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Abstract—A Wireless body Sensor Network is a special kind of network which is designed for human body.The network is sub-divided 
into groups of sensor nodes called clusters. Energy Efficient Load Balanced Energy aware clustering routing is a max heap based(L-
BEAR)algorithm is used to balance the load in the networks .The proposed algorithm is efficient in terms of load balancing, throughput, 
packet delivry ratio in WBAN 

Keywords—WBAN ,Load balancing,CH,Packet delivery ratio 

I.  INTRODUCTION  

Clustering is one of the most popular techniques for routing protocols. The cluster-based routing is an efficient way to reduce energy 

consumption within a cluster by decreasing the number of transmitted messages to the sink node. Hence, there have been many researches on 

cluster-based routing protocols are proposed[1-5]. A popular cluster-based protocol, called LEACH, proposes a two-phase operation based on a 

single-tier network using clusters as shown in fig1. LEACH randomly selects a portion of nodes as cluster headers, and the cluster headers 

gather the neighboring nodes to construct clusters. Each node forwards its sensed data to a cluster header, which collects and delivers data to the 

sink node. There are several extensions of the LEACH protocol to increase energy efficiency and load balancing  

II. RELATED WORK 

Low-energy adaptive clustering hierarchy (LEACH) is a cluster based protocol that uses a distributed clustering approach. In LEACH[7], 

the sensor nodes are divided into number of clusters. For every cluster, a sensor node(SN) is electing as a Cluster Head(CH). The selection of 

CH nodes is based on a probability value. Other non-CH nodes choose the nearest cluster to join by receiving the strength of the advertisement 

message from the CH nodes. HEED extends the LEACH protocol using highest energy level of the sensor node and degree of a sensor node for 

cluster selection to achieve energy balancing. It operates on multi-hop networks. 

 HEED was proposed with four primary goals namely (i) increasing the network lifetime by distributing energy consumption (ii) terminating 

the clustering process within a constant number of iterations (iii) minimizing packet control overhead, and (iv) produced high energy level of 

CH. In HEED, the proposed algorithm periodically selects CHs according to a combination of two clustering parameters. The first paramater is 

their highest energy of each sensor node and the secondary parameter is the intra-cluster communication cost as a function of cluster density or 

sensor node degree. The primary parameter is an initial set of CHs while the secondary parameter is used for breaking ties. The HEED prortocol 

improves network lifetime than LEACH protocol because LEACH randomly selects cluster Head(CHs), which may result in faster death of 

some nodes. The HEED (Hybrid, Energy- Efficient, Distributed) clustering protocol to improved the network lifetime and support data 
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aggregation. The HEED Protocol the CHs are probabilistically selected based on their highest energy, and the sensor nodes join the clusters 

according to their power level. A new clustering algorithm with cluster member (NCACM) bounds for energy dissipation avoidance in wireless 

sensor networks is proposed to reduce the energy consumption and to extend the network lifetime. It determine a confidence value for any 

sensor node that might become a CH by using parameters such as the nodes’ remaining energy, the distances between the nodes, and the 

distances between the CHs in each round. However, a random selection of a CH node could obtain a poor clustering setup in these previously 

developed schemes, and the CH nodes can be redundant for some rounds of operation. The distribution of CH nodes is not uniform; thus, a 

cluster can consist of a large number of sensor nodes, and some sensor nodes must transfer data through a longer distance. Additionally, a CH 

node consumes too much energy to receive and to aggregate data from its non-CH nodes and to transmit data to the BS. It is clear that the CH 

node will die quickly. Thus, reasonable energy consumption is not obtained in the wireless sensor networks. 

LEACH-centralized (LEACH-C) is proposed as an improvement of LEACH that uses a centralized approach to create the clusters. In 

LEACH-C, the BS collects the information of the position and energy level from all of the sensor nodes in the networks. On the basis of this 

information, the Base station calculated the number of Cluster head nodes in the clusters. LEACH-C uses a simulated annealing algorithm to 

create the routing structure. A saving energy clustering algorithm (SECA) to provide efficient energy consumption for the sensor nodes and to 

prolong the lifetime of the wireless sensor networks. In accordance with the centralized operation, the uniform cluster location can be obtained 

by using SECA. The data transmission distance from each sensor node to the CH node is suitable. Hence, the energy consumption is reduced, 

and the network lifetime is extended.  

PEGASIS protocol is a extendec version of  LEACH protocol, which forms series of link  from Sensor nodes so that each node transmits 

and receives from a neighbor and only one node is selected from that chain to transmit to the base station (sink).Power-efficient gathering in 

sensor information systems (PEGASIS) is proposed to create a chain structure in the wireless sensor networks by using the greedy approach. 

The main goal of this scheme is to shorten the data transmission distance between two sensing nodes, and thereby, the energy consumption of 

each node is reduced. The critical problem of the chain-based routing protocol is the long latency for data transmission because the sensing node 

must take several hops to transmit its data to the BS. This approach is unsuitable for real time sensing and discovery applications. Additionally, 

some sensing nodes must transfer data through a longer distance, and a reasonable energy savings is not obtained in the wireless 

sensornetworks. Energy Balancing PEGASIS protocol is an energy efficient chain algorithm in which a node  consider average distance of 

formed links. If the distance from closest node to its upstream node is longer than distance-threshold, the closest node is a far node. If the closest 

node joins the chain, it will emerge a long chain. In this condition, the far node will search a nearer node on formed chain. Through this method, 

the new protocol EB-PEGASIS can avoid long chain effectively. It not only saves energy on sensors, but also balances the energy consumption 

of all sensor nodes.M-LEACH modifies LEACH allowing sensor nodes to use multi-hop communication within the cluster in order to increase 

the energy efficiency of the protocol. The clustering  work extends the previous solutions by allowing m-hop(multihop) inter-cluster 

communication in scattered wireless sensor networks in which the direct communication between Clusterhead or the sink is not possible due to 

the distance between them. Thus, the main innovation of the solution proposed here is that the multi-hop approach is followed inside the cluster 

and outside the cluster. Cluster head perform data fusion to the data receive, allowing a reduction in the total transmitted and forwarded data in 

the network. 

 

III PROPOSED WORK 

Due to the load balancing and unequal clustering problem the Load balancing energy aware routing algorithm is used to balance the load in 

the networks to maximize the lifetime and efficiently utilize the energy .L-BEAR provides the better load balancing in un equal clustering .In 

existing system more number of the clustering algorithm is proposed in load balancing but no one proposed load balancing with unequal 
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clustering.The proposed algorithm improves the network life time. TheClustering of nodes in a cluster is an energy efficient approach by 

avoiding the long distance communication of nodes. In static clustering algorithm scheme, clusters size are fixed and one node reaact as a 

Cluster Head (CH)for each cluster. Cluster Head is responsible for gathering data of nodes in the respective cluster and for sending the data to 

base station located at far distance. Running Time of BUILD MAX HEAP.HEAPIFY takes O(h) ⇒ the cost of HEAPIFY on a node i is 

proportional to the height of the node i in the tree  
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The running time of heap isO(nlogn) .A CH taking more energy than other sensor nodes and hence is more prone to energy failure. Cluster 

Head node failure results in loss of data of that cluster. 

 
Calculating Power Consumption 

Energy consumed during transmission (ETx) is calculated with  

     ETx=Eeleck+ Eampkd2    (1) 

Where Eelec is the energy consumed by the radio transceiver, K is the size of the message in bits, Eamp is the energy consumed by the radio 

amplifier and d is the transmission distance in meters  

Energy consumed during message reception is calculated by  

     Erx=Eeleck     (2) 

Where Eeleckis the energy consumed by the radio transceiver K is the size of the message bits is only calculated  

The height of the cluster tree is calculated as 

1
1

0

2 1
2 2 1

21

dd
l d

l

n
+

+




£   


  (3) 

Where d is the height of the root. 

In cluster forming  phase, the sensor nodes(SN)  are organized  in which each level,except feasibly the last, is completely filled, and all nodes 

are as far left as possible as shown in fig 1.The CH’s form the clusters by broadcasting advertisement message and receiving join-request 

messages. The CH’s consume more energy than the normal nodes, so they should selected from the set of nodes with high remaining energy. 

The CH’s use CSMA/CA MAC protocol to transmit the advertisement messages.During this, the normal nodes must keep their radio on to hear 

the advertisement message. A sensor node can receive the advertisement of several CH’s. In this situation, the sensor node must decide to which 

cluster it belong to in that round. The decision must balance the load of the CH’s. The CH’s can also receive the advertisement of other cluster-

heads. The cluster-head (CH) choose the cluster that belongs to upper layer and has maximum fitness as its parent-cluster-head(CH). The 

cluster- head do not send join-request messages to other cluster-heads. 

 
 

 
cluster formation 
A.hsize ← A.length 
Step 1: Formation of cluster 
int m; 
i < m ≤ A.length; 
A[ m] ≥ A[L(m )] && 
A[ m ] ≥ A[R(m )] 
Step 2: 
fori ← ⌊A.length/2  ⌊ 
Max-Heapify (A, i) 
where L,R is left and right 
 

Alg 1 Pseudo code for cluster formation 
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In the CH selection, Each node decides to become the CH or not based on the weights of eligibility calculated and broadcasted in the 

initialization phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 :Buil a cluster 

 

The proposed Max-heap based L-BEAR algorithm is a complete binary tree with keys and objects stored at the nodes, such that a node’s key are 

less than or equal of its parent’s. ie A max tree  is a tree in which the value in each node is greater (less) than or equal to those in its children. 

The name “heap” is appropriate: it is described a sort of spreading mound of objects with the largest ones at the top as shown in fig 2.The 

maximum depth of the heap is O (log2n),it can provide operations to move “up and down” the tree should run in O (log n) time as required. At 

each round the rooted CH from the max-heap is selected i.e., the CH which has the maximum number of sensor nodes allotted to it.With the 

max heap algorithm, Cluster head can handle the same number of nodes at the same time. 

Algorithm:cluster head selection 

Max-Heap (A, i) 

Step1:l ← L (i) 
Step:2:r ← R (i) 
if A[1] ≤ A.heap-size andA[l] > A[i] 
then larg ← l 
else larg ← i 
Step 3:if r ≤ A.heap-size and A[r] > A[larg] then larg ← r 
Step 4:if larg ≠ i then 
 exchange A[i] ↔ A[larg] 
Max-Heapify (A, larg) 
 

Pseudo code for cluster head selection 

A heap can be stored as an array A. 
 
Step1: Root of tree is A[1]  
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Step 2: L->child of A[i] = A[2i] 

Step:3 R->child of A[i] = A[2i + 1] 

Step4: Parent of A[i] = A[ ⌊i/2⌊ ] 

Step:5 Heapsize[A] ≤ len[A] 

 
 

 
Fig2:Cluster head selection 

 

The role of cluster head(CH) in a cluster must be rotated frequently surrounded the sensor nodes(SN) to increase the life time of sensor network 

by balancing the energy consumption of various sensor node. Since, cluster head is required to perform extra task of data gathering and data 

relaying, compared to the regular sensor nodes, its energy drains out faster. But few  mechanism shouldt be adopted to rotate the role of cluster 

head(CH). The rotation mechanism should ensure balanced energy consumption of all the sensor nodes(SN) in the cluster network 

 
/*Algorithm:cluster head rotation*/ 
delmax(heapHndl H)  
{  
// Makes sure the heap is not empty. 
assert(!heapEmpty(H)); 
int root = 1;  
Step 1:swap(H, root, H->currentsize);  
H->a[H->currentsize] = -1;  
H->currentSize--; / 
Step 2:while(root != H->currentSize)  
{ 
intl->Child = 2*root; intr->Child = 2*root + 1;  
intmaxChild; // If CH is greater than children.. 
Step 3:if (H->a[root] <= H->a[lChild] && H->a[root] <= H->a[rChild]) break; /*Set root node as a CH*/ 
// If at a leaf node. if (rChild> H->currentSize){ if (lChild>= H->currentSize)  
break;  
Step 4:else maxChild = lChild; }  
else 
{  
// Determines which child to swap with. 
if (H->a[lChild] <= H->a[rchild])  
maxChild = lChild; else maxChild = rchild; 
 } 
Step 5:swap(H, root, maxChild);  
root = maxChild; } } /* Max child as a CH*/ 
Alg 3. Pseudo code for cluster head rotation  
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Fig3:Dead mode(parent node) is deleted  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig4: After single rotation 

 

For the proposed model, the cluster head rotation process has been performed based on the residual energy  of the cluster head.once the CH 

drain the energy the root of the cluster head is deleted after that newly CH is selected using CH rotation algorithm as shown in fig 3,4 and 5. The 
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proposed algorithm distance also reduced because each and every time the cluster head is placed in top of the root near by sink. The frequency 

and timing of cluster head rotation process, aimed at optimum life time of wireless sensor network, is decided by calculating the energy 

consumption for regular sensor nodes and cluster head nodes for various tasks performed by these nodes includingdata relaying and cluster head 

selection/rotation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: CH selection in second round 

 

After evaluvate the actual energy consumption of sensor nodes(SN), the balanced energy consumption is providing  by optimal rotation of 

cluster head node at regular intervals. The MAX-HEAPIFY algorithms  stores a complete binary tree manner with number of  nodes and  

continuously calling the  MAX-HEAPIFY function in a bottom-up manner. It uses the weight value of data items and maintains them in max-

heap tree. The values with higher weight imply the higher energy in the cluster. Based on that the max- heap will select the cluster head and 

gives equal amount of load to each and every cluster in the network. Noted that Cluster head can never dead due to battery loss because cluster 

head has highest energy Level among the nodes in the cluster. 

 

IV PERFORMANCE EVALUATION 

WSN System model 

 
The assumption is that the network is homogenous set of sensor nodes are deployed in the target area. All the sensor nodes become static once 

they are deployed and the target area is completely covered by them. The sink is located outside the target area. All the sensor nodes are initially 

equal amount of energy. Each sensor node having unique number. 
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Parameters Used In Simulation   

Name 
 

Value Notation 
Communication range 10 m 

 
R 

Number of nodes 50,100,150 N 
Sensing range 5m r 
Initial energy 0.5 Joules Emax 

Tx or Rx energy 50 nJ/bit Etx,Erx 
Amplifier energy 0.0013 

pJ/bit/m4 
 

Emp 

Data packet size 500 bits B 
Deploying area 400*400 m M2 

Base Station position  Located at 100m m 

 
simulated L-Bear performance using NS2 and compared its performance with other clustering-based routing protocols such as LEACH, LEACH-C, 

and HEED. Performance is measured by quantitative metrics of energy dissipation, NETWORK  lifetime, and Number of data message received. 

Figure 4 shows clearly that lbear has a much more desirable energy expenditure curve than those of LEACH, LEACH-C, and Heed.  

  

Because in leach the election of CH is random so the lot of energy is wasted during the Random method of CH selection.in leach c also take two 

much of time for electing the CH selection. L-BEAR exhibits a reduction in energy consumption of 40 and 30 percent over LEACH 

 

    Fig 6: Creation of Sensor Nodes 

 

 

Fig7: Sensor nodes arrangement 
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Fig 8: CH selection 

and LEACH-C, respectively. This is because all the in efficient cluster heads selection in both LEACH and LEACH-C .This simulation has been 

 carried out for network of four 606different sizes (i.e.,of 50,100,150,200).  

 

Fig 9: Energy Vs time 

Fig. 10. This plot shows the number of nodes that remain alive over the number of rounds of activity for the 100 m × 100 m network scenario. 

With lbear , all the nodes remain alive for 105 rounds, while the corresponding numbers for LEACH, LEACH-C, and heed are 85,90,95. 

Furthermore, if system lifetime is defined as the number of rounds for which 75 percent of the nodes remain alive, 10 percent improvement in 

system lifetime is observed for lbear over heed. However, this improvement is expected to be more significant for networks with larger 

dimensions. It is observed that the proposed protocol prolongs the life of the network in comparison to that under LEACH,leach c and heed 

protocol.  
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Fig10: Network life time 

     

Fig 11: No.message received  

 

 Next we analyze the number of data messages received by the base station for the three routing protocols under consideration. For this 

experiment, we again simulated 50 different 400 m × 400 m network topologies where each node begins with an initial energy of 0.5j. Figure 11 

shows the total number of data messages received by the base station over the number of rounds of activity. The plot clearly illustrates the 

effectiveness of l-BEAR in delivering significantly more data messages than its counterparts. l-BEAR offers improvements in data delivery by 

factors of 60, 40, and 15 percent over LEACH, LEACH-C, and Heed respectively. 

 

V CONCLUSION 

 A new energy efficient routing algorithm for wireless sensor networks called LBEER. The algorithm consists of building a cluster, cluster head 

selection and cluster head rotation phase In this paper, the main issue of load balancing in un equal clustering and network lifetime can be 

solved using LBEAR algorithm. The cluster-head can be selected based on the maxheap value, to balance the load in sensor nodes and based on 

the distance. The cluster head rotation process is based on energy calculation of various tasks performed by the sensor nodes and cluster head in 

a cluster. The frequency of cluster head (CH) rotation is taken out by balancing the energy consumption. Simulation results demonstrate the 

effectiveness of our approach through enhanced network lifetime and improved detection performance compared to traditional. Simulation 

results have been compared with existing algorithms. The proposed algorithm has been shown to outperform all these algorithms in terms of 

various performance metrics including network lifetime, energy consumption, distance, throughput, scalability energy imbalance  
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