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ABSTRACT 
The paper investigates the change of initial energy in leach 

protocol to prolong the network lifetime in order to 

achieve network reliability and scalability. The values of 

initial energy taken are 0.5, 1, 2, 3 joule. For the case, 

simulation results show that nodes start decaying after 

5100th rounds. Thus nodes are surviving longer for higher 

energy cases taken. The work recommends adequate 

energy use to increase network lifetime of Wireless Sensor 

Networks. 
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1. INTRODUCTION 
In Recent years, a wireless sensor network has been 

become the furthermost exciting networking technologies 

to forward the sensed collected data to the base station 

with restricted energy capacity. Wireless sensors are micro 

electro-mechanical system devices  

that has been sensing, processing and communication 

capabilities. A wireless sensor network system usually 

includes sensor nodes, base station and management node 

[1]. Wireless sensor network (WSN) has been extensively 

applied as a fundamental technology of various 

applications. In these applications like E-health, military, 

home, traffic uses a large number of sensor nodes which 

have restricted resources (e.g., computing, energy) [2]. A 

primary design goal for wireless sensor networks has been 

to use the energy efficiently. The cluster-based routing 

algorithms group nearby sensors together to form a 

number of clusters. Each cluster has one representative 

sensor called Cluster Head (CH). CHs are required to 

collect data from other sensors in their cluster and send the 

aggregated data to the base station. Generally, all sensors 

do not interact with the base station, hence, more energy is 

saved and the network lifetime is increased [3, 4]. The 

basic idea of clustering routing has been to use the 

information a aggregation mechanism in the cluster head 

to reduce the amount of data transmission, thereby, reduce 

the energy dissipation in communication and in turn 

achieve the purpose of saving energy of the sensor nodes. 

In the clustering routing algorithms for wireless networks, 

LEACH (low-energy adaptive clustering hierarchy) show 

significant performance improvements in terms of network 

lifetime and throughput [3, 5]. LEACH has been first 

proposed by Wendi B. Heinzelman. This protocol provides 

a conception of round. LEACH protocol runs with many 

rounds. Each round contains two phases: cluster setup 

phase and steady phase. In the setup phase, each node 

decides whether or not to become a cluster head for current 

round. The selection depends on decision made by the 

node by choosing a random number between 0 and 1. If 

the number is less than the threshold T (n) [6], the node 

becomes a cluster head for the current round. The 

threshold is set as: 

      

 

          
 

 
 
                     

                                

 …….. (1) 

 
Where p is the probability of the node being selected as a 

cluster-head node, r is the number of rounds passed, and G 

is the set of nodes that have not been cluster-heads in the 

last 1/p rounds, mod denotes modulo operator nodes that 

are cluster heads in round r shall not be selected in the next 

1/p rounds. Once the cluster-head is selected, all nodes join 

the corresponding cluster according to the broadcast signal 

intensity of the cluster-head node. Then, the cluster set-up 

phase of this round is completed. When the cluster-head 

assigns time slots for members using TDMA mode, the 

network will enter the steady phase. The steady phase is 

divided into frame, where nodes send their data to the 

cluster head at most once per frame during their allocated 

transmission slot [14]. 

 

LEACH has many advantages. It has been reduces the 

amount of information sent to the sink node. It based on 

TDMA/CDMA MAC layer mechanism to reduce the 

conflict between clusters. Since data collection is 

concentrated and cyclical, LEACH is ideal for applications 

that require continuous monitoring system [13]. 

 

Already there has been a lot of research work based upon 

LEACH to make this protocol more reasonable and 

efficient, such as LEACH-C, LEACH with MTE routing ,  

TL-LEACH , TB-LEACH, LEACH with MECH routing, 

DAIC-LEACH, LEACH-DC, LEACH-MF,  LEACH-R,  

E-LEACH,  EN-LEACH,  FZ-LEACH, V-LEACH [6-18], 

etc. but there is further scope to investigate Leach protocol 

by varying simulation parameters like network size, 

number of nodes, probability of cluster head, and size of 

data packet.. 

 

It is also seen that LEACH protocol is further improved by 

varying initial energy of nodes. This work presents 

simulation results, for a set of initial energy of node:  0.5, 

1, 2, and 3 J. 
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2. MODEL DESCRIPTION 
The conventional radio model for LEACH of first 

order is considered [14]. 

In this model, energy consumption of sending l bit is 

expressed as following equation (2). 

 

                                     

                                                        
                    ……… (2)  

 

    
   

    
…… (3) 

   

The distance threshold value is expressed as equation (3), ε 

is amplification factor of signal amplifier, and elect E is 

energy consumption of transmitting and receiving circuit. 

In this model, it is thought that they are equal, r is decided 

by radio channel model, when the transmission distance is 

less than distance threshold, free space model is used, r = 

2, if more than distance threshold, multipath attenuation 

model is used, r  =  4. 

 
Energy consumption of receiving l is expressed as 

equation (4). 

 

 

                     …… (4) 

 

 

 

Table 1.Simulation Parameter 

 

Parameter Value 

Number of  Nodes 100 

Network  Grid 100×100 m2 

Ɛ fs 10 pJ /bit/m 2 

Ɛ amp 0.0013 pJ /bit/m 4 

E elect 50 nJ/ bits 

Maximum no. of 

rounds 

8000 

Size of  data packet 4000 bytes 

Probability of cluster 

Head 

10% 

Initial Energy 0.5,1,2,3 Joules 

 

3. RESULTS & DISCUSSION 
The figure 1. Shows that as on increase the initial energy, 

the node becomes start decaying after more rounds elapse. 

When initial energy (joules per node) is 0.5, 1, 2, 3 then 

nodes starts dying after 800th, 1600th, 3100th, 5100th rounds 

respectively. If nodes have less initial energy, it consumes 

energy to become cluster head more and nodes die quickly. 

As increasing initial energy then nodes consuming less 

energy to become cluster head and doesn’t die quickly. So 

nodes remain alive for more time & hence increases the 

network lifetime of system. 
 

 

 
Figure 1.  Alive nodes versus number of rounds tell the network lifetime of system for the specific initial energies (i.e. E0 

in joules) cases:  a) 0.5 b) 1 c) 2 d) 3 

 

 
Table 2. Network Lifetime of Wireless Sensor Networks for various Initial energies (i.e. E0 in joules) cases:  a) 0.5 b) 1 c) 

2 d) 3  

Initial Energy 

(Joules/nodes) 

Rounds when nodes 

 start dying 

0.5 800th 

1 1600th 

2 3100th 

3 5100th 
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Figure 2. Data transmitted to base station versus number of rounds for the specific initial energies (i.e. E0 in joules) 

cases:  a) 0.5 b) 1 c) 2 d) 3 

 

 

 

 
 

 

Figure 3. Energy Consumed by nodes while passing through number of rounds with taken initial energy (i.e. E0 in joules) 

cases:  a) 0.5 b) 1 c) 2 d) 3 
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Figure 4 Counting number of CH’s versus number of rounds during different initial energy (i.e. E0 in joules) cases:  a) 

0.5 b) 1 c) 2 d) 3 
 

 

As shown in figure 2. With increase the initial energy the 

data transmitted to BS increase. While transmitting data to 

base station, nodes consumes an amount of power. When 

the value of initial energy of node set is 3 J then data 

transmitted to BS is 14 times more than 0.5 J value. 

As figure 3. shows that with increase the initial energy the 

time duration of energy of node increases. A node spends 

energy in first order radio model according to data 

transmitted to BS.Concered graph shows that energy 

consumption increasing linearly with rounds when nodes 

selected as CH’s and after that its energy exhaust then it 

becomes constant. 

The figure 4. depicts the counting of nodes that become 

cluster head after elapsing number of rounds during each 

initial energy cases. 

From the [17] Zhi-feng Duan, Fan Guo, Ming-Xing Deng 

and Min Yu, set the initial energy of 0.25, 0.5, 1 J 

throughout the 100×100 network area & simulation results 

shows that nodes dies at  854th,1705th ,3257th respectively. 

During investigation, the initial energy values 0.5, 1, 2, 3 J 

throughout the 100 × 100 network area are taken & results 

show that nodes start decaying at 800th, 1600th, 3100th, 

5100th rounds respectively. Investigation result shows that 

with small increase in initial energy values it increases the 

network lifetime of systems. 

4. CONCLUSIONS 
In this paper, study a parameter of LEACH protocol in first 

order radio model & explored the life time under the 

variation of initial energy of nodes. The investigations 

suggested that on increasing the initial energy of nodes 

within same network grid the network lifetime of network 

increases because of nodes consuming less energy and 

surviving at 5100th rounds & after that few nodes start 

decaying. 

 

In future, scope of research will be on improving the 

method of the Cluster head selection among the nodes to 

balance the energy & to achieve longer lifetime of wireless 

sensor networks. 
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