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Abstract

Wireless Sensor Networks is an important researela as, WSNs have number of
applications such as battlefield surveillance; yodach networks are used in many
industrial and consumer applications, such as tndliprocess monitoring and control,
machine health monitoring, and so on. Now one eflifygest constraints is the energy
consumed by nodes of WSNs, which requires frequeaitarging and thus influences the
mobility. So the energy consumption of nodes in VB@Nsumes relatively high attention
as compare to other parameters.

In the proposed work, energy comparison is madeneasis of various parameters such
as residual energy Vs Time, Packet Delivery FractiDropped packet Vs Time due
decrease in the energy. This comparison is madeeketvarious routing protocols such
as Flat routing Protocol(DSR,DSDV, Flooding, AOD\AKDYV ,Directed Diffusion),
Hierarchical Routing Protocols(LEACH),and LocatiBased Routing Protocols( GAF)
and our results indicate that Location Based Rgurotocols performs better than Flat
Routing Protocols as well as Hierarchical Routingtécols(LEACH)

Keywords—Wireless Sensor networks, Energy Efficient Routing
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Chapter 1

Introduction

1.1 Wireless Sensor Networks

A WSN [1][2] consists of a large number of low-cosiw—power sensor nodes that are
deployed in a area of interest .Sensors have catipnf communication, sensing
capabilities. Sensor communicates via a short raage signals and collaborate to
accomplish the common tasks as shown in figurg3].and having limited bandwidth,
power, memory, processing resources and limitetirie [2].

WSN Measurement

- .
-
-

IEEE 802.3
Ethernet

WSN Gateway Voitage

Figl.1: WSN [3]
There are many applications of the WSN, such asvir&ment Monitoring, Military

Applications, and Health care applications, IndaktrProcess Control, Home

Intelligence, Security and Surveillance etc.

Also, following objectives are to be kept in minden proposing any WSN solution -
Small size, Power efficient, Scalability, Securetwwek design,Adaptability,Self-

Configurability,Reliability, Fault-Tolerance,Bandwid utilization, Low cost, QoS

Support.

1.2 Sensor Node Structure:

A sensor node usually consist of 4 components siSgrunit, Processing Unit,

Communication Unit and a Power Unit [4].
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It can also be equipped with other units, dependipgn specific applications. For
example a Global Positioning System may be neetfiad grovides global location
information. A motor may be needed to move sensales in some sensing tasks, as

shown in figure 1.2, below.

Location Finding System ! Mobilizer

"k | g i A

Sensing Unit | Processing Unit

_: Processor o g .
Sensor ADC - Transceiver
Storage

i S i i

I Power Unit = Power Generator

Fig 1.2: Components of Sensor Node [4]
1.3 Protocol Stack for WSN

It consists of 5 layers [5][6]: the physical laydata link layer, network layer, transport

layer and application layer as shown in the figu®

5| 3

Application Layer '..'.E E

A

JHE
Transport Laver = |8 §

& [% | 2

£ 18] %
Nerwork Layer S |2 &

§ 3¢

2| F
Data Link Layer ol

=

3 //
Physical Layer

Fig 1.3. Sensor network Protocol Stack
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» Application Layer: It performs various application oriented funcsosuch as
guery dissemination, node localization, networkus#g. For example, SMP
(Sensor Management Protocol) is an applicationrlgy®tocol whose main
purpose is to perform a variety of task .For exangkchanging location related
data, moving sensor nodes, querying the sensoisnode

o Transport Layer: It is responsible for reliable end-to-end delwef data
between the nodes and sink. There are 2 type afdidivery in WSN: Upstream
and Downstream. In upstream, sensor nodes sendtaaek node while in
downstream, data is originated at sink node. Thahibty of both upstream and
downstream data delivery are different. For exaniplepstream, data delivery

can be fault tolerant but this is not the caseageoof downstream.

» Network Layer: This layer is responsible for routing the datanirthe transport
layer. It is important to take into account the rgireconstraint as well as unique
traffic pattern in the design of network layer andting protocols(for multi-hop,
single-hop)[5].

» Data Link Layer: It is responsible for data multiplexing, datanfia creation,
medium access and error control in order to provel&ble point-to-point and
point to multipoint transmissions. The primary aljee of MAC is to share the
resources among multiple sensor nodes in term roughput, latency, energy
consumption. In case of error control ARQ (automadipeat request) cannot be
used, even FEC (Forward Error Correction) is aisie Ibit complex but it is still
used in sensor networks.

» Physical Layer. It deals with the issues like conversion of fbieam in to signals,
frequency selection, data encryption, carrier festuy generation, signal
modulation, design of underlying hardware and weielectrical and mechanical
interfaces.

Management Planes [7]The protocol stack s also divided into managerpéaries

including power, connection and task managemeimiegla
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» Power Management Planelt is responsible for managing the power level of
node for various tasks such as sensing, computatiwh communication. For
example, sensor can be turned off when there datoto transmit and receive.

» Connection Management Plane: It is responsible for configuration or
reconfiguration of sensor nodes in order to estaldind maintain the connectivity
of a network in case of node failure, node moverrehdition of node etc.

» Task Management Plane It is responsible for task distribution amongiveas
nodes to improve energy efficiency and prolong tiework lifetime. It is
possible in case of densely deployed sensor netthatkredundant nodes may
perform the similar task that is of no use and $e@mdwastage of energy resources,
so tasks should be properly assigned.

1.4 Technological Background

The concept of WSN was introduced near about tkhessades ago. In initial
stages this technology was not as much exploredusecof the state-of-art in
sensor, wireless technology, and computers [8](][Eo it had limited military
applications. But as there are technological adeaents in MEMS, it is possible
to have numerous applications of this technology.

« MEMS Technology. This is based on micromachining techniques, wiake
been developed to fabricate micron-scale mechantcathponents that are
controlled electrically resulting in MEMS. It isdienology for manufacturing tiny,
low-cost and low-power sensor nodes. By using MEKShnology, many
components of sensor nodes can be miniaturized, elcample sensors,
communication blocks, power supply units which cgnificantly reduce the
cost. There can be many micromachining technigikes dlanar, bulk, surface

micromachining.

* Wireless Communication Technology In most of the wireless networks these
days, Radio Frequency(RF) is used including Micneavand millimeter wave,

because these doesn’t need line of sight and amd irectional.
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But these are also having some disadvantages,xtomme large radiators and
low transmission efficiencies is not suitable foesgy constrained environment’s,
so the remedy to this problem is usage of the aptemmunication.

Another issue is this, that the existing networkpmgtocol cannot be applied
directly to the WSNs, so these protocols requirgifications.

1.4.1 Software Subsystems

WSN have following 5 software subsystems [8]:

1.

Operating System(OS) Microcode or Middleware

The general purpose of operating system is toglkie software from lower level
details of the machine. There should be open sysiganating system designed
for WSNs that enables the rapid development whileimzing code size. For
Example: TinyOS.

Communication Drivers (encoding and the physical layer): This code tybica
deals with functions like clocking and synchroniaat signal encoding, bit
recovery, bit counting, signal levels and modulatio

Communication ProcessorsThis code deals with the communication functions
like routing, packet buffering, topology maintenanencryption and FEC.

Sensor Drivers: Depending upon the type and configuration of thasees
appropriate setting and functions must be loadethabthey can work properly,
so all these tasks are performed by the modulesrtgor drivers.

Data processing Mini apps:These are data processing, signal value storagje an
manipulation or other applications that are supubdt node—level for in—network

processing.

1.4.2 Hardware Platforms

These can be of 3 types [9]:

Augmented General Purpose PCst includes various low-power PCs and PDAs
which run off-the-shelf Operating System, for ex&npinux or real time

Operating System. These systems have higher piogesapabilities and have
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networking protocols, middleware and Applicatioroghamming Interfaces. But
the problem is this, that these require more psueply.

» System-on-chip Sensor NodesThese are based on CMOS,MEMS and RF
technologies .These consume very less power anddaery less computation,
sensing and communication capabilities. For exaBRC PicoNode.

» Dedicated Sensor NodesThese are having very simple low-power processing
and communication, interfaces. For example Medwsaily, Berkeley Mote
family.

1.5 Wireless Sensor Network Standardst is important to establish standards so
that products developed by different vendors magraperate. A huge effort had been
made to make standardization in order to unify mherket, leading to low cost and

interoperable devices and available wireless pad®] has been shown in Figure 1.4

: : WA

i | (rOQionmL
1 [ [ LT T T
1 L
1 [}

_- 1A
'

LONG

= -

PAMN

MEDIUM
1

SHORT
i

1 DATA RATE
Loy MF!’JI'LIM HIGH

STHEAMSNG | DECUTAL

(") Up to 268 Mbps
[ ¥ ) Uip o 108 Mbps

Fig 1.4: Available Wireless Protocols [8]
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Table 1: Wireless Protocol Comparison [8]

Property 802.11 802.15.1/Bluetooth 802.15.4/ZigBee
Range (m) 100 10 to 100 10
Data throughput (Mbps 21054 1to3 0.25
Power consumption Medium Low Ultralow
Battery life measured in: Minutes to Hours to days Days to years
hours
Size relationship Large Smaller Smallest

The IEEE 802.15.4 standard supports a maximumrd#gaof 250 kbps, with rates as low
as 20 kbps (slower than most telephone modems)eVvenyit has the lowest power
requirement of the group. ZigBee devices are desida run on a single set of batteries,
making them ideal candidates for unattended oicditfto reach locations. Bluetooth is a
short-range communication protocol widely usedetiutar-type phones and PDAs (has
a range of about 10 m, or a maximum of 100 m wdtvgr boost); it operates in the 2.4-
GHz ISM band and has a bandwidth of approximateily 3 Mbps. IEEE 802.11a/b/g/n

is a collection of related technologies that operiatthe 2.4-GHz ISM band, the 5-GHz
ISM band, and the 5-GHz UNII bands; it provides linghest power and longest range of
the common unlicensed wireless technologies. Tresssom data rates can reach 54
Mbps (twice as much with the latest IEEE 802.11otqwol). Typically, hardware

implementation of some or all of 802.11 protocases preinstalled on most new laptop

computers; the technology is often also availabidPDAs and cellular phones.
1.6 Network Architectures [9]

There can be two types of architectures which arthér classified as shown in
figure 1.5.First of all there can be a single samkmultiple sink depending upon
the area .The sink act as a gateway to outsidedwitsl main purpose is to collect
the data from the sensor nodes, aggregates dataeand the result back to the

user as a response to his query.
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network
architecture

l Multi-hop \ l Single-Hop |

——

Flat Hierarichal
Architecture Architecture

Fig 1.5:Classification of Network Architecture[9]

* Single Hop Architecture:
In this architecture, the sensor node directly sethé data to the sink in single
hop without forwarding it to any intermediate node.
Disadvantage: As communication cost is more thasisg and computation cost
in WSN. So it is very costly in terms of its energgnsumption and moreover

transmission power grows exponentially with the@ase in distance.

* Multi-Hop Architecture : In densely deployed networks ,all the nodes are s
close that the data can travel from one hop torathby covering short distance.
It is preferred over the single-hop arch. As itesamore energy. It can be further
classified as

» Flat Architecture:

In this architecture, all nodes act as peers rdt@n acting as master
slaves. Due to large number of nodes address cerdtiting is not
possible (in this case we have to maintain globdahiification info), so
data centric routing is more suitable. In this tygerouting sink sends a
guery to all nodes, and the node which has theinedj@ata, only will
respond via multi-hop path using peers just agysela

» Hierarchical Architecture:

In this, nodes are divided into clusters and edgster is having a cluster

head which act as relays when all the nodes icltister send their data to
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them. Cluster head forwards that data to the skila aesponse to the
guery. In this nodes having high energy act asuatet head and nodes
having low energy simply perform the task of segsin this way traffic,
load is balanced.

But the problem with this architecture is this thaiv we can choose the
cluster head and organize them. There are manggiea for e.g. Single-

tier clustering architecture or multi-tier architee.

1.7 Key Research Areas In Wireless sensor Networks

There are number of key research areas in wirelssor networks in which a lot of

efforts are being made [8][9]:

a. Modulation schemes:Simple and low-power modulation schemes need to be
developed for sensor networks. The modulation seheam be either baseband,
as in UWB, or pass band.

b. Strategies to overcome signal propagation effect§here are many problems
with the signal transmission like signal fadingleséive fading, absorptive fading.
a lot of research has been done in this area itlut & not completely successful.

c. Hardware design Tiny, low-power, low-cost transceiver, sensingnda
processing units need to be designed. Power-effid@rdware management
strategies are also essential. Some strategiesmargaging frequencies of
operation, reducing switching power, and predictiregk load in processors.

d. Determination of lower bounds on the energy requird for sensor network
self-organization: Depending upon the power available or energy dbvlaila
several methods has been used to determine tlieiaésinergy of the network for
their self-organization.

e. Error control coding schemes Error control is extremely important in some
sensor network applications like mobile trackingl anachine monitoring. The

feasibility of other error control schemes in sensstworks needs to be explored.
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f. Power-saving modes of operationTo prolong network lifetime, a sensor node
must enter into periods of reduced activity whenning low on battery power.
The transition management for these nodes is apegsearch.

g. Sensor Query and data dissemination protocolsSQTL language has been
widely used for this purpose but because long deitsyperformance is not so

good.
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Chapter 2

Literature Survey

2.1 Power in Wireless Sensor Networks

Due to the large number of sensor nodes that malepkyed and because of the harsh
hostile environment in which these are deployedlae@ng the battery is not an option.
Sensor systems must utilize the minimal possiblerggnwhile operating over a wide
range of operating scenarios [15] [16]. So therreied of key technologies required for
low-energy distributed sensors. These include pameare computation/communication
component technology, low-energy signaling and petmg, sSystem partitioning
considering computation and communication trade;ofind a power aware software
infrastructure.

2.1.1 Power Aware Design

Sensor network technology has faced several clggdiemn hardware, communication
protocol and application design in order to be aized in practical applications [12].
Advances in MEMS (Micro Electro Mechanical Systeneshnology, radio circuitry and
DSPs, have help to overdraw these challenges iora or less successful way. Some of
those challenges are [13][14]:

* Low cost (hundreds to thousands nodes per nejwork

* Low power consumption (battery supplied lifetiofe3— 5 years).

* Network intelligence for data gathering (netwowkighout human management).
» Resource limited nodes (energy power supply, cdatfpnal capacity memory).
» Dynamical reaction to changing network conditiansl topology modifications.
» Minimum impact (nodes have to be small and gootinad).

* Reliability (Fault tolerance thanks to high levetlundancy).

* Measurement accuracy improvement (processedniafioon from distributed sensors).
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Unlike in other wireless networks, such as MANETyé&ooth sensor networks can have
around hundreds or even thousands of nodes, ggneationary, where QoS (Quality of
Service) is not the first objective, but making s&ns’ life as longer as possible. In fact,
in these kind of networks, network connectivity detation is not dependent on the
mobility of the nodes but on their battery lives.

2.1.2 Power aware sensor modes:

A power-aware sensor node [17] model essentialbcidees the power consumption in
different levels of node sleep state. Every compobrne the node can have different
power modes. It can be in active, idle, or sleegdendhe radio can be in transmit;
receive, standby, or off mode. Each node sleepe statresponds to a particular
combination of component power modes. In genefdhare areN components labeled
(1, 2, ...,N) each withki sleep states, the total number of node sleep stal#s. Every
component power mode has a latency overhead atsbeigh switching to that mode.

Therefore each node sleep mode is characterizedobser consumption and latency

overhead.
Table 2:Sleep states for the sensor node [17]
Sleep state Processor Memory Sensor, Radio
analog-digital
converter

sO Active Active On TX, Rx
sl Idle Sleep On Rx
2 Sleep Sleep On Rx
s3 Sleep Sleep On Off
s4 Sleep Sleep Off Off

Tx=transmit, Rx=receive.

However, not all sleep states are useful. TableuZnerates the component power modes
corresponding to five different useful sleep stdteghe sensor node. Each of these node
sleep modes corresponds to an increasingly deelgep sstate and is therefore

characterized by an increasing latency and decrggswer consumption. These sleep
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states are chosen based on actual working conslitbthe sensor node; for example, it
does not make sense to have memory active andteveyyelse completely off. The
design problem is to formulate a policy for tramsiing between states based on
observed events so as to maximize energy efficiency

Sensor networks must support the operation of p@aeing modes for the sensor node.
For example means of power conservation is to thentransceiver off when it is not
required. Although this power saving method seetygirgovides significant energy
gains, an important point that must not be overdabis that sensor nodes communicate
using short data packets. The shorter phekets, the more the dominance of startup
energy. In fact, if we blindly turn the radio oftidng each idling slot, over a period of
time it might end up expending more energy thathé radio had been left on. As a
result, operation in a power-saving mode is eneffjgient only if the time spent in that
mode is greater than a certain threshold. Therebeaa number of such useful modes of
operation for the wirelessensor node, depending on the number of stateheof t
microprocessor, memory, A/D converter, and transeeiEach of these modes can be
characterized by its power consumption and latemsgrhead, which is the transition
power to and from that mode. A dynamic power manegeg scheme for wireless sensor
networks is used where five power-saving modespapposed .The threshold time is
found to depend on the transition times and theéviddal power consumption of the

modes.

2.2 Routing in WSNSs:

Routing[18][19] is an important aspect in any type network in order to get data
delivered to the right destination depending ugu tarious parameters in the network
like end-to-end delay, throughput, density, stdtéhe network(errors, link failures) etc.
Routing in WSNs has much distinguishable featusesampared to the other networks
like mobile ad-hoc network or vehicular ad hoc ratwbecause of the following

reasons:

» Transmission power, receiving power, processin@ciypand storage are

constraint factors to be considered when dealilg WISNs.
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* There is a huge redundancy of data because mtst sEnsors capture same
data, but in order to increase bandwidth utilizatieower consumption, this
redundancy needs to be removed. In case of langdeuof nodes, global
identifier cannot be used.

The various protocols can be classified as locab@sed, flat and hierarchical as

shown in figure 2.1.

Routing
Mechanismsin
WSNs

Hierarchical Location Based
Routing[37] Routing[41]

Flat Routing|20]

DD[22][2

3], AODV[30][31],
DSR[32].GBR[27].CADR[28]. COUGAR[29
1

LEACH[34].
PEGASIS[35][36].
TEEN[38][39].

GAF[42],GEAR[43],
VGA[37, MECN][44]

DSDV[33] FLOODING[21],
GOSSIPING[21],
RUMOUR ROUTING[26].
ENERGY AWARE[24][25]

Energy Aware
Cluster Based[37] )

/

Fig 2.1: Classification of Routing Algorithms in WS
2.2.1 Flat Routing Protocols

In flat routing protocols [20], sink is used to dequeries to some selected regions and
waits for data from sensors that are located isdlselected regions. As queries are used
for the requested data, attribute-based namingdardo specify the properties of data is
necessary. There are some routing protocols aks Directed Diffusion, Flooding,
MAODV, AODV, DSR, DSDV, Gradient Based Routing etc.

a. Flooding and Gossiping:In order to relay data in sensor networks withibuet
need for any routing algorithms and topology maiatee there are two methods
— Flooding and Gossiping [21]. A sensor node braatlea data packet to all its

neighbors and this process continues until desbimas found and this technique
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is known as flooding. In gossiping packet is nattge all neighboring nodes but
only to selected random neighbors which selectsh@n@andom neighbor and so
on until this packet arrives at the destination.

b. Directed Diffusion: In this protocol, the idea is to diffuse datausyng naming
scheme for the data through sensor nodes. Diratifbasion [22] consists of
several elements: interests, data messages, gsdmmd reinforcements. An
interest message is a query which specifies whases wants to know. Each
interest contains a description of a sensing tasi is supported by a sensor
network for acquiring data. Typically, data in sensetworks is the collected or
processed information of a physical phenomenonhSiata can be an event
which is a short description of the sensed phenomelm directed diffusion, data
is named using attribute-value pairs. A sensing tasdisseminated throughout
the sensor network as an interest for named ddtes dissemination sets up
gradients within the network designed to “draw” mtge(i.e., data matching the
interest). Specifically, a gradient is directioratst created in each node that
receives an interest. The gradient direction isteetrd the neighboring node
from which the interest is received [23]. Eventsristflowing towards the
originators of interests along multiple gradientthga The sensor network

reinforces one, or a small number of these patigur& 2.2 illustrates these

elements.
P N A A i T
| Source 1 i I Source -1 | B ) | Source
o ."q"‘-.lnzeresg o J-'::I-:-""'--.ﬁ_radie;:ib T \(\
Vo | w00 k- ‘A\
C):_ . O Sink b e sink ®) O sink
(a) Interest propagation (b) Imtial gradients set up (c) Data delivery along rem-

forced path

Fig 2.2. A simplified Schematic of Directed Diffasi [23]
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c. Energy-Aware Routing:

Shah and Rabaey[24][25] proposed to use set obptibral paths occasionally in
order to increase the lifetime of the network. Depeg on the energy
consumption of the path, these paths are chosermégns of probability
functions. The main metric in this routing is Netwaurvivability. This protocol

has the following phases [25]:

» Setup phase.
» Data communication and route maintenance phase

d. Rumor Routing:
Another variation of Directed Diffusion is the rummuting [26] .It is proposed
for contexts in which geographic routing criterr@ aot applicable. The query is
flooded in the entire network in Directed Diffusierhen there is no geographic
criterion to diffuse tasks. Rather than using flimgg rumor touting can be used
when a little amount of data is requested.

e. Gradient-based Routing:

Schurgers proposed a slightly changed version eédied Diffusion called
Gradient based routing (GBR) [27]. In this routstheme the idea is to maintain
number of hops when the interest is diffused thhotlge network. Node’s height
is minimum numbers of hops are discovered by eaghtt sink. The gradient is
the difference between node’s height and thatsohéighbor on that link. With
the largest gradient a packet is forwarded onittie |

f. Constrained Anisotropic Diffusion Routing (CADR):

In order to maximize the energy gain and miningzihe bandwidth and latency,
the idea is to query sensors and route data inarktinformation-driven sensor
guerying (IDQS) and constrained anisotropic diffmsirouting are the two
proposed techniques [28]. The information/cost ciye is evaluated by each
node in CADR [28] and data based on local inforordtiost gradient is routed.

g. COUGAR:
COUGAR [29] proposed architecture for sensor databsystems in which a

leader node is selected by other sensor nodesoiSandes send their data to
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leader node which further sends data to sink amtbqmes data aggregation. In
this declarative queries are used in order to abistjuery processing from the
network layer functions in order to save energysbiection of relevant sensors
etc.

h. Ad-Hoc On-Demand Distance Vector (AODV):
The Ad-Hoc On-Demand Distance Vector routing protas a reactive routing
protocol. AODV protocol is a combination of Dynantiource Routing (DSR)
and DSDV protocol [30]. It is a distance vectortiog protocol and is capable of
both unicast and multicast routing [31]. It will m&ain the routes only between
the nodes which need to communicate. The routingrimation will be
maintained as routing tables in each node. A rgutaile entry expires if it has
not been used or reactivated for pre-specified raliph time. When a source
node wants to send the packet to a destination ti@atethe entries in the routing
table will check whether there is a current rowtéhte destination node or not, if
there is a route then the packets will transmitléstination node in that path as
shown in figure 2.3 [31]. If don’t have any validute, then the route discovery
process will be initiated. For route discovery i©OBV there are two types of
packets - Routing Request (RREQ), Routing ReplyERRPackets. The RREQ
packet containing the source node IP address, sauode current sequence
number, the destination node sequence number avabtidast ID. The whole
process of RREP and RREQ is shown in figure2.3.@hb advantage of AODV
is that it creates no extra traffic for communioatialong the existing link but
requires more time to establish a connection. Isimsple and doesn’t require

much memory or calculation

Source @ @ ___A——f‘""H’J @ \

\ _ Destination

N o

a) Distribution packet among neighbors

@+
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Source :

Destination

b) Reply to Demand

Fig 2.3 Route Discovery in AODV [31]
i. Dynamic Source Routing protocol (DSR) :

The Dynamic Source Routing protocol (DSR)[32] issianple and efficient
routing protocol designed specifically for use irulthkhop wireless ad hoc
networks of mobile nodes. DSR, is a reactive rgufnotocol that uses source
routing to send packets. It uses source routinghvimeans that the source must
know the complete hop sequence to the destindliSR allows the network to be
completely self-organizing and self-configuringthwaut the need for any existing
network infrastructure or administration. Dynamicu&e Routing, is composed
of the two main mechanisms of "Route Discovery" dRdute Maintenance”,
which work together to allow nodes to discover am@intain routes to arbitrary
destinations in the ad hoc network. The protoctuved multiple routes to any
destination and allows each sender to select antiaddhe routes used in routing

its packets, for example, for use in load balananfpr increased robustness.
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All aspects of the protocol operate entirely on ded) allowing the routing
packet overhead of DSR to scale automatically g what is needed to react to

changes in the routes currently in use as shovigune 2.4.

RREGQ: S A RREQ: S,AE RREQ: S.ALE.G

RREP: 5.A.E.G.D RREP: S.A.E.G.D REREP: S A E.G.D

Fig 2.4 a) DSR Request, b) DSR Reply [32]

j. Destination-Sequenced Distance-Vector Routing (DSDV
DSDV is a proactive routing protocol based on tlassical distributed Bellman-
Ford routing algorithm [33]. In DSDV messages drared between the nodes (in
the same transmission range. The nodes will cootisly evaluate the routes to
all reachable nodes and attempt to maintain camisip-to date information. The
routing table updates will sent periodically thrbogt the network thus the table
will maintain its consistency but this will generat lot of traffic in the network.

Each node will maintain a routing table in which @l the possible destinations
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within the network and the number of hops to eagstidation are recorded [33].
Each entry in the routing table is marked with quesmce number that is assigned
by the destination node; the sequence numberirtgraywill avoid the formation

of loops.

2.2.2 Hierarchical Routing Protocols:

Hierarchical routing performs energy-efficient riogt in WSNs, and contributes to
overall system scalability and lifetime. In a hietdacal architecture, sensors organize
themselves into clusters and each cluster has steclhhead, i.e. sensor nodes form
clusters where the low energy nodes are used forpethe sensing of the phenomenon.
The less energy constrained nodes play the rotduster-heads and process, aggregate
and forward the information to a potential layerchfsters among themselves toward the

base station.

a. LEACH protocol:

Heinzelman, introduced a hierarchical clusteringpathm for sensor networks,
called Low Energy Adaptive Cluster Hierarchy — paml (LEACH).It is an
aggregation technique that combines the origintd @do a smaller size of data
that carry only meaningful information of the indiual sensors. In
LEACH[34][7] the operation is divided into roundiyring each round a different
set of nodes are cluster-heads (CH) as shown im€fig.5. Nodes that have been
cluster heads cannot become cluster heads agaid founds. Thereafter, each
node has a 1/p probability of becoming a clustadha each round. At the end of
each round, each node that is not a cluster hdadts¢he closest cluster head and
joins that cluster to transmit data. The clusteadseaggregate and compress the
data and forward it to the base station, thustitreds the lifetime of major nodes.
LEACH can be viewed as a hybrid approach usingtshiod long range based
data forwarding. The sensors within a cluster trahtheir sensed data over short
distances, whereas cluster heads communicatelgivath sink. But this can be a
problem so it is better to have multi-hop transioiss In this algorithm, the
energy consumption will distribute almost uniformdynong all nodes and the
non-head nodes are turning off as much as posdiBHACH assumes that all
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nodes are in wireless transmission range of the beion which is not the case
in many sensor deployments. In each round, LEACH Ilctuster heads
comprising 5% of total nodes.. Figure 2.5 showsdbmmunications in LEACH

protocol

Base

Sensor Mode
Station

. CH Mode
o

Fig 2.5 LEACH [34]

. PEGASIS protocol

Power- Efficient Gathering in Sensor Informatioystems (PEGASIS)[35][36] is
a near optimal chain-based protocol for extendimg lifetime of network. It
allows only cluster head to transmit their aggredatlata to the sink in each
round. A sensor has to transmit to its local neagklin the data fusion phase
instead of sending directly to its cluster headnasase of LEACH. it works by

forming a chain first as shown in Figure 2.6.

Fig 2.6: Chain formation in PEGASIS [35]

In PEGASIS, each node communicates only with thesedt neighbor by
adjusting its power signal to be only heard by thasest neighbor. Each Nodes

uses signal strength to measure the distance ghlm@ihood nodes in order to
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locate the closest nodes. After chain Formation R&IS elects a leader from the
chain in terms of residual energy every round téhigeone who collects data from
the neighbors to be transmitted to the base stafisra result, the average energy
spent by each node per round is reduced. Unlike QHAPEGASIS avoids
cluster formation and uses only one node in a cteatransmit to the Base station
instead of multiple nodes. This approach reducesotferhead and lowers the
bandwidth requirements from the BS. Figure 2.7 shthat only one cluster head
leader node forward the data to the BS.

L]

—_—

Base Station

Sensor Node

. Leader NMode

Fig 2.7 PEGASIS
A potential approach to reduce the delay requioedeliver aggregated data to the
sink is to use parallel data aggregation along ¢hain. A high degree of
parallelism can be achieved if the sensor nodesgupped with CDMA-capable
transceivers. In this example it is assumed tHatades have global knowledge
of the network and employ a greedy algorithm to starct the chain.
Furthermore, it is assumed that nodes take turtraunsmitting to the base station
such that node i mod N, where N represents thd tateber of nodes, is
responsible for transmitting the aggregate datéh&o base station in round i.
Based on this assignment in figure 2.8, node osition 3 in the chain, is the
leader in round 3. All nodes in an even positionstreend their data to their
neighbor to the right. At the next level, node 3nams in an odd position.
Consequently, all nodes in an even position agdeetzeir data and transmit
them to their right neighbors. At the third levabde 3 is no longer in an odd
position. Node 7, the only node beside node 3ge to this level, aggregates its
data and sends them to node 3. Node 3, in turmeggtes the data received with

its own data and sends them to the base statign [36
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Fig 2.8: Chain based data gathering and aggregstioame [35]
c. VGA Protocol:
Virtual Grid Architecture (VGA) is an energy-effemit routing paradigm
proposed in [37]. The protocol utilizes data aggteEm and in-network
processing to maximize the network lifetime. Duethe node stationary and
extremely low mobility in many applications in WSNsreasonable approach is
to arrange nodes in a fixed topology. A GPS-frepragch is used to build
clusters that are fixed, equal, adjacent, and na@mk@pping with symmetric
shapes. In [37], square clusters were used to rolatdiixed rectilinear virtual
topology. Inside each zone, a node is optimalleceld to act as CH. Data
aggregation is performed at two levels: local drehtglobal. The set of CHs, also
called Local Aggregators (LAs), perform local aggagon, while a subset of
these LAs are used to perform global aggregatiamwever, the determination of
an optimal selection of global aggregation poirdalled Master Aggregators
(MAs), is NP-hard. Figure 2.9 illustrates an exanpf fixed zoning and the
resulting virtual grid architecture (VGA) used teerform two level data
aggregation. Note that the location of the bas#gostas not necessarily at the

extreme corner of the grid; rather it can be lodateany arbitrary place.
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Fig 2.9: VGA [37]

d. Threshold sensitive Energy Efficient sensor Networlprotocol (TEEN):

TEEN [38] is a hierarchical protocol designed torégponsive to sudden changes
in the sensed attributes such as temperature. Ragspaess is important for time-
critical applications, in which the network operhtm is active mode. TEEN
pursues a hierarchical approach along with theofise data-centric mechanism.
The sensor network architecture is based on arbhécal grouping where closer
nodes form clusters and this process goes on ttenddevel until base station
(sink) is reached as depicted in Figure 2.10.After clusters are formed, the
cluster head broadcasts two thresholds to the nathersl and Soft thresholds for
sensed attributes. Hard threshold is the minimussipte value of an attribute to
trigger a sensor node to switch on its transméted transmit to the cluster head.
Thus, the hard threshold allows the nodes to tranemly when the sensed
attribute is in the range of interest, thus redgdine number of transmissions
significantly. Once a node senses a value at oorzkythe hard threshold, it
transmits data only when the values of that atteélmlhanges by an amount equal
to or greater than the soft threshold. As a consecgy soft threshold will further
reduce the number of transmissions if there ik ldt no change in the value of
sensed attribute. One can adjust both hard andttsefhold values in order to
control the number of packet transmissions. HoweV&EN is not good for
applications where periodic reports are needecsime user may not get any data
at all if the thresholds are not reached. The Aslapthreshold sensitive Energy
Efficient sensor Network protocol (APTEEN) [35]as extension to TEEN and

aims at both capturing periodic data collectionsl aeacting to time critical
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events. When the base station forms the clusteescluster heads broadcast the
attributes, the threshold values, and the transomsshedule to all nodes. Cluster
heads also perform data aggregation in order te saergy. APTEEN supports
three different query types: historical, to analymsest data values; one-time, to
take a snapshot view of the network; and persidi@mhonitor an event for a

period of time.

Base Station -
I
\() l‘i
" - -. e
o .-;5. 3 -
| ‘x ¢
e P
P i ¥ e
o S A A
! ,'“'C:- o D O Simple Mode
-1 i - eo__" @ 1% Level Cluster Head
e S @) 2vd Level Cluster Head
Clusters

Fig 2.10: Hierarchical clustering in TEEN and APTNEES8].
e. Energy-aware routing for cluster-based sensor netw&s[37] :
In this routing mechanism, clusters of sensor noaes formed for network
operations. Cluster heads act as gateways, whose task is to maintain the
states of sensors acts sets up multi-hop routesoftacting sensors data.
Gateways are less energy constrained than senedrassumed to know the
location of sensor nodes. A TDMA based MAC is u®dnodes to send data to

the gateway.
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The gateway informs each node about slots in witidhould listen to other
nodes transmission and slots, which the node carfandts own transmission as

shown in figure 2.11.
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Fig 2.11 typical cluster in a sensor network [39]
The sink node communicates only with the gatew&@. [The sensor is assumed to be
capable of operating in an active mode or a standibde. The sensing and processing
circuits can be powered on and off. In additiorhbibie radio transmitter and receiver can
be independently turned on and off and the trar@omspower can be programmed based
on the required range. The sensor nodes in a cloatebe in one of four main states:
sensing only, relaying only, sensing relaying, arattive. In the sensing state, the node
senses the environment and generates data at gamomate. In the relaying state,
communications circuitry is on to relay the datanirother active nodes. When a node is
both sensing and relaying messages from other ndadissconsidered in the sensing-
relaying state. Otherwise, the node is considemadtive and can turn off its sensing and

communication circuitry.
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2.2.3 Comparison among Hierarchical routing and Flarouting:
In Table 3 [40],both Hierarchical routing and Ftauting has been compared on the

basis of various parameters like data aggregasicimeduling, routing strategy, overhead,

latency, energy dissipation etc.

Table 3: Comparison Among Hierarchical routing 8atrouting [40]

Hierarchical routing

Flat routing

Reservation-based scheduling

Contention-based sithed

Reduced duty cycle due to periodic

sleeping

Variable duty cycle by controlling sleep
time of nodes

Data aggregation by cluster head

Node on multigaip aggregates
incoming data from neighbors

Simple but non-optimal routing

Routing can be map#mal but with an

added complexity.

Requires global and local synchronizatio

n  Linksrfed on the °y without

synchronization

Overhead of cluster formation throughou

the network

t Routes formed only in regions that have

data for transmission

Lower latency as multiple hops network

formed by Cluster heads always availabl

Latency in waking up intermediate nodes

pand setting up the multipath

Energy dissipation is uniform

Energy dissipatiope&leds on traffic
patterns

Energy dissipation cannot be controlled

Energyipatsn adapts to traffic patterr

Fair channel allocation

Fairness not guaranteed
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2.2.4 Location Based Routing Protocol:

In Location Based Routing Protocol [41], energy stanption is based on the distance

between the nodes among which data has to be tii#éedmn WSNs, there is no global

addressing scheme, so in order to get respongesemnt request to a specific region, we

need allocation information of the sensor nodesh&athan sending the request to the

whole network we can send the request to the spe@gion only in which we are

interested. In this way energy consumption will kuced, which is the main

requirement of WSNs. Some protocols use Global P&esitioning System in order to

reduce the energy consumption. For example: MECMifnum energy communication

network) uses this system in order to save theggner

Geographic Adaptive Fidelity( GAF):

GAF [42] is a location-based protocol, it may dtsoconsidered as a hierarchical
protocol, where the clusters are based on geogrdpbation. GAF conserves
energy by turning off unnecessary nodes in the oidwithout affecting the
level of routing fidelity. The whole area is diviiento fixed zones and virtual
grids. Nodes associated with the same point ogtildeare considered equivalent
in terms of the cost of packet routing .Inside eache, nodes collaborate with
other nodes and play different roles acc. to theditons. For example, nodes
will elect one sensor node to stay awake for aagegeriod of time and then they
go to sleep. This node is responsible for monigpand reporting data to the BS
on behalf of the nodes in the zone. Nodes charagesstrom sleeping to active in
turn so that the load is balanced. There are thtates defined in GAF. These
states are discovery, for determining the neighloorthe grid, active reflecting
participation in routing and sleep when the radsotiurned off. The state

transitions in GAF are depicted in Figure 2.12.
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Fig 2.12: State transitions in GAF [42]
» Geographic and energy-aware routing (GEAR ):
In GEAR [43], there are two types of costs - amnested cost and a learning cost
of reaching the destination through its neighbdrbe estimated cost is a
combination of residual energy and distance toikgsbn. The learned cost is a
refinement of the estimated cost that accountsrdating around holes in the
network. A hole occurs when a node does not hayeclrser neighbor to the
target region than itself. If there are no holég éstimated cost is equal to the
learned cost. The learned cost is propagated opebhok every time a packet
reaches the destination so that route setup far peket will be adjust The idea
is to restrict the number of interests in Direciiffusion by only considering a
certain region rather than sending the interestshéowhole network. GEAR
compliments Directed Diffusion in this way and theenserves more energy as

shown in figure 2.13.
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Fig 2.13: Recursive geographic forwarding in GEAR][

There are two phases in the algorithm:

1. Forwarding packets towards the target region:Upon receiving a packet, a
node checks its neighbors to see if there is omghher, which is closer to the

target region than itself. If there is more thare,othe nearest neighbor to the
target region is selected as the next hop. If treyall farther than the node itself,
this means there is a hole. In this case, oneeoh#ighbors is picked to forward
the packet based on the learning cost function.

2. Forwarding the packets within the region: If the packet has reached the
region, it can be diffused in that region by eithesursive geographic forwarding

or restricted flooding. Restricted flooding is gowdthen the sensors are not

densely deployed. In high-density networks, resmersgeographic flooding is

more energy efficient than restricted flooding.tihat case, the region is divided

into four sub regions and four copies of the paeketcreated. This splitting and

forwarding process continues until the regions witly one node are left.
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e Minimum energy communication network (MECN):
MECN [44] sets up and maintains a minimum energywaek for wireless
networks by utilizing low power GPS. It is best hggible to sensor networks,
which are not mobile. MECN assumes master siteshasinformation sink.
MECN identifies a relay region for every node. Thlay region consists of nodes
in a surrounding area where transmitting througbs¢hnodes is more energy
efficient than direct transmission. The enclosufea amode i is then created by
taking the union of all relay regions that nodeanaeach. The main idea of
MECN is to find a sub-network, which will have lessmber of nodes and
require less power for transmission between anypgarticular nodes. In this way,
global minimum power paths are found without coaesity all the nodes in the
network. This is performed using a localized sedocleach node considering its
relay region. The protocol has two phases:
1. It takes the positions of a two-dimensional plamd constructs a enclosure
graph, which consists of all the enclosures of gaahsmit node in the graph.
This construction requires local computations ia tlodes. The enclosed graph
contains globally optimal links in terms of enexgnsumption.
2. Finds optimal links on the enclosure graph.sésuidistributed Bellman—Ford
shortest path algorithm with power consumption las ¢ost metric. In case of
mobility the position coordinates are updated usi@BBS. MECN is self-
reconfiguring and thus can dynamically adapt toesofilure or the deployment
of new sensors. Between two successive wake-upiseohodes, each node can
execute the first phase of the algorithm and theirmim cost links are updated

by considering leaving or newly joining nodes
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2.2.5 Comparison among Flat, Hierarchical and locabn based Routing Protocols:

In Table 4,various routing mechanisms like flatthog, Hierarchical and Location
Based routing has been compared on the basis iolggparameters such as scalability,
lifetime, data diffusion, power required.

Table 4. Comparison Among Flat, Hierarchical arnchteoon based Routing
Protocols [45]

Parameters Flat Routing Hierarchical Location-based
Routing Routing

Scalability Limited Good No

Lifetime Long Long Long

Data Diffusion No Yes No

Power Required Limited High Limited
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Chapter 3

Problem Statement

Due to the large number of sensor nodes that magepéyed and the due to harsh
hostile environment in which they are employed)aeipg the battery is not an option.
Sensor systems must utilize the minimal possibkrgnwhile operating over a wide
range of operating scenarios. So, there is neekeypftechnologies required for low-

energy distributed sensors.

Some of those challenges in area of energy Consomgte [13]:

* Low power consumption
* Network intelligence for data gathering (netwowkighout human management)

* Resource limited nodes (energy power supply, agatpnal capacity and

memory).

» Dynamical reaction to changing network conditiansl topology modifications.
Therefore, there is a need for evaluating variauging mechanism based on certain
energy parameters and this task is very challengsd includes energy parameters in

the various routing protocols along with the follog attributes:

1. Defining new parameters in the routing protocols that various energy
parameters can be traced.

2. Tracing transmitting energy, receiving energy, idt@ergy, Initial Energy
parameters along with other parameters such agpsagle, acknowledgment etc.

3. Extracting required fields from trace file for eggranalysis as the format of
energy trace files is different from general trémenat.

4. To analyze that how the packets are lost when nadeslead due to low energy
in various routing mechanism.

5. To analyze the packet Delivery Ratio for variousting protocols as it is the

measure of efficiency.
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Chapter 4

Simulation Environment

Wireless sensor networks have the potential to rmecasignificant subsystems of
engineering applications. Before relegating impurtand safety-critical tasks to such
subsystems, it is necessary to understand the dgra@havior of these subsystems in
simulation environments. There is a need to devsioplation platforms that are useful
to explore both the networking issues and theibigied computing aspects of wireless
sensor networks. Current efforts to simulate wsgleensor networks largely focus on the
networking issues. There are number of simulateadiable, such as-OMNET++, J-Sim,
Glomosim, NS2, JIST/SWANS, but according to ourdseand versatility available, we

have chosen following platforms for our simulations

4.1 NS2:

NS (version 2) [46] is an object-oriented, discre¥ent driven network simulator. It was
developed at UC Berkeley & written in C++ and OTRNIS is primarily useful for

simulating local and wide area networks. It hasQdrcl interpreter as a frontend. The
simulator supports a class hierarchy in C++ (alsited the compiled hierarchy), and a
similar class hierarchy within the OTcl interprefalso called the interpreted hierarchy).
The root of this hierarchy is the class TclObjethe interpreted class hierarchy is

automatically established through methods defingtié class TclClass.
4.1.1 Concept Overview

NS2 uses two languages because simulator has fieoedi kinds of tasks it does. On
one hand, detailed simulations of protocols reqairsystems programming language
which can efficiently manipulate bytes, packet leradand implement algorithms that
run over large data sets. For these tasks rundpeed is important and turn-around time
(run simulation, find bug, fix bug, recompile, nen) is less important [47].

On the other hand, an iteration time (change thdeihand re-run) is more important.

Since configuration runs once (at the beginninthefsimulation), run-time of this part of
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the task is less important. NS2 meets both of tinesels with two languages, C++ and
OTcl. C++ is fast to run but slower to change, mgkit suitable for detailed protocol
implementation. OTcl runs much slower but can benged very quickly (and
interactively), making it ideal for simulation cogdiration.

We use OTcl:

* For configuration, setup, and “one-time” stuff

* You can do what you want by manipulating exist@gt+ objects and use C++:

* Processing each packet of a flow

» To change the behavior of an existing C++ classany ways

L r

Event ns=2
Scheduler
tclel g é
= =
otel 23
=
@ tcl8.0 S

You are here.

Fig 4.1: Structure of NS2 [23]
Figure 4.1 shows the general structure of NS. Aegaruser can be thought of standing
at the left bottom corner, designing and runninmgusations in Tcl using the simulator
objects in the OTcl library. The event schedulerd enost of the network components
are implemented in C++ and available to OTcl thtoumn OTcl linkage that is
implemented using tclcl. The whole thing togethexkes NS, which is an OO extended

Tcl interpreter with network simulator libraries.
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E - GTFI : Tl mterp;eter - E - Q
with OO extention Analysis

OTel Script Simulation
Sirulation NS Simulator Library Results 4
Program * Event Scheduler Objects :>H
* Network Component Objects NAM
* Networlk Setup Helpmg i
Idodules (Plumbing Mo dules) i

Fig 4.2: Simplified Users’ View of NS [23]
As shown in figure 4.2, when a simulation is firgeh NS produces one or more text-
based output files that contain detailed simulatats, if specified to do so in the input
Tcl (or more specifically, OTcl) script. The dat@ncbe used for simulation analysis or as
an input to a graphical simulation display toollealNetwork Animator (NAM). NAM
has a graphical user interface and also has aagtispleed controller. Furthermore, it can
graphically present information such as throughgnd number of packet drops at each
link, although the graphical information cannotused for accurate simulation analysis.
4.1.2 Installing ns2 in Ubuntu:
In this proposed work, ns-allinone-2.34.tar.gz (N&2kage) has been installed and all
the simulations has been carried out on this piaitfo
Steps for installing ns2
1. Install necessary tools for building:
sudo apt-get install build-essential autoconf aakenibxmu-dev gcc-4.3

2. Change ns-allinone-2.34/otcl-1.13/Makefile.in. Fthé line that is:
CC=@CC@
and change it to:
CC=gcc-4.3

3. Suppose that there is "ns-allinone-2.34.tangzurrent directory (e.g. "~/"
"lhome/srandhawa"). All steps are done in Termisalppen a terminal in
Accessories/Terminal.

To extract the file:

tar xvfz ./ns-allinone-2.34.tar.gz
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4. Change the directory within terminal as follogriway:
$ cd /home/randhawa $ cd /home/randh@sallinone-2.34

5. Download & install some packages from repogitor
$ sudo apt-get install build-esserdiagtioconf automake libxmu-dev
6. Install the NS2
$ cd ns-allinone-2.34
$ ./install
7. Edit some paths

$ gedit ~/.bashrc
8. Put these lines on that file in the last.

%export LD-LIRARY-PATH=/home/randhawmg2/ ns-allinone-2.34/bin
%export LD-LIRARY-PATH=/home/randhawa/NS2/ ns-atlime-2.34/lib
%export TCL-LIRARY=/home/randhawa/NS2/ ns-allinaa&4/tcl8.4.11/library

9. Validate it.
$ cd ns-2.33% ./validate
10. Let it take effect immediately
$ source ~/.bashrc
11. Tryto run it as following way, by just typimg with terminal
$ns
12. If the installation is successful, then theikébe % at the command prompt as
shown in figure 4.3. Type following command to exit

% exit
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2 & © randhawa@ubuntu: ~/transfer
File Edit View Terminal Help

randhawa@ubuntu:~/transfer$ ns

.
“©

Fig 4.3 Checking installation of ns2
4.1.3 The Network Animation (NAM)
The network animator (NAM) [47] began in 1990 asiraple tool for animating packet
trace data. This trace data is typically derivedatput from a network simulator like ns
or from real network measurements.
The Trace graph
Trace graph supports the following ns-2 trace fidlenats; wired, satellite, wireless (old
and new trace), wired-cum-wireless. Trace file Ingdstage is divided into 4 stages;
automatic trace file format recognition, trace filarsing to extract necessary simulation
data which is saved to a temporary file, tracesfdan contain much more data than is
needed by the system, so unnecessary informati@mitted to speed up trace file
loading, temporary file loading, constants caldoled (packets types, packets sizes,
flows IDs, trace levels, number of nodes, simulatiime) — in order to speed up data
processing. Wireless and wired-cum-wireless trdes fire parsed and saved in Trace

graph format and displayed as a graph as showguref4.4.
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Fig 4.4 Network Animation

4.1.4 Tcl: The User Language:

Tool Command Language (Tcl) [48] is an interpresedpt language developed by Dr.
John Ousterout at the University of California, B#ey, and now developed and
maintained by Scripts. Tool Command Language isswasable command language
interpreter. It is implemented as an embeddabléi@rly It provide all features such as
Procedures, variables, associative arrays, listgpressions, loops, exceptions,
introspection, etc. Applications can add new conuiséan the interpreter.

4.1.5 Packet:

A NS packet is composed of a stack of headersaandptional data space (see Figure
4.5).a\A packet header format is initialized wheS8imulator object is created, where a
stack of all registered (or possibly useable) hesdmich as the common header that is
commonly used by any objects as needed, IP hea@&r header, RTP header (UDP uses
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RTP header) and trace header, is defined, andftset f each header in the stack is
recorded. What this means is that whether or nepecific header is used, a stack
composed of all registered headers is created atmacket is allocated by an agent, and
a network object can access any header in the staakpacket it processes using the
corresponding offset value [47].

cmn header |

Packet - uid : unique id
. type : pkt type
ip header L —
header P size  : szimulated pkt size
] \ ts_ I time sStenp
data {optional) |’ tcp header
\
E rtp header

. trace header

Fig 4.5 Packet Format [46]
4.1.6. Trace File Format:

The trace file is an ASCII code files and the tracerganized in fields as shown in
figure 4.6

Fig 4.6: Trace File Format (.tr)

Trace Pkt
Event | Time | Node | Generated| Flag | Pkt | Pkt | Pkt | Type | Flag | Receiver | TTL | Ack
By ID | Type| Size | ID

The first field is the event type and given by afdour available symbols r, +, - and d
which correspond respectively to receive, enquedegiequed and dropped. The second
field is telling the time which the event occurdeTthird and fourth fields are the input
and output node of the link at which the eventesaglace. The fifth field is for flag
which is usually empty. The Sixth field is for Patkd which is being transmitted .The
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seventh is the packet type such as continuousatst (CBR) or transmission control
protocol (TCP). The eighth is the size of the packal the next field is some kind of
flags. The ninth one is for packet type id whichdiferent for different type of files.

Then there are some other fields like time to &nel acknowledgement number

Depending on the user’'s purpose for an OTcl simardascript, simulation results are

stored as trace files, which can be loaded foryaigby an external application:

1. A NAM trace file (file.nam) for use with the Neork Animator Tool

2. A Trace file (file.tr) for use with XGraph [4@]r extract using AWK Scripts and
Trace Graph can also be used

We have used NAM and Trace Graph is used to andhgztrace file.

4.1.7 Energy Model API

The energy model is used through the node-config[#d. The following parameters

are generally there.

$ns_ node-config -adhocRouting DumbAgent \
-IIType $opt(ll) \
-macType Mac/SMAC \
-ifqType $opt(ifg) \
-ifgLen $opt(ifglen) \
-antType $opt(ant) \
-propType $opt(prop) \
-phyType $opt(netif) \
-channelType $opt(chan) \
-topolnstance $topo_ \
-agentTrace ON\
-routerTrace ON \
-macTrace ON \
-energyModel $opt(energymodel) \
-idlePower 712e-6 \
-rxPower 35.28e-3 \
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-txPower 31.32e-3 \
-sleepPower 144e-9\
-initialEnergy $opt(initialenergy)

The following parameters are newly added:
-sleepPower: power consumption (Watt) in sleepestat
-energyModel $opt(energymodel):specify the energgehused
-idlePower
-rxPower
-txPower
-sleepPower
4.1.8 Energy Analysis through Trace Files
We have added energy breakdown in each state itrdbes to support detailed energy
analysis [49]. In addition to the total energy, nasers will be able to see the energy
consumption in different states at a given timdlowong is an example from a trace file
on energy as shown in figure 4.7.
[energy 979.917000 ei 20.074 es 0.000 et 0.003086]
The meaning of each item is as follows:
energy: total remaining energy
ei: energy consumption in IDLE state
es: energy consumption in SLEEP state
et: energy consumed in transmitting packets

er: energy consumed in receiving

2 & @ aomdv.tr (~/transfer) - gedit

File Edit View Search Tools Documents Help

| g laggOren v iSaue (i Q. QQ

[ ] aomdv.ir &

r-'l 10.80680 @ (5.80, 2.00, ©.00), (20.680, 18.88), 1.08@
5 10.000000000 O AGT --- O tcp 40 [0 8 @ 8] [energy 100.0000808 =i 8.0888
es B.888 et 0.800 er 8.0608] ------- [:0 1:8 32 €] [@e 0] B O

Fig 4.7 Contents of Trace File(.tr)
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Using Trace Files:

NS2 simulation allows us to create trace files ag the results of our simulation.
Depending on the size of simulation, these trdes tan be very large, which makes it
impossible to extract any meaningful informatiort otithem manually. Hence we resort
to using text processing tools.

4.2 AWK programming:

AWK programming [50] is like any other high levetogramming. Since there are
different traces formats, the same AWK code wilt mork for all trace files, however
the basic concept is the same. AWK identifies thegs separated by tabs and spaces on
a single line in the text as a single unit and etdiogly designates those numbers.

AWK code has main 3 parts- BEGIN, END and CentrakBssing part as shown below

BEGIN { #starting block to define the variables

#central processing block where all the calculatiamoccur
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4.2.1 Executing an AWK script:

We just want to display residual energy with tifieen this can be extracted from trace

file(.tr) using an AWK script [50] as shown in thgure 4.8.

= *new.awk ¥

BEGIN { sim end=260;

1=0;1=0;k=0;num[k]=0;sec[i]=0;enrgy[]]=0;

#ihile (i<=sim end){i+=1;};

}

{ Lf(($1="r"|| $1=="5") && $7=="cbr")
{

#num[k]=$3;

sec[1]=52;

enrgy[j]=514;

1++

j-u-

k++

b

}

END{i=0;]=0;k=0;

while(i<=sim end & j<=sim end)

{

print sec[i] "" , enrgy[j] "" ;

i+=1

j+=1

k+=1

Fig 4.8 AWK Script for extracting parameters fromade File
It is better to have the script and the trace filethe same subfolder. The script can be
run as shown in Figure 4.9,where p.awk is the AWHKps$ dsr.tr is the trace file of DSR
protocol and all the required fields are storedsrxgr file.

& @ @ randhawa@ubuntu: ~/transfer
File Edit View Terminal Help
randhawa@ubuntu:~/transfer$ awk -f p.awk dsr.tr = ds.xgr

randhawa@ubuntu:~/transfers$ ||

Fig 4.9 Executing AWK script on trace file
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Now ds.xgr will contain only two fields a shownfigure 4.10:
« Time

* Residual energy

2 © @ ds.xgr (~/transfer) - gedit

File Edit View Search Tools Document

& gopen v Blsae &

| ] ds.xgr %

18.000000000 100.000000
10. 000000000 100.000000
13. 000000000 99.991301
13.000000000 99.991301
19. 000000000 99.991301
19. 000000000 99.991301
31.0000800000 99.978371
3l.000000000 99.978371
55.000000000 99.964023
55.000000000 99.964023
78.143743151 99.949591
70.146017340 99.949482
70.146017340 99.949482
78.148591530 99.949455
70.148591530 99.949455

Fig 4.10 After Extracting Required fields from teafde

Once the required fields are extracted from theetfde using AWK script, then we can
plot those values using xgraph utility as showfigare 4.11

2 @@ randhawa@ubuntu: ~/transfer

File Edit View Terminal Help

randhawa@ubuntu:~/transfer$ xgraph ds.xgrj]

Fig4.11 Executing xgraph on extracted fields
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4.3 XGRAPH[46]:

One part of the ns-allinone package is 'xgrapplp#ting program which can be used to
create graphic representations of simulation residlbhe xgraph program draws a graph
on an X display given data read from either dd&sfor from standard input if no files
are specified. It can display up to 64 independiati& sets using different colors and/or
line styles for each set. It annotates the graph wititle, axis labels, grid lines or tick
marks, grid labels, and a legend. Once the windasvldeen opened, all of the data sets
will be displayed graphically with a legend in theper right corner of the screen.
Xgraph presents three control buttons in the upgfecorner of each windowdardcopy,
Close and Abouas shown in the figure 4.12.

Hdepy || About Feplot X Graph
o 103
outdr

F=Ta T ] ] e
outE.tr

Hem0.0000 e ] I

STt SRR NOUURS NVNLLAN] S SOVUUUU SIS U S SIS S A O .

o N WO AT
AR VIR N

0.0000 5.0000 10,0000 150000 200000 250000 300000 350000 400000 450000 500000 S50000 60,0000

——

Fig 4.12: Plotting graph using xgraph [46]
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Chapter 5
Results and Evaluation

Experiment has been carried out to analyze theggredficiency among different
classifications of the routing protocols:

* All Flat routing Protocols such as Ad-Hoc On-Demand Distance Vector
(AODV), Multipath Ad-Hoc On-Demand Distance Vect{®AODV), Dynamic

Source Routing (DSR), Directed Diffusion, Floodinggestination-Sequenced
Distance-Vector (DSDV).

» Different classes of routing protocols have als®rb compared such as, Flat
RoutingProtocols(Flooding, MAODV,AODV,DirectedDiffish,DSR,DSDV),
Hierarchical Routing (LEACH, PEGASIS, VGA, and APHR/TEEN) and
Location Based Routing Protocols (GAF, GEAR, MIECN).

The following parameters were made use of for theyais of various routing protocols:

* Residual Energy Vs Time

» Dropped Packet Vs Time Due to decrease in energy

» Packet Deliver Fraction (ratio of packet sent/packeeived)

5.1Residual Energy Vs Time:

After transmitting or receiving data to /from nelghs the some energy of sensor
nodes gets dissipated. So along with the passatym®fthe remaining energy or
residual energy of sensor nodes decreases. So bast#ds parameter ,several
routing protocols are being compared such as fiatimg protocols(AODV,
MAODV, DSR, DSDV, Directed Diffusion, Flooding), dmarchical routing
protocols(LEACH,VGA,MECN, PEGASIS) and location sea routing
protocols(GAF,GEAR etc).
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5.1.1 Flat Routing Protocols
Various protocols such as Destination-Sequencedalis-Vector, Dynamic Source
Routing, Ad-Hoc On-Demand Distance Vector, Multip&td-Hoc On-Demand Distance
Vector, Directed Diffusion and Flooding have beanuated and the results are being

compared for Residual energy Vs time.

DO @ xgraph »®@ xgraph

a) DSR b) AODV

D ®® xgraph

c) DSDV d) Directed Digion
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Fig 5.1: Residual Energy Vs Time in WSNs using @asi Flat Routing Protocols
a)DSR , b)AODV, c)DSDV, d)Directed Diffusion ,/¢oding, ) MAODV

Analysis:

As shown in the graphs figure 5.1 (a), (c) plottdee energy curve of DSR, DSDV
resembles. Both show a steady energy for a shoddef time, but then energy level
exhausted. This is because of the REQUEST/REPLYharesm in both protocols which
require a large no. of data packets to be transditt

There is a difference between MAODV (multipath AOD&hd AODV (single path).as
depicted in figure 5.1 (b), (f) in case of MAODWexgy exhausted rapidly as compare to
the AODV. In case of AODV, energy is stable for soperiod of time (as shown by
steady line in graph b), but this is not the cadth WIAODV. Based on energy

consumption DSDV performs low in state comparedwODV, Since AODV requires
less energy for transmission of packets
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In case of directed diffusion as shown in figuré &l), there is a zigzag curve of energy.
In this, there is also a loss of energy with titmat not continuously as with other routing
protocols

5.1.2 Hierarchical Routing

There are number of hierarchical routing protodide Low Energy Adaptive Cluster
Hierarchy (LEACH), Power- Efficient Gathering in r&®r Information Systems
(PEGASIS), Threshold sensitive Energy Efficient senNetwork protocol (TEEN),
Virtual Grid Architecture (VGA) Energy Aware Routing Protocol, but we have
simulated LEACH protocol.

Analysis:

As we can see from figure 5.2 (a) initial energy.EPACH is high for all the nodes in the
network. But LEACH works on the principle of clustg). So after some time the energy
of cluster heads will be very low because all dea to be transferred via Cluster heads

.Therefore energy level is down in figure 5.2 (b)

200 sy
X Graph X Graph
100.0000 EBEE 2000000 A
90,0000 180.0000
800000 160.0000
70,0000 140.0000
600000 120.0000
50.0000 ‘ ‘ ‘ 100.0000
400000 ‘ ‘ ‘ 80,0000
30,0000 60,0000
200000 40,0000
10.0000 200000
0.0000 oo —— e
00000 1000000 2000000 3000000 4000000  S00.0000 “ 00000 200000 400000 600000 BO.OO0O  100.0000
a) Initial Energy In LEACH b) Energy of Cluster Heads

Fig 5.2: Residual Energy Vs Time in wireless Semdetworks using Hierarchical
Routing Protocols a) Initial Energy In LEACH, b) &gy of Cluster Heads
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5.1.3 Location Based Routing:

In location based routing protocols there are nunolbeouting protocol like Geographic
Adaptive Fidelity (GAF), Geographic and energy-asvaouting (GEAR), Minimum
energy communication network (MECN). But here we doing analysis of GAF. Other
routing protocols can’t be implemented becauseetiheguire special Power GPS in order
to simulate which is not supported by software extiih part of the available simulators

X Graph

¥x 10°

afxgr
20.0000 s

19,9995+
19.3330 \»\
19,9985 .
19,9980 k \“
19.9575 .
19.997 0 \\,\M
19,9965 W\R\h
19,9960 i
19,9955 %
19,9950

19,995 WW\)P
19,9940 %A
19,9935 %I

k)

0.0000 1.0000 2.0000 3.0000 4.0000 5.0000

Fig 5.3: Residual Energy Vs Time in WSNs using GA&cation Based Routing )
Analysis:
As we can analyze from the figure 5.3, in GAF thierstability in the energy for a very
short time period, otherwise the residual energyegbausted constantly. There are some
spikes in the curve because of nodes which faflegsfor some duration. Still there is a
huge loss of energy because more energy will beéedashen transceiver is switched

rapidly from sleep to active state.

5.2 Dropped Packet Vs Time Due to decrease in engrg
As energy level decreases, destination nodes becomsachable or die, due to which
some packets will be dropped. As the time passesgg decreases and no. of dropped

packets will be increased depending upon the rguaiigorithms such as flat routing-
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AODV,MAQODV, Flooding, DSR, DSDV, Directed Diffusioand Hierarchical Routing-
LEACH and Location Based Routing - GAF .

5.2.1 Flat Routing:

Various protocols such as Destination-Sequencedamis-Vector, Dynamic Source
Routing, Ad-Hoc On-Demand Distance Vector, Multip&td-Hoc On-Demand Distance
Vector, Directed Diffusion and Flooding have beenuated and the results are being

compared for Dropped Packet Vs time.
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Fig 5.4 : Dropped Vs Time in WSNs using variouatRouting Protocols a)MAODV
b)DSR, c¢) AODV, d)Flooding, e) DSDV, f) Diredt®iffusion

As depicted from fig 5.4 (a) and fig 5.4 (e), md.dropped packet of MAODV and

DSDV is same .in the initial phase some packetslespped. Then after some time, no.
of packets dropped increases due to lack of erl@8R.performs well as compare to
other flat routing protocols as in DSR, packets @gn@pped only in the beginning and
then this quantity remains same for most of thetas in figure 5.4(b). And then there is
increase in number of packets dropped.

In Flooding, number of packets dropped with resgectime increases very rapidly
,because in flooding packet is broadcasted toeaghibors as shown in figure 5.4 (d) ,so
energy diminishes very rapidly and some nodes becdead very soon. Directed
Diffusion, there are phases internally, in one ph#se no. of packets dropped are

constant and in second phase, this number increefgedigure 5.4 (f), but not rapidly as

in Flooding.
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5.2.2 Hierarchical Routing:
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Fig 5.5 Dropped Vs Time in WSNs using Hierarchiralting Protocol LEACH
Analysis: In Hierarchical Routing, clusters are formed aradata aggregation, data is
send to the cluster heads. After some time, enefrgluster heads exhausted. In figure
5.5 there is steady state in which no. of packeipmkd remains same, after some time
this quantity increases because of cluster heacteasing energy level.

5.2.3 Location Based Routing
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Fig 5.6 Dropped Packet Vs Time as the energy Dshigs in GAF (Location Based
Routing)
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Analysis:

In Location Based Routing, no. of packet droppexeases at irregular time intervals but
not instantly as in case of flat routing protocbke Flooding as shown in figure5.6.

There are little variations in packets dropped wibpect to time and performs better
than Hierarchical Routing.

5.3 Packet Delivery Fraction (ratio of packet senpacket received):

This is the ratio of the data packets deliverethédestination to those generated by the
traffic source as depicted in table 5.

Table 5: Packet Delivery Fraction of various rogtprotocols in WSNs

Type of Routing No. of packets | No. of packets | PDF
Routing send
Protocol Received
Flat Routing AOMDV 2180 2149 0.9858
Flat Routing DSR 7505 7475 0.9960
Flat Routing DSDV 6474 6444 0.9954
Flat Routing AODV 6474 6444 0.9954
Flat Routing Directed 5800 5001 0.8621
Diffusion
Flat Routing Flooding 6800 6292 1.0001
Location Based GAF 2518 1800 1.3990
Routing
Hierarchical LEACH 6600 5911 1.1106
Routing
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Fig 5.7: Packet delivery Fraction of various rogtProtocols (MAODV, DSR, DSDV,
AODV, Directed Diffusion, Flooding, GAF, LEACH)

Analysis:

As depicted in the bar chart in figure 5.7 in terohd?acket Delivery Fraction, Location
Based Routing performs better as compare to hieiaicand flat routing and also
hierarchical routing performs better than flat mgtprotocols such as MAODV, AODV,
DSR, DSDV, Directed Diffusion, and Flooding as shaw Figure 5.7.

In Flat Routing Protocols, Directed Diffusion ladksterms of Packet Delivery Fraction
as compare to the others.
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Chapter 6

Conclusion and Future Scope

WSNs are different kind of networks having theipanteance in certain areas such as
Environment Monitoring, Military Applications, anidealth care applications, Industrial
Process Control, Home Intelligence, Security and/&@liance etc. A routing Protocol is
used to decide on the best suitable route to bsidered for sending data to the sink
from a sensor node. One of the major concerns setm this data on a route which
consumes less power. The power is a scarce commiodi¥VSNs because when we
deploy them in a hostile environment, it is notgbke to give them power supply or to
get them recharge. So there is need of key techmdorequired for low-energy
distributed sensors.

An analysis about the different flat routing Prailscsuch as AODV, MAODV, DSDV,
Flooding, Directed Diffusion is presented and a parson has also been carried out
among the various routing mechanism such as flat uting
(AODV,DSR,DD,FLOODING,DSDV,MAODV) and also with o#ih routing mechanism
such as Hierarchal routing(LEACH,PEGASIS,VGA) andcéation based Routing
mechanism such as (GAF,GEAR,MECN) etc.

In terms of packet delivery fraction, Location Badeouting Protocols performs better
than hierarchical Routing Protocols and Flat Raptiim terms of residual energy and
dropped packet parameters Hierarchical Routingopms better than flat routing and
Location Based Routing.

In future, it would be interesting to analyze thehavior of these routes for greater
number of nodes as the present study is limitetdtor 15 number of nodes. Further we
can also study the impact of change in the sinmaragirea for these protocols. The work
presented is based upon simulation; we can andheeperformance of these WSN
protocols on a test bed.
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