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Abstract

The use of communication network is a major comporé development to improve

living standard of people. Deployment of wirelesstworks in the developed and
developing countries differs in terms of its growtlhe digital division has created a gap
between developed and developing places, courmneésegions.

Wireless mesh networks are the emerging area adless communication networks.
Recent use of wireless mesh networks in the demoymf communication networks
shows, it has great potential to be used in thal rareas as a cost effective solution.
Remote and rural areas of developing countries Nkpal have difficult geographical
and economical condition. So, cost effective sotutwith proper planning before

deployment is required.

This study, focused on the planning of wirelesshmestwork as a cost effective solution
for the rural areas, especially to find connecyiyiattern (the topology) of each locations
in the rural areas. The major findings showed theg based topologies with point to
multipoint links are suitable for minimizing the stoand effort to deploy networks in
rural areas. Tree based topologies are also seitaldive flexibility to the advancement
of deployed networks on these topologies.
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Chapter 1
Introduction

1.1. Introduction

Communication Network is a collection of computargl other communication devices
connected via communication media that allows slgaof data, information and other
resources. Network can be of any size and of vgryomplexity. Communication

networks have become part of life in modern soci€®gcent progress in use of
communication networks has changed the environamenthich people’s requirements
are fulfilled. Now a day’s people are dependentommunication network to perform

every task to fulfill their requirements.

There has been a huge development of internet i@l communication based services
in the last two decades. However, this developmgntonfined to only developed
countries and metropolitan areas of developing t@m This is really unfortunate for
the developing county like Nepal, where the mayooit population is still living in rural
areas and is out of the reach of communicationdbasevices and technologies. In other

term there is a digital divide between people mrakareas and urban areas.

The use of communication based services and teofjilesl could have improved the
different aspects of life of the people in the tuesieas. But there is s lack of
communication networks in the rural areas. The lzak created a gap between rural and

urban people in using communication based seraonddechnologies.

One way of bridging this gap between people isrtwige internet connectivity. This can
be achieved cost effectively by establishing nekwoith nearest developed part in the
region. Connecting rural areas with wired netwoekas a lot of investment and time, so
wireless system could serve as good alternativeormptDeployment of wireless
networking in some rural areas has shown significaprovement in the life style of

people [1].



Even though, there is a encouraging sign of wisetetworks deployments in rural and
remote parts, they lacks systematic way of plannwvigeless networks before the

deployments.

In urban areas the wireless network has moved @peatiead. There has been a trend to
deploy wireless mesh network instead of wireleds/orks for the reliability and quality

of service. This trend to deploy wireless mesh pet& can be passed into the rural and
remote areas for the connectivity with low cost amdess time and can be modified in

future for the advancement of the networks.

The deployment wireless mesh network requires tesyic planning of the network.
Formation of topology of networks is a major pafritlte systematic planning, since it
defines the connectivity pattern of communicatiavides or the location in the rural

areas.

This work contributes to ongoing research procesthé area of planning process for
wireless mesh network deployments. It focuses om lgations in the rural areas are

connected to form a network, defining the topologyetwork.

1.2. Motivation

The motivation behind this study is the recentdram the deployment in the wireless
mesh networks. These deployments have shown thdis@t impact on improving the
different aspects of life of people. These deployts@re used to bridge the digital divide
between the developed and developing areas. Dewelapin the information and
communication technology is concentrated mainlythe developed country and the
urban part of the developing countries like Nepedploying the wireless networks in the
remote parts will allows the peoples to get th@weses or the essential services through
the networks. Connected topology pattern is theomamt part to plan the deployment of

wireless mesh network in the rural areas.



1.3. Objective of the Study

The specific objective of this study was to dese@nd to analyze a rural wireless mesh
topology planning model for the wireless networkanping process based on modifying
the existing topologies to the date.

The general objectives of this study were stated as
- To study the wireless mesh network aettitre.

- To find out the necessity of topologymiang model for the deployments

of rural wireless networks.
- To describe the topology planning moaelrtiral wireless mesh networks.

- To assess the topology planning modéhéncontext of wireless networks

deployments in rural areas.

1.4. Significance and Limitations of the Study

This study focuses on the physical topology plagnof the rural wireless mesh
networks. This also introduces the basic conceggedaated with the wireless mesh and
its architecture. This presents a topology planmmaglel and assesses it in the network
scenario. Hence, this study will serve as a bugdifock for the topology planning for

rural wireless mesh networks.

Every research work has to face some limitatiodse main problem with this work is
unavailability of the test-beds and the physicadortgces. So, this study uses the
simulation environment. This study was completethwia confined time with limited
resources. However, we had tried to make everyilpbgsto carry out the study works

more accurately as far as possible rather tharbgiaty perfunctory.



1.5. Report Structure

This section introduced some idea about the comeation networks and their impact on

the life of people. In this section the brief agpEahis study is also presented.
The rest of material in this study is organize@ istibsequent seven chapters.

Chapter 2 provides background study required for the distertaln this chapter, a
brief overview of the various wireless mesh netwagkarchitectures and the conditions

under which they can be applied are presented.

Chapter 3 presents the review of the literature related i study. This chapter has

presented various literatures and discussion an.the

Chapter 4 provides the description of related terminologised for the problem solution

approach of the topology planning model for thekwireless mesh networks.

Chapter 5 presents overall solution approach for the topololgyning for rural wireless
mesh networksThe algorithmic view of rural topology planning nedéind algorithmic

assessment also presented.

Chapter 6 incorporates the implementation details of topologkanning models

mentioned in Chapter 5

Chapter 7 includes the testing and evaluation with varioust tases and their results
obtained by using the designated implementatione Btudy includes comparing

performance of implemented topology planning model.

Chapter 8 concludes our study with some remarks and futecemmendation for the

study on the planning for the wireless mesh netvad@idoyments.



Chapter 2

Background and Problem Definition

2.1  Wireless Networks

Wireless network refers to any type of computenwoek that is wireless, and is
commonly associated with a telecommunication néta/owhose interconnections
between nodésds implemented without the use of wires [2]. Wérss telecommunication
networks are generally implemented with some tygeemote information transmission

system that uses electromagnetic waves, such @swages.

2.2 Wireless Mesh Networks

Wireless mesh network (WMN) is a wireless netwowde up of radio nodésrganized

in mesh topology [3]. In WMN, information data patk can be transmitted from one
node to other nodes even though they may not benmitirect communication range.
Information data packets are routed from sourceldstinations over multiple nodes
relaying the information for other nodes which @led as multiple hopping. This has a

potential advantage in terms of network connegtiaitd reliability.

Connection to the
central location

O ¥ Nodes (Rural/Village)
Locations

Point-to-point links
O

Fig 2.1.A Typical Wireless Mesh Network

! Nodes are communication devices located at diffeyeographic locations.
2 A radio node is a communication device that uad#rsignal for communication.



2.3 Network Topology

Network topology is the arrangement of mapping efles and links between nodes of
network, especially the physical (real) and logi¢attual) interconnections between
nodes [4].The mapping of links and nodes onto plgrasults in a geometrical shape that
determines the physical topology of the networlkelwise the mapping of flow of data
between nodes in the network determines the logmablogy of the network. The
physical and logical topology might be identicalany particular network but also may

different.
2.3.1 Mesh Topology

1. Fully Connected Mesh

The type of network topology in which each of nodéghe network is connected
to each other nodes in the network with a poinpaoit link. This makes it
possible for data to be simultaneously transmifteth any single node to all of

other nodes.

O Node:

Pont to-point link
O

Fig 2.2.A fully connected mesh network of 5 nodes
2. Partially Connected Mesh

Network topology in which some of nodes of theanwek are connected to more
than other node in the network with point-to-pdiink is called as partially

connected mesh.



O «——— Node:

Y

O < Point to-point link

Fig 2.3. A partially connected mesh network of 5 nodes

2.4 Wireless Mesh Network Architecture

A wireless mesh network (WMN) is self-configuringtwork of wireless mesh nodes.
WMNs use multi hopping to transmit data packetsnftbe end user nodes to the internet
gateways and vice versa. They are characterizeselfyorganization and self healing

capabilities; a key factor for a rapid, effectiveldow-cost network deployment [5].
Nodes in wireless mesh networks (WMNSs) can play ditferent logical roles.
1. Mesh Clients (Wireless Mesh Nodes)

Mesh clients are used by end user usage and bihbe source or destination of
network connection.

2. Mesh Routers (Wireless Mesh Access Points)
Mesh routers are incharge of forwarding packetnih from the internet or other
network. A single node in the network can play batles at a same time with
mesh router providing multi-hop backhaul connetyito the internet while mesh

client act as just source/destination of netwonknaetions.

This architecture provides more flexibility to syist designers in deciding the powerful
dedicated device with specific features like mramio interfaces to perform packet
forwarding thus enhancing network performance. WMidse to be thought as access

network architecture to connect unconnected arebaais tand alone network.



2.4.1 Architecture

Depending on the hierarchy by the differentiatioh reodes functionality WMN

architecture can be classified as following [5].
1. Infrastructure/Backbone Wireless Mesh Networks

This type of network can be built using various eéypof radio technologies in
additions to the mostly used IEEE 802.11 basedeg@setechnologies. This approach,
also called infrastructure meshing, provides a bank for conventional clients and
enables integration of WMNs with existing wirelessetworks through
Gateway/Bridge functionalities in mesh routerse@is can directly connect to router

using Ethernet ports (Ports for wired cabling).

As depicted in fig 2.4, wireless mesh routers pealia self configuring and self
healing mesh backbone, providing the mesh clierite apportunities to connect

internet gateways.

Typical applications of this architecture are comitydVillage networking and in the
wireless internet service providers. The deploynwnbocust World [6] and MIT

Roof Net [7] are based on this type of architecture

I M Wireless Mesh

Backbone

L]

=

" Sensor
.+ Networks

WiMAX Networks

Fig2.4.Infrastructure/Backbone Wireless Mesh Networka(ge: [5])



2. Client Wireless Mesh Networks

In client WMNSs, client nodes organize themselve® ia flat architecture as

depicted in fig 2.5. Client nodes constitute theiakcnetwork and are responsible
for performing routing and configuration functionigls as well as providing end

user applications like internet connectivity. Henoesh router is not required for
these types of networks. Client WMNSs are usuallynied by using similar types

of radio technologies used on communication devices
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Fig 2.5.Client Wireless Mesh Networks (Source: [5])

3. Hybrid Wireless Mesh Networks

This architecture is the combination of infrastawetand client mesh networking
as shown in fig 2.6. In hybrid wireless mesh nekspr hierarchy with dedicated
mesh routers is present but at the same time dlealient communications are

enabled in order to extend coverage and robustidhe networks.



WiFiNetworks, .| TR g
Sensor Networks, OO Ty T Ty
Cellular Networks =]

Wireless Mesh Clien

Fig 2.6.Hybrid Wireless Mesh Networks (Source: [5])

In principle WMN could interface, through suitalbdgateway nodes, networks
based on different radio technologies 3G, Wi-FiEHE: 802.15, WiMax etc.
However in both academic and business environmsatgtions heavily rely on

family of IEEE 802.11 standards.

This comes from the large availability of low c@&juipment on the market as
well as “Ad- hoc” (ability to communicate with eaafther without central
mechanism) features already present. In such fashiffandards, it is possible to

obtain a mesh configuration with some minor changes

2.5 Characterizing Features of WMNs

The WMNSs are different than the conventional wissleetworks or simple networks,

since they have following characterizing featuresoading to authors in [5].

10



1. Multi-hop wireless networks

An objective to develop WMNSs is to extend the cager range of current wireless
networks without compromising the channel capadityother objective is to provide
Non-line-of-sight (NLOS) connectivity among the ®esd To meet up these

requirements, the mesh style multi hopping is ne¢@p

2. Support for Ad-hoc networking, capability of self-forming, self-healing and

self-organization

WMNs enhance network performance; because of flexdrchitecture, ease of
deployment and configuration, and mesh connectivéy multipoint-to-multipoint

communications [7].
3. Mobility dependence on the type of mesh nodes

Mesh routers usually have minimal mobility, whileesh clients can be either

stationary or have mobility within certain region.
4. Multiple types of network access

In WMNs both backhadlaccess to the internet and peer-to-peer commiorisaare
supported [8]. In addition it can be integratedwather wireless networks.

5. Dependence of power consumption constraints on thgpe of mesh nodes
Mesh routers usually do not have constraints ongp@ensumptions.
6. Compatibility and interoperability with existing wi reless networks

WMNs are compatible and can operate with othertiegswvireless networks. For
example, WMNs built based on IEEE 802.11 technelegnust be compatible with
IEEE 802.11 standards in the sense that both nmagsdbdity and conventional Wi-Fi

% Wireless backhaul is the use of wireless commtioios systems to get data from an end user to a imod
a major network such as the Internet or the prégmyenetwork of a large business, academic ingitubr
government agency.

11



clients are supported. Such WMNSs also need to teeaperable with other wireless

networks such as WiMax and other networks [5].

2.6 Advantages of WMNs

Based on their characteristics, WMNs have followiadvantages according to the

authors in [5].

1. Infrastructure/Backbone WMNSs provide large coveragennectivity and

robustness.

2. Integration of conventional wireless clients cardbae in WMNs. WMN also

enables integration of other wireless networks.

3. Dedicated routing and configuration functionalities all other clients are
done by mesh routers. So client do not need tadd@ianal configurations to

connect network.

4. Mesh routers can be equipped with multiple radios perform access

functionalities. This enables the enhancementaiffi¢rof data packets.

2.7 Application Scenarios of WMNs

Research and development of WMNs is motivated wersé applications. All those

applications are not supported by current wireteta/orks like cellular networks etc.

So, application scenarios where WMNSs are the deitals presented by authors in [5] are

described below.

12



. Broadband home networking

If access of broadband network in home is availadoie there are many places in
home where network is not accessible then mesé styiicture of every device in
home would allow broadband connectivity at any @lecchome.

. Community and Neighbourhood networking

Neighbours in the community are in a WMN and fipalbnnected to gateways to
provide applications as well as peer-to-peer ndtworthe community. In this
situation the whole community can be served throligih bandwidth requiring

applications like video applications.
. Enterprise networking

WMNs in the small office to all offices in entireuitding or a large scale
networks among offices in the multiple buildingsndae done. Expanding the

network in such cases is easy in comparison to avickother wireless networks.
. Metropolitan Area networking

WMNs in metropolitan area have several advantagks. transmission rate of
node in WMNSs is much higher than that of cellulatworks. WMNs can be cost

effective solution for the metropolitan area netkig.
. Building automation

In building, various types of electrical devicescluding power, light, air
conditioner etc, need to be controlled and monttofeurrently this task is done
by conventional wiring. WMNs can be the solutionsr fcontrolling and

monitoring the devices in the building.
. Heath and medical system

In hospital and medical centre, monitoring and ddasis data need to be

processed and transmitted from one location to rotbeations for various

13



purposes or from remotely held clinic. In such sadata transmission rate needs
to be higher. So WMNs can be deployed to achileigegoal.

7. Security and surveillance system

Security is turning out to be very high concernci8iy surveillance system
becomes a necessity for enterprise buildings, shgppalls, other public areas,

road traffic surveillance etc. WMNSs can be betteraatives in those places.
8. Rural area network coverage extension and telephongystem

Various rural areas are still not connected to sta#am information and
communication technologies (ICT). Hybrid structafeWMNs can be deployed

as cost effective solution to connect rural areas.
9. Disaster management system

When disaster strikes, disaster management teaoidshave a communication
system to coordinate work. In this situation, temapp communication system
enabled by WMN can be served to the disaster mamagieteam.

In the situation of disaster, the disaster managéream can be served form
temporary communication system enabled by WMNSs.

2.8 Planning the Deployment of WMNs

Deployment of WMNSs in the real field by setting dgvice and then modifying positions
and other parameters can be done. For remote aneladifficult terrain this is hard and

exhaustive process, so planning before the deploysi®uld be done carefully.

Authors in [9] categorically listed the differenspects of deployments in such areas.

They are as follows:

14



1. Applications and services that network provide

Before the deployment of WMNs in rural areas it iddobe clear that, what
applications and services it is going to provider Example: Internet service, Voice
over Internet Protocol (VolP) for internet phonegléFTeaching, Tele-Medicine,
Hearth training, Agricultural information etc. By&wing this target applications and

services it would simplify the deployment plannprgcess.
2. MAC protocols of devices

MAC (Medium Access Control) protocols are the uhdeg hardware technique to
forward data packets from one device to anothershibuld be clear and need
knowledge of such MAC protocols, so that it is easd decide which MAC protocol
is suitable for the type of network that is beirgplbyed. For example TDMA (Time
Division Multiple Access), CSMA/CA (Carrier SenseuMple Access/ Contention

Avoidance) are the popular protocols used for IBBE.11 standards devices [9]
3. Network management

Network management consists of performance managenfeult diagnosis and
repair. Such management is more complicated il YWINMNs because nodes located
in different geographic location are not easilyemsible and there may not be other
means of communication. Remote diagnosis and rep@roblems is very important
to address WMNSs deployed in rural areas. To hatidéeproblem there should be a

central management system.
4. Power saving in devices

Another important concern in the system for devielgountries, especially rural
areas is the electric power problems. So deviced g deployment of WMNs need
to have minimal power consumptions. The technique power saving has been
studied in [10].
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5. Network planning

Network planning has the significant importanceghe WMNs deployment. It is a
determining factor for all aforementioned aspedscording to authors in [9]
network planning for the rural areas have followaspects.

1. Connected links of nodes (The topology of network).
2. Antenna assignment for the links.

3. Channel of operation for links (channel are thedency of transmission
form one node to another).

4. Transmit power of nodes (Transmit power are thengfth of frequency

transmitted from nodes).

2.9 Problem Definition

There are many deployments of wireless networkbendeveloped countries and some
urban part of developing countries. Deployment d¥IMs in the developing country is
still minimal. Some wireless network deployment bagn done in rural areas [1,19],

but these deployment has been achieved with setfirdevices in real field with test and
adjustment method. From these deployments, we ¢arkeow that the planning in the
real field with setting up devices is hard, exhagsttime consuming and costly process.
So it is necessary to plan the network before depémt. Planning process needs to have

certain model that decides what type of netwoidoisig to be deployed.

There are many aspects of WMN planning in rurahsrsuch as topology formation,

antenna assignment, channel of operations andirbpewer of nodes [9]. The topology

planning is a process of finding cost effectiverectivity pattern of nodes. In rural areas
how the nodes in wireless mesh network are goirlgetoonnected has significant part to
plan the network.
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In this scenario this study focused to, finding temnected topology planning of nodes
and antenna assignment to that topology. Herequlestion of this research was how to
develop the WMN topology planning model that gitles suitable network connectivity

of nodes placed in rural areas while it should d& effective solution. This also analyses

the suitability of topology planning model for rura
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Chapter 3
Literature Review

3. Literature

Multi-hop wireless mesh network has been a topisighificant research. Some of the
literatures present the general overview of the VéMixd its architecture only. Some
researchers have presented the detailed topologyotanodel for WMNSs, which is

determining the connectivity pattern while mininmgi the energy strength in the

network. All these research are focused mainly¥®iNs for urban area.

This study however, focused on finding the conreetdg@ology of given set of nodes for

network planning process in the rural area.

3.1 Overview of the Literature

The early researches on WMNs were concentratedhéowireless mesh architecture.
Later on, researchers on this area get diverse mséiles regarding topology control,

power efficient and reliable deployments of WMNSs.

3.2 Detailed Survey

In this subsection, we present some of the liteestuvhich closely resemble with this

study.
Topology control approach using directional antennaapproach:

Authors in [11] presented a topology control apploaising directional antenna in
wireless multi-hop networks. The goal was to desigsystem using simple directional
antenna and legacy MAC protocols (such as 802.5eddAC protocols) and find
orientations of the antenna so that network remeaamsected. This goal was achieved by
assuming that a reasonable number of direction@naas are available on each node
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that can be oriented (statically) at will and thesing a known approximation algorithm
to create minimum degree spanning tree. Authorspeoed their solution with the

network having omni directional antennas for thaleation. Their evaluation shows that
the resultant topology of network has low interfee and network remains connected.

They conclude this as a one way to achieve maximeinvork throughput.
WMN Planning in terms of positioning mesh routers:

Study on [12] is focused on WMNs planning problemgerms of deciding mesh routers
position and configuration of network devices to deployed. It proposed a set of
optimization models based on the mathematical progring whose objective is
minimization of overall installation cost while iag account the coverage to end user
nodes, the wireless connectivity in the wirelesstriiution system, management of
traffic flows. Technology dependent issues suchdptions and interference effect are
also considered. Three resulting models: basi@rferience aware and multi-channel
described in their work. Basic model considersdix@nsmission rates for both wireless
interference and wireless distribution system dre thamed this model as Fixed Rate
Model. Interference aware model considers the impédnterference on both access
capacity and the wireless distribution system ciypaklultiple channel model accounts
channel assignment to multi-radio devices. Resalts quite similar to basic and
interference aware models in terms of installedhmaxess points and mesh routers and
links from the presented evaluation.

Topology control with two hop forest construction n multi-hop ad hoc network

The deciding parameter of multi-hop networks; Tigimout, latency and quality of
service has been studied in [13]. In this, authhoppsed a two hop forest construction of
nodes. Nodes are connected in tree structure tcansgi the forest. The evaluation of
their result shows it works with good result infamt scenarios. The approach presented
in this work, constructs the forest of by choosingreferred neighbours having highest
number of neighbours with in communication ranges & result of this work a
framework for the evaluation of routing in ad-hatwork was developed. Two modified

forest constructions approach are proposed andiestudThe proposed forest

19



constructions approaches are compared with thedatdnforest and with the plain
scheme. The comparison with the plain scheme rewealbstantial reduction of end to
end latency for significant number of nodes. THasinterpreted in terms of reduced
variability of the traffic through the nodes. Oretbontrary, the plain scheme increases

the risk of the occurrence of hot spots when ushwaytest paths.
Decentralized minimum spanning tree (MST) based tamogy control approach

Authors in [14] described a decentralized minimyarsing tree (MST) based topology
control algorithm for wireless multi-hop networksthv limited mobility. This study
proposed an algorithm that; each node builds itsallominimum spanning tree
independently using collected information, the @thon incurs less message overloading
in constructing the topology. This algorithm canfpen local repair in the case of
mobility. The algorithm proposed in this work haslldwing phases: information
collection, topology construction and determinatia transmission power. In
information collection each node shares the infélona After obtaining information
topology used to be constructed with Prim’s MSTr Eonstructed topology if distance
between nodes is greater than transmission rarege ttansmission power required to

cover that distance is calculated.
Channel assignment problem for given topology

Channel assignment for a given topology, the smtufproposed in [15] uses graph
colouring technique to overcome the interferenc&pced by adjacent nodes in multi-
hop networks. The proper allocation of channehtriodes in the network minimizes the
network interference, which is shown in their ewdilon result. In this work, the author
assumed the situation that: given set of mesh rowad gateways, the goal was to
construct a mesh network that meets the requirewfetite telephony and every router
must have a connection to a gateway with fixed labble bandwidth to and from

gateway. For solution the problem was divided inotwub problems: topology

construction and channel allocation. The main fasusn the channel allocation. Graph
colouring technique was used by the author for gnablem and the good results are

shown in evaluation. 802.16 mesh networks wereidered in the problem solution.
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Power allocation in the Mesh networks

[16] did the work on power allocation issues ineléss mesh networks. Spatial Reuse
Time Division Multiple Access (STDMA) is MAC techmuie that allows simultaneous
reception and transmission of signals in the wa®lenetworks. Simultaneous
transmission and receptions between different aatethat are geographically very close
impose various constraints on power transmittedh®ge antennas and proper power
values for the radios placed at various nodesngbyethe nodes they are going to form
links with has been studied in [16]. The authorsuased the power allocation problem
only for the topology that is bipartite. All nodés same partition will simultaneously
receive or send at the same time. For a given éggphodes will alternate between their

transmitting and phases.
State of art analysis of wireless mesh networks

State of art analysis of wireless mesh networkkoise in [22], both from point of view of

standardization and academic research activitiesthé standardization, the authors’
focus is on the recent developments on the defineng physical layer and MAC layer
standard for the wireless mesh networks in the IBEE11 and 802.16 working groups.
At the IP layer, in additions to routing, mobilppint of recent IETF activities in the field

has been studied. In academic research, the emsphasibeen on identifying feasible
mechanism that can be used to mitigate spatialipreXing through several orthogonal
channels and multiple radio interfaces. Review @he commercial products is also

given.
Detailed study of recent advances in WMNs

[5] presents a detailed study on recent advancdsopen research issues in WMNSs.
System architecture and application of WMNs arecdiesd followed by discussing the

critical factors influencing protocol design. Thetical network capacity and state of art
protocol for WMNs are explored with an objective point out a number of open

research issues. And it also explorers test-bedsistrial practice and current activities
related to WMNSs are highlighted.
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Topological analysis tree based WMN

Topological analysis of tree based WMNSs is presemte[23]. In this study authors
provided an analytical evaluation of network parfance in terms of average and worst
case end to end transmission delay and validatidatigh simulations. This analysis of
network performance in WMN with tree architectues de very useful for the network
deployments. The architecture of network in whigis tinalysis was carried out consists:
gateway, access points and mobile nodes. Gatewhyoarer constructs a backbone for
the network and the mobile devices are the clisntse communication services.

Gateway placement in WMNs

Authors in [24] addressed gateway placement, faiting and scheduling problems for
WMNs where their major concern is optimal placemeint gateways and throughput
guarantee. If multiple gateways are available thesir solution would give near to

optimal solution in terms of gateways placement faichess throughput. In study, each
node transmits on a common isotropic channel aeadéme power and omni directional
antennas. Communications between nodes creaté&natece such that no two interfering
links can be activated simultaneously. The netwisrlsynchronous with slotted Time
Division Multiplexing (TDM). This model is consided as simplified version of 802.16
WiMax or as a very opportunistic approximation 628L1 Wi-Fi. Three models: optimal

gateways placement, fair gateway placement probdech fair routing and scheduling are
presented in the solution. In evaluation three nsdbey showed that even for small

networks gateway placement has major impact onorksv
Shortest path based topology control

Shortest path based topology control algorithm t@nputes a topology preserving
minimal energy paths presented in [25] this work the authors shown with theoretical
analysis that this algorithm can be instantiateth vdifferent energy models. Their
algorithm works by link weight calculation, link vght information exchange, and
topology construction and transmission power assamt. In link weight calculation,
each node locally collects the information needethe weight calculation for all links
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associated with it and calculates the link weigltiier calculating link weights, each
node exchanges the information with 1-hop neighfotliopology construction is done
after having the knowledge of neighbours with skgtrpaths. If the communication link
is not sufficient for error free transmission thteensmission power is adjusted for each

node.
Geometric family based mesh topologies

Two geometric family of mesh based topologies “@Re#t”, a graph theoretic
framework and “FraNtiC”, a fractal geometric areltiure has been proposed in [21] for
arbitrary access network deployments. In order taluate the performance of the
generated mesh topologies with existing networkseal life access network scenario,
they had developed a generic framework. In thiskywauthors identified the principle
characteristic of the next generation access n&ivand presented multi-hop mesh

architectures as promising candidate for futurekbaal.

3.3 Discussion and Future Trends

Out of above discussed literatures, most of themuded on topology control approach.
In topology control approach literatures found @ént approach which fulfill the needs
for the certain conditions, and some can be gemerthin all conditions. All the work

certainly focused in reliability, fault tolerantsgm design and fulfilling the needs of

urban areas.

Various issues and deployments of wireless meshanktare studied in [17]. The Digital
Gagnetic Plains (DGP) project [18], in and arourahpur India, wireless mesh
deployment in Africa and Nepal Wireless NetworkiRgpject, in Myagdi district and
Makawanpur district of Nepal [1] are the operatiaaamples of rural wireless networks
that motivates this study on wireless mesh netw@dmmunication between nodes in
these projects is accomplished by long distancatgoi point links using directional

antennas.
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Also there has been some recent work and studywstricting low cost WMNs authors
in [19,20], both focused on low cost network forioas for rural areas and they shown
on their work that the cost of network is heavilgpdnds on tower heights and they
provided the solutions to minimize cost by propaver height management.

There have been nominal studies in the rural tapofdanning formulations, where the
connectivity of network does not need to have elergtion. In rural areas, connectivity
needs only where communities are living and moeasmare unoccupied. This leads a

different planning scenario and this study is f@clien this situation.
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Chapter 4

Related Terminologies and Problem Formulation

4.1. Graph theory related Terminologies

As every network can be represented as graphigapimg of entities, we are no different
and use the same for the topology planning modelia wireless mesh networks.
Graph theory related terminologies related in tlee@ss of problem solution approach

are covered next.

4.1.1.Graph

A graph is an unordered pair G= (V, E) comprisingetof vertices or nodes V together
with set E of distinct edges or links. This typegodph may be described as undirected
graph or simple graph. [26]

V1

V2
V3

V4
V5

Fig 4.1.An undirected or simple graph

In figure 4.1 , set of vertices (V)= {wVv3VsVvst and set of edges (E)=

{{v 1,v2}{V 1,va} AV 2,va}{V 2,Vs}{V 2,Va} {V 3,Va} AV 4,Vs}}.
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4.1.2.Complete graphs:

The complete graph of n vertices is simple grapih tbntains exactly one edge between
each pair of distinct vertices. The complete graph vertices in fig 4.2, and every pair

of vertices in this graph has one edge.
Vi

Vo

Vv
Vs 4

Fig 4.2. A complete graph of 5 vertices
4.1.3.Cycle

The cycle is a graph of n >=3, consists n verticgsy,...... vy, and edges {y o}, {v 2,

Vato... {V 1, Vb, {V n, Vi}.

Vi

\'Z
V3

Vs —(O V4

Fig 4.3 A cycle of 5 vertices
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4.1.4.Bipartite graph

A simple graph G is called bipartite graph if itertices can be partitioned into two
disjoint sets V1 and V2 such that every edge ingtegh connects a vertex in V1 and

vertex in V2 (no edge in G connects either twoigegtin V1 or two vertices in V2) [26].

V V
Vs 4 5

Fig 4.4.A Bipartite graph of 5 vertices

Figure 4.4 is bipartite graph since vertices cawlibeled into two sets V1= {y v,} and
V2={vs, V4, Vs} SO that there is edge from vertices in V1 to ved in V2

4.1.5.Sub-Graph

A Sub-Graph of G = (V, E) is a graph H= (W, F) wh&¥= V and F=E [26]. That is sub-
graph is a subset of graph. Graph constructedippving some edges and vertices from

original graph is called sub-graph.
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V1 V1

V2 V2
V3 V3

V5

V4
V5 V4

A Graph G of 5 vertices Sub-Graph H of graph G

Fig 4.5.A Graph and Sub-Graph

4.1.6.Connectivity

A graph is connected if every pair of distinct v@$ in graph can be connected through
some pathi26].

4.1.7.Weighted graph

A graph is weighted if a number (weight) is assijteeeach edge such weight represent,

for example costs, lengths, capacities etc depgrmhirthe problem [26].

4.1.8.Tree

Tree is a connected undirected graph with no cymlean undirected graph is tree if and
only if there is unique simple path between any tfats vertices. A tree which one
vertex has been assigned as root is called romgedA tree is a bipartite graph [26].
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V1

\'Z

v
Vs Vs 6

Fig 4.6.A tree of 6 nodes (vertices)

4.1.9.Spanning Tree

Given a connected, undirected graph, a spanniegatfréhat graph is a sub-graph which
is a tree and connects all the vertices togethesin#ple graph can have many different

spanning trees. Weight can be assigned to each[2@ge

4.1.10. Minimum Spanning Tree (MST)

Minimum spanning tree of a weighted graph is a spantree with sum of edges weight
less than or equal to that of every other spanmieg. Minimum spanning tree is
generated by connecting minimal weight edge froengtaph [26]. The total edge weight
of minimum spanning tree is less or equal to ameospanning tree of that graph. In

figure 4.7, numbers in the edges represent weifgitecedges.
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V1

V1 4
4 V2 >
V2
V3
3 3
5
5

O

V4 Vo 5 va
V5 5
Weighted graph G of 5 vertices Minimum spanning tree of graph G

Fig 4.7.A Weighted graph and Minimum Spanning Tree

4.1.11. Euclidean Minimum Spanning Tree (EMST)

The Euclidean Minimum Spanning Tree or EMST is ansjing tree of a set of points in
the plane, where the weight of the edge betweeh pat of points is the Euclidean
distancé between those two points.In other terms, EMShésrhinimum spanning tree
of Graph that is represented in 2 dimensional gamhere weight is Euclidean distance

between two points.

Complete Graph | MSTl Mlewe Graph Tree Toplogy

Fig 4.8.A Euclidean minimum spanning tree in 2d plane

* Euclidean distance is the distance between twatpai the two dimensional coordinate space. If )
and (x2, y2) are two points then Euclidean distareteveen them (d) =sqrt((x2-Xt(y2-y1)).
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4.2. Wireless network related Terminologies

The graphical representation of network uses thplgstructure. Parameters or entities in

wireless network that determine the graph strucimesoverviewed in this section.

4.2.1.Nodes and links

Nodes in the wireless mesh networks are wireleshmauter and clients. These wireless
routers and clients communicate with other to fdimk. These nodes and links are

represented as vertices and the edges.

4.2.2.Link Types
1. Point to point links

A point to point (p-to-p) link is a link that conets exactly two nodes; these types

of links are generally having high gain directibaatennas.
2. Point to multipoint links

A point to multipoint (p-to-mp) link set involve®immunication of one node with
multiple nodes so that in communication systeme owwde is common and

multiple nodes communicate with common node.

b, ==

Point to multipoint link

Point to point link

Fig 4.9.Point to point and point to multipoint links
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4.2.3.Transmit power of nodes

Transmit power is the power or strength of radgnals that is being transmitted from

the radio devices used in the nodes.

The signals transmitted are degraded as it iswted when link distance is increased
due to environmental condition. So the value ohdrait power of radios should be
carefully calculated and this work has been dorf@®h The transmit power should only

high enough to be receive signal at the receivdr en

There is a constraint on power transmitted thahduld not cross the maximum 36 dbm

for any single link. [27].
4.2.4.Received Power

The strength or power of radio signal receivedeaeiving end is called received power.

The equation of received power in dbm scale isrglveow [27].

P(R) =P (T) +G (T) +G(R)-PL ---mrmmemmmem e (1).

Where P(R) = Received power at the receiving node.
P (T) = Power of transmission at transmitting node
G (T) = Antenna gain of transmitting node’s ani@nn
G (R) = Antenna gain of receiving node’s antenna

PL = Loss of signal at path and popular model sthposs is

PL = LOG(C/ATf) 2=--nnnnnmmmmmmmmmmmmmme e ().
Where, ¢ = speed of light (3x30/<)
f = frequency of radio waves in MHz.

d = distance between two nodes.

® dbm is a unit to determine strength of radio waves
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There is bound to minimum expected strength ofaigi receiver for 802.11b standard

radio equipments is -85dbm [16].

The distance (d) mentioned in the above formulased to calculate the link possibility.
If the distance is with in the communication rar@fethe nodes then there a link is
established between nodes. These links are repeesas the edges in the graphical

representation of network.

4.2.5.Medium Access Control (MAC)

The 802.11 MAC is originally designed for shorttdsce, however authors of [27] have
demonstrated by using high gain directional antepmasuring line of sight and by
appropriately setting certain device MAC parametarbng distance (>25 kilometres. )

link can be achieved.

4.2.6.Line of Sight (LOS)

In wireless mesh networks, to form link there netedsave clear sight from one node to
another node without obstructions. To calculatetivrethere is line of sight or not the

below formula is used [27].

Fresnal zor

Fig 4.10.A Line of sight link
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In figure 4.7, h1l = height of nodel
h2 = height of node2
L = height of obstruction between two nodes
D= distance between two nodes.
d1= distance from nodel to obstruction
d2= distance from node2 to obstruction
Condition for the line of sight is:

hixd1+h2Xd2 >= LXD = -----m-mmmmmmm oo 3)

For line of sight between nodel and node2, theitond3) must be true. The D in the
condition is also used to find the power equaticesented in equation (1). For the power

equation calculation, there must be line of sigttneen two nodes.

Fresnal zone is the elliptical area made by twerams radiation pattern located in two
different places facing each other. For line ohsig 2.5GHz frequency of transmission

the 60 % of this zone must be clear [28].

4.2.7.Antenna Systems

An antenna is a passive device which does not @ifigr added power to the signal.
Instead, an antenna simply redirects the energgcéives from the transmitter. The
redirection of this energy has the effect of prawdmore energy in one direction, and

less energy in all other directions [29].

Beamwidths are defined in both horizontal and eattplains. Beamwidth is the angular
separation between the half power points (3dB ppiit the radiation pattern of the
antenna in any plane. Therefore, for an antennahaue horizontal beamwidth and

vertical beamwidth [29].
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Antennas can be broadly classified as omni direati@nd directional antennas, which

depends on the directionality. Direction is thepghaf the transmission pattern.

The omni directional antennas radiate radio sigmalall directions. These antennas
provide a 360 degree horizontal radiation patt@iimese are used when coverage is
required in all directions (horizontally) from tlatenna with varying degrees of vertical

coverage

As the gain of a directional antenna increasesatigde of radiation usually decreases.
This provides a greater coverage distance, but witreduced coverage angle. The
coverage area or radiation pattern is measureeégneds. These angles are measured in

degrees and are called beamwidths.

Directional antennas focus the radio frequency ggnen a particular direction. For
directional antennas, the loBese pushed in a certain direction and little epésghere
on the back side of the antenna. Directional arggnmave less interference to other

signals because they focus on certain directiolsdcheam widths [26].

Fig 4.11.Radiation Pattern of a Directional Antenna

In order to optimize the overall performance ofieeless network, it is important to
understand how to maximize radio coverage withaehgropriate antenna selection and

placement.

® An identifiable segment of an antenna radiatiotepa.
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Chapter-5
Problem Solution Approach

5.1. Topology planning model for rural wireless mesh networks

Topology planning model constructs connected tapolof given nodes and assign the
required number of antennas required to cover euxtes in the topology, for the

deployment of wireless mesh networks in rural areas

Topology is determined by graphical representati®m. we use graphical representation

of nodes while determining the topology for thenplimg of rural wireless mesh.
For the solution of the topology planning model veere following assumptions.

1. The network planning scenario is that the placentémodes i.e. villages are
fixed. One node works as gateway for the connec¢tianternet or other networks

and is considered as root node.
2. Tree topology generated i.e. the connectivity patté nodes is a tree.

3. There is maximum link length in which each node tansmit, we assumed this
link length as threshold distance for the link fatran

4. Each node can communicate with multiple numberstbér nodes which are

adjacent to that node.
5. Directional antennas are used for the communicati@ach link.

6. There is clear line of sight to form links.

We intended to make systematic way of planningréda world WMNs, especially for
the developing countries like Nepal. We furtheradiée a topology planning model,
considering the cost of deployment we sacrificelabdity but maintaining the

connectivity. Because there needs the connectiatyre the reliability.
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Topology planning model is described into two smwi topology formation and

assigning antennas to that topology.

5.1.1 Topology Formation

We consider the network nodes as vertices in areasional plane (coordinate space)
and we have to find the connected graph of veriitéise plane.

For a given no of nodes, what is the optimal cohwig pattern of the nodes so that
there is minimal distance to cover and is a cofgcéfe solution? The answer of this
guestion is Minimum Spanning Tree (MST) of giverdes [26]. If the nodes are mapped
into a two dimensional coordinate space then theimuim spanning tree is called

Euclidean Minimum Spanning Tree.

Regardless of the topology of network, at the tiofiedata packets routing, network
constructs a MST or shortest path from source &tirggtion of the nodes, So that data

packets will forwarded efficiently.

Generally nodes in a WMN are connected with moas thne nodes and it needs more
resources to construct WMNs. So the assumptioreeftbpology generation from given
nodes is to minimize the overlaying cost to corttd/MNSs. Tree is bipartite graph and
if there is a MAC protocols to support simultanetasismission then this MAC protocol
can be easily used in devices used for construdteg topology. If tree topology is
constructed and the network is deployed, then mgupath will be the same as tree

topology. So, fault detection and management ieeas

The optimal tree topology from graph theory is M$Tere are several algorithms to find
MST of given nodes like Prim’s algorithm, Kruskadikyorithm etc. Since we assume the
network mapping in a two dimensional coordinatecspaso finding the minimum

spanning tree in this case is Euclidean minimunmisiog tree

The Prim’s algorithm to find EMST of given nodes antwo dimensional coordinate

space is described below [26].
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Algorithm for computing EMST in 2d plane

Input: n number of nodes.
Stepl: Compute complete graph of n number of generatedsio
Step2: Assign Euclidean distance as weights to all edges.
Step3: Use Prim’s algorithm to find MST.

Output: EMST.

Prim’s Algorithm to find MST

Input: G weighted connected graph of n nodes (vertices)

Stepl: Start with a tree T which contains only one node.

Step2: Identify a node (outside the tree) which is closeshe tree and add
the minimum weight edge from that node to some motthe tree and

incorporate the additional node as a part of theetr
Step3: If there are less them - 1edges in the tree, go B

Output: T is minimum spanning tree of graph G.

Algorithm 1: Prim’s Algorithm to find Minimum Spanning Tree.

The running time complexity of the algorithm is B) (or O (if), where E is number of
edges and n is number of nodes in the tree.

Tree topology construction

The tree generation of given nodes for the treeltyy formation for our model based
on graph theory with assumptions mentioned eadipresented as.
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Algorithm for graph theory based tree topology consuction

Input: Generate n number of nodes in bounded 2D coorélispace. So that every node
Vi (%, ¥) is situated in bounded 2D plane.

Stepl: Node having smallest x and y coordinate valuey(@t, yi1) is selected as
root.

Step2: Initialize
T= tree containing X, Y1) i.e. root only.
L=Empty list (for unprocessed vertices)
Putviin L
Step3:
While L is not empty

Remove first vertexfrom L

For each vertexv if Euclidean distance fromtow (d) <= d; (threshold
distance)

If wis notin the L and not in T then
Addw to the end of the list L
Addw and edgeyw}to T
End of for loop
End of while loop
Output: T tree (is connected topology pattern of nodes)

Algorithm 2: Tree topology construction algorithm in 2D plane

This algorithm uses breadth first search to deteentriee topology but it uses a threshold
distance to determine adjacent nodes. Nodes wittr@shold distance are considered as
neighbour nodes.
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lllustration of topology formation algorithm

OO © QO ©
o O o O
O O O O

Step 2: Root node selected for
which is used as gateway to conngct
internet or other networks.

Step 1: Given nodes to form
topology.

e

Step3: From root node distance is Step 4: Final Tree topology.
calculated to other nodes. If the Final tree topology is
distance is less or equal to threshold generated after repeating stef
distance and already not connected thénfor each node.

edge (link) is formed.

Fig 5.1. Step wise illustration of tree topology constioict

This algorithm returns a tree that is connectealtgy pattern of given nodes. And this

algorithm has O (@ time complexity, where n is number of nodes i titee.
Aspects of tree construction algorithm

Minimum spanning tree generated by Prim’s algorithees greedy approach and is an
optimal solution. Tree generated by tree topologystruction algorithm is a breadth first

search with constraint of threshold distance td fieighbour of each node.

Though this approach has a constraint of threstislidhince to connect nodes, it starts by
taking edges having length less than or equalrestiold distance from any node, if that
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edge is already not in the tree. This solution mines the depth of tree that is minimum

number hops to visit all nodes from root node.

The reason for putting constraint of thresholdatist is valid since every devices used in
the node has hardware limitation of maximum lencgipacity to transmit or gain the

radio signal.

5.1.2. Antenna Assignment

For the given topology we have to find the numbearttennas required to cover each

nodes in that topology.

Authors in [11] used a topology control approachusong directional antenna in wireless
mesh networks. In their work they provided a solutfor topology control approach
during transmission of data packets and that apprean use the directional antennas.
But our work is to provide a solution that usesediilonal antenna for the topology
planning before the deployment of the WMNs. Authiorg11] provided a solution for
topology control works by generating spanning tfeand iteratively improves on it.
When the suitable spanning tree is generated titim terminates. In the generated
tree the algorithm calculates k arcs of arfgend radius Rto cover the all edges in the
tree. These k arcs represent the number of diredteEntennas to be used. This approach
fails as k and are fixed in advanced and some edges can notyagerb[11]. But in the

large no of simulation they did not found such case

We accommodate this solution in our topology plagnimodel for the antenna

assignment as follows since we have already a tree.
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Antenna assignment algorithm

Input: Tree generated from tree topology generation atgor
Stepl: for every nodeinn the tree (except leaf nodes)
Angularly sort the adjacent nodes
Find the angle between leftmost node and rightmode adjacent to parent node
If angle is >30 degree then break them in two s#il the each set has maximum
angle of separation (i.e. angle between leftmosienand rightmost node adjacent

to parent node) <30 degree.

Count no of set of nodes adjacent to that paremteneturn that the no of set is
equal to no of antenna to be assigned to that nodennect adjacent node

Step2: repeat step 1 for each node to find how many anatdn be needed to connect
adjacent nodes.

Step3: terminate if no. of antenna needed to each nedmliculated
Output: No. of antenna required in each node

Algorithm 3: Antenna assignment algorithm.

Minimum antenna used for any node except root eatinode is 2; one to connect with
parent node and another to cover adjacent nodéss algorithm returns only the number
of antenna needed in each node and total numk@tenna required to cover all nodes in

the topology.

Aspect of antenna assignment algorithm

Optimal solution of this problem is to find the nmmum number of antennas with
minimum angular separation. Antenna with minimungudar separation produces less
interference in the network and also they have dngiost than that of antenna having

more angular separation.

42



In rural scenario achieving optimal solution witicrease cost of network deployment
since it increase number of antenna to be usedeTibdess chance of existence of such
other networks so interference is nominal. In owdel, we have used the directional
antenna having maximum angular separation so tmatcost will decrease and the
property of less interference with more distanceecage of directional antenna is also

achieved.
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Chapter-6
Implementation and Testing

6.1 Implementation

As the implementation part of this study, a simaolatnvironment has been developed.
This environment simulates the Topology planningdetio The program has been
developed using Java programming language (JDKO)luder the system consisting
Windows XP 2000, with 3 GHZ processor and 2 GB efmory.

6.2 Program structure

The simulation we named it RNT, consists of nodeegation, topology tree generation
antenna assignment and final topology out put witmber of antenna required to cover
generated topology. For simplicity, Topology getiera has been carried out in the
square region having fixed side of 45km. Node gatm@r is random so that the program
covers all types of node placement scenarios. Tbtédistance in which the node can
form link is assumed 10km. The following figure de#p the simple structure of the

program.

Node generation

A 4

Tree topology formation Antenna assignment to
of generated nodes »/ cover the all nodes in
the topology

\ 4 \ 4

Final topology generated with required
number of antennas to cover the all noddgs

Fig 6.1.Simple Program Structure of topology planning niode
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As the main part of the implementation, the trg@togy formation algorithm (presented
in previous chapter) has been implemented. Thelaggglanning model then executes
the antenna assignment algorithm to find out heired number of antenna to cover all

the nodes in the topology.
6.3 Implementation Classes

In the implementation of the program, topology fation algorithm and antenna
assignment to that topology is implementedRas.javaclass. The detail implementation

source code is presented in APPENDIX A.
6.4 Testing and Evaluation

For the testing and evaluation of our model, weutate the random node placement and
nodes placement pattern similar to some deployedlegis network in rural areas of

Nepal.
6.4.1 Evaluation of topologies for deployed networks inural areas

We have run our algorithm for the set of nodes t@gimilar node placement as of some
wireless networks deployed in rural and remote spaft Nepal. We have also made
comparative evaluation between topologies gener&taoh our topology formation

algorithm and current topologies of deployed wisslenetworks, and presented in

following evaluations.

Evaluation 1:

Wireless network deployed in Myagdi, a districtNépal, has topology as in figure 6.2.
Topology generated from our topology formation aildpon for the same node placement

as in figure 6.2 is shown in figure 6.3.
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Fig 6.2. Topology of Rural Wireless Network in Myagdistrict of Nepal (source [1])

CLICK TO GEMERATE MODES Mo.of antennas Required for MST 48
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Fig 6.3. Topology generated form tree topology formatiayoathm for similar node
placement as in figure 6.2.
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Topology of network presented in figure 6.2 has enlong links than that of topology
generated from topology formation algorithm. Evleough, several nodes are closer to
root nodes, it uses farthest nodes from root asrediate nodes to reach nodes even
located between root node and intermediate nodess. i$ not the case of topology

presented in figure 6.3. It has used nodes claoserat node as intermediate node.

Number of hops in topology presented in figure B6a3 greater than that of topology

presented in figure 6.3.

There is a less no of antenna required to covealtheodes unless there is point-to point
link for each node in topology presented in fig6r8. But the general structure of both
topologies is tree and can be easily modified tehmaetwork for the reliability where

multiple links to one node is created to providareectivity in case one links fails.

Another key difference of topology generated froopdlogy formation algorithm
presented in figure 6.3 to topology deployed asfigure 6.2 is; root node and
intermediate nodes are heavily populated with lifkses fact leads deployment process
to be concentrated heavily only on some nodes,wikibeneficiary for the rural areas in

several aspects.
Evaluation 2:

Wireless network deployed in Makawanpur, has topplas in figure 6.4. Topology
generated from our topology formation algorithm foe same node placement as in

figure 6.4 is shown in figure 6.5.

Fig 6.4.Topology of Rural Wireless Network in Makawangglistrict (source[1])

a7



Fig 6.5. Topology generated form tree topology formatiagoathm for similar node

placement as in figure 6.4.

Topology of wireless network deployed in Makawangdistrict of Nepal and topology
generated from topology formation algorithm are saBoth are tree topologies and can

be easily converted into mesh network for the bdiis.

6.4.2 Evaluation of Random Topologies

In this section we present the evaluation of rariggaganerated topologies from topology
formation algorithm. At first we present screenstiosome final topologies generated by
our model.

Topology generated from random node placements

covron] vl ool 5 st on] | o] T

(a). Topology for randomly generated point set 1 (b). Topology for randomly generated point set 2
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(c). Topology for randomly generated point set 3 (d). Topology for randomly generated point set 4

|

(e). Topology for randomly generated point set 5 (f). Topology for randomly generated point set 6

_Complete Grapn | ST | Neworapn | {Tfee Tioloai) _camplete oraph | w8 | New oras | {Tize Torlo]

(9). Topology for randomly generated point set 7 (h). Topology for randomly generated point set 8
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=L Tt
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(). Topology for randomly generated point set 9 (j). Topology forvrﬂandomly generated point set 10

161

Fig 6.6. Topologies generated form topology formation aton for random node
placement.
Topologies for randomly generated nodes placenfemtstopology planning model,
illustrated in figure 6.6, shown that nodes arehlyua nature; links are heavily populated

in some nodes.

6.5 Analysis and results

Topologies for node placement with random and agiieless network deployed in rural
areas are generated from topology planning model tais topology planning model
produces realistic topologies for the deploymentwiieless mesh networks for rural
areas.

Evaluation of the results produced by our topolp@nning model named as RNT (Rural
Wireless Mesh Network Topology) for point to poamd point to multipoint links has

been presented below
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—m— RNT

No. of Hops

No. of Nodes

Fig 6.7.No. of hops in MST and RNT for randomly generdtgublogies

1. For point to point links.

In case of point to point links, each link requiegair of antenna, which will be placed
at nodes in either side of a link. So, total numisieantenna required to both MST and
RNT topologies is 2(n-1), where n is number of reod&ince, both MST and RNT are
spanning trees with n number of nodes and all spgninees with n number of nodes
have n-1 edges. But in terms of hop count (numiberodes to be visited to reach any
node from a node); MST has greater as compared\ib. Rlop count has significant

impact on response time and throughput. As no @ ¢munt increases, throughput is
minimised and processing time in each node inceeasgponse time. So MST is not
suitable for network deployment of networks, but tiee cost effective solution.

Comparison of RNT with MST is due to cost effectiges of MST but for operational
feasibility a spanning tree which minimizes numloérhops and maintains the cost
effectiveness is suitable. RNT produces the spgnimee topology which maintains this
criterion. So, it is better for the deploymentsorarevaluation of the model, we can
conclude that RNT produces more realistic topoledych can be used for the cost

effective solutions for the deployment of netwoirksural areas.
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Fig 6.8.No. of antennas required in MST and RNT for rangogenerated topologies.

2. For point to multipoint links.

Number of antenna required to cover all nodesentdpology can be minimised by using

point to multipoint links. In case points to mutiipt links are used, any node can use
single directional antenna to cover multiple nodesther side of links if nodes in other

sides of links are within beamwidth of that directl antenna. This approach minimises
the number of antennas required in the deploymémetwork ultimately cost of the

network deployment in the rural areas.

In numerous simulations we did not found, antermarty beamwidth 30can cover two
or more nodes in MST, where as in RNT we found stade virtually in all simulations.
So RNT requires less number of antennas in congrarte MST when points to

multipoint links are to be used for the network ldgment.
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Chapter-7

Conclusion and Further Recommendation

7.1. Conclusion

The study was mainly focused on the problem of lmgppoplanning for the deployments
of wireless mesh networks in the rural areas. Dwuerecent developments in the
communication based services and technologiesg tiera need of wireless mesh
networks in the rural areas. There are various cuqged places and many inhabitants are
grouped in some location forming the villages. Heed of communication networks in
rural areas is different and connectivity is reqdiin occupied location only where as in
urban areas, places are heavily populated andetmamd of connectivity is everywhere.
This fact leads the different network deploymermrsrio for the rural areas and there has
been less work for the planning the wireless mestvaork for the rural areas. So, there is

a need for the wireless mesh network planning mfwiehe rural areas.

This study has presented an overview of the wiselegesh networks with its
distinguished features and also justifies the rfeedhe wireless mesh network in rural

areas.

The study has presented a topology planning motalhahas major part in defining the
connectivity of each location in the network. Thegented model in the study focused
on the connectivity of location which takes lessdj effort and cost, rather than
reliability. The topology planning model used theet topology for the topology
construction. Evaluation and results showed thad tbpology maintains the cost
effectiveness and constructs deployable topoldgiethe rural wireless mesh networks.
This model had also calculates the number of aateaquired to cover generated tree
topology. This model also maintains the flexibility advancement of the network. In
addition the model minimizes the number of anteretuired to cover whole network
when point to multipoint links are going to be us8d that cost of deploying the network

in rural area becomes less.
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7.2. Further Recommendation

In this study, the topology planning model for thieal wireless mesh networks based on

the tree architecture with some assumptions has diseussed.

The future work in the planning of rural wireles&sh networks should incorporate all
the conditions with out assumptions and goal shbelaverall network planning model
for the deployments of networks. The terrain cadaoditin remote areas differs

significantly and the other parameter should besictared.
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APPENDIX A
Complete sour ce code of Topology Construction with antenna assignment Program

/**
* @(#)RntApplet.java

*

* @Bishnu Subedi
* @version 2.0 2009/3/14
¥/

import java.awt.”;
import java.awt.event.”;
import java.util.*;
import java.applet.”;
import java.math.”;
import java.util.*;

public class RntApplet extends java.applet.Applet implements ActionListener, MouseListener {

/** Initialization method that will be called after the applet is loaded

* into the browser.

¥/
Button allEdges, showTree,restartApplet,nextStep,treeTopology;
Panel drawingArea;

int num =10;

int td =15;
int maxX =50;
int maxyY =50;

int TDISTANCE =100 ; /* Threshold distance equivalent to 10km*/
int MAXIMUMANGLE = 30;
/lpublic Random randObyj ;

// for animation
int globalCount=0;

boolean paintMSTree = false;
boolean paintAllEdges = true;
boolean paintTopology = false;

Vector nodes = new Vector();
Vector edges = new Vector();
Vector alledges = new Vector();



Vector allNodes = new Vector();
Vector toAdd = new Vector();

Il Random randObj = new Random();
Vector nodesConsidered, nodesNotConsidered;
int x=0,y=0;

/ get the point with minimum X and Y coordinate
public Node getFirstNode()
{
Node n = null;
if(@liNodes.size()>0)
{
n = (Node)allNodes.firstElement();
for(int i =0;i<allNodes.size();i++)
{
Node node = (Node)allNodes.elementAt(i);
if( n.x > node.x)
n = node;
else if( n.x == node.x ) // taking care of y-coordinate in case of equal x
cooardinate
n=(ny<=n.y)?n:node;
}
}
return n;

}

public void makeTree(Node startNode)
{
startNode.makeConnected(true);
toAdd.add(startNode);
while(toAdd.size()>=1)
{
Node firstNode = (Node) toAdd.elementAt(0);
addNodesFrom(firstNode);
toAdd.removeElementAt(0);

public void addNodesFrom(Node startNode)
{
for (inti = 0; i<allNodes.size(); i++)
{
Node node = (Node)allNodes.elementAt(i) ;
if(! node.isConnected && (node!= startNode))
{
int d = startNode.distanceTo(node); // distance from startNode to
node of consideration



if( d <= TDISTANCE )

{
edges.addElement(new Edge(startNode, node)); //create
and edge from startNode to node of consideration
node.makeConnected(true);
toAdd.add(node);

}
}
/lreturns all child nodes of the rootNode

/ffinds the nodes adjacent to the rootNode and returns the vector of such nodes
public Vector childNodesOf(Node rootNode)

{
Vector adjacent = new Vector();
for (inti = 0; i<edges.size(); i++)
{
Edge edge = (Edge)edges.elementAt(i);
if(rootNode == edge.n1)
adjacent.addElement(edge.n2);
}
return adjacent ;
}
Il

public int angleBetween(Node vertex,Node first, Node second)

double wf = vertex.angleWith(first) ;
double ws = vertex.angleWith(second) ;
intangle=0;
if((vertex.y <= first.y && vertex.y <= second.y) Il (vertex.y >= first.y && vertex.y
>=second.y) )
angle = (int)Math.abs(wf - ws) ;
else
angle = (int)Math.abs(wf + ws) ;
System.out.printin("Angle Between: " + vertex.toString() + " AND " +first.toString() + " : "+
wf);
System.out.printin("Angle Between: " + vertex.toString() + * AND " + second.toString()
+""+ ws);
System.out.printin("Angle Between: " + angle);
return angle;
}
Il
public void assignAntena()
{
for (inti = 0; i<allNodes.size(); i++) {
Node processNode = (Node)allNodes.elementAt(i) ;



if('processNode.considered)

{

Vector adjacents = childNodesOf(processNode) ;
processNode.numOfAntena = processNode.numOfAntena +

getAntenaNumber(processNode,adjacents) ;
processNode.considered = true;
}

)

Il
public int getAntenaNumber(Node processNode,Vector nodes)
{
int count ;
if(nodes.isEmpty() Il nodes.size() == 1)
count = 0;
else

{

int angleSeparation = maxAngularSeparation(processNode, nodes) ;
iflangleSeparation <= MAXIMUMANGLE)

count=0;

else

{
count =0;
int angle =0;

for (inti = 0; ixnodes.size()-1; i++) {
Node firstNode = (Node)nodes.elementAt(i) ;
Node secondNode = (Node)nodes.elementAt(i+1) ;
angle =angle +
angleBetween(processNode,firstNode,secondNode);

System.out.printin("Checking " + firstNode.toString() + "
and " + secondNode.toString() + " Angle: " + angle);
ifangle > MAXIMUMANGLE )

{

count=count +1 ;
angle=0;

}
}
return count ;

)
1

public int maxAngularSeparation(Node processNode,Vector nodes)

{

int separation;



}

if(nodes.size() <=1)
separation = 0;

else
{
Node up = (Node)nodes.firstElement();
Node down = (Node)nodes.firstElement();
for (inti = 0; ixnodes.size(); i++)
{
Node n = (Node) nodes.elementAt(i);
up =up.y>ny?n:up;
down =down.y<n.y?n:down;
}
separation = angleBetween(processNode,up,down) ;
}

return separation;

public void init() {

)

/I TODO start asynchronous download of heavy resources

Panel buttonBox = new Panel();
showTree = new Button("Show Tree");
restartApplet = new Button("Restart");
treeTopology = new Button("Toplogy");

buttonBox.setLayout(new FlowLayout());
buttonBox.add(showTree);
buttonBox.add(restartApplet);

buttonBox.add(treeTopology);

add(buttonBox);

restartApplet.addActionListener(this);
showTree.addActionListener(this);
treeTopology.addActionListener(this);
addMouseListener(this);

this.setBackground(Color.white);
buttonBox.setBackground(Color.lightGray);
setVisible(true);

public void paint(Graphics g) {

super.paint(g);

Edge tmpE;



Node tmpN;
g.drawString("Click somewhere to add the nodes. Number of Nodes : " + allNodes.size() + "
Edges: " + edges.size() ,100,50) ;

g.setColor(Color.blue);
for (inti=0 ;i< edges.size(); i++)
{
tmpE = (Edge)edges.elementAt(i);
g.drawLine(tmpE.n1.x,tmpE.n1.y,tmpE.n2.x,tmpE.n2.y);
}

g.setColor(Color.red);
for (inti = 0; i<allNodes.size(); i++) {
tmpN = (Node)allNodes.elementAt(i);
g.drawOval(tmpN.x,tmpN.y,5,5);
if(paintTopology)
g.drawString(" "+
(getAntenaNumber(tmpN,childNodesOf(tmpN)))+tmpN.toString(),tmpN.x,tmpN.y-5);

}
g.setColor(Color.black);

}

public void mouseReleased(MouseEvent e) {
x = e.getX();
y = e.getY();
Node newNode = new Node(x,y);
allNodes.addElement(newNode);
paintTopology = false;
repaint();

}

/** dummy mouse methods to keep compiler happy */
public void mousePressed(MouseEvent €)

{
}

public void mouseClicked(MouseEvent e)
{
}

public void mouseEntered(MouseEvent e)
{
}

public void mouseExited(MouseEvent e)
{
}

public void actionPerformed(ActionEvent e)

{

if (e.getSource() == showTree) {

\



)
1l

)

}

globalCount=nodes.size();
makeTree(getFirstNode());
paintMSTree = true;
paintTopology = false;
paintAllEdges = false;
globalCount=0; // to make the "Step" button more logical
showTree.disable();

if (e.getSource() == restartApplet) {

}

nodes = new Vector();
edges = new Vector();
allNodes.clear();
paintMSTree = false;
paintTopology = false;
globalCount=0;
repaint();
showTree.enable();

if (e.getSource() == treeTopology) {

}

globalCount = nodes.size();
assignAntena();
paintMSTree = false;
paintTopology = true;
paintAllEdges = false;
globalCount = 0; // to make the "Step" button more logical

repaint();

class Node{
public int x,y,numOfAntena;

public boolean isConnected = false;

public boolean considered = false;
public boolean added = false;
public boolean discarded = false;

public Node(int xP,int yP) {
x=XP; y=yP;
numOfAntena = 2; // default is 2

Vil

/ this status shows if the node is connected by any edge



I gives the angle with respect to the node
public double angleWith(Node node)

{

}

public String toString() {
return "("+ (new Integer(x)).toString()+

)

public int distanceTo(Node n2){
double dx =n2.x - x, dy =n2.y - y;
return (int)java.lang.Math.sqrt(dx*dx + dy*dy);
}

public void makeConnected(boolean connectedOrNot)

{
)

public void makeConsidered(boolean consideredOrNot)

{

}

)
1

class Edge implements Comparable {
Node n1, n2;
int distance ;
public Edge(Node n1P, Node n2P) {
n1=n1P;
n2 = n2P;
distance = this.getLength();
}

public int getLength() {
double dx =n2.x - n1.x, dy =n2.y - n1.y;
return (int)java.lang.Math.sqrt(dx*dx + dy*dy);

}

public String toString() {
return n1.toString()

return Math.atan2(Math.abs(this.y-node.y),Math.abs(this.x-node.x))*180/Math.P! ;

"+(new Integer(y)).toString() + " )";

isConnected = connectedOrNot ; /make the node as connected to other or not

considered = consideredOrNot ;

+ ">
+ n2.toString()
+ "(Length: "+getLength()+")";
}
public Node getOtherNode(Node node)
{

VIl



if(n1 == node)
return n2;
else
return null;

)

public Node getChildNodeOf(Node node)
{

if(n1 == node)
return n2;
else
return null;
}
public int compareTo(Object o)
{
Edge e = (Edge) o;
return this.distance - e.distance ;
}



