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Abstract- With increasing number of hand held devices, 

Quality of Service (QoS) has become an essential requirement 

for Wireless Mesh Network (WMN). Various routing metrics 

like Expected Transmission Count (ETX), Expected 

Transmission Time (ETT), Weighted Cumulative Expected 

Transmission Time (WCETT), Metric of Interference and 

Channel Switching (MIC) etc have been proposed for 

improving QoS, routing performance and network capability. 

But most of these metrics lack in effective reflection of link 

interference. In this paper a new routing metric called 

Weighted Metric of Interference and Channel Switching 

(WMIC) has been proposed. WMIC and other relevant 

existing routing metrics have been simulated in NS2 over 

OLSR routing protocol. It has been observed that WMIC 

metric performs better than other routing metrics with respect 

to throughput, delay, routing load and packet loss rate.  

 
Keywords- Wireless mesh networks, interference, routing 

metric, isotonic, OLSR 

I. INTRODUCTION 

     Wireless Mesh Network (WMN) has the ability of 
dynamic self-organization, self-configuration and self-

healing. These features facilitate quick deployment, easy 

maintenance, low cost and high scalability. It also increases 

network capacity [1]. To support multimedia applications, 

Quality of Service (QoS) provisioning has become 

important in WMN. In this context, selection of path is a 

critical factor.  Several routing protocols and metrics have 

been proposed. Since in wireless network nodes access 

shared wireless media, the neighboring nodes may compete 

for same bandwidth. This may result in intra-flow 

interference (interference caused by neighboring nodes 
transmitting packets from the same flow) and inter-flow 

(interference suffered among concurrent flows) interference. 
Therefore, link quality must be taken under consideration 

while taking the routing decisions.  

    Several routing metrics [2] such as Expected 

Transmission Count (ETX), Expected Transmission Time 

(ETT), Weighted Cumulative Expected Transmission Time 

(WCETT) and Metric of Interference and Channel 

Switching (MIC) have been proposed. The common 

problem with ETX, ETT and WCETT is that, these metrics 

are not capable of capturing interference fully [4]. On the 

other hand, MIC captures both types of interference but it 
cannot handle sudden and very temporary change in 

interference due to environmental effect [4].  

      For this reason a new routing metric, Weighted Metric 

of Interference and Channel Switching (WMIC) has been 

introduce. It has been implemented over Optimized Link 

State Routing (OLSR) routing protocol [9]. 

      This paper is organized as follows. Section 2 describes 

some of the existing routing metrics for wireless mesh 

network. In section 3 a new metric named WMIC has been 

proposed. Section 4 talks about the simulation results of 
WMIC metric and its performance analysis compared to 

other relevant routing metrics and finally section 5 presents, 

conclusion. 

II. RELATED WORK 

     This section discusses some of the related routing 

metrics for wireless mesh networks. 

      ETX [2] returns the average number of MAC layer 

transmissions including the re-transmissions needed to 
successfully deliver a packet over a wireless link. ETX is an 

isotonic routing metric [10] and it can be used for finding 

minimum weight paths [3]. ETX does not consider the 

interference. On the other hand, ETT [3, 7] represents the 

time required to successfully transmit a packet through the 

link. This metric is also isotonic. It does not fully capture 

intra-flow and inter-flow interference.  

     WCETT metric [3, 5] captures intra-flow interference. 

But it does not consider the inter-flow interference. It is not 

isotonic and cannot used to find shortest path by using 

Bellman-Ford or Dijkstra’s algorithms. 

     MIC returns cost of a routing path by considering both 
inter-flow interference and intra-flow [2, 3] interference. 

Interference-aware Resource Usage (IRU) component of 

MIC capture inter-flow interference of a link and Channel 

Switching Cost (CSC) part capture intra-flow interference 

of a link. Total MIC for a path is obtained by adding the 

MIC of all the links of a routing path. 

III. PROPOSED METRIC 

 

     This section describes about the proposed routing metric 

Weighted Metric of Interference and Channel Switching 

(WMIC). It is based on the MIC routing metric that captures 
both the intra-flow and inter-flow interference.   
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     In case of MIC, link quality is measured only by taking 

the instantaneous value of MIC. A very good link may get 

affected by interference caused by vulnerable environment 

for a very short time. If at that point of time, quality of that 

link is measured using MIC metric, the link will be found to 

be a bad link. But this is not the reality. Thus it leads to 
selection of a wrong path. To overcome this problem, a 

MIC based metric named Weighted Metric of Interference 

and Channel Switching (WMIC) has been proposed. Unlike 

MIC, WMIC considers the previous value of WMIC apart 

from considering current value of MIC. As exponential 

moving average (EMA) of MIC is calculated to obtain 

current value of WMIC, temporary interference caused by 

the environment will not have immediate effect on the 

measured value of link quality but at the same time, WMIC 

will follow the tendency of change in MIC more closely. 

This will result in selection of a good communication path. 

Another advantage of using EMA is that, calculation of 
EMA does not demands for all previous data, rather the 

current value of MIC and previous WMIC is sufficient to 

calculate the WMIC. WMIC is defined as follows: 

 
WMIC = (α) MIC current+ (1-α) WMIC previous       (1) 

 

Here α is a tunable parameter between 0 and 1. It represents 

smoothing factor. The MIC [4] in eq. (1) is defined as: 

  (2) 

     Here N is the total number of nodes in the network and 

min (ETT) [3] is the smallest ETT in the network, l is the 

number of links in a routing path p. Interference aware 

resource usage (IRU) [3, 11] in eq. (2) is defined as:  

      
     Nl is the set of neighbors that the transmission on link l 

interferes [3] with. IRUl is the aggregate channel time 

consumed by neighboring nodes those transmit on link l. It 

captures the inter-flow interference as it prefers a path that 
consumes less channel times at its neighboring nodes. CSC 

of a node i is [2] [3] defined as follows: 

 

     Channel (i) and prev(i) are the channels used by node i 

and its previous hop along the same path. If two links on a 

path are on the same channel, they may interfere. So, these 

are given weight w2. Links that do not have conflicting 

channels are given weight w1. The metric tries to avoid 

consecutive hops in a path operating on identical channels, 
by giving it a higher cost. Thus CSC component captures 

the intra-flow interference between links on the path.                                                                                                                                                             

                
Fig.1 Non-isotonicity of WMIC 

A. Decomposition of WMIC Metric into a Virtual Network 
for Isotonicity 

    Isotonicity is the most important issue for any routing 

metric to find a loop free shortest path by using Bellman-

Ford or Dijkstra’s algorithms [8]. In the example shown in 

fig.1 it has been assumed that link (A, B, 1) has a smaller 

IRU than link (A, B, 2). The weight of paths (A, B, 1) and 

(A, B, 2) satisfy: WMIC ((A, B, 1)) < WMIC ((A, B, 2)). 

However, due to reuse of channel 1 on path (A, B, 1)  (B, 

C, 1) ( means concatenation of two paths), WMIC 

((A,B,1)  (B,C,1)) > WMIC ((A,B,2)  (B,C,2)). This 
example shows the non-isotonic behavior of WMIC. This 

reason behind this is that, additional weight that link (B, C, 
1) brings to a path not only depends on link (B, C, 1)’s own 

status, but is also related to the channel assignment of the 

link that precedes link (B, C, 1).  

      To solve this problem, WMIC metric is decomposed 

into virtual network [10]. It considers the possible channel 

assignments for the precedent link. WMIC can be 

decomposed into isotonic weight assignments to the links 

between these virtual nodes. For every channel c a node As 

radios are configured to two virtual nodes Ai(c) and Ae(c). 

Ai(c) represents that prev(A) transmits to node A on 

channel c. Ae(c) indicates that node A transmit to its next 

hop on channel c.  

 
 

Fig: 2. Virtual Network of WMIC 

 

The original paths in Fig. 1 are mapped to the virtual 

network shown in Fig. 2. 

TABLE I 

REAL NETWORK MAPPING TO THE VIRTUAL NETWORK 

Real Path Virtual Path WMIC 
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(A,B,1)  

(B,C,1) 

Ae(1) →Bi(1) 
→ Be(1) → 
Ci(1)  

IRUAB(1) + 
IRUBC(1) + w2 

(A,B,2)  
(B,C,1) 

Ae(2) →Bi(2) 
→ Be(1) 
→Ci(1) 

IRUAB(2) + 
IRUBC(1)+w1 

IV SIMULATION AND ANALYSIS 

     This Section describes the performance of WMIC 

compared to ETX, ETT, and MIC. The metrics are 

implemented as routing metrics for path selection on OLSR 

routing protocol. Network Simulator 2 (NS2) [6] has been 

used as simulator. Simulation parameters are shown in 
Table 2. The routing metrics i.e. ETX, ETT, MIC and 

WMIC are compared with respect to throughput, delay, 

packet loss rate and routing overhead in varying the 

network load (20 kb to 140 kb).  

TABLE II 

SIMULATION PARAMETERS 

Parameter Value 

Network Size 10 

Topology Size 1000m 

Transmission Range 500m 

Propagation Model TwoRay Ground 

Load 20,40,60,80,100,1
20,140  

Simulation Time 30s 

Data Channel rate 2Mbps 

PHY Specification 802.11 b/g 

Antenna Omni directional 

Runs 5 

                   
                   

   

      

 

                                                                                    

                

   

      

 

        The average throughput is the average bandwidth of 

the protocol. Fig 3 shows throughput comparison with 
respect to network load. As network load increases WMIC 

metric gives higher throughput than ETX, ETT and MIC. 

From the mathematical eq. (1) it can be observed that 

WMIC has been smoothen out by using EMA on MIC. So, 

the routing process will not react much due to sudden but 

temporary change in MIC. Moreover since WMIC is 

derived from MIC, it will be aware of intra-flow as well as 

inter-flow interference. 
   End-to-end delay refers to the time taken for a packet to 

be transmitted across a network from source to destination. 

From fig 4 it can be observed that with the increase in 

network load use of WMIC metric leads to lower delay 
compared to ETX, ETT and MIC. This is because of 

reduced number of packet drops due to interference.    

 

 

 

               Fig. 5 Packet loss rate vs. Network load 

 

                              Fig. 4 Delay vs. Network load 

 

 

Fig. 6 Normalized routing overhead vs. Network Load 

 

      Fig. 3 Throughput vs. Network load 

 



Packet loss refers loss of packets during a routing process. 

Fig 5 shows packet loss rate comparisons with respect to 

network load. With the increase in network load, loss rate 

also increases but in case of WMIC, the packet loss rate is 

the least among the rest three routing metrics. This is 

because WMIC prevents sudden data loss due to over 

estimation of link interference.  
The normalized routing overhead is the number of routing 

packets transmitted per data packet delivered at the 

destination. Normalized routing overhead is the overhead 

offered by the protocol under the given scenario. Fig 6 

shows normalized routing overhead comparisons with 

respect to network load. It can be observed that WMIC has 

lower Routing overhead compare to rest three, as the packet 

flow rate increases. The reason behind this is that, cost 
incurred for route setup is reduced since WMIC reduces 

number of route breakages. 

    Figures 3, 4, 5 and 6 shows that WMIC metric is able to 

achieve higher throughput, lower delay, lower loss ratio and 

lower normalized routing overhead compared to ETX, ETT 

and MIC for all network loads considered in this simulation. 

These results are due to the fact that WMIC uses EMA and 

considers both types interference.  

V. CONCLUSION 

     This paper described the critical factors which are 

required to design interference aware routing metrics for 

Wireless Mesh Networks. After identification of few 

important characteristics which are not implemented in 

metrics like ETX, ETT and MIC a new metric WMIC was 

proposed and implemented. WMIC routing metric is based 

on MIC routing metric. But, unlike MIC WMIC is capable 

of handling fluctuations in interference. Performance 

analysis shows that if WMIC is used for path selection in 

OLSR, it gives higher throughput, lower average delay and 
lower packet loss rate compared to ETX, ETT and MIC.  

REFERENCES 

[1] Yan Zhang, Jijun Luo, Honglin Hu, B.S.Manoj and Ramesh R.Rao, 

Wireless Mesh Networking: Architectures, Protocols and Standards, 

Auerbach Publication, 2006. 

[2] Miguel Elias M. Campista, Pedro Miguel Esposito, M.Morares, Luis 

Henrique M.K.Costa,"Routing Metrics and Protocols for Wireless Mesh 

Networks", IEEE Network, vol. 22, No.1, pp. 6-12, 2008 

[3] Yaling Yang, Jun Wang, Robin Kravets, “Designing Routing Metrics 

for Mesh Networks”, in Proc. IEEE Work shop on Wireless Mesh 

Networks, (invited paper), 2005 

[4] Vinicius C.M. Borges, Daniel Pereira, Marilia, Curado and Edmundo 

Monteiro, Routing metric for interference and channel diversity in multi-

radio wireless mesh networks, ADHOC-NOW, LNCS 5793, pp. 55 – 68, 

2009   

[5] Richard Draves, Jitendra Padhye, Brian Zil, “Routing in Multi-Radio, 

Multi-Hop Wireless Mesh Networks”, in Proc. MobiCom, pp. 114-

128, 2004 

[6] The network simulator ns-2, Available: http://www.isi.edu/nsnam/ns       

[7] Pedro Miguel Esposito, Miguel Elias M. Campista, Igor M. Moraes, 

“Implementing the Expected Transmission Time Metric for OLSR 

Wireless Mesh Networks”, in Proc. IFIP Wireless Days Conference, pp.1-

5, 2008 

[8] Yaling Yang, Jun Wang, “Design Guidelines for Routing Metrics in 

Multihop Wireless Mesh Networks”, in Proc. INFOCOM, pp. 1615 – 

1623, 2008  

[9] Ying Ge, Thomas Kunz, Louise Lamont, “Quality of Service Routing 

in Ad-Hoc Networks Using OLSR”, in Proc. 36th Annual Hawaii 

International Conference on System Sciences, vol. 9, pp-300.2, 2003. 

[10] Yaling Yang, Jun Wang, Robin Kravets, “Interference-Aware Load 

Balancing for Multihop Wireless Networks”, University Of Illions, 

Urbana-Champaign, Technical Report, 2005  

[11] Manolis Genetzakis and Vasilios A.Siris, “A Contention-Aware 

Routing Metric for Multi-Rate Multi Radio Mesh Networks”, in proc. 5th 

Annual IEEE Communications Society Conference on Sensor, Mesh and 
Ad Hoc Communications and Networks, pp. 242-250, 2008 

http://www.isi.edu/nsnam/ns/
https://www.researchgate.net/publication/228365687_Designing_routing_metrics_for_mesh_networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/228365687_Designing_routing_metrics_for_mesh_networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/228365687_Designing_routing_metrics_for_mesh_networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221207323_Routing_Metric_for_Interference_and_Channel_Diversity_in_Multi-Radio_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221207323_Routing_Metric_for_Interference_and_Channel_Diversity_in_Multi-Radio_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221207323_Routing_Metric_for_Interference_and_Channel_Diversity_in_Multi-Radio_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221207323_Routing_Metric_for_Interference_and_Channel_Diversity_in_Multi-Radio_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/220926495_Routing_in_Multi-Radio_Multi-Hop_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/220926495_Routing_in_Multi-Radio_Multi-Hop_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/220926495_Routing_in_Multi-Radio_Multi-Hop_Wireless_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221243366_Design_Guidelines_for_Routing_Metrics_in_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221243366_Design_Guidelines_for_Routing_Metrics_in_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/221243366_Design_Guidelines_for_Routing_Metrics_in_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/32964424_Interference-aware_Load_Balancing_for_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/32964424_Interference-aware_Load_Balancing_for_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/32964424_Interference-aware_Load_Balancing_for_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/32964424_Interference-aware_Load_Balancing_for_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/32964424_Interference-aware_Load_Balancing_for_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/32964424_Interference-aware_Load_Balancing_for_Multihop_Wireless_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/4350337_A_Contention-Aware_Routing_Metric_for_Multi-Rate_Multi-Radio_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/4350337_A_Contention-Aware_Routing_Metric_for_Multi-Rate_Multi-Radio_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/4350337_A_Contention-Aware_Routing_Metric_for_Multi-Rate_Multi-Radio_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==
https://www.researchgate.net/publication/4350337_A_Contention-Aware_Routing_Metric_for_Multi-Rate_Multi-Radio_Mesh_Networks?el=1_x_8&enrichId=rgreq-414d0189-6c19-4591-81cd-a0cb902f31be&enrichSource=Y292ZXJQYWdlOzI2MTk4OTg5OTtBUzoxMDMzNzc1ODExMTc0NDlAMTQwMTY1ODU0NDUzMg==

