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Abstract- In this paper, an intermediate node based energy efficient routing protocol for wireless 

sensor networks (WSNs) is introduced which utilizes minimum energy. In this, Base station is 

located out of the sensing field and intermediate node is deployed in the center of the network. 

This intermediate node is rechargeable therefore, it reduces cost. It also reduces traffic problem 

and reduce distance for reliable transmission of data. For this we use the modified HEED protocol 

for wireless sensor network in which dead nodes, energy consumption are decreased and the life 

time, alive nodes, throughput, residual energy, packet delivery rate are increased. 
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I. INTRODUCTION 

In the past years [1], we were used the wired technologies for the communication. These technologies 

have the greatest drawbacks of using cable and it is impossible to use for long distance and not a reliable 

one also. To overcome these drawbacks, we have been moved to the wireless one. By using the wireless 

communication technologies, we make our communication as reliable one and cable free one. 

Wireless technologies are applied in various wide applications throughout the world. For 

communicating over the world, wireless communications communicates via satellite. In the closed 

environments or limited range applications like school, colleges, offices, factories, and industries, we 

communicate or transfer the data with the help of wireless sensor networks such as RF modem, 

Bluetooth, Wi-Fi and Zigbee etc. The primary advantages of wireless sensor networks are, 

- Reliable one 

- Authenticated one 

- No use of cables 

- Lesser cost than wired one 

In an effective wireless sensor network, different routing protocols have been designed to select the 

optimized path in the IP network with less delay, large throughput, large lifetime and less packet loss to 

transfer the data to the destination via intermediate nodes [2]. Routing is the way toward choosing paths 

in a network along which to send arrange movement [3]. A routing protocol specifies how routers 

communicate with each other, disseminating information that enables them to select routes between any 

two nodes on a computer network [4].  A WSN include huge number of sensor nodes prepared with 

various sensing procedure to observe various technique changes in the real world. A sensor node is 

composed of four units as shown in figure 1. First unit is sensing unit: - sense the desired information 

from the interested region. Second is Memory unit: - store the information until it is sent for prospect 

use. Third is Computation unit: - computes the aggregated information. Final unit is power unit: - it 

provides power supply for whole procedure. [5] Since sensor nodes are battery powered equipment 
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therefore they have some degree of energy. WSN are usually deployed in inhospitable terrain such as 

mountainous region where it’s very complicated to recharge or put back batteries [6]. Therefore the 

main contribution of any energy efficient routing protocol is to prolong the network lifetime which is 

possible by decreasing energy consumption of individual nodes. In addition it is also essential to ensure 

that the common rate of consumption of energy by every node is also same. 

On the basis of energy distribution among sensor nodes, WSNs are classified into homogenous and 

heterogeneous networks. Some clustering protocols such as LEACH, Power-Efficient Gathering in 

Sensor Information System (PEGASIS), and Hybrid Energy-Efficient Distributed Clustering (HEED) 

are defined for homogenous networks. Whereas, stable Election Protocol (SEP) [7] and Distributed 

Energy Efficient Clustering (DEEC) deal with heterogeneous networks. In this paper, we discussed the 

modified HEED protocol. 

Challenging issues in WSN  

Many factors affect the process of designing and applying any WSN [8]. These factors must be 

overcome to achieve reliable communication, good sensing and quick data transmission. Following are 

some of these challenges:   

1. Energy: Energy represents the main constraint in all the WSNs. Usually operating the sensor 

node, its data transmission and its data processing are representing the essential energy-

consuming processes. Sensors are depending on limited power batteries. In most WSNs 

applications the ability to replace or recharge the sensor battery in this era is impossible. So, 

limited energy of the sensor represents a vital task in designing any WSN. The good choice of 

protocols and communication methods can play a role in decreasing the network energy 

consumption.  

2. Coverage area: Each sensor node has an ability to achieve certain environment views. Sensors 

view is limited in accuracy and range. It can offer certain accuracy and cover to a scarce physical 

object. The coverage area is also an effective design factor in WSNs.  

3. Storage: All the designed sensors having small storage size compared with the storages in other 

modern devices. This restriction makes the design of the WSN requires a special awareness 

when it used in a high data applications. Limited storage was affected the processes of data 

communication and data processing.  

4. Scalability: The network scalability represents the ability of the network to deliver a suitable 

service level when the network size rises. A sensor network in many applications composed of 

thousands or hundreds of sensor nodes. To ensure reliable operation, a good scalability is 

required for the wireless sensor networks routing protocols. 

5. Quality of Service: In most sensing applications, the sensed data must be collected and 

transmitted in a certain epoch of time. The restricted latency for the delivery of the sensed data 

represents another form of "time constrained requests". The energy conservation which is related 

to the lifetime of the WSN can be considered in more important manner than the sent data 

quality in most real applications. 

Hybrid Energy-Efficient Distributed Clustering (HEED) 

Nodes in LEACH independently decide to become cluster heads. While this approach requires no 

communication overhead, it has the drawback of not guaranteeing that the cluster head nodes are well 

distributed throughout the network. While the LEACH-C protocol solves this problem, it is a centralized 
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approach that cannot scale to very large numbers of sensors. Many papers have proposed clustering 

algorithms that create more uniform clusters at the expense of overhead in cluster formation. One 

approach that uses a distributed algorithm that can converge quickly and has been shown to have low 

overhead is called HEED. HEED uses an iterative cluster formation algorithm, where sensors assign 

themselves a “cluster head probability” that is a function of their residual energy and a “communication 

cost” that is a function of neighbor proximity. Using the cluster head probability, sensors decide whether 

or not to advertise that they are a candidate cluster head for this iteration. Based on these advertisement 

messages, each sensor selects the candidate cluster head with the lowest “communication cost” (which 

could be the sensor itself) as its tentative cluster head. This procedure iterates, with each sensor 

increasing its cluster head probability at each iteration until the cluster head probability is one and the 

sensor declares itself a “final cluster head” for this round. The advantages of HEED are that nodes only 

require local (neighborhood) information to form the clusters, the algorithm terminates in O (1) 

iterations, the algorithm guarantees that every sensor is part of just one cluster, and the cluster heads are 

well-distributed [9]. 

Modified HEED 

In this section, we discuss Modified HEED. We discuss network characteristics and working principle of 

this scheme for better performance. This section presents key concept of this network model. In order to 

enhance some features like clustering process, stability period, throughput, packet delivery rate and 

network life-time for optimized performance of WSNs this model was developed. According to this 

approach sensor nodes are deployed in the territory. In order to acquire better clustering, the network is 

divided into four regions. Doing such sort of partitioning better coverage of the whole network is 

achieved. Additionally, exact distribution of nodes in field is also well defined.  Moreover, it also 

presents an idea of efficient clustering mechanism which yields significantly in better coverage of whole 

network. Here, we deployed random nodes in a 100m×100m filed. Based on location information, 

network is divided into four equal parts. 

Portioning of network into regions yields in efficient energy utilization of sensor nodes. Through this 

division optimum positions of CHs are defined. Moreover, transmission load of other sending nodes is 

also reduced. In conventional protocol cluster are arbitrary in size and some of the cluster members are 

located far away. Due to this dynamic cluster formation farther nodes suffers through high energy 

drainage and thus, network performance degrades. Whereas, in Modified HEED network is partitioned 

into sub-sectors and hence, clusters formed within these sub-sectors are more deterministic in nature. 

Therefore, nodes are well distributed within a specific cluster and results in efficient energy drainage. 

Concept of randomized clustering as given in for optimized energy drainage is applied in each sector. 

Assigning CH probability P = 0.05 we start clustering process. In every individual round nodes decides 

to become CH based upon P. Overall network is divided into four regions as: Area A, B, C and D. 

Initially each node decides whether or not to become a CH. Node chooses a random number between 0 

and 1. If this number is less then certain threshold T(n), and condition for desired number of CHs in a 

specific area is not met, then the node becomes a CH. Similarly the same process continues for rest of 

the sectors and optimum number of clusters are formed. Selection of clusters will depend upon Received 

Signal Strength Indicator (RSSI) of advertisement. After decision of clusters, nodes must tell CHs about 

their association. On the basis of gathered information from attached nodes, guaranteed time slots are 

allocated to nodes using Time Division Multiple Access (TDMA) approach. Moreover this information 

is again broadcasted to sensor nodes in the cluster. Non-CH nodes will locate themselves in specified 

area they belong to. Then they will search for all possible CHs, and on the basis of RSSI they will start 

association. This process will continue until association phase comes to an end. Once cluster setup phase 

is complete and nodes are assigned with TDMA slots every node communicates at its allocated time 
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interval. Rest of the time radio of each non-cluster head node will remain off in order to optimize energy 

utilization. When all nodes data is received at the CHs then, the data is compressed and is sent to BS. 

The round completes and new selection of CHs will be initiated for next round. 

II.RELATED WORK 

Khediri et al. [10] introduced O-LEACH with some optimization in CH selection. Instead of selecting 
the CHs based on the probabilistic rotation, the authors are taking the dynamic residual energy alone for 
selecting the CHs and concluding that O-LEACH increases the stability of the network and it can be used 
for dynamic networks. Moreover, it uses the centralized concept of electing the CHs. The BS is 
responsible for making efficient clusters based on the residual energy. The BS begins the making of 
clustering process. The CH is elected by considering the energy of the sensor nodes. Nodes which have 
energy greater than 10 percentage of minimum residual energy are considered for the selection of CHs. If 
the energy of nodes are lesser than 10 percentage of minimum residual energy, the original LEACH 
method is followed for selecting the CHs. Thus, by adding this new factor when selecting the CH, O-
LEACH is competing with LEACH. 

Tumer et al. [11] introduced a more practical protocol called EELP which is not designed for the ad 
hoc wireless sensor networks. It is specifically designed for the network of sensor nodes, whose locations 
are predetermined. The general application of EELP is to identify the hazardous gases in residential or 
commercial buildings. In EELP, two thresholds are set namely Lower Threshold (LT) value and Higher 
Threshold (HT) value. If the sensed data is below the LT, it will not be sent to the BS. If the sensed data 
is greater than the HT, there is no need to wait for the CH. It can send the sensed data directly to the BS. 
Another important aspect is EELP uses XOR operation for eliminating the duplicate data sensed by the 
nearby nodes.  

Eletreby et al. [12] developed CogLEACH for cognitive radio sensor networks. The authors are 
utilizing the potentials of cognitive radios and WSNs to form a new high-speed, distributed, spectrum-
aware protocol. CogLEACH uses the sensor nodes as SU (Secondary Unit) and some PU (Primary 
Units). The sensor nodes are free from congestion bands and can utilize less crowded bands with the 
capacities of cognitive radios. The threshold is fixed based on the vacant channels mainly. It has very less 
control overhead, and can support for different PU models. The CH is selected based on availability of 
more number of idle channels of nodes. It considerably improves the throughput and network life time of 
WSN.  

According to Pantazis et al. [13], routing protocols can be classified in four schemes: Network 
Structure Scheme, Topology Based Scheme, Communication Model Scheme and Reliable Routing 
Scheme. Further based on the deployment of nodes in the network, the network structure schemes can be 
divided into two types: Flat routing and Hierarchical routing. In flat routing protocols, all sensor nodes 
play identical roles and functionalities in the network. The popular flat routing schemes are Flooding and 
Gossiping, Directed diffusion, Rumor, SPIN, etc. The main problem of these types of networks is 
scalability as they are used for small area networks. 

Katiyar et al. [14] worked on Improvement in LEACH protocol for large-scale WSNs. The LEACH 
protocol could be a stratified cluster protocol that has a chic answer for such protocols. One deficit that 
affects the presentation of the procedure is the endurance of terribly giant and extremely tiny clusters 
within the network at the similar time. This ends up in scale back in lifetime of WSNs. This analytical 
work targeted to investigate a brand new energy skilled cluster protocol (FZ-LEACH) that eliminates the 
on top of downside by forming Far-Zone. It is a gaggle of detector nodes, and these nodes are positioned 
at locations wherever their energies are but a threshold. The results and study show that planned 
FZLEACH formula outperforms LEACH in terms of energy consumption and network existence. 
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Garg et al. [15] discussed that fast convergence in OSPF is very important for widespread deployment of 
real time applications. The present study improves the OSPF performance convergence by providing 
back up path, improving OSPF routing algorithm, in case of failure, and makes it a preferred choice for 
today’s network designers. 

Smaragdakis et al. [16] studied the impact of heterogeneity of nodes, in terms of their energy, in wireless 
sensor networks that are hierarchically clustered. In these networks some of the nodes become cluster 
heads, aggregate the data of their cluster members and transmit it to the sink. They assume that a 
percentage of the population of sensor nodes is equipped with additional energy resources—this is a 
source of heterogeneity which may result from the initial setting or as the operation of the network 
evolves. They also assume that the sensors are randomly (uniformly) distributed and are not mobile, the 
coordinates of the sink and the dimensions of the sensor field are known. They show that the behavior of 
such sensor networks becomes very unstable once the first node dies, especially in the presence of node 
heterogeneity. Classical clustering protocols assume that all the nodes are equipped with the same amount 
of energy and as a result, they cannot take full advantage of the presence of node heterogeneity. They 
propose SEP, a heterogeneous-aware protocol to prolong the time interval before the death of the first 
node (they refer to as stability period), which is crucial for many applications where the feedback from 
the sensor network must be reliable. SEP is based on weighted election probabilities of each node to 
become cluster head according to the remaining energy in each node. They show by simulation that SEP 
always prolongs the stability period compared to (and that the average throughput is greater than) the one 
obtained using current clustering protocols. They conclude by studying the sensitivity of their SEP 
protocol to heterogeneity parameters capturing energy imbalance in the network. They found that SEP 
yields longer stability region for higher values of extra energy brought by more powerful nodes. 

III. RESULTS 

Our protocol is modified version of the HEED protocol. The introduction of the intermediate node 

provides better results than the conventional protocol process itself. Moreover, it also increased the 

lifetime per round of the nodes thus increasing the residual energy and packet delivery rate of the 

system. 

In our proposed method, there are four regions in the network based on the location- region1, region 2, 

region 3 and region 4. Intermediate node is located in the region 1. Region 2 is located near to the base 

station. Region 3 and region 4 is located away from the intermediate node and base station. Cluster 

heads are selected in these two regions which collect the data from the neighbored nodes and transmit to 

the intermediate node. Nodes in the region 1 communicate directly to the intermediate node and nodes in 

the region 2 communicate directly to the base station. Nodes in the region 2 and 3 communicate to the 

intermediate node through the cluster heads. Intermediate node transmit the data to the base station. 
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Figure 1. Number of Dead nodes 

Number of Dead nodes decreased in our proposed method as compared to the conventional HEED 

protocol as shown in figure 1 which shows that the life time of the nodes is improved in our proposed 

method than the conventional HEED protocol. 

  
Figure 2. Energy Consumption 

Figure 2 shows energy consumption in the network. Energy consumption in the proposed modified 

HEED protocol is less than the conventional HEED protocol. 

Packet delivery rate is the ratio of the packets received to the packets transmitted to the base station. 

Figure 3 shows the packet delivery rate which is improved in our proposed method as compared to the 

conventional method.  
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Figure 3. Packet delivery rate 

IV.CONCLUSION 

In this paper, we used the modified HEED protocol for wireless sensor network in which division of the 

network is done based on the location of the nodes. In our proposed method, number of dead nodes, 

energy consumption are decreased and the life time, alive nodes, number of packet received and packet 

delivery rate is increased. 
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