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Abstract—This article focused on the energy limit property 
of Wireless Sensor Network, and proposed a residual energy 
based algorithm WRECS, which is improved on classical 
routing algorithm LEACH. The algorithm took the 
normalized residual energy and the cumulative number of 
the normal nodes supported by the cluster heads as cluster-
heads selection parameters. In order to balance the energy 
consumption of each cluster-head, the algorithm took both 
the different positions of the base station and the initial 
energy of the network into consideration, and weighted the 
two factors to balance the energy consumption between 
transmission and data fusion. Simulation results show that 
the algorithm can promote the lifetime of the uneven energy 
network and does not impair the effects of the LEACH 
algorithm.  
 
Index Terms—WSN, LEACH, routing algorithm, residual 
energy, WRECS 
 

I.  INTRODUCTION 

Wireless Sensor Network (WSN) is composed of a set 
of sensors with the Ad Hoc mode. WSNs combine the 
physical world with the logical world, and make the real 
world able to be sensed. WSNs have been widely used in 
environment monitoring, military, bio-medical and 
disaster rescue [1]. 

WSNs often use one or several sink nodes as the data 
aggregation nodes [5]. Sink node passes the fused data to 
the operator through LAN. Typically, sensors in such a 
network are equipped with sensing, data processing and 
radio transmission units while the power is highly limited 
[6]. Due to the limited energy, it is necessary to do some 
researches on improving the energy efficiency to prolong 
the network lifetime [8]. 

Data gathering is a common but critical operation in 
many applications of WSNs [3]. The traditional way to 
process the mass and redundancy data is data fusion 
which can reduce the communication load. Hierarchical 
(Clustering) mechanisms are extensively exploited to 
increase the network scalability and reducing data latency 

[10]. The first clustering protocol applied in the WSNs is 
LEACH [11], which is one of the best routing protocols. 

LEACH was proposed by Heinzelman, Chandrakasan 
and Balakrishnan in 2000. It is renowned for its success 
in extending the lifetime of Wireless Sensor Networks 
[13]. Considering it is a classical routing protocol and it 
has been meliorated by numbers of researchers in recent 
years, this paper’s proposal is also based on the 
framework of LEACH. In LEACH, few nodes are 
selected as cluster heads and other nodes use these cluster 
heads as routers to the sink. The cluster heads take the 
responsibility of data fusion and aggregation, and this 
will cost a lot of energy. To balance the energy 
dissipation of nodes, LEACH changes the cluster heads 
randomly over time. A node becomes a cluster head for 
the current round if the chosen random number is less 
than the threshold T(n) in (1).  
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Here, p is the ratio of clusters and total number of 
deployed nodes N. r is the current round and G is a 
number, and it forms a set of nodes that have not been 
cluster heads in the last 1/p rounds in one epoch. Here, p 
is 5% to make the network work at the maximum lifetime 
[14].  

Although LEACH was the first algorithm proposed to 
improve the lifetime of the WSNs, it still has some 
shortcomings. 

a) Residual energy of each node is not considered 
when the cluster heads are selected. 

b) Using the random selection algorithm, the number 
of the cluster heads is not fixed. Different number of 
cluster heads means that the amount of normal nodes 
supported by the cluster is uneven, and this will lead to an 
uneven energy dissipation among cluster heads. 

N-LEACH [15] was proposed by Tripathi, Singh and 
Verma in 2012 to rectify the defect of uneven energy 
dissipation among cluster heads in LEACH. N-LEACH 
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sets G as an accumulation of supported nodes number. In 
LEACH, G is a boolean value which is set to -1 if the 
node become a cluster head and returns to 0 at each 
(1/p)th round. But in N-LEACH, G is a real value which 
changes by round to round. N-LEACH uses (2) as the 
cluster selection threshold to balance the supported nodes 
among clusters. 
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Here, p is the desired percentage of cluster heads, m is 
the number of supported nodes by a cluster node and G is 
initialized by 0 and it will change if the node becomes a 
cluster head. 

N-ELACH balances the uneven energy dissipation 
caused by the different number of normal nodes in every 
cluster in each round. If the optimum number of cluster is 
k, then the average number of nodes supported by a 
cluster head is N/k. The number of cluster heads may be 
greater or less than k in some rounds. If the number of the 
cluster heads is less than k, then the supported number of 
nodes is more than N/k and this cluster head will spent 
more energy than the cluster head that support an average 
number of nodes. On the contrary, the node will spent 
less energy. 

N-LEACH adds (k/N)·m (where k/N is equal p) to G 
when a node becomes a cluster head. If a cluster head 
supports more than N/k nodes and losses more energy, 
then for the next few N/k-1 rounds it will lost the chance 
to be a cluster head unless G ≤0. If a cluster head 
supports less than N/k nodes, it remains eligible to 
become a cluster head. Thus, the algorithm makes a 
cluster head only spend N/k energy in every N/k round. 

 Although N-LEACH largely improves the lifetime of 
the WSN, it still does not consider the residual energy of 
each node. Another problem is that if the node supports 
less than N/k nodes, at the (1/p)th round, the cluster will 
certainly become a cluster head. This will make the 
number of cluster heads extremely large at a certain 
round and this problem is periodic. Fig. 1 shows the 
periodic phenomenon of N-LEACH.  

 

In this paper, a weighted residual energy based cluster 
heads selection algorithm (WRECS) was proposed to 
prolong the lifetime of the WSN. The algorithm used the 
residual energy of the sensor nodes to influence the 
selection of the cluster heads, and it guaranteed the nodes 
with more energy had a larger opportunity to become 
cluster heads. As a result, the lifetime was prolong. 

The rest of this paper is organized as follows. In the 
second section, the network model and the main problem 
will be described. The third section is for the details of 
the WRECS, which includes the realization of the 
algorithm and the pseudo code. Then simulation results 
will be given in section four and a conclusion in section 
five. 

II. PROBLEM OUTLINE 

WSN is a data-centric network[12]. Sensor nodes 
monitor the environment, collect the data and transmit the 
data to the sink node. The sink node analyses the data and 
draws some conclusion about the activities in the area. 
Before the problem is stated, it is necessary to make a 
few assumptions about the network model and introduce 
the radio model.  

A.  Network Model 
Assuming that a set of sensor nodes are distributed in a 

square area randomly, and it can be described with the 
graph theory. Let G=(V,E,W) to present the network, 
where V={v0,v1,…, vn} is a set that represents the wireless 
sensor nodes, E={ei,ej}(i,j in {0,1,…,n}) represents that 
there is a bidirectional line between vi and vj, and  
W={w0,w1,…,wn} implies a set of weights of the network 
for different condition. Each node has the following 
properties: 

a) Wireless sensor nodes are randomly distributed in a 
100*100m2 area. 

b) Sink is distribute in the center of the area or out of 
the area, and it is settled. 

c) All the communication among the nodes is single 
hop. 

d) All nodes are position unware. 
e) All nodes have the ability to compute and transmit 

or receive data, and the transmission power can be 
adaptive. The network model is shown in Fig. 2 for the 
radio hardware energy dissipation. 

In order to achieve an acceptable signal-to-noise ratio 
(SNR) in transmitting an l bits message over a distance d, 
the energy expanded by the radio is given as (3) to (5). 
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Where, Eelec is the energy dissipating per bit to run the 
transmitter or the receiver circuit, εfs is for free space 
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Figure 1. Number of cluster heads in N-LEACH 
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channel model and εmp is for multi-path fading channel 
model. The model to use depends on the distance while 
the crossover bound is dcorssover. d is the distance between 
the sender and the receiver and EDA is the energy 
dissipated per bit for data fusion [16] 

B.  Problem Statement 
Transmitting data is an important task for wireless 

sensor network. Once a sensor runs out of energy, it is 
considered that the network is dead because some areas 
cannot be monitored. Therefore, designing an energy 
efficient routing algorithm is significant for large scale 
sensor networks. As discussed in last section, LEACH 
and N-LEACH are energy-efficient and cluster-based 
routing protocols. But both protocols do not consider the 
residual energy of the nodes while N-LEACH appears a 
periodic cluster head too much phenomenon. 

The energy dissipation of a cluster node can be 
described as (6). 

),())(m)((),( sinktoTxRxDAtochTxCH dlElElEdlEE +++=  (6) 

Here, ETx(l,dtoch) is the energy used to broadcast the 
node as a cluster head. ERx is the energy used to receive 
the data from normal nodes and EDA is the energy used 
for data fusion. ETx(l,dtosink) is the energy used to send the 
data to sink node and m is the number of nodes the cluster 
node supports. 

In this work, the residual energy and the position of 
sink node are considered while the distance between the 
cluster head and sink node can also lead to unbalance 
energy consumption. Another element is the number of 
normal nodes that one cluster node supports. The two 
factors are weighted for the cluster selection, so the 
algorithm is called WRECS. The details of the algorithm 
will be described in next section. 

III.  WRECS DETAILS 

WRECS is a LEACH-like clustering scheme, where all 
the nodes are partitioned into several clusters with one 
cluster head in each cluster. The cluster heads gather the 
data and transmit it to the sink node. 

The core idea of WRECS is combining the residual 
energy with the supported number of normal nodes based 
on LEACH, weighted them to adapt different sink 
positions or network frameworks. This helps the network 

select a proper cluster and makes the energy dissipation 
more balance. 

A.  WRECS Algorithm 
Considering two different situations, one is that the 

sink node is in the center of the network and the other is 
that the sink node is outside the network area. The 
primary energy dissipation in (6) is different. 

If the sink is in the center of a small network, the 
energy consumed for transmitting data from normal 
nodes to cluster heads will nearly the same as energy 
consumed for transmitting data from cluster heads to sink. 
As the sink is in the middle of the area, ETx(l,dtoch) and 
ETx(l,dtosink) are approximately same. The main 
discrepancy of energy dissipation is focused on the data 
fusion as (7).  

)())()(()()( jiRxDACHCH mmlElEjEiE −⋅+≈−  (7) 

Here, ECH(i) is the energy dissipation of cluster node i , 
and mi is the number of normal nodes supported by the 
cluster node i. 

In this situation, the basic way to balance the energy 
consumption is to use the supported number of normal 
nodes based on N-LEACH while it still needs a way to 
restrain the large cluster number. So the weighed 
coefficient should make the threshold apt to N-LEACH. 

If the sink is far away from network, ETX(l,dtosink) of 
each cluster head will be extremely different. The energy 
consumed in data fusion and data receiving is uneven but 
it is far less than the uneven consumption caused by the 
distance. In this situation, the main discrepancy of energy 
dissipation is focused on the distance to the sink, which 
can be reflected on the residual energy of the cluster 
heads. 

Furthermore, it is unrealistic to make initial energy of 
all sensor nodes the same and in some situations, the 
energy of a sensor node is almost random when it joins 
into the network. It is important to consider the residual 
energy of sensor nodes when cluster heads are selected. 

Here, we use (8) to estimate the residual energy of the 
sensor nodes. 
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En(t) is the residual energy of the node at time t. Etotal(t) 
is the total energy of all sensor nodes. k is the optimal 
number of cluster heads and it can make Pn(t) select an 
optimal number of cluster heads, which is the same as (1). 

It is proofed in (9) to (11). 
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According to (8) to (11), the WRECS can be described 
as (12). 
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Here, G is the same like N-LEACH and w is the 
weighting coefficient which is fit for the network 
framework and should be broadcasted by the sink at each 
round. 

B.  The Main Steps of WRECS 
Step 1. According to the position of the sink and the 

energy state of the sensor nodes, the operator sets the 
weighting coefficient.  

Step 2. The sink node broadcasts the coefficient, the 
total energy of whole network and synchronization 
message to all nodes for each round. At the first time, the 
total energy can be an estimate value. 

Step 3. All sensor nodes receive the messages and 
change the coefficient, then they use WRECS protocol to 
decide whether to be a cluster node or not. If one node 
becomes a cluster head, it should broadcast a cluster-
form-message with its ID to other nodes to form a cluster.  

Step 4. If the nodes are not cluster head, they receive 
the cluster-form-message, then they choose a cluster head 
with a high signal strength to send a join-in-message with 
its ID, and wait for the cluster head’s acknowledgement. 

Step 5. The cluster heads receive the join-in-message 
and accept the request, then they post the acknowledge-
message to the normal nodes. Here, a cluster is formed. 

Step 6. The normal nodes monitor the environment and 
get the data, then they use TDMA method to transmit the 
data to the clusters, also the data contains the residual 
energy of the nodes. 

Step 7. The cluster heads receive the data form the 
normal nodes and compute it for data fusion. Then the 
cluster heads summate the residual energy of all the 
nodes in this cluster, and transmit the sum of the residual 
energy and data to the sink node. 

Step 8. The sink node receives the data and residual 
energy of the sensor nodes from the cluster heads. Then, 
it should calculate the total residual energy of the whole 
network and repeat step 2. 

C.  Pseudo Code for WRECS 

  

Initial Network( ) 
{ 
      while( t = 0) 
      do 
        Initial E(n);     // E(n) is the initial energy of  
                              //  a sensor node n 
        G(n) = 0;        // G(n) is used to identify if           
                             // the node can be a cluster head 
         Round = 0;     
         Etotal  =  rand*NodeNum;  // Etotal is the  
                           // total Energy of whole network 
      end while 
} 
SinkBoradcastNewRound( ) 
{ 
  whlie( receive data) 
    do 
// Get the data form all cluster heads 

   ReceiveDatafromCluster();  
// Pick up the residual energy form the data     
      ResidualEnergy = GetTheResidualEnergy() ;  
//  Calculate the total energy of the network 
     TotalEnergy = Sum(ResidtalEnergy); 
 end while 

// Synchronize the node’s Time 
TimeSynchronization(); 
// New Round  
BroadCasts(TotalEnergy); 
BroadCast(NewRoundMessage & Weight); 
 

} 
 
ClusterHeadElection( ) 
{ 
 
   //Receive the new round message, the total  
  //energy of the network and weight coefficient 

   ReceiveMessage(); 
// According (12) to check if the node will  
//declare itself as a cluster head 
   ElectCluster();  
if (cluster head) 
  BroadCast(ClusterFormMessage); 
  Receive(JoinInMessage); 
  Send(AckonwledgeMessage); 
 // then the cluster will know the number of  
 // nodes in this cluster 
  m = GetTheNodesNumber(); 
  G(ClusterID)= G(ClusterID)+ (k/NodeNum)*m 
  // k is the optimal number of cluster nodes 
end if 
 if(Round = NodeNum / k) 
   G(ClusterID) = G(ClusterID) – 1;  
   Round = 0; 
end if 
 

} 
 
DataTransmission( ) 
{ 

Initial Network( ) 
{ 
      while( t = 0) 
      do 
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IV.  SIMULATION AND RESULTS 

The algorithm is simulated in MATLAB to set up a 
comparative analysis for LEACH, N-LEACH and 
WRECS proposed in this paper. For the experiment, the 
simulation parameters are listed in Table I. The 
simulation consists of four parts for different sink 
positions and different initial energy. Each part is 
simulated for 50 times with different deployments of 
sensor nodes. 

 
Scene I. The sink node is in the center of the network 

(position is (50, 50)) and the initial energy is same. Fig. 3 
to Fig.6 show the number of alive nodes and the number 
of cluster heads in each round with two different 
weighting coefficients. The statistical results are shown in 
Table II, and the improved percentage is compared with 
N-LEACH.  

 
Results in Fig.3 to Fig.6 show that the WRECS can 

prolong the lifetime of the network and restrain the 
peculiarity of large number of cluster heads occurred in 
N-LEACH. In this network framework, the w should be 

close to zero if the largest number of cluster heads is 
acceptable.  

Scene II. The sink node is in the center of the network 
(position is (50, 50)) and the initial energy is set 
randomly. Fig. 7 to Fig.10 show the number of alive 
nodes and the number of cluster heads in each round with 
two different weighting coefficients. 
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Figure 5. Number of alive nodes in scene I (w=0.4)
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Figure 4. Number of cluster heads in scene I (w=0.7) 

0 200 400 600 800 1000 1200
0

10

20

30

40

50

60

70

80

90

100

Round

N
um

be
r o

f a
liv

e 
no

de
s

 

 
LEACH
N-LEACH
WN-LEACH

Figure 3. Number of alive nodes in scene I (w=0.7) 

TABLE II.  
STATISTICAL RESULTS OF SCENE I (W= 0.7) 

Algorithm Lifetime Improved 

LEACH 
First dead 795 -20.5% 
Half dead 1015 0.6% 
All dead 1160 11% 

N-LEACH 
First dead 958 

0% Half dead 1008 
All dead 1032 

RECS 
First dead 931 -2.8% 
Half dead 1047 2.8% 
All dead 1092 5.8% 

   while( node(n) transmitting data) 
      do 
       if(Cluster) 
         DataFusion(); 
      //Get the total residual energy of the cluster 
        CalcuateTotalResidualEnergy(); 
        SendData(sensor data &cluster’s residual           
                         energy); 
       else 
         SendData(sensor data &node(n)’s residual  
                           energy); 
       end if 

end while 
 

} 

TABLE I.  
SIMULATION PARAMETERS 

Area 100*100 [m2] 
Sensor nodes number 100 
Data package length 4000 [bit] 

Control package length 100 [bit] 
εfs 10 [pJ/bit/m2] 
εmp 0.0013 [pJ/bit/m4] 
Eelec 50 [nJ/bit] 

dcrossover 87 [m] 
EDA 5 [nJ/bit/signal] 
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Results in Fig.7 to Fig.10 show that when the initial 

energy of each sensor nodes is different, the WRECS 
performed better than the LEACH and N-LEACH 
algorithm. The algorithm can extend the lifetime of the 
network and balance the energy dissipation. The 
parameter w should be close to 1 if the initial energy is 
highly uneven.  

 

 

 

 
Scene III. The sink node is far away from the network 

(position is (50, 200)) and the initial energy is random. 
Fig. 11 to Fig.13 show the number of alive nodes, the 
number of cluster heads and the total energy of the 
network in each round. The statistical results are shown 
in Table III and the improved percentage is compared 
with LEACH. 

 
Results in Fig.11 to Fig.13 show that when the initial 

energy of each sensor nodes is different, the WRECS 
algorithm performes better than LEACH and N-LEACH. 
The lifetime of the network is prolonged. In this situation, 
w should close to 1 if the initial energy is highly uneven. 

0 200 400 600 800 1000 1200
0

10

20

Round

 

 

0 100 200 300 400 500 600 700 800 900 1000
0

50

100

RoundC
lu

st
er

 N
od

es
 N

um
be

r

 

 

0 200 400 600 800 1000 1200
0

10

20

Round

 

 

LEACH

N-LEACH

WN-LEACH

Figure 8. Number of cluster heads in scene II (w=0.7) 
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Figure 7. Number of alive nodes in scene II (w=0.7) 
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Figure 10. Number of cluster heads in scene II (w=0.4) 
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Figure 9. Number of alive nodes in scene II (w=0.4)
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Figure 6. Number of cluster heads in scene I (w=0.4) 

TABLE III.  
STATISTICAL RESULTS OF SCENE III (W= 0.7) 

Algoritm Lifetime Improved 

LEACH 
First dead 330 

0 % Half dead 589 
All dead 853 

N-LEACH 
First dead 244 -26.1 % 
Half dead 569 -3.4 % 
All dead 796 -6.7 % 

RECS 
First dead 355 7.6 % 
Half dead 659 11.9 % 
All dead 817 -4.2 % 
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V.  CONCLUSION AND FURTHER WORK 

In this paper, a new algorithm WRECS is proposed to 
improve the lifetime of WSNs. This algorithm takes the 
residual energy, the position of sink and the number of 
nodes that supported by the cluster heads into account 
and weights the factors to suit different network 

framework. The simulation of the algorithm in two 
different scenes shows that WRECS performs better in 
random initial energy situation. At the same time, this 
algorithm does not impair the performance in scene of 
traditional network framework like LEACH. 

All of the works are focused on the cluster selection. 
There are much space to improve the performance of data 
transmission. In this work, the weighting coefficient is 
just fuzzy values obtained from the experiments. It truly 
can be determined in a certain network model by an 
artificial intelligence algorithm. In further research, we 
will do more research on this field and try to find a way 
to confirm the coefficient intelligently. 
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Figure 11. Number of cluster heads in scene III 
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Figure 13. The energy dissipation in scene III 
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Figure 12. Number of alive nodes in scene III 
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