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Abstract 

Wireless Sensor Network (WSN) consists of distributed nodes to cooperatively monitor 

physical or environmental conditions; these nodes are battery powered devices and have 

limited energy. We consider that if one node will become dead it will affect the life 

time of the whole network, so energy efficiency and load balancing is the most critical 

parts of this network. Many research works have been done for energy efficiency 

through different routing mechanism but mostly they ignored data collection efficiency. 

Our focus is on efficient topology creation mechanism to increase the network life time. 

With an efficient data collection mechanism energy resources can be saved and 

information is delivered more quickly and efficiently. We proposed a new data 

collection mechanism which can be implemented on heterogeneous network (in terms 

of energy) and this mechanism will work better than existing techniques, where sensor 

node have different characteristics and can be implemented of different type of 

topology. Efficient implementation of data decisionlfusion technique is the 

characteristics of our proposed Algorithm. The solution is implemented through 

Castalia simulation Tool in OMNET++ environment. 
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1. Introduction 
Wireless sensor networks (WSNs) have gained significant importance in the field of Computer 

Science and in communication technologies in the last few years. Wireless Sensor Network 

(WSN) are used for different application, typically involving some kind of monitoring, 

controlling, fire detection, land slide detection tracking, medical science, traffic monitoring. 

In a typical Small tinny node spread in selected area they sense the information and forward 

it towards a Base Station (BS) who performs the computing function on received information 

[I]. 

1.1 Wireless Sensor Network 

Wireless networking comprised of number of numerous sensor nodes interlinked or 

connected with each other that performs the same function collectively or cooperatively for 

the sake of common task. 

Sensor networks are used in application known as battle field surveillance which is completely 

a military application but now days it's also play an important part in civilian technologies 

like monitoring the physical conditions such as weather conditions, regularity of temperature 

controlling traffic etc. 

1.2 Structural Design 

WSN functions include sensing and computing: 

Sensing portion is a combination of small, cheap and efficient sensor nodes called 

motes. These tinny nodes collect required valuable information via sensing the area 

of interest while 

Computing portion called base station consists of a high profile system that has high 

processing capabilities. 

Sensor nodes have very limited side of battery so the node having computing burden will 

become dead soon therefore routing in wireless sensor network is very complex task. As 
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energy awareness is an important design issue so different routing model are develop to 

perform the routing task efficiently that uses low power recourses to save the energy and 

increase the life time of the WSN. [2] 

Figure 1.2 describes the architecture of WSN sends data to remote station. 

Spaced at J260 to 300 ~ k r 8  
1-1 

Sensor Field 
Self forming wireless netwwk 

Figure 1.2 Architecture of a Wireless Sensor Network 

1.3 WSNs Design Factors 

These are the main factors on which the performance of the WSNs depends [I]. 

Radio Technologies: The flexibility and capacity are of the WSNs are very crucial. To 

enhance the performance of the WSNs different types of advanced radio technologies are used 

such as self-configuring radios, software base radios and the frequency agile radios. 

Connectivity: The main advantage of the WSNs is connectivity. For the better connectivity 

the network must be self-configurable and optimized algorithms are required to control the 

topology. 
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Scalability: One of the major requirements of the WSNs is scalability. If the network is not 

scalable then the performance of the network significantly decreases as the size of network 

increase. For better performance all the protocols from data link layer to application layer 

must be scalable. 

Broadband and QoS: Most of the WSNs systems use the broadband services which required 

heterogeneous type of Quality of Service (QoS) requirements as compared with the typical 

ad-hoc networks. The performance of the WSNs not only depends on the end-to-end delay 

and fair allocation of resources but some other factors such as aggregate throughput, ratio of 

the packets lost and per node throughput must be considered to enhance the QoS. 

Security: There are number of security schemes for the ad-hoc networks which can be 

implemented on the WSNs but most of the schemes for ad-hoc networks are not too much 

mature for the practical implementation on the WSNs. The solutions of the typical ad-hoc 

networks are not much effective for the WSNs due to the internal architecture differences. 

That's why some optimized security schemes are required. 

Ease of Use: The network should be self-configurable and autonomous as maximum as 

possible and design the protocol which ensure this property. There must be some network 

managements system for better performance measurement to manage the network operations 

and configure different properties and parameters of the WSNs. Combining optimized 

protocols and network management system enables rapid and secure deployment of the WSNs 

P I .  

1.4 Hardware Architecture: 

Hardware platform designed is an important part of wireless sensor networks. We already 

discussed that WSN consists of large number of small nodes with sensing, computation, and 

wireless communications capabilities. On the basis of capabilities a wireless sensor node is 

composed of four basic components which include a sensing unit, a processing unit 

(microcontroller), a transceiver unit and a power unit. [4] 

A typical node with its components is presented in Fig 1.4. 



Figure 1.4 Architecture of a Wireless Sensor Node 

A wireless sensor node may include multiple sensors providing complimentary data. A 

sensing unit is typically composed of a number of sensors and an analogue to digital convertor 

(ADC) which digitizes the signal. A Processing unit provides the processing power for sensor 

node and coordinates the activity. A microcontroller integrates processing with some memory 

provision and I/O peripherals. 

A transceiver unit allows the transmission and reception of data to other devices connecting a 

wireless sensor node to a network. Wireless sensor nodes typically communicate using an RF 

(radio frequency) transceiver and communications tend to operate in the RF industrial, 

scientific and medical (ISM) bands which are designed for unlicensed operation. Wireless 

sensor nodes must be supported by a power unit which is typically some form of storage called 

battery. In wireless sensor node environments maintenance operations such as battery 

changing are impractical. 

1.5 Software Architecture: 

A critical step towards achieving the vision behind wireless sensor networks is the design of 

software architecture. Software of wireless sensor networks must be efficient in terms of real 

time sensor processing, time synchronization, maximizing battery life , managing data and 

events, and an easy to use user interface [S]. 

Different operating systems are available to implement and develop routing algorithms for 

WSNs like Contiki [6], EYES [7] and SOS [8] which are specifically designed to address the 

needs of wireless sensor networks. 

A very renowned and Well-defined operating system TinyOS [9] which is a lightweight open 

source operating system for wireless embedded sensors. It is designed to use minimal 
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resources and its configuration is defined at compile time by combining components from the 

TinyOS library and custom-developed components. 

1.6 Wireless Sensor Networks applications 

Sensor networks may consist of many different types of sensors such as seismic, low sampling 

rate Magnetic, thermal, visual, infrared, acoustic and radar, which are able to monitor a wide 

variety of Ambient conditions that include the following [lo]: 

Temperature, 

Humidity, 

Vehicular movement, 

Lightning condition, 

Pressure, 

Soil makeup, 

Noise levels, 

1.7 Homogenous and Heterogeneous network: 

In homogeneous networks all the sensor nodes with in a network are identical in terms of 

battery, energy, processing power, memory and other hardware complexity and operating 

system. 

In a heterogeneous sensor network, two or more different types of nodes having different 

battery and energy sizes may be configured with more powerful process and more memory 

and also with different hardware complexity [I I]. 

1.8 Data fusion technique: 

"The integration of information from multiple sources to produce specific and comprehensive 

data is called data fusion". 

Data fusion techniques are used to integrate information from multiple sensors and integration 

of these multiple information and knowledge into a comprehensive form, aiming towards into 

a consistent, accurate, and useful representation. Data Fusion Working Group, established in 

1986, created a process model of data fusion by codify the terminology related to data fusion 

r.121. 
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Many applications are widely used for multisensory data fusion. Military applications include: 

automated target recognition, guidance for autonomous vehicles, remote sensing, battlefield 

surveillance, and automated threat recognition systems, such as identification-friend foe- 

neutral (IFFN) systems. Nonmilitary applications include monitoring of manufacturing 

processes, condition based maintenance of complex machinery, robotics, and medical 

applications [I 31. 
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2. Literature Review 
Ideally, we would like the sensor network to perform as long as possible. Our focus is to save 

the energy through minimizing the delay in data collection process from sensor node toward 

cluster head or base station we have studied some of latest work done in this area. 

B. Krishnamachari et al [I] proposed the idea to combine the data coming from different 

sources because of the limited energy resources of sensor nodes, data need to be delivered in 

the most energy-efficient manner without compromising the accuracy of the information 

content. Two Simple Models of Data routing schemes which use data aggregation for routing 

are data centric and address centric. Optimal and sub optimal data aggregation method are 

studied. The main factors that can affect the performance of data aggregation method are the 

position of the network, the number of sources, and the communication network topology. 

The simulation tells us that whether the sources are clustered near each other or located 

randomly, significant energy gains are possible with data aggregation but due to lack of proper 

network structuring the network has remains the problem of energy issues. 

Jamil Ibriq and Irnad Maghoub discussed and design the routing protocol for wireless sensor 

network. They grouped all routing model into three different categories. Following is the 

description of work done in each routing model [2]. 

2.1. One Hop Model: 

This is simplest routing category of WSN which send data directly to base station, it does not 

depend on how far the node is from Base station if it is in the range of base station then it send 

the data to base station directly [14]. 
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Sensor Node 

Figure 2.1 

Limitations of One Hop Model 

One hop model is not feasible because each node have limited transmission range and many time 

their transmission cannot reach to base station. If we use direct routing in large network then all 

nodes will send their data directly to Base Station. The node at maximum distance to BS will have 

to consume extra energy to send its data to BS. So after sending very small amount of data packets 

it utilize large amount of energy the death of that node will occur very soon which leads to small 

network lifetime. So adopting direct routing in large network size is not feasible. 

2.2. Multi-Hop Model: 

In Multi-hop model sensor nodes chose their neighbor node to forward data toward the base 

station instead of direct sending to base station. In this model less energy is utilized depending 

upon the topology of WSN [8]. 



Chapter 2 Literature Review 

Figure 2.2 Limitations of Multi-hop Routing 

If we use Multi-Hop routing In WSN then each node send its data packet to its neighbor so the 

nodes closer to the BS will get maximum load of the network because they have to send their own 

data as well as data from other nodes therefore the node closer to the BS will dead very soon. If 

this scenario is considered in large network size, then huge number of data packets will be routed 

through these closer nodes. This will drain the energy levels of the closer nodes very quickly. So 

Multi Hop routing in large network size is also not feasible. 

2.3 Cluster-Based Model: 

A cluster is a group of resources that act like a single system and enable high availability and, in 

some cases, load balancing and parallel processing. In WSNs whole network is grouped into 

clusters. Each cluster has one node that act as cluster head that gets the sensed data from cluster 

member nodes and then sends it to other cluster heads or direct to the base station [a]. 
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Figure.2.3 Limitations of Cluster Base Routing 

In a cluster based model when a cluster is created then NO node can be added or removed at 

runtime, it remains as it is till the death of all the nodes. So this solution works only for static 

networks. And the network near to base station will carry out the information of the many nodes 

and overloaded which died quite early resulting in end of lifetime of network whereas some nodes 

remained with lot of energy. 

I.Solis et al[3] discussed the impact of timing in data aggregation in WSNs that how much impact 

is occurred and the timing model defines when to "clock out" data as it is aggregated by nodes on 

its way to the information sink. The question is how long a node should wait to receive data from 

its children. If nodes wait too long, data produced in the next period will interfere with data from 

previous periods so three different timing models are compared [3]. In these three timing models 

the in-network data aggregation can achieve considerable energy savings. 

WB. Heinzelman et al [4] proposed and analyzed LEACH architecture which. LEACH is based 

on the Clustering infrastructure. Since individual nodes data are highly correlated, so Cluster head 

are chosen to receive data from individual nodes (Cluster members) to process locally. And this 

transfused data are sent to base station by Cluster head. Therefore, being a cluster head node is 

much more energy intensive than being a non-cluster head node. So LEACH randomized the 
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Cluster Head Position. LEACH for this purpose use round technique for choosing cluster head. 

Since network life time is improved in this technique but if network structure remains constant 

than the cluster head loss energy in transmitting huge data of cluster members so changing of 

network structure is necessary for energy of cluster head. 

Z.Chen et al [5]  estimates the effects of variations of network structure and routing strategy by 

incorporating local traffic information into the basic shortest path routing policy on network 

capacity. It is also observed that the network capacity is greatly enhanced when the new traffic 

awareness routing strategy is adopted in each network structure. 

H.Luo et al [6] proposed MFST, energy efficient data gathering with aggregation (fusion) routing 

protocol is for routing correlated data in sensor networks which not only optimizes over the data 

transmission cost, but also incorporates the cost for data fusion, which can be significant for 

emerging sensor networks with vectorial data andlor security requirements. Analytical and 

experimental results show that MFST adapts well to varying network conditions including 

network topology, fusion cost, and the degree of correlation. 

Min Song, Bei He [7] analyzed the performance and the network capacity of two different 

architectures, named flat sensor network and clustered sensor network. It is found that there is a 

critical value of the number of cluster heads beyond which the network capacity of two clustered 

models approaches the same. Numerical results suggest that clustering can significantly improve 

the network capacity. 

R.Saravanakumar et al [8] analyzed the basic LEACH protocol and proposed a new routing 

protocol and data aggregation method in which sensor nodes form the cluster and elects the cluster 

head based on the residual energy of the individual node calculation without re-clustering and the 

node scheduling scheme is adopted in each cluster of the WSNs .Energy efficiency is improved 

but network structure remains constant and distance among sensor nodes is also not considered 

so the distance and energy of cluster head is compromised in this protocol. 

Hai Van Luu et al [9] proposed a generic scheduling algorithm for data collection through multi- 

path routing structures in wireless sensor networks. In this proposed protocol child nodes always 
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make their schedules before their parents. Although running time and the message complexity of 

scheduling is reduced but if the cluster heads losses their energies than restructuring is necessary. 

BS. Mathapati et al [lo] developed data aggregation technique which considers energy and 

reliability .Cluster head is chosen on the basis of cost value, Neighbor information table (NIT) is 

maintained for sending it to cluster head which decides on the basis of loss ratio. This technique 

lacks network restructuring and choosing new cluster head so energy issue remains for cluster 

head and in other cluster nodes. Since this application work in those area where data reliability is 

main concern. 

C T Cheng et a1 [ l  11 proposed delay aware structure by organizing sensor nodes into clusters of 

different sizes such that each cluster can communicate with the fusion center in an interleaved 

manner and proposed a delay-aware data collection network structure to minimize delays in the 

data collection process of WSNs. Two network formation algorithms are designed to construct 

the proposed network structure in a centralized and a decentralized approach. Simulation shows 

that the proposed network structure is able to shorten the delays in the data collection process 

significantly. The Cluster members send fusible data to Cluster head which normally performs 

fusion process. Since clustering consumed extra energy consumption and delay in a data 

collection process so energy and network structure should consider to rebuild the network 

structure. 

Israr [12] proposed a technique which base on cluster based routing which concern with Load 

balancing in WSN with efficiency in energy consumption. According to his proposed algorithm 

two layered communication is achieved by using temporary Cluster Head. Nodes at bottom layer 

send data to respective temporary CH and at top layer the temporary CHs adopt multi-hop routing 

to deliver the data to the Base station. Although author proves that his algorithm is energy efficient 

but selecting temporary CH phenomena required another algorithms for execution of some cluster 

head selection requiring more energy and have life time of the network will decrease. 

Irfan Ahmed et a1 [13] presented algorithm for WSN in which he proposed adaptive cluster 

routing technique. He used Cluster ID based routing instead of CH-ID in routing table i.e., when 

a node sends data to a cluster then Cluster ID is used as a next hope which eliminate the cluster 

creation process for each round and hence increase energy efficiency and life time of the network. 
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Author only has considered adaptive feature in routing and hence cluster will remain static till the 

end of network i.e there is no addition or subtraction of node from that cluster. 

Another adaptive intra cluster routing protocol presented by Raja Adeel Akhtar et a1 1141 in which 

direct and multi-hope model both are used. A close region is formed by the nodes near cluster 

head and the nodes related to close region will send data direct to the cluster head and the nodes 

outside of the closed region will send data to their neighbors. Author achieve energy efficiency 

and improve the life time of the network but the nodes near to close region and using multi-hope 

routing overloaded as sending the data of many node along with that by which results in an early 

death of that node. 

Bashir Ahmed [15] presented an Hybrid Adaptive Intra Cluster Routing protocol for energy 

efficiency. He uses direct routing along with multi-hope routing. Nodes change their node of 

routing form direct to multi-hope on the basis of their current energy level, at the start of the 

network every node in the network send its data to base station after some time a close region is 

created for long distance node and three nodes start multi-hop routing and close region size will 

increase with the passage of time. Author has used this technique in expanded size of region on 

the basis of remaining energy of nodes and achieve the energy efficiency but he didn't describe 

that how many intermediate nodes will be used in multi-hope routing and which node will be used 

as intermediate node 

Chi-Tsun Cheng et a1 [16] investigates the trade-offs among the data collection in a delay-aware 

data collection network structure using the concepts of Pareto optimality. 

Chi-Tsun Cheng et a1 [17] proposed delay-aware data collection network structure for wireless 

sensor networks Two network formations algorithms were designed to construct the proposed 

network structure using centralized and a decentralized approaches. A network with clustering is 

divided into several clusters. Within each cluster, one of the sensor nodes is elected as a cluster 

head (CH) and with the rest being cluster members (CM). The cluster head will collect data from 

its cluster members directly or in a multihop manner and fusing the data by means of datddecision 

fusion techniques. This structure shortens the delay in the data collection process significantly. 

But network structure is fixed so the issue remains that as the network life time decreases as the 

cluster head losses energy. 
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LEACH (Low-Energy Adaptive Clustering Hierarchy), a well-known routing protocol, it is 

developed by Heinzelman et a1 [18] is a typical clustering protocol proposed for periodical data 

gathering applications in wireless sensor networks. In LEACH, each node independently elects 

itself as a cluster head with some probability. Cluster heads receive and aggregate data from 

cluster members and then send the aggregated data to the BS by single-hop communication. In 

order to balance energy dissipation, the role of cluster head is periodically rotated among the 

nodes. LEACH protocol is simple and does not require a large communication over-head. 

However, the performance in heterogeneous networks is not very well, because it does not elect 

cluster heads based on residual energy of nodes. 

+I-: The main focus of the author is on the selection of the cluster head. This paper has nothing 

to do with the routing techniques used by the sensor nodes other than the cluster head. Moving 

the cluster head from one node to another again involves execution of cluster head selection 

algorithm, which in turn consumes energy. So reduces the network life time. 

All algorithms that we have discussed above have emphasized on proper utilization of energy 

in the sensor node. But they ignore the fact how to transmit data faster. It is well known that 

efficient energy is most important factor to sensor node so we cannot also ignore it. So in our 

approach we try to give importance to both factors, that is to transmit data to base station faster 

as well as in an energy efficient way. 
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3. Problem Identification 
In the survey section we have thoroughly discussed the different models for data collation and 

network creation along with their limitations regarding to delay, energy efficiency and scalability 

of network. We found some problems in latest and currently the most efficient research published 

by Chi-Tsun Cheng et all171 in 201 1 in delay-aware data collection network structure for wireless 

sensor networks, which are discussed below. 

3.1 It can only be implemented on homogenous WSNs 

Researcher only work for homogenous network where the entire node have same characteristic 

like available energy, processing power, transmission unit etc. In heterogeneous network this 

technique will not work because all the node don't have same characteristic specially a network 

containing multivendor sensor where each sensor node has different characteristic. The author 

stated that only the distance parameter results in variable amount of energy consumption where 

all other energy cost are fixed so along with distance there are few more parameters need to 

consider i.e. remaining energy etc. so a modified efficient data collection protocol for hybrid 

network structure for WSN is required to achieve efficiency in heterogeneous network. The author 

of the base paper assumed that power and other characteristics of the sensor nodes are same 

throughout the network. 

3.2 Algorithm is implemented only once (at the time of network 
creation) 

The data that flows from nodes to BS via different other nodes depends upon the structure of the 

network created at the start. According to the authors it is the most efficient data collection 

mechanism compared to other latest available mechanisms. But with the passage of time the 

energy of all the nodes decreases at variable rates as each node has collected and forwarded 

different numbers of data packets from different distances. So implementing the solution only at 

network creation time results in more energy consumption and load unbalancing hence reduces 

the overall network lifetime.. Fig 3a shows the energy level of each node at start of the network 

TO, where every node has same energy level. 
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EL = Energy level 

Figure 3a: Energy Level (EL) of nodes at time to 

Fig 3b shows the diagram of the network after some time interval T1 where energy level of each 

node has changed as per utilization of node. The node at the edge only sensing and transmitting 

their own data to other node will utilize less energy than other node which have transmitting other 

node's data along with their own data. 
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E l  = Energy Level 

Figure 3b: Energy level of nodes at time tl 

Fig 3c shows the energy levels of the node after time interval T2 where node B (4) which have 

maximum load of the network nearly losing their battery life and other node still have enough 

energy level. So the other nodes will reconsider by restructuring of network. 
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EL = Energy Levrcl 

Figure 3c: energy level of nodes at ti 

Now the problem is to find the Cluster Head which has remaining Energy which we have to 

choose on the basis of searching for node with more energy and new Cluster head thus 

selected will give us maximum network life time. So we will restructure our network according 

to maximum energy levels and nearest hop. 



CHAPTER 4 

PROPOSED SOLUTION 

& METHODOLOGY 



Chapter 4 Proposed Solution & Methodolou 

4. Research Objectives 
The Objectives of this Research are as follows: 

Efficient Topology creation mechanism to increase the network life time. 

"An efficient data collection protocol for hybrid network structure for WSN" is efficient data 

collection technique which can be implemented on heterogeneous network where each node has 

different characteristics and different topologies i.e. Mesh, grid etc. 

The major objectives for the development of our "An efficient data collection protocol for hybrid 

network structure for W S N  are: 

Must have support for large number of nodes. 

To take the benefits of both Direct and Multi Hop routing. 

Must be better than traditional routing techniques. 

Must have better data Collection Time 

Must have better data transmission time 

Must be energy efficient. 

Increased Network lifetime. 

Must have capacity of adding and flexibility of removing nodes 

Our major research objectives are to minimize the delay in data collection from sensor node 

toward BS with efficient utilization of energy of each node within the WSN and to increase the 

overall life time of the network.We want to increase network life time and it will be achieved by 

reducing many costs such as routing delay. We will be developing a data collection protocol 

which will provide an efficient use of data fusion technique and network creation to achieve 

maximum life time of the network. 
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4.1 Proposed Solution 
In this chapter we will discussed the proposed solution and methodology. 

To meet the above mentioned problems we proposed a solution which is complete in every 

respect to solve the data collection routing and energy issue and shall increase network life 

time following this we will discuss efficient data collection mechanism. 

4.1 .I Energy Efficient & Hybrid Adaptive Next Hop Routling 
Routing is the key in wireless sensor network as it effects energy consumption of each node 

when it communicates with the other nodes in the network.Hence, non-efficient routing 

results in higher energy consumption thereby rendering the nodes "dead". It is because of 

this that researcher pay special emphasis on routing in WSN. 

Adaptive routing mechanism for WSN is efficient energy utilization techniques which take 

the benefit of both direct and multi-hop model and change the routing model according to 

conditions. 

Our major research objectives are to achieve efficient utilization of energy of each node with 

in the WSN. We will provide a routing protocol which provide load balancing for routing 

of nodes data to base station 

4.1.2 Design Features 
Our proposed routing protocol "Efficient data collection protocol for hybrid network 

structure for WSN " have following features 

Better Network Structure for data collection through efficient routing. 

Solution of Two problems " to find next hop with maximum energy and to find next 

Node" 

Energy Efficient routing Mechanism 

Routing Mechanism to change routing model from One hop to Multi Hop 

Increase lifetime of the network 

better than traditional routing techniques 
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In this section we shall discuss a new network formulation mechanism that can be applied 

on heterogeneous types (in terms of energy) of wireless sensor networks. Here the word 

heterogeneous means a network consists of sensor nodes designed by different 

manufacturers as well as that nodes also have different amount of battery levels. In this 

scenario situation becomes more complex and network formulation needs to consider more 

parameters including energy levels. Our main focus is on routing .We will shuffle the nodes 

position on basis of different parameters for better network life time. So in the proposed 

network formulation various number of parameters will be considered and a model will be 

designed for formulation of network. 

In the 2nd module of this work deployment times of the proposed network formulation will 

be decided. In the existing available solutions network formulation mechanisms are 

deployed only once at the start of the network. But with the passage of time in heterogeneous 

networks it is required to reformulate the network structure. So the proposed network 

formulation will be deployed at different times those will be calculated on the basis of 

different network parameters. 

4.2 Proposed Network Architecture 
Since Our Proposed Network Structure is a tree structure. For delivery of maximum data 

colIection efficiency, the number of nodes N in the proposed structure has to be restricted to 

N = 2 p  where P =1,2,. .... .It will be discussed in later part that such restrictions can be 

relaxed by giving up some performance. Each Cluster member has some connection degree 

for forwarding data to the base station and all the data are correlated so data fusion is still 

not necessary at node level. 

By adopting the proposed network structure, the number of time slots t(N) required for the 

base station to collect the data From the whole network is given by 

so considering the network and by adopting the proposed network structure, the cluster head 

is the only node with the highesr connection degree which is 
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From lemma 1 ,the number of time slats t(N) is required for a cluster head ,with conncetion 

degree Kmax,to collect data from its &ild nodes is 

Thus the number of time slots t(N) require for the base station to collect data from the whole 

network is the timeslots required by the cluster head to collect all the data from its child 

nodes plus one i.e 

Now we proposed in our case that for Single hop Scenario and Multi Hop Scenario. 

Let t(iV)=D, + 1 .......................... ( 5 )  

where D,=Connection Degree and t(N) is the time slots required for collecting all the data 

from all the member nodes. And 

kmax=.l), 

Where k,, is the maximum Rank and D, is &e conncetion degree. 

Now according to the above proposed network structure we will build tables from the above 

equations. 

E ~ & N ) = C ~  +c~+C~C%, d: ...................................................... (6) 

where C2 and CS are constants. Hen EToT &am thdt the total energy consumption of 

the network can be minimized by re- ducing f' 1 d: a Thus, the objective of the proposed 

network formation algorithms is to construct the proposed network structure, while keeping 

d? at low value. In this section, two network formation algorithms, namely the top- 

down and the bottom-up approaches, are proposed to achieve the objective mentioned above 

A node can transmit and receive at any time. In sensor network, a sensor node is always 

capable of fusing the all received data packets into a single packet. The size of aggregated 

packet is independent of number of data packets received. 
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Form the graph of Figure 4.1 it is clearly shown that our approach is best one as compare to 

DADCNS.As In previous work it proved that DADCNS approach is better than LEACH, PEDAP, 

and PEGASIS in case of faster data transmission. For example if N = 8, DADCN was taken 3 time 

slots where as our approach was taken only 1 time slot. So our approach is the best one in case of 

transmits the data to Cluster Head (CH) faster. 

The proposed network structure is a tree structure. To deliver the maximum data collection 

efficiency, the number of nodes N in the proposed network structure has to be restricted to N = 

2Pwhere P=1,2,. . ..It will be relaxed in later part for gaining up some performance. Each cluster 

member will be given a rank which is an integer between 1 and P.A node with rank k will form 

k- 1 data links with k- 1 nodes ,while these k- 1 nodes are with different ranks starting from 1,2.. .up 

to k- 1 .All these nodes k-1 nodes will become the child nodes of the node with rank k. The node 

with rank k will form a data link with a node with a higher rank .This higher rank node will become 

the parent node of the node with rank k. The cluster head will be considered as a special case.The 

cluster head is the one with the highest rank in the network. The cluster will form only data link 

to base stati0n.B~ following this logic the distribution of the rank will follow an in inverse 
, 

exponential base-2 function, as shown in table 4.2 

Rank 

No. of 

Nodes 

1 

N - 
2l 

2 

N - 
22 

. . . . . .  

. . . . . .  

log,N-1 

N 
2('0gz N-1)  

log2 N 

N 
2(logz N 
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Fig 4.4 Proposed Network with Size Nd6.Circles with CM represents Cluster Members 

Circles with CH represents Cluster Heads, Filled Circle represents with BS represents 

Base Stati0n.k reprents the rank of each node. Dashed arrow represents the data link 

between two node.and the direction of the arrow shows the data flow. 

An example of the the proposed network with N=16 is shown in Fig 4.2.h this example ,it 

takes 5 X T for the base station to collect all data from 16 nodes. By dividing the time domain 

in to time slots of durations T, the above process will last for five time slots. 

4.3 Proposed Algorithm 
The top down approach is basically a centralized control algorithm. In this technique the 

base station is assumed to have the coordinates of all sensor nodes in the network .The whole 

algorithm is going to be executed at the base station. At the end of optimization process, the 

base station and the child nodes to establish the essential data links and form the appropriate 

network structure. Now we will explains this algorithm step by step in Fig 4.5.1. 
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Fig 4.5.1 Ketwork Formation Algorithm 

The network constructions for N = 2 O  and N = 2' are trivial. For networks with N = 2p 
nodes, where p=2,3.. . , the proposed network structure can be constructed according to the 

following steps given in the above algorithm. 

Stepl. The algorithm starts with considering the whole network as a fully connected 

network. The term connected refers to the existence of a data link between two wireless 

nodes. And also two nodes are disconnected from each other if there does not exist any direct 

link between them. The connection degree of a wireless sensor node is telling the number of 

data links associated with a such node. A node with connection degree of 3 implies that such 
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a node has formed three data links with other three nodes. For a network of N = Zhodes, 

where p=2,3,. . ..each node will begin with degree equal to N-1 .The node$ wiu fona W set 

fiS,*..Set b=N/2. 

Step 2. Select b nodes from set Hs to form set 8s+i,such that&1E8,3. dij2 is &zed 

here.Here dij2 denotes the geographical distance between node I and node j.The rest of the 

nodes from Hs will form set &+%..The algorithm will than remove all connections (data 

links) among nodes ~ithi&,+~,.The algorithm will then remove all connections (data links) 

among nodes within H S+l.Set iterators s t s + l  and bc-b/2. 

Step 3. Repeat step 2until b<2.set r=2. 

Step 4. Nodes with degree N-r form set L.Nodes with degree greater than N-r form set U 

such that set L and set U are of the same number of nodes .Connections among nodes in the 

two set are reduced until each node in set Lis only connected to a single node in set U. Here, 

data links are removed according to their distance. After reducing the number of 

connections, set rcrX2. 

Step 5. Repeat step 4 until r=N. 

Notice that the connection degree of a node is in face denoting its rank. By substituting 

connection degree with rank, the proposed structure is formed. 

Among these two nodes, the one node which is located near to the remotely base station 

will be selected as the cluster head CH and be connected directly to the base station. 

Therefore, the cluster head will have a degree of which is the highest within the cluster. 

Now in real scenario the fig 4.4 describes the algorithm in easy way. 



Chapter 4 Proposed Solution & Methodology 

Fig 4.5.2 Network Formation at Top Down Approach with N=8 

After making the network we shuffle the position of the cluster head for maximum energy 

purpose through the following pseudo code and algorithm at different time interval. 

4.4 Pseudo Code 

Initialization 

Direct Routing = source node send data directly to Cluster Head 

THV= Thrash hole value specified by the user 

R.E= Remaining Energy 

CH-1= all the nodes who are at the distance of one hop from cluster head 
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CH-2= all the nodes who are at the distance of two hops from cluster head 

CH-3= all the nodes who are at the distance of three hops from cluster head 

CH-4= all the nodes who are at the distance of four hops from cluster head 

CH-n= all the nodes who are at the distance of n hops from cluster head 

Dead node= the node with 0 8 remaining energy 

START 

1 : Send Data Directly to Cluster Head 

2: Calculate Remaining energy periodically 

3: if the Remaining energy (rVO then 

Start Multi-Hop Routing 

Else 

Continue Direct Routing 

Multi-hop routing 

Compare Remaining Energy with THVs 

If (Next Hop = = Nodes hop+l) 

Next hop will remain same 

else 

Select Next Hop on the basis of THV 

If Number of node in Next Hop=l then 

Send Data 

Else 
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Select Next Node 

If Remaining Energy= 0 then 

Node= Dead 

End 

Next Node Selection Process 

Check the Next Node Calculation Method 

If Method = MRE 

Calculate the R.E of every node of the Next Hop 

Select node with maximum energy 

?a Send data to selected node 

@I Send data to the next hop nodes on round robin basis 
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Fig 4.6 On the basis of maximum Remaining Energy 

The above Flow diagram will illustrate the flow of data from source node to cluster head 

from the start of the network to death of first node 

Before we study the flow diagram we must know the following terminologies 

1: At the start of the network every node has 100 % energy 

2: every node will share its remaining energy to each other node 

3: Direct Routing = source node send data directly to Cluster Head 
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4: THV= Thrashold hole value specified at inintial stage 

5: R.E= Remaining Energy 

6: CH-1= all the nodes who are at the distance of one hop from cluster head at Netwok 

7: CH-2= all the nodes who are at the distance of two hops from cluster head at Netwok 

8: CH-3= all the nodes who are at the distance of three hops from cluster head at Netwok 

9: CH-4= all the nodes who are at the distance of four hops from cluster head at Netwok 

10: CH-n= all the nodes who are at the distance on hops from cluster head at Netwok 

11: Dead node= the node with 0 % remaining energy at Netwok 
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5. Simulation 
In this chapter we will discusses the simulation details, assumptions ,topology, 

implementation details and scenarios and obtain the results with two proposed methods and 

further discuss the comparison of results with traditional algorithms then explain the results 

and comparisons by graphs. 

Simulation is the process to check and verify the proposed application in artificial 

environment so before real implementation the error and flaw can be checked. Wireless 

sensor network contain costly hardware and it's not commonly available for research 

purpose. So researcher prefers simulator to check and verify the proposed algorithm for 

WSN. 

5.1 Simulation Environment 

For simulation, we have selected Castalia simulator. Castalia is a simulator for Wireless 

Sensor Networks (WSN), Body Area Networks (BAN) and generally networks of low- 

power embedded devices. Castalia is meant to provide a generic reliable and realistic 

framework for the first order validation of an algorithm before moving to implementation 

on a specific sensor platform Castalia can also be used to evaluate different platform 

characteristics for specific applications, since it is highly parametric, and can simulate a 

wide range of platforms. It is based on the OMNeT++ platform and can be used by 

researchers and developers who want to test their distributed algorithms andlor protocols in 

realistic wireless channel. 

5.2 Results and Analysis 

In this section the proposed network structure is compared with LEACH, PEDAP, 

PEGASIS and Top-down approach. Networks having N nodes and N vary from 4 to 64. 

The sensor nodes are distributed randomly across the sensor field of 50X 50 m2. A node 

can transmit and receive data at any time. In sensor network, a sensor node is always 

capable of fusing the all received data packets into a single packet. The size of aggregated 
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packet is independent of number of data packets received. 

5.2.1 Test Case 1 (Average data collection time) 

In First Experiment, for simulation, initially each node is given energy of 50 J. The 

network performs the data collection periodically. 

Parameters Value 

Packet Size 12 bytes 

Transmission Radius 60 m 
I 

Data Collection 

Simulation Time 

Periodically 

20 min 

Maximum Energy level 

I 
SO J 

Initial Energy 

I 

Sensor Field I 50X 50 m2 1 

300 mJ 

Cluster Size (Nodes) 

Table 0.2: Simulation Parameters - Experiment no 1 

4 to 64 

The lifetime of a network is defined as the number data collection processes (in terms of 
rounds) that a network can accomplish before 

any of its nodes runs out of energy. Control packet size is very less as compare to 

Data packet. In the simulation, some assumption are taken, 

1. All sensor nodes are static in nature. 

2. All Sensor node know its location (dx, dy). 

3. All Sensor nodes have the information about the total number of nodes in the sensor 

field. 
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In the simulation, we have two approaches, In the first one, we try to find how many time 

slots are required for the sensor nodes to transmit data to Base station. It varies the total 

number of nodes from 4 to 64. We compare our approach with LEACH, PEDAP, PEGASIS, 

Top-down approach used in DADCNS. We plot the graph for it. In the graph X-axis 

indicates number of sensor nodes (N) and Y-axis indicates number of slot required to 

transmit data to base station. 

Figure 5.2.1: Average data collection time (Lower is Better) 

Form the graph it is clearly shown that our approach is best one as compare to top-down 

approach used in DADCNS. In previous work it proved that top-down approach is better 

than LEACH, PEDAP, and PEGASIS in case of faster data transmission. 

For example if N = 60, Top-down approach was taken 12 time slots where as our approach 

was taken only 6 time slot. As the proposed system can finished more data collection 

processes with in the desired time without any losses on the duration of the same time. So 

our approach is the best one in case of transmits the data to base station faster. 
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lifetime of the network. We find that our solution gives the better results as compared to 

other solutions. 1440 packets are sent by deploying PEDAP routing, 1229 packets are sent 

through LEACH routing, PEGASIS solution sent 2070 packets and DADCNS results in 

transmission of 2520 packets. When we test our proposed mechanism EDCNS we find that 

total 2730 packets are sent in the network. So our solution is transferring 210 more packets 

as compared to latest available technique. The reason of this increase is efficient use nodes 

shuffling according to the requirements and energy of the sending node. 

Total Packets Sent in Network 

" 
PEDAP LEACH PEGASIS DADCNS Our Aproach EDCNS 

Routing Protocol 

Figure 5.2.3: Total Packet Sent in the Network With EDCNS(0ur Approach) 
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5.2.4 Test Case 4 (Network Life Time with Max Remaining Energy) 
In the 4fi Experiment ,As we discussed earlier that lifetime of the network mean the death 

of any node in the network and the any network which have more lifetime is consider an 

efficient network. We measure the life time of the network by simulating with different 

parameter and found that next hop routing protocol's results are much better then other 

routing techniques. Fig 5.3 show a graphical presentation of all routing techniques in terms 

of network life time 

Network Lifetime 

-., 
PEDAP LEACH PEGASIS DADCNS Our Aproach 

EDCNS 

Routing Algorithm 

Figure 5.2.4: Network lifetime with maximum remaining energy 

We set parameters as 300rnJ energy level of each no& and start the network so the first node 

becomes dead after 4.71 minutes which is the better lifetime then all other routing 

techniques. Simulation graph shows the output for reduce energy consumption of the whole 

network. This proposed system is suitable for various applications for the data collection 

processes. 
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5.3 Advantages 

Using our approach, we are able to transmit and collect data faster as compared to other 

protocols/schemes and simultaneously, we give emphasize to energy constraint of sensor 

network. We try to make proper balance between two factors. In case of energy saving or 

data collection process (rounds) and also our approach out paly others approaches except 

Minimum spanning tree (PEGASIS).But In case of faster data collection (slots) our 

approach is the best one as compare to all other approaches. 
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6. Conclusion and Future Work 

6.1 Conclusion 

Wireless Sensor Network (WSN) are used for different application, typically involving 

some kind of monitoring, controlling, tracking, fire detection, land slide detection and traffic 

monitoring. In recent years Wireless Sensor Networks (WSNs) have become an 

established technology for a large number of applications, ranging from monitoring 

(e.g., pollution prevention, precision agriculture, structures and buildings health), to event 

detection (e.g., intrusions, firelflood emergencies) and target tracking (e.g., surveillance). 

WSNs usually consist of a large number of sensor nodes, which are battery-powered tiny 

devices. Although many protocols and algorithms have been developed for traditional 

wireless ad hoc networks, they are not well suited for the unique features and application 

requirements of sensor networks. 

Many algorithms are proposed to handle energy saving problem in wireless sensor network. 

The main aim is to save energy so that entire life time of the network can be increased. But 

these algorithms ignore the efficient data collection in wireless sensor network. So in our 

work we have tried to develop an algorithm which will form a network structure in wireless 

sensor network, through which data can be transmitted faster to base station without 

disturbing life time of network. Performances of the proposed network structure are 

evaluated using computer simulations. Simulation results show that, when comparing with 

other common network structures in wireless sensor networks, the proposed network 

structure is able to shorten the delay in the data collection process significantly. 

In our research we tried to from a network structure so data can be collected as fast as 

possible and it should be in energy easy way. In many applications of sensor network, data 

has high importance and it should reach to base station as fast as possible. Also we cannot 

ignore the fact that sensor nodes are tiny battery powered devices having limited power. 

So we tried to balance both the factors. The proposed network structure is shown to be easy 

and efficient in terms of data collection time among all the existing network structures. The 

proposed network structure can greatly reduce the data collection time while keeping the 

total communication distance and the network lifetime at acceptable values. 
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6.2 Future Work 

Our proposed research work may further be extended in varied dimensions as follows: 

6.2.1 Experimenting with other Topologies 
We test our proposed solution by deploying node in Grid topology. The work can be 

extended by implementing the same solution on different other topologies, specifically the 

irregular topology because if the nodes are thrown from a plan or from a Helicopter then the 

resulting topology will be irregular. 

6.2.2 Mobility 
To test our proposed solution we use the wireless sensor network where nodes are static and 

don't move their positions. But since mobility is becoming the demand of modern age so 

this solution can also be tested over mobile sensor network. Results of our proposed solution 

may vary in case of adding mobility. 

6.2.3 Use of Mobility Models 
The proposed model is able to collect data quickly and is also energy efficient. But there is 

always a room for improvement. It can be done in more energy efficient way. In our model 

we consider all the nodes as static in nature but in future, mobility of nodes can be 

considered. 

There exist different mobility models. Results of one mobility model can be different as 

compared to other mobility models. So if mobility is added in wireless sensor network to 

use our proposed solution then the role of different mobility models can also be analyzed. 

6.2.4 Testing with Different Parameters 

We obtain the results by configuring the same parameters those were configured by the 

researchers who worked earlier on this topic. The reason of using the same parameters is to 

compare the results efficiently. However at different other parameters, for example in very 

dense network or in wide spread network the results can be different. 
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