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Abstract— Wireless mesh network is an advanced form 

of wireless network. A wireless mesh network provides a 

better solution to problems that often arise in cellular 

and WLAN. Wireless mesh networks (WMNs) are 

receiving increasing demand as an effective solution to 

deploy ISP’s wireless last mile access, such as wireless 

enterprise backbone networks and other applications. 

Wireless mesh networks (WMNs) provide a unique 

architecture and extend the connectivity of mobile 

devices by using multiple access points connected to the 

internet and other networks. Wireless mesh network 

(WMN) is a key technology that supporting several 

application scenarios. Recently, WMN evolves towards 

multi-radio multi-channel (MR-MC) WMN architecture, 

which can improve performance by using multiple radio 

interfaces with each node and by using multiple non-

overlapping channels. This evolution creates new 

challenges on network design.  Performance analysis of 

VoIP over multi radio multi channel (MR-MC) network 

is essential in order to meet the network performance. In 

this paper, we presents a study of real time voice 

communication QOS in terms of packet loss, throughput, 

(mean opinion score) MOS and end to end delay. Instead 

of using single radio network, we use multiple radios to 

increase throughput, bandwidth, and capacity. We have 

also implemented and compare the results of single radio 

multi channel (SR-MC) with multi radio multi channel 

(MR-MC) WMNs by using QUALNET simulator.  
 

Keywords— Throughput, Packet loss, (mean opinion 

score) MOS and End to End Delay.  

1. INTRODUCTION 

A wireless mesh network (WMN) is 

a communications network made up of radio nodes 

that are organized in a mesh topology. Wireless mesh 

networks are consisting of mesh clients, mesh routers 

and gateways. The examples of mesh clients are  

laptops, cell phones and other wireless devices while 

the mesh routers forward traffic to and from the 

gateways which may, but do not connect to the 

Internet. The coverage area of the radio nodes working 
as a single network is sometimes called a mesh cloud. 

Access to this mesh cloud is dependent on the radio 

nodes working in harmony with each other to create a 

radio network [1]. The main advantages of mesh 
network are reliable and offer redundancy. When 

one node can no longer operate, the rest of the other 

nodes can still communicate with each other, directly 

one or more intermediate nodes. The architecture 

WMNs is a first step towards providing cost effective 

and dynamic high-bandwidth networks over a specific 

coverage area. Like traditional WLAN access points, 

WMNs is built up of peer radio devices that don't have 

to be cabled to a wired port. The other common 

advantage of mesh architecture that sustains signal 

strength by breaking long distances into a series of 

shorter hops. Intermediate nodes not only boost the 
signal, but cooperatively make forwarding decisions 

based on their knowledge of the network through 

routing. Such architecture carefully designed by high 

bandwidth, spectral efficiency, and economic 

advantage over the coverage area. Multi-radio mesh 

refers to a unique pair of dedicated radios on each end 

of the link. This means there is a unique frequency 

used for each wireless hop and thus a 

dedicated CSMA. This is a true mesh link where you 

can achieve maximum performance without 

bandwidth degradation in the mesh and without 
latency. This result, voice and video applications work 

just as they would on a wired Ethernet network. In 

802.11 networks, there is no concept of a mesh. There 

are only Access Points (AP's) and Stations. A multi-

radio wireless mesh node will dedicate one of the 

radios that act as a station, and also connect to a 

neighbour node AP. 

 

MR-MC WMNs 

In MR-MC WMNs, each mesh router is equipped with 

multiple NICs and each NIC can operate on multiple 

frequency channels. The MR-MC solution has more 
demandable with the advantages of reduction in 

interference and improvement in network scalability. 

This implies that various logical links may be assigned 

to the same channel. In this type of cases, interference 

occurs if these logical links are close to each other, 

and results the interfering links cannot be active 
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simultaneously. Furthermore, the number of available 

NICs is also very limited, and results some logical 

links in a router need to share a NIC to transmit and 

receive the data packets. When two logical links in a 

router share a NIC, they are required to operate over 

the same frequency channel, and cannot be active 
simultaneously. And results it reduces their effective 

capacity. The effective link capacity can be increased 

by removing some of the links from the logical links. 

However, when some of the links are not activated, 

the number of hops through some routing paths may 

be increased, and the logical topology may not even 

be connected. Therefore major factors to be 

considered in MR-MC networks how many logical 

links should be assigned between neighbouring routers, 

the allocate interfaces and channels, and through 

which logical links packets should be forwarded.  

Multi-Radio Multi-Channel (MR-MC) wireless 
networking arises in the context of wireless mesh 

networks, dynamic spectrum access via cognitive 

radio, and next-generation cellular networks. 

Therefore, adjacent transmissions should be carried 

over non-overlapping channels to avoid mutual 

interference by the use of multiple channels [9]. Each 

node i.e. equipped with multiple radios is capable of 

working in a full-duplex mode by tuning the 

transmitting and receiving radios to two non-

overlapping channels. The increasing demand for high 

data rate and reduction in radio costs has greatly 
demandable research on MR-MC networks. Most 

research work has been done on capacity analysis, 

channel and radio assignment, and routing protocols. 

 

Figure 1. The system architecture of the multi radio WMNS. 

Figure1 [6] shows that Multi radio WMNS consists of 
a wired infrastructure (internet) and static wireless 

mesh routers. Each wireless mesh router have access 

point that serves as an ingress or egress for the 

aggregate traffic associated with the mobile/wireless 

clients in its coverage area. This type of traffic is 

routed to the end from the wired infrastructure via 

multiple wireless hops formed by the wireless mesh 

routers. Each wireless router may be equipped with 

multiple wireless radios each of which operates on an 

orthogonal channel. Each node in our system can 

algebraically combine incoming packets according to 

the random linear networks coding schemes before 

forwarding the resulting combine packets to other 

nodes by its broadcast link. We assume that all 

wireless nodes and all wireless transmissions are in 

broadcast mode. Those wireless nodes that hear such 

transmissions may engage  
in packet forwarding. It is also assumed that our 

system operates synchronously in a time-slotted mode. 

 

Routing in MR-MC WMNs 

Multicast is an important aspect of network service. 

Which is the delivery of information source to 

destination using simultaneously? QOS requirement 

proposed by many different multicast application are 

versatile. Among them end-to-end delay is a very 

important QOS metric. The multicast tree cost which 

is used to evaluate the utilization of network resource 

which is also an important QOS metric in wireless 
networks where limited radios and channels are 

available. In WMNs, if two mesh routers are in radio 

transmission range want to create the communication 

link between them, they must tune their radios to the 

same channel. However, the wireless interference 

occurs when two links whose distance is less than 2 

hops away are assigned to the same channel to support 

the concurrent communications, which is known as 

channel conflict. The interference caused by channel 

conflict degrades the performance of the wireless 

communication. Hence in multicast routing, each link 
on the multicast tree requires to be assigned to one 

channel and the assignment should lead to minimum 

interference. Therefore, the QOS multicast routing in 

WMNs involves not only to search a routing tree but 

also to assign proper channels to its links [10].  

Characteristics of MR-MC WMNs:-These are the 

main characteristics of MR-MC WMNs are as 
follows:-                                                                                                   

Interference- Interference is the main factor that 

degrades the performance of wireless network. The 

primary goal of channel assignment is to minimize 

interference within the MR-MC WMNs by utilizing 

multiple radios and multiple channels. To address the 

interference issue, two models were proposed i.e 

Protocol Model and Physical Model.  A very simple 

one, the Protocol Model can be described as follows: 

(1) each radio has a transmission range and an 

interference range, with the former less than the latter; 
and (2) a transmission from radio X to radio Y is 

successful if Y is in the transmission range of X and 

not in the interference range of radios. Compared with 

the Protocol Model, the Physical Model is close to 

reality but quite complex than protocol model. It can 

be described as follows: (1) a transmission is 

successful if the Signal to Interference and Noise 

Ratio (SINR) of the transmitter's signal at the receiver 

is larger than a threshold value; and (2) the 

interference and noise power at the receiver consists 

of the noises generated by other ongoing transmissions 

and the ambient noise in the network.  
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Load- A basic factor for making the routing decisions 

in MR-MC can be exchanged by the Channel 

Assignment (CA) decisions. Thus, routing is 

dependent on CA. On the other hand, routing can 

change the traffic load distribution in the network, 

which is a primary factor considered by CA to reduce 
the interference dynamically. So in this case, CA is 

also dependent on routing. To handle such a 

relationship between CA and routing, two ways are 

proposed in the surveyed CA approaches. In one way, 

CA is viewed as a lower-layer mechanism and does 

not consider the traffic load, while routing is viewed 

as an upper-layer mechanism and is fully responsible 

for distributing the traffic load. Thus, being 

independent of CA, any routing protocol should be 

supported by the CA mechanism. In the other way, 

CA and routing are viewed to be mutually dependent, 

so they are combined in order to obtain optimal 
network performance. 

Cost effective- Wireless mesh networks (WMNs) are 

believed to be the cost-effective solution to build self-

organized network for covering the places where 

wired network’s deployment is not available or costly 

and serve as broadband wireless access to the internet. 

Throughput- Throughput is the most important factor 

for network performance. Having a deterministic 

relationship, they are generally addressed together. To 

obtain optimal throughput in MR-MC WMNs, the 

channel assignment (CA) approaches need to consider 

the following two basic strategies. First, reducing 

interference is almost the most effective method in 
achieving the optimality, and it is better to make this 

method adaptive to the dynamic network traffic. 

Second, links should be treated differently when 

assigning channels, since different links in MR-MC 

WMNs impact through- put to different extents. For 

example, the backbone links carry much more 

network traffic than the stub links, so they should be 

given more bandwidth either by assigning more 

number of con- current channels or by assigning less 

interfered channels. In this sense, an MR-MC WMN is 

analogous to a wired enterprise/campus network 
consisting of a hierarchy of Ethernet switches, where 

the ports on an upper-level switch usually have much 

more bandwidth than the ports on a lower-level switch. 

                                                                                     

Voice over Internet Protocol (VoIP) is a 

methodology or concept that is consisting of group of 

technologies for the delivery of voice communications 

and   multimedia   sessions over Internet 

Protocol (IP) networks. The term Internet 

telephony refers to the provisioning of 

communications services such as (fax, SMS, voice-

messaging, voice) over the public Internet. The 
principles that are involved in originating VoIP 

telephone calls are similar to traditional 

digital telephony, and it involves signaling, encoding, 

channel setup and digitization of the analog voice 

signals. Instead of being transmitted over a circuit-

switched network, the digital information is 

packetized and transmission occurs as Internet 

Protocol. Early providers of voice over IP services 

offered business models and technical solutions for the 

architecture of the telephone network. Second 
generation providers such as Skype have built for 

private user bases, providing benefit of free calls and 

easy convenience. Third generation providers such as 

Google Talk  have adopted the concept of  VoIP 

systems that employ signaling protocols to control the 

signaling, set-up, and releasing of calls and session 

control. VOIP over mesh network is challenging, 

although cheap and convenient. Wireless mesh 

network over WLAN faces a number of technical 

problems (a) providing quality of service (QOS) 

sensitive VOIP traffic in presence of best efforts TCP 

data traffic (b) packet loss due to channel interference 
[6]. 

Once VoIP over WLAN becomes popular, many cell 

phone/Wi-Fi handset owners will migrate to using 

VoIP over WLAN inside the administrative 

boundaries of the public places, campuses, enterprise 

buildings, airports or in WLAN equipped homes. The 

benefits of mesh network compared to wired LAN 

connecting Wi-Fi access points are: i) better coverage; 

ii) ease of deployment and expansion; iii) reduced cost 

of maintenance iv) resilience to node failure. Such 

type of mesh network has potential of creating an 
enterprise-scale or supporting multiple users while 

driving these users from using fixed phones to 

wireless VoIP phones.  In such a mesh network with 

2Mbps link speed, the number of supported calls 

reduces from 8 calls in single hop to one call after 5 

hops. This significant reduction in the number of 

supported calls can be attributed to following factors: 

a) packet loss over multiple hops b) decrease in the 

UDP throughput because of self interference and c) 

high protocol overhead for small VoIP packets [18].  

2. Related work 

In this work we focus on designing a 802.11 based 
wireless mesh network that can efficiently support the 

VoIP performance. Specifically, our main objective is 

to use multi radio multichannel networks in which we 

can increase the performance of VOIP by considering 

some parameters like delay, jitter, and throughput and 

packet loss. We address several performance 

optimization issues that lead to significant benefits in 

capacity and in the quality of VoIP. In particular, for 

increasing capacity (performance).We investigate on 

the following three directions: use of multiple radios, 

efficient routing and use of multihop packet 
aggregation to reduce overhead. 

Recently, with growing importance of VoIP, several 

research works have addressed the performance issues 

of supporting VoIP over Internet. The use of switching 

among multiple paths to reduce delay was proposed in 

S.Tao and A.Estepa. There are currently many 

solutions that solve hand off issues in real time 

http://www.ijcttjournal.org/


         International Journal of Computer Trends and Technology (IJCTT) – volume 5 number 4 –Nov  2013 

 

    ISSN: 2231-2803                      http://www.ijcttjournal.org               Page203 
 

communications in wireless mesh network were 

presented by Danilova and N. Rivera. Some initial 

studies on the performance of real-time applications 

over 802.11 were presented by Sobrinho and Yeh. A 

significant research has been conducted in the area of 

802.11 based wireless multihop mesh network. Study 
has been conducted to understand the capacity of 

multihop network. When transporting VoIP over the 

Internet, the major factor affecting the performance is 

path delay as for good quality, VoIP requires 200ms 

or less one way delay.  

S.Garg and M.Kappes represents analytical studies 

on the number of calls that can be supported in a 

single hop WLAN. The study reports that increasing 

the payload per frame increases the number of 

supported calls. Another research work on minimum 

interference channel assignment in multi radio 

wireless mesh networks. Our work uses this network 
to increase the performance of VOIP. Several 

performance optimization schemes were proposed for 

VoIP over WLAN: Samrat Ganguly and Vishnu navda 

proposed various performance optimization for 

deploying VOIP services in mesh network.  

Kyasanur and vaidya [24] propose a hybrid channel 

assignment strategy, some interfaces on a node have a 

fixed assignment, and the rest can switch channel as 

needed. To put thing in perspective our work present 

algorithm for making these fixed assignment. In 

remaining related work it drives upper bound the 
capacity of wireless multihop network with multiple 

channel s and it investigate granularity of channel 

assignment decision by assigning channel at the level 

of components in single radio networks. Yu et al.  

propose the use of dual queue of 802.11 MAC to 

provide priority to VoIP, while Wang et al. propose 

packet aggregation to increase capacity.  

The static channel assignment problem in multi-radio 

WMNs has been investigated in the literature recently. 

We can roughly distinguish between interference-

aware channel assignment algorithms, which aim to 

minimize some network-wide measure of interference, 
and traffic aware channel assignment algorithms, 

which aim to make a given set of flow rates 

schedulable. In A. Raniwala, K. Gopalan, T. Chiueh 

[2] [3], Centralized channel assignment and routing 

algorithms for multi-channel wireless mesh networks 

are introduced. In a hybrid channel assignment 

scheme is proposed where some radios are statically 

assigned a channel while the remaining radios can 

dynamically change their frequency channel. The 

algorithms proposed and mainly differ in the order in 

which links are visited and in the criteria used to select 
the channel to be assigned to a radio. It is assumed 

that the traffic profile is known which is used to 

determine an estimate for the expected link load. The 

channel assignment algorithm visits all the links in 

decreasing order of the expected link load and selects 

the channel which minimizes the sum of the expected 

load from all the links in the interference region that 

are assigned the same radio channel. The algorithm 

proposed by visits the links in decreasing order of the 

number of links falling in the interference range and 

selects the least used channel in that range. 

Many researchers dedicated their ideas for multi-path 

routing protocol as well as multi-channel link 

protocols, but most of them approach those two 
problems separately. For the multi-channel MAC and 

link layer, authors in used single transceiver while 

authors in used multi-transceivers to design their 

protocols. The target is to improve network capacity, 

reduce collision, and contention among nodes. 

Wireless mesh networks (WMNs) have been a popular 

research topic as wireless devices have become more 

affordable, which was followed by the mass adoption 

of wireless technology. Because of its robust, reliable 

and cost-efficient features, many companies have 

developed different WMNs protocols and products for 

different application purposes. However, no industrial 
standard existed for WMNs, and thus, these devices 

were incompatible with each other. Therefore, the 

Institute of Electrical and Electronics Engineering 

(IEEE) started the 802.11s Task Group (TG) in July 

2004 to unify the research and establish a draft 

standard for WMNs. 

W. Ryan, there are also several studies on Wireless 

Mesh Communications related to different 

applications and topics. Discusses the deployment of 

different handoff approaches for public safety disaster 

recovery networks presents an experimental study of 
Multimedia traffic performance in mesh networks  

investigates several methods to improve voice quality, 

as well as to study the performance of VoIP in 

Wireless Mesh Networks. 

Awoniyi & Tobagi analyzed effect of fading on VoIP 

performance and VoIP capacity in presence of real 

data traffic is studied by Anjum. A measurement 

based capacity estimation model is explained. The 

authors have used an interference map based on which 

VoIP traffic is routed through the least interfered 

zones. All of these works have analysed results from 

simulation or test beds and none provided any 
analytical model to give a precise estimate of VOIP. 

Kyasanur and Vaidya [24] propose a hybrid channel 

assignment strategy: some interfaces on a node have a 

fixed assignment, and the rest can switch channels as 

needed. To put things in perspective, our work 

presents algorithms for making these fixed 

assignments. The authors and address joint channel 

assignment, routing, and scheduling problems. These 

papers make an assumption of synchronized time-

slotted channel model as scheduling is integrated in 

their methods. This makes modelling network 
throughput straightforward and consideration of a 

joint channel assignment and routing problem 

practical. However, the synchronized time-slotted 

model is hard to implement in commodity radios that 

use 802.11, as in 802.11 scheduling is done following 

a CSMA-based random access paradigm. In addition, 

these works often make impractical assumptions. For 

example, Jain et al.’s approach requires an 
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enumeration of all maximal sets of no interfering links 

and Kumar et al. considers networks with bounded 

“interference degrees.” Each of these works has 

different goals, for instance, Gupta et al. are interested 

in the asymptotic capacity of the network while 

Karnik et al are interested in explicitly finding the 
maximum sustainable throughput. While Florens et al. 

and Gargano et al are interested in minimizing the 

number of time-slots required to collect a single 

packet of data from every node in the network at the 

gateway, Ramamurthi et al and Birmiwal et al are 

interested in minimizing the overall average delay 

when the arrival traffic follows a Poisson process. 

X. Wu et al have performed analysis of Delay and 

throughput using M/D/1 queuing theory by model the 

gateway nodes as independent M/D/1 queue stations, 

and derived closed-form solutions for the bottleneck 

delay and throughput with linear and grid topologies 
of wireless mesh network have analysed the 

throughput, packet loss, and delay and also consider 

the impacts of interference on modelling the mesh hop 

nodes as M\M\1. Sunny et al have solved the problem 

of modelling the average delay in an IEEE 802.11 

DCF wireless mesh network with a single root node 

under light aggregate traffic in Wireless Mesh 

Networks using M\M\1 Queue. Literature review 

reveals that WMNS has emerged as a useful 

technology for various real time applications. This 

provides motivation for conducting investigation into 
VoIP performance of WMNs [1]. 

 

3. Problem formulation 

Wireless mesh networks (WMNs) are consists of 

multiple hops and mesh topology that has been 

evolved as a key technology for a variety of 

applications including metropolitan area networking, 

broadband home networking, enterprise networking, 

community and neighbourhood networking [1]. 

WMNs are composed of three distinct wireless 

network elements: mesh routers (access points), mesh 

clients (mobile or others) and mesh gateway (mesh 
routers with gateway functionalities). Mesh clients 

connect to mesh routers using a wireless or a wired 

link. Every mesh router performs forwarding/relaying 

of data for other mesh routers, and also certain mesh 

routers have additional capability of being as Internet 

gateways. Such gateway routers have a wired link 

which carries the traffic between the mesh routers and 

the Internet. The WMNs have lot of attractive 

advantages such as self configuration, self-

organization, self-healing, enabling quick deployment, 

cost effectiveness and easy maintenance. The WMNs 
inherit almost all characteristics of general wireless ad 

hoc networks (e.g. distributed communications, 

decentralized design,). Unlike the mobility of ad hoc 

nodes, mesh routers are usually fixed. Therefore, ad 

hoc network is an important design target for energy 

constrained and energy efficient. On the other hand, 

mesh routers have no limitations regarding energy 

consumption and energy constraint. Traditional 

WMNs operate in single-radio single channel (SR-SC) 

architecture where each mesh router are consisting of  

only one network interface card (NIC) and all the 

mesh routers share only one common radio channel. In 

such a networking scenario, the network suffers from 

low throughput and capacity due to frequent back offs 
and packet collisions, especially for real-time 

applications such as VoIP transmission. There exists 

significant interference between these standard non-

overlapping channels in the current commodity IEEE 

802.11 hardware, this type of problem can be resolved 

by using better frequency filters in hardware for multi-

channel use. Hence, the use of single-radio multiple-

channels (SR-MC) has been proposed to elevate the 

performance of WMNs [4] [5]. Compared with the 

SR-SC architecture, the SR-MC architecture can help 

to increase network throughput and to elevate the 

interference. An effective solution to improve 
throughput and to overcome high latency of WMN, 

would be using Multi-Radio Multi-Channel (MR-MC) 

architecture. In such a networking scenario, each mesh 

router is equipped with multiple NICs and each NIC 

can operate on multiple frequency channels. With 

MR-MC architecture, multiple 

receptions/transmissions can happen concurrently, and 

neighbouring links assigned to different channels can 

carry traffic free of interference. In this work, we use 

MR-MC WMNs to elevate the network performance 

by considering various parameters like delay, jitter, 
throughput, Mean Opinion Score (MOS). And 

compare the result of these parameters with SR-MC 

WMNs by using Qual net simulator. 

 

4. Performance evaluation/Results 

This section presents the results from the performance 

tests made with the intention to compare the usual 

single channel, single radio set up to MRMC under 

fair condition. We performed a set of simulations to 

compare SR-MC with MR-MC. We start with 

discussing various parameters used for comparison of 

MRMC with SRMC. 
 

Evaluation of Average jitter  

 

 
                Figure 4.  Average jitter SR-MC 
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                Figure 5. Average jitter MR-MC  

In figure 4 and 5, we compare the results of average 

jitter in SR-MC and MR-MC. We investigate that 

average jitter in SR-MC at node id (4) is 22ms and in 

case of MR-MC, average jitter at node id (4) is 

decreased by 13ms.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 

 

Evaluation of Packet sent/received 

                                                                                                                                                                                       

           
           Figure 6. Total packet sent SR-MC 

 

 

 
                      Figure 7. Total packet sent MR-MC 

 

In figure 6 and 7, we compare the results of SR-MC 

and MR-MC. We measured that the number of packets 

sent in SR-MC at node id (4) is 27ms. Again we can 

observe that MR-MC achieves best performance, as 

the resulting number of packet sent is increased by 

76ms. 
 

 

 
              Figure 8. Total packet received SR-MC 

 

 

 
 

                                                                                                                                                                                         
             Figure 9. Total packet received MR-MC 

 
In figure 8 and 9, we observed that the number of 

packet received in SR-MC at node id (2) is 27ms. But 

in case of MR-MC, the number of packet received 

ratio is increased by 74ms.  
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          Evaluation of Mean Opinion Score 

  

   

                Figure 10. VoIP receiver MOS SR-MC 

 

 
 

 

 
               Figure 11. VOIP Receiver MOS MR-MC 

 

In figure 10 and 11, we observed that the value of 

MOS at node id (2) in SR-MC is 2.5. And again we 

calculate the value at same node in MR-MC, it will be 

3.3. 
 

 

Evaluation of One Way Delay   

 

 
                   Figure 12. One way delay SR-MC 

 

 

 
 

 

 
                      Figure 13. One way delay MR-MC 

 
 In figure12 and 13, we showed that the packet delay 

measured for node id (2) in SR-MC is increased by 

75ms. Again we observed that the packet delay 

measured for the same  in MR-MC is decreased by 

56ms. 

5. Conclusion 
With the increasing demand of wireless technologies, 

the MR-MC architecture has been adopted as a better 

solution. To fully exploit its advantages on improved 

network performance, new design and operation 

challenges need to be dealt with. In this article, we 

presents a study of real time voice communication 

QOS in terms of throughput, packet loss, MOS (mean 

opinion score) and end to end delay. Instead of using 

single radio schemes, we use multiple radios 
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(interfaces) to increase bandwidth, capacity and 

decrease interference. We have also implement and 

compare the results of single-radio and multi-radio 

WMNs by using QUALNET simulator. We 

investigated that the result of these parameters are 

better in MR-MC as compare to SR-MC. The 
proposed framework can be extended with more 

research. 

 

References 

[1] Akyildiz IF, Wang X, Wang W “Wireless 

mesh networks: a survey” Computer 

Networks  Volume 47(4) Pages 445–487.  

[2] A. Raniwala, K. Gopalan, T. Chiueh, 

“Centralized channel assignment and routing 

algorithms for multi-channel wireless mesh 

networks,” in Proceedings of ACM Mobile 

Computing and Communications 2004, 
Volume8(2) Pages 50-65. 

[3] A. Raniwala, T. Chiueh, “Architecture and 

algorithms for an IEEE 802.11-based multi-

channel wireless mesh network,” in 

Proceedings of IEEE INFOCOM 2005, 

Volume 3, Pages 2223–2234. 

[4] M. Alicherry, R. Bhatia, E. Li, “Joint channel 

assignment and routing for throughput 

optimization in multiradio wireless mesh 

networks,” in Proceedings of IEEE Journal 

on Selected Areas in Communications 2006, 
Volume 24(11), Pages 58–72. 

[5] J. Tang, G. Xue, W. Zhang, “Interference-

aware topology control and QOS routing in 

multi-channel wireless mesh networks,” in 

Proceedings of ACM MobiHoc 2005, 

Volume 27(6),Pages 68–77. 

[6] BH Lee, GY Cai, Y Ge, WKG Seah, “VoIP 

capacity over wireless mesh networks,” in 

Proceedings of 31st IEEE Conference on 

Local Computer Networks, Tampa, USA, 

2006, Pages 551–552. 

[7] P Kyasanur, N Vaidya, “Routing and 
interface assignment in multi-channel multi-

interface wireless networks,” in Proceedings 

of WCNC, New Orleans, USA, 2005, Pages 

2051–2056. 

[8] W. Si, S. Selvakennedy, and A.Y. Zomaya, 

“An Overview of Channel Assignment 

Methods for Multi-Radio Multi-Channel 

Wireless Mesh Networks,” in Proceedings of 

J. Parallel Distributed Computing 2010, 

Volume 70, Pages 505-524. 

[9] M.K. Marina and S.R. Das, “A Topology 
Control Approach for Utilizing Multiple 

Channels in Multi-Radio Wireless Mesh 

Networks,” in Proceedings of Int’l 

Conference Broadband Networks 2010, 

Volume 54(2), Pages 241-256. 

[10] B.J. Ko, V. Misra, J. Padhye, and D. 

Rubenstein, “Distributed Channel 

Assignment in Multi-Radio 802.11 Mesh 

Networks,” in Proceedings of IEEE Wireless 

Comm. and Networking Conference 2007, 

Pages 3978-3983. 

[11] C-Y. Li, A-K. Jeng and R-H Jan, “A MAC 

Protocol for Multi-Channel Multi-Interface 

Wireless Mesh Network using Hybrid 
Channel Assignment Scheme,” in 

Proceedings of Journal of Information 

Science and Engineering 2007, Volume 23, 

Pages 1041-1055. 

[12] R. Maheshwari, H. Gupta and S. R. Das, 

“Multichannel MAC Protocols for Wireless 

Networks”, in Proceedings of SECON 2006, 

Volume 2, Pages 393-401. 

[13] R. Draves, J. Padhye and B. Zill, “Routing 

Area in Multi-Radio, Multi-Hop Wireless 

Mesh Networks”, in Proceedings of ACM 

Mobicom 2004. 
[14] M. X. Gong and S. F. Midki, “Distributed 

Channel Assignment Protocols: A 

Cross/Layer Approach,” in Proceedings of 

WCNC 2005. 

[15] J. Li, C. Blake, D. S. J. De Couto, H. I. Lee, 

and R. Morris, “Capacity of ad hoc wireless 

networks,” in Proceedings of ACM 

MobiCom(Rome, Italy) 2001, Pages 61–69. 

[16] S. Tao, K. Xu, A. Estepa, T. Fei, L. Gao, R. 

Guerin, J. Kurose, and D. Towsley, 

“Improving VoIP quality through path 
switching,” in Proceedings of IEEE 

INFOCOM March 2004. 

[17] Y. Amir, C. Danilov, S. Goose, D. Hedqvist, 

and A. Terzis, “1-800- overlays: Using 

overlay networks to improve VoIP quality,” 

in Proceedings of NOSSDAV 2005. 

[18] D. Hole and F. Tobagi, “Capacity of an IEEE 

802.11b wireless LAN supporting VoIP,” in 

Proceedings of IEEE ICC 2004. 

[19] Couto DSJD, Aguayo D, Bicket JC, Morris 

R , “ A high throughput path metric for 

multi-hop wireless routing.” in Proceedings 
of MOBICOM 2003, Pages 134–146. 

[20] Jennifer Yick, Biswanath Mukharjee, Dipak 

Ghosal, “Wireless sensor network survey” in          

Proceedings of University of California, 

Davis 2008, Volume 52(12), Pages 2292-

2330. 

[21] Ian F.Akhyildiz, Xudong Wang, “Next 

generation/dynamic spectrum 

access/cognitive radio wireless network: A 

survey,” in Proceedings of 2006,Volume 

50(13), Pages 2127-2159. 
[22] Lei  H., Ren Z., Huang J., Gao C., Guo Y., 

“A new synchronized multi interface MAC 

protocol for multihop wireless mesh 

network.” in Proceedings of  international 

conference on electrical and electronics 

engineering 2012, Volume 238, Pages 1563-

1570. 

 

http://www.ijcttjournal.org/


         International Journal of Computer Trends and Technology (IJCTT) – volume 5 number 4 –Nov  2013 

 

    ISSN: 2231-2803                      http://www.ijcttjournal.org               Page208 
 

[23] Yun HU, Shoubao YANG, Qi ZHANG, Peng 

ZHANG, “Parallel Transmission: A New 

Usage of Multi-radio Diversity in Wireless 

Mesh Network.” in Proceedings of IJ 

Communications, Network and System 

Sciences 2009, Volume 1, Pages 1-89. 
[24] P. Kyasanur and N. H. Vaidya, “Routing and 

interface assignment in multi-channel multi-

interface wireless networks,” in Proceedings 

of Wireless Communications and 

Networking Conference 2005, Volume 4, 

Pages 2051-2056. 

[25] R. Bruno, M. Conti, and E. Gregori, “Mesh 

networks: Commodity multihop ad hoc 

networks”, in Proceedings of IEEE 

Communications Magazine 2005, Volume 43, 

Pages 123-131. 

[26] P. Bahl, A. Adya, J. Padhye, and A. Wolman, 
“Reconsidering wireless systems with 

multiple radios,” in Proceedings of ACM 

SIGCOMM Computer Communication 

Review 2004, Volume 34, Pages 39-46. 

[27] S. W. Lu, Thyagarajan, and V. Bharghavan, 

“Design and analysis of an algorithm for fair 

service in error-prone wireless channels,”in 

Proceedings of  Wireless Network 2000, 

Volume 6, Pages 323- 343. 

[28] M. Alicherry, R. Bhatia, and L. Li, “Joint 

channel assignment and routing for 
throughput optimization in multi-radio 

wireless mesh networks,” in Proceedings of 

the 11th Annual International Conference on 

Mobile Computing and Networking 

(Mobicom’05) 2005, Pages 58-72. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://www.ijcttjournal.org/

