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 This paper presents a new basic clustering algorithm to increase the wireless sensor networks 
energy and longevity, efficiently. In each period, cluster heads are selected based on the 
maximum energy and the minimum distance through the nodes. Therefore, the protocol to 
obtain good performance in terms of longevity is achieved by balancing the energy load among 
all nodes. The simulation results obtained from the MATLAB software indicate that the 
suggested approach is effective in prolonging the network longevity. 
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1. Introduction 
 

The wireless sensor networks (WSNs) normally consists of many sensor nodes, which are often used 
to monitor the environmental and physical conditions, such as temperature, sound, pressure, etc. and 
they dispatched the necessary data through the network to a base station (BS). The base station 
usually applies nodes with high processing power, high storage capacity and re-chargeable battery. 
Data are gathered in the sensor nodes and they are sent to the base station directly or via other nodes. 
All collected nodes are processed in the base station for one specific parameter such as temperature, 
pressure, moisture, etc. and the expected value from that parameter is measured (Akyildiz et al., 
2002). The WSN communication protocols performance influences the energy by equal distribution 
and the reduction in energy consumption entails the prolongation of the network longevity. Therefore, 
an efficient energy protocol plays essential role in design perspectives (Braginsky & Estrin, 2002). In 
such protocol, the sensor nodes are grouped into a set of clusters where each cluster has a leader 
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called the head cluster (CH) and the nodes in one cluster collect their data directly and transfer it to 
the base station.  
 
In this paper, we present a new approach based on the nodes primary energy and the distance between 
them in order to provide a chance for the closer node to be selected as the cluster head. Simulation 
results show that the suggested protocol, compared with the LEACH protocol, is effective in 
prolonging the network longevity.  
 
2. Framework  
 
Hierarchical clustering in wireless sensor networks can significantly influence on the scalability of 
the whole system, longevity, and energy efficiency. The hierarchy routing is an efficient technique 
towards minimization of energy consumption contained in a cluster and the integration and 
combination of data towards reducing the number of messages sent to the base station. Hierarchical 
clustering is especially efficient in different applications, which require hundreds or thousands of 
nodes. The scalability makes the request to load balancing and proper exploitation urgent. In addition, 
supporting the network scalability as well as reducing the energy consumption and clustering improve 
the relative efficiency of the method. In addition, it can maintain the communication bandwidth; since 
it limits the intra-clustering interactions domain to the cluster heads and prevents redundancy in 
exchanging messages among the sensor nodes. Clustering can also stabilize the network topology on 
the level of sensors and reduce the overhead and the total cost of the topology maintenance. 
 
3. Related works 
 
There are literally numerous routing algorithms introduced for the sensor networks and the routing 
protocols in the sensor networks can be classified into two main groups of the network structure, 
namely plain and hierarchical. In plain routing protocols, there is not such concept as the leader node 
and all nodes are the same. Some of these methods include for Spin (Levis et al., 2004), rumor 
(Akyildiz et al., 2002), Directed Diffusion (Tilak et al., 2002), EBRP (Sarrafzadeh et al., 2006), GBR 
(Jafari et al., 2006), EAR (Amini et al., 2007), GEAR (Sun, 2001), SPEED (Nasipuri, 2004).  
 
In hierarchical routing protocols, nodes are classified and some nodes bearing more energy compared 
with others are selected as the leaders such as LEACH (Zhang & Lee, 2000) LEACH (Mamatha & 
Sharma, 2010) TEEN (Dastgheib et al., 2011) MECN (Zadeh, 1965) HDAR (Celikyilmaz & Türksen, 
2009). Data-centered protocols, protocols based on location information, and the protocols are other 
types of routers. In data-centered protocols, the central station transmits a query to a specific area and 
waits to get data from the nodes placed in the desired area. Examples of these sets are: SPIN, Rumor, 
Directed Diffusion, GBR, TEEN, COUGAR (Biswas, 2010). 
 
There are also routing protocols based on the location information used for sending data to the 
desired areas (e.g. MECN, GAF, GEAR and SPEED). In routing protocols aware of the energy, the 
main focus is on the efficient utilization of energy to increase the network longevity. Examples of 
these sets are EAR, EBRP, (Ryan Florin) SELAR. In some papers, the routing protocols are classified 
into three sets, namely proactive, reactive and hybrid, depending on how the transmitter detects a path 
towards the receiver. In proactive protocols, all paths are calculated before even they are requested, 
while in reactive protocols, paths are calculated only when they are required. The hybrid protocols are 
a combination of the two previous protocols. According to Hincapié et al. (2006) and Heidemann et 
al. (2002), multi-path routing protocols are also used in such a way that numerous paths are 
established between the source node and the central node and if the desired path is broken, another 
path is used to establish a connection.  
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4. The suggested protocol  
 
4.1 The effect of energy levels on cluster head selection  
 
Let N be the number of sensor nodes distributed evenly inside the M×M region. The network is 
organized into the cluster hierarchy and the cluster head is produced by the sensor nodes inside the 
clusters in order to reduce the correlated data. The cluster head directly transmits the collected data to 
the base station. In the heterogeneous networks, there are three kinds of sensor nodes, namely 
advanced nodes, normal nodes, and intermediate nodes. Let m be a fraction of the whole node, which 
has more local energy time α than the normal nodes, which is the advanced nodes, and b is a fraction 
of the whole node n, which contains more local energy time β than the normal nodes that is the 
intermediate node. The total primary energy associated with the heterogeneous networks in all three 
levels is as follows, 
 
푛. (1 −푚 − 푏).퐸 + 푛.푚.퐸 . (1 + 훼) + 푛. 푏.퐸 . (1 + 훽) = 푛.퐸 . (1 + 훼.푚 + 푏훽) (1) 
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Fig. 1. The radio energy dissipation model 

 
Based on the radio energy dissipation model suggested by Heinzelman et al. (2000) and to achieve 
suitable signal-to-noise ratio (SNR) in L-bit message transmission, the energy consumed by the radio 
is calculated as follows, 
 

퐸 (푙, 푑) =
퐿.퐸 + 퐿. 휖 . 푑 				푖푓	푑 ≤ 푑

	
퐿.퐸 + 퐿. 휖 . 푑 					푖푓	푑 > 푑

	 
 

(2) 
  

  
where Eelec is the consumed energy per bit executing ETx with transmitter or receiver of the circuit 
휖 	푑  and 휖 푑  in which the transmitter amplifier model is used, d is the distance between the 
transmitter and receiver. The energy required for receiving the radio messages is as follows, 
 
E (푙) = 푙퐸  (3)  
  
Considering the radio energy dissipation model, the minimum energy required is proportionate to the 
square of the distance between the transmitter to the receiver and to the destination (Qi et al., 2002). 
As the distance increases, the energy consumption increases, significantly. This means that the cluster 
heads far from the base station should consume more energy to transmit the data than the ones, which 
are closer to the base station. Therefore, there is a significant difference between the energy 
consumption rate of the nodes near the base station and those, which are far from the base station. In 
our method, the nodes with less distance and the nodes with more distance from the base station have 
the least chance to be selected as the cluster head in the two current periods. After the base station has 
been deployed, it sends a ‘Welcome’ message to all the nodes in a certain power level. Each node can 
calculate the approximate distance Di to the base station based on the received signal power. 
Therefore, we introduce new probabilities for each type of nodes according to the primary energy and 
the distance between each node and the base station, which is in favor of the nodes with more power 
and those nodes that are closer to the base station in order to become the cluster heads.  
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Each normal node becomes the cluster head one time every (1 + 훼.푚 + 푏.훽)
. 

푃 =
푃

1 + 푎.푚 + 푏.훽 
(4) 

 

Each intermediate node becomes the cluster head one time every (1 + 훼.푚 + 푏.훽. 
 

푃 =
푃 ∗ (1 + 푎)

1 + 푎.푚 + 푏.훽 
(5) 

 

Each advanced node becomes the cluster head one time every (1 + 훼.푚 + 푏.훽. 
 

푃 =
푃 ∗ (1 + 훽)
1 + 푎.푚 + 푏.훽 

(6) 

 
where , 푃 	is the number of optimum cluster heads that is always a number less than 1 and the 
denominator is a number greater than 1. There is this guarantee that this equation yields a number less 
than 1, which is a desired value. It should be noted that no matter which interval α and β are 
considered in, the denominator is always less than the numerator.  
 
4.2 The effect of the distance on the cluster head selection 
 
In this step, we include the energy and distance. The probabilities for changing into the cluster head 
are as follows: if Di is the distance between the node Si and the base station, and Davg is the mean 
distance between the nodes and the synch; distance 퐷 ≤ D 	is calculated as follows, 
 

푃 =
푃

(1 + 푎푚 + 푏훽) ∗ 1 −
퐷
퐷  

(7) 

푃 =
(1 + 훽)푃

(1 + 푎푚 + 푏훽) ∗ 1 −
퐷
퐷  

(8) 

푃 =
(1 + 훼)푃

(1 + 푎푚+ 푏훽) ∗ 1 −
퐷
퐷  

(9) 

푃 =
푃

(1 + 푎푚) 
(10) 

푃 =
(1 + 훼)푃

(1 + 푎푚)  
(11) 

 
and Davg is calculated as follows, 
 

퐷 =
1
푁 퐷  

(12) 

 
4.3 The appropriate selection threshold for becoming a cluster head 
 
The value T(sn), i.e. the threshold for selecting the cluster head, is used to normalize the nodes in 
each round for normal nodes, 	푇(푠푎) for advanced nodes, and 푇(푠푖) for intermediate nodes that are 
obtained as follows:  
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푇(푠푛) =

⎩
⎪
⎨

⎪
⎧		

푃

1 − 푃 푟 ∗ 푚표푑	 1
푃

															if			푠휖퐺
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(13) 

푇(푠푖) =

⎩
⎪
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⎪
⎧		

푃

1 − 푃 푟 ∗ 푚표푑	 1
푃

																					if			푠휖퐺

	
	

0																																								otherwise

		 

 
 

(14) 

푇(푠푎) =

⎩
⎪
⎨

⎪
⎧		

푃

1 − 푃 푟 ∗ 푚표푑	 1
푃

										푖푓			푠휖퐺

	
	

0																																								otherwise

		 

 
 

(15) 

 
where r is the current round, G is a set of nodes to become the cluster head.  
 
 
4.4 The relationships between the cluster head and the members  
 
As for LEACH, the cluster head propagates its status to all sensor nodes after the cluster head is 
chosen. Then, other nodes choose the most appropriate cluster head (normally, the closest cluster 
head) and organize themselves. Next, the cluster members are generated based on the TDMA 
software and transmit their data to the cluster head.  
 
4.5 The relationship between the cluster head and the synch  
 
Each node transmits its data to the cluster head in a specified time. The cluster head node keeps all 
information associated with the nodes in its cluster. After the data has been received, the cluster head 
node applies the signal processing functions for data compression. Each cluster head can synchronize 
the collected data. The energy consumed by the cluster head consists of three parts: information 
reception, data collection, and data transmission.  
 
퐸(퐶퐻 ) = 푚 푙퐸 + (푚 + 1)푙퐸 + 푙(퐸 + 휖 푑 ) (16) 
 
where mi is the total members in a cluster, d=Di is the distance between CH and BS. In this mode: 
d<d0. 
 
5. The simulation results 
 
The evaluation of the protocol performance is executed based on the MATLAB software. We 
consider a wireless sensor network with N=100 nodes that is randomly distributed in a 200×200 field. 
The distance between the network nodes and the base station equals 50 m < dtoBS < 282.8 m. The 
radio parameters used in our simulation are shown in Table 1.  
 

퐾 =
√100
√2휋

10
0.0013

400
(50푚 < 푑 < 282.2푚) 								→ 									2 < 퐾 < 55 
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Table 1  
The radio features used in our simulation  

Value Parameters 
(-200،-200)to(200،200) Network range 

100 N  
87.7 m 푑   

(100,100) Base station location 
50 nj/bit 퐸   

10 nj/bit/m2 휀   
0.0013 nj/bit/m4 휀   

0.05 푝   
1 Number of time frames in each round 

20 s Length of each time frame 
5 nj/bit/signal 퐸   

0.5 j Primary energy for each node 
500 bytes Packet size  

 
5.1 The system longevity in the executive period  
 
Fig. 2 shows that the present nodes in our suggested protocol continue to stay for longer time. 
Therefore, we can understand that by increasing the number of heterogeneous nodes in the protocol, 
we can be hopeful about an improvement in nodes longevity. This comes from the fact that the 
energy heterogeneity leads to the selection of cluster heads from among these nodes and helps the 
energy balance. The constant metric allows the user to have reliable information about the sensing 
area. This reliability is very important for sensitive applications such as tracking a jungle fire, which 
indicates that the suggested protocol worked better.  
 

  
Fig. 2. The system longevity while executing the 
protocols 

Fig. 3. Total dissipated energy while executing 
the protocols 

 
5.2 The energy consumption rate during the period  
 
Fig. 3 shows the total energy consumption rate in the network as compared to the time. According to 
the simulation results, we understand that using the suggested protocols lead to an economization in 
the amount of energy consumed by the network. This reduction in the total consumed energy in the 
network is associated with the significant reduction of the redundant transmissions. The suggested 
protocol has lower energy consumption rate compared with other protocols and this leads to an 
increase in the network longevity. Since our approach is to consider the distance between the nodes 
and the synch, the cluster head far away from the base station has more energy consumption 
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compared to the cluster head news the base station. Our approach led to an economization in the total 
network energy.  
 
5.3 The number of packets sent during the period  
 
It can be seen from the results of Fig. 4 and Fig. 5 that the proposed protocol sends the packets to the 
base station with lower energy. Also during the periods, more packets are supported. Since the cluster 
heads are selected optimally, their redundant transmission rate is lower, their longevity is increased, 
and of course they support more transmitting packets.  
 

  
Fig. 4. The number of packets sent to BS in each 
round while executing the protocol  

Fig. 5. The number of packets sent to BS in each 
ronud after excecuting the protocol 

 
5.4 The FND and HNA criteria  
 
In order to accurately compare the effective network longevity, the presented criteria, namely FND 
and HNA were considered here.  Fig. 6 and Fig. 7 show these criteria for the simulation.  
 

  
Fig. 6. A comparison of the first dead node while 
executing the protocol 

Fig. 7. A comparison of the half-dead nodes 
while executing the protocol 

 
As seen in the above figures, considering the optimum selection of the cluster head, we reduced the 
number of redundant transmissions and were able to inprove these two criteria accordingly.  
 
We have in mind that in the obrined simulation in the optimum mode, the advanced node turn into the 
cluster head more than the intermediate nodes and the intermediate nodes do the same more than the 
normal nodes. This helps maintain the nodes that are distributed evenly among the sensors during the 
periods.  
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6. Conclusion  
 
In this paper, we have presented a protocol used in the heterogenous wireless sensor networks 
compared with the LEACH protocol. For the suggested protocol, the sensor node selects itself 
indepedently as a cluster head based on its primary energy and its distance from the base station. 
Therefore, the nodes close to the base station containing more energy than other nodes have more 
chance to be selected as a cluster head. The results obtained from the simulation show that the 
suggested protocol has better performance in exploiting the energy and the network longevity.  
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