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Abstract-A sensor network typically comprises a large number of 
low-power, low-cost, tiny embedded devices with sensing 
capabilities, which are networked together to collect, process, 
and deliver information about a physical phenomenon of interest. 
The position of the nodes could be engineered or predetermined, 
such as in structural health monitoring, where nodes are placed at 
optimal locations to maximize the fidelity of measured vibrations 
for accurate and reliable diagnosis about the health of the 
structure. On other occasions, nodes could be placed randomly, 
allowing deployment of networks over inaccessible terrains or in 
disaster recovery operations. Wireless Sensor Networks (WSN) 
[1] have appeared as one of the most prominent enabling 
technologies of Micro-Electro-Mechanical Systems 
(MEMS)MEMS, which combines automated sensing, embedded 
computing, and wireless capabilities into tiny devices, bringing 
promises of understanding and incrementing nature at scales that 
were unimaginable before. Just like the invention of microscope 
has let us see things that were previously invisible to the naked 
eye, wireless sensor networks have enabled us not only to detect 
and measure a physical phenomenon with accuracy even at the 
microscopic level, but also to communicate the measured 
information across distances using the wireless medium. 
Wireless Sensor Networks is focused on developing low-power 
sensing the devices to enable large-scale, distributed, networked 
sensor system through the sense-IT project. This Concept is used  
for Data Communication as well as mobile computing is very 
purpose to used for wireless sensor networks. Deployment of 
sensor networks are increasing either manually or randomly to 
monitor physical environments in different applications such as 
military, agriculture, medical transport, industry etc. In 
monitoring of physical environments, the most important 
application of wireless sensor network is monitoring of critical 
conditions. The most important in monitoring application like 
critical condition is the sensing of information during emergency 
state from the physical environment where the network of 
sensors is deployed. In order to respond within a fraction of 
seconds in case of critical conditions like explosions, fire and 
leaking of toxic gases, there must be a system which should be 

fast enough. A big challenge to sensor networks is a fast, reliable 
and fault tolerant channel during emergency conditions to sink 
(base station) that receives the events. The main focus of this 
thesis is to discuss and evaluate the performance of two different 
routing protocols like Ad hoc On Demand Distance Vector 
(AODV) and Dynamic Source Routing (DSR) for monitoring of 
critical conditions with the help of important metrics like 
throughput and end-to-end delay in different scenarios. On the 
basis of results derived from simulation a conclusion is drawn on 
the comparison between these two different routing protocols 
with parameters like end-to-end delay and throughput. 
 

I. MOBILE COMMUNICATION PRINCIPLES 
 

Each mobile uses a separate, temporary radio channel to talk to 
the cell site. The cell site talks to many mobiles at once, using 
one channel per mobile. Channels use a pair of frequencies for 
communication—one frequency (the forward link) for 
transmitting from the cell site and one frequency (the reverse 
link) for the cell site to receive calls from the users. Radio energy 
dissipates over distance, so mobiles must stay near the base 
station to maintain communications. The basic structure of 
mobile networks includes telephone systems and radio services. 
Where mobile radio service operates in a closed network and has 
no access to the telephone system, mobile telephone service 
allows interconnection to the telephone network  
 
    1.2Early Mobile Telephone System     Architecture                           
Traditional mobile service was structured in a fashion similar to 
television broadcasting: One very powerful transmitter located at 
the highest spot in an area would broadcast in a radius of up to 50 
kilometers. The cellular concept structured the mobile telephone 
network in a different way. 
Instead of using one powerful transmitter, many low-power 
transmitters were placed throughout a coverage area. For 
example, by dividing a metropolitan region into one hundred 
different areas (cells) with low-power transmitters using 12 
conversations (channels) each, 
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        Figure-1: Basic Mobile Telephone Service Network 
 

the system capacity theoretically could be increased 
from 12 conversations—or voice channels using one 
powerful transmitter—to 1,200 conversations 
(channels) using one hundred low-power transmitters. 

   
Figure-2: Telephone Network Transmitter 
 
1.2.1 Mobile Telephone System Using the Cellular Concept: 
Interference problems caused by mobile units using the same 
channel in adjacent areas proved that all channels could not be 
reused in every cell. Areas had to be skipped before the same 
channel could be reused. Even though this affected the efficiency 
of the original concept, frequency reuse was still a viable 
solution to the problems of mobile telephony systems.   
Engineers discovered that the interference effects were not due to 
the distance between areas, but to the ratio of the distance 
between areas to the transmitter power (radius) of the areas. By 
reducing the radius of an area by 50 percent, service providers 
could increase the number of potential customers in an area 
fourfold. Systems based on areas with a one-kilometer radius 
would have one hundred times more channels than systems with 
areas 10 kilometers in radius. Speculation led to the conclusion 
that by reducing the radius of areas to a few hundred meters, 
millions of calls could be served.The cellular concept employs 
variable low-power levels, which allow cells to be sized 
according to the subscriber density and demand of a given area. 
As the population grows, cells can be added to accommodate that 
growth. Frequencies used in one cell cluster can be reused in 
other cells. Conversations can be handed off from cell to cell to 
maintain constant phone service as the user moves between cells. 

 
 
Figure-3: Mobile Telephone System Using a Cellular 
Architecture 
The cellular radio equipment (base station) can communicate 
with mobiles as long as they are within range. Radio energy 
dissipates over distance, so the mobiles must be within the 
operating range of the base station. Like the early mobile radio 
system, the base station communicates with mobiles via a 
channel. The channel is made of two frequencies, one for 
transmitting to the base station and one to receive information 
from the base station. 
 
1.2.2. Cellular System Architecture: 
Increases in demand and the poor quality of existing service led 
mobile service providers to research ways to improve the quality 
of service and to support more users in their systems. Because 
the amount of frequency spectrum available for mobile cellular 
use was limited, efficient use of the required frequencies was 
needed for mobile cellular coverage. In modern cellular 
telephony, rural and urban regions are divided into areas 
according to specific provisioning guidelines. Deployment 
parameters, such as amount of cell-splitting and cell sizes, are 
determined by engineers experienced in cellular system 
architecture. Provisioning for each region is planned according to 
an engineering plan that includes cells, clusters, frequency reuse, 
and handovers.  
 
1.1.4. Benefits of Cells using Sensor Networks: 
A cell is the basic geographic unit of a cellular system. The term 
cellular comes from the honeycomb shape of the areas into 
which a coverage region is divided. Cells are base stations 
transmitting over small geographic areas that are represented as 
hexagons. Each cell size varies depending on the landscape. 
Because of constraints imposed by natural terrain and man-made 
structures, the true shape of cells is not a perfect hexagon.  
 
1.1.5. Clusters 
Cluster computing is a form of computing in which a group of 
computers are linked together so that they can act like a single 
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entity. There are a number of reasons for people to use cluster 
computers for computing tasks, ranging from an inability to 
afford a single computer with the computing capability of a 
cluster to a desire to ensure that a computing system is always 
available. The precise date at which this technique was 
developed is unknown, and there are competing claims for the 
invention credit, with some people suggesting that individual 
users probably developed cluster computing independently to 
meet their computing needs long before the technique was used 
in industrial settings.A Cluster is a group of Cells. No channels 
are reused within a cluster. Figure Illustrates a seven- cell cluster. 
  

 
Figure-4: A Seven-Cell Cluster 
 
1.1.6. Frequency Reuse: 
Only a small number of radio channel frequencies were available 
for mobile systems, engineers had to find a way to reuse radio 
channels to carry more than one conversation at a time. The 
solution the industry adopted was called frequency planning or 
frequency reuse. Frequency reuse was implemented by 
restructuring the mobile telephone system architecture into the 
cellular concept. The concept of frequency reuse is based on 
assigning to each cell a group of radio channels used within a 
small geographic area. Cells are assigned a group of channels 
that is completely different from neighboring cells. The coverage 
area of cells is called the footprint. This footprint is limited by a 
boundary so that the same group of channels can be used in 
different cells that are far enough away from each other so that 
their frequencies do not interfere. Cells with the same number 
have the same set of frequencies. Here, because the number of 
available frequencies is 7, the frequency reuse factor is 1/7. That 
is, each cell is using 1/7 of available cellular channels 

 
Figure-5: Frequency Reuse 

.  
1.1.7. Cell Splitting 

Unfortunately, economic considerations made the concept of 
creating full systems with many small areas impractical. To 
overcome this difficulty, system operators developed the idea of 
cell splitting. As a service area becomes full of users, this 
approach is used to split a single area into smaller ones. In this 
way, urban centers can be split into as many areas as necessary to 
provide acceptable service levels in heavy-traffic regions, while 
larger, less expensive cells can be used to cover remote rural 
regions. 

 
Figure-6 : Cell Splitting 
 
1.1.8. Handoff 
The final obstacle in the development of the cellular network 
involved the problem created when a mobile subscriber traveled 
from one cell to another during a call. As adjacent areas do not 
use the same radio channels, a call must either be dropped or 
transferred from one radio channel to another when a user 
crosses the line between adjacent cells. Because dropping the call 
is unacceptable, the process of handoff was created. Handoff 
occurs when the mobile telephone network automatically 
transfers a call from radio channel to radio channel as mobile 
crosses adjacent cells.During a call, two parties are on one voice 
channel. When the mobile unit moves out of the coverage area of 
a given cell site, the reception becomes weak. At this point, the 
cell site in use requests a handoff. The system switches the call to 
a stronger-frequency channel in a new site without interrupting 
the call or alerting the user. The call continues as long as the user 
is talking, and the user does not notice the handoff at all.  

II.   DATA COMMUNICATION PATTERNS IN 
SENSOR NETWORKS 
 

Sensor networks are characterized by ad hoc multi-hop networks 
that are capable of self-organizing without the help of any 
external infrastructure. Once a network is deployed, the nodes 
collect data about a physical phenomenon of interest, process it 
locally, and send it toward a common sink node, which can 
perhaps fuse all the received data and make intelligent decisions. 
The sink node is typically high-powered, such as a laptop, with 
larger memory and processing power. Although in small-scale, 
single-hop networks, direct communication between the nodes 
and the sink is possible, the most common form of 
communication in large-scale, multi-hop networks is peer-to-
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peer, i.e., among neighboring nodes. This peer-to-peer 
communication over short distances is ideal for low-power, 
short-range radios, and allows nodes to cooperate and 
collectively work toward a common goal.There are three basic 
data communication patterns in sensor networks: (i) 
convergecast, (ii) unicast or local broadcast, and (iii) multicast. 
We describe each of them in details below. 
Convergecast: It is a many-to-one communication pattern [3, 4 
], where data flows from a set of nodes toward a common sink 
over a tree-based routing topology. This is the most common 
form of data communication and constitutes a fundamental 
operational primitive in sensor networks. When the sensor 
readings are correlated due to spatial/temporal proximity of the 
nodes, or when the application requires summarized information, 
data is often combined or aggregated at each hop en route to the 
sink. Data aggregation [5] has been put forward as an essential 
paradigm for wireless routing in sensor networks, where the idea 
is to combine the data coming from different sources before 
transmitting to the upstream node toward the sink. It has been 
shown that aggregation can eliminate redundancy and minimize 
the number of transmissions, thus saving energy. This paradigm 
shifts the focus from traditional address-centric approaches for 
networking (finding short routes between pairs of addressable 
end-nodes) to a more data-centric approach, i.e., finding routes 
from multiple sources to a single destination that allows in-
network consolidation of redundant data. We refer to the 
converge cast process under aggregation as aggregated 
convergecast [6,7], and distinguish it from raw-data 
convergecast [8,9 ] when there is no aggregation. 
Unicast: It is a form of local broadcast where a node exchanges 
data with its local neighbors, for instance, to perform 
collaborative data processing and fusion instead of transmitting 
raw sensor readings 
Multicast: It can be considered as opposite to converge cast, i.e., 
one-to-many communication pattern in which data is 
disseminated from the sink to a set of nodes. Multicast could be 
used, for instance, in reprogrammable sensor networks where the 
sink supplies automatic network-wide updates of system 
software or reconfiguration information to all the nodes. 
 
2.2Data Acquisition Models in Sensor Networks: 
Converge cast or many-to-one communication being the most 
fundamental form of data collection in sensor networks, it is 
natural to ask what triggers the data collection process; in other 
words, what are the data acquisition models in sensor networks. 
Here, we present a classification of the most common types of 
data acquisition models [10] and give examples of applications to 
which they are relevant. 

• Continuous/Periodic Delivery: This form of data collection 
is most relevant for real-time, mission-critical applications 
where sensing and collection are performed synchronously, or 
for applications where periodic notification of events is 
required. Such data collection usually takes place over long 
durations of time ranging from low data-rate scenarios, such as 
in surveillance and habitat monitoring, to high data-rate 
scenarios, such as in structural health and permafrost 
monitoring. Since the nodes need to continuously sense and 
transmit data, energy efficiency is a big concern for continuous 
and periodic data collection. 
• Query-Driven Delivery: In this model [11], the nodes send 
data only when triggered by an external query fed into the 
network by the sink node. Since the nodes could sleep most of 
the time and wake up to collect data only when triggered by 
the queries, this delivery model is efficient in terms of energy 
consumption. Typical application scenarios for query-driven 
data delivery includes getting a snapshot  view of the network, 
or sending back  ack/acknowledgments in response to software 
reconfigure/upgrade messages sent by the sink. Such data 
delivery usually spans over short intervals. 
• Event-Driven Delivery: The sensor nodes could be 
programmed to deliver data whenever an event of interest 
occurs within the network. This mode of data acquisition is 
useful when the events are rare but critical. However, such 
events could also trigger huge bursts of data that require 
immediate delivery. Since the nodes need to sense the 
environment continuously for possible occurrence of the 
events, but transmit only when an actual event occurs, energy 
consumption is a lesser severe concern compared to the case of 
continuous/periodic delivery. 

 
2.3Characteristics Wireless Network: 
Routing in WSNs is very challenging due to the inherent 
characteristics that distinguish these networks from other 
wireless networks like mobile ad hoc networks or cellular 
networks.  
 First, due to the relatively large number of sensor nodes, it is 

not possible to build a global addressing scheme for the 
deployment of a large number of sensor nodes as the 
overhead of ID maintenance is high. Thus, traditional IP-
based protocols may not be applied to WSNs. Furthermore, 
sensor nodes that are deployed in an ad hoc manner need to 
be self-organizing as the ad hoc deployment of these nodes 
requires the system to form connections and cope with the 
resultant nodal distribution especially that the operation of 
the sensor networks is un-attended. In WSNs, sometimes 
getting the data is more important than knowing the IDs of 
which nodes sent the data.  
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 Second, in contrast to typical communication networks, 
almost all applications of sensor networks require the flow 
of sensed data from multiple sources to a particular BS. 
This, however, does not prevent the flow of data to be in 
other forms (e.g., multicast or peer to peer).  

 Third, sensor nodes are tightly constrained in terms of 
energy, processing, and storage capacities. Thus, they 
require careful resource management.  

 Fourth, in most application scenarios, nodes in WSNs are 
generally stationary after deployment except for, may be, a 
few mobile nodes. Nodes in other traditional wireless 
networks are free to move, which results in unpredictable 
and frequent topological changes. However, in some 
applications, some sensor nodes may be allowed to move 
and change their location (although with very low mobility). 
Fourth, sensor networks are application specific, i.e., design 
requirements of a sensor network change with application. 
For example, the challenging problem of low-latency 
precision tactical surveillance is different from that required 
for a periodic weather-monitoring task.  

 Fifth, position awareness of sensor nodes is important since 
data collection is normally based on the location. Currently, 
it is not feasible to use Global Positioning System (GPS) 
hardware for this purpose. Methods based on triangulation 
[17], for example, allow sensor nodes to approximate their 
position using radio strength from a few known points. It is 
found in [17] that algorithms based on triangulation or 
multilateration can work quite well under conditions where 
only very few nodes know their positions apriori, e.g., using 
GPS hardware. Still, it is favorable to have GPS-free 
solutions [18] for the location problem in WSNs.  

 Finally, data collected by many sensors in WSNs is typically 
based on common phenomena, hence there is a high 
probability that this data has some redundancy. Such 
redundancy needs to be exploited by the routing protocols to 
improve energy and bandwidth utilization. Usually, WSNs 
are data-centric networks in the sense that data is requested 
based on certain attributes, i.e., attribute-based addressing. 
An attribute-based address is composed of a set of attribute-
value pair query. For example, if the query is something like 
[temperature > 60F], then sensor nodes that sense 
temperature > 60F only need to respond and report their 
readings. Due to such differences, many new algorithms 
have been proposed for the routing problem in WSNs. 
 

2.4Challenges of wireless Sensor: 
There are many underlying characteristics of wireless sensor 
networks and the most important ones are considered here. 
Exploiting redundancy: Sensor nodes are expected to run out of 

energy because of limited battery power. They are also prone to 
failure because of random placement of nodes in a harsh 
environment, presence of unexpected obstacles, unreliable nature 
of the wireless link, and nodes in a neighborhood might not be 
able to reach each other occasionally. Redundancy and device 
density are exploited to ensure full coverage of the intended 
terrain and allow the network to self reconfigure when 
communication links are disrupted.  
Data-Centric Routing: In the data-centric paradigm, sensor 
nodes need not be identified by a unique ID. The querying unit 
usually called a sink, identifies multiple responding sensors 
based on the required and collected data. The query is not 
addressed to any specific sensor, but is based on the data 
observed by the sensor and hence it is termed as the data-centric 
approach. Moreover, as nodes in a locality sense the same 
phenomenon, the traditional end-to-end routing used in MANETs 
cannot be applied to sensor networks for query processing. Data-
centric routing is eminently suited to perform operations such as 
data aggregation in sensor networks. 
Data Aggregation: Data implosion and overlap are common 
phenomenon in a sensor network as nodes in the proximity 
usually hold similar data. Energy is therefore wasted when the 
same data value from multiple sources is individually routed to 
the sink. It is desirable to process as much data locally as 
possible so as to reduce the number of bits transmitted in the air, 
particularly over a long distance. Transmitting 1 Kb of data a 
distance of 100 m  costs the same amount of energy as executing 
300 million instructions on a general purpose processor with a 
modest computing device rate of 100 million instructions per 
second (MIPS).  
Localized Algorithms: These can be implemented in a 
distributed manner and are therefore attractive in environments 
where the delay and communication overhead associated with 
collection/dissemination of global information can adversely 
affect the overall performance. Local processing and 
collaboration among sensor nodes are encouraged for filtering 
and combining readings from sensor nodes in a neighborhood.  

 
2.5Routing Challenges and Design Issues in   WSNs: 
Despite the innumerable applications of WSNs, these networks 
have several restrictions, e.g., limited energy supply, limited 
computing power, and limited bandwidth of the wireless links 
connecting sensor nodes. One of the main design goals of WSNs 
is to carry out data communication while trying to prolong the 
lifetime of the network and prevent connectivity degradation by 
employing aggressive energy management techniques.The design 
of routing protocols in WSNs is influenced by many challenging 
factors. These factors must be overcome before efficient 
communication can be achieved in WSNs. In the following are 
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some of the routing challenges and design issues that affect 
routing process in WSNs. 

 
2.5.1. Node Deployment: 
Node deployment in WSNs is application dependent and affects 
the performance of the routing protocol. The deployment can be 
either deterministic or randomized. In deterministic deployment, 
the sensors are manually placed and data is routed through pre-
determined paths. However, in random node deployment, the 
sensor nodes are scattered randomly creating an infrastructure in 
an ad hoc manner. If the resultant distribution of nodes is not 
uniform, optimal clustering becomes necessary to allow 
connectivity and enable energy efficient network operation. 
Inter-sensor communication is normally within short 
transmission ranges due to energy and bandwidth limitations. 
Therefore, it is most likely that a route will consist of multiple 
wireless hops. 
 
2.5.2. Energy Consumption without losing accuracy: 
Sensor nodes can use up their limited supply of energy 
performing computations and transmitting information in a 
wireless environment. As such, energy conserving forms of 
communication and computation are essential. Sensor node 
lifetime shows a strong dependence on the battery lifetime [21]. 
In a multihop WSN, each node plays a dual role as data sender 
and data router. The malfunctioning of some sensor nodes due to 
power failure can cause significant topological changes and 
might require rerouting of packets and reorganization of the 
network.Data Reporting Model: Data sensing and reporting in 
WSNs is dependent on the application and the time criticality of 
the data reporting. Data reporting can be categorized as either 
time-driven (continuous), event-driven, query-driven, and hybrid 
[22]. The time-driven delivery model is suitable for applications 
that require periodic data monitoring. As such, sensor nodes will 
periodically switch on their sensors and transmitters, sense the 
environment and transmit the data of interest at constant periodic 
time intervals. In event-driven and query-driven models, sensor 
nodes react immediately to sudden and drastic changes in the 
value of a sensed attribute due to the occurrence of a certain 
event or a query is generated by the BS. As such, these are well 
suited for time critical applications. A combination of the 
previous models is also possible. The routing protocol is highly 
influenced by the data reporting model with regard to energy 
consumption and route stability. 
 
2.5.3. Node/Link Heterogeneity: 
In many studies, all sensor nodes were assumed to be 
homogeneous, i.e., having equal capacity in terms of 
computation, communication, and power. However, depending 

on the application a sensor node can have different role or 
capability. The existence of heterogeneous set of sensors raises 
many technical issues related to data routing. For example, some 
applications might require a diverse mixture of sensors for 
monitoring temperature, pressure and humidity of the 
surrounding environment, detecting motion via acoustic 
signatures, and capturing the image or video tracking of moving 
objects. These special sensors can be either deployed 
independently or the different functionalities can be included in 
the same sensor nodes. Even data reading and reporting can be 
generated from these sensors at different rates, subject to diverse 
quality of service constraints, and can follow multiple data 
reporting models. For example, hierarchical protocols designate a 
cluster- head node different from the normal sensors. These 
cluster heads can be chosen from the deployed sensors or can be 
more powerful than other sensor nodes in terms of energy, 
bandwidth, and memory. Hence, the burden of transmission to 
the BS is handled by the set of cluster-heads 
 
2.5.4. Fault Tolerance: 
Some sensor nodes may fail or be blocked due to lack of power, 
physical damage, or environmental interference. The failure of 
sensor nodes should not affect the overall task of the sensor 
network. If many nodes fail, MAC and routing protocols must 
accommodate formation of new links and routes to the data 
collection base stations. This may require actively adjusting 
transmit powers and signaling rates on the existing links to 
reduce energy consumption, or rerouting packets through regions 
of the network where more energy is available. Therefore, 
multiple levels of redundancy may be needed in a fault-tolerant 
sensor network. 

 
2.5.5. Scalability: 
The number of sensor nodes deployed in the sensing area may be 
in the order of hundreds or thousands, or more. Any routing 
scheme must be able to work with this huge number of sensor 
nodes. In addition, sensor network routing protocols should be 
scalable enough to respond to events in the environment. Until an 
event occurs, most of the sensors can remain in the sleep state, 
with data from the few remaining sensors providing a coarse 
quality.  
 
2.5.6. Network Dynamics: 
Most of the network architectures assume that sensor nodes are 
stationary. How-ever, mobility of both BS's or sensor nodes is 
sometimes necessary in many applications [23]. Routing 
messages from or to moving nodes is more challenging since 
route stability becomes an important issue, in addition to energy, 
bandwidth etc. Moreover, the sensed phenomenon can be either 
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dynamic or static depending on the application, e.g., it is 
dynamic in a target detection/tracking application, while it is 
static in forest monitoring for early ¯re prevention. Monitoring 
static events allows the network to work in a reactive mode, 
simply generating traffic when reporting. Dynamic events in 
most applications require periodic reporting and consequently 
generate significant traffic to be routed to the BS. 

 
2.5.7. Transmission Media: 
In a multi-hop sensor network, communicating nodes are linked 
by a wireless medium. The traditional problems associated with a 
wireless channel (e.g., fading, high error rate) may also affect the 
operation of the sensor network. In general, the required 
bandwidth of sensor data will be low, on the order of 1-100 kb/s. 
Related to the transmission media is the design of medium access 
control (MAC). One approach of MAC design for sensor 
networks is to use TDMA based protocols that conserve more 
energy compared to contention based protocols like CSMA (e.g., 
IEEE 802.11). Bluetooth technology [24] can also be used. 

2.5.8 Connectivity 
High node density in sensor networks precludes them from being 
completely isolated from each other. Therefore, sensor nodes are 
expected to be highly connected. This, however, may not prevent 
the network topology from being variable and the network size 
from being shrinking due to sensor node failures. In addition, 
connectivity depends on the, possibly random, distribution of 
nodes. 

 
2.5.9 Coverage 
 In WSNs, each sensor node obtains a certain view of the 
environment. A given sensor's view of the environment is limited 
both in range and in accuracy; it can only cover a limited 
physical area of the environment. Hence, area coverage is also an 
important design parameter in WSNs. 

2.5.10 Data Aggregation 
Since sensor nodes may generate significant redundant data, 
similar packets from multiple nodes can be aggregated so that the 
number of transmissions is reduced. Data aggregation is the 
combination of data from different sources according to a certain 
aggregation function, e.g., duplicate suppression, minima, 
maxima and average. This technique has been used to achieve 
energy efficiency and data transfer optimization in a number of 
routing protocols. Signal processing methods can also be used for 
data aggregation. In this case, it is referred to as data fusion 
where a node is capable of producing a more accurate output 
signal by using some techniques such as beam forming to 

combine the incoming signals and reducing the noise in these 
signals. 

2.5.11 Quality of Service 
In some applications, data should be delivered within a certain 
period of time from the moment it is sensed, otherwise the data 
will be useless. Therefore bounded latency for data delivery is 
another condition for time-constrained applications. However, in 
many applications, conservation of energy, which is directly 
related to network lifetime, is considered relatively more 
important than the quality of data sent. As the energy gets 
depleted, the network may be required to reduce the quality of 
the results in order to reduce the energy dissipation in the nodes 
and hence lengthen the total network lifetime. Hence, energy-
aware routing protocols are required to capture this requirement. 
 
2.6Summary 
Wireless Sensor Networks (WSNs) have attracted significant 
attention over the past few years. A growing list of civilians & 
border security force using wireless sensor networks for 
increased effectiveness; especially in hostile and remote areas. 
Examples includes disaster management, border protection, 
combat field surveillance. In these applications a large number of 
sensors are expected, requiring careful architecture and 
management of the network. Grouping nodes into clusters has 
been the most popular approach for support scalability in WSNs. 
In this paper, we surveyed lot of research and classifications and 
benefits of different schemes. We categorized the different 
schemes according to their objectives, the desired cluster 
properties and clustering process. We highlighted the effect of 
the network model on the pursued approaches and summarized a 
number of schemes, stating their strength and limitations of 
wireless sensor networks.   
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