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ABSTRACT 

In Wireless Mesh Networks (WMNs), Gateways (GWs) plays an important role as they connect the WMN to a large number of wired net-
works. As a result all traffics are aggregated at the GW nodes which leads to traffic congestion at the GW and hence results in quicker failure 
of the GW. Due to limited capacity of the gateway, large number of packet drops occurs at the gateways which degrade the performance of 
the WMN.  Hence this paper addressed the Load balancing of WMN. To do so, a clustering technique is been considered which divides the 
WMN into a number of clusters. After cluster formation, a cluster head is selected within each cluster, comprising all the information of each 
and every node and coordinates the transmission of packets\traffic within each cluster and also may exchange data to neighboring nodes. 
This paper proposed a k-means clustering method to divide the WMN into k clusters and hence to reduce its load within each cluster. The 
implementation of the proposed k-means clustering method partitions the WMN into number of clusters. The cluster head(GW) is selected 
depending on various parameters, such as to reduce the load of each cluster. The simulation results prove that the performance of a WMN 
increased with the implementation of the proposed clustering method. 
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I.      INTRODUCTION 

In today’s era, Wireless Mesh Networking (WMNs) has been found to be the most advantageous wireless networks. WMNs are 

dynamically self-organized and self-configured, while maintaining the mesh connectivity throughout the network by automatic con-

figuration of an ad hoc network. WMN [1] is a communication network made up of radio nodes organized in a mesh topology and is a 

packet-switched network with a static wireless backbone. The topology of wireless backbone is fixed and modifications to infrastruc-

ture can only result from addition or removal or failure of access points. WMN consists of wireless access and wireless backbone net-

work, in contrast to any other wireless networks. 

The architecture of WMN [2] is composed of three different network elements: (a) Network Gateway (NG) (b) Access Points 

(AP) or Mesh Routers (MR) and (c) Mobile Nodes (MN) as shown in figure 1,where dashed and solid lines indicate wireless and 

wired links, respectively. A typical WMN can have a hierarchical structure of three levels of these network elements. At the top level, 

there are the IGW or the gateway nodes that are directly connected to the wired network. The second level of hierarchy consists of 

nodes called APs / MRs that forward each other’s traffic in multi-hop fashion towards the IGW. These MRs form the backbone of a 

WMN and are relatively static. The lowest level of hierarchy is the Mobile Clients / Nodes or the end users connected to the MRs for 

accessing the wired network services. 

             

 
 

                                                          Figure1: Architecture of WMNs [1] 

 
 

Usually, the IGWs connect the WMN to other wired networks as a result most of the traffic is oriented towards the IGWs which 

leads to traffic congestion at the IGWs. Therefore, packet drop occurs at the IGWs which degrade the performance of the WMN as it 

consumes a large number of network resources en route from source to IGW. Thus, to overcome from such congestion, the traffic load 

has to be balanced over different IGWs [3]. 

The optimal usage of network resources by transferring traffic from congested route to less loaded parts of the network based 

on knowledge of network state is referred to load balancing. In a WMN, load balancing is the best approach to increase network 

throughput and to reduce congestion [4]. 

Though the load balancing in WMN is critical issue but it is an important concern to utilize the network capacity efficiently [5]. 

Hence, load balancing across gateways in a WMN is important to improve the bandwidth utilization and network scalability. 

The remaining of the paper is organized as follows: in section II, a brief description about load balancing at gateway level for 

WMN is discussed along with its requirement. The clustering technique for load balancing of WMNs are been discussed thoroughly in 

section III. Section IV shows the proposed work based on k-means clustering for load balancing in WMN, section V shows the results 

of the proposed work and section VI concludes the discussion. 
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 ADVANTAGES OF WMN 

 Automatic discovery of nodes and paths  

 Configuration of network components automatically  

 Rapid network deployment  

 Minimized infrastructure costs  

 Increased network reliability  

 Low up-front cost 

 Reliable service coverage 

 

 DISADVANTAGES OF WMN 

 The available MAC and routing protocols are not scalable.  

 Throughput drops significantly as the number of nodes or hopes in WMNs increases.  

 Congestion at the Gateway level and path based level leads to load imbalance throughout the network and hence degrades 

the performance of the WMN [9].  
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 APPLICATIONS 

 Broadband Home Networking 

 Community and Neighborhood Networking 

 Enterprising Networking 

 Metropolitan Area Networking 

 Transportation Systems 

 Health and Medical Systems 

Security and Surveillance Systems 

           As WMNs is bounded with limited capacity, the network performance degrades significantly when the network size increases. 

Therefore, routing protocols may not be suitable for searching a reliable routing path, hence transport protocols may lose connections 

and MAC protocols may result in throughput degradation. Therefore, to achieve scalability in WMNs all protocols from MAC layer to 

Application layer need to be scalable. Apart from this, WMNs faces many other critical challenges as theoretical capacity is still un-

known, new scheme is required for network management, throughput drops significantly as the number of nodes or hopes in WMNs 

increases and network still lacks security[1]. 

 

III. METHODS OF LOAD BALANCING FOR WMN 

 

 Path-based Load balancing method: In this method, the traffic is forwarded from source to destination through multiple 

paths. Therefore it generates the chances of route coupling of paths between common endpoints. As a result it provides negli-

gible improvement in the performance of WMNs which is not sufficient to improve the overall performance of the WMNs.  

 Mesh-router-based Load balancing method: In this method, the load is balanced at almost all of the routers to improve the 

performance of WMNs. Therefore, it is a time consuming method as the load is balanced at each router, the routing table re-

quires to be redesign each time. 

 Gateway-based Load balancing method: In this method, the load is balanced either at all the gateways or at some selected 

gateways. As a result it has less chances of route coupling effects and seen to be most preferable method as compared to path-

based and router-based load balancing. 

IV. LOAD BALANCING AT GATEWAY LEVEL FOR WMNS 

 

           Gateway nodes are the heart of the WMN as they connect the WMNs to wired networks [3]. Therefore, all the traffics are ag-

gregated at gateway nodes. Due to bandwidth constraint of the gateway the capacity of the WMNs are limited. In addition to this, the 

gateway node consumes high energy as it forwards large number of packets which leads to quicker failure of the gateway. Therefore, 

gateway load balancing assumes significance in order to achieve the following goals [3]: 

 Efficient traffic allocation 

 Efficient use of backhaul links 

 Maximal use of network capacity 

 Minimizing the resource consumption at the gateway nodes 

 To counter the effects of traffic imbalance due to node mobility 

 In a WMN, wireless backbone is formed by Internet Gateways which allows the mesh clients to access the Internet. As all the 

traffic is forwarded towards this gateway, traffic congestion may easily occur at the gateway which leads to performance degradation 

of WMN. Load balancing helps to reduce the traffic congestion between IGWs and improve the network performance and provide a 

better quality of service (QoS). Gateways route internal traffic to external networks. Gateways have some limited capacity as a result 

when number of requests to gateway increases then it can’t service all requests punctually. Thus, load balancing is needed to decrease 
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workload of gateways. Balancing of load between gateways is important to avoid over utilized and underutilized regions. There are 

many factors that can easily cause load imbalance, such as heterogeneous traffic demands, time-varying traffic and uneven number of 
nodes served by gateways. This can lead to inefficient use of network capacity, throughput degradation and unfairness between flows 

in different domains. On the other hand, arbitrary load-balancing can hurt performance.  
 

 
V.    METHODS OF BALANCING LOAD AT GATEWAY LEVEL FOR WMNs 

 

A. Distributed load balancing method 

      Galvez, Ruiz and Skarmeta [6] proposed a distributed load balancing protocol where rerouting of flows is done from congested 

gateways to underutilized gateways. This approach is suitable for implementation as it takes into account the effects of interference 

and achieves good results, and improves shortest path routing while improves network utilization in both balanced and skewed topol-

ogies. 
 

B. Traffic Distribution based load balancing method  

     Bing, Dongmei and Agrawal [7] proposed a potential distributed load balancing method based on diffusion methods to achieve 

global load fairness. Also the authors defined two fairness metrics based on the potential load balancing between different IGW ser-

vice domain examinations. First one is a load balancing metric in a homogenous WMN and the second one is a load balancing metric 

in a heterogeneous WMN. 
 

C. Cluster based gateway level load balancing method 

     Based on the current network conditions, Galvez, Ruiz and Skarmeta [8] proposed an adaptive online load-balancing protocol for 

multi-gateway WMNs in which the network load is balanced between the gateways. At the TCP flow level the traffic of the network is 

balanced which results in throughput aggregation, average flow throughput and improves the flow fairness. 
 

D. Gateway Placement method against QoS constraints 

     Drabu and Peyravi [9] proposed a near optimal heuristics algorithm for gateway placement to minimize the number of gateways in 

WMN while maintaining the quality of service(QoS) requirements in terms of hop count, cluster size and relay load. 
 

VI.    METHODS OF LOAD BALANCING AT ROUTER LEVEL FOR WMNs 

 

 

A. Load balancing routing for WMNs: an adaptive partitioning approach  

        Ghu Choi and Jae Han[10] proposed a partition-based load balancing(PLB) algorithm which consists of 3 phases- 

 Load-Adaptive Clustering phase (LAC):LAC is a clustering operation that divides the whole network into several domain by 

using hop-count and network load as the clustering metric. 

 Inner Domain Load Balancing phase (IDLB):IDLB performs load balancing within each domain to balance loads among ag-

gregate downlinks toward nodes including a sink node.  

 Outer Domain Load Balancing phase (ODLB):ODLB resolves the unbalanced load condition that the IDLB cannot deal with 

via inter-domain load balancing. Therefore, the load is balanced among neighbour domains, by considering only the top sub-

links in each domain. 
 

B. Routing metrics for WMNs 

      Rao, Krishna and Rao[11] have considered a comparative study on routing metrics which are helpful in designing a reliable rout-

ing protocol in WMNs to improve the throughput between source and destination. The routing metric for WMNs are as follows-  

 

 Hop Count: Hop Count itself can serve as routing metric, but can also act as a component to compose complex metrics. 

  ETX: Expected Transmission Count (ETX) is defined as the number of transmissions required to successfully deliver a 

packet over a wireless link. The ETX path metric is simply the sum of the ETX values of the individual links. ETX is a 

measure of link and path quality. 

  ETT: The Expected transmission time (ETT) metric is an extension of ETX which considers different link routes or capaci-

ties. ETT is simply the expected time to successfully transmit a packet at the MAC layer 

 WCETT: The Weighed Cumulative ETT (WCETT) metric has been designed to improve the ETT metric by considering 

channel diversity. 
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  MIC: The Metric of Interference (MIC) metric improves WCETT. It is designed to support load balanced routing and to 

consider intra-flow and inter-flow interference,  

 

 
C. Load-aware Routing Protocol for Multi-radio Wireless Mesh Networks 

       Le, Kum and Cho[12] proposed a Load-aware routing protocol for Multi-Radio WMNs, called LMR to reduce interference and 

balance load in WMNs.LMR consists of 3 algorithms- 

 Channel assignment algorithms: It is used to assign wireless interface to non-overlapping channel creating  a logical topolo-

gy. 

 Load metric: To estimate a link load, LMR uses hello messages to distribute load information. When a node sends a hello 

message on channel i, it updates the average queue length at its interface on channel i. The neighbors that receive this mes-

sage then update the corresponding node’s load information in the neighbor table. Furthermore, the load information in the 

neighbor table is used to compute the regional traffic load. 

 Route discovery: A load balancing technique and load-aware channel selection mechanism are integrated into the route dis-

covery. Thus, LMR selects the route with the least load among the available routes from the source to the destination node, 

while also selecting the operating channel for the route. 

 

VII.     CLUSTERING 

         In cluster based system [13] [14], WMNs are partitioned into number of clusters by grouping the nodes in the network. A cluster 

[15] is a group of linked nodes, working together closely so that they form a single node virtually. The components of a cluster are 

generally, connected to each other through wireless or wired. After clustering, the cluster head is selected among the gateways within 

each cluster based on G_value known as Gateway Value [16]. This cluster head is connected to the wired networks while the rest of 

the nodes become ordinary node. Clustering reduces the workload of the Gateway nodes by reducing the number of nodes connected 

to cluster head/Gateway. Moreover, it reduces large number of traffic forwarded towards the cluster head/gateway. The cluster head 

coordinates the transmissions of packets\traffic within the cluster and may also exchange data to the neighboring nodes. Till now sev-

eral techniques have been employed for clustering the WMNs like Greedy algorithm [17], position-based approaches, Load-balanced 

approaches and Interference-based approaches [18]. 

           K-means clustering approach has been found to be an efficient technique to improve the performance of the network as well. 

 
VIII.     LOAD BALANCING BASED ON K-MEANS ALGORITHM 

 

        The k-means approach divides the mesh network into k clusters, where k is the number of clusters decided by the user and thus 

performs the load balancing at IGWs to gain better network performance and providing a better quality of service (QoS) by reducing 

the traffic congestion at the gateways. After clustering the cluster head is chosen on the basis of G_value known as Gateway value, the 

G_value is defined in equation no 1 shown below. The G_value has been chosen such as to select the most appropriate gateway as the 

cluster head based on some important parameters, which reflects the status of the network with respect to that gateway. The parame-

ters have been discussed in detail along with equation 1. This research work considers the limit of gateway head as queue length of the 

gateway. As shown in figure2, the WMN consists of four Gateways which are labeled (such as G1, G2 …) and the rest are simple 

routers or nodes. To partition the network we arbitrarily choose k (the mean) gateways from the network (i.e, G1 and G2) as the initial 

cluster centers or mean .Once the mean has been defined the remaining nodes move towards G1 and G2 based on the distance from 

the mean to other nodes to form the cluster as shown in figure3.After cluster formation, the G_value is calculated among all the avail-

able gateways to select the cluster head within each cluster. Say G1 and G4 is the cluster head based on the G_value. Therefore, this 

cluster heads coordinates the transmission of packets\traffic within each cluster and also may exchange data to neighboring nodes. 

When the cluster head i.e., G1 and G4 exceeds their limit for accepting the further service requests, update the cluster mean and con-

tinue the process from step 1. Continue this process whenever the updated cluster head, exceeds its limit. 
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G_value and its Parameters 

 

                                           

 Power supply: It refers to the energy that is accommodated to the nodes. Therefore, node with highest energy is suitable to be cho-

sen as GW as it consumes more energy during traffic consumption and have longer lifetime as compared to other nodes.   

 Velocity: Nodes with lower velocity has less mobility, Hence it will have lesser chance to move away from the cluster and being 

suitable to be chosen as a GW. 

 Constancy (C): Node constancy includes the time that a node exists in the cluster. Therefore, node that has longer lifetime is more 

constancy and more suitable for being GW. 

 DistanceFrom_centre (D): To select the shortest path for optimal routing mostly all the nodes forward the traffic through the central of 

the node which results in early congestion and packet drops. Therefore, it is suitable to select the GW that is suited at the bounda-

ry of the cluster. 

 PowerCPU: A node with high processing power has the capability to do quick computation. Therefore, it is more suitable to choose 

a node as a GW with high processing power. 

 T_QL (Total_QueueLength): Total queue capacity of the gateway. 

 QueueLengthAverage: Average queue length of the gateway. 

 QueueLengthvalue: Preset service requests that are available in the gateway’s queue. 

 

 
                      

Figure 2: Simple WMN before clustering 
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Figure 3: WMN after k-means clustering 

 

 

 

 

 
Advantages of the proposed K-Means Clustering Algorithm: 

 High intra-cluster similarity. 

 All nodes are aware of each other within the cluster. 

 Make the resulting k clusters as compact and as separate as possible. 

 All the nodes are close to each other within a cluster leads to power efficiency and simple routing. 

 Minimize the path cost. 

 Saves a time against selecting a new cluster head for new cluster. 

 Minimize the number of nodes connected to a cluster head within a cluster. 

 Minimize the traffic forwarded towards the cluster head (Gateway). 

 

 

IX. EXPERIMENTAL RESULTS 

Experimental Model Setup 

               This section describes the implementation of the proposed k-means clustering algorithm and also analyzes the results of the 

experiments. The proposed algorithm is simulated with NS2 with the parameters listed in Table 1. The simulation results have been 

analyzed with four different performance metrics. The experiments has been designed such as varying the total number of nodes and 

holding all other parameters constant, thus to compare with respect to the different performance metrics. The results of the proposed 

method, i.e. WMN with k-means clustering approach, have been compared with the simple WMN scenario, i.e. WMN without cluster. 

 
Table1; Experimental Model Setup 

 
Parameter Values 

Simulator NS 2.34 

Traffic Type CBR/TCP 

Simulation Area 1000X1000m 
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MAC Layer Protocol 802.11 

# No. of Nodes 12,18, 24,30 

Simulation Time 150 sec 

Routing Protocol AODV 

Node Placement Randomly 

 

Performance Metrics  

Packet delivery rate: The ratio of the no of delivered data packets to the destination. 

Packet Drop: Packet loss occur when a router receive the packet and specifically decides not to pass it onto.  

Average End-to-End Delay:  It refers to the time taken for a packet to be transmitted across a network from source to destination. 

Throughput: This performance metric measure the rate of information transfer. They are all measured in bytes/ bits per second.  It is 

the rate of successful message delivery over a communication channel. 

  
Result & Discussion:  

The results generated from the different performance metrics after implementing k-means clustering method in the WMN 

scenario are compared within two sections. And the comparison results are represented in the following figures. The comparison has 

been made with respect to the above mentioned four performance metrics and it is clearly visible that while k-means clustering meth-

od is applied to WMN, it gives better result in comparison to that of others. 
 

SIMPLE WMN vs. WMN with K-MEANS CLUSTERING  

In first section, the simulation is done based on AODV routing protocol along with k-means clustering. The simulation results show 

that the WMN performs much better than Simple WMN when it is clustered into number of clusters. Therefore it proves that k-means 

clustering approach for WMN performs much better than a simple WMN in all the four performance metrics as shown below.    

 

Figure4: Packet Delivery Ratio 
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Figure5: Average End-to-End Delay 

 

 

Figure6: Packet Drop 

 

Figure7: Average Throughput 
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AODV AND DSDV COMPARISON WITH K-MEANS CLUSTERING FOR WMN. 

In second section, the simulation is done based on two routing protocols (i.e., AODV and DSDV) along with k-means clustering to 

compare the performance of the WMN. The simulation results show that AODV routing protocol performs better than DSDV routing 

protocol for WMN even when the number of nodes increases in the WMN as shown below. 

 

Figure 8: Packet Delivery Ratio                                    

 

 

Figure 9: Average end-to-end Delay 

 

 

Figure 10: Average Throughput [in kbps] 
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X. CONCLUSION 

Internet Gateway Nodes (IGWs) are the heart of WMN as it integrates multiple networks to form mesh topology. As gateway nodes 

are forbidden from handling the large amount of traffic due to its limited capacity. Thus it an important issue to improve the network 

performance by means of load balancing .This paper proposes a new approach that distributes the overall workload into a number of 

clusters throughout the whole network and reduces the traffic requests towards the Internet Gateway within each cluster. And thus 

providing the k-means clustering approach to do so and hence do the job of load balancing.  

The experimental results of the simulation confirm that by implementing the k-means clustering method the network performance will 

increase in different aspects. Hence proves the efficiency of the proposed approach. 
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