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 
Abstract: Wireless Sensor Network (WSN) is one of the 

underlying mechanics of IoT (Internet-of-Things) which has 
recently seen a worldwide interest by its use in several domains as 
military, automation, agriculture, environment, underwater and 
etc. Energy efficiency and reliability of transmitted messages are 
two of the major requirements for the surveillance and wireless 
detection applications in WSN. For this reason, a growing 
number of research studies are carried out. Several routing 
protocols have been developed to furnish better performance for 
optimizing the network's energy consumption in WSN; most of 
them are based in clustering and hierarchical topology. However, 
most of these routing protocols cannot consider all required and 
important metrics to increase the lifespan of the network. This 
work introduces an enhanced algorithm of the Low Energy 
Adaptive Clustering Hierarchy (LEACH) protocol called 
Balanced Current Energy-LEACH (BCE-LEACH) which aims to 
equity the power consumption of sensor nodes of the network due 
to extend the lifetime of the network. The proposed protocol is 
based on the residual energy of sensor nodes to pick out cluster 
heads (CHs) that means only nodes with sufficient current 
energy can participate in CH selection, and then it is focused on 
both current energy and the distance toward the base station (BS) 
to select a parent CH which has current energy greater than the 
mean energy of CHs and the distance to the BS is fewer than the 
average.  This parent CH groups all data from other CHs. The 
root CH after doing data aggregation sends compressed 
information to the BS using the multi-hop process between CHs. 
The improved algorithm is simulated in MATLAB R2016b 
simulation tool. Simulation results in this paper indicate that the 
introduced protocol works better than LEACH through extending 
the lifetime of the WSN. 

Keywords: LEACH, WSN, Clustering, multi-hop, current 
energy, lifetime of the network, distance. 
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I. INTRODUCTION 

In recent times, WSN is widely used in different 

surveillance systems such as in military, medical, 
commercial, and etc. WSN composed of hundreds number 
of micro-sensor nodes which usually are alimented by 
batteries. These small and cheap sensor nodes manipulate 
several complex functions like a collection of data from the 
environment, treatment, aggregation and compression (for 
CH nodes) and transmission action that requires a high level 
of energy although the energy of batteries is restricted. 
Consequently, the interest in energy efficiency may be 
affected to this limitation of batteries [1], [2]. For this issue, 
a growing range of research studies is performed to enhance 
the power consumption of nodes of the network in reason to 
find an efficient WSN with good durability. Several works 
of these studies are focused on routing protocols which most 
of them are based on the clustering technique. Clustering 
implicates creating one or more clusters which any cluster 
contains a cluster head that groups information’s since other 

members source so as to send them to the collector. 
Routing protocols adopt the clustering method in order to 
minimize the power consumption of nodes of the 
network[3]. LEACH is one of the more practical ways of 
low consumption hierarchical clustering routing protocol 
which split network to many clusters that is founded on the 
probability model to choose the cluster-head. The overall 
idea of the LEACH protocol is that establishing clusters 
where normal nodes deliver their information collected since 
the milieu to their corresponding CHs which are selected 
randomly at the beginning of each round. Every CH after 
doing aggregation of all nodes’ data forwards compressed 

data to the BS. However, LEACH has imported some 
improvements for energy-efficiency, the random selection of 
CHs without consideration the current energy of nodes and 
the communication between CHs and the BS directly 
increase energy consumption that decreases network 
lifetime. For this reason, we developed an improved 
LEACH protocol whose global purpose is to prolong the 
lifetime of the network. 
To compare different routing protocols in WSN, numerous 
metrics can be used. The principal metrics considered in this 
study to prove the performance of the proposed protocol are 
the residual energy, communication distance, multi-hop 
process and network lifetime. 
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  In this work, we present a new clustering protocol that 
considers a hybrid of current energy and distance to the sink. 
We introduce BCE-LEACH clustering protocol. 
BCE-LEACH has five mainly goals: 
 Prolonging the lifetime of the WSN by equalize power 

consumption. 
 Determination of CHs according to the residual energy. 
 Minimize aggregation overload on weak energy nodes. 
 Selecting a root CH with maximum current energy and 

minimum space to the sink. 
 Using the multi-hop method to optimize the 

communication cost. 
      Network lifetime is prolonged by BCE-LEACH protocol 

through: 
 Clustering and data aggregation by CHs. 
 Balancing energy consumption through the effective 

choice of CHs depending on the current energy of nodes. 
 Communication between CHs. 
 Consideration of distance between CHs and BS 

including CH's residual energy. 
The arrangement of the document is as follows: Part II 
represents some existing routing protocols. The next section 
of the paper was concerned with the proposed protocol 
where we will describe the new improved LEACH protocol, 
the methodology followed then the simulation parameters 
setting. The simulation results are presented in part IV. 
Section V presents a discussion between the improved 
protocol and LEACH protocol. In the last part, VI concludes 
the article. 

II.  LITERATURE REVIEW 

To ameliorate the performance of the WSN, numerous 
routing protocols are developed [4]. The energy consumed 
during transmission between the origin and the destination is 
the basis of the routing protocol's performance [5]. Routing 
protocols differ from protocol to another according to 
several properties. Therefore, several routing protocols were 
proposed for WSN that we can divide them into three main 
classes called: hierarchical, data-centric and geographic 
location-based. 

A. LEACH (Low Energy Adaptive Clustering ierarchy) 
[6] 

LEACH is the first clustering routing protocol proposed by 
Heinzelman et al.[6] in 2000 for WSN. LEACH furnished a 
conception of clusters, where the CH is elected randomly 
according to (1). In each iteration, every normal node 
gathers information since the milieu then forwards it toward 
his corresponding CH. Role of CH was receiving all data 
from its cluster member, regrouping them, compressing 
them then sending them immediately toward the sink 
through a single communication [7]. 
The LEACH procedure is split to two stages: cluster 
formation stage and steady stage. In the first stage, every 
sensor node selects a value belongs to the interval [0, 1]. If 
this value is inferior to the threshold giving in (1), this node 
becomes as CH next turn. On the other hand, it remains as a 
common sensor node. 
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The signification of every symbol in (1) is as following: 

eP  presents the percentage of the overall number of CH. 

R defines the residual turn. 
N introduces all sensor nodes which have not been CH in 
the eP/1  turns. 

Fig. 1 shows the LEACH topology structure. 

 
Figure 1: LEACH Protocol topology 

LEACH is based on a dynamic selection of CHs, which can 
result in an imbalance of energy consumption because the 
CH consumes more energy than a normal node. It can also 
lead to not giving the possibility of being CH at all nodes. 
Owing to this imbalance, nodes may exhaust their energy 
early than others, which influences the network's lifetime. 
The energy is generally seen as a factor strongly related to 
the network lifetime. Thereby in LEACH, each CH 
communicates directly with the BS in unique hop whatever 
the conditions of distance and current energy which is not 
applicable to CHs at the edge of the network. The distance is 
an important factor in energy consumption. 

B. V- LEACH (Vice cluster-head-LEACH) [8] 

The random election of CH in LEACH can load to the CH 
exhausts its energy or has not had enough energy to forward 
news to the BS. For this reason, a new improved LEACH 
protocol has developed, namely V-LEACH [9]. Authors in 
[9] provide a solution to this problem by adding a vice-CH 
as a new component in the architecture of the protocol. So, 
the normal node collects information since the coverage 
area, sends them to the leader (CH) as in the LEACH 
algorithm, and then the vice-CH replaces the main CH when 
the latter dies [8]–[10]. 
Fig. 2 illustrates the architecture diagram of V-LEACH 
where it is seen that the V-LEACH protocol contains three 
main elements namely: normal node which collects data 
from the environment; CH which receives data from all 
cluster member, regroups them then sends them to the BS 
and the last element is the vice-CH which plays the act of 
the main CH where death case of the latter. 
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Figure 2: V-LEACH Protocol Topology[8] 

 
This study serves to provide a vice-CH as a redundancy of 
the CH after the death of the CH in order that data of the 
cluster arrives at the BS and to extend the network lifetime. 
 
 However, this solution is not effective, remains limited and 
influences on decreasing the network lifetime when the 
vice-CH dies. 

C. C-LEACH (Centralized-LEACH)  

C-LEACH protocol is a centric check process, is worn to 
create groups in a different manner than clustering in 
LEACH. C-LEACH allows the distribution of CHs 
throughout the network. It is a modification of the regular 
LEACH algorithm, the selection of CHs and the distribution 
of nodes to these clusters is intended for the BS. In any 
round of cluster formation phase, each sensor node transmits 
its current energy as well as its location using GPS to the 
BS. The BS based on this information to decide which nodes 
will become CHs. It computes the mean power of nodes 
then the node with remaining power inferior to the mean 
cannot be CH for this round [11], [12]. 
Once CHs selected, the BS sends a packet to the network 
nodes containing the CH's ID for each node. Therefore 
nodes having similar ID became CH for this current turn. 
The rest of the C-LEACH method is similar to steady-phase 
in LEACH; the common sensor nodes forward their 
information to the corresponding CHs and CH after 
aggregating and compressing the information sends them to 
the BS [12]. 
In summary, considering the position of nodes, control at the 
BS level to choose the CHs and divide clusters then creating 
CHs in a way to be distributed throughout the network make 
C-LEACH performs upgrade than LEACH. 

D. E-LEACH [13]   

Authors in [13]  proposed an enhanced LEACH protocol 
called E-LEACH, whose main purpose is improving the CH 
election through increasing the chance of the sensor nodes 
that have enough residual energy to become CHs and avoid 
nodes with the least energy to become CHs. Another aim of 
using the E-LEACH protocol is that it picks a root CH with 
the highest current energy. In [13], a threshold T (i) is 
determined as shown in(2). 
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Where heP  is computed following (3), currentE  introduces 

the current energy of nodes and the initial energy is 

presented through initialE . 
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Where fsE  and mpE are defined in section II. G. 

Fig. 3 depicts the architecture of E-LEACH protocol. 

 
Figure 3: Architecture of E-LEACH protocol[13] 

E-LEACH algorithm improves the CH selection depending 
on the current energy and avoids the participation of weak 
energy sensor nodes like CHs; also it picks out the shortest 
way depending on the current energy. However, this 
algorithm can decrease the network lifetime if the root CH is 
further away from the sink. The distance is also a key factor 
in extending the network lifetime. 

E. LEACH-TLCH (LEACH Protocol with Two Levels 
Cluster Head) [7] 

Owing to the dynamic and randomness of the cluster 
formation phase in LEACH protocol, the CH depletes more 
power than common sensor nodes. Therefore, it dies soon 
than other cluster members. For this reason, LEACH-TLCH 
is developed. Its overarching objective is to prolong lifetime 
of the network for WSN via balancing the power 
consumption of nodes. Cluster head choice and cluster 
formation phase used in LEACH-TLCH protocol is similar 
to that used in LEACH algorithm. 
Once the cluster is established and the first round is finished 
(the same that LEACH method), the LEACH-TLCH 
protocol calculates the current energy of CHs and their 
distances to the BS. If the current energy is inferior to the 
mean energy of sensor nodes members or the distance to the 
sink is superior than the mean distance, then the algorithm 
picks the node that have maximum power in that group as a 
second CH whose its role is to collect information since 
cluster members, gathers them then forwards them to the 
mainly CH. Therefore, the principal CH receives just data 
from secondary CH then forwards it to the BS. On the other 
hand, this one cluster does not need a secondary CH [7]. So 
in this case, the CH has a similar role as in LEACH 
algorithm; it picks up the information since members of 
cluster and sends them directly 
to the sink as proved in Fig. 4. 
[7], [12]. 

https://www.openaccess.nl/en/open-publications
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Figure 4: Architecture Structure of TLCH-LEACH 

Protocol [7]. 

F. PEGASIS (Power-Efficient GAthering in Sensor 
Information Systems) 

PEGASIS is an enhancement form also called a 
prolongation of the LEACH algorithm. It serves to avoid the 
formation of several clusters. In PEGASIS algorithm, every 
sensor node has overall news about its entire detection 
network and perfect knowing of the emplacement of 
neighbouring sensor nodes. Every sensor node can deliver 
and take data since a neighbour and just one sensor node is 
elected in one channel at a round to communicate with the 
receiver [5]. The packets is united and passed since node to 
other, assembled and delivered to the receiver. Contrary to 
LEACH, PEGASIS averts the construction of multiple 
clusters and adopts a single sensor node in the chain to 
deliver toward the collector instead of using numerous CHs. 
The construction of the chain is done greedily. At every 
round, the sensor node that will transfer all grouped data to 
the sink is randomly selected [14], [15]. 
Fig. 5 presents the structure topology of the PEGASIS 
routing protocol.  
This figure exhibits that node C1 receives data from C0, 
aggregates it with its proper and then transfers them to the 
leader C2. Afterwards, the node C3 receives C4's data when 
C2 gives the token to the node c4, then the node C3 
regroups this data with its owner then forwards to C2. 
Afterwards The leader C2 receives information since the 
neighbours nodes, regroups it with its own and then sends 
only one packet to the BS [16]. 

 
Figure 5: Architecture of PEGASIS Protocol[16] 

PEGASIS protocol avoids clustering overload. But, every 
node sends its information to another neighbour without 
knowing the energy state of the latter then; it may be that the 
node that will regroup its own data to others does not have 
enough energy to do. In fact, PEGASIS needs again a 
reorganization of the topology [17]. 

G. Energy Consumption Model 

In the radio model, to send a b bit packet to remote receiver 

di meters, the channel of emission depletes ),( dbETx  

described in (4). Otherwise, to take a b bit packet, the 

reception chain depletes )(bERx  as defined in (6). 
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The signification of every indication in previous formulas is 
as pursue: 

TxE : Energy depleted by sensor node for delivering b bit 

data from di distance between the emission chain and the 
receiver. 

RxE : Energy consumed by sensor node when receiving b bit 

from the transmitter. 

elecE : Energy consumed in the electronics system. 

fsE : Energy depleted by the amplifier circuit for 

dispatching 1-bit data to the zone in the free space. 

mpE : Energy exhausted by the amplifier circuit for 

dispatching 1-bit data to the zone in the multipath 
propagation. 
The energy consumption design is shown in Fig. 6. 

 
Figure 6: Energy Consumption Design. 

III. THE PROPOSED WORK 

In WSN some nodes exhaust their energies before others 
owing to dynamically and arbitrary choice of CHs, since the 
CH gathers several data from members of cluster and groups 
them then forwards them to the sink. Consequently it 
consumes more power than a common sensor node. 
Thereby, communication between CH and the sink directly 
regardless the distance and the current energy of CH effect 
on the lifetime of the network. So, it is essential to choose 
the ideal route to achieve the sink. In this document, we 
suggest an improved protocol based on LEACH and certain 
developed algorithms, namely BCE-LEACH. It is built on 
two metrics: the current energy of nodes and distance to the 
sink. 
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In the WSN, the most energy is consumed by cluster-heads 
and the communication between them and the sink. First, 
receiving all packets from the cluster nodes, aggregating and 
sending them to the base station, make the CH consume 
more energy than other normal nodes. So, we must choose 
the CH and let only the nodes that have more current energy 
participate as CHs so as to avoid the death of nodes earlier 
than others. The benefit of our methodology is that pick out 
CH depending on the current energy. Secondly, the 
communication between CHs and BS also consumes more 
energy depending on the distance. Consequently, more than 
the number of CHs that communicate with the base station 
is high, more than the power consumption of the network 
will increase. So, it is important to select an only route to the 
BS to minimize power consumption. The second benefit of 
our methodology is that the BCE-LEACH protocol selects 
the CH with more current energy and its distance to the sink 
is minimum as a parent cluster-head. The other CHs send 
their data to this root CH so that the latter sends all the 
gathered data to the BS. 
The Fig.7 shows the structure of the proposed protocol. 

 
Figure 7: Structure of Proposed Protocol. 

In this section, we describe the proposed protocol BCE-
LEACH. Firstly, we demonstrate the methodology followed 
by our protocol and the organizational chart of the proposed 
algorithm. Secondly, we define the parameters used in the 
clustering and hierarchical method. 

A. Methodology 

Clustering is one of the most common procedures to 
extending the lifetime of WSN. A number of algorithms 
have been proposed to enhance the first energy-efficient 
clustering hierarchical routing protocol LEACH such as 
PEGASIS, V-LEACH, E-LEACH, B-LEACH, LEACH-
TLCH, etc. Most previous methods have imported some 
good improvements in LEACH. However, there are certain 
drawbacks associated with either the current energy 
concentration, multi-hop to achieve the BS or the distance to 
the BS. Therefore, it must take into account all of these 
metrics. For this reason, the overarching objective of our 
algorithm is to prolong network lifespan centered on three 
main metrics that current energy of nodes, multi-hop method 
to reach the BS and the distance between CHs and the sink. 
Our protocol consists of two main steps:  

1. Cluster formation 

Firstly in each round, nodes calculate their current energy 
through (7), if it is greater than the mean energy, then these 
nodes can participate in the selection of CHs. 

Where
RxTxcons

consres

EEE

EEE



 0
                                          (7) 

Where TxE and RxE  are defined respectively in (4) and (6) 

in section II.G. 
A new threshold energy function is defined in our paper for 
cluster head formation as follows in (8). 
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Where eP presents the percentage of the CHs; 

R introduces the number of the actual round;  
N demonstrates the groups of nodes that was not been CH in 

the last eP/1 rounds;  

iE represents the initial energy of nodes and resE  

introduces the current energy of nodes at the R round. The 

ratio of ires EE /  is used to select nodes with enough 

residual energy to be CHs. 
The choice to become CH in the cluster formation return to 
the node through taking an arbitrary value belongs to the 
interval 0 and 1. If this value is less than a threshold value S 
(j) defined in (8), this node becomes as CH in the following 
turn; else it remains like a common node. 
Subsequently, after the dissemination of the information by 
the CH, the normal nodes determine their CHs 
corresponding to the strength of the received signal by the 
CH. Finally, normal nodes forward a confirmation message 
to their close CHs [6]. 

2. Steady phase 

After cluster construction, each CH establishes TDMA 
(Time Division Multiple Access) schedules depending on 
the sum of members of the cluster and the distance. Each 
sensor node delivers its information in its TDMA time slot 
to corresponding CH [18]. 
whenever clusters have shaped and TDMA time slots have 
reserved, we pick out the root CH which has residual energy 
higher than the mean energy of CHs and the distance to BS 
is fewer than the mean distance between CHs and BS where 
are defined respectively in (9) and (10). Thus the other CHs 
know information by broadcasting from root CH. 

CH

cE
E

CH

c res
ave

  1
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                                                 (9)  

CH
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d

CH

c toBS

toBSave
  1

)(
                                           (10)   

 Where resE  indicates the current energy of CH at 

the current round and toBSd  presents the distance between 

each CH and the sink. 
In the data communication stage, the normal nodes starting 
the collected information from the environment in order to 
transmit it to the CH belong. 
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 The data of the furthest CHs from the root CH achieves this 
latest by using the multi-hop process. The root CH is the 
only component that communicates directly to the sink; it 
receives data from others CHs, aggregates them and sends 
them to the BS. 
Fig.8 shows the architecture of the proposed model. 

 
Figure 8: Architecture of the proposed model BCE-

LEACH. 

Fig.9 exhibits the flowchart of the proposed model. 

 
Figure 9: The flowchart of the proposed model. 

B.  Simulation parameters setting 

In this part, we determine the parameters using in the 
simulation. We can define them as follows: 
 Random distribution of 200 sensor nodes in a 200 * 200 

2m square area. 
 The initial energy is distributed uniformly in the nodes of 

a magnitude of 2J. 
 The sink is situated at (100, 250). 
 The percentage of CHs in the total number in the network 

is 20%. 

The table I below illustrates the specific parameters 
accredited in the simulation of our protocol against LEACH. 
 

Table- I: Parameters Value 
Parameter Symbol Value 
Nodes n 200 
Number of sinks  S 1 
Area M*M 200m * 200m 
The cluster 
probability 

P 20% 

Initial energy E0 2J 
BS location (x,y) (100, 250) 
Energy exhausted in 
the Radio module to 
send or take the 
signal 

Etx=Er
x 

50 nJ/bit 

Energy exhausted in 
the amplifier to 
deliver at a short 
distance 

Efs 10 pJ/bit/m^2 

Energy exhausted in 
the amplifier to 
forward at a longer 
distance 

Emp 
0.0013 

pJ/bit/m^4 

Energy of data 
aggregation  

EDA 5 nJ/bit 

Packet size b 4000 bits 
Number of rounds 
executed 

r 6000 

IV. SIMULATION AND RESULTS 

This section presents simulations to estimate the 
performance of the proposed protocol. BCE-LEACH 
protocol is simulated using MATLAB R2016b simulation 
platform. The simulation parameters setting are mentioned 
in table below (table I). Performance comparison of the 
BCE-LEACH clustering algorithm against the hierarchical 
LEACH protocol is given in this part to verify the 
importance of BCE-LEACH on prolonging the lifetime of 
the network.  
Fig.10 presents the random deployment of the 200 nodes in 

200*200 
2m square areas and the location of the BS at 

coordinates (100, 250). 

 
Figure 10: the Random Deployment of Nodes in the 

Network. 
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Fig. 11 compares the result of dead nodes in the network, 
obtained from the simulation of the proposed protocol and 
LEACH. 

 
Figure 11: Dead nodes 

From the chart above we can see that the first node died in 
the LEACH algorithm at 361st round, whereas the stability 
period of BCE-LEACH protocol is 4750th rounds which the 
first node died. 
The aim of the graph presented in Fig. 12 was to estimate 
the alive nodes in 6000 rounds applying BCE-LEACH 
protocol and LEACH protocol. 

 
Figure 12: Alive nodes 

As Fig. 12 shows, there is a significant difference between 
the two protocols (LEACH and BCE-LEACH). This 
difference has been presented in numbers in the diagram 
(see Fig. 13). 

 
Figure 13: Diagram of comparison between LEACH and 

the proposed protocol. 

The results, as shown in diagram Fig. 13, indicate that at the 
361st round, applying LEACH, already the first node is dead 

while the 200 nodes stay alive by applying the BCE-
LEACH protocol. In turn 1672nd, LEACH lost half of the 
initial nodes whereas the BCE-LEACH keeps the initial 
total of nodes alive (200 nodes). The BCE-LEACH lost his 
first node in the 4750th tower where 6 nodes that remain 
alive in LEACH. Half of protocol BCE-LEACH's nodes 
died in round 4955th while just 5 nodes that are still alive in 
LEACH. From the 5429th, almost all nodes are dead in 
LEACH except one. In contrast, In BCE-LEACH 13 nodes 
continue to live. 
 The purpose of simulation three shown in Fig. 14 
was to present the pace of the overall current energy of 
network nodes in both protocols: LEACH and BCE-
LEACH. 

 
Figure 14: Total energy of node in the network. 

From the data in Fig.14, it is apparent that the pace of total 
residual energy of the proposed protocol is above that of 
LEACH. Thus, the linearity of the LEACH curve ends in 
584th round. In contrast, the linearity of the BCE-LEACH 
protocol terminates at the 4676th iteration. These results 
indicate that the total current energy of nodes in LEACH 
becomes almost zero from the iteration 3839 whereas in the 
BCE-LEACH protocol stays up to 4982nd round. 
In summary, these results are significant and sufficient to 
show that our protocol has great importance on the 
extension of the lifetime of the network, so it is more 
efficient than LEACH protocol. 

V. DISCUSSION 

In [6], authors elect CHs in a random way at every turn, and 
then they use a single-hop between CHs and the sink. 
Therefore, these techniques consume more energy which 
decreases the sustainability of the network. As mentioned in 
the literature review, energy-efficiency is an important 
factor in WSN. The present study was designed to define the 
proposed protocol that takes into account the residual energy 
of sensor nodes and the space to the sink to improve the 
lifetime of the network owing to the energy can be 
conserved through reducing the communication distance and 
the volume of data to deliver. LEACH method was adopted 
in this algorithm to provide clusters.  
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One interesting finding in the current study is that residual 
energy and distance both have an importance on the 
minimization of consumption energy of nodes in the 
network.  Another important finding was that a 
single communication between the collector and the root CH 
which aggregates all data from the other CHs economize 
energy consumption and allows CHs with low remaining 
energy to live even as shown the result of table II below. 
 

Table- II: Comparison between LEACH and BCE-
LEACH 

Rounds Alive nodes in 
LEACH 

Alive nodes in BCE-LEACH 

361 199 200 
1672 100 200 
4750 6 199 
4955 5 100 
5429 1 13 

 
The benefit of this study is to prove the added value of the 
proposed BCE-LEACH algorithm in increasing the network 
lifespan. 

VI. CONCLUSION 

In LEACH and some of its improved protocols, voting CH 
randomly regardless of residual energy of nodes can lead to 
that some CH finished their energy early than others. Thus, 
this dynamical electing of CH is an underlying factor to not 
give the chance at all nodes to become CH even if they have 
enough current energy. Also, numerous CHs send to the BS 
whatever the remaining power and the space to the sink may 
have a negative effect on decreasing network lifetime. 
Therefore, the space to the sink and the energy are the most 
essential factors in the protocol design for WSN. For this 
reason, this paper suggested a new enhanced protocol of 
LEACH namely BCE-LEACH that has been built on the 
current energy to pick out CHs, it considers both current 
energy and distance to the sink to choose an optimal path to 
achieve the collector by selecting a root CH, then it adopted 
multi-hop method between CHs to reach the root CH. 
The aim of the present research was to examine a 
comparison of BCE-LEACH and LEACH protocol through 
simulation in MATLAB simulation platform. Results of 
simulation argued that the proposed protocol makes a 
improved decision of the CH electing and the root CH 
selecting because of the number of living nodes in the 
system is higher than the original LEACH protocol, dead 
nodes is fewer than LEACH then, the total current energy of 
network nodes decreased very gradually than the original 
LEACH algorithm. In summary, considering the residual 
energy of nodes to choose the CHs and divide clusters then 
creating CHs, taking into account the current energy of CHs 
and the distance between CHs and the sink to elect the root 
CH make BCE-LEACH performs upgrade than LEACH. 
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