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1.Introduction 
Wireless sensor network (WSN) consisting the large 

number of sensor nodes (SNs) which are deployed 

throughout the network with at least one sink node or 

base station (BS). All SNs can perform data 

detecting, information handling and wireless 

communication functions. The BS is gathering data 

from these SNs [1, 2]. However, energy sources in 

SNs are limited and they are generally deployed in 

the remote area. So, changing the battery is sometime 

not possible due to harsh environment conditions like 

in volcano monitoring, forest monitoring etc. 

Therefore, the efficient utilization of energy 

resources in WSN is the main research issue. Along 

with the advances in micro electro mechanical 

system, routing protocols plays a vital role in the 

conservation of energy. Many such routing protocols 

have been proposed in the literature to utilize the 

limited energy in an efficient way. Routing protocols 

are divided into flat, hierarchical and location-based 

routing protocols based on the network structure.  

 
*Author for correspondence 

Hierarchical routing protocols are more energy 

efficient as compared to other routing protocols [3]. 

 

In the hierarchical protocol, SNs are grouped together 

and clusters are formed. In each cluster, one SN is 

selected as a cluster head (CH) which collects data 

from member nodes (MNs). Then, CH aggregates 

and processes the data into information. At last, CH 

transmits the information to BS.  

 

Low energy adaptive clustering hierarchy (LEACH) 

is the main hierarchical routing protocol which 

enhances the energy efficiency [4−7]. CHs are 

selected randomly in each cluster that means any SN 

with high or low energy can be chosen as a CH. The 

role of CH is rotated and randomized for dispersion 

of energy needs among the SNs of the network. CH is 

suitable for homogeneous network and hierarchy is 

relatively simple [8]. Allocation of time division 

multiple access (TDMA) schedule by CH allows the 

SNs to go into sleep mode so that intracluster 

collisions will not occur and increases battery 

lifetime of SNs. Implementation of LEACH is 
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impossible in large networks due to the chance of no 

CH in the closed area [9]. Limitations of LEACH 

protocol area as (1) LEACH expect that SNs 

dependably have data to send and there is a 

relationship between data of SNs that are found near 

each other. CHs are not consistently circulated within 

the cluster that implies CHs can be situated at the 

edges of the cluster, and a few SNs might not have 

any CHs in their nearby environment. (2) In LEACH 

protocol, sometimes imbalanced clusters are formed 

in which energy consumption is not balanced due to a 

random selection of CH [6, 10].  

 

In the literature, numerous researchers have proposed 

their work to enhance the energy efficiency and 

network lifetime. Ahmed et al. [1] have presented the 

wireless sensor characteristics and architecture to 

design functional WSN and get the highest 

throughput by using minimum low-cost resources. In 

[3, 10] a thorough survey of routing protocols and 

strategies in view of the network structure and data 

transmission utilized as a part of the wireless sensor 

network (WSN) has been presented for development 

in the execution of WSN. Kalantari and Ekbatanifard 

[11] proposed a new method in which nearest SN was 

selected as a CH in clusters that reduced the energy 

consumption and prevented the early death of nodes. 

Nguyen et al. [12] have proposed two approaches 

distance-based LEACH and distance-based energy 

aware LEACH for CH selection in view of separation 

between candidate nodes to BS and furthermore 

considered the remaining energy of SN higher than 

the average remaining energy of SNs in the system. 

Moussa et al. [13] had minimized the distance 

between SNs and divided the network into clusters 

having ordinary nodes and intense nodes CHs. Then, 

located the CHs into a normal of the area of ordinary 

nodes which saves more energy. Consequently, 

various authors have proposed different algorithms 

for CH selection to reduce energy consumption that 

can enhance the network lifetime [14−24]. 

Aforementioned literature can significantly enhance 

the network lifetime and efficiency, but 

investigations on load balance clustering is still 

pending. 

 

In this paper, a grid-based load balanced clustering 

protocol (LBCP) is proposed for proper CH selection 

to the enhancement of network lifetime. Grids are 

created in such a manner in which a load of energy is 

balanced among the SNs of the network. SN with 

maximum normalized energy is selected as a CH 

within the grid. Further, LBCP is compared with the 

LEACH protocol that shows WSN has longer 

network lifetime by using LBCP as compared to 

network lifetime by using LEACH. Main objective of 

this paper is to design an efficient CH selection 

algorithm for extending the network lifetime by 

balancing the load of SNs in WSN [25−29]. 

 

Rest of the paper is organized as follows: section 2 

describes the network model and energy model used 

in LBCP. Section 3 presenting the LBCP with its 

architecture, phases and CH selection algorithm. 

Section 4 shows the result analysis and finally, 

conclusions have been presented in section 5. 

 

2.Proposed load balanced clustering 

protocol 
2.1Network model 

Assumes that a WSN with an area of a×a square 

units, where a denotes the length of the network. N 

SNs and a sink node (i.e. BS) are deployed randomly 

in the sensor network. Sink node has unlimited 

storage, computation and battery power. We accept 

that the sink node is situated at the focal point of the 

system. SNs are deployed randomly in the plane area. 

All SNs are homogeneous i.e. capabilities of 

computation, communication and initial energy are 

same and predefined. 

 

2.2Energy model 

In this work, a simple radio model is used which is 

given by Heinzelman et.al [5, 6] for evaluating 

energy dissipation. Assumes that radio consumes 

energy Eelec to run the circuits of transmitter or 

receiver and ϵamp is the energy dissipated for 

transmision amplifier. In the model, both the free 

space and the multipath blurring channel models are 

utilized for experimentation, contingent upon the 

separation between the transmitter and the receiver. If 

the separation is not as much as a threshold, the free 

space (fs) model is used; otherwise, the multipath 

(mp) model is utilized. To communicate something 

specific of k bits to a separation d utilizing radio 

model, radio uses: 

   (   )  {
                

        

                
            

 (1) 

Where threshold    √        

To get a message, the radio uses: 

   ( )               (2) 

 

Essential factors like digital coding, separating and 

flag spreading on which electronics energy, Eelect are 

reliant and amplifier energy, ϵfsd
2
 or ϵmpd

4
 relies upon 

separation to the receiver and bit mistake rate which 

is adequate. 
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3.Description of load balanced clustering 

protocol with its operation 
LBCP solves the problems of LEACH and energy 

consumption is balanced among the SNs by (i) 

partitioning the WSN into square-shaped grids that 

cover the whole WSN; (ii) selecting the optimum CH 

in each grid based on the maximum normalized 

residual energy; (iii) rotating the role of CH after one 

round so that energy load will be equally distributed 

between SNs. Thus, only one SN should not be 

overloaded which leads to survive more time or its 

energy will not be consumed quickly. Because 

LEACH network lifetime is short, WSN becomes 

dead early then, all SNs of the network have large 

residual energy. Reduction in the energy of one SN 

causes the network connectivity to be broken. To 

overcome this, LBCP extends the network lifetime in 

the way in which the maximum energy of every SN 

before the network dies will be consumed. Therefore, 

residual energy reduces more as compared to 

LEACH. It implies when the network dies it will 

have the very little amount of energy as the energy of 

the SNs are utilized in efficient way in LBCP. 

 
Diagram of LBCP is shown in Figure 1. The diagram 

shows the division of the network into 12 grids, 

deployment of SNs in each grid, gathering sensed 

data from MNs by CH within the grid. CHs processes 

and aggregates data to central BS or sink. 

 

The LBCP's operation is partitioned into rounds and 

in each round, there are three phases: information 

collection phase, CH selection phase and data 

collection phase as shown in Figure 2. In the first 

phase, BS collects information from all SNs and 

creates grids based on received information. In 

second phase, BS selects CH in each grid and CH 

makes a TDMA schedule to SNs. Data transferring 

from the SNs to CHs and continuously from CHs to 

BS in the third phase. Details of each phase of LBCP 

algorithm are described in next section. 

 

 

 
Figure 1 LBCP architecture 

 
Figure 2 Operation of LBCP 

 

3.1Information collection phase 

Information collection phase occurs one time before 

the first round. In this phase, information of all SNs 

is collected by BS and network is partitioned into 12 

grids. Firstly, BS gives the information of its ID and 

location to all SNs by sending a request message i.e. 

req_msg. All SNs receives the req_msg and send 

self_info_msg that gives the information of their ID, 

location and residual energy to BS. Then, BS 

receives the self_info_msg from all SNs. All SNs are 

set as an ordinary node (ON) on the basis of received 

information. After that, the network is partitioned 

into 12 equal and square shaped grids on the basis of 

received information. 
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3.2Cluster head selection phase 
In CH Selection phase, one optimal CH is selected 

from each grid. At first, BS calculates the residual 

energy of all SNs of each grid. BS constructs the 

arrays of grids Gi contains the ID of SNs that belongs 

to the grid i. In grid wise manner, BS takes the 

minimum and maximum value of residual energy of 

SNs in a grid. Then it normalizes the SN's energy in 

the range of 0 and 1. Normalization is done according 

to two conditions. If the standard deviation of SN's 

residual energy is zero, then its normalized value of 

energy is taken as 1 otherwise energy is normalized 

according to Equation 3. 

   ((      ))  ((       ))  (3) 

Where NE denotes the normalized energy, RE 

denotes the residual energy of SN, min denotes 

minimum energy of SNs in the grid, max denotes the 

maximum energy of SNs in grid. BS selects the SN 

with maximum normalized energy as a CH in a grid. 

BS send CH_info_msg contains ID of CHs to all CHs 

in the network. CHs receives the message from BS. 

Then, if the SN is a CH, then CH broadcasts the 

advertisement message (Adv_msg) contains its ID to 

all the SNs. After receiving Adv_msg, SNs choose 

their CHs and they send the join_req_msg  to their 

chosen CH. Then, CH accepts the join_req_msg from 

SNs and now it knows about the MNs of its grid. At 

last of this phase, TDMA schedule for each MN is 

created by CH.        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Flowchart of LBCP 
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3.3Data collection phase 

As there is a correlation in between data of MNs, an 

aggregation is performed by CHs to reduce this 

correlation. In this phase, MNs send the detected 

information to CHs during their time slot according 

to the TDMA schedule allocated by CHs. MN is 

active only during its time slot. To receive data from 

all MNs within the grid, the receiver of each CH 

should be on. Different CDMA are used by grids for 

communication so that interference of CHs belonging 

to other grids can be reduced. CHs accept the data 

from MNs. Then, CHs processes and transmits the 

aggregated data to the BS. BS receives the data from 

CHs. If one of the SNs become dead, then the whole 

network ends otherwise next round starts and process 

from CH selection phase and data collection phase 

begin again. Flowchart of LBCP operation is shown 

in Figure 3. 

 

4. Results and discussion  

4.1 Performance evaluation 

MATLAB software is used as a simulation platform 

to implement the LEACH protocol and LBCP 

(proposed protocol). Performance of the LBCP is 

measured from three aspects: the total energy 

consumption, the residual energy and lifetime of the 

network. 

Network Lifetime: Network lifetime shows round r 

in which first SN of the network dies. Some 

researchers considered the same for evaluating 

network lifetime [11],[30−33]. 

Energy Consumption: It shows the total energy 

consumed by WSN. 

       (   )            ∑   ( )   
        (4) 

Where TotalEN(r-1) denotes the total energy 

consumption of the whole network up to (r-1) round, 

TEofnodes denotes the sum of initial energy of all nodes 

and NE denotes the energy of SN. 

 

Energy utilization: It shows the amount of energy 

utilized by WSN. 

                         (   )    (5) 

Where         denotes the residual energy of the 

whole network. 

 

Table 1 shows the parameters used for simulating 

results. Three different areas like 100m×100m, 

200m×200m and 300m×300m are taken for network. 

 

Table 1 Simulation parameters 

S. No. Parameter Value 

1 No_of_nodes, N 100 

2 No_of_rounds 10000 

3 Initial_energy 0.5 J 

4 Transmit_energy, Eelect 5 nJ/bit 

5 Receive_energy, Eelect 5 nJ/bit 

6 Freespace_energy, ϵfs 0.0013 pJ/bit/m2 

7 Multipath_energy, ϵmp 0.0013 pJ/bit/m4 

8 Aggregate_energy 0.5 nJ/bit/signal 

9 Packet_length (CH to BS) 6400 bits 

10 Ctrpacket_length, (SN to CH) 200 bits 

 

4.2 Average network lifetime 

We use multiple scenarios for different network sizes 

and in each scenario; there is a change in location of 

SNs. In each scenario, values of network lifetime 

using LBCP are much higher than values of network 

lifetime using LEACH. Then, the average (Avg) 

network lifetime is calculated.  

 

As appears in Figure 4, in the network size of 

100m×100m by using LBCP, on average first node 

dies in the 7752
nd 

round and by using LEACH 

protocol, on average first node dies in the 5582
nd

 

round. Average network lifetime in LBCP is 45% 

more than average network lifetime in LEACH. 

Similarly, in the field of 200m×200m, on average 

first node dies in the 7733
rd

 round in LBCP and on 

average first node dies in the 5195
th 

round in LEACH 

protocol. Average network lifetime in LBCP is 48% 

more than average network lifetime in LEACH. 

Similarly, in the field of 300m×300m, on average 

first node dies in the 7722
nd

 round by LBCP and on 

average first node dies in the 4215
th 

round by 

LEACH protocol. Average network lifetime in LBCP 

is 83% more than the average network lifetime in 

LEACH. There is a small drop in network lifetime of 

WSN in different areas by using LBCP. In our 

proposed LBCP and LEACH, as an area of network 

LBCP algorithm for CH selection 
// Select the cluster head within the grid. 

a) Take the null arrays of NE i.e. node energy, 

NRE i.e. normalized energy for grid. 

    for i=1 to 12     // length(Gi) is number of SNs 

in Gi 

           for j=1 to length(Gi) 

               NEi(j)= NE(Gi(j)) 

           end for 

b)  Find the min and max energy of nodes in grid. 

          min ← minimum(NEi) 

         max ← maximum(NEi) 

        for i=1 to length(Gi) 

c) Normalize the SN's energy in the range of 0 & 1 

NREi(j)=(NEi(j)-min)/(max-min) 

end for 

     maxE ←maximum(NREi)  //maxE is maximum 

normalized energy 

         CH ← maxE 

  end for 
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increases, the lifetime of the network decreases. 

Because when the area is small, then the distance 

between SNs is also very small and each SN 

consumes a small amount of energy. Therefore, it 

does not die quickly and has a long lifetime. Figure 4 

shows a simulation result of LBCP and LEACH that 

compares the average network lifetime versus area. 

This shows that network lifetime using LBCP is more 

than network lifetime in LEACH. In our method, 

clustering is done by partitioning the network into 

equal grids and these grids are balanced in which 

CHs are selected from each grid. CH's role is rotated 

after one round so that energy load is distributed 

equally to all SNs and thus, each SN has a long 

lifetime. In LEACH protocol, balanced clusters are 

not shaped, and some CHs are chosen in one region 

of the network. When low energy SN is selected as 

CH, it dies early, and network lifetime is small. 

 

 

 
Figure 4 Average network lifetime of WSN in different areas 

 

4.3 Average residual energy 
Residual energy of the network is calculated after the 

first node dies (FND). For different network sizes, by 

using LBCP results of multiple scenarios gives the 

values of residual energy of network which are 

higher than values of residual energy of the network 

by using LEACH. As shown in Figure 5, in the field 

of 100m×100m, 200m×200m and 300m×300m, the 

average residual energy of network in LBCP are 

1.1866 J, 1.2976 J and 1.3488 J respectively.  

 

The average residual energy of network in LEACH 

are 14.026 J, 16.50 J and 22.80 J in the field of 

100m×100m, 200m×200m, 300m×300m 

respectively. It is observed that the average residual 

energy of WSN using LBCP is less than that of WSN 

using LEACH in the respective field. With increase 

in area, network lifetime and residual energy 

decreases. 

 

 

Figure 5 Average residual energy of network in different areas 
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If the network lifetime is more, then it means 

network works for a large number of rounds. In 

LBCP, when the network lifetime is over, the 

residual energy of the whole network becomes very 

low and the maximum energy of every SN is 

consumed. This is because LBCP utilizes the energy 

of SNs in an efficient way. In LEACH protocol, 

network lifetime is very small. When the network 

dies, each SN has a large amount of remaining 

energy and there is no maximum energy consumption 

of the network. 

 

4.4 Average energy consumption 

Energy consumed by WSN in each scenario is 

smaller in LBCP as compared to LEACH. Average 

energy consumption of network of these scenarios in 

LBCP is also smaller than LEACH. Figure 6 to 

Figure 8 shows the amount of average energy 

consumption of WSN having network size 

100m×100m, 200m×200m and 300m×300m 

respectively. 

 

In our proposed LBCP, optimal CHs are selected 

from each grid based on maximum normalized 

residual energy which ensures that CH has enough 

energy to perform its all operations. Regular grids are 

created for equal energy distribution to all SNs. Due 

to balanced energy consumption; a small amount of 

energy of SNs is consumed. But in LEACH protocol, 

imbalanced clusters are formed and energy 

consumption of SNs is imbalanced because CHs are 

selected randomly. 

 

 
Figure 6 Average energy consumption of WSN in network size 100m×100m 

 

 
Figure 7 Average energy consumption of WSN in network size 200m×200m 
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Figure 8 Average energy consumption of WSN in network size 300m×300m 

 

5. Conclusion   
An important technique clustering can take an 

interest in entire network lifetime and energy 

efficiency in WSN. The proposed protocol LBCP 

aims to utilize the energy efficiently and enhance the 

network lifetime. LBCP provide solutions to the main 

problems of LEACH. The strategy of CH selection in 

clusters of WSN enhances the performance of 

LEACH protocol. LBCP divides the WSN into 

square grids and selects CH from each grid that 

makes the load balancing among SNs. LBCP 

algorithm select the optimal CH based on maximum 

normalized energy within the grid. Part of CH is 

turned after one round for equal distribution of 

energy load between SNs so that SNs lives for a long 

time and their network lifetime increases. Energy 

consumption of WSN is better in LBCP as compared 

to LEACH. Network lifetime is longer in LBCP as 

compared to LEACH. Using LBCP, WSN dies most 

probably after 7000 rounds but using LEACH it dies 

after 5000 rounds. In LBCP, we utilize the energy of 

SNs efficiently and consume maximum energy 

before the network dies. But in LEACH, we cannot 

use the maximum energy of SNs before network dies 

because it cannot be used efficiently and network 

lives for a short time. Energy efficiency is higher in 

LBCP as compared to LEACH. The work presented 

in this paper has significant role in improvement of 

WSN. This work also has substantial scope for 

further research for improving the performance of 

other routing protocols. The future works includes 

the establishment of cluster and selection of CHs in 

cluster by using the proposed methodology by 

including some additional work.  
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