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Dedication

ABSTRACT

Wireless networks are getting importance day by day but the design of ad hoc routing
protocols is very critical now days. Numbecr of routing protocols has been developed
so far. Besides the two famous categories of mobile ad hoc networks 1.¢. proactive
and rcactive routing schemes, there is a new division of routing algorithms on the
basis of gecographical location, With respect to this, there is a category of localized
routing algorithm and non localized routing algorithms. Researches have proved that
localized routing protocols are more bencficial in terms of packets sent and received,
cnergy utilization, number of hops | cfficient bandwidth utilization ctc. This is only
due to the fact that in localized routing algorithims, packets are sent and reccived in a
particular dircction hence limiting the scarch space ol the network. Physical location
of the nodes is achieved by some external means like GPS or other position based
hardwarc device.

Other key aspect about design of routing protocols 1s to utilize encrgy ot the nodes in
efficient manner. In wireless sensor networks cspecially, the data is usuatly sent to a
conlrol station i.c. a sink node. Sink node acts as a data aggregator and shoulders
maximum ol the network load. Therclore saving cnergy of the sink node s very
critical because if the sink node will collapse then catire network will crash. Since
localized algorithm hike Location Aided Routing (LAR) performs only directional
flooding hence maximum energy is utihzed which is an added advantage.

Normal operating systems may provide simple threading, memory and variable space,
hardwarc resources cte but for wircless sensor networks and mobile ad hoc networks
there was & dire need for such an operating system which can cater large number ol
nodes m a nctwork, can accommodate lengthy caleulation of” the algorithins and
properly sunulate the hardware resources. For this purpose, TinyOS was implemented
by Univcrsity ol California, Berkeley in cooperation with Intel. 1t is a component
based event driven operating system and provides a modular abstraction of hardware
resources. [t provides an cmulator, PowerTOSSIM, which is the only uavailable
cmulator which can cimulate a large sensor network. 1t calculates approximately the
actual power consumption by cach node in terms of hurdware attached like LED's,

EEPROM and Sensors cte.

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyOS 1



_ Dedication

To the best of out knowledge, no such comparison was made so far between localized
and non localized routing algorithms in TinyOS using Power TOSSIM as a simulation
tool. We have compared the performance of both the roming protocols in terms of
encrgy ulilization and found that locahzed routing algorithm, LAR, conserves less

cuiergy as comparced to the non localized routing algorithm, DSDV.
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Chapter 1 i} Introdiction

1. Introduction

This chapter briefly discuscs wircless networks and its types. Besides this. the chapter
also contains some information about MANETS routing protocols and their subdivisions.
Energy conscrvation, a critical issve in MANETS and Wircless sensor networks (WSN).
is discussed as a next section. Lastly the operating system for Ad hoc networks. TinyOS.

and the associated simulator are discussed.

1.1. Wireless Networks

Wireless networks have become increasingly popular since 1970, There are currently two
variations of mobile wireless networks. The first is known as the infra-structured network.,
Wireless local arca network based on IEEL 802,11 technology is the most prevalent inlia-
structured mobile network, where a mobile node communicates with a lixed base station.
and thus a wireless link is limited to one hop between the node and the base station. In
this type of network, a mobile unit connects and communicates with, the nearest base
station that is within its communication radius. A “handsoff” occurs when the basc station
goes out of range and mobile unit is not able to communicate to the old base- station.
Typical applications of this type of network include office wircless local area networks

(WLANS).

‘The sccond type ol mobile wireless network is the infrastructure-less mobile network.
commonly known as Mobile Ad hoc Network. They have no fixed routes: all nodes are
capable of movement and can be connected dynamically in an arbitrary manner without
any radio contact. Self route discovery and maintenance to other nodes takes place.
Packet forwarding takes place in a multi-lop fashion. Exanfple applications ol ad hoc
networks are emergency search-and-rescue operations, mectings or conventions in which
persons wish to quickly share information, and data acquisition operations in inhospitable
terrain. Fig.1-1 shows the two types of mobile wireless networks [22].

Advances in wireless communications. and wireless communication have made it
possible to produce large amount ol small-size, low-cost sensors which integrate sensing.
processing, and communication capabilities 1ogether and form an autonomous entity.
Large amount of these sensors can be guickly deployed in the field, where cach sensor

independently senses the environment but collaboratively achieves complex information
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gathering and dissemination tasks like intrusion detection, target tracking. environmental

monitoring, remote sensing, global surveillance, etc.
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Figure 1-1: Types of Wireless networks. Upper figure represents
infrastructures network while lower figure represents infrastructure less network.

I .1.1. Characteristics of Ad hoc networks
Following are the main characteristics of ad hoc networks
Dynamie topology: Hosts are mobile and can be connected dynamically in any arbitrary

manner. Links of the network vary and are based on the proximity of one host to another

one.

Autonomous: No centralized administration entity is required to manage the operation of’

the different mobite hosts.

fod
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Bandwidth constrained Wireless links have a significantly lower capacity than the wired
ones; they are affected by several crror sources that result in degradation of the received

stgnal. .

Energy constrained Mobile hosts rely on battery power, which is a scarce resource: the

most important system design criterion for optimization may be energy conservation.

Limited security Mobility implies higher security risks than static operations because

portable devices may be stolen or their traffic may cross insecure wireless links.

Because of the distributed, dynamic, ad-hoc, and energy-constraint nature of the sensor
network, localized algorithms need to be developed for their scalability. robustness and
energy - effectiveness advantages. Localized algorithms intelligently sclect wecessary
nodes for sensing, tracking, and reasoning to avoid flooding the network with useless or
redundant data, and thus extend the lifetime of the sensor network. The selection of
participating nodes can be most efficiently done if both the network services and the

applications consider it.

Despite the exciting potentials presented by sensor networks, their unique characteristics
have challenged many aspects of traditional computer networking design. Here, we
summarize the advantages ol sensor networks as well as the challenges [rom three point-

of view: scalability, dynamics, and stringent resource.

Scalability issue: Since the cost of sensors is relatively low, so large number of sensors
can be deployed but sheer amount of sensors causes the scalability problem. In this casc

centralized sensor network s useless and distributes sensor network has 1o be established.

Dynamic issue: Duc to constantly changing topology of wireless sensor networks il
becomes really difficult to have a pre designed network. Furthermore, because ol limited
battery lifetime of a sensor node is dependent on the power supply since ballery
replacement is not an option in sensor networks. In order to save power, localized
algorithms seem attracting since only a subset of nodes in the network is utilized or a

specific task.

993
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1.2. MANET Routing Protocols

Since the advent of Defense Advanced Rescarch Projects Agency (DARPA) packet radio
networks in the carly 1970s, numerous protocols have been developed for ad hoe mobile
networks. Such protocols must deal with the typical limitations of these networks. which
include high power consumption, low bandwidth, and high error rates. Roufing protocols
in ad hoc networks are generally categorized in two groups: Proactive (Table Driven) and

Reactive (On-Demand) routing|[24].
12.1. Proactive (Table-Driven) Routing Protocols

These routing protocols are similar to and come as a natural extension of those for the
wired networks. In proactive routing, each node attempts 1o maintain consistent. up-to-
date routing information to every other node in the network. Each node has one or more
tables that contain the latest information of the routes 1o any node in the network. Each
row has the next hop for reaching a node/subnct and the cost of this route. The protocols
are proactive in the sense that when a packet needs 1o be forwarded the route is.already
known and can be immediately used. As is the case for wired networks, the routing table
is constructed using either link-state or distance vector algorithms containing a list of all
the destinations, the next hop, and the number ol hops to cach destination. Various table-
driven protocols (Destination-Sequenced Distance Vector (DSDV), Fisheye State Routing
(I'SR) protocol ete) differ in the way the information about a change in topology is

propagated through all nodes in the network{24].
1.2.2. Reactive (On-Demand) Protocols

Reactive routing is also known as on-demand routing. These protocols take a lazy
approach to routing. They do not maintain or constantly update their route tables with the
latest route topology. Routes are discovered only when a source node desires them. Route
discovery and route maintenance are two main procedures: The route discovery process
involves sending route-request packels from a source to its neighbor nodes. which then
forward the request to their neighbors, and so on. Once the route-request reaches U
destination node, it responds by unicasting a route-reply packet back to the source node
via the neighbor from which it first received the route-request. When the route-request
reaches an intermediate node that has a sufficiently up-to-dale route, it slops forwarding

and sends a route-reply message back to the source. Once the route is established. some
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form of route maintenance process maintains it in each node’s internal data structure
called a route-cache until the destination becomes inaccessible along the route. Note th

cach node learns the routing paths as time passes not only as a source or an intermediate
node but also as an overhearing ncighbor node. In contrast o table-driven routing
protocols, not all up-to-date routes are maintained at every node. Examples of reactive
routing protacols are the dynamic source Routing (DSR). ad hoc on-demand distance

vector routing (AODV) and temporally ordered routing algorithm (TORAO0)[24]. '

1.2.3. Localized and Non-localized Routing

Localization is of much importance in Mobile Ad hoc networks. Localization is the
ability of maobile unit to know its physical location in terms of coordinates. GPS (Global
Positing System) is one of the straight forward localization strategies. In the absence of
the GPS, distance between the nodes can be estimated by the incoming signal strength.
Localized algorithms use the concept of localization. Localization is the ability of a
sensor to find out i1s physical coordinates; this is a [undamental ability for embedded
networks because interpreting the data collected from the network will not be possible
unless the physical context of the reporting sensors is known. Localization may be carried
out in one of several ways. If the node is equipped with a Global Positioning System
(GPS) card, it can determine its coordinates by receiving signals from a number of
satellites. Alternative localization approaches have been proposed to allow nodes to learn
their location ecither from neighboring nodes or from reference beacons. Since all these
approaches require communication (sending, receiving or both), localization requires

significant energy[25].

1.3. Problems of Energy Conservation

Building an ad hoc network poses a significant technical challenge because of the number
of constraints imposed by the environment. Thus, the devices used in the field must be
lightweight. Furthermore, since they are battery operated, they need 1o be cnergr
conserving so that battery life is maximized. Several technologies are being developed to
achieve these goals by targeling specilic components of the computer and optimizing
their energy consumption. For instance, low-power displays, algorithms to reduce power
consumption of disk drives low-power [/Q devices such as cameras etc. all contribute 1o
overall energy savings. Other related work includes the development of Iow—powér CPUs

(such as those used in lap- tops) and high-capacity batteries. From the past few ycars
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focus is 1o develop strategies for reducing the energy consumption of the communication
subsystem and increasing the life of the nodes. Recent studics have stressed the need for
designing proto- cols 10 cnsure longer battery lile, 1t is abscrved that the average life of
batteries in an idle cellular phone is one day. Some studics revealed that ¢ven in Sleep
mode the power consumption ranged between 150- 170 mW white in Idle state the power
consumption went up by one order of magnitude. In transmit mode the power

consumption typically doubled [1].

In Figure 1-2, node A's transmission to node B is overheard by node C because C is a
neighbor of A. Node C thus expends energy in receiving a packet that was not sent to it.
In this case, clearly, node C needs to be powered off for the duration of the transmission

in order to conserve its energy [21].

Energy consumption by mebile nodes takes place during active communication as well as
inactive communication. Aclive communication takes place when the nodes are in wake
state and actively listening, sending and receiving the packets while in inactive
communication, mobile units consume energy even in sleep state. In conventional routing
algorithms, shortest path between two nodes is selected which mainly results in
immediate encrgy depletion. Thercfore main goal of the encrgy eflicient routing protocols
is to save the cnergy both during the active and inactive communication therclore
increasing the cfficiency of the whole network.

At ansulis A's transnidssion
moaveyheard b

1012
| .
A

a- = P

O o Q

Figure 1-2: Unnccessary Power consumption

1.4. TinyOS: Operating System Designed for Wireless Sensor
Networks

An important role of any operating system is o manage. and implement reliable
application of software while ensuring secure abstraction of hardware resources.
Normally OS allocates threads to a processor, map virtual addresses in real memory.
manipulating devices, drives and network on behalf of the running application. The

mentioned service provided by OS 1s very common for the applications running on
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servers and personal computers but for the area of sensor networks, where there is limited
hardware and specific application are being run, this service no more scems usclul.
Wireless sensor ncetwork (WSNs) is an cmerging area of inferest as a yesult of
advancement in RF communication. WSNs are embedded but general-purpose.
supporting a variety of applications. WSNs incorporate heterogeneous components, and
are capable of rapid deployment in new environments. Besides normal data acquisitions
operations processing nodes, there are certain important features of sensor node which
are;

s Small Physical Size (as small as a square inch)

e Low Power Consumption

o Concutrency Intensive Operation

e Limited Physical Parallelism and Controller Hierarchy

» Diversity in Design and Usage

» Robust Operation

TinyOS was designed specifically for WSNs. It has a structured event-driven execution
model and a component-based software design that supports a high degree of
concurrency, enhances robustness and minimizes power consumption while facilitating
implementation of sophisticated protocols and algorithins. TinyOS was designed to
support concurrency intensive operations required by network sensors with minimal
hardware requirements. It combines sensing, communication, and computation into single
architecture complete systems on a chip. TinyOS was initially developed by the U.S.

Berkeley EECS department. It runs on custom "mote” hardware [2].

TinyOS is written using a language called NesC (network embedded system C). NesC is
similar to the C programming language. It is a new language for programming structured
component-based applications. The nesC language is primanly intended for embedded
systems such as sensor networks. It has a C-like syntax, but supports the TinyOS
concurrency model, as well as mechanisms for structuring. naming. and linking together

software components into robust network embedded systems.

Network sensors are application speciiic. Therefore, only one application runs on a

sensor. Since single application runs on a sensor so TinyOS does not support memory
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management or process management. Since memory manager is not part of TinyOS

therefore. it discourages applications from allocating or using dynamic memory.

TOSSIM is a simulator for TinyOS wireless sensor networks. It can capture network
behavior at a high fidelity while scaling to thousands of nodes. TOSSIM remains simple
and efficient by using a probabilistic bit error model for the network. TOSSIM is a
discrete event simulator which can simulate thousands of motes running complete
applications. The nesC compiler (ncc) was modified to support compilation from TinyOS
component graphs info the simulator framework. With tlie change of a compiler option.

an application can be compiled for simulation instead of mote hardware, and vice versa.

Most of the simulation cnvironments like ns-2 and others do provide varying degree of
scalability and other features but do not cater the power consumed by each node. No
doubt overall power usage can be derived from estimates of node duty cycle and
communication rates but none of the stimulators have catered the requirements of CPU.
radio, sensors and other hardware devices. PowerTOSSIM is based on TOSSIM and is
also a discrete event simulator which provides a scalable simulation environment for the
TinyOS applications [3]. PowerTOSSIM is the first scalable simulation environment for
sensor networks that provides accurate power consumption data. It was demonstrated that
PowerTOSSIM oblains very accurate power consumption results for a wide range of
TinyOS applications and exhibits very liitle overhead above that of the TOSSIM

environment upon which it is based.
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Chapter 2 Basic Concepts

2. Basic Concepts

This chapter discusses in detail the basic concepts of the selected protocols i.e. Location
Aided Routing (LAR) and Destination Sequenced Distance-Vecior {DSDV) routing
protocol. Besides this, chapter includes basic introduction to TinyOS. an event driven
operating system for Mobile ad hoc networks, TOSSIM and PowerTOSSIM which are

the simulation tools for TinyOS.

2.1 Location Aided Routing Protocol (LAR)

Existing MANET routing algorithms do not take into account the physical location of a
destination node. Location Aided Routing (LAR) is an approach to decrease overhead of

route discovery by utilizing location information for mobile hosts.

Such location information may be obtatned using the global positioning svstem /GPS).
Then the location information will be used by means of (v.o Location-Aided Routing
(LAR) protocols for route discovery. The LAR protocol uses location information to
reduce the search space for a desired route and limits the search space results in fewer
route discovery messages. In MANETS, host mobility causes major change in network
topology and the task of discovermg and maintaining routes’ is nontrivial. In that casce
Flooding is a brute force way of discovering routes. LAR reduces the full impact of
flooding by forwarding route discovery messages in a selective manner by using location

information.

2.1.1 Route Discovery through Flooding

Figure 2-1 shows the basic flooding procedure. When a sender node. S, needs to find a
route to a destination node, D, node S broadcasts a route request message to all its
neighbors. When the neighbors receive the route request, they will forward it to all their
neighbors. If the same route request is received more than once by the same node, it will
simply be discarded. As the route request is propagated to various nodes, the path
followed by the request is included in the route request packet. On receiving the route
request the destination responds by sending a raute reply message to the sender. The route
reply packet tollows a path that is obtained by reversing the path lollowed by the route
request recetved by the destination node, D. If the route request message does not get to

. the destination due to transmission error, the sender needs to be able to re-initiate the
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route discovery. Therefore, when a sender initiates route discovery, it scts a timeout
interval. If during the timeout interval, a route reply is not received, then a new route
discovery is initiated. Route discovery is initiated cither when the sender S detects that a
previously detenmined route to node D s broken, or if S does not know a route to the

destination [13].

S Source
D Destination

Figure 2-1: Basic flpoding procedure

2.1.2. Prerequisites for LAR

2.1.2.1 Location Information

As LAR requires location information of the nodes hence it may be provided by Global
Positioning System (GPS). In reality, position information provided by GPS includes
some amount of crror, which is the difference between GPS-calculated coordinates and

the real coordinates. But for the sake of simplicity, this crror is neglected.

2.1.2.2.  Expected Zone

Consider a node 8 that necds to find a route to a node D. Assume that node S knows that
node D was at location L at time ty and that the current time is ty. The expected zone of
node D from the viewpoint of node S at time 4, is the region that node S expects to
contain node D at time t;.Node S can detcrmine the expected zone based on the
knowledge that node D was at location L at time ty. If node S knows that node I travels
with average speed V, then S may assume that the expected zone is the circufar region of
radius V (1) - 1), centered at location L as shown in figure 2-2. This is an estimate, since

if the actual speed is larger than the average; the destination may be outside the expected
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zone at time t). Also, if S does not know a previous location of node D. the entire region
occupied by the ad hoe network is assumed o be the expeeted vone [13]. Having more
information about the location of the destination node can help in smaller expected zone
for example if the source node knows that the destination nodc is moving in north
direction then the circle shown in figure 2-2(a) will be reduced to semicircle as shown in

figure 2-2(b).

a) {31}
Figure 2-2: Expected Zone
2.1.2.3. Request Zone

Consider a node S that needs to find a route to a node D. Node § defines a request zone
for the route request. A node forwards g route request only if it belongs 10 the request
zone. To increase the probability that @ route request will reach node DD, the request zone
should include the expected zone. The request zone may also include additional regions
around the expected zone. Still there i1s no guarantee that a pull{ can be found consisting
only of the hosts in a chosen request zone. Theretore, if a route is not discovered within a
suitable timeout period, this protocol allows S 10 initiate a new route discovery with an
expanded request zone. The probability of finding a path in the first attempt can be
increased by increasing the size of the inttial request zone, However, route discovery
overhead also increascs with the size of the request zone. Thus, there is a trade off
between latency of route determination and the message overhead {13]. Therctore request

zonc can be any of the three as shown in Figure 2--3.
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Figure 2-3: Request Zones
2. 1.2.4 Determining Memibership of Request Zones

Implementing LAR algorithm requires that 2 node should be able to determine Uit is in
the request zonc for a particular route request or not. For this purposc [13] presents two

schemes of LAR algorithm.

a) LAR Scheme 1

For scheme I, it is assumed that node S knows that node I} was at location (Xg, Yy) at
time ty. At time t), node S initiates a new route discovery for destination D. 1 is also
assumed that node S also knows the average speed v with which I can move. Using this.
node § defines the expected zone at time t; to be the circle of radius R =v (- ty} centered

at location (Xg,Ya).

In this scheme [13] the request zone is defined 10 be the smallest rectangle, as shown in
Figure 2—4. It includes the current location of the sender node § and the expeeted zone.
such that the sides of the rectangle are parallel to the X and Y axes. Thus, the node § can
determine the four corners of the expected zone. S includes their coordinates with the
-oute request message transmitted when initiating route discovery. When a node receives
a route request. it discards the request if the node is not within the rectangle specilied by
the four corners included in the route request. For example node J will discard the
message as it is not in the request zone whereas node T will accept and forward it.to next
neighboring node. When node D reccives the route request message, it replies by sending

a route reply message. However, node I? includes its current focation and current time in
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the route reply message. Node S can thus use this information (o determine the request

zone for a futurc route discovery.
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Figure 2—4: LAR Scheme 1
b) LAR Scheme [1

In this scheme [13] nede S includes two picces of information with its route request: ils
distance from node D and the coordinates of node D. Assume that node S knows the
location (X4, Yy) of node D at time tp. Note that the time at which route discovery 1
initiated by node S is t;, where t; >= ty. Let DIST, denote the distance between node S
and node D as calculated by S. When node I receives the route request from the sender
node §, node 1 calculates its distance from location (Xg, Yq) denoted as DIST. For some
parameter. 8. if DIST; + & >= DIST;, then node 1 forwards the request to its nc.ighhurs.
When node 1 forwards the route request, it now includes DIST; (replacing the value
DIST; received) and (Xgy, Yy) in the route request before forwarding the route request.
Else if DIST, + 6 < IMST;. then node I discards the route request. Figure 2-5 depicts
LAR Scheme II.
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Figure 2-5: LAR Scheme {1

2.2 Destination Sequenced Distance Vector Routing Protocol (DSDV)

fFor routing in a distributed network environment, each node maintains for each
destination a preferred neighbor. The packet moving in a network at any given time
contains the identifier for the destination in its header. When a node receives a packel. it
forwards it 1o the preferred neighbor for its destination. The way in which routing tables
are updates and maintained depends on different types of next-hon routing methods.
Basically there are two famous routing methods. One is Link Cost and other is Distance
Vector [14]. In link Cost approach, each node maintains the information about network
topology in the form of cost for each link. I'or consistency, each node broadcasts the link
cost information periodically. Node receiving the updates applies the shortest path
algorithm accordingly to choose next hop for the destination. In Distance Vector

by

v’ a list of distances

]

approach, every node ‘' maimains, for each destination

i/ twhere ¢’ ranges over the neighbors of ‘’. Node ‘A’ is treated as next neighbor

[ P

- . v LI H J = - ) . -
destined for ‘x’ only if ©x equals™™™ {45} This method will lead to the destination *v
along the shortest path. Up to date destination estimates are broadcasted in the network

[14].

Destination Sequenced Distance Vector Routing is based on Bellman-Ford routing
mechanism. Zach node maintains routiug able that records all possible destinations and

the number of hops to those destination. Each entry is marked with a sequence numbet
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assigned by the destination node. These scquence numbers are used 10 distinguish “old™
versus ‘“new” routes. Routing tables are periodically transmitted to maintain table
consistency. A “full dump™ record reports on the entire routing table. Ihis may result in
lots of traffic, since cach table is probably larger than the network protocol data unit.
Beside this, incremental updates provide information since last “full dump”. A new route
broadcasts contains four paramcters:

(1) The address of the destination

(2) The number of hops to reach the destination
K)) The sequence number of the information
4 Sequence number unique to this broadcast.
Route labeled with most recent sequence number is always used. If two event have the
same sequence number. the route with the smaller metric is used. Hosts also keep track of
the settling time of routes. or the weighted average time for which routes to a destination
will fluctuate before the route with the best metric is received. When a node decides that o
route is broken, it increments the sequence number of the route and advertises it with
mfinite metric. Basic working of DSDV is as follows. Scenario considered is the one
when node X receives information from Y about a route to Z. Let destination seguence
number for Z at X be S(X), S(Y) is sent from Y. If §(X) > S(Y). then X ignores the
routing information received from Y. [f S(X) = S(Y), and cost of going through Y is
smaller than the route known to X, then X scts Y as the next hop to Z. II' S(X) < S(Y).

then X sets X as the next hop to Z and S(X}) is updated to equal S(Y).

2.3  TinyOS

TinyOS is an operating system which provides an open-source development enviconmeitt
[t 1s an interrupt driven cvent based operating environment. llence 1t uses CPU
efficiently. TinyOS system is composed of state machines where each state machinc is a
TinyOS “component”. In TinyOS there is no differentiation between kernel or user space.
Main ideology of this operating system is to work only when there is a maximum work
load and to slecp as oflen as possible 1o save power. For this purpose, TinyOS has puwer
awarc scheduler. Scheduler puts the processor into sleep state when queuc is emiply. 1t
works on simplec FIFO scheme. Furthermore it has the added advantage ol high

concurrency.

M
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2.3.1. Features of TinyOS

This section describes some of the core [eatures of TinyOS in detail.

a) Resource Constrained Concurrency

TinyOS manages several devices, e.g.. ADCs, sensors, Flash memory, and radio.
Typically, an operation is started on a device, which then runs concurrently with the main
processor until generating a response. Meanwhile, other devices may also need service.
requiring the system to juggle several event streams. The thread dedicated to a device
issues a command and then sleeps or polls until the operation completes. The OS swilches
among threads by saving and restoring their registers, and threads coordinate with others

by using shared variables as flags and semaphores.

b) Structured Event-Driven Execution

TinyOS provides a structured cveni-driven model. A complete system conliguration is
formed by 'wiring' together a set of components for a target platform and applicatio
domain. Components are restricted objects with well-defined interfaces, internal state.
and internal concurrency. Primitive components encapsulate hardware elements. ¢.g..

radio, ADC, timer, or bus. Their interface reflects the hardware operations and interrupts.

c) Components and Bidircctional Interfaces

TinyOS is written in ANSI standard C with support for component composition, system-
wide analysis, and network data types. A component has a sct of bidirectional command/
event interfaces implemented either directly or by wiring a collection of subcomponents.
The compiler optimizes the entire hierarchical graph, validates that it is frce of deadlocks
and sizes resources.

TinyOS uses network types with a completely specified representation; the compiler
provides efficient access to packet ficlds on embedded nodes, as well as Java and XML
methods for packet handling on conventional computers and gateways.

To avoid delay in response long latency function calls are executed in sphit-phasc. Split-
phase operations arc a typical use ol bidirectional interfaces. This operalion is
accomplished using commands, cvents and tasks. A higher-level component issues a
command to initiate activity in a hardware or software component. The command returns
immediately, indicating the status of the request. even though the operation takes some

time to complete. When done, the operaling component signals an event Lo components
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that will take further action. Meanwhile, the processor may service other tasks and evenls.
or sleep if no tasks are pending. Thus, interleaved execution and power manapement is
provided systematically throughout the entire set of TinyOS components. For example.
for sending a packet the application issues a send call which will schedule the aclual
sending process 1o be executed at a later time. When this packet will be transmitied. the

application is notified regarding the successful transmission.

d) Communications

Communications and networking have driven the TinyOS design as available radios and
microcontroller interfaces evolved. The communication subsystem has to meet real-time
requirements and respond to asynchronous events while other devices and proce‘sses are
serviced. Early designs modulated the radio channe! bit-by-bit in software, while the Micu
and Mica2 generations used a byle-level interface. The TinyOS 2.0 radio component
provides a uniform interface to the full capabilitics of the radio chip. The link-level
component provides rich media access control (MAC) -Cnpabililics. including chanel
activity detection, collision avoidance, data transfer, scheduling, and power management.
allowing networking components to optimize for specific protocols. Packet transmission
and reception is reflected in the TinyQS execution model; send is split-phase with a send-

done cvent, whereas receive gencrates a packet-arrival event.

¢) Embedded Application Services

Networking, The TinyOS community has developed networking layers targeted at
different applications with different techniques for discovery, routing, power reduction.
reliability, and congestion control. These networking layers provide higher-level
communication services 1o embedded applications with a TinyOS programming interface.
The most widely used services for WSNs are reliable dissemination, aggregate data
collection, and directed routing.

Reliable dissemination provides guaranteed delivery of messages from a source. It is used
for network configuration and control, so it doesn't depend on any pre-established
neighbor discovery, routing, or cannection setup. To collect and aggregate data from (he
WSN, nodes cooperate in building and maintaining one or more collection trees. rooted at
a gateway or

data sink. Similarly, a node can establish a route to any other node in the network and

have packets forwarded hop-by-hop to the destination. Such directed routing is most oficn
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used to issue commands to a particular node, transfer bulk data, and in network

management [20].
2.3.2. Design of TinyOS
2.3.2.1. Data Memory Model

Usually application running in TinyOS is assigned the memory in following order. For
executable code 128K program flash can be used where as for data or program constant
same 128k flash memory is used but for variables 4k static RAM is used. Figure 2-0.
shows a pictorial representation of static memory. There is abseuce of heap and function
pointers and stack grows down in the free space. Global variables are available on a per-

{rame basis whereas local variables are saved on the stack and declared within a method.

—
Stack

Free

Global

Figure 2-6 Data Memory Model of TinyOS
2.3.2.2. Programming Moedc!

Figure 2-7 represents a complete system configuration of TinyOS which consists of a tiny
scheduler and a graph of components. A component has four interrclated parts: a sct of
command handlers, a set of event handlers, an encapsulated f{ixed-size frame. and a
bundle of simple tasks. Tasks, commands, and handlers execute in the conlext ol the
frame and operate on its state. To facilitatc modularity, each component atso declares the
commands it uses and the events it signals. These declarations are used (o compose the
modular components in a per-application conliguration. The composition process creales
layers of components where higher level components issue commands to lower level
components and lower level components signal events to the higher level compaonents.

Physical hardware represents the lowest level of components {106].
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Main (includes Scheduler)

Application (User Components)

Actuating Sensing Communication

Hardware Abstractions

Figure2-7 Programming Model of TinyOS

In the folowing sections we will discuss corresponding design details.

a) LEvents

Events are upcalls in the component graph. As events are often the result of interrupls
(and have can correspondingly have interrupts disabled), it is critical that they be as short
as possible. Hardware events are interrupts, caused by a timer, sensor, or communication

device.

b) Commands
Commands represent downcealls in the component graph; a component calls commands on
components lower than it in the component graph. Similarly, as commands can be called

by events, they must be short to ensure an event does not run for a long time.
3 » g

) Tasks

The abstraction known as the “Tasks” its a mechanism for as‘ynchronous. long-running
computation. They run synchronously in respect 1o one another (are never preempted).
but can be preempted by events. Therefore, if a TinyOS task has real-time requirements
(e.g. is posted every 100 ms and must complete within 40ms of being posted). tasks must
not execute for a long period of time.

Tasks perform all the major work like computation. They can be pre-empted by cvents
but vice-versa does not happen. It can call lower level commands, signal higher level
evenls and schedule other tasks. Furthermore it can simulate concurrency within
components. It provides means to incorporate arbitrary computation into the event driven

model. Tasks are a form of deferred procedure call that allows a hardware event or task to
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postpone processing. Tasks are posted to a queue. As lasks are processed. interrupts can
tripger hardware events that preempt tasks. When the task queuc is empty. the system
gocs into a sleep state until the next interrupt. 11 this intereupt queues a task. TinyOS putls
it ofl the queue and runs it If not. it returns to sleep. Tasks are atomic with respeet 1o

cach other.
2.3.2.3. Component Model

a) Compuonents

There are two types of components, Modules and Configurations. Modules implement the
application behavior while configurations wire the components together. A component
does not care if another component is a module or configuration and a component may be
composed of other components :
A named component encapsulates some lixed-size state and a number ol tasks.
Components interact with each other strictly via function call interfaces, which are refated

groups of commands aund events. The set ol interfaces a component uses and provides

define its external namespace.

b) Commands

Comimands typically represent requests to initiate some action. Commands (low
downwards and the control is returned to caller. They are non-blocking requests mide o
lower level components. Typically, a command will deposit request parameters imto its
frame and conditionally post a task for later execution. It may also invoke lower
commands, but it must not wait for long or indeterminate latency actions to take place. A
command must provide leedback to its caller by returning status indicating whether it was

successful or not.

¢} Events

Events flow upwards and the control is returned to the signaler. Events can call
commands but not vice versa. Events represent the completion of a request or sometliing
triggered by the environment, c.g., messape reception. Both explicitly return crio
conditions, such as the inability to service the request. A speeific set of events are bound
1o hardware interrupts. A programmer assembles an application by specifying a sel of

components and “wiring” their interfaces 1ogether.
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d) Interfaces

Interface is fike a header file that delines APls using which components will interact. 1t
specifics the functionality to the outside world. Interfaces tell the outside world that what
type of commands can be called and what type of handling is nceded for events.
Interfaces are bidirectional. They specify a multi-function interaction channel between
two components, the provider and the user. The interface specifies a set of named
functions, called commands, to be implemented by the interface’s provider and a set of

named functions, called events, to be implemented by the interface’s user.

2.4 NesC

NesC 1s an extension to C designed to embody the structuring concepts and exceution

model of TinyOS. The basic concepts behind nesC are:

1. Components are wired to form whole programs. Components define two scopes.
one for their specification {containing the names of their interface instances) and one for
their implementation. Threads of control may pass into a component through its
interfaces. These threads exist either in a task or a hardware interrupt.

2 Interfaces may be provided or used by the component. The provided interfaces are
intended 1o represent the functionality that the component provides to its user: the used
mterfaces represent the {unctionality the component needs to perform its job.

3. Interfaces are bidirectional; they specily a set of functions 0 be implemented by
the interface’s provider (commands) and a set to be implemented by the interface’s user
(events). All lengthy commands in TinyOS are non-blocking and their completion is
signaled through an cvent. .

4, Components are statically linked to each other via their interfaces. ‘This increases
runtime efficiency, encourages robust design, and allows for belter static analysis ol
prograins.

5. nesC 1s designed under the expectation that code will be gencrated by whole-

program compilers. This allows for beller code generation and analysis [17].
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2.4.1 Nesc interfaces and components
a) Interfaces

NesC specify a multi-function interaction channel between two components. the provider
and the user. The interface specifies a set of named functions, called commands. to be
implemented by the interface’s provider and a set of named functions, called events, to be
implemented by the interface’s user. Interfaces are specified by interface types and in

following manner:
Interface identifier {declaration-list}

This identifier has global scope and belongs 1o a separate namespace, the component and
interface type namespace. This declaration-list must consist of function dectarations with

the command or event storage class (1 7].
b) Compenent specification

A nesC component is either a module or a configuration.
nesC-file:

includes-ist of module

includes-fist of configuration
module:

module identifier specification module-implementation
configuration:

configuration identifier specification configuration-implementation

Component’s names are specified by (he identifier. The specilication lists the
specification elements (interface instances, commands or events) used or provided by this
component. A component must implement the commands of its provided interlaces and

the evenis ol 11s used interfaces.

Each specification element has a name (interface instance name, command name or evenl
name).

These names belong to the variable namespace of the per-component-specilication scope.

specification:
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{ uses-provides-list }
uses-provides-list:

uses-provides

uses-provides-list usces-provides
uses-provides:

uses specification-clement-list

provides specification-element-list
spectfication-element-list:

specification-element

{ spectfication-clements } .
specification-¢lements:

specification-element

speccification-elements spectfication-element

¢) Modules

Modules implement a component specification with C code:

module-implementation:

implementation { (ranslation-unit }

where translation-unit is a list of C declarations and definitions. The top-level
declarations of the module’s translation-unit belong 1o the module’s component
implementation scope. These declarations have indefinite extent and can be: any standard
C declaration or definition, a task declaration or definition, a commands or ecvent

implementation [17].

d) Tasks

A task is an independent locus of control defined by a function of storage class task
returning void and with no arguments:

task void myTask() { ... }

A task can also have a forward declaration. c.g., task void myTask (). Tasks are posted by
prefixing a call to the task with posy, e.g., post myTask(). Post returns immediatcly: its
return value is | if the task was successiully posted for independent execution. 0

otherwise. The type of a post expression is unsigned char [17].
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e) Atomic statements

Atomic statement guarantee that the statement is exceuted “as-if” no other computation
occurred simullancously. Tt is used to implemient mutual exclusion. for updates to
concurrent data structures, ete. Atomic sections should be- short; to help meet this
requirement, nesC forbids calling commands or signaling events inside atomic statements.
The following constructions are also lorbidden inside atomic: goto. return. break.

continue, case, default and labels [17].

atomic-stmt:

afomic statement

f) Configurations

Configurations implement a component specification by connecting, or wiring, together «

collection of other components:

configuration-implementation:

implementation { component-list connection-list }

The component-list lists the components that are used to build this configuration: the
connection-list specifics how these components are wired 1o each other and o th
configuration’s specification.

The component-list specifies the components used 1o build this configuration. These
components can be optionally renamed within the configuration. Wiring is used to

connect specification elements (interfaces, commands, events) together. .

connectio:

endpoint = endpoint

endpoint -> endpoint

endpoint <- endpoint
endpoint:

identifier-path

identifier-path [ argument-expresston-list |
identifier-path:

identifier
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Wiring statements connect two endpoints. The identifier-path of an endpoint specifies a
specification clement. The argument-expression-list optionally specilics  mterlace
parameter values. Wiring is attaching two components together and specilying the
interface using which they will exchange information [17].

For example,
BadgeM.Leds = LedsC.Leds;

The arrow direction indicales the command calling and event signalling flow. Here

BadgeM will call commands on LedsC and LedsC will signal events to BadgeM.

g) Comments

nesC altows // comments in C, interface type and component files.
2.4.2. Compilation Phasc

Figure 2-8 spccifies the compilation phase of the nesc application. The application 1s
compiled in following steps.

NesC compiler first converts the application into a ¢ file fapp.c. present in build directory
of each application). TinyOS kernel written in C language. while TinyOS libraries wrilten
in nesC also; act as an input in nesC compiler. All commands and events are replaced
with function. Code for clock interrupt service routine is generated. C file is compiled
into an cxc format. avr-objcopy application converts it into a flash programmable format

[17).

TinyOS Kernel (C)
TinyOS Lib (nesC}

i

nesC
Compiler

————»{ Application and

Application (nesC)
TinvOS (C)

Application Executable | 4—n-w

Figure2-8: Compilation in TinyOS
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2.4.3. Concurrency Model

TinyOS cxcceutes only one progrant counsisting of selected system comiponemts and custom
components needed for a single application. There are two threads of execution: tasks and
hardware event handlers. Tasks are functions whose execution ts deferred. Once
scheduled, they run to completion and do not preempt one another. Hardware cvent
handlers are executed in response to a hardware interrupt and also run to completion, but
may preempt the execution of a task or other hardware event handler. Commands and
events that are executed as part of a hardware event handler must be declared with the
async keyword. Because tasks and hardware event handlers may be preemipted by other
asynchronous code, nesC programs are susceplible to certainr race conditions. Races are
avoided either by accessing shared data exclusively within tasks. or by having all accesses
within atomic statements. The nesC compiler reports potential data races 1o the
programmer at compile-time. It is possible the compiler may report a false positive. In
this case a variable can be declared with the norace keyword. The norace keyword

should be used with extreme caution {17}

2.5 TOSSIM

2.5.1 TOSSIM Architecture

The TOSSIM architecture is composed of five parts: support for compiling TinyOS
component graphs intg the simulation infrastructure: a discrete event queue; a smalf
number of re-implemented TinyOS hardware abstraction components; nicchanisms for
extensible radio and ADC models; and communication services for external programs (o

interact with a simulation [18]. Figure 2-9 shows a complete architecture of TOSSIM.
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Figure 2-9 TOSSIM Architecture

TOSSIM takes advantage of TinyOS structure and whole system compilation to generale
discrete-event simulations directly from TinyOS component graphs. It runs the same code
that runs on sensor nctwork hardware. By replacing a few low-level components.
TOSSIM translates hardware interrupts into discrete simulator events; the simulator ever
queue delivers the interrupts that drive the execution of a TinyOS application. The
remainder of TinyOS code runs unchanged. The simulator engine provides a set ol
communication services for interacting with external applications. These services allow
programs to connect to TOSSIM over a TCP socket to monitor or actuate a .running
simulation. Details of the ADC and radio models, such as readings and loss rates. can be
both queried and set. Programs can also receive higher level information, such as packet
transmissions and receptions or application-level events. As it is a discretc event
simulation. users can set debugger breakpoints and step through what is normally real-
time code (such as packel receplion) without disrupting operation. {t also provides
mechanisms for other programs to interact and monitor a running simulation; by keeping
monitoring and interaction external to TOSSIM, the core simulator engine remains very
simple and efficient[18]. TOSSIM compiles directly from TinyOS code. Built with make
pe, the simulation runs natively on a desktop or laptop. TOSSIM can simulate thousands
of nodes simultaneously. Every mote in a simulation runs the same TinyOS program [[9].
It provides run-time configurable debugging output, allowing a user to examine the
execution of an application from different perspectives without needing to recompile.

TinyViz is a Java-based GUI that allows you to visualize and control the simulation as it
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runs, inspecting debug messages, radio and UART packets, and so fortli. The simulation
provides several mechanisms for interacting with the network; packet traftic can be

monitored, packets can be statically or dynamically injected into the network [ 19].
2.5.2. Building and Running an Application

TOSSIM is compiled by 1yping make pe in an application directory. In addition o the
expected TinyOS components, a few simulator-specific files are compiled. TOSSIAI
version of the application is build with make pc. The TOSSIM exccutable is
build/pe/main.exe. build/pe/main.exe --help can be used 10 see a brief summary of its
command-line usage. TOSSIM has a single required parameter, the number of nodes to
simulate. By default, TOSSIM prints out all debugging information [19]. Four DBG
modes are reserved for application components and debugging use: usrl, usr2, usr3. and
temp. In TinyOS code, debug message conmands have this syntax:

dbg(<mode>, const char* format, ...);

2.6 Power TOSSIM

Simulation environments. such as ns2 [20], TOSSIM [18] ctc. provide varying degrees of
scalability, realism, and detail for understanding the behavior of sensor networks. To date.
however, none ol these tools have considered one of the most important aspects ol sensor
application design: that of power consumption. While simple approximations of overall
power usage can be derived from estimates of node duty cycle and communication rates.
these techniques often fail to capture the detailed. low-level energy requirements  of the
CPU, radio, sensors, and other peripherals[3].

Power TOSSIM is based on TOSSIM. It is a scalable simulation environment which
provides accurate estimation of power consumption by each node in wireless sensor
network. In PowerTOSSIM, TinyOS components corresponding to specific hardware
peripherals (such as the radio, EEPROM, LEDs, and so forth) are instrumented 1o oblain
a trace of cach device’s activity during the simulation run. PowerTOSSIM  ruus
applications as a native executable to scale up to large numbers of sensor nodes and does
not directly simulate each node’s CPU at the instruction level.

PowerTOSSIM tracks the power state of cach hardware component of the simulated

moles by generating specific power state transition messages that are logged during the
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simulation run. This is accomplished by instrutnenting the TOSSIM simulated hardware
components with calls to a new component, PowerState, which tracks hardware power
states for cach mote and logs them to a file during the run. CPU profiling is accomplished
by mapping the basic blocks exccuted by the simulation code to cycle counts in the
corresponding mote binary. The power state data generated by PowerTOSSIM can be

combined with a power model to determine per-mole and-per-component energy usage.
2.6.1. Characteristics of PowerTOSSIM

Efficiency and flexibility are important characteristics of PowerTOSSIM which will be

discussed in following section.

a) Efficiency: PowerTOSSIM inherits from TOSSIM very high efficiency in
simulating large networks that scale to thousands of nodes. To preserve this clficiency. it
is important to avoid introducing high overheads inte the simulation itself. Logging
hardware state transition messages at runtime introduces very low overhead. Likewisc.

allowing the simulation to run as a native binary avoids the overhead of instruction-level]

simulation [3].

b) Flexibility: PowerTOSSIM provides a high degree of flexibility for capturing and
modeling the power state of the mote. With the decoupled design it is possible to evaluate
the power ciiiciency of potential hardware designs only by plugging a new power model
mito the analysis tools; the simulation itself need not be re-exccuted.

The following subsections and figure 2-10 present the design of each part ol the

PowerTOSSIM architecture in detail [3].
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2.6.2. Architecture Details
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Figure 2-10 PowerTOSSIM Architecture

PowerTOSSIM leverages this design by instrumenting each of the simulated hardware
drivers with power state transition messages that are logged during the simulation. This is
accomplished by adding calls from each hardware driver to a new module, called
PowerState, which emits log messages when the Powerstate of cach hardware device

changes [3].

CPU profiling is achieved in following manner. PowerTOSSIM binary is instrumented to
obtain an execution count for each basic block executed by the simulated CPU. Then cach
basic block is mapped to its corresponding assembly instructions in the AVR binary. As a
next step, the number of CPU cycles for each basic block using simple instruction
analysis is determined and in the end the simulation basic block execution counts are
combined with their corresponding cycle counts to obtain the total CPU cycle count for
each simulated mote. At the end of the simulation run, PowerTOSSIM logs basic block
execution counters that are processed offline in the steps mentioned above 1o obtain CPU

cycle count totals.
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3. Literature Survey

Following scction includes the literature survey in three aspects. First section describes
the literature survey regarding the position based routing in mobile ad hoc networks while
section two describes the work related to energy efficient routing in MANETS. The last
section describes the work associated with the simulating tools provided for the scnsor or

mobile ad hoc networks.

3.1. Position Based Routing in Mobile Ad hoc Networks

There may be two divisions of ad hac networks. One is static ad hoc network and other is
mobile ad hoc networks. In static ad hoc nctwork, the position of the node i the network
may not change once it has entered in the network while in the mobile ad hoc network,
the node position will change frequently. The topology of this type ol network will keep
on fluctvating thereby resulling in routing challenges. There exist different approaches in
routing. Onc is topology based routing and other is position based routing. In topology
based routing packets are forwarded on the basis of the links existing between the nodcs
in the network where as in position based routing , physical position of the nodes is
available cither through GPS or through other means. Packet forwarding takes place by
knowing the physical location of the source and the destination beside other additional
information. Topology basced routing can be further divided into three schemes ic.
Proactive, Reactive and Hybrid. Proactive algorithms maintain the record of the available
paths cven if they are not active in the network. Reactive algorithing only maintain the
record of the network paths that arc currently being used hence climinating the
unnccessary burden of the resources. [lybrid algorithms are amalgam of local proactive
routing and global reactive routing. {v the following, we give the study of few rescarch

papers of the position based routing atgorithms.

3.1.1. A Survey on Position Based Routing in Mobile Ad hoc Networks

Martin ct al,, [4] presented in this paper an overview of ad hoc routing protocol that make
forwarding decision based on the geographical location. Authors conclude that for
forwarding the packet, beside source position, destination position and the position of
one- hop neighbor is required. As a result of this position based routing performs well
when the topology is changing dynamically. Beside position based forwarding sirategics,

authors have discussed location scrvices strategics.
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Figure 2-1: Building blocks and criteria for classification

Considering the combinations of the location services mentioned in Figure XYZ, authors
have discussed four location services namely distance routing effect algorithm, quorum
based location service, home zone and grid location service. Under the umbrella of
forwarding strategies three approaches have been discussed where each approach
discusses the routing protocols falling in that strategy. For example, in restricted
directional flooding approach, DREAM (Distance Routing Effect Algorithm for Maobility)
and LLAR (Location Aided Routing) have been discussed. Paper compares the above
mentioned location services under time, communication and implementation complexity.
Furthermore, forwarding strategies were compared under the evaluation criteria of
communication and implementation complexity, robustness etc. DREAM and LAR have
communication complexity of O (n) and does not scale to a large network for high data
transmission. Both approaches perform well against the failure of the individual nodes
and position inaccuracy while implementation of both the algorithm is simple. Greedy.
terminodes and prid have communication complexity of O (¥n) and their implementation

is medium, high and high respectively.

3.1.2. Position-Based Mullicast Routing for Mobile Ad-Hoc Networks

Widmer et al., [5] presented a new protocol known as position based multicast routing
protocol (PBM). It is a multicast protocol where the forwarding node forwards the
packets on the basis of the position of the destination and its own neighbors to determine
the position of the destination. It is ad=ptation of position based unicast routing protocols
such as face-2 and GPSR (Greedy Penimeler Stateless Routing) to multicast routing.
Authors claim that both, trce- and mesh-based multicast routing protocols, need to
maintain state information about the distribution structure whereas in position-bascd
multicast (PBM) does neither require the maintenance of state about a distribution
structure nor does it resort to flooding of the data packets. Instead each node that forwards

a multicast packet autonomously determines the neighbors that it should forward the
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packet to. This decision is based on information about the position of the destination
nodes, the position of the forwarding node, and the position of the forwarding node’s
neighbors. Without the use of dedicated simulation environment, authors have selected
C++ as a tool for simulation as they claim that large number of nodes. large number off
simulation runs or large area cannot be simulated on ns-2 or GloMoSim. Multiple node
densities were simuiated for three types of areas small, medium and large. Results
showed that delivery rate of packets was successful fro static network while for dynamic
network, due to routing loops, packets may drop. PBM is very well suited for highly
dynamic networks without resorting to flooding of the data packets. In addition the rule
for splitting a multicast packet includes a parameter I that may be used to adapt the
algorithm to different application scenarios by controlling the tradeoff between latency

and bandwidth.,
3.2. Power Aware Routing Protocols for MANETS

A key technical challenge in designing protocols for the ad hoc networks has been energy
savage. Energy is a valuable source in a network where the nodes consumes ample
amount of energy while on the other hand battery life is limited. Power dissipation of the
network is directly proportional to the power consumption at different entities of the
network. Therefore there is a need for developing power aware schemes at different
layers of the networks. A number of routing algorithms have been proposed so [ar. The

literature surveyed for the proposed power aware routing protocols is as follows:

3.2.1. Probabilistic Geographic Routing Protocol for Ad Hoc and Sensor Networks

Tanya et al., [6] presented a novel power aware routing algorithm for wireless ad hoc
and sensor networks. For probabilistically forwarding the packet to the next hop, the
protocol uses local information. A set of candidate nodes were selected for forwarding
and then assigned a probability proportional 1o their residual encrgy and the link
reliability. Using the residual energy in the cost function ensures that nodes with maore
reliable links are not drained out of energy loo quickly. This will in turn increase the
lifetime of the network. PGR locally minimizes the retransmissions which resulls in
energy saving. Authors have compared the performance of the proposed protocol (PGR)
and GPSR on NS-2 and concluded that PGR improves the throughput by 40%, increases

the life time of the network by 30% and decreases the overall end to end delay
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Laaplier.

3.2.2. A Simulation Study of an Energy Efficient Routing P'rotocol for Maohile Ad

hoc Networks

Xiaojiang, [7] proposed a novel cnergy efficient protocol for dense networks named as
Energy Efficient Cell Relay Routing (EECR). Author have compared the performance of
EECR with LAR (Location Aided Routing) and through simulation proved that the
protocol has good performance and good scalability in large network. EECR divides the
entire routing area into the cells and selects that particular node with maximum encrgy in
the cell and even for the same source-destiuation pair; the participating node from a cell
may be different for different sessions. This balances the energy of different nodes and
reduces the chance of draining out certain nodes oo soon, and thus increase the lifetime
of the whole nctwork therby increasing the lifetime of the network. Simulation results
showed that routing overhead increases for both the protocol as mobilily increases.
Furthermore the routing overhead decreases for both protocols when node transmission
range becomes large. LAR causes network saturation when the traffic load is heavy while

delay of LAR is low when traffic load is light ad vice versa.
3.2.3. Power Aware Localized Routing in Wireless Networks

Ivan et al., (8] proposced that localized power, cos! and power-cost clficient routing
algorithms are loop free and their ¢fficiency was proved by experiments. Autliors delined
a new melric for wircless nctworks based on the remaining energy at the vodes. The
newly defined metric is hybrid of cost and power metric and named as power-cost metrie
based on the combinations of node’s lifetime and the distance bascd power metric.
Authors have proved by thcorems that localized power-cost efficient routing pratocols
based on the power-cost awarc mclric are loop free and cnergy efficient. A new routing
scheme known as Nearest Closer (NC) was proposed. According to this scheine, packet 1s
forwarded to the nearest ncighbor of the destination rather than the source. For large
valucs of the square size of the network, NC method is supertor to GEDIR and DIR since

it simulates retransmissions in e best possible way.
3.24. Minimum Energy Mobile Wireless Networks

Volkan et al., [9] described a distributed position-based network protocol optimized for

minimum cnergy consumption in mobile wircless networks that support peer-to-pecr

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyOS 34



Chapter 3 Literature Survey

communications. This network protocol reconfigures the links dynamically as nodes
move around, and its operation does not depend on the number of nodes in the system, It
was assumed that each mobile node have a portable set with transmission, reception, and
processing capabilities. Besides this, each has a low-power global positioning system
(GPS) receiver on board, which provides position information. A local optimization
procedure that finds the minimum energy links and dynamically updates them was
proposed. The protocol was self-reconfiguring in mobile scenarios. In peer to peer
communications each nodes acts as an information sender and information receiver so a
strong connectivity must be provided by the protocol. Second focus was on the design of
a self-reconfiguring protocol that consumes least amount of energy. Authors hayt
considered one of the nodes as an information sink node and termed it as master-site.
Authors claimed that a protocol that solves the minimum energy problem with a single
master-site simultaneously solves the general peer-lo- peer communications problem
because each node can independently be taken as a master-site, and the optimal
topologies can be superimposed. Paper included the simulation of a slationary network
and a mobile network. Results of static network showed that as the number of nodes
grows larger, the average power decreases toward its asymptote while for mobile network

the average power consumption per node was significantly low.

3.2.5. A Location-aided Power Aware Routing Protocol in Mobile Ad Hoc
Networks

Yuan et al,, [10] proposed a location-aided power-aware routing (LAPAR) protocol that
dynamically makes local routing decistons so that a near-optimal power-efficient end-to-
end route is formed for forwarding data packets. In this protocol basically a relay region,
on the basis of neighbor’s position, was constructed by a forwarding node and packel is
forwarded to the node whose relay region covers the destination. Greedy decision is made
if there is more than one node which covers the destination in their relay region. Authors
proposed an alternative backup algorithm where the greedy algorithm fails to discover a
power efficient route. Algorithim made Jocal decisions based on the geographical location
of the neighboring nodes and considered only unidirectional links. Authors simulated the
LAPAR algorithm for stationary environment and the nodes were uniformly distributed
over a square region of 400m on each side. Results proved that as the number of nodes
deployed in this region increased, the density and connectivity increased. The success rate

increased accordingly. Furthermore authors compared the power consumption of LAPAR
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with GPSR and the results showed that LAPAR consumes less power as compared to
GPSR. Results of LAPAR’s energy consumption levels with node mobility showed that
the average power consumption per unit distance was signilicantly Jower and the motion

of nodes does not significantly affect the power consumption.

3.3. Wireless Sensor Networks and Mobile Ad hoc Networks

Simulators

The goal for any simulator is to accurately model and predict the behavior of a real world
environment. In sensor and mobile networks it is very difficult to buy the hardware and
physically implement the proposed protocol .Similarly testing the protocol in desired
environment is a tedious and time consuming task thereby simulation based lesting is a
wise step to follow. A number of published papers proved their ideas and concepts
through simulations. Simulation provides advantages that include lower cost. vase of
implementation, time saving, practicality of implementing large scale nctworks ele.

Following is a literature survey in this regard.

3.3.1. A Survey of Simulation in Sensor Networks

Curren, [11] presented the paper which aids the devcloper in selection of specific
simulation tools. Author has listed simulators and emulators for wircless sensor networks
and Mobile ad hoc nctworks and provided the developer with the advantage and
disadvantages of each. Author claims that seleetion ol ool depends upon the cavironiment
for which it has to be used. Paper includes thirteen different simulators (ns-2. TOSSIM.
EmStar, GloMoSim, OPNET etc) depending on their features, their publishing results and
popularity. Author proposed to select the simulator or emulator as desired and if
developer decides to build a simulator or emulator he may follow bottom up or top down
approach. Paper has two purposes. First, by knowing the strengths and weaknesses of a
number of differeut simulators were valuable vecause it allows users to select the one
most appropriate for their testing. Second, the developers of new simulators were well

served knowing what has worked tn previous simulators and what has nol.

3.3.2. Real-World Experiences with an Interactive Ad i'loc Sensor Network

Mark et al., [12] described a practical application of DSDV on TinyOS. Variants of
DSDV were straight DSDV, DSDV wi!h_asymmelric link detection, DSDV with link

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyOS 36



Chapter 3 Literghire Survey

quatity monttoring arc studied. Techniques for reducing packet loss, quality-based
routing, passive acknowledgment, at link and network layer, were explored in this paper.
Results of 24 and 48 node experiments showed that both the quality-based routing and
asymmmetric link dewcction become less cffective al reducing the packet loss rate as the

size of the network increases.
3.4. Problem Statement

In the broadcasting task, a message originated from a source node needs to be forwarded
to all the other nodes in the network. Solutions are globalized, meaning that each node
needs global network information. Mobility of nodes or changes may causc global
changes. Therelore topology changes wust be propagated throughout the network for any
globalized solution. This may result in extremic and unacceptable  commuaication
overhead for ad-hoe networks. Thereflore, due to limited resources of mobile nodes, 1 is
ideal that cach node should decide on its own behavior based only on the information of
its one or two neighbors and distances to them. Such routing protocols like Location
Aided Routing Protocol reduces the search space and can cfficiently save the number of
packets sent by the node. As a resuit of this, less encrgy will be consumed by the node
while fRooding the route request messages. Directional flooding will hiclp in power savage
as energy depletion is critical factor in the lifetime of the node in the network, for mobile
wircless network. Conscrving power and carefully sharing the cost of routing packels will
ensurc that node and network life are incrcased. The network lilctime can be maximized
only by incorporating energy awareness into cvery stage of wircless sensor network
design MANET routing prolocols proposed in carly stage do not considered energy
savagc as a major concern. Later on, lew rescarchers introduced power aware metrics hike
encrgy consumcd per packet, total encrgy of sent and received packets ele but there exists
no comparison between localized and non localized algorithms specifically on a
simulation tool specifically designed for mobile ad hoc networks which can sunulate
farge number of nodes and calculaies energy consumption per node. Stmulators like ns2
and others may caler the crnergy consumption but cither the simulation toofs arc -nul
suitable for scalable networks or do not caleulate the encrgy consumption at grass root

level.
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4. Mcthodology

As discussed in the problem statement in section 3.4, broadeasting the messages in entire
network causes a number of disadvantages. It includes wastage of resources, lack of
encrgy conservation, downfall in the lifetime of the nclwoi'k, inefficient bandwidth
utilization, unnecessary storage and maintenance of large routing tables etc, therefore
there is a dire need for such routing schemes that minimizes the number of packets sent
and received and hence can prevent from all sort of disadvantages which broadeasting
have. In context to this, localized routing protocol provides the best solution which
unplements dirgctional tlooding hence limiting the network search space and efficiently
utilizing the network resources. Therefore we have selected the localized routing protocol
and have compared the performance with a noa localized routing protocol. Selected
protocols were Location Aided Routing protocol and Destination Sequenced Distance

Vector Routing Protocol.

Location Aided Routing Protocol is selected due to the fact that it is the first basic routing
protocol proposed in the category of geographical location routing protocols. Other
location based routing protocol were based on LAR or have other novel ideas. 13cauty of
LAR lics in the fact that local computation takes place and node only has to know three
parameters that s its own location, destination location and the neighbors location. As
advancement in hardware tcchnology is also tuking place so it is not ditlicult to capture
the physical location of the nodes in the network Iike GPS and others. After capturing the
location information of the nodes and calculating request and cxpected zones as discussed
in Scction 2.1.2, there are two LAR schemes, Initially in our research work, we have
implemented the LAR scheme 1. The basis algonthm is already discussed in section
2.1.2.4. In this schemc source node only has to know the average speed with which the
destination node is moving and the coordinates of destination, its own and the neighbor
node. Depending on the expected zone and request zone, source node {loods the message
to the neighboring nodes. The nodes n the expected zone Torward the route request seot
by source and other discards it. Eventually the message toltows the path which directs
towards the destination node. As a result the destination node sends the route reply to
source node which contains the coordinates of destination nodes besides other relevant

information.

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyQS 38



Chapter 4 Methodology

Destination Sequenced Distance Vector is the second selected protacol which falls in the
category of non localized routing algorithm and hence information about all nodes and
edges is requircd. Basic working of DSDV is already discussed in section 2.2, 1t s also a
proactive routing protocol so periodic knowledge of active nodes status is also
mandatory. Overhead of maintaining routes to each destination is also involved in case of
DSDV. While implementing the protocol, maximum number of hops was sclected to be
127 and it supports sending data to only one DSDV destination. 8 bit sequence number

for transmitted route announcemetits was generated.

Besides establishing correct and efficient route to the destination, an important goal or the
routing protocol is to maintain the network life for greater time interval. As discussed in
section 1.3 and 3.4, this goal can be achicved if the mobile node’s energy can be saved
not only when it is active but also when it is inactive. In Wireless sensor network, data is
mostly sunk into a central node or the base station. Ience we can say that sink nodes acts
as a data aggregator and shoulders maximum of the workioad. Therefore it is' very
important to minimize the power consumed by the sink node because if the sink node will
crash, entire network will die out. Realizing the importance and dependency of sink node
on entire network, we have considered the performance and evaluation of sink node. For
both protocols i.e. LAR and DSDV, we have taken the values and readings tor the sink
node especially. .

As discussed earlicr there are number of sensor network simulators which provide
different set of services. As our main focus is on power savage. we will just consider the
simulators which provide some sort of services for power calculations. Some of the
famous stmulators do not cater the power calculations inherently. Some incorporate
power usage but do not appear to be validated against actual hardware applications.
PowerTOSSIM is the only sunulation tool for the TinyOS applications which performs
well for scalable nctwork and gives an accurate per node power estimation.
PowerTOSSIM includes a detailed model of hardware energy consumption based on the
Mica2 sensor node platform. In PowerTOSSIM, TinyOS components corresponding to
specific hardware peripherals like the radio, EEPROM, LEDs, CPU, ADC and Schnsor are
instrumented to obtain a trace of cach device’s activity during the simulation run. To the
best of our knowledge, there cxists no comparison between the local zed and non

localized routing algorithm using TinyOS as an operating system and PowerTOSSIM as a
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simulation tool. DSDV is one of the implemented proactive protocols in TinyOS but
performance ol nodes was never evaluated before using PowerTOSSIM. We have
mmplemented for the first time, a localized routing protocol i.c. Location Aided Routing
Pratocol and then compared its performance with DSDV using PowerTOSSIM as a

simulation tool.
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5. Implementation

This chapter will list all the components and interfaces used by the two applications. One
is larl 0.4 and other is DSDV. Before discussing the details of components and
interfaces, it is important to tell the method of reading and analyzing the component

graphs which will be listed for the specific application.

A ]—
------- RO,
B furc:f ’®

Figure 5-1: Help of Component Graph

In Figure 5-1, the first part shows the situaiion when A requires interface 1 and B
provides 1. For this purpose A and B arc wired together. Second part of the ligure
explains when C and D both require or both provide J. 'The direction of the arrow
indicates that the original wiring is "C = D". Third part of the figure shows when E

requires a {unction fand I' provides {unction .

5.1. Application # L: larl_0

Application # 1 i.e. lar]_0 has used the components at different levels. First level is the
list of components coming under the umbrella of the application. Second list is about the
platform specific components. In our case it is PC and not others like mica2, mica. Third
list is about the System specific components. We will discuss in detai) each hst in the

following sections.
5.1.1. Components used by Application

This section will include the components graph for the entire application as well as the
component details and their functionalitics. Interface with their description will also be

discussed in this section,
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NoUART, SingletlopManager M, 1Flood, {FloodM, lar] _OM,
SysTumeM, PromiscuousCommNoUART, Singlct lopMuanager, SingleTimer,
SingleTimerM and larl_0 are the main components used by the application..Each
component may have the list of interfaces provided, interfaces required, Function Index

and its own Component Graph. Now we will discuss each component in detail.

a) larl_0

Sy=Time @@
Recerve

’ Heceive

S1dContiol ™

IFlood"
StdContiol _,..‘
o Send
StedContial
Senrl
Leds
StdContin —_—
Random @)

\ Tuner W/

M@

Figure 5-2: Component Graph

b) tarl _OM

Required Interfaces

Major interfaces required by application#f | are:

+ ‘Vimer and SysTime to generate system time twice.

*  Send and Receive to send and reccive route requests aud route replies.

- StdControl to provide the maitial and final control

Variabies

Three Message Bufters of type TOS _Msg were declared and used while two message
pointers of type TOS_MsgPtr were also used. Structures for LAR_Rreq_Msy and
LAR_Rreply_Msg were defined by us according to the algorithm requirement. Besides

all these, number of variables was declared to fulfill the protacol needs like:

+uint32_t timed{ 1000]

-
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uint32_t timel[1000]
+ uint8_t ExpectedZoneRange] 1000]

Function Index
command result_t StdControl.init (void)
This is an initialization command.
void calRZone(int nodel, int node2)
This function calculates the request zone as required by LAR scheme I,
uint8_t sublinkload(TOS_MsgPtr msg, uint8_t **buf)
It gets the pointer to the TOS_Msg data.
uint8_t linkload(TOS_MsgPtr tosmsg, uint8_t **flood)
It gets the pointer to the SHop_Msg data.
uint8_t larload(TOS_MsgPtr msg, uint8_t **lar)
It gets the pointer 1o the Flood_Msg data, i.e., actually the LAR RREQ message.
void getLARPtr (TOS_MsgPtr rrqMsg)
It gets the pointer to the LAR_Rreq Msg.
task void sendRreq{void)
This 1s a task for sending the route request
task void frwrdRreq(void)
This task forwards the route request.
task void sendRreply(void)
This task sends route reply.
task void frwrdRreply(void)
This task forwards the route reply.
command result_t StdControl.start (void)
This command starts the necessary controls.
command result_t StdControl.stop (void)
This command stops the necessary controls.
event result_t Timer.fired (void)
This event [ires the timer.
event TOS_MsgPir RecciveReq.receive (TOS_MsgPtr pMsg, void *payload, uintl6_t
payloadLen)

This cveul receives event for both reute requests and route replics.
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event TOS_MsgPtr RecciveRreply.receive (TOS_MsgPtr pMsg, void *payload. uintl6 t
payloadLen)
This event is lor an intermediate node.
evernt result_t SendRreq.sendDone (TOS_MsgPtr sentBulTer, bool success)
This is a send done cvent for sending route request.
event result_t SendRreply.seudDoune (TOS_ MsgPtr sentBulfer, boo! success)
This 1s a send done event for sending route reply.
void getLARPtr(TOS_MsgPtr mgMsg)
This function gets the pointer 1o the LAR_Rreq _Msg. This is a wrapper {unction

over the payload functions.
c) NoUART

Provided Interfaces

StdControl, SendVarLenPacket, BareSendMsg and RececiveMsg are thc major

interfaces provided by this component. .

Function Index
Besides normal send, major function of this component is:

command result_t SendVarLenPacket.send (uint8_t *packet. 2int8_t numbytes)
d) PromiscuousCominNoUART

Required Interfaces

result_t sendBDone(void)

Provided Interfaces

Major interfaces provided by this component are: CommControl, SendVarlLenPacket

SendMsg and ReceiveMsg.
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Figure 5-3: Component Graph

e) SingleHopManagerM

Required Interfaces

Major interfaces required by this component are: CommControl, SendMsg, ReceiveMsy

and Payload.

Provided Interfaces

Major Interfaces provided by this component are SequenceNumber and NetStat.

Function Index

Major functions are:

event void SequenceNumber.updateSeqNum  (wsnAddr  addr, uini8_t segNumy}
command uint[6_t NetStat.sentMessages (void)

command uint16_1 NetStat.reccivedMessages (void)
f) SingleHopManager

Provided Interfaces

This component provides the major interfaces of Payload, SequenceNumber and

SingleHopMsg.
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g) SingleTimner

Provided Interfacces

Two interfaces i.e. Timer and StdControl are provided by this component.

.
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StdContinl -’
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e —

Figure 5-5: Component Graph
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h) SysTimeM

Provided Interfaces

This component just provides the interface for SysTime.

Function Index
‘This component uses two [unctions to get 16 and 32 bit system times so that the returned

vales may be used to calculate the expected zone for LAR.
i) IFlood

Required Interfaces

result t radioldle(void)

Provided Interfaces .

Major interfaces provided by this component are Send, Receive, Intereept.

SingleHopMsg, MultiHopMsg and FloodMsg.
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i IFloodM

Required Interfaces
StdControl is to initiate and stop the controls.
RoutingControl, Payload, SendMsg and ReceiveMsg arc used to perform basic

flooding mechanism.

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyOS ; 47



Chapter 5 Implementation

Provided Interfaces

Main interfaces provided by this file are Send, SendMHopMsg, Reecive, Intercept.
MultillopMsg and FloodMsg.
result_t singleHopRadioldle(void)

Function Index

Major functions used by the module files are: getFloodPtr, all functions provided by

MultiHopMsg, FloodMsg.getSequenceNum, FloodMsg.getTTL, Intercept.intercept.

SendMHopMsg.send TTL command prepares a message for transmission using the

flooding protocol and sends it.
Functien Description
task void retryForwardFloodMsg(void)

This procedure handles the processing of an incoming flooded message received from a
neighbor. It compares the message against the packet signature cache and rebroadcasts if

TTL > 0 and returns a free message pointer.
5.1.2. Componcents Used By Platform i.c. pe

Following are the camponents which are specilic for the pe platform and can be studicd
in detail by going through directory tos/platform/pe.

ChannelMonC ,HPLClock, ChannclMonC HPLClock ,HPLPotC , InjectMsg, LedsC.
LedsM, HPLPowerManagementM , UARTNoCRCPacketM , MicaHighSpeedRadioM,
UARTFramedPacket, RadioCRCPacket, RadioTimingC,SecDedEncoding, SpiByteFifoC,
PowerStateM, TimerC , Nido, Main

5.1.3. Components used by System

Following are the components which are specific for the pe platiform and can be studied
in detail by going through directory tos/system.

e  AMPromiscuous

e ClockC

e CreFilter
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GenericCommPromiscuous

NoCRCPacket
NolLeds

PotC

PatM
RandomL.FSR

Time

5.1.4 Interfaces used by Application

Following is the list of the interfaces used by the application components mentioned

above. This section will bricfly list the purpose of the used interfaces.

Table 5-1: Interfaces used by Components in the Application

Interface Name

b
Purpose

BareSendMsg.nc

Functionality for sending a raw packet bufler; unaware
of message structure (besides length). This is in-contrast
to SendMsg, which takes parameters for message

headers.

b)

ByteComm.nc

A byte-level communication interface. It W
receptions and provides a split-phased byte send !
interface. (xByteReady stales that the component can
accept another byte in ils queue to send, while txDone

states that the send queue has been emptied.

Clock.nc

The hardware clock interface.

CommControl.nc

This interface defines commands for controlling aspects

of the communication layer.

HPLPot.nc

Interface to a variable potentiometer. Calls to increase
and decrease muslt be actualized with a call to finalise.
Because this is a direct hardware interface, it does not
maintain state; checks for potentiometer bounds must be

performed by a higher-level interface.

_

Intercept.nc

Signals that a message has been received, which is

supposed to be forwarded to another destination.
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g) Leds.n¢ Abstraction of the LEDs.

h) Pot.nc The Pot interface allows wusers to adjust the
potentiometer on the input to the RFM vadio which
controls the RF transmit power or connectivily range.

i) PowerManagement.nc | Adjust the power state of a component.

1) Random.nc This is the interface to a simple pseudorandom number
generator. Currently this interface is implemented by the
RandomLFSR, which uses a linear feedback shift
register to generate the sequence and mote address (o
initialize the register.

k) Receive.nc Received a message buffér addressed.

I) ReceiveMsg.ne TinyOS AM packet reception interface.

m) | Send.nc Send a message buffer with a data payload of a specific
length.

n) | SendMsg.nc Basic interface for sending AM messages. Interface to
the basic TinyOS comumunication primitive,

0) SendVarlLenPacket.nc | Interface for sending arbitrary streams of bytes.

p) StdControl.nc The TinyOS standard control interface. All componcnl?
that require initialization or can be powered down
should provide this interface. start() and stop() are
synonymous with  powering on and ofl, when
appropriate. On boot. the init() of all wired components
must be called.

qQ) SysTime.nc This interface provides access to a (ree-running CPU
timer that is started at startup. The current value of this
timer is NOT supposed to be changed. On the MICA2
platform the current implementation uses a 1/8 prescaler
that results in a 921.6 KHz clock frequency.

r) Timer.nc This interface provides a generic tinter that can be usced

to generate events at regular intervals.
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5.2. Application #2: DSDV

This application was available in the contributed code provided by TinyOS. Application
uses some of interfaces provided by the contributed code as well as the interfaces
provided by the TinyOS. Basic functionality of DSDV is matntained i a library provided
by contributed code, We will discuss only the application specific components and

interfaces.

5.2.1. TraceRouteTest

StiContia] StdContiol ’Q_@
Srieonitg Y
WRN_Main TraceRout:TestM p_ StdControl

DSDV_Quality

Figure 5-7: Componemt Graph

5.2.2. TraceRouteTest

Required Interfaces

Major interface required by TraceRoutTestM is only of StdCountrol.

Provided Interfaces

Major interface required by ‘FraceRoutTestM is only of StdControl.

Function Index
Major functions only include the init { ), start ( ) and stop { } functions provided by

SudControl,
5.2.3. DSDV_Quality

Required Interfaces
Major interfaces required by this interface are Send, Receive, lntercept, SingleHopMsy,

MultiHopMsg and DSDVMsg.
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Figure 5-8: Component Graph
5.2.4. DSDV_Core

Required Interfaces
Major interfaces required are RouteUpdate, SendMsg, Payload and ReceiveMsg.
Provided Interfaces

Major interface provided by DSDV_CORE is Settings.

Function Index

Major functions used by this component are the one provided by StdControl,SendMsg

which is a Basic interface for sending AM messages. Besides this, functions of interlace
ReceiveMsg and Timer are used.
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5.2.5. DSDV_PacketForwarder

Required Interfaces
Major interfaces required by this component are SingleHopControl, SendMsg.

ReceiveMsg and Payload

Provided Interfaces

Interfaces provided by this component are Send, Receive, Intercept and MultitlopMsg.
5.2.6. DSDV_QualityMetric

Required Interfaces

Only two interfaces are required by this component and they are Leds and

SphereSettings.

Provided Interfaces

RouteUpdate and RouteLookup are the two major interfaces provided by this

component.
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Figure 5-9: Component Graph

5.2.7. EncrgyMetric

Required Interfaces

SequenceNumber and SphereSettings are the two major interfaces required by this

component.
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Provided Interfaces
Neighbors, NeighborQuality and Piggyback are the interfaces provided by this

interface.
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Figure 5-10: Component Graph

5.2.8. PowerStateM

Require Interfaces

PowerState is the only interface required by the component PowerStateM.

Function Index

List of functions includes the function for mica2 hardware i.e. separate functions arc
implemented for ADC, LEDS, Sensors, Radio state, CPU state, EEPROM. Each function
used the commands provided by interface PowerState which is an interface for the

PowerState functions.
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6. Results

This chapter describes the simulation parameters and simulation results obtained after

implementing the protocols in.TinyOS.
6.1. Simulation Parameters

TinyOS gives the freedom to select the number of nodes in a network hence we started
with 10 nodes in a network and simulated till 50 nodes. However, to cross check the
scalability of PowerTOSSIM as well as the energy savage by greater number of nodes.
we have simulated till 100 nods. Figure 6-4 depicts the results. Mote 0 was selected as a
default sink node and performance of the protocols was compared using the average
values of the sink node i.e. mote0. Duration of each simulation run was 35 virtual
scconds. 20 simulation runs had been carried out. Energy model for mica2 3], provided
by PowerTOSSIM, was considered. This model compules the energy consumed by the
radio, CPU, EEPROM, ADC, sensors and LEDs separately for cach simulated mote. At
the end, it gives the total energy consumed by the mote. For DSDV we used the
contributed code which was available with TinyOS version 1.x [15], whereas LAR

scheme 1 was implemented by us in the same TinyOS version.
6.2. Simulation Results

Averages values for the sink nede in case of LAR and DSDV was considered lor two
types of results. In first case, average enerpy consumed by the sink node, in each of the
selected protocol, was considered where as in second case, average power saved by LAR

and DSDV was catered. Both the cases will be discussed in the section below.
0.2.1. Average Energy Consumed by Selected Protocols

Figure.6-1 shows the energy consumption of the sink node in case of both LAR and
DSDV. Average values of energy were plotted against the number of nodes in the
network. The results indicates that LAR consumes less power as compared to DSDV duc
to 1ts location based routing scheme. In LAR, flooding is confined 1o the number ol the
nodes existing in request zone hence eliminating unnecessary overhead of {looding
messages (o all the nodes in the network where as in DSDV, messapes are {looded 10 cach

node in the network hence increasing the load on the sink node. Therefore we can say that

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyOS 55



Chapter 6 Results and Conclusion

when energy of the network is critical, we should adopt a routfng scheme which invoives
less routing overhead as in LAR. From simulations, it can be inferred that LAR performs
better in route establishment as compared to DSDV since it is used as and when required.
Moreover, due to the directional {looding used in the route establishment, it performs

better than DSDV that uses periodic route updates.

600 -
] e —
E 400 [- - — - — - - - T s 2
;% 300 ’/,4—.'———0—'—“ ;
£ 200 . 3
- I
100 E
0 | !

10 20 30 40 50 ‘ —e— LAR
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Figure 6—1: Average encrgy consumed at Sink Node by LAR and DSDV

6.2.2. Average Energy Saved by Selected Protocols
Figure.0-2 illustrates the percentage of average power saved by LAR against difierent

node densities where percentage is calculated as:

Power used by DSDV — Power used by LAR
Power used by LAR

The results indicate that power consumption is directly proportional to the number of the
nodes in the network. Therefore the percentage of power saved is more at less number of
the nodes and vice versa. It can be inferred from these results that LAR saves 59% of
available energy for a small sized network. As the network density increases, energy

savage by LAR decreases by approximately 7% and drops to 52%.

Location Aware Routine Protocols for Mobile Ad hoc networks in TinvOS 56



Chapter 6 Results and Conclusion

o
o

o
th
&

Percenrage difference of energy
[=] (=]
8 2
1
LY

o
&
AN

=)
o
|
1
|
|
i
|
1
!
)
|
|
!
]
il

o
>
[+-]
|

1

1

|

I

|
i
4

\

'

i

10 20 30 40 50
Number of Nodes

Figure 6-2: Average energy saving in LAR for different node densities

On the other hand, as illustrated in Figure 6-3, the energy conservation is about 37% in
case of DSDV for a small scale network. However, this value drops about 34 % for a
medium sized network topology, which in contrast to LA'R is a relatively less variation.
These statistics show that LAR conserves more energy, i.c., approximately 22% for small

scaled networks and 18 % for medium scaled networks as compared to DSDV.
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Figure 6-3: Average energy saving in DSDV for different node densitics

Figure 6-4 depicts the comparisons of the percentages of energy saved by both LAR and
DSDV. Number of nodes ranged from 10 to 100. The results shows that percentage ol
energy saved reduced with increase in number of nodes. However, energy saved by LAR

is still more as compared to DSDV. There is almost a difference of 12% between the
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energy saved by DSDV and LAR. From the results, it is also proved that PowerTOSSIM

scales well as the number of nodes increases.
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Chapter 7 Conclusion and futiire Erthaticements

7. Conclusion and Future Enhancements

This chapter contains the conclusions drawn form our research work. Furthermore i

narrates our future plans for enhancements.
7.1. Conclusions

In the thesis, we compared the performance of LAR, a localized ad hoc routing protocol,
with DSDV, a non localized routing protocol, by characterizing them to a sensor network
scenario. The LAR prqtocol utilizes the location information for the mobile hosts to
reduce the search space for a desired route. As a result the overhead of route discovery
can be reduced. The location information may be found by using the global positioning
system. LAR is fully distributed where message flooding is only directional and
according to pre- calculated request zone area while in DSDV message is just {looded o
all the neighboring nodes. We have shown by simulation results that perforinance of LAR
protocol in terms of energy consumption is better as it consumes less energy. However,
the performance of said protocols for large scale networks is still to be analyzed. In
addition to this, we intend to explore the effects of nodes mobility on the performance of

LAR and DSDV in TinyOS using Power TOSSIM as a possible future work.

7.2. Future Enhancements

We plan to implement second LAR Scheme, LAR 1, and compare its performance with
LAR Scheme 1 where cnergy conservation will be the metric. Further, we intend to

compare both LAR schemes with DSDV.

Beside this, we intend to expand the horizon of our research work by bringing more
location based protocols under the concerned umbrella and then comparing their
performance with pon localized routing protocols as well as among cach other. The

performance criteria will be energy consumption by the concerned nodes.
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Code Screen Shots
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A.2. Screenshots of DSDV )
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Appendix B

Mica2 Data Sheet

B. Data Sheet of Mica2 Mote by Crossbow

MICAZ

WIRELESS MEASUREMENT SYSTEM

+ 3rd Generation, Tiny, Wireless
Platform for Smart Sensors

+ Designed Specifically for Deeply
Embedded Sensor Networks

*>1 Year Battery Life on AA
Batteries {Using Sleep Modes)
‘Wireless Communications with
Every Node as Router Capability
* 868/916 MHz Multi-Channel
Radio Transceiver

» Expansion Connector for Light,
Temperature, RH, Barometric
Pressure, Acceleration/Seismic,
Acoustic, Magnetic and other

Crossbow Sensor Boards

Applications

« Wirefess Sensor Networks

* Security, Surveillance and
Force Protection

* Environmental Monitoring

» Large Scale Wireless Networks
(1000+ points)

+ Distributed Computing Platform

51 -Pin Expansion Connector ‘I

“Logger
Flash
]
At
ena 2
Frocessor
Analeg ¥O
Digital ¥O
L4
;
.| Tomable Frequency
LBCX # Radle
Convec bor -

HPR400 Block Exaoram

MICAZ

The MICAZ Mote
is a third
generation mote
module used for
enabling low-
power, wireless,
sensor networks. The MICA2 Mole

client user interface for analysis

features several new mprovements and configuration.

over the original MICA Mote. The

following features make the MicAz Processor and Radio

better suited to commercial
deployment:

+ 868/916 MHz multi-channet
transceiver with extended range
-Supported by MotleWorks™
wireless sensor network ptatform
for reliable, ad-hoc mesh
networking

» Support for wireless remole
reprogramming

* Wide range of sensor boards and

data acquisition add-on boards

MoteWorks enables the
development of custom sensor
applications and is specifically
optimized for low-power, battery-
operated networks. MoteWarks is
based on the open-source TinyQOS
operating system and provides
reliable, ad-hoc mesh networking,
over-the-air- programming
capabilities, cross development
tools, server middleware for

enterprise network integration and

Platform (MPR400)

The MPR400 is based on the
Atmel ATmega128L which is a low-
power microcontroller. It runs
MoteWorks from its internal {lash
memory. A single processor board
(MPR400) can be configured to run
your sensor application/processing
and the network/radio comm stack
simultaneously. The MICA2 51-pin
expansion connector supports
Analog Inputs, Digital /0, 12C, SP1
and UART interfaces which make it
easy to connect to a wide variety of

external peripherals.
Sensor Boards

Crossbhow offers a variety of
sensor and data acguisition boards
for the MICAZ2 Mote. All of these
boards connect to the MICAZ via
the standard 51-pin expansion
connector. Custom sensar and
data acquisition boards are also

available.
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Appendix B Mica2 Data Sheet
Protessat Ratlk Baat ReMPRA TUCH IR RSnIES gt
Processor Perfonnance
Program flash Memory o Jlnz-g;(—byles
Measurement (5etial) Hash 512K bytes >100,000 Measurernents.
Configuration EEPROM JK byles .
Serial Commusnications UART 0-3V ransmission levels
Analog to Digital Converter 10 bit ADC 8 channel, 0-3V nput
Other Intertaces Do 2C.sA
Current Draw 8 mA Active made

<15 A Sleep made
Muhti-Chanmel Radio
Center Frequency BERD16 MHZ 15K bands
Nurmber of Channels 4 5 Programmable, country specific
Data Rate 38.4 Kbaud Manchester encoded
RF Power -20 to +5 dBm Programmable, typical
Recerve Sensitivty <98 dim Trokal, analog RSS) at AD Ch. O
Outdoor Range 500 fi { 174 Wave dipoe, fine of sight
Cyreent Drany 27 mA Transmit with maximum power
T oma T R
< 1 A o Slezp
Electromechanical
Battery 2X AA batteries Attacked pack
External Power 27-33V Lonnector provided
User Interface 3 LEDs User programmable
Sze  {in) 225x1.25x0.25 | Excluding batlery pack
(n'_im) S8x32x7 Exchuding battery pack
\Weight {0z) 07 Excluding batteries
{arams) 18 Exchding hatreries
Exparsion Connector 51-pn All major O signals

Notes: Specifications subject to change without notice

Base Stations

A base station allows the aggregation of sensor network data onto
a PC or other computer platform. Any MICA2 Mate can function as
a base station when it is connected to a standard PC interface or
gateway board. The MIB510/MIB520 provides a seria/USB
interface for both programming and data communications.
Crossbow also offers a stand-alone gateway solution, the MIB600

for TCP/IP-based Ethernet networks.

Ordering Information

o

P S

Déstption;

i Sum—

WSN-STARTO00CA

MICA2 Starter Kit 868/916 MHz

WSN-PROS00CA MICAZ Professional Kit 868/916 MHz
MPR400CB 868/916 MHz Processor/Radio Board

Location Aware Routing Protocols for Mobile Ad hoc networks in TinyOS
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Investigating Energy Consumption of Localized and
Non Localized Ad hoc Routing Protocols in TinyOS

.o N N e . 3 . . 4
Saadia Khan', Salma Basharat®, Malik Sikander Hayat Khival® and Shoab Ahmad Khan
Dept. of Computer Sciences, Faculty of Applicd Sciences. tnterational Istamic University, 1-10 Iskinabad, Pakistan!
Centre for Advanced Studies in Engmeering (CASE), Ishunaba, Pakistan'.

Abstract-This paper characterizes two ad hoc comting, protocabs
LAR and DSDV for sensor arca networking on Tins QS To the
best of our knowledge nto such comparison of these sclected pro-
tocels is being made on TimOS, an cvent driven companent
based operating system for cmbedded sensor networks, Eaergy
utilization in mobile ad hoc networks or sensor networks is a
major concern. Minimizing encrgy in terms of payluad, batrery
power, CPU and memory utilization at 2 node are imporcant
factors that decide the potential of a routing scheme. This paper
presents the comparison of the mentioned protocols on the huasis
of energy befng consumed by the whole actwork. The scenario
considerced was the one in which the whole information was gath-
ered at one node, i.e., the base station or the sink node of the net-
work. Wesults indicate that LAR performs better than DSDV,

Keywords: Ad hoce networks, Localized, Non-Localired, Sensor
networks, Encrgy consumption.

1. INTROIUCIHON

Mobile computing is the foundation of present age comnui-
nication systems and they range infrastructure based wireless
networks to infrastructure-less wireless networks, having a
wide variety of commumcation devices acting as nodes. An
“*Ad-Hoce Network™ is a decentralized network of autonomous
mobile nodes able to communicate with each other over wine-
less links. The topology of the network may rapidly be clhiang-
ing duc 1o the mobility of the nodes, making it impaossible 10
use conventional routing tables maintined ot routers. Tow-
ever, in ad hoc networks each node acts as a router as well w
determine the best routd to a given destination node, Duge to
dynamicity in topology, route establishment m ad hoce net-
works differs significantly from the static routes in wired net-
works. Morecover, nodes may have different capabilities and
may differ with respect to signal strength. availuble power,
reliability ete,

Ad hoc networks are categorized as Mabile Add Hoo Net-
works (MANETS) and Wireless Sensor Networks (WSNs A
WSN consists of a nunber of sersors spread across a geo-
graphical area with cach sensor laning wireless cammunica-
ton capability and seme level of inelligence fn sl proc
essing and networking of the data. WSNs sire chatactenzcd
by large number of sensors, network self-oreanization, col-
laborative signal processing, querying ability and low cncies
usapge | 1]. .

Nowadays most of the tesearch and development w the
Teld of ad hoe networks s focased around makiag thens vost

-4244-0794-X/06/320.00 ©2006 \EEE

clicetive, rehiable, eilicient and practical in tenms of rouling
und deplovment. However their diversiy poses nany chal-
lenges in making routing decisions. Routing sehemes for ad
hoc networks are mainty categorized as reactive. proadine,
and hyvbrid.  Further more they are also categonized on the
basis of geographical position of the node such as the one pro-
vided by GPS or other meehanisms. Location aware or posi-
tion based routing protocols come under this umbredla | 2] An
I's aid

imparnt challenge in designing protocols lor MANIE
sensor networks his been the probleny of energy conseiv it
Inergy is valuable 1o any network that has nodes wals d
battery power. The power dissipation in i network s doe to
the power consumption at difTerent entities of the nenwok
Many schemes have been proposed which hamdle power s
my at routing baver, link layer ete. Examples of the cost fune
tion may be the enerpy metrie based on the end-to-cid delhis-
ery stweeess rate, number of packets trimsmitted and recened.
and the total number of neighbors. We intend 1o compare the
perfomianee of localized and non Jocalized rputing algornms
in TinyOS [3), specifically, with respect (o the encrgy conser-
vation of whole network.  Energy of the entire network de-
pends on those nodes which shoulder the maximum Joad wud
serve is dabin apgregators, n sensor networks, sueh nodes are
known as sink nodes, as they gather all the sensor inlormuation
ol the network. The sustenance of the sk node is crucial 1o
the network due to the faet that if the sink node crashes. whole
network will eventually break down.

Mhere are multiple power aware roate selection protocols
but to vur best knowledge, there is no such comparison which
nvolves performance comparison of above mentoned prote-
col citegorives using TinyOS and having energy consers ation
ol the whole network as the metrie,

The o selected protocols were Location Aaded Rouunng
(LARY [4] and  Pestnation Sequenced Vector Rounng
tHSDHVY |5

Lhe paper s organized as lollows Scetion 1 gives & bt
account of the plattorm and environment used tor simulation.
Sectiion D deseribes the routing
performance analvsis, Section [V discusses refated work. The

protocels  used  for

smulition stinsties amnd results are explnned i secnon v
whitde section V1 concludes the analysis,
L SIMULATION BNV IRONSIEN

The sinubtion eovitonment used is Tiny OS [ 3] wheh s a
camponent bised, event driven, embedded operating sy siemnn



[T

 position information only tu sctup route iy more eificient
per than DREANM.

1[14], paper describes a practical application ot maderate-
e ad hoc sensor networks. While this application vouid be
bled by a fixed infrastructure. technigues for reducing
ket loss, including quality-based routing and passive ac-
wledgment, at link and network fuver, are eaplored i O
er. Three variants of DSDV pratocol: straizin DSDV.
DV with asymmetric Hok detection. and DSV with hnk
lity monitoring are studied and the apphications are imple-
nted using TinyOS. Results of 24 and 48 aode experinents
v that both the guality-based routing and asyugetoe hnk
cction become less effective at reducing the packet foss rate
ihe size of the network increases.

Voo SivuLatioN REsuLas

Number of nodes in the network was chosen o be 1.
.30.40,50 while mote0 was trken as a sink node for all the
nulations. A total of 20 simulations were carried out w e
» duration for each simulation rut was 35 viral seconds,
e used the energy model for mical mote, provided by pos-
TOSSIM [13]. This model computes the energy constimed
; the rdio, CPU, EEPROM, ADC, sensors and T EDs sepa-
At the end, it gives the total

tely for cach simudated mote.
Sor DSDY we used the coe

rergy consumed by the mote. |
ibuted code which is availubie with Tiny OS version RS LRIA
hereas LAR scheme 1 was tmplemented by us.

Fig.1 shows the cnerpy consmnption of the sk pde s
ase uf both AR and DSHY. Average values of enctgy waw
lomted against the number of rodes an the netwark  LThe 1e-
ults indicates that LAR consunmies fess power ax compaied 1o
ISPV due to its location based routing schusne In LAR.
looding iy confined 1o the number of the pades existing m
equest zone hence eliminaling unnecessary. i erhead of
looding messages 1o al the nodes the network where asm
ISDV. messages are (Tooded to cach node 1o tie netwotk
Theretore we can

wence increasing the load on the sink node.
we shoubd

Ay that when encrgy of the petwork s cnueal.
wdopt a routitig scheme which involves less routing ovethead
1 in LAR. From simulations, it can he inferted that LAK
performs better in route establishment as compared 10 PDSDA
since it is used as and when reguired. Moreover. due the
directional Nooding used in the route extablishmeni ot per-
forms better than DSDV that uses perindic route updates.
Figure.2 illustrates the percentage of average power saved

by LAR against different node densitics here percentage s
calculated as:

Power used by DSDV - Power used by LAR
Power used by LAR

The results indicate that power consumption is directhy pro-
partional 1o the number of the nodes in the network,  Fhere-
plure the pereentage of power saved is more an los number il
the nodes and vice versa, 1t can be interred from these results
hat LAR saves 59% af avadable encrgy for o sl sezed

netw otk As the getwark deasity morcases, Covigy s
LAR decreases by approximitely 7% siid drops o

age

im

= i
RIS

the other land, as Hlustrated in Frgo 3, the energy canservaiion
i abaut 37% in case of DSDV for a simalf seale netwuth
However, this vadue drops about 3 %o tor o medinn sized

netw otk topology, which i contr.

ViFLation
energy . e approximately 22

ast fer LAJ i s rclatinedy Tess

Lhese statistivs show that LAR comserves mote
170, fur stadl seuted tetworks und

13 7w for icdiany scaled netwutks as companed Lo DSDYV

)
i noG . - - - -
‘:: RALY)
D 300 g BUNEEES S5
E 200
100
o
10 20 36 M L
Sipnbwr ot nedes - TR

Fig 1 Ascrage ciergs comatinnd a1 Sinh Node by AR sl DS

(TN
oA
"t
9~

IR

o

[ T LTI

in

masebae ad ek s

i X Wacnape vicegy sanany LA Lo deiesent ek e

o

EEETRE N

. AT 0\\-

v i ! Ny

EETER e

g ~e -

Loonsa g -

= .

- n oL

,1 [T

- b ML Lty Hy ~AY
RMTITYS DRSYRTS QYN KON

Pie 3 dacnage clcIpy s PN bt i Terg it ok denstbn

VI CONCEGSIHON AND L TCRE RORK

[ thes paper. we compared the pertoranmee af LAR. a o
caltzed ad hoe touting protocol. witft DSDV tor-lociheed
tounnyg pratacel, by clarscterizing e to 4 seisot ietwak
wenario, LAR is fully distributed where message Hooding
only direcuonal amd according to pre- cabvaditted seguest sote
area winle 0 DSDV message s just floaded o al e
nerehiborsg nodes. We hase showi by sunultion vesttits





