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ABSTRACT 

Preserving the consumed energy of each node for increasing 

the network lifetime is an important goal that must be 

considered when developing a routing protocol for wireless 

sensor networks. The main objective of cluster-based routing 

protocol is to efficiently maintain the energy consumption of 

sensor nodes by involving them in multi-hop communication 

within a cluster and by performing data aggregation and fusion 

in order to reduce the number of transmitted messages to the 

base station (sink) and transmission distance of sensor nodes. 

In this paper we propose a new approach called (DB-SEP) 

which cluster heads are selected on the basis of their initial 

energy and their distances between them and the sink. 

Experimental results show that our approach performs better 

than the other distributed clustering protocols such as SEP in 

terms of energy efficiency and lifetime of the network. 
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1. INTRODUCTION 
A wireless sensor networks (WSN) is composed of a large 

number of sensor nodes that are often deployed in ad hoc 

manner in an environment without infrastructure 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 de base station (BS) 

also called sink. 

Since 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 these 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 thereupon prolonging their 

lifetime. Thus, designing energy-efficient protocols is crucial 

for prolonging the lifetime of WSNs [2]. Among the proposed 

communication protocols, hierarchical (cluster based) ones 

have significant saving in the total energy consumption of 

wireless micro 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, the so-

called cluster-head (CH). Nodes in one cluster do not transmit 

their gathered data directly to the BS, but only to their 

respective cluster-head. 

However, it is approved that the use of the clustering technique 

reduces communication energy than direct transmission (DT) 

and minimum transmission-energy (MTE) routing [3]. 

In this paper, we proposed a new approach, called DB-SEP, 

based on the initial energy of nodes and the distance between 

them and the sink to determine near nodes and far nodes in 

order to give more chance to nearest nodes to be cluster heads 

by modifying the election probability value for every type of 

nodes. 

DB-SEP is autonomous and more energy efficient, and 

simulation results show that it prolongs the network lifetime 

much more significantly than the other clustering protocols 

such as SEP and LEACH. 

The rest of the paper is organized as follows: Section 2 

contains the related work done. Section 3 explains the 

heterogeneous network and radio energy dissipation model. 

Section 4 presents the SEP Protocol, followed by section 5 

which describes our approach. Section 6 shows the simulation 

results and finally Section 7 gives concluding remarks. 

2. RELATED WORK 
There are two kinds of clustering schemes. The clustering 

algorithms applied in homogeneous networks are called 

homogeneous clustering schemes, where all nodes have the 

same initial energy, such as LEACH [3], PEGASIS [6], and 

HEED [7], and the clustering algorithms applied in 

heterogeneous networks are referred to as heterogeneous 

clustering schemes [8], where all the nodes of the sensor 

network are equipped with different amount of energy, such as 

SEP [9], M-LEACH [10], EECS [11], LEACH-B [12] and 

DEEC [13]. 

WSNs are more possibly heterogeneous networks than 

homogeneous ones. Thus, the protocols should be fit for the 

characteristic of heterogeneous wireless sensor networks. 

Moreover, in [14, 15], they propose protocols, which uses a 

new conception based on the energy left in the network. 

http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Sound
http://en.wikipedia.org/wiki/Pressure
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Low-Energy Adaptive Clustering Hierarchy (LEACH) [3] is 

proposed in Heinzelman et al., which is one of the most 

fundamental protocol frameworks in the literature. LEACH is a 

clustering based protocol architecture utilizes randomized 

rotation of the Cluster-Heads (CHs) to uniformly distribute the 

energy budget across the network. The sensor nodes are 

grouped into several clusters and in each cluster, one of the 

sensor nodes is selected to be CH. Each node will transmit its 

data to its own CH which forwards the sensed data to the BS 

finally. Both the communication between sensor nodes and CH 

and that between CHs and the BS are direct, single-hop 

transmission. 

PEGASIS [6] is a chain based protocol which avoids cluster 

formation and uses only one node in a chain to transmit to the 

BS instead of using multiple nodes. Heinzelman et.al. [14] 

proposed LEACH-centralized (LEACH-C), a protocol that uses 

a centralized clustering algorithm and the same steady-state 

protocol as LEACH. O. Younis, et.al [7] proposed HEED 

(Hybrid Energy-Efficient Distributed clustering), which 

periodically select cluster heads according to a hybrid of the 

node residual energy and a secondary parameter, such as node 

proximity to its neighbors or node degree. G. Smaragdakis, I. 

Matta, A. Bestavros proposed SEP (Stable Election Protocol) 

[9] in which every sensor node in a heterogeneous two-level 

hierarchical network independently elects itself as a cluster 

head based on its initial energy relative to that of other nodes. 

Li Qing et.al [13] proposed DEEC (Distributed energy efficient 

Clustering) algorithm in which cluster head is selected on the 

basis of probability of ratio of residual energy and average 

energy of the network. 

 

3. HETEROGENEOUS NETWORK AND 

RADIO ENERGY DISSIPATION MODEL 

3.1 Heterogeneous Network Model  
In this study, we describe the network model. Assume that 

there are N sensor nodes, which are uniformly dispersed within 

a M x M square region (Figure.1). The nodes always have data 

to transmit to a base station, which is often far from the sensing 

area. The network is organized into a clustering hierarchy, and 

the cluster-heads execute fusion function to reduce correlated 

data produced by the sensor nodes within the clusters. The 

cluster-heads transmit the aggregated data to the base station 

directly. We assume that the nodes are stationary. In the two-

level heterogeneous networks, there are two types of sensor 

nodes, i.e., the advanced nodes and normal nodes. Note  E0 the 

initial energy of the normal nodes, and m the fraction of the 

advanced nodes, which own a times more energy than the 

normal ones. Thus there are Nm advanced nodes equipped with 

initial energy of E0 1 + a , and N 1 − m  normal nodes 

equipped with initial energy of E0. The total initial energy of 

the two-level heterogeneous networks is given by:  

 

Etotal = N 1 − m E0 + NmE0 1 + a = NE0(1 + am)   (1) 

  

 
Figure.1. 100 nodes randomly deployed in the network  

(o normal node, + advanced node). 

3.2 Radio Energy Dissipation Model 
According to the radio energy dissipation model proposed in 

[14] (Figure 2) and in order to achieve an acceptable Signal-to-

Noise Ratio (SNR) in transmitting an L-bit message over a 

distance d, the energy expended by the radio is given by:  

 

ETx  l, d =   
lEelec + lϵfs d2 ,    𝑑 < d0

lEelec + lϵmp d4,   𝑑 ≥ d0

        (2) 

 

Where Eelec  is the energy dissipated per bit to run the 

transmitter ETx  or the receiver ERx  circuit, and ϵfs d2 and 

ϵmp d4 depend on the transmitter amplifier model used and d is 

the distance between the sender and the receiver. 

 

To receive this message the radio expends energy: 

 

ERx  l = lEelec       (3) 

 

 
 

Figure.2. Radio Energy Dissipation Model. 

 

4. SEP PROTOCOL 
A Stable Election Protocol for clustered heterogeneous 

wireless sensor networks (SEP) [9] is developed for the two-

level heterogeneous networks, which include two types of 

nodes, the advance nodes and normal nodes according to the 

initial energy. The rotating epoch and election probability is 

directly correlated with the initial energy of nodes. 

 

The probability threshold, which each node 𝑠𝑖  uses to 

determine whether itself to become a cluster-head in each 

round, is as follow: 

 

𝑇 𝑠𝑖 =   

𝑝𝑖

1− 𝑝𝑖(𝑟  𝑚𝑜𝑑  
1

𝑝 𝑖
)

        𝑖𝑓   𝑠𝑖  ∈   𝐺           

0                       𝑜𝑡𝑒𝑟𝑤𝑖𝑠𝑒

 (4) 
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Where 𝐺 is the set of nodes that are eligible to be cluster heads 

at round 𝑟. In each round 𝑟, when node 𝑠𝑖  finds it is eligible to 

be a cluster head, it will choose a random number between 0 

and 1. If the number is less than threshold 𝑇 𝑠𝑖 , the node 𝑠𝑖  
becomes a cluster head during the current round. 

 

Also, for two-level heterogeneous networks, 𝑝𝑖  is defined as 

follow: 

 

𝑃𝑖 =  

 
 
 

 
 𝑃𝑛𝑟𝑚 =

𝑝𝑜𝑝𝑡
 1 + 𝑎𝑚 

         if si  is the normal node    
       

𝑃𝑎𝑑𝑣 =
𝑝𝑜𝑝𝑡 (1 + 𝑎)

(1 + 𝑎𝑚)
    if si  is the advanced node

 (5) 

 

Simulations showed that SEP performs better than several 

homogeneous protocols like LEACH. 

 

5. DB-SEP PROTOCOL 
According to the Radio Energy Dissipation Model, the 

minimum required amplifier energy is proportional to the 

square of the distance from the transmitter to the destined 

receiver (Tx−Amplifier α d2) [16]. So the transmission energy 

consumption will augment greatly as the transmission distance 

rises. It means that the CHs far from the BS must use much 

more energy to send the data to the BS than those close to the 

BS. Therefore after the network operates for some rounds there 

will be considerable difference between the energy 

consumption of the nodes near the BS and that of the nodes far 

from the BS. 

In our approach, nodes with the less energy than the other 

nodes and the nodes with more distance from the BS have the 

smallest chance to be selected as a cluster-head for current 

round. 

We consider that after deployment phase, the BS (Sink) 

broadcasts a “hello” message to all the nodes at a certain power 

level. Each node can compute its approximate distance (𝐷𝑖) to 

the BS based on the received signal strength.  

Therefore, we introduce new probabilities for every type of 

nodes according to initial energy and distances of nodes from 

the base station to favor nodes besides the more energizing and 

nearest of the BS to become cluster heads as follow: 

 

Let Di is the distance between node si  and the base station 

and Davg  is the average distance between nodes and the sink. 

 

If distance  Di < = Davg  we take: 

 

𝑃𝑛𝑟𝑚 =
𝑝𝑜𝑝𝑡

(1+𝑎𝑚 )
 * (1 -  

 𝐷𝑖

𝐷𝑎𝑣𝑔
) 

And     (6) 

𝑃𝑎𝑑𝑣 =
(1+𝑎𝑚 )𝑝𝑜𝑝𝑡

(1+𝑎𝑚 )
 * (1 -  

 𝐷𝑖

𝐷𝑎𝑣𝑔
)   

 

Else, we keep: 

 

𝑃𝑛𝑟𝑚 =
𝑝𝑜𝑝𝑡

(1+𝑎𝑚 )
  

And     (7) 

𝑃𝑎𝑑𝑣 =
(1+𝑎𝑚 )𝑝𝑜𝑝𝑡

(1+𝑎𝑚 )
  

 

 

 

 

 

The average distance  Davg  is given by: 

 

 𝐷𝑎𝑣𝑔 =
1

𝑁
 𝐷𝑖
𝑁
𝑖=1      (8) 

 

The value of Davg  can be approximated as: 

 

𝐷𝑎𝑣𝑔 ≃ 𝑑𝑡𝑜𝐶𝐻   + 𝑑𝑡𝑜𝐵𝑆        (9) 

Where: 

 

dtoCH  Is the average distance between the node and the 

associate cluster head.  

dtoBS  Is the average distance between the cluster head and the 

sink (figure 3).  

 

We assume that the nodes are uniformly distributed and the 

sink is located in the center of the field then according to 

[14][17], we get: 

dtoCH  =  
M

 2kπ
  And  dtoBS  = 0.765

M

2
 (10) 

 

Where k is the number of clusters and it will be calculate as 

follow: 

𝑘 =  
 𝐸𝑓𝑠

 𝐸𝑚𝑝

 
 𝑁

 2𝜋
 

𝑀

𝑑𝑡𝑜𝐵𝑆
2    (11) 

 

Thus we can use equations (9), (10), (11) to   

calculate, dtoCH  , dtoBS   and finally Davg . 

 

 

Figure.3. 𝐝𝐭𝐨𝐂𝐇 and 𝐝𝐭𝐨𝐁𝐒 .         

After, each node uses the probability threshold mentioned in 

(4)   to determine whether itself to become a cluster-head in 

each round.           

5.1 Communications between Cluster heads 

and member nodes  
 
Like LEACH [3], after the cluster-heads are selected, the 

cluster-heads advertise to all sensor nodes in the network that 

they are the new cluster heads. And then other nodes organize 

themselves into local clusters by choosing the most appropriate 

cluster-head (normally the closest cluster-head) (figure.4). 

Thereafter the CH receives sensed data from cluster members 

according to TDMA schedule that was created and transmitted 

to them. 
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5.2 Communications between Cluster heads 

and the sink  
Each node sends its data during their allocated transmission 

time to the respective associate cluster head. The CH node 

must keep its receiver on in order to receive all the data from 

the nodes in the cluster. When all the data is received, the 

cluster head node performs signal processing functions to 

compress the data into a single signal. When this phase is 

completed, each cluster head can send the aggregated data to 

the sink.  

The consumed energy of cluster head CHi is composed of three 

parts: data receiving, data aggregation and data transmission. 

Then: 

 

E CHi = mi lEelec + (mi + 1)lEDA + l(Eelec + ϵfs d2 ) (12) 

 

Where: mi is the sum of members in associate cluster and d=Di 

distance between CH and the BS, in this case d < d0 (figure.4). 

 

 
 

Figure. 4. Distances between CH and the Sink  

6. SIMULATION RESULTS 
We evaluate the performance of DB-SEP protocol using 

MATLAB software. We consider a wireless sensor network 

with N = 100 nodes randomly distributed in a 100m × 100m 

field. We assume the base station is in the center of the sensing 

region. We ignore the effect caused by signal collision and 

interference in the wireless channel and we have fixed the 

value of d0 at 70 meters.  

The radio parameters used in our simulations are shown in 

TABLE 1. The protocols compared with DB-SEP include 

LEACH and SEP. 

 

Table 1. Radio characteristics used in our simulations 
 

Parameter Value 
𝐸𝑒𝑙𝑒𝑐  5 nJ/bit 

𝜖𝑓𝑠  10 pJ/bit/𝑚2 

𝜖𝑚𝑝  0.0013 pJ/bit/𝑚4 

𝐸0 0.5 J 

𝐸𝐷𝐴  5 nJ/bit/message 

𝑑0 70 m 

Message size 4000 bits 

𝑝𝑜𝑝𝑡   0.1 

 
We define stable time as time until the first node dies (FND), 

and unstable time the time from the fist node dies until the last 

node dies. In other words, lifetime is the addition of stable time 

and unstable time.  

We define also HNA (half of nodes alive): the half of total 

number of nodes that have not yet expended all of their energy. 

 

Figure 5. Number of nodes alive over time (m=0.2 and a=3) 

 

According to the figure 5 we notice that the stable time of 

DB-SEP is large compared to that of LEACH and SEP. The 

stable time metric is important to be longer in the sense that it 

gives the end user with reliable information of the sensing 

area. This reliability is crucial for sensitive application like 

tracking fire in forests. SEP performs better than LEACH. 

This metric is important to be narrow in order to give clear 

idea about time of reenergizing the WSN to extend the 

network lifetime and to avoid unreliable information from 

sensing field. 
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Figure 6. Round first node dies when m is varying. 

 

Second, we run simulation for our proposed protocol DB-SEP 

to compute the round of the first node dies when varying m 

and compare the results to LEACH and SEP protocols.  

 

 

 

We increase the fraction m of the advanced nodes from 0.1 to 

0.5, Figure 6 shows the number of round when the first node 

dies. We observe that DB-SEP performs better than LEACH 

and SEP.  

 

 

Figure 7. Total remaining energy over time of LEACH, SEP and DB-SEP (m=0.2 and a=3) 

 

Figure 7 shows the remaining energy over time for all 

simulated protocols and it reveals that DB-SEP consumes less 

energy in comparison to the others which helps to extend the 

network lifetime. Here approximately 23% of energy is saved 

at round 1000 and 12.50% at round 5000 by using DB-SEP. 

This is because in our approach we took in consideration 

distances between nodes and the sink, therefore cluster heads 

situated far from the base station consume more energy than 

cluster head situated near the base station that saves the total 

energy of the network. 
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Figure 8. FND and HNA (m=0.2 and a=3) 

 
Figure 8 shows the comparison between all nodes in terms of 

FND and HNA when m=0.2 and a=3, obviously we can 

remark that our protocol DB-SEP contains a large period of 

stability time than LEACH and SEP, that increases the 

efficiency of the network.  

We notice the same results for HNA that DB-SEP performs 

better than the others simulated protocols.  

When the half number of nodes have expended all of their 

energy, the network become inefficient. 

7. CONCLUSION 
In this paper we have describe DB-SEP, an energy-aware 

adaptive clustering protocol used in heterogeneous wireless 

sensor networks and compared it to the LEACH and SEP 

protocols. In DB-SEP, every sensor node independently elects 

itself as a cluster-head based on its initial energy and the 

distance separates it of the base station. Therefore, nodes 

close to the base station and contain more energy than the 

other nodes have more chance to be selected as a cluster-head 

for current round. 

DB-SEP uses the tow levels hierarchical concept which offers 

a better use and optimization of the energy dissipated in the 

network. Results from our simulations show that DB-SEP 

provides better performance for energy efficiency and 

network lifetime. 
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