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Abstract – Wireless sensor networks are an emerging 

technology for monitoring physical domain. The 

energy constraint of wireless sensor networks makes 

energy saving and extending the network lifetime 

become the most important goals of various routing 

protocols. Different energy efficient clustering 

protocols for heterogeneous wireless sensor networks 

and compares these protocols on several points, like 

location awareness, clustering method, clustering 

attributes and heterogeneity level. Energy efficient 

clustering protocols should be designed for the 

characteristic of heterogeneous wireless sensor 

networks. Many issues in WSNs are formulated as 

multidimensional optimization difficulties, and 

approached through bio-inspired techniques. Particle 

swarm optimization (PSO) is a modest, effective and 

computationally effective optimization algorithm. It 

uses to address WSN issues such as node localization, 

optimal deployment, clustering and data-aggregation. 
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I. INTRODUCTION 

Wireless communication between mobile users is 

becoming more popular than ever in the past. This 

due to current technological advances in laptop 

computers and wireless data communication 

devices, for e.g. wireless modems and wireless 

LANs. Due results in lower prices and advanced 

data rates, which are the main reasons why mobile 

computing continues to enjoy rapid growth. Due to 

recent technological advances, the manufacturing of 

small and low cost sensors became technically and 

economically feasible.  

 
 

Figure 1: Basic Architecture of Wireless Sensor Network 

The sensing electronics measure ambient condition 

related to the environment surrounding the sensor 

and transforms them into an electric signal. 

Processing such a signal reveals some properties 

about objects located and/or events happening in the 

vicinity of the sensor. A large number of these 

disposable sensors can be networked in many 

applications that require unattended operations. 

 Figure 1 shows the schematic diagram of 

sensor node components. Basically, each sensor 

node comprises sensing, processing, transmission, 

mobilizer, position finding system, and power units 

(some of these components are optional like the 

mobilizer). The same figure shows the 

communication architecture of a WSN. Sometimes, 

a mobilizer is needed to move sensor node from 

current position and carry out the assigned tasks. 

Since the sensor may be mobile, the base station may 

require accurate location of the node which is done 

by location finding system. 

 

History of WSN  

Wireless Sensor Networks came into existence in 

1950’s in form of a project entitled Sound 

Surveillance System (SOSUS) developed by US 

military to track the Russian Submarines. This 

network used hydrophones, acoustic sensors that 

were deployed under waters of pacific and Atlantic 

[1]. Another significant phase of WSN was 1980’s 

when the Distributed Sensor Networks program was 

launched by United States Defence Advanced 

Research Projects Agency (DARPA) to explore the 

field of WSN [2, 3, 4] to explore the challenges of 

this subject. Technology components for a DSN 

were identified in a Distributed Sensor Nets 

workshop in 1978 (Proceedings of the Distributed 

Sensor Nets Workshop, 1978). These included 

sensors (acoustic), communication and processing 

modules, and distributed software. At Carnegie 

Mellon University (CMU) an operating system for 

communication called Accent was developed by 

researchers (Rashid & Robertson, 1981) for a 

flexible and transparent access to distributed 

resources that is required for fault-tolerant DSN.  

Researchers at Carnegie Mellon University 

(CMU) even developed a communication-oriented 

operating system called Accent (Rashid & 

Robertson, 1981), which allowed flexible, 
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transparent access to distributed resources required 

for a fault-tolerant DSN. A demonstrative 

application of DSN was a helicopter tracking system 

(Myers et al., 1984), using a distributed array of 

acoustic microphones by means of signal 

abstractions and matching techniques, developed at 

the Massachusetts Institute of Technology 

(MIT).Later with the progression of WSN into 

academics the sensors networks commercialized for 

the government projects of monitoring, detection, 

disaster prevention etc. As the technology enters into 

the commercial market, WSN grew more wide and 

application specific to gain high and desirable 

outputs [1]. 

The introduction of sensor networks was 

focused for the evolution of Distributed Sensor 

Network (DSN), but the technology was yet not 

appropriate till that moment.  

The sensor networks were bulk in size and 

have their limitations to the specific number of 

potential applications. The early DSN were also not 

strongly dependent on wireless sensors. As the 

computers became better and so as the 

communication and micro electro mechanical 

technology, WSN evolved dramatically in research 

and came closer to its original vision.  

In 1998 a new wave started with the 

international involvement that attracted more 

researchers. In the new wave of sensor network 

research, networking techniques and networked 

information processing suitable for highly dynamic 

ad hoc environments and resource constrained 

sensor nodes have been the focus.  

Sensor networks followed Moore’s law 

that reduced its price significantly thus the 

technology gets into the reach of civil applications. 

An initiative research program SensIT was launched 

by DARPA (2001) that developed the new relations 

between WSN and ad hoc networking, dynamic 

querying and tasking, reprogramming and 

multitasking. 

Wireless Sensor Networks (WSNs) consist 

of small nodes with sensing, computation, and 

wireless communications capabilities. Many 

routing, power management, and data dissemination 

protocols have been specifically designed for WSNs 

where energy awareness is an essential design issue. 

The current researches & development in 

the wireless network is the main motivation for us to 

choose this topic. The focus, however, has been 

given to the routing protocols which might differ 

depending on the application and network 

architecture. 

II. ROUTING PROTOCOLS IN WIRELESS SENSOR 

NETWORKS 

Routing is the act of moving information from 

source to a destination in an internet work. During 

this process, at least one intermediate node within 

the internetwork is encountered. The routing 

concept basically involves two activities: firstly, 

determining optimal paths and secondly, 

transferring the information groups (called packets) 

through an internetwork. The latter concept is called 

as packet switching, which is straight forward, and 

path determination is very complex.  

 Routing protocol uses several matrices to 

calculate the best path for the routing the packet to 

its destination. These matrices are a standard 

measurement that could be number of hops, which 

is used by the routing algorithm to determine the 

optimal path for the packet to its destination. The 

process of path determination is that, routing 

algorithms initialize and maintain routing tables, 

which contain the total route information for packet. 

This route information varies form one routing 

algorithm to another. Routing tables are filled with a 

variety of information which is generated by routing 

algorithms. Most common entries in the routing 

table are IP-Address prefix and the next hop. 

Routing tables Destination/next hop associations tell 

the router that a particular destination can be reached 

optimally by sending the packet to router 

representing the “next hop” on its way to final 

destination and IP-Address prefix specifies a set of 

destinations for which the routing entry is valid for. 

In wireless sensor network every node is 

having routing capability. Nodes are within the radio 

range (transmission-range) are called its 

Neighbours. When the destination node is neighbour 

of source node, packets are transferred with single 

hop. When the destination node is out of radio-range 

(not a neighbours of source node) then packet are 

transferred in multiple hops using intermediate 

nodes. These intermediate nodes (neighbours of 

source node) forward packets to their neighbours 

and so on till destination is reached. This is shown 

in figure 2.  

Node mobility has greatest impact on 

available routes. Mobility leads to dynamic 

topologies of the network which enforces nodes to 

update their neighbour information and associated 

routes to a node. Different routing protocols update 

this information in different ways. The primary goal 

of routing protocols in ad-hoc network is to establish 

optimal path (min hops) between source and 

destination with minimum overhead and minimum 

bandwidth consumption so that packets are 

delivered in a timely manner. 
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Figure 2 (a): Single hop transfer when S and D are in radio 

range 

 
 

Figure 2 (b): Multiple hops when S and D are not in radio range 
 

Classification of Routing Protocols of WSN 

 

 
 

Figure 3: Classification of routing protocols of Wireless Sensor Networks [1] 
 

 

Routing protocol in WSN is primarily classified 

depending on: 

 

 Routing/Network Structure 

 Routing Strategy 

 Routing Information   

 

Depending on the network structure routing protocols 

are classified as: 

Flat routing – no assumption for sub netting, no 

correlation in addressing 

Hierarchical routing – involves sub netting, cluster 

formation, hierarchical    addressing. 

Geographic position assisted routing – routing based 

on geographic position of nodes. 

According to routing strategy the routing protocols can 

be categorized as: 

 

 Table driven (proactive) 

 On Demand or source initiated (Reactive) 

 Hybrid (mix of proactive and reactive) 
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Depending upon the routing information stored in 

routing table and the way it is stored, routing protocols 

can classified as: 

 Link state protocols – Routers using a link 

state routing protocol maintain a full or partial 

copy of the network topology and cost for all 

links. 

 Distance-vector protocols – Routers using a 

distance-vector protocol keep only 

information about next hops to adjacent 

neighbours and costs for paths to all known 

destinations. 

Both the table driven and on source initiated protocols 

come under the flat routing. 

The present research work uses Hierarchical routing 

protocol known as LEACH protocol which is 

explained as: 

LEACH (Low Energy Adaptive Clustering 

Hierarchy) 
In LEACH, the role of the cluster head is 

periodically transferred among the nodes in the 

network in order to distribute the energy 

consumption.  

The performance of LEACH is based on 

rounds. Then, a cluster head is elected in each round. 

For this election, the number of nodes that have not 

been cluster heads and the percentage of cluster 

heads are used. Once the cluster head is defined in 

the setup phase, it establishes a TDMA schedule for 

the transmissions in its cluster [16]. 

This scheduling allows nodes to switch off 

their interfaces when they are not going to be 

employed. The cluster head is the router to the sink 

and it is also responsible for the data aggregation. As 

the cluster head controls the sensors located in a 

close area, the data aggregation performed by this 

leader permits to remove redundancy.  

A centralized version of this protocol is 

LEACH-C [17]. This scheme is also based on time 

rounds which are divided into the set-up phase and 

the steady-phase. 

In the set-up phase, sensors inform the base 

station about their positions and about their energy 

level. With this information, the base station decides 

the structure of clusters and their corresponding 

cluster heads. Since the base station possess a 

complete knowledge of the status of the network, the 

cluster structure resulting from LEACH-C is 

considered an optimization of the results of LEACH. 

 

III. METHODOLOGY 

 

AODV Algorithm 

1. // Initialization 

2. // Setup network devices 

3. // Build and update route 

4. //Collect & store route stability 

5. // Predict route stability Over Time 

6. if stability meet 

7. {  

8. Switch route discovery and association 

9. Send message 

10. Build & update route 

11. Collect & store route stability 

12. Predict route stability Over Time 

13. if stability meet 

14. { 

15. Switch route discovery & Association 

16. Send Message  

17. Transfer control to line 1 

18. else 

19. Transfer control to line 10 

20. } 

21. else   

22. Transfer control to line 1 

23. } 

 

In the larger networks which there are thousands of 

nodes, data reserve and details of routing in the 

nodes cause some problems in the development of 

the network. Therefore the clustering algorithms 

have been represented so that the development 

problem is solved through representing the 

hierarchical structure. Though grouping several 

nodes in one node, other nodes can have the 

information of one cluster rather than that of several 

nodes.   

 The network nodes can be clustered 

through different methods in which various clusters 

cover the total network. These algorithms organize 

the network in several groups as cluster 

dynamically. By organizing the nodes in the 

clusters, less topological data transferred in the 

network. Every cluster forms a correlated graph, and 

two clusters may have overlap. The best method of 

categorizing the clustering designs of the WSN is 

their aim. So different designs have been proposed 

for clustering of the WSN. One of them is clustering 

based on combining the various parameters which 

uses some parameters to form the cluster especially 

to determine the clusterhead, like node degree, 

cluster size, speed, battery, etc. By studying more 

parameters, the clusterhead can be selected rightly, 

furthermore, factors weighting can be used in 

different scenarios. The different approaches can be 

studied through these criteria, and the similarities 

and differences of various designs are studied for 
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every scenario the best clustering is selected. In the 

proposed method, a weight is calculated for every 

node based on criteria of degree difference, 

movement angle difference, speed difference, 

distance from neighbours and remainder energy. 

 

Figure 4 shows the flow diagram for proposed 

methodology: 

 

  
 

Figure 4: Flow diagram of proposed work 

 

The node with the most weight between the 

neighbours is selected as clusterhead. In the WSN, 

when the nodes are not distributed uniformly, the 

nodes density increases in a point of network. In the 

distributed clustering algorithm, considering that 

just one node select as clusterhead between the 

neighbour nodes (that is two clusterhead nodes 

cannot be neighbours), so the nodes density 

increases in one cluster. Increasing the nodes density 

will put more load on each of the clusterheads, even 

if these nodes are neighbours and be in its 

transmission range. Covering of the network area by 

the least number of clusterhead imposes more 

responsibility on every clusterhead which 

necessitates using the most resources. This causes 

early death of the clusterhead. To solve this problem, 

optimization algorithms are used. 

 In this work, a weight based distributed 

algorithm has been proposed which is calculated 

based on 5 criteria for every weight node. The node 

with the most weight among its neighbours is 

selected as the cluster head and the value of weight 

factors are calculate through Particle Swarm 

Optimization algorithm to get the optimized results. 

 

Particle Swarm Optimization 

PSO is a technique used to explore the search space 

of a given problem to find the settings or parameters 

required to maximize or minimize a particular 

objective. 

 In PSO, a neighbourhood is defined for 

each individual particle as the subset of particles 

which it is able to communicate with. The first PSO 

model used a Euclidian neighbourhood for particle 

communication, measuring the actual distance 

between particles to determine which were close 

enough to be in communication. This was done in 

imitation of the behaviour of bird flocks, similar to 

biological models where individual birds are only 

able to communicate with other individuals in the 

immediate vicinity. The Euclidian neighbourhood 

model was abandoned in favour of less 

computationally intensive models when research 

focus was shifted from biological modelling to 

mathematical optimization. Topological 

neighbourhoods unrelated to the locality of the 

particle came into use, including what has come to 

be recognized as a global neighbourhood, gbest 

model, where each particle is associated with and 

able to obtain information from every other particle 

in the swarm. 

Particle Swarm Algorithm 

1. Begin 

2. Factor settings and swarm initialization 

3. Evaluation 

4. g = 1 

5. While (the stopping criterion is not met) do 

6. for each particle 

7. Update velocity 

8. revise place and localized best place 

9. Evaluation 

10. End For 

11. Update leader (global best particle) 

12. g + + 

13. End While 

14. End 

Setting up Devices & field in 

the Network 

Calculate Distance vector between nodes, and 

update look up matrix with respect to distance 

matrix 

Calculate path and cost with respect to source device, 

destination device and lookup values between them 

Start Sending Packets 

according to Distance vector 

When a link fails, a routing error is passed back to a 

transmitting node, and the process repeats 

Start Sending Packets 

according to Distance vector 
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The PSO procedure has various phases consist of 

Initialization, Evaluation, Update Velocity and 

Update Position. Equation 1 is used for updating the 

velocity: 

 

𝑣1(𝑡) = 𝑤𝑣𝑙(𝑡 − 1)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑖𝑛𝑒𝑟𝑡𝑖𝑎

+
𝑐1𝑟1(𝑥1

#(𝑡 − 1) − 𝑥𝑙(𝑡 − 1)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ )

𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒

+
𝑐2𝑟2(𝑥∗(𝑡 − 1) − 𝑥𝑙(𝑡 − 1)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ )

𝑆𝑜𝑐𝑖𝑎𝑙𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒
 

(1) 

 

  
Figure 5: Flow diagram of Particle Swarm Optimized Cluster-

heads 

 

Efficiency Parameters can be calculated by knowing 

packet sent from source and packet received at 

destination 

 

Packet delivery fraction 

PDF =
Packet recieved at Destination

Sent Packet by Source
(
1

n
) 

 

Throughput 

 

TH = ∑ Transmission of Routing Packets 

 

Here Σ indicates the range of packets received at the 

destination from start to the end of rounds 

End to End Delay 

 

EED =
Current Round

Total Number of Data Packets Recieved
 

  

IV. SIMULATION AND RESULTS 

 

Figure 6: Main Graphical user Interface (GUI) for the simulation 

 

Figure 7: Communication between nodes, cluster heads and 

destination

 

Figure 8: Comparison of Network throughput for the AODV 

protocol and the proposed protocol with & without PSO with 

respect to number of rounds 
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AODV protocol

Proposed Protocol without PSO

Proposed Protocol with PSO

Define number of nodes and sink. 

Select source randomly 

Find shortest distance between nodes. If cluster-head is 

there then select it for simulation.  

Optimize weight values with Particle Swarm 

Optimization algorithm 

Select node according to Particle 

Swarm optimized weight 

Now node works as cluster-heads and the transmission 

between source and sink acts as cluster region IJD
ACR
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Figure 9: Comparison of End to End delay for the AODV 

protocol and the proposed protocol with & without PSO with 

respect to number of rounds 

 

Figure 10: Comparison of Network life-time for the AODV 

protocol and the proposed protocol with & without PSO with 

respect to number of rounds 

V. CONCLUSION 

In this paper we have examined the current state of 

proposed clustering protocols, specifically with 

respect to their power and reliability requirements. 

In wireless sensor networks, the energy limitations 

of nodes play a crucial role in designing any protocol 

for implementation. In addition, Quality of Service 

metrics such as delay, data loss tolerance, and 

network lifetime expose reliability issues when 

designing recovery mechanisms for clustering 

schemes. These important characteristics are often 

opposed, as one often has a negative impact on the 

other. 

PSO has been a popular technique used to 

solve optimization problems in WSNs due to its 

simplicity, high quality of solution, fast convergence 

and insignificant computational burden. However, 

iterative nature of PSO can prohibit its use for high-

speed real-time applications, especially if 

optimization needs to be carried out frequently. PSO 

requires large amounts of memory, which may limit 

its implementation to resource-rich base stations. 

Literature has abundant successful WSN 

applications that exploit advantages of PSO. Data-

aggregation needs frequent distributed optimization, 

and fast solutions: Thus PSO moderately suits it. 

Static deployment, localization and clustering are 

the problems solved just once on a base station: Thus 

PSO highly suits them.    
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