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 Wireless Sensor Networks (WSN) is built by number of Low Power Sensor Nodes. The 

nodes power is not rechargeable because of unaware location. Many Efficient Energy 
protocols are motivated by Multi-Hop clustering technique. Multi-Hop technique leads 

routing issues and most of energy efficient protocols are failed in routing issues. So 
energy efficient protocol with multi hop routing technique is an energy efficient routing 

protocol. In proposed system, Distance from base station, Number of Neighbors and 

Residue Energy of each node for electing a Cluster Head (CH) in each round are 
considered. The proposed protocol comparatively improves the life time and end to end 

delay by 25 - 30% over the previous methods. 
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INTRODUCTION 

 

 Wireless Sensor Network (WSN) is a type of wireless Ad-Hoc network in which large numbers of sensor 

nodes are deployed in the application field. The Sensor nodes are inexpensive and low power devices. Each 

node consists of four main units: Sensing unit, processing unit, Communicating unit and Power unit. In sensing 

unit one or more sensors are placed to sense different environment parameters like sound, temperature, 

vibration, pressure, motion and etc., based on application requirement. Sensed data’s (analog or digital) are 

processed and aggregated in the processing unit. A transceiver (transmitter and receiver) section with antenna in 

the communication unit is used to send the data to base station or other nodes. A small irreplaceable battery in 

power unit provides energy to all other units in sensor node. So, the life of a node is depends on utilization of 

the battery.  

 Many researches are done for efficient utilization of battery power and network lifetime extension. They are 

mainly focused on clustering, especially multi-hop clustering. But they are not deal with routing between 

clusters. In our proposed work we are considering both energy and routing techniques.  

 Clustering is the one of the best method to use available energy, efficiently to extent the WSN life time. 

Nodes in the system are divided in to small sub-groups called clusters to avoid direct transmission of data from 

node to base station. In each cluster, a coordinator called Cluster Head (CH), who is going to collect data from 

their member nodes and aggregated it and send it to base station (W. R. Heinzelman, A. Chandrakasan and H. 

Balakrishnan, 2000). Because of heavy load to CH, their power gets down and dies quickly or shortly. This may 

lead to break down the network.  

 Clustering Algorithms are classified based on nodes type, either heterogeneous or homogeneous. In 

heterogeneous method, selected nodes (be CHs) are having high energy, high processing speed and memory 

compared with other nodes. In homogenous method, all nodes are with equal in all parameter and CHs are 

rotation based. 

 Routing protocols for WSN are generally falling in to four categories: Data-centric (data-aggregation), 

Hierarchical, location based and QoS (Quality of Service) based routing. Data-centric method uses sequence of 

aggregation from multiple sensor nodes to single base station to remove the redundant information. This idea is 

borrowed from in-network aggregation model and due to reduced amount of data transmission, the transmission 

cost of the CHs reduced. In Hierarchical model, routing to be done in two steps: sensed information from nodes 

to its CHs and CHs to base station. In location based routing, the nodes are equipped with GPS (Global 

Positioning System) facility and based on location aware information the routing table updated and shortest path 

to be find. In QoS based routing, path finding is not based on shortest one; it’s based on quality link.  
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Fig. 1: Clustering in proposed model. 

 

Existing method: 

 On the basis of LEACH (W. R. Heinzelman, A. Chandrakasan and H. Balakrishnan, 2000) protocol, put the 

aggregation architecture forward with a central control method, called LEACH-Centralized (W.B. Heinzelman, 

A.P. Chandrakasan and H. Balakrishnan,2002). This centralized idea with base station assisted is totally reverse 

of previous methods of decentralized ideas.  

 WCA-LEACH (Hanady M. Abdulsalam and Layla K. Kamel, 2010), uses weight is a parameter which is 

the combination of other parameters like residual energy, transmission consumption, adjacent nodes, the time 

nodes have play the cluster-head. W-LEACH (Zhang Jian-wu, Ji Ying-ying, Zhang Ji-ji, Yu Cheng-lei, 2008) 

uses weighted aggregation method to reduce unnecessary data transmission by removing redundant information. 

In (A.Keshavarzian, H.Lee, L.Venkatramanan, 2006) scheduled sleep/ awake-up method used to reduce number 

of active nodes at time by transferring the stages.  

 E-LEACH (F. Xiangning and S. Yulin, 2007) is choosing CHs based on remaining energy in sensors, such 

that in each round sensors with more remaining energy are better choice for CHs. V-LEACH (Y. K. W. M. M. 

BaniYassein, A. Al-zou’bi, 2009) introduces the concept of alternate CH, a sensor that becomes CH if the 

current CH dies. 

 Optimized Far Zone LEACH (K.Ramesh and K.Somasundaram, 2012) eliminates the problem of node 

mobility in FZ-LEACH. By using Exponential Moving Average, the mobility of the Far Zone Cluster Head is 

monitored and its next movement is predicted by using previous values. If the movement is beyond the limit of 

Far Zone then automatically a new CH elected without losing the data. 

 TL-LEACH (V. Loscrì, G. Morabito, S. Marano, 2005) introduces two level of clustering; first level Cluster 

head collect data from nodes and forward it to second level CH and that CH forward the aggregated data to base. 

This approach reduces the transmission cost by reducing transmission distance. MR-LEACH (Muhamnmad 

Omer Farooq, Abdul BasitDogar, 2010) not limited with two level and extends multiple hops to reach base 

station from sensing node. In (Tao Shu, Marwan Krunz and SarmaVrudhula, 2005) introduced power balanced 

method instead of load balanced method. In this proposed work, we used optimized power balanced and load 

balanced models equally with residual energy and sleep/awake modes effectively.  

 

 
 

Fig. 2: Unequal Clustering 
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Proposed system: 

 In proposed work, we consider node energy and routing simultaneously. In energy efficient part we 

consider nodes residual energy and distance between node and base for election of Cluster Head (CH). In 

routing part optimized load balanced and power balanced ideas are used to find quality path between node and 

base and unequal cluster sizes are used as in Figure 2.  

 

Network Model: 

 The following are the network model and basic assumptions. 

 Network is a homogeneous type, i.e. all nodes are equally equipped.  

 The base station (i.e. sink) is located outside the sensing field. 

 Nodes are equipped with GPS capable antennae, i.e., location-aware. 

 The communication channel is bidirectional or symmetric. 

 Data gathered from nodes can be aggregated into single TDMA (Time Division Multiple Access) packet by 

Cluster Heads (CH) in all stages. 

 High density of scattered nodes provides provision that not all nodes active at all time.  

 Scattered Nodes are left unattended after deployment, so battery re-charge or replacement is not possible. 

To make a uniform prototype, network model follows the radio model from (W.B. Heinzelman, A.P. 

Chandrakasan and H. Balakrishnan,2002), as in Figure 3.  

 

 
 

Fig. 3: Radio Energy Model. 

 

Eelec , refers to energy required to transmit or receive one bit of data. And energy required to transmit n bits of 

information for d distance with threshold d0 is given by,  

 ETxn (n, d)  = ETxElec (n)  +  ETxAmp  (n, d) 

=  
nEelec + n ∈fs d2 , d < d0

nEelec + n ∈mp d4 , d ≥ d0
              (1) 

 Free space (fs) model or multipath (mp) model is used based on the threshold and the distance between 

transmitter and receiver. To receive the above message (n bits), the receiver has to spend: 

ERxn  n = nEelec                (2) 

 Cluster head selection threshold for node k, as follows, 

T k =
p

1−p(rmod1/p)

Ere(k)

Emax
              (3) 

 Were, p is the number of rounds, r is the current round, Ere(k) is the residual energy of the node in current 

round and Emax is the maximum energy of the a node at initial. Emaxis common for all nodes in a homogeneous 

network. 

 

Methodology: 

 Following are the methodology implemented in our proposed model. 

1. Sleep Scheduling algorithm provides less than 50% of the nodes only active at time and other nodes in sleep 

mode in cyclic form.  

2. Cluster Head (CH) elected based not only on rotation and also with residual energy and distance to base.  

3. Cluster formed in each round by step 2 and CH create TDMA slot and pass to all member nodes. Received 

data’s from all members aggregated in CH and ready to transmit and member nodes switch to sleep mode. 

4. If the distance from CH to base is within the threshold d0 then single hop method is used to reach the base 

and routing is not required.  

5. If the distance from CH to base is above the threshold d0 then more energy required to reach base by single 

hop method. So multi-hop technique chosen, for transfer of data to base station.  

6. An Optimal power balanced routing method is used to find best path (not only the shortest path and also 

quality path). 
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7. In each hop the data again and again aggregated and transferred to next hop using in-network aggregation. 

This idea reduces number of data transmit in each hop and reduce the energy required for transmission. And 

finally the routing itself creates efficient use of node energy. 

 

Experimental Setup: 

 The performance of power balanced communication scheme is evaluated using Network simulator-2, which 

simulate node mobility, realistic physical layer radio network interface. Evaluation is based on the simulation of 

100 nodes located in the area of 500 x 500 m^2. The traffic simulator is constant bit rate (CBR), and other 

parameters are given in Table 1. 

 
Table 1: Simulation Parameters 

Parameter Value 

Number of nodes 100 

Network Grid 500×500m2 

Size of data packet 500 bits 

Initial energy of nodes 1J 

εfs 10pJ/bit/m2 

εmp 0.0013pJ/bit/m4 

Εelect 50nJ/bit 

EDA 5nJ/bit/signal 

 

 The performance metric used in this research is end to end delay, energy consumed and network lifetime. 

The various measures and details of all the parameters are given below 

 

Performance analysis: 

 The following parameters are to be considered for performance analysis. The analysis shows that there was 

improvement on proposed method EER (Enhanced Energy Routing) protocol. 

 

Average Energy consumed: 

 Energy consumed in each round can be identified by average remaining energy of the nodes. High 

remaining energy of nodes increases the life of network. Figure 4 shows that high remaining energy of nodes 

compared with LEACH that leads to long working of the network. EER protocol maintains high average 

remaining energy because of sleep-awake scheduling algorithm and new method of sending the packets by 

single hop or multi-hop based on distance from base. This idea reduces energy usage in sensing and transmitting 

sections.  

 

End to end delay: 

 End to end delay is nothing but the time taken for the packet to reach base station from sensing area. In 

proposed method packet discord or delay in delivery is reduced by choosing quality link between node and base. 

Figure 5 shows that very less delay compared with LEACH for proposed EER protocol. This is achieved by 

maintaining quality link between node and base and also in-network aggregation.  

 

 
 

Fig. 4: Energy Consumed Vs Time. 
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Fig. 5: End to end Delay Vs Data transmission rate. 

 

 
 

Fig. 6: No. of nodes alive Vs No. of rounds. 

 

Network Lifetime: 

 Network lifetime is decided based on the application. It may be First Node Die (FND) or 50% (Half) Node 

Die (HND) or Last Node Die (LND). Sensitive application with less dense of node need FND and delay tolerant 

application with high dense of nodes in the field may require HND or LND. In this proposed model network, the 

lifetime improved was double the time compared with LEACH. Figure 6 shows that compared with LEACH, 

proposed method, EER protocol prolongs network lifetime in all model of consideration FND, HND and LND.  

 

Conclusion: 

 Energy is a critical factor in Wireless Sensor Network and node energy plays important role in Life time of 

overall network. Efficient utilization of available non-replaceable power is the only way to extend the lifetime of 

network. The Routing techniques are another factor to decide lifetime in large-scale network. In proposed work, 

we considered that both node energy and routing for large-scale network. Sleep/awake-up scheduling algorithm, 

residual energy and distance from node to base are collectively used to make energy efficient protocol and 

optimized load and power balanced methods are used within network aggregation to make the overall protocol 

as energy efficient routing protocol. The Performance of the proposed work (EER protocol) shows that 

comparatively25- 30 % energy was improved in end to end delay and network lifetime.  
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