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Abstract: 

The Wireless Sensor Networks (WSN) resides of a large number o f sensor nodes that are incomplete in energy, processing power and 

storage. The energy of nodes is the most important consideration amid them because the lifetime of Wireless Sensor Networks is 

incomplete by the energy of the nodes. LEACH is one of the most famous clustering mechanisms; it elects a cluster head (CH) created 

on a probability model. This paper improves LEACH protocol using Fuzzy Logic (LEACH-FL), which takes battery level, d istance 

and node density into consideration. The proposed method has been verified making a better selection by comparison models using 

Matlab. A wireless sensor network consists of three main mechanisms: nodes, gateways, and software. The spatially  distributed 

measurement nodes interface with sensors to monitor assets or their environment. The obtain data wireless transmits to the gateway, 

which can operate autonomously or connect to a host system where you can collect, process, analyze, and present your measurement 

data using software. Routers are a special type of size node that you can use to extend WSN d istance and reliability. Wireless Sensor 

Networks (WSN) consists of a large number o f sensor nodes that are restricted in energy, processing power and storage. The en ergy 

of nodes is the most important consideration among them because the lifetime of Wireless Sensor Networks is restricted by the energy 

of the nodes. In Existing they are using LEACH protocol. It is one of the most famous clustering mechanisms. This paper impro ves 

Cluster Head algorithm which takes battery level, distance and node density into consideration. The reproduction consequence has 

shown that this proposed work has improved the act metrics of the network and thus extended the lifetime of network.  
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 1. INTRODUCTION  

 

Wireless Sensor Networks (WSNs) can be well-defined as a self-

configured and infrastructure-less wireless networks. to monitor 

physical or environmental conditions, such as temperature, 

sound, quivering, weight, gesture or pollutants and to 

cooperatively pass their data through the network to a main 

location or sink where the data can  be observed and analyzed. A 

sink or base station actions like an interface between customers 

and the network. One can retrieve required information from the 

network by  in jecting queries and gathering results from the sink. 

Typically a wireless sensor network contains hundreds of 

thousands of sensor swellings. The sensor nodes can 

communicate among themselves using radio signals. A wireless 

sensor node is furnished with  sensing and computing devices, 

radio transceivers and power components. The individual nodes 

in a wireless sensor network (WSN) are inherently resource 

constrained: they have limited processing speed, storage 

capability, and communication bandwidth. After the sensor 

nodes are deployed, they are responsible for self-organizing an 

appropriate network groundwork often with multi-hop 

communicat ion with them. Then the onboard sens ors start 

gathering informat ion of interest. Wireless sensor devices also 

respond to queries sent from a “control site” to perform specific 

instructions or provide sensing sample. A wireless sensor 

network is a group of specialized transducers with a 

communicat ions infrastructure for monitoring and recording 

conditions at diverse locations. Commonly  monitored 

parameters are temperature, moisture, pressure, wind direction 

and speed, illumination intensity, vibration intensity, sound 

intensity, power-line current, chemical concentrations, toxin 

levels and vital body functions.  A sensor network consists of 

multip le detection stations called sensor nodes, each of which is 

small, lightweight and portable. Every sensor node is equipped 

with transducer, microcomputer, transceiver and power source. 

The transducer generates electrical signals based on sensed 

physical effects and phenomena. The microcomputer procedures 

and stores the sensor output. The transceiver receives commands 

from a central computer and transmits data to that computer. The 

power for each sensor node is derived from a battery. 

 

2. RELATED WORK: 

 

A. An Energy Efficient Clustering Scheme in Wireless 

Sensor Networks 

 

  Mao YE1, et al., we intend and estimate an energy competent 

clustering scheme (EECS) for periodical data gathering 

applications in WSNs. In  the clusterhead election phase, the 

cluster head is elected by localized competition, which is unlike 

LEACH, and with no iterat ion, which d iffers from HEED. The 

optimal value of competition range produces a good distribution 

of Cluster heads. Further in  the cluster formation phase, plain 

nodes join Clusters not only taking into account its intra-cluster 

communicat ion cost, but also considering cluster heads’ cost of 

communicat ion to the BS. EECSis autonomous and more energy 

efficient, and simulation results show that it prolongs the 

network lifetime much more significantly than the other 

Clustering protocols. LEACH is the first clustering protocol 

proposed for periodical data gathering applications in WSNs. It 

assumes that sensor nodes communicate with each other by 

single-hop only, and they can transmit the data to the base 
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station directly Clustering is an effective topology control 

approach in wireless sensor networks, which can increase 

network scalability and lifetime novel energy efficient clustering 

scheme (EECS) for single-hop wireless sensor networks, which 

better suits the periodical data gathering applications. Our 

approach elects cluster heads with more residual energy in  an 

autonomous manner through local radio communication with no 

iteration while ach ieving good cluster head distribution; 

furthermore, it  introduces a novel distance-based method to 

balance the load among the cluster heads. [1]. 
 

B.A Survey on Mobile Anchor Node Assisted Localization in 

Wireless Sensor Networks 
 

Guangjie Han, et.al., The concept of sensor networks which has 

been made viable by the convergence of micro electro- 

mechanical systems technology, wireless communications and 

digital electronics. First, the sensing tasks and the potential 

sensor networks applications are exp lored, and a review of 

factors influencing the design of sensor networks is provided. 

Recent advances in micro-electro-mechanical systems (MEMS) 

technology, wireless transportation, and digital electronics have 

enabled the development of low-cost, low-power, 

multifunctional sensor nodes that are s mall in  size and 

communicate untethered in short distances. Several sensors that 

perform on ly sensing can be deploy. The positions of the sensors 

and haulage topology are carefully engineered. They transmit 

time series of the sensed incident to the central nodes where 

computations are performed and data are fused. Wireless sensor 

networks can be an integral part of military command, control, 

communicat ions, computing, intelligence, surveillance, 

investigation and target (C4ISRT) systems. [3] A sensor network 

design is inclined by many factor, which include fault patience; 

scalability; production costs; operating environment; sensor 

network topology; hardware constraints; transmission media; 

and power expenditure. These factors are addressed by many 

researchers as surveyed. However, none of these studies has a 

full incorporated view of all factors that are driving the design of 

sensor networks and sensor nodes. These factors are important 

because they serve as a guideline to design a protocol or an 

algorithm for sensor networks. In addition, these influencing 

factor can be used to compare different schemes[2].  

 

C. Improving on LEACH Protocol of Wireless Sensor 

Networks Using Fuzzy Logic 
 

Ge Ran 
a,∗et al., The span energy of nodes is the most important 

deliberation among them because the life o f Wireless Sensor 

Networks is limited by the power of the nodes. LEACH is one of 

the most famous cluster mechanisms; it elects a cluster head 

(CH) based on a chance model. Th is paper improves LEACH 

protocol using Fuzzy Logic (LEACH-FL), which takes battery 

level, distance and node thickness into deliberation. The 

proposed method has been proved making a better selection by 

comparison simulat ion using Matlab. Although clustering can 

reduce energy utilization, it has some problems. The main 

problem is that energy utilization is concentrated on the cluster 

heads. In order to overcome this demerit, the issue in cluster 

routing of how to hand out the energy utilizat ion must be solved . 

The representative Solution is LEACH [1], which is a localized 

clustering method based on a prospect model. The main idea of 

LEACH protocol is that all nodes are chosen to be the cluster 

heads occasionally, and each period contains two stages. The 

first stage is construction of clusters, and the second stageis data 

communicat ion. Cluster heads are selected according to the 

probability of optimal cluster heads decided by the networks. 

After the selection of cluster heads, the clusters are constructed 

and the cluster heads communicate data with base station. [3] 

Fuzzification module: transform the system inputs, which are 

crisp numbers, into furry  sets. This is done by applying a 

fuzzification function. Knowledge base: stores IF-THEN rules. 

Conjecture engine: simulates the human reasoning process by 

making furry conjecture on the inputs and IF-THEN rules. 

Defuzzificat ion module: transforms the furry set obtained by the 

conjecture engine into a crisp value. 

 

D. Mobility Metric based LEACH-Mobile Protocol  

 

G. Santhosh Kumar
1#

 et al., LEACH-Mobile protocol has been 

improved based on mobility metric “remoteness” for cluster 

head election. This ensures high success rate in data transfer 

between the cluster head and the collector nodes even though 

nodes are moving. We have imitation and compared our 

LEACH-Mobile-Enhanced protocol with LEACH Mobile. 

Results show that inclusion of neighboring node information 

improves the routing protocol. Researchers have only newly 

started to study the antenna movement and unique attributes of 

mobile sensor networks since the sensor networks were formerly 

assumed to consist of only static nodes. It has been suggested [4] 

that the mobility  of sensor nodes improves the sensing coverage. 

LEACH Routing Phases-The LEACH operation are mainly in 

two major phases -Set-up phase and Steady-state phase. Set-up 

phase is the first one and this is the phase where all cluster 

formation takes place. This phase is relatively short compared to 

the steady state phase. In this phase, one of the basic ideas in 

LEACHME is to confirm the election of specific cluster heads 

which either have no node movement or minimum relative node 

movement. In the steady-state phase, the bunch head and non-

bunch head nodes agree to a particular note at a given time slot 

according to TDMA time schedule of sensor cluster, and then 

reorganize the cluster with minimum energy expenditure. The 

steady state phase does the actual data transfer between the 

sensing node and the sink. Cluster Head appointment and 

Maintenance in LEACH-MLEACH-M uses the same set-up 

procedure used in the basic LEACH protocol. In LEACH, the 

nodes organize themselves into local clusters, with one node 

acting as the local base station or cluster-head. If the cluster 

heads are chosen a priori and fixed throughout the system life, as 

in conventional clustering algorithms, it is easy to see that these 

sensors chosen to be cluster-heads would die quickly due to 

overloading, ending the useful lifetime of all nodes belonging to 

those clusters. Thus LEACH includes randomized rotation of the 

high-energy cluster-head position such that it rotates among the 

various sensors in order not to drain the battery of single sensor. 

In addition, LEACH performs local data fusion to “compress” 

the amount of data being sent from the clusters to the base 

station, further reducing energy dissipation and enhancing 

system lifet ime. Sensors elect themselves to be local cluster-

heads at any given time with a certain probability. These cluster 

head nodes broadcast their status to other sensors in the network. 

Each sensor node determines to which cluster it wants to belong 

by choosing the cluster-head that requires the minimum 

communicat ion energy [2]. Once all the nodes are organized into 

clusters, each cluster-head creates a schedule for the nodes in its 

cluster. This allows the radio components  of each noncluster-

head node to be turned off at all times except during its transmit 
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time, thus minimizing the energy dissipated in the individual 

sensors. 
 

F. Super Cluster based Modified LEACH Protocol for 

Wireless Sensor Networks 
 

Saurabh Saxena et al., Super Cluster-Head based Modified 

LEACH protocol effectively produces optimal energy 

consumption for the wireless sensor networks and thereby results 

in an extension of life t ime for the network. In the proposed 

model, the preparation phase is performed  only once before the 

set-up phase of the first round and the processes of following 

set-up and steady-state phases in every round are the same as 

LEACH. The proposed model is compared with an existing 

LEACH based model and it is found to produce much better 

result than the existing in terms of energy consumption The 

modification suggested in the existing LEACH protocol is to 

include a ‘Super Cluster Head’ or SCH. As the name suggests 

the SCH will be a node from chosen cluster heads which will be 

at an optimum distance and energy consideration from the base 

station. Thus by super-clustering we may be increasing the 

length of the final t ransmitted message but by using only one 

node for transmitting to the base station a lot of energy is saved, 

since distance factor is reduced. 

 

3. EXISTING WORK 
 

In order to evenly distribute the energy dissipation across the 

wireless sensor network of sensor nodes, LEACH uses random 

rotation of cluster-heads. Based on a desired number 

(percentage) of cluster-heads equal number of clusters are 

formed, and each non-cluster head node decides which cluster- 

head’s cluster to join based on which would lead to minimum 

dissipation in energy when it transmits its data to that cluster- 

head. After joining of appropriate cluster each non-cluster head 

node sends its data to its cluster-head node which compresses all 

the received data by some compression algorithm and then sends 

the resulting data-packet to the base station. Each cluster-head 

selects its unique code. Protocol exp lanation LEACH is a 

hierarchical protocol in which most nodes transmit to cluster 

heads, and the cluster heads aggregate and compress the data and 

forward it to the base station (sink). Each bump uses a 

stochastic algorithm at each round to resolve whether it will 

become a collect head in this round. LEACH assumes that each 

node has a radio powerfu l enough to directly reach the base 

station or the nearest cluster head, but that using this radio at fu ll 

power all the t ime would waste energy. Nodes that have been 

collect head cannot expand into collect head again for P rounds, 

where P is the desired percentage of cluster heads. Thereafter, 

each bump has a 1/P probability o f becoming a collect head 

again. At the end of each round, each bump that is not  a cluster 

head selects the closest cluster head and joins that cluster. The 

cluster head then creates schedule for each node in its cluster to 

transmit its data. All nodes that are not cluster heads only write 

with the bunch leader in a TDMA fashion, according to the 

schedule created by the cluster head. They do so using the 

minimum energy needed to reach the cluster head. During the 

operation of a wireless sensor network energy dissipation by the 

system is of major concern. The energy  of each sensor node is 

constrained by the battery-life. In conventional routing 

algorithms such as direct transmission or MTE (minimum 

transmission energy) lead to non-uniform d issipation of energy 

across the sensor nodes leading to uneven die-out time of nodes 

and lower system lifetime. In contrast, LEACH (Low Energy 

Adaptive Clustering Hierarchy) provides a balancing of energy 

usage by random rotation of cluster-heads, consequently 

enhancing energy-dissipation and system lifetime. The 

compression of data can be used to reduce the amount of 

transmission data. In super-cluster head based protocol each of 

the elected cluster-head select a super-cluster head among 

themselves and transmit their compressed data to it, which 

further compresses the data and transmits to the base station. 

 

 
 

Figure.1. Architecture for WSN 
 

I. LEACH 
 

 Low Energy Adaptive Clustering Hierarchy (LEACH) protocol 

is a TDMA base MAC protocol. The principal aim of this 

protocol is to improve the lifespan of wireless sensor networks 

by lowering the energy consumption required to create and 

maintain Cluster Heads. The operation of LEACH protocol 

consists of several round with two phases in each [3] [4]: Set-up 

Phase and Steady Phase. In the Set-up phase the main goal is to 

make cluster and select the cluster head for each of the cluster by 

choosing the sensor node with maximum energy. Steady Phase 

which is relat ively longer in extent than the set-up deals main ly 

with the aggregation of data at the cluster heads and transmission 

of aggregated data to the Base station. 
 

 
Figure.2. Cluster head using LEACH protocol  

 

II. PHAS ES OF LEACH 

As described earlier the operation of LEACH consists of several 

rounds with two phases in each round. Working of LEACH 

starts with the formation of clusters based on the received signal 

strength. Fig. 1 Time Line Operation of LEACH The algorithm 

for LEACH protocol is as follows: The first phase of LEACH is 

Set-up phase and it has three fundamental steps. 1. Cluster Head 

advertisement 2. Cluster setup 3. Creation of Transmission 
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Schedule During the first step cluster head sends the 

advertisement packet to inform the cluster nodes that they have 

become a cluster head on the basis of the following formula [5]: 

Let  x be any random number between 0 and 1. Where n is the 

given node, p is the probability, r is the current round, G is the 

set of nodes that were not cluster heads in the previous round, 

T(n) is the Threshold. Time Slot 1 Time Slot 2 Time Slot 3 

Advertisement Cluster Set-Up Trans mission Schedule. Set-Up 

Phase Steady Phase Study of LEACH Routing Protocol for 

Wireless Sensor Networks 197 Fig. 2 Cluster Formation in 

LEACH. The bump becomes cluster head for the current round 

if the number is less than threshold T (n). Once the bump is 

voted as a cluster head it cannot become cluster head again in 

anticipation of all the nodes of the cluster have become cluster 

head once. This helps in balancing the energy consumption. In 

the second step, the non cluster head nodes receive the cluster 

head advertisement and then send join request to the cluster head 

informing that they are the members of the cluster under that 

cluster head as shown in Fig. 2 [6]. These non cluster leader 

nodes saves a lot of energy by turning off their transmitter all the 

time and turn it ON only when they have something to transmit 

to the cluster head. In the third step, each of the chosen cluster 

head creates a communicat ion schedule for the member nodes of 

their cluster. TDMA schedule is created according to the number 

of nodes in the cluster. Each node then transmits its data in the 

allocated time schedule. Fig. 3 Steady Phase in LEACH. The 

second phase of LEACH is the Steady phase during which the 

cluster nodes send their data to the cluster head. The member 

sensors in each cluster correspond only with the cluster head via 

a single hop transmission. The cluster head then aggregates all 

the collected data and forwards this data to the base station either 

directly or via other cluster leader along with the static route 

define in the source code as shown in Fig. 3[7]. After the certain 

predefined time, which  is decided beforehand, the network again 

goes back to the Set-up phase. 

 

T (n) =     
 

     ∗    
 

 
  

       if n€ T  

                   0                        otherwise     

 

Figure.3. Phases of LEACH  

 

 
Figure.4.Creation formation of Cluster Head 

Disadvantages of proposed system 

1. All nodes in the network organize themselves into local 

clusters, with one node in the local cluster acting as cluster head. 

All nodes communicate only to the cluster head, and the cluster 

head conveys data to the base station. Nodes with higher 

capability advertise themselves as cluster heads, other nodes join 

the cluster head which is nearest to them... 

2. As cluster head has to spend lot of energy ,after certain t ime, 

randomized rotation of the cluster head is done, so that only 

node does not drain its energy.  

3. Every cluster head will p repare a schedule, to each of its 

members. The members communicate with the head only during 

that duration and sleep for the rest of the time.  

 

4. PROPOS ED S YS TEM 

 

A POWER-EFFICIENT CLUS TERING SCHEME 

A “super” cluster that contains all sensors of the WSN would be 

attractive. However it is not feasible as the size of WSN grows 

larger. Considerations such as energy limitation, cost, and 

scalability  make a single-centered WSN not only unfavorable, 

but also difficu lt to implement. The proposal of hierarchical 

organization of WSN is to distribute the computational and 

managerial tasks to a group of cluster heads. This approach will 

reduce the communication traffic in network, and will allow the 

deployment of less powerfu l, lower priced processors to do the 

WSN’s computational and managerial jobs in a collaborative 

manner. We assume each t ransmission round will collect data 

from one sensor. That is a simplification of real situations where 

multi-channel transmission/reception maybe supported. 

However the results obtained from the single-channel model can 

be applied to multichannel models with minor adaptation. With 

the above assumption, if the center clusters head wants to collect 

one round of data from its own cluster, totally 20 units of power 

will be consumed. 

 
Figure. 5. Introducing Super cluster head 

 

SUPER CLUS TER BAS ED MODIFIED LEACH 

Etx (k, d) = Eelec*k + Pamp*k*d
2
 

Erx (k)     = ERx-elec*k 

Tc = W1 * D + W2* Ef 

 

Benefits for optimal CH election: 

1. The selection of CH nodes in the sensor networks can 

provide the following three benefits: 

2. Prolonging network lifet ime - In the form of heterogeneous 

networks, 

3. The average energy utilization for trans mitting the data from 

the sensor node to the BS will be much  lesser than the 

energy utilized fo r homogenous networks. 

4. Improving trustworthiness of data forwarding - It is 

generally known that the links tend to be low trustworthiness. 
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Each hop significantly min imizes the packet delivery rate. In 

assorted nodes, there will be minor hops between the nodes and 

the BS. Hence, the heterogeneous sensor networks can achieve a 

much better packet delivery ratio than the homogenous 

networks. Decreasing latency for data transmission - 

Computational heterogeneity can minimize the latency in urgent 

nodes. The heterogeneity among the links can minimize the 

wait ing time in the forward ing queue. Choosing lesser hops 

among the nodes to BS will reduce the forward ing latency 
 

A. Election of Super Cluster Head 

Tc = W 1 *D +W2 *Ef 

Where,D = Sum of the distances of all the CH nodes with each 

other (Proximity factor). 

Ef = Energy required in  a trans mission to base station from th is 

CH - Current energy of this CH node (Energy factor).  

W1, W2 = Weight factors that determine the transmission 

grading. 
 

B. Significance of weights W1 and W2  

w1 = w2 = 1 

For any two cluster-head nodes CH1 and CH2 let  (D, Ef) pairs 

be (1, -2) and (2, -4) respectively 

Let, Tc = W1*D + W 2*Ef 

CH1: 1*1 + 1 * (-2) = -1 

CH2: 1*2 + 1 * (-4) = -2 (Elected) 

In the above case CH2 gets elected as the super cluster head due 

to its lower Tc value. Note that sign is taken into consideration. 

Now, let us consider 

W1= 10, W2= 1 

CH1: 10*1 + 1* (-2) = 8 (Elected) 

CH2: 10*2 + 1* (-4) = 16 

Now, CH1 gets elected due to the W 1 consideration. Since the 

sum of inter CH distances is greater in CH2 than in CH1 

therefore to min imize the energy dissipated in the network we 

elect CH1 as the SCH. 

Again let, 

W1=1 and W2=10 

CH1: 1*1 + 10*(-2) = -18 

CH2: 1 *2 + 10*(-4) = -38 (Elected) 

Now, CH2 gets elected as the SCH due to W2 consideration. 

Since the energy required in the trans mission is less in CH2 than 

in CH1. 
 

5. RES ULTS  
 

The simulation result shows that the battery level plays a very 

important role in the selection of the cluster heads and our 

method makes a better decision of the cluster heads selection. 

Although we compared LEACH-FL with LEACH and Gupta’s 

method, there are many protocols that have to be compared. 

 

 
Figure.6.Creating Node with source and destination (AODV 

protocol) 

 
Figure.7. Creating cluster Head with static Gateway 

 

 
Figure.8. Sensing data with cluster head selection through 

static gateway. 

 

 
Figure.9. Station. Finding sensing data and get results send 

to Base 

 

 
Figure.10. Distance calculation 
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Figure.11. Probability Comparison between LEACH and 

LEACH-FL 
 

 
Figure.12. Node density comparison between LEACH and 

LEACH-FL 
 

 
Figure.13. Battery Level Comparison between LEACH and 

LEACH-FL. 

 
Figure.14. Throughput Comparison between LEACH-FL 

and SCH. 

 

 
Figure.15. Creating Super cluster head from source to 

destination. 

 

 
Figure.16. Delay Comparison between LEACH-FL and 

SCH. 
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Figure.17.. Delivery Ration comparison between LEACH-FL 

and SCH. 

 

 
Figure.18. Average Delay comparison between LEACH-FL 

and SCH. 

 

6. CONCLUS ION 

 

In this paper we have illustrated a consistent clustering algorithm 

for wireless sensor network that saves power and prolongs 

network life. The life span of the network is increased by 

ensuring a consistent distribution of nodes in the clusters. A new 

cluster head is selected on the basis of the residual energy of 

existing LEACH protocol, holdback value, and nearest hop 

distance of the node. The consistent algorithm makes sure that 

every node is either a cluster head or a member of one of the 

clusters in the wireless sensor network. In the proposed super 

clustering algorithm the cluster members are consistently 

distributed, and thus, the life of the network is more extended. 

Further, in the proposed protocol, only cluster heads broadcast 

gather formation message and not the every node. Hence, it 

prolongs the life of the sensor networks. Battery power being 

scarce resources of sensors, energy efficiency is one of the main 

challenges in the design of protocols for WSNs. The eventual 

objective behind the protocol design is to keep the sensors 

operating for as long as possible, thus extending the network 

lifetime. The factors affecting cluster format ion and CH contact 

are open issues for future research. This investigation will be 

highly useful for energy efficient wireless sensor network. 
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