM) Supplement 30: Waveform Interchange (Vol. Supplement 30): 

National Electrical Manufacturers Association  

Association, N. E. M. (2011b). Digital Imaging and Communications in Medicine 

(DICOM) Part 5: Data Structures and Encoding (Vol. PS 3.5-2011): 

National Electrical Manufacturers Association  

Bashshur, R. L. (1995). Telemedicine effects: cost, quality, and access. Journal of 

medical systems, 19(2), 81-91. 



110 

 

Begg, L., Chan, F. Y., Edie, G., Hockey, R., and Wootton, R. (2001). Minimum 

acceptable standards for digital compression of a fetal ultrasound video-clip. 

Journal of Telemedicine and Telecare, 7(2), 88-90. 

Ben-Othman, J., Mokdad, L., and Cheikh, M. O. (2010). Q-HWMP: improving end-

to-end QoS for 802.11 s based mesh networks. Paper presented at the Global 

Telecommunications Conference (GLOBECOM 2010), 2010 IEEE, 1-6. 

Benyamina, D., Hafid, A., and Gendreau, M. (2012). Wireless mesh networks 

design—A survey. Communications Surveys & Tutorials, IEEE, 14(2), 299-

310. 

Bicket, J., Biswas, S., Aguayo, D., and Morris, R. (2005). Architecture and 

evaluation of the MIT Roofnet mesh network. 

Bird, K. T. (1975). Telemedicine: concept and practice. Telemedicine: Explorations 

in the Use of Telecommunications in Health Care. Edited by Bashshur RL. 

Springfield, Ill, Thomas. 

Borges, V. C. M., Curado, M., and Monteiro, E. (2011). Cross-layer routing metrics 

for mesh networks: Current status and research directions. Computer 

Communications, 34(6), 681-703. 

Brooks, P., Teolys, and Hestnes, B. (2010). User Measures of Quality of Experience: 

Why Being Objective and Quantitative Is Important. IEEE Network, 

2010(March/April), 8-13. 

Campista, M. E. M., Esposito, P. M., Moraes, I. M., Costa, L. H. M., Duarte, O. C. 

M., Passos, D. G., et al. (2008). Routing Metrics and Protocols for Wireless 

Mesh Networks. Network, IEEE, 22(1), 6-12. 

Carrano, R. C., Magalhães, L. C. S., Saade, D. C. M., and Albuquerque, C. V. N. 

(2011). IEEE 802.11s Multihop MAC: A Tutorial. IEEE 

COMMUNICATIONS SURVEYS & TUTORIALS, 13(1), 52-67. 

Challa, N., #199, am, H., and Sikri, M. (2008). Secure and Efficient Data 

Transmission over Body Sensor and Wireless Networks. EURASIP Journal 

on Wireless Communications and Networking, 2008. 

Chaudhary, R., Sethi, S., Keshari, R., and Goel, S. (2012). A study of comparison of 

Network Simulator-3 and Network Simulator-2. IJCSIT) International 

Journal of Computer Science and Information Technologies, 3(1), 3085-

3092. 



111 

 

Chi, K.-H., Shih, Y.-C., Liu, H.-H., Wang, J.-T., Tsao, S.-L., and Tseng, C.-C. 

(2011). Fast handoff in secure IEEE 802.11 s mesh networks. Vehicular 

Technology, IEEE Transactions on, 60(1), 219-232. 

Chigan, C., and Oberoi, V. (2006, 27 March 2006 ). Providing QoS in ubiquitous 

telemedicine networks. Paper presented at the Fourth Annual IEEE 

International Conference on Pervasive Computing and Communications 

Workshops, 2006. PerCom Workshops 2006., 5. 

Chu, Y., and Ganz, A. (2007). WISTA: a wireless telemedicine system for disaster 

patient care. Mob. Netw. Appl., 12(2-3), 201-214. 

Clarke, M., and Thiyagarajan, C. A. (2006, Aug. 30 2006-Sept. 3 2006 ). A 

Systematic Review of Technical Evaluation in Telemedicine Systems. Paper 

presented at the EMBS '06. 28th Annual International Conference of the 

IEEE Engineering in Medicine and Biology Society, 2006, New York, 4. 

Della Mea, V. (2001). What is e-Health (2): The death of telemedicine? J Med 

Internet Res, 3(2), e22. 

Draves, R., Padhye, J., and Zill, B. (2004). Routing in multi-radio, multi-hop wireless 

mesh networks. Paper presented at the Proceedings of the 10th annual 

international conference on Mobile computing and networking, 114-128. 

Feng, S., Liang, Z., and Zhao, D. (2010). Providing telemedicine services in an 

infrastructure-based cognitive radio network. IEEE Wireless 

Communications, 17(1), 96 - 103. 

Filho, O. K., and de Amorim, M. F. (2003). Possibilities to Use the Practice of 

Telemedicine in Actual Technological Conditions to Remote Areas. Paper 

presented at the 25th Annual International Conference of the IEEE  

Engineering in Medicine and Biology Society, 2003, 3680 - 3682. 

Force, I. E. T. (1998). Framework for IP Performance Metrics, Network Working 

Group (Vol. RFC 2330): IETF. 

Force, I. E. T. (2005). IP Performance Metrics (IPPM) Metrics Registry, Best 

Current Practice (Vol. RFC 4148, pp. 1-15): IETF Network Working Group. 

Gállego, J. R., Hernandez-Solana, A., Canales, M., Lafuente, J., Valdovinos, A., and 

Fernández-Navajas, J. (2005). Performance analysis of multiplexed medical 

data transmission for mobile emergency care over the UMTS channel. 

Information Technology in Biomedicine, IEEE Transactions on, 9(1), 13-22. 



112 

 

Gama, Ó., Carvalho, P., Afonso, J., and Mendes, P. (2009). Quality of Service in 

Wireless e-Emergency: Main Issues and a Case-Study. In J. Corchado, D. 

Tapia and J. Bravo (Eds.), 3rd Symposium of Ubiquitous Computing and 

Ambient Intelligence 2008 (Vol. 51, pp. 95-102): Springer Berlin / 

Heidelberg. 

Genetzakis, M., and Siris, V. A. (2008). A contention-aware routing metric for multi-

rate multi-radio mesh networks. Paper presented at the Sensor, Mesh and Ad 

Hoc Communications and Networks, 2008. SECON'08. 5th Annual IEEE 

Communications Society Conference on, 242-250. 

Gershon-Cohen, J. (1965). Telognosis: A Personal Case Report. JAMA: The Journal 

of the American Medical Association, 192(6), 575-575. 

Ghaboosi, K., Latva-aho, M., and Xiao, Y. (2008). A distributed multi-channel 

cognitive MAC protocol for IEEE 802.11 s wireless mesh networks. Paper 

presented at the Cognitive Radio Oriented Wireless Networks and 

Communications, 2008. CrownCom 2008. 3rd International Conference on, 

1-8. 

Ghasemzadeh, H., Loseu, V., Ostadabbas, S., and Jafari, R. (2010). Burst 

Communication by Means of Buffer Allocation in Body Sensor Networks: 

Exploiting Signal Processing to Reduce the Number of Transmissions. IEEE 

JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, 28(7), 10. 

Graaf, M., Berg, H., Boucherie, R. J., Brouwer, F., Bruin, I., Elfrink, H., et al. 

(2007). Easy wireless: broadband ad-hoc networking for emergency services. 

Gungor, V. C., Natalizio, E., Pace, P., and Avallone, S. (2008). Challenges and 

Issues in Designing Architectures and Protocols for Wireless Mesh Networks. 

In E. Hossain and K. Leung (Eds.), Wireless Mesh Networks Architectures 

and Protocols (pp. 351). New York, USA: Springer. 

Hiertz, G. R., Denteneer, D., Max, S., Taori, R., Cardona, J., Berlemann, L., et al. 

(2010). IEEE 802.11S: the WLAN mesh standard. IEEE Wireless 

Communication, 17(1), 104-111. 

Hiertz, G. R., Max, S., Zhao, R., Denteneer, D., and Berlemann, L. (2007, 24 

September 2007). Principles of IEEE 802.11s Paper presented at the 16th 

International Conference on Computer Communications and Networks, 1002 

- 1007  



113 

 

Hiertz, G. R., Zang, Y., Max, S., Junge, T., Weiss, E., Wolz, B., et al. (2008). IEEE 

802.11s: WLAN Mesh Standardization and High Performance Extensions. 

IEEE Network, 2008(May/June). 

Hjelm, N., and Julius, H. (2005). Centenary of tele-electrocardiography and 

telephonocardiography. Journal of Telemedicine and Telecare, 11(7), 336-

338. 

Horsch, A., and Balbach, T. (1999). Telemedical Information Systems. IEEE 

Transactions on Information Technology in Biomedicine, 3(3), 9. 

IEEE. (2008). IEEE Std 11073 Health informatics—PoC medical device 

communication, Part 00101: Guide - Guidelines for the use of RF wireless 

technology (Vol. 11073, pp. 109). 

Institute, E. T. S. (2009). QoS and network performance metrics and measurement 

methods, Speech and multimedia Transmission Quality (STQ) (Vol. EG 202 

765-3 V1.1.1, pp. 1-33). France. 

Islam, M. S., Alam, M. M., Choong-seon, H., and Sungwon, L. (2011). eMCCA: An 

enhanced mesh coordinated channel access mechanism for IEEE 802.11s 

wireless mesh networks. Communications and Networks, Journal of, 13(6), 

639-654. 

Issariyakul, T., and Hossain, E. (2012). An introduction to network simulator NS2: 

Springer. 

Istepanian, R. S. H., Laxminarayan, S., and Pattichis, C. S. (2006). M-Health 

Emerging Mobile Health Systems: Springer Science+Business Media, Inc. 

Istepanian, R. S. H., Philip, N. Y., and Martini, M. G. (2009). Medical QoS Provision 

Based on Reinforcement Learning in Ultrasound Streaming over 3.5G 

Wireless Systems. IEEE Journal on Selected Areas In Communications, 

27(4), 9. 

Jamal, A., Hussain, S., Zafar, A., and Malik, A. Z. (2007). Role of Telemedicine 

during disaster: A Case Study. Paper presented at the 9th International 

Conference on e-Health Networking, Application and Services, 2007  

Jung, W. J., Min, S. H., Kim, B. G., Choi, H. S., Lee, J. Y., and Kim, B. C. (2013). 

R-HWMP: Reservation-based HWMP supporting end-to-end QoS in Wireless 

Mesh Networks. Paper presented at the Information Networking (ICOIN), 

2013 International Conference on, 385-390. 



114 

 

Junior, J. C., and Kim, Y. (1996, July 1996 ). Multimedia systems for telemedicine 

and their communications requirements. IEEE  Communications Magazine, 

34, 8. 

Kawadia, V., and Kumar, P. (2005). A cautionary perspective on cross-layer design. 

Wireless Communications, IEEE, 12(1), 3-11. 

Khorov, E., Lyakhov, A., and Safonov, A. (2011). Flexibility of Routing Framework 

Architecture in IEEE 802.11 s Mesh Networks. Paper presented at the Mobile 

Adhoc and Sensor Systems (MASS), 2011 IEEE 8th International Conference 

on, 777-782. 

Koksal, C. E., and Balakrishnan, H. (2006). Quality-aware routing metrics for time-

varying wireless mesh networks. Selected Areas in Communications, IEEE 

Journal on, 24(11), 1984-1994. 

Kone, V., Das, S., Zhao, B. Y., and Zheng, H. (2007, August 14–17, 2007). 

QUORUM – QUality Of service RoUting in wireless Mesh networks. Paper 

presented at the QShine’07, Vancouver, BC Canada. 

Kowalik, K., Keegan, B., and Davis, M. (2007). Rare-resource aware routing for 

mesh. Paper presented at the Communications, 2007. ICC'07. IEEE 

International Conference on, 4931-4936. 

Kun, S., Ping, W., and Yingze, L. (2008). Path loss models for suburban scenario at 

2.3 GHz, 2.6 GHz and 3.5 GHz. Paper presented at the Antennas, Propagation 

and EM Theory, 2008. ISAPE 2008. 8th International Symposium on, 438-

441. 

Lin, Y.-D., Chang, S.-L., Yeh, J.-H., and Cheng, S.-Y. (2011). Indoor deployment of 

IEEE 802.11s mesh networks: Lessons and guidelines. Ad Hoc Networks, 

9(8), 1404-1413. 

Liu, C. H., Gkelias, A., and Leung, K. K. (2008). A cross-layer framework of QoS 

routing and distributed scheduling for mesh networks. Paper presented at the 

Vehicular Technology Conference, 2008. VTC Spring 2008. IEEE, 2193-

2197. 

Malindi, h. (2011). QoS in Telemedicine. In G. Graschew and S. Rakowsky (Eds.), 

Telemedicine Techniques and Applications: InTech. 

Martí, R., Robles, S., Martín-Campillo, A., and Cucurull, J. (2009). Providing early 

resource allocation during emergencies: The mobile triage tag. Journal of 

Network and Computer Applications, 32(6), 1167-1182. 



115 

 

Martínez, I., García, J., and Viruete, E. A. (2008, 10-12 January 2008 ). Resources 

Variability in m-Health Services: An Adaptive Method for QoS Control. 

Paper presented at the 5th Consumer Communications and Networking 

Conference 2008, Las Vegas, 829 - 833. 

Martínez, I., Salvador, J., Fernández, J., and García, J. (2003). Traffic requirements 

evaluation for a Telemedicine network. Paper presented at the I International 

Congress on Computational Bioengineering ICCB, 389-394. 

Micheli-Tzanakou, E., Istepanian, R. S. H., Pattichis, C. S., and Laxminarayan, S. 

(2006). Ubiquitous M-Health Systems and the Convergence Towards 4G 

Mobile Technologies. In R. S. H. Istepanian, S. Laxminarayan and C. S. 

Pattichis (Eds.), M-Health (pp. 3-14): Springer US. 

Mogre, P. S., Hollick, M., and Steinmetz, R. (2007). QoS in wireless mesh networks: 

challenges, pitfalls, and roadmap to its realization. Paper presented at the 

17th International Workshop on Network and Operating Systems Support for 

Digital Audio & Video, Urbana-Champaign, Illinois, USA. 

Mulyadi, I. H. (2012). Hybrid zigbee-bluetooth communication protocol and 

adaptive bandwidth allocation algorithm for telemedicine application. 

Universiti Teknologi Malaysia, Faculty of Electrical Engineering. 

Mulyadi, I. H., Satria, M. H., Supriyanto, E., and Safri, N. M. (2009). Wireless 

medical interface using ZigBee and Bluetooth technology. Paper presented at 

the Modelling & Simulation, 2009. AMS'09. Third Asia International 

Conference on, 276-281. 

Nanda, P., and Fernandes, R. C. (2007, 19 March 2007). Quality of Service in 

Telemedicine. Paper presented at the ICDS'07, First International Conference 

n the Digital Society, Guadeloupe, 2. 

Navarro, E. A. V., Mas, J. R., and Navajas, J. F. (2006). Analysis and Measurement 

of a Wireless Telemedicine System Paper presented at the Pervasive Health 

Conference and Workshops, 1 - 6. 

Ng, H. S., Sim, M. L., Tan, C. M., and Wong, C. C. (2006). Wireless technologies 

for telemedicine. BT Technology Journal, 24(2), 130-137. 

Nguyen, L. T., Beuran, R., and Shinoda, Y. (2008). A load-aware routing metric for 

wireless mesh networks. Paper presented at the Computers and 

Communications, 2008. ISCC 2008. IEEE Symposium on, 429-435. 



116 

 

Niyato, D., Hossain, E., and Camorlinga, S. (2009). Remote patient monitoring 

service using heterogeneous wireless access networks: architecture and 

optimization. IEEE J.Sel. A. Commun., 27(4), 412-423. 

NIYATO, D., HOSSAIN, E., and DIAMOND, J. (2007 ). IEEE 802.16/WiMAX-

based broadband wireless access and its application for telemedicine/e-health 

services IEEE Wireless Communications, 14(1), 72 - 83  

ns-3 Manual Release ns-3.18.1. (2013). from 

http://www.nsnam.org/docs/release/3.18/manual/singlehtml/index.html 

FIFTY-EIGHTH WORLD HEALTH ASSEMBLY, WHA58/21 C.F.R.  (2005). 

Organization, W. H. (2010). Telemedicine – Opportunities and developments in 

Member States: World Health Organization. (W. H. Organization o. 

Document Number) 

Pattichis, C. S., Kyriacou, E., Voskarides, S., Pattichis, M. S., Istepanian, R., and 

Schizas, C. N. (2002). Wireless telemedicine systems: an overview IEEE  

Antennas and Propagation Magazine, 44(2), 11. 

Philip, N., and Istepanian, R. S. H. (2007). Medical Quality of Service for Wireless 

Ultrasound Streaming in Robotic Tele-Ultrasonography System. Paper 

presented at the the 2007 IEEE International Conference on Networking, 

Sensing and Control,, London, UK, 6. 

Phunchongharn, P., Niyato, D., Hossain, E., and Camorlinga, S. (2010). An EMI-

Aware Prioritized Wireless Access Scheme for e-Health Applications in 

Hospital Environments. IEEE Transactions on Information Technology in 

Biomedicine, 14(5), 12. 

Pirzada, A. A., Portmann, M., Wishart, R., and Indulska, J. (2009). SafeMesh: A 

wireless mesh network routing protocol for incident area communications. 

Pervasive and Mobile Computing, 5(2), 201-221. 

Putra, E. H., and Satria, H. (2011). Cross layer design of wireless LAN based on H. 

264/SVC and IEEE 802.11 e. Paper presented at the Electrical Engineering 

and Informatics (ICEEI), 2011 International Conference on, 1-6. 

Qiao, L., and Koutsakis, P. (2008, 28-30 April 2008). Guaranteed Bandwidth 

Allocation and QoS support for Mobile Telemedicine Traffic. Paper presented 

at the 2008 34th IEEE Sarnoff Symposium, Princenton, New Jersey, 1 - 5. 



117 

 

Qiao, L., and Koutsakis, P. (2011). Adaptive Bandwidth Reservation and Scheduling 

for Efficient Wireless Telemedicine Traffic Transmission. IEEE Transaction 

on Vehicular Technology, 60(2), 12. 

Rappaport, T. S. (2002). Wireless Communication: Principles and Practice (2 ed.). 

New Jersey: Prentice Hall PTR. 

Rashvand, H. F., Salcedo, V. T., Sanchez, E. M., and Iliescu, D. (2008). Ubiquitous 

wireless telemedicine. IET Communications, 2(2), 18. 

Richardson, I. E. (2010). The H.264 Advanced Video Compression Standard, Second 

Edition: John Wiley & Sons, Ltd. 

Roch, S. (2005). Nortel's Wireless Mesh Network solution: Pushing the boundaries 

of traditional WLAN technology. Nortel Technical Journal, 2. 

Sarkar, N. I., and Halim, S. A. (2011). A review of simulation of telecommunication 

networks: simulators, classification, comparison, methodologies, and 

recommendations. 

Sarr, C., and Guérin-Lassous, I. (2007). Estimating average end-to-end delays in 

IEEE 802.11 multihop wireless networks. 

Satria, H., Putra, E. H., Supriyanto, E., and Din, J. (2009). Cross layer design of 

wireless LAN for telemedicine application. Paper presented at the Modelling 

& Simulation, 2009. AMS'09. Third Asia International Conference on, 264-

269. 

Satria, M. H., bin Yunus, J., and Supriyanto, E. (2014). Emergency Prenatal 

Telemonitoring System in Wireless Mesh Network. TELKOMNIKA 

Telecommunication, Computing, Electronics and Control, 12(1). 

Skorin-Kapov, L., and Matijasevic, M. (2010). Analysis of QoS Requirements for e-

Health Services and Mapping to Evolved Packet System QoS Classes. 

International Journal of Telemedicine and Applications, 2010, 1-18. 

Sterbenz, J. P., Cetinkaya, E. K., Hameed, M. A., Jabbar, A., Qian, S., and Rohrer, J. 

P. (2013). Evaluation of network resilience, survivability, and disruption 

tolerance: analysis, topology generation, simulation, and experimentation. 

Telecommunication systems, 52(2), 705-736. 

Subramanian, A. P., Buddhikot, M. M., and Miller, S. (2006). Interference aware 

routing in multi-radio wireless mesh networks. Paper presented at the 

Wireless Mesh Networks, 2006. WiMesh 2006. 2nd IEEE Workshop on, 55-

63. 



118 

 

Supriyanto, E., and Satria, H. (2009a). Cross Layer Design of Wireless LAN for 

Telemedicine Application Considering QoS Provision. Paper presented at the 

Third Asia International Conference on Modelling & Simulation 2009, 

Bandung. 

Supriyanto, E., and Satria, H. (2009b). A novel low cost telemedicine system using 

wireless MESH network. Paper presented at the 3rd South East Asian 

Technical University Consortium (SEATUC), Johor. 

Supriyanto, E., and Satria, H. (2009c). Simulation of emergency prenatal 

telemonitoring system in wireless mesh network. Paper presented at the 

International Conference on Modeling, Simulation and Applied Optimization 

(ICMSAO09), American University of Sharjah, UAE. 

Tan, Y.-Y. E., Philip, N., and Istepanian, R. S. H. (2006). Fragility issues of medical 

video streaming over 802.11 e-WLAN m-health environments. Paper 

presented at the 28th Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society, New York. 

Union, I. T. (2001). End-user multimedia QoS categories, Series G: Transmission 

Systems and Media, Digital Systems and Networks (Vol. G.1010). Geneva: 

ITU-T SG 12. 

Union, I. T. (2007). Internet Protocol Data Communication Service - IP Packet 

transfer and Availability Performance Parameters, Series Y: Global 

Information Infrastructure, Internet Protocol Aspects and Next-Generation 

Networks (Vol. G.1540, pp. Y.1500–Y.1599). Geneva: ITU-T SG 13. 

Union, I. T. (2008). Quality of telecommunication services: concepts, models, 

objectives and dependability planning – Terms and definitions related to the 

quality of telecommunication services, SERIES E: Overall  Network 

Operation, Telephone Service, Service Operation and Human Factors (Vol. 

E.800, pp. E.800–E.809). Geneva: ITU-T. 

Varshney, U. (2007). Pervasive healthcare and wireless health monitoring. Journal 

Mobile Networks and Application, 12(2). 

Vassis, D., Kormentzas, G., Rouskas, A., and Maglogiannis, I. (2005). The IEEE 

802.11 g standard for high data rate WLANs. Network, IEEE, 19(3), 21-26. 

Vergados, D. J., Vergados, D. D., and Maglogiannis, I. (2006, 27 11 2006 ). 

Applying Wireless DiffServ for QoS Provisioning in Mobile Emergency 



119 

 

Telemedicine. Paper presented at the 49th Annual IEEE Global 

Telecommunications Conference, San Francisco, 1 - 5  

Versel, N. (2011). Tucson shuts down ambulance-based telemedicine network. 

mobihealthnews.com, from http://mobihealthnews.com/10070/tucson-shuts-

down-ambulance-based-telemedicine-network/ 

Vlavianos, A., Law, L. K., Broustis, I., Krishnamurthy, S. V., and Faloutsos, M. 

(2008). Assessing link quality in IEEE 802.11 Wireless Networks: Which is 

the right metric? Paper presented at the Personal, Indoor and Mobile Radio 

Communications, 2008. PIMRC 2008. IEEE 19th International Symposium 

on, 1-6. 

Wac, K., Halteren, A. V., Bults, R., and Broens, T. (2007). Context-Aware QoS 

provisioning in an m-health service platform. Int. J. Internet Protoc. 

Technol., 2(2), 102-108. 

Wang, X. (2008). Wireless mesh networks. Journal of Telemedicine and Telecare, 

14(8), 401-403. 

Wang, X., and Lim, A. O. (2008). IEEE 802.11s wireless mesh networks: 

Framework and challenges. Ad Hoc Networks, 6(6), 970-984. 

Wang, Z., and Crowcroft, J. (1996). Quality-of-service routing for supporting 

multimedia applications. Selected Areas in Communications, IEEE Journal 

on, 14(7), 1228-1234. 

Wang, Z., and Gu, H. (2009). A review of telemedicine in China. Journal of 

Telemedicine and Telecare, 15(1), 7. 

Widya, I., Beijnum van, B.-J., and Salden, A. (2006). QoC-based Optimization of 

End-to-End M-Health Data Delivery Services. Paper presented at the 14th 

IEEE International Workshop on Quality of Service, IWQoS. from 

http://doc.utwente.nl/66042/ 

Wootton, R. (1999). Telemedicine and isolated communities: a UK perspective. 

Journal of Telemedicine and Telecare, 5(2), 8. 

Xiao, Y., Lin, Y.-B., Du, D., and Chen, H. (2008). Wireless Telemedicine and 

Applications. EURASIP Journal onWireless Communications and 

Networking, 2008, 2. 

Yang, Y., Wang, J., and Kravets, R. (2005). Designing routing metrics for mesh 

networks. Paper presented at the IEEE Workshop on Wireless Mesh 

Networks (WiMesh). 



120 

 

Yarali, A., Ahsant, B., and Rahman, S. (2009). Wireless mesh networking: A key 

solution for emergency & rural applications. Paper presented at the Advances 

in Mesh Networks, 2009. MESH 2009. Second International Conference on, 

143-149. 

Zvikhachevskaya, A., Markarian, G., and Mihaylova, L. (2009, 5-8 April 2009 ). 

Quality of Service consideration for the wireless telemedicine and e-health 

services. Paper presented at the IEEE Wireless Communications and 

Networking Conference, 2009, Budapest, Hungary, 1-6. 

 

 

 
 
 

  




