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Abstract:

Cellular networks (GSM) need to assign the freqygiebannels) for huge traffic in urban
areas. Efficient Frequency assignment in cellutwork is a most important task from last
decade. Due to technical and legal issues, freteeichannel has to be assigned base station
transceivers (BTS), so that the ratio of co-chanmérference should be low. The
information have been extracted from the open stres project and also representing the
distribution of the population. Heuristics techreguare applied for assigning the frequencies
and also reuse these frequencies in such way smaohadjacent or neighboring cells (BTS)
share the same frequency. Proposed heuristicsrapesto implement. The heuristic based
algorithms have been developed to assign frequécitgnnels) efficiently. The proposed
algorithms are Simulated Annealing and Greedy. rAfsuccessfully assignment of
frequencies, it is also be verified that frequerfchiannels) should be reused and try to
minimize the co channels interference. The differeoenarios have been tested using
proposed algorithms. The proposed system givesgtw results. The best performing

heuristics might be integrated into a network piagrsystem. This can be used in practice.
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1. INTRODUCTION:

Technological advances and the tremendous growtlwicféless network and wireless
terminals have caused the wireless communicatiadsn@obile computing to grow rapidly.
The present trends in the Cellular Network (GSMJusstry to provide information access
from anywhere to any place in the world and shiftaf present applications to a multimedia
environment has caused a rapid growth in the malslers community. This enormous
growth in Cellular Network (GSM) filed has put & laf constraints on the availability of the
radio frequency spectrum. Due this the frequenageeand channel assignment problems and
algorithms have been studied extensively in the¢ ta® decades by radio and electrical
engineers, operations researchers, graph theamstscomputer scientists. Different people
approached this problem in different ways. [1]

In cellular networks a geographical area is divided smaller service areas called cells and
each of these cell’'s have a base station trangcVeS) and all the wireless terminals or the
users in those cells communicate with their colwadmg cell area base station transceivers
(BTS). Frequencies have been assigned to BTS (trassceiver station) in the cellular
network. A BTS is very important part of the cedlulnetworks which integrated between
mobile subscribers and network system. For thesswnication links to be established the
available frequency spectrum should be used argbdevery efficiently. The efficient reuse
in the spectrum helps to reduce the cost of sefyyceeducing the number of base stations
and also accommodating more number of users perdtasons [2].

The Frequency Assignment Problem (FAP) can be ftatad as a generalized graph coloring
problem that is the problem of finding a coloringaograph so that the numbers of colors are
used minimum, subject to the constraint that ang &sjacent vertices have two different
colors as such, FAP is a NP-hard problem [3]. Téwecept of frequency reuse is based on
assigning to each cell a group of radio channedsl ugthin a small geographic area. Cells are
assigned a group of channels that is completelferéifit from neighboring cells. The
coverage area of cells is called the footprint.sTieotprint is limited by a boundary so that
the same group of channels can be used in diffeddis that are far enough away from each

other so that their frequencies do not interfere.

! "#
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The prime factors which effect frequency assignnagat channel reusability are Co- Channel
interference and adjacent channel interference. tAl channels which use the same
frequencies are called co-channels. The minimunanie at which two base station
Transceivers (BTS) can co-use same channel witbpsaisle interference is called the “Co-
Channel Reuse Distance”.

To assign the frequency in efficient way is thedhtopic currently. This project has been
done in two parts. In the first part all the BT®@ve been localized in their best location in
the given map in such way that they cover maximumai population. After successfully
localized all the BTS’s in first part. The seconartpis to assign the frequency (channels)
these best localized BTS in such way that frequeshowld be reused. The first part has been
done by another person. So the content similarttesbe considered as a combine work.

Figure 1. 1 The SHAPE FILE[14]

$% & ' ())8&&F +*
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In this work, initially a SHAPEFILE is given. Thgiven SHAPEFILE actually map of the
Sweden. This map consists of square polygons. Tipedggons have coordinates and
population. There is fixed length spectrum of frexey channels [1, 2, 3, 4, 5, 6, 7] have been
used. Data preparation has been given detail itioge8. These are initial input parameters
are used to develop the algorithms. There are tgarithms have been proposed to solve the
mentioned problem. These are Simulated Annealing @needy algorithm. These two
algorithms are implanted in visual studio C. Thare many experiments have been done
using the different inputs the results are pretypdywhich minimize mentioned problem.

Then a detail analysis has been done on the biaikiese two algorithms experiments.

1.1Previous Research:

Before working this project, it must have some idéarevious work. Lot of work has been
done in this field. This is not the first survey the frequency assignment problem. Already
Hale (1980) presented an overview of the frequgrapning problems of that time, with a
special focus on modeling the problems. Hale aisoudsed the relation of the FAP with
graph (vertex) coloring. In particular, the relatiof FAPs with theT -coloring problem was
introduced by Hale. This led to many new (grapletbac) results, surveyed in Roberts
(1991). [17]

Frequency assignment problems (FAPSs) first appearettie 1960s (Metzger 1970). The
development of new wireless services such as teeckllular phone networks led to scarcity
of usable frequencies in the radio spectrum. Fnecjas were licensed by the government
who charged operators for the usage of each sirgfieency separately. This introduced the
need for operators to develop frequency plansribtibnly avoided high interference levels,
but also minimized the licensing costs. It turned that it was far from obvious to find such a
plan. At this point, operations research technicares graph theory were introduced. Metzger
(1970) usually receives the credits for pointing the opportunities of using mathematical
optimization, especially graph coloring techniquies, this purpose. Until the early 1980s,
most contributions on frequency assignment usedisi®ms based on the related graph

coloring problem. The development of the digitallldar phone standard GSM (General

$% & ' ())8&&F +*
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System for Mobile Communication) in the late 1980&l 1990s led to a rapidly increasing
interest for frequency assignment (see Eisenbl&6&1 for a discussion of the typical
frequency planning problems in GSM networks).[17]

Many other authors have been given the theoreticellysis on frequency assignment

problem. [3]

1.2Problem definition

To designing the cellular network there are marggh to be considered. The frequency
assignment planning is one of them. The efficiesignment of frequencies is very hard and
key task for the cellular network operator. Althbugequency planning takes lot of time and
expensive too but the license frequencies and bigltitivis even more expensive. So the
cellular network operator wants to efficiently @gsthe frequencies reuse which help them at
low cost of networks .So the basic purpose of thesis is to assign frequency to the best
localized BTS and then reuse these frequenciesiagffly in such way that no neighboring

BTS having the same frequency and also try to ma@rthe co channel interference.

1.3Aim and Scope

The main aim of this project is to build the apation which assigns the frequencies of each
best localized BTS and also reuse these assigaqdencies in such way that no adjacent or
neighboring BTS or cell shares the same frequemeiesllular networks. This project (thesis)
presents the efficient assign of frequencies asd auses these frequencies using proposed
algorithms.
This project (thesis) consists of majorly follogitasks which are essential.

1) To extract information from the open street magguto

2) To extract information about maps representingdibibution of the population

3) To develop the algorithms to assign frequenciesranse

4) Analyze the results of developing algorithms

$% & ' ())8&&F +*
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2. CELLULAR NETWORK & SYSTEM DESIGN(BACKGROUND) :

2.1What is Cellular Networks (GSM)?

A cellular network is a radio network made up of a number of radits €er just cells) each
served by at least one fixed-location transceiveaswn as a celkite or base station(BTS).
These cells cover different land areas to provat#ior coverage over a wider area than the
area of one cell, so that a variable number ofgidettransceivers can be used in any one cell
and moved through more than one cell during trassiom. [3] There are a numbers of
advantages providing by the cellular networks adtef other alternatives solution. Some of

them are given below:

Increased capacity

Reduced power usage

Larger coverage area

Reduced interference from other signals

2.2 History of Cellular Networks (GSM):

It has been known for over one hundred years #dibrcan be used to keep in touch with
people on the move. However, in 1946, the firsthzged telephone was set up in St. Louis,
Missouri, USA. The system used a single radio tratter on top of a tall building. A single

channel was used, therefore requiring a buttoretpushed to talk, and released to listdn [6

This half duplex system is still used by modern @48/radio systems utilized by police and
taxi operators. In the 1960s, the system was imggtde a two-channel system, called the
improved mobile telephone system (IMTS). Since diergries were limited, the system could

not support many users.

In 1982, the European Conference of Postal andc@eimunications Administrations (CEPT)

created the Groupe Spécial Mobile (GSM) to devedoptandard for a mobile telephone

system that could be used across Europe. In 198idermorandum of understanding was
! "#

$% & ' ())8&&F +*
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signed by 13 countries to develop a common cellgl@phone system across Eurt Finally
the system created by SINTEF led by Torleiv Masaras selecte [4] In 1989, GSM
responsibiliy was transferred to the European Telecommunieatitandards Institute (ET<
and phase | of the GSM specifications were pubtishel990. The first GSM network wi
launched in 1991 by Radiolinja in Finland with joitechnical infrastructure mainterce
from Ericsson. By the end of 1993, over a millioambscribers were using GSM phc

networks being operated by 70 carriers across d8taes [5]

2.3 Cellular Networks (GSM) Architecture:
The basic structure of the Cellular Networks (GS88hwn in the diagran

. . e T
Structure of a GEMH nizeerorls Cley clerncres? -?; i E

MSORFLE _. Hebhmnrk S0 h Ge=he e (WSS
e Ao
F dgir | T L-hii= BSC HJE =c
=== W) ' T Al
'._-'"____-
.-'"--f |
F. _,.-"'F-

? - ——
- - PCU T
- oy
BTS

Bwsre Slablbs i S b opsbe m (B0 AFA S Cuic Ficbrwil

Figure 2.3.1 Cellular Network Architecture [5]

The major components of Cellular network systemNiB&re given belov

2.3.1Mobile station:

Mobile stations (MS), mobile equipme¢ (ME) or as they are most widely knov cell or
mobile phones are the section ((GSM) cellular network that the user sees and operate

recent years their size has fallen dramaticallylevithe level offunctionality has greatl

! "4
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increased. A further advantage is that the timevéeth charges has significantly increased.
There are a number of elements to the cell phdi®ugh the two main elements are the

main hardware and the SIM.

2.3.2Base Station Subsystem (BSS):

The Base Station Subsystem (BSS) section of the Gfebvork architecture that is
fundamentally associated with communicating with thobiles on the network. It consists of
two elements:

Base Station Transceiver (BTS):
The Base Transceiver station (BTS), or more shdutigwn as the base station (BS), is the
entity in the system that handles the communicatibth the MSs in the network. Most of the
BTSs have several transceivers, and some of theettim different transceivers communicate
on different radio frequencies. Later in the repibie hexagonal cells that make up the
network will be discussed. Each of these cells @iost one BTS which is uniquely
distinguished by its cell global identification nber (CGI). The BTS is in charge of all the
communication in the cell. The BTSs are connected tBase Station Controller (BSC)
through a special interface. The BTS is the netvemrtity that this thesis is mostly concerned
with.

Figure 2.3. 2 Base Station Transceiver Orgaraion

$% & ' ())8&&F +*
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Base Station Controller (BSC):

The BSC forms the next stage back into the G8Mork. It controls a group of BTSs, and
is often co-located with one of the BTSs in itsugrolt manages the radio resources and
controls items such as handover within the group®s, allocates channels and the like. It

communicates with the BTSs over what is termediiinés interface. [8]

2.3.3Mlobile switching centre (MSC):

The MSC is the control centre for the cellular eyst coordinating the actions of the BSCs,
providing overall control, and acting as the switnid connection into the public telephone
network. As such it has a variety of communicatiaks into it which will include fiber optic
links as well as some microwave links and some eopppre cables. These enable it to
communicate with the BSCs, routing calls to therd aantrolling them as required. It also
contains the Home and Visitor Location RegistereRHVLR), the databases detailing the
last known locations of the mobiles. It also com$éathe facilities for the Authentication
Centre, allowing mobiles onto the network. In aditto this it will also contain the facilities
to generate the billing information for the indivel accounts. In view of the importance of
the MSC, it contains many backup and duplicateu@scto ensure that it does not fail.
Obviously backup power systems are an essentiahegie of this to guard against the
possibility of a major power failure, because ¢ tllISC became inoperative then the whole

network would collapse. [8]

2.3.40peration and Support Subsystem (OSS):

The OSS or operation support subsystem is an elemigmn the overall GSM network
architecture that is connected to components oNtB8 and the BSC. It is used to control and
monitor the overall GSM network and it is also usedontrol the traffic load of the BSS. It

must be noted that as the number of BS increadbsié scaling of the subscriber population

$% & ' ())8&&F +*
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some of the maintenance tasks are transferredet®W8, allowing savings in the cost of
ownership of the system. [8]

2.4 Frequency Assignment Strategies in cellular network

For efficient utilization of the radio spectrumfraquency reuse scheme that is consistent with
the objectives of increasing capacity and miningzinterference is required. A variety of
channel assignment strategies have been developmthieve these objectives, frequency or
channel assignment strategies can be classifiegltlaesr Fixed or Dynamic. The choice of
channel assignment strategy impacts the performahtlee system, particularly as to how
calls are managed when a mobile user in handefdonff one cell to another.

In a fixed frequency assignment strategy, each(B4IB) is allocated a predetermined set of
voice frequencies (channels). Any call attempt imitthe cell can only be served by the
unused channels in that particular cell(BTS).Ifth# channels in that cell(BTS) are occupied
, the call is blocked and the subscriber does exxive service. Several variation of the fixed
assignment strategy exists. [9]

In dynamic frequency assignment strategy, voicencbis are not allocated to different cells
(BTS) permanently, instead, each time a call reigisemade the serving vase station requests
a channel from the MSC. The switch then allocatehannel to the requested cell (BTS)
following an algorithm that takes into account thelihood of future blocking within the
cell, the frequency of use of the candidate charthel reuse distance of the channel, and

other cost function. Mobile switching center (MSntrols this kind of management.

2.5 Frequency Reuse in Cellular Networks (GSM):

Cellular Radio systems rely on the intelligenbedition and reuse of frequencies (channels)
throughout a coverage region. Each cellular bastgost (BTS) is allocated a group of radio
channels to be used within a small geographic caed cell. Base stations (BTS) in adjacent
cells are assigned channel groups which containptgly different channels than
neighboring cells. The base station antennas atmyriEd to achieve the desired coverage

! " 4
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within the particular cell. The same group of chelarmay be used to cover different cells
that are separated from one another by distange lanough to keep interference levels
within tolerable limits. The design process of sttg and allocating channel groups for all

of the cellular base stations within a system Ieddrequency reuse or frequency planning.

The figure [2.5] illustrates the concept of cellufeequency reuse, where cells labeled with
the same letter use the same group of channelsfr@tpeency reuse plan is overlaid upon a
map to indicate where different frequency chanaetdsused. The hexagonal cell shape shown
in fig. is conceptual and is a simplistic modelttoé radio coverage for each base station, but
it has been universally adopted since the hexagomifs easy and manageable analysis of a
cellular system. The actual radio coverage of d icklknown as the footprint and is
determined from field measurements or propagatigdiption models, although the real
footprint is amorphous in nature, regular cell shapneeded for systematic system design
and adaption for future growth. While it might seafural to choose a circle to represent the
coverage area of a base station, adjacent ciredasot be overlaid upon a map without

leaving gaps or creating overlapping regions. [9]

Figure2.5. 1 Cdhw Frequency Reuse Concepts

Show the cellular frequency reuse concept. Celth whe same letter use the same set of

frequencies. A cell cluster is outlined in bold amgblicated over the coverage area. In this

$% & ' ())8&&F +*
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example the cluster size, is equal to seven, aadréguency reuse factor is 1/7 since each
cell contentions one-Seventh of the total numbexvailable channels.

Thus, when considering geometric shapes whichrcaneentire region without overlap and
with equal area, there are three sensible chomesquare; an equilateral triangle; and a
hexagon. A cell must be designed to serve the vetakebiles within the footprints, the
hexagon has the largest area of the polygon aridritsest perimeter points, and the hexagon
has the largest area of the three. Thus, by ubiadiéxagon geometry, the fewest number of
cells can cover a geographic region, and the hexalgsely approximates a circular radiation
pattern which would occur for an Omni-directionasb station antenna and free space
propagation. Of course, the actual cellular foatpis determined by the contour in which a
given transmitter serves the mobiles successfidly.

2.6 GSM Radio Subsystem Interface:

The multiple access scheme used in GSM is a coriymaf FDMA and TDMA. This means
that the available bandwidth is split up in a largember of frequency bands, and on top of
that each band is then divided in time to increhgeamount of access channels. GSM has
three dedicated base bands, The GSM900, GSM180thartdSM1900. Each of these bands
has a collective bandwidth of 50 MHz each. The 38zMare divided in two 25 MHz bands,
one used for uplink and the other for downlink. TWwe 25 MHz bands are then divided into
125 carrier frequencies each separated by 200 lk¢izhere are 125 frequency for uplink and
125 for downlink, each 200 kHz wide. All 125 frequees are allocated in pairs so that each

up-link/downlink pair is separated with exactly M1z in figure [] we can see

< 25MHz > < 25MHz >

1
< 45 MHz > 200 kHz frequency
[ ] uplinkBands [l Downlink Bands

Figure 2.6. Frequency Band Allocation [10]
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Channel Description Usage
TCH/F Traffic channel / Full Speech and data transmissions
TCH/H Traffic channel / Half Speech and data transmissions
TCH/S Traffic channel / one eighth Data & control information transmissions
SCH Synchronization channel Time synchronization in cell
FCCH Frequency correction channel Frequency correction within cell
PAGCH | Paging and access grant channel Send request for communication
BCCH Broadcast control channel Transmits broad cast messages in a cell

Tablé2 Channels in GSM [10]
The bandwidth locations and separation relativeaoh other. The structure is the same for
GSM900, GSM1800 and GSM1900. Each of these 200Hbdts is divided into 8 full-rate
channels by using TDMA. These full-rate channell aither be given a specific usage or
split up in even smaller channels. This is furtthescribed in section 2.2.3 the total bit rate for
one band is 270,833 Kbit/s, and each channel i8 Xhit/s. When making a call in a GSM
network the MS will be assigned one out of all thekannels. A channel in GSM is one of
these 200 kHz bands, discussed above, given dispaeia of usage. [10]

2.7 Channel Structure in (GSM) Cellular Network:

There are many different channels in GSM. The twastmcommon channels used for
communication between a MS and a BTS are the TCGHieF TCH/H, which is Traffic
channel/Full-rate and half-rate. The channels desdrin the previous section are the same as
a full rate channel. A full-rate channel is assijiome timeslot every 4.615 ms and the half-
rate channels gets as the name suggest half ofl-eatiet This means that the half-rate
channels gets the entire available spectrum at tiss, for a timeslot once every 9.23MS.

There is also a channel called TCH/8 which is ghtedf the full-rate channel. These kinds of

! " 4
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channels are mainly used as control channels. &uetkplanation of the usage of the control
channels is given in the next section. Tabulatebaible [3.6] are some of the most commonly
used channels in GSM networks. [10]

3. ALGORITHMS AND DESIGNING:

For the given problem the heuristic based algorithmave been proposed. These algorithms
are proposed because the mentioned problem is Mplete. So there is no granted the exact
solution unless NP=P. Before discussing about tbpgsed algorithms firstly it is mentioned
about the initial available data and extracts #guired data from given data. The detail of
data preparation is given, and then it is discussiptetely these proposed algorithms

regarding the problem.
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FIGURE3. 1 Sweden Map [13]
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FIGURE 3. 2 With Polygons
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3.1Data preparation:

Initially there is Sweden map has been given fodging the area and population distribution.
This map consists of polygons. There are two fileg are used in this project to fulfill the
mentioned problem. [13]

Rastswe.dbf file

Rastswe.shp file
The Rastswe.dbf file has contained actually all itifermation of the map. By the project
requirement there is only two attributes are neefteth Rastswe.dbf file. These two
attributes are Gird Code and OV_Count. Gird Codwiadly holds the information about
Polygons ID. And the OV_Count holds the informatigmout population in each polygon.
There are many challenges have to face for buddaiplication. But two initial tasks are very

important for the preparation of application

Figure3.3 Selected Map
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First there should be a way to read the data fitmerrastswe.dbf file using Visual Studio C.
This file is contains the data of each Polygon hal &s population. This data is import to
excel sheet and use VC++ Language to fetch tharezhdata. [14]

Secondly, we have to way to reading the coumstngpe file. That was another critical
challenge. In this project, it is required to rete coordinates of all polygons in the
rastswe.shp file because the location of all thst becalized BTS in the map must have
known and what are neighbored coordinates of tist loealized BTS. So it must require
knowing the information about the coordinates fbeaking the neighboring BTS frequency
(channel).

After reading the Polygon ID, Population and itsombnates, BTS location, then the
Simulated Annealing and Greedy Algorithm have beesigned to assign the frequency
channels all the best localized BTS. After sucedlstssigned the frequency (channels) all
the best localized BTS, then it must also cheekftegquency reuse in such manners that no
neighboring BTS share the same frequency usingthes algorithms .The next challenge
was to understand these algorithms correctly anpleiment these according to propose
environment which sometimes becomes very hard. ul@bed annealing algorithm uses the

probabilistic approach while greedy algorithm evimye tries to find the best solution.

3.2 Simulated Annealing Algorithm:

Simulated annealing (SA) is a stochastic computatidechnique evolved from statistical
mechanics for discovering near globally-minimumica®lutions to big optimization
problems. In several instances, determining théajloninimum value of an objective
function with various degrees of freedom subjectirtoonsistent constraints is an NP-
complete problem, since the objective function walhd to have several local minima. A
procedure for solving this type of optimization plems must sample the search space in such
a way so that it has a high probability of finditig optimal or a near-optimal solution in a
reasonable amount of time. It is a technique wihidfills these criteria for a wide variety of

problems.
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SA method itself has a direct similarity with thexdynamics, particularly with the manner
that liquids freeze and crystallize, or metals cand anneal. Molecules of a liquid move
freely at high temperature with respect to one lamotIf the liquid cools down slowly,
thermal mobility is controlled. The atoms are atieine themselves up and create a pure
crystal that is absolutely regular. For the systhis crystal is the state of minimum energy,
which would correspond to the optimal solution irmathematical optimization problem.
However, if a liquid metal cool down quickly, itifereach a minimum energy state but rather
higher energy state, in the mathematical sensa,dab-optimal solution created by iterative

improvement or hill-climbing.

P =exp (/T)

Where T is the control parameter (analogy to temperatare) f is the variation in the
objective function. The probability function is defely a derivative of the Boltzmann
probability distribution function. [11]

3.3Simulated Annealing Pseudo Code:

Read Polygon ID, Population and Coordinates

Initialization temperature, coolingRate, absoluteTemperaturee@i@en
Calculate the Total BTS Required

Assign All the BTS to CurrentGen

Calculate available BTS_frequencies band

Calculate the Total currentPopulation Covered byhal CurrentGen BTS

WHILE temperature is greater than absoluteTemperature
Initialize NextGen from the CurrentGen
Randomly Change the NextGen BTS Locations
Calculate the Total nextPopulation Covered bytedNextGen BTS
DeltaPop = nextPopulation — currentPopulation

IF DeltaPop is greater than zero OR Probabilityésater than Random No.
CurrentGen = NextGen
CurrentPopulation = nextPopulation
IF Neighbor BTS_frequency = BTS_frequency
Assign different 8T frequency to BTS

! " 4
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ELSE
Assign BTS_frequency to BTS
END IF
Temperature = temperature * cool

Explanation:

The algorithms read the polygon ID, Population @ac y-coordinates. Calculates the total
BTS required and the available frequencies bandd®aly assigns different locations in the
given map. The annealing process createmth@Gen and assigns a new location to each
BTS. After placing a BTS on a best location it gasia frequency. If the frequency of current
BTS is same with the other neighboring BTS so toidico-channel interference it assigns a
different frequency else it will assign a currergquency. After completing the annealing
process, every BTS has frequency and objectivevofdang co-channel interference and
frequency reuse is achieving. The Simulated Anngafillgorithm complexity in this given
problem is

O (

3.4 Greedy Algorithm:

A greedy algorithm constructs a frequency assigrinbgniteratively selecting a vertex
(BTS), and then assigning a feasible frequency. tbhe selection and assignment follow
some rule based on local characteristics that t@sitn to optimize the global objective
function. An important feature of this (greedy)@ithm is the irrevocable nature of the
greedy choice which is performed in each iteratidrere are many versions of the greedy
algorithm have been proposed to solve FAP, oftesbmunction with more sophisticated

local search methods. [12]
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3.5Greedy Pseudo Code:

Read Polygon ID, Population, Coordinates

Calculate the Total BTS Required

Calculate Total available frequencies

For each BTS

For each Polygon
Calculate the distance of each neighboring poigg
IF distance< = BTS Range
IF Frequency of neighboring BTS is same
Assign a different frequency to BTS

ELSE
Assign a frequency to BTS
END IF
END IF
END For
END For
Explanation:

The algorithms read the polygon ID, Population &sd y-coordinates. Calculates the total
BTS required and the available frequencies bamtid=a first efficient location for first BTS,
place it and assigns a frequency from a given gaqy band. If the frequency of current BTS
is same with the other neighboring BTS so to acoixthannel interference it assigns a
different frequency else it will assign a curremtgfuency and soon. After execution every
BTS has frequency and objective of avoiding co-cleamterference and frequency reuse is

achieving. The Greedy Algorithm complexity in tigisen problem solution is O (
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4. IMPLANTATION DETAILS:

There are following components are used to bin&d application for frequency assignment
problem in cellular networks. These Components famedamental parts to build the

application.

Microsoft Visual studio 2005
VC++. NET Language
Rastswe.shp, Rastswe.dbf
Microsoft Excel

Microsoft Component Object Model(COM)
Windows XP
Intel 2.1 GHz processor

This application is developed in C language in ¥Is&tudio 2005 environment as a
development tool. The whole program is divided ititcee parts and the first and important
part is to accessing Excel data in C applicatiofterAa huge research, there is found
Microsoft Component Object Model (COM) applicatiofor office automation in
programming languages. [13] It eased the developroérapplication. It is available in
MSDN Online documentation and support for all &8ds available. [14] An application has
been created to read the instance of Excel thr@@N application by adding some specific
files in the program. Further workbook, Sheets egits are accessed by using this instance.
This helped a lot to open and manipulate dataert®l sheet.

After successfully manipulating with Excel data efhghe remaining part of application is
implemented in C language by following the abovecdibed algorithms of assigning the
frequencies to each best located BTS in cellulavowk. The proposed algorithms assigning
the frequencies and also reuse these frequenchen ihe results are analysis in detalil.
Implementation of the given algorithms wasn't asyetask. It took a lot of strategic planning.
Basic structure is built in designing phase and@mgntation is same as described in Pseudo

codes. Just like to translate of Pseudo code into C
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5. RESULTS AND ANALYSIS:

This developed application assigns the frequenmie=ach best localized BTS according to
population and area. The application has beenuocessfully and different results according
to input parameters. To understand the optimalitthe results we should understand the
output format. There are following parameters actuide for producing the result columns

BTS No

BTS Location

BTS XY-Coordinates

BTS covered Population

BTS frequency

In the output Table each row shows BTS No., BTSalion in the map with respect to
polygon, XY-Coordinates of the selected Polygons Bd'S Location. The range of best
located BTS handling the users is maximum 550 uJérsre are total 249186 Polygons in
the given map. For this project initially there &@0, 500 and 1000 polygons are used for
experiments to get different results. The detailpafposed algorithms results and actual

format of the output is given next section of thejgct.

5.1 Comparison between Simulated Annealing and Greg Algorithm with
300Polygons:

There are two experiments have been done first Siitiulated Annealing Algorithm using
300 polygons and using the same criteria of polggeih Greedy Algorithm. The detail of

all these experiments with results is given negtisa.

5.1.1Experiment-1 Simulated Annealing Algorithm with 300Polygons:

This experiment has been done using Simulated Aimgealgorithm with 300 polygons.
The detail about the results is given below inl&gb.1.1] and analysis part.
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Table-5.1.1 Simulated Annealing Algorithm results wh 300 Polygons:

BTS Location (Polygon BTS X- _
BTS No. ) BTS Y-Coordinate BTS Frequency
No.) Coordinate
1 129 1.67775E" 7.664518™ 1
2 155 1.67575E" 7.66351&8™ 2
3 87 1.69275€% 7.66651&8™ 3
4 282 1.68875E™ 7.65951&8™ 4
5 221 1.68375E" 7.66851&™ 5
6 175 1.69575E" 7.66351&8™ 6
7 48 1.68175€% 7.66751&8™ 7
8 131 1.6797%°° 7.6645%0% 2
9 159 1.6797% 7.6635% 3
10 272 1.6787%"°° 7.6595%0% 4
11 262 1.6967%° 7.6605E9° 5
12 61 1.6947%°¢ 7.6675%0% 6
13 224 1.6867% 7.6615%% 7
14 66 1.6717% 7.6665E%° 1
15 7 1.6867%° 7.6695%9% 2
16 111 1.6877% 7.6655%9% 3
58 120 1.69675e™ 7.66551&" 7
59 229 1.69175&™ 7.66151& 1
TABLES.1.1
Analysis:

The above given Table shows the result using Sitedl&nnealing Algorithm with 300

polygons. The total population 800 polygons is3270Q There are total 59 no. of BTS are
required for 32700 population. Seven channels efuency have taken and one channel is

assigned to one BTS as respectively as show indbie. First seven channels are being
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assigned to first seven best located BTS. For the seven BTS, all the channels are being
reused except channel {1}. The reason is that BTiS{laced on polygon location 129 and
BTS-8 is placed on polygon location 131.These pmigghave coordinates X=1.6777%8
Y=7.66451&"% X=1.67975 &% Y=7.66451&"%espectively. The distance between these
two polygons is 0.002*& this distance is equal to 2000 meters which shthas both
polygons are neighbor of each other. So t

0 avoid co-channel interference channel {2} is @issed in place of channel {1}. Similarly for
the last two BTS-58, 59 which is located in 129,28ygon, the coordinates of Polygon
129,229 is X=1.696758 v=7.665516"%X=1.69175&%° Y=7.66151&" which is another
best location, having the frequencies 7, 1.

As the nature of working Simulated Annealing difflet scenarios have been tested by
changing the cooling rates. The complexity of Sewmed Annealing algorithm for this
problem is O(n).The results are clearly show thagkency Reuse, Co-channel Interface are
being managed in this case. This process of asgjgiie channels (frequency) have been
continuing until all the BTS has the suitable chelnffrequency). The detail of efficiently

frequency (channels) reusability is given is t4blé&.2]

5.1.2Frequency (Channels) Reusability Using S.A. with 3DPolygons:

Table 5.1.2
Frequency (Channels) | Frequency Reuse (No| Best Reusable (Channels)
Time)
1 9 1
2 10 2
3 6
4 9 4
5 8
6 8
7 9 7
TABLE 5.1. 2
Explanation:
! "H#
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There are total No.59 BTS are located in 300 paiggolhe maximum probability of
reusability for each channel is 9 for 59 BTS. Aswh in the table channel {2} is reusing
frequency (channels) 10 times and channels {1,}4r& used 9 times .these channels are
efficiently are being used in this scenario, wherttee channel {3} has been reused only 6
times. This is happening due to co channel interfee and frequency reuse may be varying,

so channel {2} is efficiently reusing the frequerfoym all the given channels.

5.1.3 Experiment-2 Greedy Algorithm with 300Pglgons:

This experiment has been done using 300polygoma fiee given map. The result using

greedy algorithm has been given in Table-[5.1.3].

Table-5.1.3 _Greedy Algorithm results with 300Polgons:

BTS No. | BTS Location| BTS X-Coordinate | BTS Y-Coordinate | BTS
(Polygon No.) Frequency

1 3 1.68275e™ 7.669518™ 1

2 6 1.68575€"" 7.66951&8™ 2

3 8 1.68775€" 7.66951&8% 3

4 11 1.69075€™ 7.66951&™ 4

5 14 1.675758% 7.66851&8™ 5

6 17 1.678758% 7.66851&8% 6

7 31 1.69275€™ 7.66851&™" 7

8 34 1.69575¢% 7.66851 & 1

9 39 1.67275¢% 7.66751 &% 2

10 47 1.68075"€™ 7.66751 &% 4

11 50 1.68375'%¢™ 7.66751 &% 6

12 53 1.68675€™ 7.66751 &% 7

13 55 1.68875%¢™ 7.66751 & 1
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14 64 1.69775%8% 7.66751 &% 2
58 233 1.695758% 7.661518"% 1
59 245 1.679758% 7.660518"% 2
TABLE 5.1. 3
Analysis:

The above given Table-1 shows the result usingdyrédgorithm with 300 polygons. The
total population of 300 polygons is 32700. There ttal 59 no. of BTS are required for
32700 populations. Seven channels of frequency kelkken and one channel is assigned to
one BTS as respectively as show in the table. Be@gén channels are being assigned to first
seven best located BTS. For the next seven BTShalchannels are being reused except
channel 3. The reason is that BTS-3 is placed catilon 8 and BTS-10 is placed on location
47 and coordinates of polygon 8 are X= 1.6878eY=7.66951&°° Coordinates of
Polygon 47 are X=1.68075%° Y=7.66751 &°® The difference of Y coordinates is 0.002
e which show that both are the neighbors of eachtoSavoid co-channel interference
channel 4 is assigned in place of channel 3.thdteeare clearly show that Frequency Reuse,
Co-channel Interface are being managed in this. @dss process of assigning the frequency

channels have been continuing until all the BT Sthassuitable frequency.

5.1.4 Frequency (Channels) Reusability Using @edy with 300 Polygons:

Table5.1.4
Frequency Channels Frequency Reuse (No. of Best Reusability(Channel)
Times)
1 9 1
2 9 2
3 8
4 9 4
5 8
6 7
7 9 7
TABLE 5.1. 4
! "H#
$% & "()&&&* +*

-34 -



M.Asif Noor Degree Project E E

E3875D May, 2010

Explanation:

There are total 59 BTS are located in 300 polygdhg maximum probability of reusability
for each channel is 9 time. As shown in the tablé.f}] channels {1}, {2}, {4} and {7} are
reusing frequency (channels) 9 times which is maxmprobability. These channels have
maximum frequency (channels) reusability in thiernsgio. Other channels {3, 5, and6}
reusability is less than 9. Due to co-channel fatence channel {6} is using only 7 times

therefore frequency reuse may be varying.

5.1.5 Comparison

The experiments show the different results using Simulated Annealing and Greedy
Algorithm. Simulated Annealing algorithm solve tipgoblem in terms of energy levels
comparison, until finds the solution. As there ismemory in Simulated Annealing, so can be
stuck in local minima therefore finding optimal stwbn is some critical point. On the other
hand greedy search always ensures optimality optbkelem in terms of finding the solution
of the problem.

So over all depends on the total no. of the BTS awllable frequencies (channel), some
congested area prefers Simulated Annealing and poafier greedy in terms of the frequency
trapping. Simulated Annealing ensures optimizatian.t solution searching looping in
neighbors while greedy search only focusing on tpimality in first attempt, no
optimization is maintained.

The frequency (channels) assignment has been sisroessfully using both algorithms. But
Frequency (channels) reusability has been variadSimulated Annealing result with
300polygons there are four frequency (channels{}, 7} has been maximum reusability,
where in other hand Greedy has also four {1, 27/¥frequency (channels) having the
maximum reusability. But it can be observed thailtesf frequency (channels) reusability
with Simulated Annealing, there is a one channdl kaving the maximum no. of time
reusability which is 10 time. This shows that Siatetl Annealing is more optimal than

Greedy in this scenario. This could be also shawthé following graph.
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Figure 5.1.Arequency ReuscComparison SA and Greedy with 300 Polygons

5.2 Comparison between Simulated Annealing and Grelg Algorithm with
500Polygons:

There are two experiments have been done first Sithulated Anneing Algorithm using
500 polygonsand using the same criteria of polygons with Gre&liporithm. The detail o
all these experiments with results and comparis@iven next sectic.

5.2.1 Experiment-3 Simuhted Annealing Algorithm with 500Polygons

This experiment has been done using Simulated AnmgeAlgorithm with £00 polygons. The
detail about the results is given belo\ Table [5.2.5] and analysis part.
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BTS BTS BTS X-Coordinate| BTS Y-Coordinate BTS
1 203 1.694758% 7.662518°% 1
2 271 1.677758"% 7.65951&™ 2
3 365 1.697758% 7.656518%% 3
4 156 1.676758% 7.663518%% 4
5 430 1.692758% 7.653518%% 5
6 157 1.677758% 7.663518"% 6
7 498 1.704758% 7.65151&8"™ 7
8 58 1.692758°% 7.662518° 2
9 182 1.70275&°% 7.65951 &% 3
10 311 1.69075&°% 7.65651&%% 4
11 88 1.69375&°% 7.66351&%% 5
12 288 1.69475&°% 7.65351 &% 6
13 377 1.686758°" 7.651518&" 7
14 252 1.686758° 7.66751&" 2
15 461 1.69775&°% 7.663518%% 3
16 170 1.69075&°% 7.658518"% 4
98 92 1.697758% 7.666518"% 2
99 333 1.688758% 7.657518% 3
TABLE 5.2.5
Analysis:

The above given Table shows the result using Simdil&nnealing Algorithm with500
polygons. The total Population 600 Polygons is5450Q The procedure of assigning the
channel (frequency) is same as mentioned aboven\@lhaeven channels have be assigned
to first seven best located BTS. For the next s&¥E§, all the channels are being reuse in
such manners that neighboring BTS has differentodla (frequency) .This process of

assigning the frequencies continue until all the&SBThave suitable channels (frequency).
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5.2.2 Frequency (Channels) Reusability UsirfgiA. with 500 Polygons:

Table5.2.6

Frequency Channels Frequency Reuse (No.| Best Reusability(Channels)
of Times)

1 15 1

2 15 2

3 15 3

4 12

5 13

6 14

7 15 7

TABLE 5.2.6
Explanation:

There are total 99 BTS are located in 500 polygdhg maximum probability of reusability
for each channel is 15. As shown in the table @.2hannels {1}, {2}, {3} and {7} are

reusing frequency (channels) 15 times which shoe ieximum probability. Mostly

channels have maximum frequency reusability in skksnario. Other channels reusability {4,

5, and 6} is less than 15. This is happening dumtohannel interference and frequency reuse

may be varied.

5.2.3 Experiment-4 Greedy Algorithm with 50Bolygons:

This experiment has been done using Greedy Algurithith 500 polygons. The detail about

the results is given below in Table-[5.2.7] andlgsia part.
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Table-5.2.7__Greedy Algorithm results Using 500 Rggons:
BTS BTS BTS X-Coordinate | BTS Y-Coordinate | BTS
No. Location Frequency
(Polygon No.)
1 3 1.68275€" 7.66951&% 1
2 6 1.68575€"" 7.669518™ 2
3 8 1.68775€" 7.66951&8™% 3
4 11 1.690758% 7.66951&% 4
5 14 1.675758% 7.66851&8™ 5
6 17 1.67875€" 7.66851&8™ 6
7 31 1.69275€"™ 7.66851&™" 7
8 34 1.69575¢% 7.66851 & 1
9 39 1.67275¢™ 7.66751 & 2
10 47 1.68075'%€™ 7.66751 &% 4
11 50 1.68375%¢™ 7.66751 &% 6
12 53 1.68675%¢" 7.66751 & 7
13 55 1.68875'%¢™ 7.66751 &% 1
14 64 1.69775"€™ 7.66751 &% 2
8 454 1.69075&™ 7.652518™ 2
99 460 1.69675&™ 7.65251&8° 3
TABLE 5.2.7
Analysis:

The above given Table-2 shows the result usingdyrédgorithm with 500polygons. The
total population of 500polygons is 54500. There tatal 99 no. of BTS are required for
54500 populations. The procedure of assigning tla@eel (frequency) is same as mentioned
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above. When all seven channels have be assignigtiseven best located BTS. For the
next seven BTS, all the channels are being reusadh manners that neighboring BTS has
different channel (frequency) .This process ofgrgalg the frequencies continue until all the

BTS’s have suitable channels (frequency).

5.2.4Frequency (Channels) Reusability Using Greedy witb00 Polygons:

Table5.2.8

Frequency Channels Frequency Reuse (No. | Best Reusability(Channel)
of Times)

1 15 1

2 14

3 14

4 16 4

5 13

6 13

7 15 7

TABLE 5.2.8
Explanation:

There are total 99 BTS are located in 500 polygdhg maximum probability of reusability
for each channel is 15. As shown in the table §,Zhannel {4} is reusing 16 times and {1},
{7} are reusing frequency (channels) 15 times wh&maximum probability. Other channels
{2, 3, 5, and 6} reusability is less than 15. Thlashappening due to co channel interference
and frequency reuse may be varied.

5.2.5 Comparison:

The experiments show the different results using $imulated Annealing and Greedy
Algorithm. Simulated Annealing algorithm solve tipeoblem in terms of energy levels
comparison, until finds the solution. The workingture of Simulated Annealing is same as
mentioned in previous section. Where as greedyckealways ensures optimality of the
problem in terms of finding the solution of the plem.

! "H#
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The frequency (channels) assignment has been dmeessfully using both algorithms. E
Frequency (channels) reusability has been variadSimulated Annealing result wi
500polygons, there are foufrequencies c¢hannel) {1, 2, 3, 7} have been maximi
reusability. On theother hand Greedy hihree {1, 4, 7} frequenciescfianne) having the
maximum reusability.

So as total no. of the BTS increa in this scenario 99 ifwulated Annealing ensures
optimization, w.r.tsolution searching looping neighborswhile greedy search only focusi
on the optimality in first attempt, no optimizatios maintaine. The® results show thi
Simulated Annealings moreoptimal than Greedy algorithin this scenario. This cild be

also shown in the following gra.

[ll18

Figure 5.2. Erequency Reu: Comparison between S.A and Greedy with 500Polygons

! "4
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5.3Comparison between Simulated Annealing and GreedyI§orithm with
1000Polygons

There are two experiments have been done first Sitlulated Annealing Algorithm using

500 polygons and using the same criteria of polggoeith Greedy Algorithm. The detail of

all these experiments with results and comparis@iven next section.

5.3.1Experiment-5 Simulated Annealing Algoritim with 1000Polygons:

This experiment has been done using Simulated AmmgeAlgorithm with 1000 polygons.

The detail about the results is given below in €gbl3.9] and analysis part.

Table-5.3.9 Simulated Annealing Algorithm results wh 1000 Polygons:

BTS No. | BTS Location| BTS X-Coordinate | BTS Y-Coordimate BTS
1 563 1.706758™ 7.649518" 1

2 621 1.69875€™ 7.64751&8™ 2

3 998 1.68775E™ 7.63751&8™ 3

4 888 1.708758™ 7.64051&" 4

5 786 1.68275€™ 7.642518™ 5

6 60 1.69375€% 7.66751&8™ 6

7 478 1.684758™ 7.65151&" 7

8 404 1.6897%°° 7.6545%0¢ 1

9 927 1.7057%°¢ 763951 2

10 409 1.6947%° 76545%°% 3

11 503 1.7097%°¢ 76515E°%° 4

12 964 1.6987%° 76385k 5

13 199 1.6907%°° 766251 7

14 56 1.6897%% 76675E°% 1

197 233 1.69575€™ 7.66151&™" 5
198 811 1.70775€* 7.642518™ 6

TABLES.3.9
! "H#
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Analysis:

This is our final result table using Simulated Aalireg Algorithm. In this table there ai®00
polygons have been used. There H38000populations of these polygons. The assignment of
channels (frequency) is same as mentioned abowe. \We get little different output due to
randomization nature of Simulated Annealing. Irs texperiment when all the seven channels
have been assigned to the first best seven lo&I&d Then for the next seven best located
BTS channels are reused except the channel{6} lsecthe BTS-13 is placed on polygon
location 199 and the BTS-170 is placed on polygmation 259 .The polygons 199 have
coordinates X%.69075&° Y=7.66251&"° and polygon 259 have coordinates 269375&™
Y=7.66051&8"°  respectively. The difference of both the polygoshows that both are
neighbors of each other. That's why BTS-12 hasueagy {7} except {6}.

The above given Table shows the result using Sitedl&nnealing Algorithm with 300
polygons. Total Population &00 Polygons is32700 BTS-1 is located in Polygon 129, the
coordinates of Polygon 129 is X=1.6777%8& Y=7.66451&"®and it is managing 545 users.
It's covering 545 users out of 550 so BTS-1 is pthon best location. The frequency is
assign to BTS-1 is 1 and BTS-2 is 2 and up to 7 Bi&available frequencies has been
assigned. When all the available frequencies hasen bassigned, then these assigned
frequencies have been reused in such manner tigttboging BTS not sharing the same
frequency. This has been shown that BTS-8 whiclocaited in Polygon131 cannot be
assigned frequency{1} because its neighboring isSBTlocated in Polygon129 having the
same frequency{l}.therefore BTS-8 is assigned kifieé frequency{2}.This process of
assigning the frequencies continue until all theSBThave suitable frequencies .The results
are fulfill our mentioned problem.

Similarly for the last two BTS-58, 59 which is lded in 129,229 Polygon, the coordinates of
Polygon 129,229 is X=1.69675&° y=7.665516"°X=1.69175&"" Y=7.66151&"®and it is

managing 436,545 users which is another best tmtatiaving the frequencies 7, 1.

$% & ' ())&&E* +*
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5.3.2 Frequency (Channels) Reusability Using S.A.ith 1000 Polygons:

Table5.310

Frequency Channels Frequency Reuse (No| Best Reusability(Channels)
of Times)

26

30

31

29

g lwW(N

29

27

N[O |WIN|EF

26

TABLE 5.3.10

Explanation:

There are total 198 BTS are located in 1000 polggéor 198 BTS the maximum probability
of reusability for each channel is {29}. As shownthe table [5.3.10] channels {2}, {3}, {4}
and {5} are reusing frequency (channels) [30, 39, &1d 29] times which is equal to or
greater than maximum probability. The frequencysadulity for mostly channels is
maximum in this scenario. Due to co-channel interfiee channels {1}, {6} and {7} are

reusing the frequency less that maximum probability

5.3.3 Experiment-6 Greedy Algorithm with 1000Polygns:

This experiment has been done using Greedy Alguarithith 1000 polygons. The detail about
the results is given below in Table-[5.2.11] andlgsis part.

$% & ' ())&&E* +*
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Table-5.3.11 Greedy Algorithm results Using 1000 Pygons:

BTS BTS BTS X- BTS Y- BTS
No. Location Coordinate Coordinate Frequency

(Polygon No.)

1 3 1.68275€™ 7.66951&8™ 1

2 6 1.68575€" 7.66951&% 2

3 8 1.68775€™ 7.66951&8™ 3

4 11 1.69075€™ 7.66951&™ 4

5 14 1.67575™ 7.66851&8% 5

6 17 1.67875€"™ 7.66851&8™ 6

7 31 1.692758% 7.66851&8% 7

8 34 1.69575 €™ 7.66851 & 1

9 39 1.67275¢% 7.66751 & 2
10 47 1.68075%€™ 7.66751 &% 4
11 50 1.68375%€™ 7.66751 & 6

12 53 1.68675%€™" 7.66751 &% 7

13 55 1.68875%¢™ 7.66751 &% 1

14 64 1.69775'€™ 7.66751 &% 2
188 993 1.68275€™ 7.637518™% 3
195 913 1.69175€™ 7.63951&™ 1
196 926 1.70475€™ 7.63951&™ 2
197 932 1.71075'€" 7.639518™% 4
198 935 1.71375'€" 7.639518™ 5

TABLE 5.3. 3
! " #
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Analysis:

The above given Table-6 shows the result usingdyredgorithm experiment witil000
polygons. The total population @000polygons i98536 There are total 198 no. of BTS are
required forl0900populations. Similarly here seven channels of fegrpy have taken and
one channel is assigned to one BTS as respecagetyow in the table. First seven channels
are being assigned to first seven best located Bd6the next seven BTS, all the channels
are being reused except channel 3. The reasoati815-3 is placed on location 8 and BTS-
10 is placed on location 47 and coordinates of gmly 8 are X= 1.68775&°%
Y=7.66951&°" Coordinates of Polygon 47 are X=1.68078°% Y=7.66751 &% The
difference of Y coordinates is 0.002%which show that both are the neighbors of each. So
to avoid co-channel interference channel {4}is gissd in place of channel {3}.the results
are clearly show that Frequency Reuse, Co-chantafdce are being managed in this case.
The same result has been shown that the BTS Nmd©dssigning the channel {3} because
its neighboring BTS NO.188 having the same cha{Bietherefore to avoid the co channel
interference the BTS No 197 assigned another dlailfrequency (channel){4} .This
process of assigning the frequency channels hase bentinuing until all the BTS has the

suitable frequency.

5.3.4 Frequency (Channels) Reusability Using Greedyith 1000 Polygons:

Table5.3.12
Frequency Channels Frequency Reuse (No. ¢fBest Reusability(Channes)
Times)
1 30 1
2 27
3 27
4 29 4
5 27
6 27
7 31 7
TABLE 5.3. 4
Explanation:
! "H#
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There are total 198 BTS are located in 1000 polggéor 198 BTS the maximum probability
of reusability for each channel is 29. As showthimtable [5.3.12] channels {1}, {4} and {7}
are reusing frequency (channels) [30, 29, and Bdédg which is equal to or greater than
maximum probability. The frequency reusability fimostly channels is maximum in this
scenario. Due to co-channel interference channg}s {8}, {5} and {6} are reusing the

frequency less than maximum probability

5.3.5 Comparison:

The experiments show the different results using $imulated Annealing and Greedy
Algorithm. Simulated Annealing algorithm solve tipeoblem in terms of energy levels
comparison, until finds the solution. The workingture of Simulated Annealing is same as
mentioned in previous section. Where as greedyckealways ensures optimality of the

problem in terms of finding the solution of the plem.

The frequency (channels) assignment has been sisroessfully using both algorithms. But
Frequency (channels) reusability has been variedSimulated Annealing result with
1000polygons, there are four frequencies (chan{@l)3, 4, 5} have been maximum
reusability. On the other hand Greedy has three4{17} frequencies (channel) having the
maximum reusability.

So as total no. of the BTS increased in this sceb@8, Simulated Annealing ensures
optimization, w.r.t solution searching looping ieighbors while greedy search only focusing
on the optimality in first attempt, no optimizatio® maintained. These results show that
Simulated Annealing is more optimal than Greedyalgm in this scenario. This could be
also shown in the following graph. These resultswsithat Simulated Annealing is more
optimal than Greedy algorithm in this scenario.sTbould be also shown in the following

graph.
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e

Figure 5.3.Arequency Reu Comparison between S.A. and Greedth 1000Polygor:.

5.4Final Comparison between S.A and Greec of Frequency (Channels
Reusability:

The summaryand final comparison between Simulated Annealindy @needy algorithm ¢

best frequency (chaels) reusability i discussed in this section using table and gr

Table-5.42

No. Of Efficient Efficient

Polygons| Reusabl¢(Channels) | ReusabléChannels)
using Simulated using Greedy
Anneal

300 4 4

500 4 3

1000 4 3

TABLES5.1.5
! "H#
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5.4.1Comparison:

The above tablshows the summary of efficie frequency (channels) reusability usi
Simulated Annealing and Greecalgorithms. Simulated annealing having the effit
reusable channels are with 300 polygons. Similarly wh 500 and 1000 polygons t
efficient reusald channels are 4, 4 rectively, whereas the Greedy having 4, 3 and 3 h
time efficient reusable channels with 300,500 and 1000 polygospgertively. Simulate
annealing results are verified with greedy whicbves that results are optimal. This calso

shown in the following given gra

&$II
&
$" -
x %"
— % -
#$II _ .
N—r # i
$" -
!
Figure 5.4.1 Summary of Best Reusable Frequency (Channels)
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All the experiments show the different results gsthe Simulated Annealing and Greedy
Algorithm. Simulated Annealing algorithm solve tipeoblem in terms of energy levels
comparison, until finds the solution. As there issmemory in Simulated Annealing, so can be
stuck in local minima therefore finding optimal stbn is some critical point. On the other
hand greedy search always ensures optimality optbkelem in terms of finding the solution
of the problem.

So over all depends on the total no. of the BTS amwllable frequencies (channel), some
congested area prefers Simulated Annealing and poafier greedy in terms of the frequency
trapping. Simulated Annealing ensures optimizatian.t solution searching looping in
neighbors while greedy search only focusing on tpimality in first attempt, no
optimization is maintained. This could be contind@dmore polygons like 7000.1000 etc.

5.5 Graphical Analysis of Frequency Assignment anReuse:

The following figure [5.4] shows the generic assmgmt of the frequency. We have the
square type polygons as mentioned earlier. Thediffi3] shows only those polygons which
have been placed the BTS and assign the frequenidmes colored polygons showing the

reuse of frequency (channel). This is satisfyirguhes that minimize the mentioned problem.
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Figure 5.5. 1 Graphical Analysisf Frequency Assignment and Reuse
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6. CONCLUSION AND FUTURE WORK:

$%

6.1 CONCLUSION

The different scenarios have been tested on thes lmdsgiven data using both
proposed algorithms. Firstly the problem has beeaméned by Simulated Annealing
Algorithm. There are three experiments have bearedsing this algorithm. In all
three experiments the results are satisfying addcee the mentioned problem. The
frequency assignment problem has been successtutiy. The Simulated Annealing
Algorithm experiments are also showing that freqyefcthannels) reused in such way
no neighboring BTS having the same frequency. ®octh channel interference has
been minimized.

Then the problem has been examined by Greedy Alfgorilt also gives the satisfying
results on the basis of three different experimeffter getting all the results from
proposed solution this is clearly shows that ousidbgroblem of assigning the
frequency efficiently has been done by both dewadoplgorithms Frequency reuse
and co-channel interference is being handled efiity using a Simulated annealing
and results are verified with greedy which showat thhaximum probability is being
achieved in most of the experimental results.

So over all depends on total no. of the BTS andahla frequencies (channel), some
congested areas prefer Simulated Annealing somierpgeeedy in terms of the
frequency trapping. Simulated Annealing ensuresinopation, w.r.t solution
searching looping in neighbors while greedy seardly focusing on the optimality in
first attempt, no optimization is maintained. Téienulated Annealing results are
verified with Greedy. In simulated annealing shawat results are near to optimal.
Results also show that due to co-channel interéerd¢here is variation of frequency

reuse.
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6.2 FUTURE WORK

The given problem is implemented using a simuladedhealing and it tries to
efficiently assign the frequency and avoid co-clernnference but there are many
other algorithms are available like Genetic Algamt Tabu Search. These are also
heuristic type algorithms which might be given there efficient result.

The above work assign a frequency to efficientliaed BTS and try to avoid the co
channel interference with efficiently reuse thegfiency .These parameters are
checked using coordinate system which arise théculify of understanding the
frequency overlapping. There is a need of graphicterface to examine the
frequency reuse, co channel interference and qyarlg. GIS, OpenGL techniques
and tool will be use for further research.

In this project for frequency assignment probldraré are only two attributes are
considered, first is polygon area and second isuladipn. There are some other
attributes like forests, rivers, mountains which aot considered in this work. These
are also very important factors for efficiently igssnent of frequency. So this is
another area of further research which is neededyitore.

A variety of channel assignment strategies haven béeveloped to maximum
frequencies reusability and avoid the co channrfierence. Frequency or channel
assignment strategies can be classified as eitixed For Dynamic. In this project
proposed algorithms work only fixed or static freqay (channel) assignment. So for
dynamic assignment these proposed algorithms wilised in future.

$% & ' ())8&&F +*
- 53 -



M.Asif Noor Degree Project E E

E3875D May, 2010

7. REFERENCES:

[1] Optimized planning of frequency hopping in cédir networks Patrick Bj, orklund, Peter
V, arbrand, DiYu www.sciencedirect.com

[2] FREQUENCY ASSIGNMENT IN RADIO NETWORKS. BY. W Kiran Viyyure

[3] Frequency assignment in Cellular Networks
http://opus.kobv.de/zib/volltexte/1997/305/pdf/ST-36.pdf

[4] http://www.gsmfavorites.com/documents/intratdan/gsm/

[5] http://en.wikipedia.org/wiki/GSM#cite note-61

[6] http://www.acm.org/crossroads/xrds7-2/cellutémiI#TAN

[7] http://www.eecs.lehigh.edu/~caar/comm-net.pdf

[8] http://www.radioelectronics.com/info/cellulaleomms/gsm_technical

[9] Wireless Communications: Principles and Pragtitnd Edition (Theodore Rappaport)

[10] Autonomous Frequency Planning for GSM Netwddiddas Jald en
www.ee.kth.se/php/modules/publications

[11]Simulated Annealing http://www.ijcte.org/pap&r4-G576-591.pdf

[12] (Greedy Algorithm) Models and Solution Teatunes for Frequency Assignment
Problems http://arno.unimaas.nl/show fodF2616

[13] http://users.du.se/~prb/Overlapp/

[14] http://[shapelibmaptools.org/

[15]http://msdn.microsoft.com/en-us/library/bb1830aspx

[16] A brief introduction to C++ and Interfacingttv Excel” by ANDREW L. HAZEL
http://www.maths.manchester.ac.uk/~ahB2&UEL _C++.pdf

[17]Models and solution techniques for frequensyignment problems Karen 1.

Aardal - Stan P.M. van Hoesel - Arie M.Ckboster - Carlo Mannino -

$% & ' ())&&E* +*
-54 -



