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Abstract 

A Wireless Sensor Networks(WSNs) is a specialized wireless network made up of large number of sensor nodes and 

at least one base station. The energy constraint of WSNs makes energy saving and prolonging the network lifetime 

the two most important goals of various routing protocols. Therefore it is necessary to design effective and energy 

aware protocol in order to increase the network life span. Clustering is a key technique used to extend the lifetime of 

a sensor network by reducing energy consumption.DEC (Deterministic Energy Efficient Clustering) protocol is a 

dynamic, distributive, self-organizing and more efficient in terms of energy than the existing clustering protocols. In 

this paper we introduced enhanced DEC protocol by enhancing clustering in DEC which is capable of improving 

stability as well as lifetime of the WSN network over other DEC,LEACH and ESEP. 
 

Keywords: Cluster Head Selection, Clustering Protocol, Deterministic Clustering, Energy Efficient, WSN 

lifetime. 

 

1. Introduction 

 A  WSN is composed of a large number of sensor nodes that are often deployed in ad hoc manner in an 

environment to monitor physical or environmental conditions, such as temperature, sound, pressure, etc. and to 

cooperatively pass their data through the network to a main location via  base station (BS) also called sink. The base 

station in sensor networks is usually a node with high processing power, high storage capacity and the battery used 

can be rechargeable. Data are collected at a sensor node and transmitted to the BS directly or by means of other 

nodes. All collected data for a specific parameter like temperature, pressure, humidity, etc are processed in the BS 

and then the expected amount of the parameter will be estimated. In wireless sensor networks, the position of sensor 

nodes need not be engineered or pre-determined, which allows random deployment in inaccessible terrains or 

disaster relief operations [1].  

Communication protocols highly affect the performance of WSNs by an evenly distribution of energy load and 

decreasing their energy consumption and thus prolonging their lifetime. Thus, designing energy-efficient protocols 

is crucial to increase the lifetime of WSNs [2]. Among the existing protocols, clustering based  have significant 

saving in the total energy consumption of wireless sensor network [3][4][5].In these protocols, the sensor nodes are 

grouped into a set of disjoint clusters. Each cluster has a designated leader  cluster-head (CH). Nodes in one cluster 

do not transmit their gathered data directly to the BS, but only to their respective CH.  
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2. Some Existing Clustering Protocols 

 

2.1. LEACH (Low Energy Adaptive Clustering Hierarchy) PROTOCOL 
LEACH protocol divides the total WSN into many clusters. The cluster head is randomly selected, every node to 

become a CH is equal attributable to which energy consumption of whole network is averaged. This will extend the 

network life cycle in WSNs. Leach is a cyclical algorithm; it provides a conception of round. It runs with several 

rounds. Each round contains two states: cluster setup state and steady state. In setup state it forms cluster within the 

self-adaptive mode the and information is transferred in steady state . The selection of CH depends on decision made 

0 and 1. If the number is smaller than that of the threshold value, the corresponding node becomes a CH for the 

current round.  

 

                                     T�n� = � �
�	��
	��	� �⁄ � if	n ∈ G

0 else � 

Here, P is the desired percentage of cluster heads, r is that the current round, and G is that the set of nodes that 

haven’t been selected as cluster heads within the last 1/p rounds. By considering this threshold, each node can 

become the cluster head at some point with 1/p rounds. Nodes that are cluster heads cannot become cluster head for 

the second-time for 1/p-1 rounds. Therefore, every node has a 1/p probability to be selected as a cluster head in 

every round. At the end of each round, every  normal node that is not a CH choose the nearest CH and joins that 

cluster to transmit the information. The cluster heads combine and compress the information and forward it to the 

base station. 

 Limitation in LEACH protocol is that as the CH  is randomly selected in this, there are some shortcomings 

attributable to the likelihood of every node to be selected as CH is same. After number of rounds, the node 

containing greater remaining energy and the node with smaller remaining energy have same probability to be chosen 

as CH. If the node with smaller remaining energy is chosen as cluster head, it will run out of the energy and die 

quickly, due to which network’s robustness can be affected and lifetime of the network becomes short[3].  

 

2.2. ESEP (Enhanced Stable Election Protocol) 
 ESEP is a modified clustering algorithm with a three-tier energy set-up to characterize energy-heterogeneity, where 

energy consumption among sensor nodes is adaptive to their energy levels. This protocol is a direct enhancement to 

the original SEP protocol, with the addition of nodes called the `intermediate nodes' to further characterize energy-

heterogeneity. The enhanced protocol is referred to as ESEP, which uses a three-node energy classification to further 

improve the network lifetime compared with both LEACH and SEP. For CH selection, threshold indication 

functions for normal, intermediate and advanced nodes can be computed as: 

T�n�
�� = � ����
�	�����
	���� ����⁄ �� if	n�
� ∈ G′

0 otherwise �                          

Where G′ is the set of all normal nodes that have not become CH in the past 
�

���� round r. The same analogy follows 

for the intermediate and advanced nodes. 

T�n%�&� = � �'�(
�	�'�(�
	���� �'�(⁄ �� if	n%�& ∈ G′′

0 otherwise �                              

 

With G′′the set of intermediate nodes that have not become CH in the past 
�

�'�( round r.  

T�n)�*� = � �+,-
�	�+,-�
	���� �+,-⁄ �� if	n)�* ∈ G′′′

0 otherwise �                             

 

 With G′′′ as the set of advanced nodes that have not become CH in the past 
�

�+,- round r.  

Thus, ESEP is designed to exploit different levels of heterogeneity in the network, which proved to have  better 

performance than SEP  [7].  

 

2.3.DEC (Deterministic Energy-Efficient Clustering) PROTOCOL  
DEC protocol is a purely deterministic model that utilizes clustering to organize WSN. This protocol is dynamic, 

distributed, self-organizing and more energy efficient than existing protocols. The approach of this protocol is 
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simple that is to minimize computational overhead-cost to self-organize the network. This protocol has better 

performance with respect to energy consumption in both heterogeneous and homogeneous network., as this uses 

residual energy of each node in the cluster for election process of CH. DEC seems to be similar to an ideal solution 

as shown in figure.1. However, the uncertainties in the CH elections have been minimized in DEC. The setup phase 

used in LEACH is modified, but the steady-state phase is kept same as that of in LEACH protocol. Since node’s 

energy can be determined a priori, the CH election process is reorganized by using the RE of each node. In DEC, the 

BS elects ./01 CHs at round m for the network. The BS can only take part in the election of CHs if and only if m=1. 

The elected CHs advertise their role using CSMA MAC just as in LEACH. However, in DEC unlike in LEACH, the 

join-request message will contain CM-ID, CH-ID, CM-RE and the header that indicates it as a request. This way the 

RE information of CMs is known to their respective CHs, thus localized and it can be utilized for CH rotation in the 

subsequent rounds. 

 

 

 

 

 

 

 

 

 

 

 

 

                

 

 

 

 

 

 

                                  Figure 1: Behaviour of Node Energy Consumption Overtime  

 

After the setup phase ends, the steady phase begins, but before the end of this phase, the current CHs checks the 

piggy-backed CM-RE’s information received to decide whether they will remain as CHs or relinquish their roles by 

choosing any node in their clusters with the highest RE as the new CHs. After this decision is made for the new CHs 

and all the data from the current round is communicated to the BS, the current round (r=m) ends (a perfect 

synchronization is assumed, just as in LEACH). The next round r=m+1 begins; but since the new CH’s are already 

chosen in the previous round, they broadcast their role in the new round, CMs join their cluster as already explained 

above. The steady phase begins again. This process continues in each round until the last node dies. With this 

method, the battery life of WSNs is significantly optimized. Based on the simulation studies, the followings are 

observed, which makes the DEC protocol desirable: 

1)The CH election is locally decided based on each node’s RE. And each round is independent of the subsequent 

round unlike in LEACH.  

2)DEC guarantees every node a chance of election as long as RE of each node is higher than its neighbors.  

3)DEC ensures a fixed Nopt cluster-head is chosen.  

4)DEC guarantees that every CH has enough energy to take up its role, until at least the end of the network lifetime, 

unlike in LEACH[8].  

 

3. Enhancing clustering in DEC 

The enhanced version DEC protocol is proposed in which the number of rounds as well as stability of network is 

increased as compared to original DEC protocol. The ideas behind enhanced DEC protocol are given below: 

 In enhanced DEC the multilevel clustering is employed in which four levels of nodes is defined which is better 

suited for defining heterogeneous environment as compared to three levels of nodes defined in the multilevel 

clustering model of original DEC protocol. The new type of nodes which are added in enhanced DEC are called 
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“Super nodes” which are having energy greater than all the three nodes(advanced nodes, intermediate nodes and 

normal nodes) .It must be noted that the total energy of network is kept same as that of original DEC protocol that is 

102.5J.The enhanced DEC contains 10% nodes of energy 2.75J called the Super nodes,10% nodes of energy 2J are 

the advanced nodes, 20% nodes of energy 1.25J are intermediate and 60% nodes of energy 0.5Jare called the normal 

nodes.However, in original DEC,LEACH and E-SEP 20% nodes are equipped with 2J of energy,30% with 1.25J of 

energy and 50% with 0.5J of energy. This new clustering model helps in increasing the network stability in 

heterogeneous network. Moreover the lifetime of the improved has also increased as compared to original 

DEC,LEACH and E-SEP protocols. This increases the stability and lifetime of a network. The initial parameters 

taken into consideration are shown in Table 1.  

 

                                

                                   Table 1:  Initial parameters for implementing the DEC protocol. 

Parameter  Description Value 

xm x ym Dimensions of Field 100m x 100m 

N No of Nodes 100 

Rmax Max no of Rounds 7000 

P Probability of a node to become CH 0.1 

Eo Initial energy of each node 0.5 J 

ETX Transmission energy of node 50*0.000000001 J 

ERX Receiving energy of node 50*0.000000001 J 

EDA Data aggregation energy 5*0.000000001 J 

Efs Energy dissipation for free space 10*0.000000000001 J 

Emp Energy dissipation for multi-path delay   0.0013*0.000000000001 J 

Packet Packet size 4000  

 

4. Results and Comparisons  
Enhanced DEC protocol is verified using the simulation results and it is compared with the existind clustering 

protocols like DEC, LEACH and ESEP. 

Figure 2 shows alive nodes versus number of rounds plot for enhanced DEC protocol and the original DEC. In 

original DEC the FND (First Node Dead) also known as stability period is at 1839th round means that the network is 

stable up to 1839 rounds. The LND (Last Node Dead) also known as instability period is at 2350th round also it 

shows that network lifetime is about 2350 rounds by using original DEC protocol. The enhanced DEC  performs 

better than original DEC protocol having FND at 2450 and LND with 2500. Therefore, enhanced DEC is 600 rounds 

more stable than original DEC and having lifetime 150 rounds more than the original DEC. 
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Figure 2 Comparison between original DEC and enhanced DEC 

 

Figure 3 shows the alive nodes versus number of rounds of enhanced DEC compared with other clustering protocols 

that are LEACH,ESEP and DEC. The enhanced DEC protocol is around 1450 rounds stable then existing LEACH 

protocol and 1000 rounds more stable than ESEP. 

  

 

 
 

Figure 3 Alive nodes v/s rounds plot comparison of enhanced DEC with other existing protocols. 

 

The energy management of enhanced DEC is better than Original DEC as shown in Figure 4 proving that enhanced 

DEC is more energy efficient than original DEC protocol. 
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Figure 4 shows comparison between original DEC and enhanced DEC in terms of total energy versus number 

of rounds. 

 
In Figure 5 the Dead nodes with respect to number of rounds is shown and here again the enhanced DEC perform 

better than other protocols. 

 

 
 

Figure 5 Dead nodes v/s rounds plot comparison of enhanced DEC with other existing protocols. 

 
Table 2: Comparison of existing protocols with the enhanced DEC protocol. 

 

Protocol First Node Dead Last Node Dead 

LEACH 995 4585 

E-SEP 1450 4000 

DEC 1839 2350 

I-DEC 2450 2500 
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Table 2 shows comparison of existing LEACH, ESEP, DEC protocols with the enhanced DEC protocol. It can be 

seen from the comparison that enhanced DEC performed better than other existing protocols in most of the aspects.  

 

5. Conclusion  

 
Recently, there has been an increase in the use of wireless sensor networks for monitoring environmental 

information (temperature, humidity etc) across an entire physical space. The main challenging task in this network is 

lifetime with stability. There are different types of protocols in WSN used to increase network lifetime but each 

protocol address one problem by leaving other. In this paper, an enhanced version of DEC protocol is developed 

which is capable of balancing stability with the network lifetime and also has better energy management then 

existing DEC protocol. 
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