
 

 

Abstract--Recent developments in the area of mesh networks 

shows significant achievement in the field of coverage and 

connectivity. The Wireless Networks provides flexibility and 

adoptability in terms of service for the Internet users. The scalability 

is the major concern in the large wireless networks which keep 

growing randomly.  There is a need of scalable routing protocol for 

Wireless Mesh Networks and interestingly suitable metric is also a 

major concern. We have proposed a Scalable Hybrid Wireless Mesh 

Protocol (SHWMP) and also new routing metric named Total 

Additive Expected Time (TAET) to provide optimal route from 

source to destination.  The new proposed metric covers several 

parameters such as interference, channel diversity, link quality and 

hop delay for consideration and results in finding a suitable route for 

SHWMP.  The performance of SHWMP is evaluated in a different 

network conditions and simulation results show that new metric 

TAET outperforms MIC, WCETT and other metrics in terms of 

throughput, end-to-delay and network density.  
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I. INTRODUCTION 

ESEARCHERS have considered Wireless Mesh 

Networks (WMNs) as a key technology for them to work 

on next generation wireless networks. WMN is a mesh 

network which is implemented over a wireless network system 

with low cost, high scalability, reliable services and easy 

maintenance.  Another direction or alternative for last-mile 

broadband Internet access which has greatest potential to play 

a critical role is Wireless Mesh Networks. In case of wireless 

mobile environment, the network layer and its routing 

functionality must be tailored to support mobile nodes, 

dynamic topologies and changing link capacity [1]. Routing 

needs to be adapted to a specific application and also it must 

match radio environment.   Cross-layered design techniques 

have been proposed for wireless networks to improve the 

system performance [2, 3, 4] and security [5]. 

The present 802.11 based wireless networks completely 

depend on wired infrastructure to transfer the traffic to end 

users. This makes wired infrastructure expensive and 

inflexible for wireless local area networks (WLAN) as 

coverage cannot be extended beyond the back-haul 

deployment. The performance of a WMN is mainly dependent 

on the design of the routing protocols and also associate 
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metric used to measure it. The main goal of any routing 

protocols is to select the best path between the source and 

destination based on the routing metric. Most of the existing 

protocols used in WMNs rely on the network layer (IP) and 

use hop count to allow multi-hop communication and do not 

provide an good solution for wireless networks. The new 

standard IEEE 802.11s was developed by IEEE task group to 

design and develop a scalable integrated mesh networking 

solution. Even though, this group set hybrid wireless mesh 

protocol (HWMP) [6] as default routing protocol, but still 

there exists scope for extending scalable routing protocol for 

WMN. In addition this, airtime [7] metric was considered as 

default routing metric. We designed and developed a new 

scalable routing protocol called SHWMP (Scalable Hybrid 

Wireless Mesh Routing Protocol) [8]. In this paper we propose 

a new metric called TAET (Total Additive Expected Time) is 

suggested to measure the performance of scalable routing 

protocol. The airtime metric was only focus on consumption 

of resource by a packet on a link. This metric only cannot be 

used as standard, since there are so many parameters which 

mainly required measuring the overall performance of WMN.  

The rest of the paper is organized as follows: In section II, 

presents the related work carried out recently is discussed. 

Section III Briefly SHWMP and new routing metric TAET is 

discussed. In Section IV simulation results are analyzed with 

comparing other metrics. Finally conclusion is drawn in 

Section V.  

II. RELATED WORK 

Many researchers specifically designed and suggested 

routing metrics for Wireless Mesh Networks. But each metric 

designed has got a clear involvement of any one of prominent 

parameters ignoring others. This leads to the development of 

underutilized metric giving not optimal results. To overcome 

this problem, a new metric is suggested by using the 

combination of existing matrices.  We discuss few metric such 

as ETX, WCETT, ETT and airtime already used in the 

evaluation of routing protocols. The detailed survey of WMN 

routing metrics are discussed in [8, 9, 10, 11, 12]. The 

capacity of mesh networks in terms of throughput is increased 

by equipping each node with a multiple radio interfaces and 

with multiple channels [10]. The critical performance in 

wireless mesh networks is considered to be routing metrics. 

The metrics used in ad hoc networks is not appropriate for 

wireless mesh networks. The unique characteristics of mesh 

networks make invalidate existing solutions from both wired 
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and wireless networks and impose unique requirements on 

designing routing metrics[13] [14][15].    

 

III. NEW METRIC PROPOSED TOTAL ADDITIVE EXPECTED 

TIME: TAET 

The metric expects less interference, good quality link and 

minimum hop delay. It is expected to increase throughput and 

decrease end-to-end delay.  The proposed metric choose to 

add all the three parameters in account and give best possible 

solution to be used with SHWMP protocol. TAET uses three 

important parameters such as channel interference, link 

quality and hop delay for calculating the optimal route from 

source to destination.  

Let „P‟ be the path between source S and destination D,  

„ l ‟ be the link between nodes.   The metric of  

Interference and channel switching MIC is given by  

 

--- (1) 

 

N-Total number of nodes in the network 

Min (ETT) - Smallest ETT in the network 

IRU – Interference-Aware Resource Usage is given by 

IRUl = ETTl X Nl 

 

 

                                                                                                                                 

 

Nl – set of neighbors that the transmission on line l interfere 

with 

Ch (i)- Channel assigned for node i‟ s transmission 

Prev (i)-  Previous hop of  node i along the path  P  

Line quality can be served as actual stability for transmission. 

The associativity can be termed as the measure of number of 

fixed  interval called ticks. Depending  upon the mobility of 

the nodes, low  associativity and  high ticks are decided. High 

mobility tends the low associativity ticks,where as low 

mobility tends to high  associativity ticks. 

The average degree of association stability to measure the link 

quality of the router is given by 

            (2) 

„ l ‟ is the link quality of all the links in route R where LQl  

must be always greater than the some threshold value LQT  

.The route stability component is added to link quality by 

identifying the minimum of the  attraction of all links lying on 

the same route R. 

Let hj be the two hop maximum metric value of the links in 

the path P working on channel j    

Hdi be the  hop delay of the link  i 

Thus , maximum link is measured as 

H j-1  = (Hdi – max(hj) )  --(3) 

 Thus, the total additive expected time is sum of equations of 

(1), (2) and (3) 

 

 
 

TEAT=Interference metric + Link quality +   Loop delay 

IV. SIMULATION ENVIRONMENT 

The simulation experiments are conducted using QualNet 

Simulator [16]. The standard IEEE 802.11s radio is adopted 

with the channel rate as 2 Mbps. The scenario with mesh of 

wireless routers for the backbone client nodes (fixed and 

mobile) connected to the each mesh routers. The transmission 

range is 250m and the carrier sensing range is around 600 m. 

The simulation area of 2000 x 2000 m
2
 is deployed over a 

square geographical area. The client nodes have different 

mobility. These settings are maintained with real time wireless 

networks, in which the transmission range of a node is 

typically smaller than its interference range. The Random 

Waypoint model [17] is adopted for driving mobile hosts. In 

this model, each host starts its movement from a random 

location to a random destination with a randomly chosen 

speed uniformly distributed between 0 and a maximum speed. 

Once after reaching the destination, node will choose targeted 

another destination is selected. The simulation parameters are 

listed in the Table I. 
TABLE I 

 SIMULATION PARAMETERS 
Mesh Client: Varying mobility (5 – 

20 m/s) 

Antenna: Omni  

Mesh Router: Most of them are static  Transport: TCP and UDP 

Radio: Two Ray Ground, Multiple  Queue Type and Size: FIFO 
and 50 

Layer PHY: 802.11s Simulation time: 800s 

 

V. RESULTS AND DISCUSSIONS 
 

The performance of Self configuring HWMP protocol is 

evaluated with Metric of Interference and Channel-switching 

(MIC) and new proposed metric Total Additive Expected 

Time (TAET) metric varying number of flows and network 

size. Simulations are carried out using popular metric with 

new one and improvements are seen through the promising 

results. The main purpose of designing new metric is to 

incorporate interference, link quality and hop delay. Thus we 

have included multiple radios interfaces configured with 

multiple channels to ensure that connectivity of the network to 

reduce intra-flow and inter-flow interference. The designed 

routing metric has the ability to capture all network 

characteristics which affect the performance. In this 

simulation, we have considered hop count, WCETT and MIC 

along with TAET. The performance of the routing metric is 

compared in terms of average network throughput, average 

end-to-end packet delay and maximum channel utilization.  
 

     A. Throughput, Delay and channel utilization against 

Network Size 

     The change in number nodes from 20 to 200 nodes keeping 

10 sources of CBR traffic transmitting at the rate of 100 

packets per seconds are placed randomly over a simulation 

area of 2000 m x 2000 m area. Initially all the four metrics 

demonstrate the more or less same value as shown in the 

figure 1.  
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Fig. 1 Average Throughput vs Number of Nodes 

 

     This performance degradation is mainly due to increasing 

number nodes leads to increase in packet losses within the 

mesh networks. TAET shows consistent throughout the 

simulations and increases by 11% when compared MIC. The 

hop count metric depicts very poor performance since the 

number of nodes increases leads to more numbers of hops 

added to the route along the path of the mesh network. MIC 

and WCETT shows almost same range of throughput.  

The average end to end delay is measured from source to 

destination over a varying number of nodes as shown in figure 

2. The increase in number of nodes will have direct effect on 

average end to end delay.  

 
Fig. 2 Average End-to-End Delay versus Number of nodes 

 

     The TAET shows 17% increase in MIC metric, since it 

considers only interference and channel utilization without 

involvement of link quality. The scalability of networks results 

in adding up of nodes will degrade the link quality which we 

have taken into consideration in TAET. MIC shows 

consistency throughout the simulation where as WCETT and 

Hop count deviate delay with almost 36% to 45%. 

We have considered another important maximum channel 

utilization parameter for measuring performance of the 

channel. The maximum channel utilization indicates the 

channel congestion level at each node in mesh network.  

 
Fig 3. Channel Utilization versus Number of nodes 

 

    The maximum channel utilization for TAET and MIC 

metrics is recorded against the number of nodes as shown in 

the figure 3. There is 9% improvement of TAET when 

compared to popular MIC metrics. WCETT captures intra-

flow interference, shows better performance than the Hop 

Count.  

 

     B. Throughput, Delay and channel utilization against 

Number of flows 

     In the next scenario, the number of CBR traffic sources 

with fixed number of flows sending at 5, 10, 15, 20 and 25 

packets/s. The figure 4 depicts the throughput pattern is varied 

from 5 to 25 CBR sources. 

 
Fig. 4. Average throughput versus number of flows 

 

     This performance degradation is mainly due to increasing 

number flows leads to increase in control packets within the 

mesh networks. TAET shows consistent throughout the 

simulations and increases by 13% when compared MIC. The 

hop count metric depicts very poor performance since the 

number of flows increases leads to more information needed 

to be maintained along with the path of the mesh network.  

All the four routing metrics are tested for average end to end 

delay for varying number of flows as shown in the figure 5. As 

the delay gets increases with the increasing number of flows 

control overhead also increases. 
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Fig. 5 Average end to end delay versus number of flows 

 

The TAET shows 12% increase against MIC metric, since it 

considers only interference and channel utilization without 

involvement of link quality and hop delay. The number flows 

in the networks results in adding up of control packets and 

degrade the link quality and increases delay. This was taken 

into consideration in TAET. MIC shows consistency 

throughout the simulation where as WCETT and Hop count 

deviate delay with almost 20 % to 25%. 

The maximum channel utilization parameter for measuring 

performance of the channel is varied against the number of 

flows between 5 and 25packets/s. The maximum channel 

utilization indicates the channel congestion level at each node 

in mesh network.  

 
Fig. 6 Maximum Channel Utilization versus number of flows 

  

    The maximum channel utilization for TAET and MIC 

metrics is recorded against the number of  as shown in the 

figure 6. There is 11% improvement of TAET when compared 

to popular MIC metrics. WCETT captures intra-flow 

interference, shows better performance than the Hop Count.  

VI. CONCLUSION 

In this paper we have proposed new routing metric based on 

channel interference, link quality and hop delay for wireless 

mesh networks. The new metric Total Additive Expected 

Time (TAET) is implemented with Self Configuring HWMP 

(SHWMP) protocol and operated in Multi-Radio and Multi-

Channel mode as per the standard IEEE 802.11s. The possible 

choices of routing metric are systematically investigated for 

mesh network and show that important parameters are needed 

to be considered during performance evaluation. The new 

metric is compared other routing metric such as MIC, WCETT 

and hop count and found it is best suitable for measuring the 

performance of the routing protocol. The simulation results 

show that TAET outperforms all other routing metrics used by 

increase in throughput, decrease in end-to-end delay and 

decrease in maximum channel utilization.  
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