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Abstract- Wireless mesh network is an emerging technology encouraging the developments for next generation wireless 
networking. Wireless mesh network is based on IEEE 802.11 standard according to which, the received packet must be 
acknowledged. The presence of selfish mesh routers may drop the packets sent by other nodes.To deal with the problem of 
selfish behavior of mesh routers,this paper proposes a reliable routing metric, expected forwarded counter [EFW] and its two 
variants.EFW improves thewireless link quality by selecting the most reliable and high performance path and it also 
considers the forwarding behavior of node. Minimum Expected forwarding counter [MEFW] and Joint expected forwarding 
counter [JEFW] are derived metrics which capture the worst and joint dropping probability respectively and reduce the 
complexity of network. The proposed metrics are evaluated through simulation by performing comparative analysis with 
existing metric by considering performance metrics like packet delivery ratio and average throughput. The proposed work 
shows significant increase in throughput by the metric EFW which selects path with highest delivery rate considering both 
quality of wireless links and reliability of network node even in the presence of selfish nodes. 
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I. INTRODUCTION 
 
Wireless Mesh Network (WMN) is an emerging 
technology making progress in the field of wireless 
networking. Wireless mesh network architecture is 
comprised of mesh routers (MRs), mesh clients 
(MCs) and multiple internet gateways (IGWs) as 
shown in figure1. Mesh routers have minimal 
mobility and are linked to one another to extend the 
network coverage. The clients could be mobile or 
stationery. Mesh clients communicates with another 
node which is not within its communication range, it 
forwards packet to its nearest mesh router. The packet 
is then forwarded over a mesh router backbone 
according to routing protocol, until it reaches to the 
router that can forward packet to the destination node. 
 

 
 
The broadcast nature of wireless mesh network 
allows each router to search destination and forward 
the packet. Wireless mesh network d on IEEE 802.11 
standard according to it the received packet must be 

acknowledged, so when the destination node receives 
a packet, it acknowledges to its respective router.  
 
Wireless mesh network share common features with 
ad hoc network, the routing protocols developed for 
ad hoc network can be applied for Wireless mesh 
network. Existing routing protocols must include 
some performance metrics, as the power requirements 
and mobility features of wireless mesh networks are 
different from ad hoc networks Expected 
transmission count [ETX] is a routing metric which 
represents the transmission reliability of a wireless 
link. ETX metric measures the expected number of 
transmissions and number of retransmissions needed 
to correctlysend a unicast packet over a wireless link.  
 
The successful transmission of a packet is referred as 
the transmission of the packet in one direction and 
reception of an acknowledgement in the reverse 
direction. ETX is determined by active probing, in 
which the number of successfully received packets 
are compared with the number of packets sent in a 
given time. This metric lowers the data link layer 
reliability as it is designed assuming that each mesh 
router participates honestly in the forwarding process. 
In wireless mesh network, a selfish user that provides 
connectivity through its router might try to greedily 
consume the available bandwidth by dropping 
packets sent by other nodes. In presence of such 
routers, ETX metric fail to select the network path 
with highest delivery rate.  
 
This paper focuses on, design of the Expected 
forwarding counter (EFW) metric, which combines 
information across the routing and MAC layers to 
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deal with the selfish behavior (packet dropping) of 
mesh routers. EFW selects highest delivery rate 
considering both the quality of wireless links and 
reliability of network node. The two variants of EFW, 
Minimum expected forwarding counter [MEFW] and 
Joint expected forwarding counter [JEFW] reduces 
the complexity of network topology and signaling 
overhead. 
 
II. SYSTEM DESIGN 
 
The routing metrics have been designed to select the 
most reliable path in wireless mesh network. These 
metrics do not consider the presence of selfish router 
that drop the packets sent by other nodes. Expected 
transmission count [ETX] is a routing metric which 
represents the transmission reliability of a wireless 
link. ETX counts the expected number of 
transmissions and retransmissions needed to correctly 
send a unicast packet over a wireless link.  Routing 
metrics ETX adopt a probabilistic model to represent 
the transmission and retransmission. To calculate 
ETX, it is necessary to estimate packet loss 
probability in both directions, since wireless mesh 
network is based on IEEE 802.11 and the destination 
must acknowledge each data frame received. Let (i, j) 
be wireless link between node i and j, pij and pji 
denotes the packet loss probability of wireless link 
(i, j) in forward and reverse directions respectively 
[3]. Thus the probability of successful transmission 
on wireless link (i, j) can be computed as shown in 
equation (1) 
Р s, ij =  (1 −  pij)(1 − pji)   (1) 

pijis forward packet loss probability 
pjiis reverse packet loss probability 
Probability of successful transmission is as shown in 
equation (1) Рs, ij =  (1−  pij) (1−  pji) 
The expected number of transmissions required to 
deliver the data packet, considering both transmission 
and successive acknowledgement can be evaluated as 
shown in equation (2) 
ETX =    1/Ps, ij  =  [(1− pij)  (1− pji) ]         (2) 
 
ETX selects most reliable path but does not model 
accurate delivery rate of network link, as the 
forwarding behavior of nodes that have established 
the link is not considered. In particular, ETX and its 
derived metrics do not take into account that a selfish 
node might discard the packet after its correct 
reception, if the selfish node benefits from not 
forwarding it. 
 
A selfish node may drop packets sent by other nodes 
at network layer instead of data link layer, after the 
reception of data frame and successive transmission 
of acknowledgement. If the selfish node does not 
send acknowledgement after reception of data frame, 
the sending node will increase the packet loss 
probability in reverse direction, (рr, ij) and this 
selfish action will be considered in ETX metric by 

lowering data-link layer reliability. To overcome the 
problem caused by dropping behavior of selfish 
participants, combine the link quality measured by 
ETX routing metrics with forwarding reliability of 
relaying node j. let (pd, ij  )  be the dropping 
probability of network node j at network layer, then 
pf, ij =  (1−  pd, ij) represents its forwarding 
probability. A network node can drop selectively the 
traffic sent by its neighboring nodes. The dropping 
probability of node j is identified by both sending 
node i and forwarding node j. The probability that a 
packet sent through a node j is successfully forwarded 
can be computed as in equation  
 

pfwd, ij = (рs, ij). (1 −  рd, ij)   (3) 
 
The number of transmissions necessary to have the 
packet successfully forwarded (Expected Forwarded 
Counter) EFW can be measured as 
EFW =

 
 =

[( )( )]
 .  

,
    (4) 

 
First part of equation provides quality of physical and 
MAC layer. Network layer reliability is assured by 
the second part. EFW represents both physical 
condition of wireless medium and selfishness of 
nodes with which link is established. 
 
Maximum and joint expected forwarding counter 
EFW metrics requires the network topology to be 
represented with directed graph since the forward 
probabilities of the two neighbors i j may differ 
(i. e. , pfwd, ij ≠  pfwd, ji) . 
 
Two close approximations of EFW can be designed 
considering the worst and the joint dropping 
behavior. Particularly, for link (i, j), the Maximum 
Expected Forwarding Counter (MEFW) considers 
maximum between the dropping probabilities of node 
i and j .whereas Joint Expected Forwarding Counter 
(JEFW) takes into account the cumulative effect of 
the selfish behavior by multiplying the forwarding 
probabilities of the two end nodes. 
 
Maximum Expected Forwarding Counter is as in 
equation (5) 
MEFWij = MEFW ji =

[( )( )]
.

[( {  ,  })]
  (5) 

 
Joint Expected Forwarding Counter is as in equation 
(6) 
JEFWij = JEFW ji =

[( )( )]
.

[(  )(  )]
 

 (6) 
Forwarding Probability 
 
Monitoring mechanism on node i perform simple and 
not simultaneous tasks on outgoing and incomming 
links. On the outgoing links,it must monitor only 
encapsulated data frames that heve been correctly 
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received by nearby node j and update acknowledge 
counter [cij , ack]. On incomming links 
corresponding to outgoing link of node j,node i need 
to  monitor transmission of IP packet to increement 
forward counter [cij, fwd]. Packet used to update 
counter are processed by two lists which stores 
packets that have been acknowledged and for which 
acknowledgement has not been overhead.when node I 
overhears the transmission of packet towards node j it 
stores the packet in the lists Lij and sets a timer that 
determines maximum validity time of such entry for 
estimation.The timer is tuned to take into account 

processing and transmission delays.After reception of 
acknowledgement frame from node j,node i 
increments acknowledge counter [cij, ack] and moves 
the packet in the list [Lij , ack],which contains all 
packets that have already been acknowledged. 
 
If node I overhears the retransmission of the packet 
stored in the list Lij,ack before the timer expires ,then 
it increements the counter cij,fwd and removes the 
packet from such list,otherwise the packet is removed 
from list lij,ack without increasing corresponding 
counter.

 

 
Figure 2(a)and (b)shows example for forwarding probability estimation of mesh router 

 
Consider example of forwarding probability 
estimation performed by a mesh router as shown in 
Figure 1, where hard lines denote the transmission of 
packets and scattered denotes acknowledgments. 
When mesh router n1 receives from n2 the 
acknowledgment for a previous sent packet, n1 
monitors the wireless channel until it hears the 
transmission of the same packet performed by n2 
(towards n3 as shown Figure 2(a)). If such 
transmission does not occur before the timer expires, 
n1 will accomplish that n2 has not forwarded its 
packet and will increment only the counter of the 
number of acknowledged packets. To increase the 
opportunity to identify the forwarding behavior of 
nearby mesh routers, the monitoring node considers 
all the packets originated by nodes exclusive its 
transmission range. As shown in Figure 2(b), n1 
considers also the packets transmitted by n4. If 
n1does not hear the retransmission of the 
acknowledged packet sent by n4 before the timeout 
expires, it will conclude that n3 has dropped it; in this 

case, n1 will update only the number of packets 
acknowledged by n1. 

 
III. RESULT ANALYSIS 
 
This work focuses on selecting path with highest 
delivery rate, considering quality of wireless links and 
reliability of network node. The number of selfish 
nodes is considered in the network. Expected 
transmission count [ETX] metrics is estimated in 
presence of selfish nodes. Expected forwarding count 
[EFW] is estimated by assuming same number of 
selfish nodes .Then the results are compared by 
plotting the values of ETX, EFW, MEFW and JEFW. 
The performance metrics considered are packet 
delivery ratio and average throughput. 
1. Packet Delivery Ratio: The ratio of the number of 
delivered data packets to the destination 
 PDR = ∑number of data packets receive /
∑number of data packets send (7) 

 

 
Figure 3.Packet delivery ratio for ETX, EFW, MEFW and JEFW 
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2. Average throughput: Total number of packets 
received in particular time. 

Throughput =  bytes (received packets) ∗
Finish time –  Start time  

 

 
Figure 4.Average Throughputs for ETX, EFW, MEFW and JEFW 

 
CONCLUSION 
 
This section presents the comparative analysis of 
layer metrics ETX and EFW with its two variants in 
wireless mesh network. The simulation results show 
that the performance of the network with selfish 
nodes is improved by 10% in terms of packet delivery 
ratio and 6% in terms of average throughput as 
compared to the baseline approach. Thus the 
proposed metrics EFW with its two variants select the 
network path with highest delivery rate by 
considering both quality of wireless link and 
forwarding behavior of network nodes. 
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