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Abstract 

Wireless sensor networks have developed sma;; and low-cost sensors with the capability of different types of sensing 

environmental conditions with respect to data sensing and wireless conditions. In the WSN, the sensor nodes have a 

limited transmission range and their processing and storage capabilities as well as their energy resources are limited. 

There are many advantages in wireless mesh networks over other networks; the advantages include easy deployment, 

greater reliability, self-configuration, self-healing and scalability. There are two types of nodes in WMNs: Mesh 

Routers and Mesh Clients. Mesh Routers have specific routing functions to support mesh networking. Mesh routers are 

considered as the mesh backbone for the clients. There are multiple wireless interfaces in mesh routers  which can be 

built on either the same or different wireless access technologies. 

There are additional features in Mesh Clients for mesh networking and it can also work as routers. Mesh client has only 

one interface. There are higher variety of devices in Mesh Clients in Mesh Routers. To provide the data packet from 

source to destination Routing is considered as the important factor. The Wireless Mesh Routing protocols can be 

divided into proactive routing, reactive routing and hybrid routing protocols. 

In the existing system the network consists of 20 nodes with 2 servers and achieved Packet Delivery Ratio of 80%. The 

bandwidth of each channel is 100 Mbps having transmission time and throughput as 116 ms and 50% respectively. The 

topology used is grid topology. 

Keywords— Multimedia Access Control, Mobile Adhoc Network, Vehicular Ad-hoc Networks, Wireless Fidelity, 

Wireless Mesh Network 

1. Introduction 

Wireless Mesh Network is a first step towards providing cost effective and dynamic high-bandwidth 

networks over a specific coverage area and it has become an interesting area of research to ubiquitous 

communication. Wireless mesh infrastructure is, in effect, a network of routers minus the cabling between 

nodes. It's built of peer radio devices that don't have to be cabled to a wired port like traditional WLAN 

access points (AP) do. The data over large distances by splitting the distance into a series of short hops by 

Mesh infrastructure. Intermediate nodes not only boost the signal, but cooperatively pass data from point A 

to point B by making forwarding decisions based on their knowledge of the network, i.e. perform routing. 

Such architecture may, with careful design, provide high bandwidth, spectral efficiency, and economic 

advantage over the coverage area [1]-[4]. 
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There is a relatively stable topology in Wireless Mesh Network, except when one node in the network fails 

or the occasional failure of nodes. The path of traffic, being aggregated from a large number of end users, 

changes infrequently. Practically all the traffic in an infrastructure mesh network is either forwarded to or 

from a gateway, while in ad hoc networks or client mesh networks the traffic flows between arbitrary pairs 

of nodes. 

This type of infrastructure can be decentralized (with no central server) or centrally managed (with a central 
server). Both are relatively inexpensive, and can be very reliable and resilient, as each node needs only 
transmit as far as the next node. Nodes act as routers to transmit data from nearby nodes to peers that are too 
far away to reach in a single hop, resulting in a network that can span larger distances. As each node is 
connected to other nodes in the network the topology of the network is also reliable. If one node drops out of 
the network, due to hardware failure or any other reason, its neighbors can quickly find another route using a 
routing protocol. 

The layout of the paper is as follows. Section 2 describes about Wireless Networks, Section 3 states about 

the Clustering, Section 4 describes about the Cluster Head Select, Section 5 shows the simulation results 

and Section 6 states the Conclusion of the paper. 

2. Wireless Networks 

Wireless Mesh Network (WMN) can be considered to be an infrastructure-based ad hoc network with a 

mesh backbone carrying most of the traffic. WMNs have been recently advocated to provide connectivity 

and coverage, especially in sparsely populated and rural areas. Wireless and mobile communications have 

revolutionized the way we communicate over the past decade. This impact has been felt both in voice 

communications and wireless Internet access. The ever-increasing need for applications like video and 

images have driven the need for technologies like 3rd Generation Partnership Project Long Term Evolution 

(3GPP LTE), 3rd Generation Partnership Project 2 (3GPP2), IEEE 802.16 Worldwide Interoperability for 

Microwave Access (WiMAX) networks and IEEE 802.11 Wireless Local Area Networks (WLANs) which 

promise broadband data rates to wireless users. A lot of focus has also been on providing Qualityof-Service 

(QoS) in WMNs. 

3. Clustering 

Cluster analysis or Clustering is the task of grouping a set of objects in such a way that objects in the same 

group are more similar to each other than to those in other groups. Only one sensor node is solely 

responsible for communication with the base station (BS) in a cluster. This sensor node is called the cluster 

head (CH) and the remaining sensor nodes in the cluster are called followers. 

The followers collect and transmit the data to their corresponding CHs. The CHs aggregate their own data 

with the data received from their followers. The aggregated data are transmitted to a sink to accomplish a 

specific goal. The CHs remain closer to their follower sensor nodes when compared with the sink. It takes 

less energy to transmit the data to a CH instead of the sink, which allows the sensor nodes to conserve more 

energy and live longer in the WSN. 

In this paper, we have focused on cluster formation process by considering energy-delay trade-off. Cluster 

formation is a part of hierarchical routing protocols. These protocols are energy efficient and provide 

scalability [2]. A survey on various routing techniques and protocols can be found in [2]–[4]. Each cluster 

consists of member nodes and a cluster head (CH). The responsibility of collecting and aggregating data 

from the member nodes and sending it to the other CH or BS is done by CH. A survey on different 

attributes of clustering of WSN is given in [5]. As mentioned previously, energy is the most scare resource 

of WSN.  

 

Hence, the objective of the CH election is to provide energy efficiency so as to enhance the lifetime of the 

WSN. Data aggregation is one of the ways which can provide energy efficiency [1]. Routing between the 

clusters can be direct or multi-hop. Direct transmission is very easy to use, and therefore, this technique is 

widely used in many applications. Efficiency of direct transmission will be reduced if the geographical 

zone is bigger than the certain threshold [6], [14]. Hence, to enhance the lifetime for the scalable network, 

it is required to use multi-hop communication for intra-cluster routing as well as inter-cluster routing. There 

are some applications of WSN like forest fire detection for which information must be received by the BS 

https://en.wikipedia.org/wiki/Router_(computing)
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within the bounded delay to avoid disaster. For such delay constraint applications, it is difficult to enhance 

lifetime of a WSN [15]–[18].  

 

Direct transmission provides minimal delay but increases energy consumption of WSN nodes. On the other 

hand, multi-hop communication is energy efficient as nodes have to transmit over a shorter distance; and 

energy consumption is directly proportional to the distance [8], [18] but it increases delay. Also, we should 

select direct transmission or multi-hop transmission between CH and member nodes, and between CH and 

other CHs or BS to balance between the energy consumption of a node and delay encountered by the data. 

If a multi-hop communication is used then selection of the ―next hop‖ is also a challenging issue. 

If same node is selected as a ―next hop‖ then it runs out of energy within a short period. Hence, there is a 

need to design a CH election process which takes care of trade-off between energy and delay by selecting 

direct transmission or multi-hop transmission for intra-cluster and inter-cluster communication. If multi-

hop transmission is used then selection of ―next hop‖ to balance between the energy and delay is also a 

challenging task. 

 

4. Cluster Head Selection 

4.1. Major Contributions: 

The summarization of the contributions as follows: 

• The research proposed a Cluster Head Election approach EDIT, to optimize two 

conflicting objectives named ―Energy‖ and ―Delay‖.  

• The discussion has found trade-off between Energy and Delay by considering two 

different types of distances between CH and its member nodes: i) Euclidean distance and 

ii) Hop-count. 

•The results shows that how selection of ―next hop‖ in a multi-hop communication 

affects the Energy and/or Delay requirements of the underlying application.  

• The effect of controlling parameters of EDIT on Energy and Delay is also focused. 

• The research proves our proposed approach by extensive simulations using realistic 

radio parameters to get simulation results closest to the test bed. 

 
Fig. 1. Flowchart for Cluster Head Selection 
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5. Simulation Results Reported till Date 

The research carried out with different metrics that are being used to measure energy efficiency the 

performance of energy efficient systems. Two types of network systems are deployed and different metrics 

are measured for the same. 

 

5.1. Initialization Phase 
The Initialization Phase consists of 50 nodes which are deployed in a 1000m x 1000m environment. The 

energy allocated to the nodes is random; except assumption is made that the energy of the base station is 

infinite and BS is far away from the sensor node. The base station is assumed to be node 0 and it is labeled 

red. The base station is fixed while other nodes are mobile in specific time interval. Fig -1 depicts a Base 

Station and remaining sensor nodes deployed in the network field.  

 
Fig. 2. Basic node generation 

 

5.2. Clustering the nodes and parent selection as base station. 
Taking 300 nodes in network and Clustering the nodes in the group of 50 each clustered group has 

specified color and having one parent which it selects for communication with other nodes in the cluster. 

The distance between the nodes is taken randomly and the data is transferred between them and the metrics 

of QoS are measured [15]-[18]. 

 

 
Fig. 3. Clustering the nodes in group of 50 

 

Every node selects a parent node from its neighbor list based on their energy level and neighbor count. The 

neighbor with high residual energy level and neighbor is selected as parent node. Each sensor node will 

broadcast and select the neighbor if it is lying 250m in the vicinity. Each node will maintain the neighbor 

count and the energy of their neighbours. The parent node selection is done by calculating the weight of all 

the nodes. The node with the weight is selected as the parent. The weight of the node considers the 

neighbour count and the energy level of the node.  
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Fig. 4. Parent selection as base station 

 

Before the starting of the election of the clustering heads, Energy is consumed in all the phases of protocol. 

After election phase, data transmission phase starts in which firstly all the sensor nodes in their clusters 

send their data to their respective cluster heads so energy is consumed in sending the and receiving the data. 

Travelling of data is with the help of cluster coordinators which again needs the power to send and receive 

the data until it reaches the BS. By doing simulation of this process the results show that by increasing the 

cluster heads, the energy consumed is increased than when the cluster heads are less which is very contrast 

to the HCR. The energy consumed is equated through the expression shown below. 

In election phase the cluster heads send advertisement message to the sensor nodes and the nodes reply 

with acknowledgment. The equation of the energy consumed by the cluster head in election phase 

evaluated through the following. 

 

Ech_elec=l (Ee+Es.d
2
) +n1.l (Ee+Ebf) 

 

The first part of Equation shows the energy consumed in sending the message to the sensor nodes and the 

second part shows the energy consumed in receiving[10]-[18]. 

 

6. Expected Outcomes 

To design a network with the number of nodes comprising of 300 nodes with around 10 servers and the 

topology used is chain topology to achieve shortest path to reach all nodes. To achieve Packet delivery ratio 

up to 100% with bandwidth of each channel with data rate of around 100 Mbps where packet delay should 

be maintained for load balancing constants in few tens of milliseconds. The wireless mesh network to 

contain a minimum transmission delay power of 5mw with propagation delay of 0.1ms. The transmission 

time and throughput should be around 200ms and 70% respectively. The desired path loss exponent γ 

varying between 2 to 4 with interference threshold of around 15 dB. To analyze the efficiency of network 

using STDMA link scheduling based on communication graph model and SINR conditions that yield 

higher network throughput. The SNR should be 35 dB with the transmission range of 15m at transmission 

rate of 6.8 Mbps having transmission power of 15mw-50mw. 
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