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ABSTRACT 

In wireless mesh networks, a common challenging problem is designing algorithms for balancing the traffic loads among a given 

set of network gateways. The location or place where a gateway is placed affects the overall performance of network. So in this 

paper, we have proposed an algorithm for planning the placement of gateways in such a way that it is load-sensitive and can 

improve network utilization. Simulation results prove the effectiveness of our approach, which outperforms all schemes tested.  
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1. INTRODUCTION 

Wireless networks have changed the way we work and play. 

They have changed every facet of our lives to make it easier to 

communicate with our peers. Wireless networks end to form a 

natural extension to the way we communicate making them 

more imbued in our daily lives. Researchers are pushing the 

envelope by improving the performance of traditional cellular 

networks. As technology progresses we will see a greater 

demand for smarter and more efficient devices coupled with 

much faster wireless networks to address and aid the human 

appetite for information, communication and entertainment. In 

spite of all these advances, current wireless networks are 

marred with limited coverage, low throughput, unreliable 

connections, security concerns, and power limitation. 

Therefore, it is vital to build an economic, scalable and fault 

tolerant wireless system that can meet the exponentially 

growing demand. 

 

Wireless gateway placement is an important design factor for 

the deployment of mesh networks. If a wireless gateway is 

placed at the edge of the network, the average communication 

cost will intuitively be much higher than if the gateway was 

placed in the center of the network. It is thus very important to 

place the gateways so as to minimize the number of gateways 

to keep cost at a minimum. At the same time, their placement 

should meet the end user application performance metric of 

minimum bandwidth and an upper bound on the delay. Along 

with QoS constraints, other factors like minimizing 

interference, increasing fault tolerance and provisioning for 

demand growth are also important factors that influence the 

location of the wireless gateways. 

 

2. BACKGROUND AND RELATED 

WORK 

Various researchers proposed several clustering based 

approaches for placing the Gateway in a Wireless Mesh 

Networks. Clustering Based Gateway Placement Algorithm 

[1] guarantees end-to-end bounded delay communications 

with a good handling of network scalability. While in one of 

the approach the researcher divided the network into a set of 

disjoint clusters, subject to multiple constraints, and then 

within each cluster a single mesh router is chosen as the 
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gateway to serve the nodes within the cluster. Research [2-4] 

has used different clustering-based approaches to find near-

optimal solutions to the gateway placement problem under 

quality-of-service (QoS) requirements (such as delay and 

throughput performance). In paper [2] the author addressed the 

problem of gateways placement, consisting of placing a 

minimum number of gateways such that quality-of-service 

(QoS) requirements are satisfied and presented a near optimal 

heuristics algorithm for gateway placement, and later 

compared its performance with some previously known sub-

optimal solutions. B. Aoun et al. [3] addressed the problem of 

gateways placement by placing a minimum number of 

gateways such that quality-of-service (QoS) requirements are 

satisfied using polynomial time near-optimal algorithm which 

recursively computes minimum weighted Dominating Sets 

(DS), while consistently using both analysis and simulation, 

and showed that it outperforms other alternative schemes by 

comparing the number of gateways placed in different 

scenarios. F. Zeng et al. [4] addressed the problem of load 

balanced gateway placement, and proposed a greedy algorithm 

GA-LBC to partition a WMN into load-balance and disjointed 

clusters, each cluster satisfies QoS requirements. Based on 

GA-LBC algorithm and the principles of genetic algorithm, 

author proposed a hybrid algorithm HA-LBPG to get the near-

optimal solution. Using this approach the number of gateways 

generated by HA-LBPG is nearly equal to the result from 

other gateway placement algorithms, and as far as the load 

balancing on the gateways is concerned, HA-LBPG performs 

much better than the other existing techniques. Bejerano[16] 

addressed the gateway placement problem as a variant of the 

capacitated facility location problem (CFLP), and proposed a 

clustering algorithm. Each gateway served a cluster of its 

nearby MRs, and a spanning tree rooted at the gateway (cluster 

head) was used for message delivery. Bejerano's approach [16] 

involves two steps algorithm. The first step was to find a 

minimal number of disjoint clusters containing all the nodes 

subject to an upper bound on clusters' radius. The second step 

was to generate a spanning tree in each cluster and subdivide 

the clusters which violated the relay load or cluster size 

constraints. Paper [8] has investigated the performance of 

several clustering algorithms for gateway placement in WMNs 

Using the network topology of an already-deployed network. 

Having multiple gateways in clustered WMN can improve 

performance significantly. 

 

3. PROPOSED ALGORITHM  

The main focus of this research is on the problem of load 

balanced gateway placement. The objective is not to balance 

load in the sense that all domains carry approximately the 

same, but to minimize the excess load of congested domains, 

ideally removing it. The overall cost of placing a gateway is 

thousand times higher than a normal mesh router; so, to 

minimize the total cost, the number of deployed gateways 

should be kept as low as possible. The gateway should be 

selected in such a manner that it always satisfies the condition 

that total capacity of all the gateways should be at least total 

traffic demand imposed by all the clients; to minimize the 

number of gateways, a mesh router with higher capacity 

should have higher priority of being selected as a gateway. 

Here, the capacity of a node refers to its capacity of handling 

local traffic plus its backbone traffic.  

 

By adding more gateways network throughput can be 

increased by effectively reducing the average minimum hop 

count that a message has to go through to reach the nearest 

gateway, and alleviating traffic load on existing gateways. In 

addition, the locations of deployed gateways can affect 

network performance greatly. 

 

3.1 Assumption 

 Let the backbone of BS be a connected graph of base stations, 

where BS can be speculated as nodes and the edge in the graph 

will work like the links between the nodes.  

 

To determine the minimum degree of the graph, we use a 

property called bi-connectivity in a network. Each node should 

be covered by at least two base stations.  

 

3.2 Overview of algorithm 

In this paper a load balanced algorithm to find an 

approximating optimal solution of gateway placement in 

WMN is proposed. This algorithm is separated into two steps: 
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Fig2: Different Stages in clusters construction and gateway 

placement on 6x6 grid based WMN with R=3 and H=2 

In the first step an approach of gateway selection, which is 

similar to finding minimum dominating set with maximal 

weight is presented, and in second step, every MR can be 

attached to one or more gateways. For this a clustering based 

gateway placement approach is proposed which aims at: (1) 

Ensuring the strategic placement of MGs. On the basis of 

cluster radius and expected path length from the selected MG 

to all APs belonging to the same cluster the position of a 

candidate MG is selected;(2) Network scalability by forcing 

each node to send traffic to its closest gateway is assured; (3) 

Placement of a smaller number of MGs, which result in cost 

effective topologies. This technique ensures a proper 

placement of MGs which lead to less deployment cost while 

providing enough network throughput capacity. 

First of all the set of APs is defined and the whole graph 

should be fully connected, thereafter cluster construction 

procedure starts by placement of a MG at a half way position 

between two APs. For the AP which is not yet visited, its peer 

AP is selected as the closest one, among its entire AP neighbor 

(within single hop distance) is not considered as candidate 

APs. Here Best First Search algorithm for the selection of the 

peer AP is used, since all graph links have the same cost 

(equal to one).The set of mesh nodes that are at most H hops 

away from the newly placed MG are included in the same 

cluster and marked as visited. The algorithm is iterative and 

terminates when all mesh nodes are marked. When there are 

one or two AP left (no peer AP is found), there parent in the 

routing path (its predecessor) is selected as MG in that 

situation; all the nodes belong to disjoint clusters, each headed 

by one MG when the algorithm terminates. The total number 

of formed clusters represents then, the minimal number of 

MGs that assures the required delay with a minimum 

deployment cost. 

 

3.3 Proposed Algorithm 

 

 

Here Leftclus denotes the nodes that are left to be clustered 

and totAp denotes the total number of AP clustered. 
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Pseudo Code for GoBckHlf: GoBckHlf() returns the position 

of the candidate MG, GIndx, which is equidistantly located 

between APjand APindex 

Lemma: At the end of clustering process, each cluster is 

headed by one MG . 

 

4. PROOF 

Assume that a cluster is formed without placing an MG at the 

centreof the cluster as cluster head. This implies that 

GoBckHlf(APj, AP index) does not return any node to be 

elected. In this case, executing BFS (APj,APk) would not find 

a path between APjand APkwhich later becomes APindexas 

the closest peer. This means that APj, and APindex belong to 

two disconnected graphs whereas the graph is connected. This 

proves that our assumption is false; thus, Lemma.  

 

5. CONCLUSION 

Here we addressed the gateway placement problem with  fault 

tolerance assurance. We proposed a two stage algorithm of 

gateway placement in WMN. The first stage, is of gateway 

selection,which is similar to finding minimum dominating set 

with maximal weight,and in second stage,every MR can be 

attached to one or more gateways and selected a gateway as 

the primary gateway considering fault tolerance amongst 

gateway. 
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