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Abstract: 
 
Cellular networks (GSM) need to assign the frequency (channels) for huge traffic in urban 

areas. Efficient Frequency assignment in cellular network is a most important task from last 

decade.  Due to technical and legal issues, frequencies channel has to be assigned base station 

transceivers (BTS), so that the ratio of co-channel interference should be low. The 

information have been extracted from the open street map project and also representing the 

distribution of the population. Heuristics techniques are applied for assigning the frequencies 

and also reuse these frequencies in such way so that no adjacent or neighboring cells (BTS) 

share the same frequency. Proposed heuristics are simple to implement. The heuristic based 

algorithms have been developed to assign frequency (channels) efficiently. The proposed 

algorithms are Simulated Annealing and Greedy. After successfully assignment of 

frequencies, it is also be verified that frequency (channels) should be reused and try to 

minimize the co channels interference. The different scenarios have been tested using 

proposed algorithms. The proposed system gives the good results. The best performing 

heuristics might be integrated into a network planning system. This can be used in practice. 
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1. INTRODUCTION: 
 
Technological advances and the tremendous growth of wireless network and wireless 

terminals have caused the wireless communications and mobile computing to grow rapidly. 

The present trends in the Cellular Network (GSM) industry to provide information access 

from anywhere to any place in the world and shifting of present applications to a multimedia 

environment has caused a rapid growth in the mobile users community. This enormous 

growth in Cellular Network (GSM) filed has put a lot of constraints on the availability of the 

radio frequency spectrum. Due this the frequency reuse and channel assignment problems and 

algorithms have been studied extensively in the last two decades by radio and electrical 

engineers, operations researchers, graph theorists and computer scientists. Different people 

approached this problem in different ways. [1] 

In cellular networks a geographical area is divided into smaller service areas called cells and 

each of these cell’s have a base station transceiver (BTS) and all the wireless terminals or the 

users in those cells communicate with their corresponding cell area base station transceivers 

(BTS). Frequencies have been assigned to BTS (base transceiver station) in the cellular 

network. A BTS is very important part of the cellular networks which integrated between 

mobile subscribers and network system.  For these communication links to be established the 

available frequency spectrum should be used and reused very efficiently. The efficient reuse 

in the spectrum helps to reduce the cost of service by reducing the number of base stations 

and also accommodating more number of users per base stations [2]. 

The Frequency Assignment Problem (FAP) can be formulated as a generalized graph coloring 

problem that is the problem of finding a coloring of a graph so that the numbers of colors are 

used minimum, subject to the constraint that any two adjacent vertices have two different 

colors as such, FAP is a NP-hard problem [3]. The concept of frequency reuse is based on 

assigning to each cell a group of radio channels used within a small geographic area. Cells are 

assigned a group of channels that is completely different from neighboring cells. The 

coverage area of cells is called the footprint. This footprint is limited by a boundary so that 

the same group of channels can be used in different cells that are far enough away from each 

other so that their frequencies do not interfere.  
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The prime factors which effect frequency assignment and channel reusability are Co- Channel 

interference and adjacent channel interference. All the channels which use the same 

frequencies are called co-channels. The minimum distance at which two base station 

Transceivers (BTS) can co-use same channel with acceptable interference is called the “Co-

Channel Reuse Distance”. 

To assign the frequency in efficient way is the hard topic currently. This project has been 

done in two parts. In the first part all the BTS’s have been localized in their best location in 

the given map in such way that they cover maximum no. of population. After successfully 

localized all the BTS’s in first part. The second part is to assign the frequency (channels) 

these best localized BTS in such way that frequency should be reused. The first part has been 

done by another person. So the content similarities can be considered as a combine work. 

 

 

Figure 1. 1 The SHAPE FILE[14] 
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 In this work, initially a SHAPEFILE is given. The given SHAPEFILE actually map of the 

Sweden. This map consists of square polygons. These polygons have coordinates and 

population. There is fixed length spectrum of frequency channels [1, 2, 3, 4, 5, 6, 7] have been 

used. Data preparation has been given detail in section 3. These are initial input parameters 

are used to develop the algorithms. There are two algorithms have been proposed to solve the 

mentioned problem. These are Simulated Annealing and Greedy algorithm. These two 

algorithms are implanted in visual studio C. There are many experiments have been done 

using the different inputs the results are pretty good which minimize mentioned problem. 

Then a detail analysis has been done on the basis of these two algorithms experiments.  

 

1.1 Previous Research: 

Before working this project, it must have some idea of previous work. Lot of work has been 

done in this field. This is not the first survey on the frequency assignment problem. Already 

Hale (1980) presented an overview of the frequency planning problems of that time, with a 

special focus on modeling the problems. Hale also discussed the relation of the FAP with 

graph (vertex) coloring. In particular, the relation of FAPs with the T -coloring problem was 

introduced by Hale. This led to many new (graph-theoretic) results, surveyed in Roberts 

(1991). [17] 

Frequency assignment problems (FAPs) first appeared in the 1960s (Metzger 1970). The 

development of new wireless services such as the first cellular phone networks led to scarcity 

of usable frequencies in the radio spectrum. Frequencies were licensed by the government 

who charged operators for the usage of each single frequency separately. This introduced the 

need for operators to develop frequency plans that not only avoided high interference levels, 

but also minimized the licensing costs. It turned out that it was far from obvious to find such a 

plan. At this point, operations research techniques and graph theory were introduced. Metzger 

(1970) usually receives the credits for pointing out the opportunities of using mathematical 

optimization, especially graph coloring techniques, for this purpose. Until the early 1980s, 

most contributions on frequency assignment used heuristics based on the related graph 

coloring problem. The development of the digital cellular phone standard GSM (General 
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System for Mobile Communication) in the late 1980s and 1990s led to a rapidly increasing 

interest for frequency assignment (see Eisenblätter 2001 for a discussion of the typical 

frequency planning problems in GSM networks).[17] 

Many other authors have been given the theoretical analysis on frequency assignment 

problem. [3]   

 

1.2 Problem definition 

 
To designing the cellular network there are many things to be considered. The frequency 

assignment planning is one of them. The efficient assignment of frequencies is very hard and 

key task for the cellular network operator. Although frequency planning takes lot of time and 

expensive too but the license frequencies and bandwidth is even more expensive. So the 

cellular network operator wants to efficiently assign the frequencies reuse which help them at 

low cost of networks .So the basic purpose of this thesis is to assign frequency to the best 

localized BTS and then reuse these frequencies efficiently in such way that no neighboring 

BTS having the same frequency and also try to minimize the co channel interference. 

1.3 Aim and Scope 

 

The main aim of this project is to build the application which assigns the frequencies of each 

best localized BTS and also reuse these assigned frequencies in such way that no adjacent or 

neighboring BTS or cell shares the same frequencies in cellular networks. This project (thesis) 

presents the efficient assign of frequencies and also reuses these frequencies using proposed 

algorithms.                                          

 This project (thesis) consists of majorly following tasks which are essential. 

1) To extract information from the open street map project. 

2) To extract information about maps representing the distribution of the population 

3) To develop the algorithms to assign frequencies and reuse  

4) Analyze the results of developing algorithms  
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2. CELLULAR NETWORK & SYSTEM DESIGN(BACKGROUND) : 
 

2.1 What is Cellular Networks (GSM)? 

A cellular network is a radio network made up of a number of radio cells (or just cells) each 

served by at least one fixed-location transceiver known as a cell site or base station(BTS). 

These cells cover different land areas to provide radio coverage over a wider area than the 

area of one cell, so that a variable number of portable transceivers can be used in any one cell 

and moved through more than one cell during transmission. [3] There are a numbers of 

advantages providing by the cellular networks instead of 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 that radio can be used to keep in touch with 

people on the move. However, in 1946, the first car-based telephone was set up in St. Louis, 

Missouri, USA. The system used a single radio transmitter on top of a tall building. A single 

channel was used, therefore requiring a button to be pushed to talk, and released to listen [6]. 

This half duplex system is still used by modern day CB radio systems utilized by police and 

taxi operators. In the 1960s, the system was improved to a two-channel system, called the 

improved mobile telephone system (IMTS). Since frequencies were limited, the system could 

not support many users. 

In 1982, the European Conference of Postal and Telecommunications Administrations (CEPT) 

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

system that could be used across Europe. In 1987, a memorandum of understanding was 
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signed by 13 countries to develop a common cellular telephone system across Europe.

the system created by SINTEF led by Torleiv Maseng was selected.

responsibility was transferred to the European Telecommunications Standards Institute (ETSI) 

and phase I of the GSM specifications were published in 1990. The first GSM network was 

launched in 1991 by Radiolinja in Finland with joint technical infrastructure maintenan

from Ericsson. By the end of 1993, over a million subscribers were using GSM phone 

networks being operated by 70 carriers across 48 countries.

�������2.3 Cellular Networks (
The basic structure of the Cellular Networks (GSM) is sho

 

                                                              Figure 2.3. 

 

The major components of Cellular network system (GSM) are given below:

         2.3.1 Mobile station: 

Mobile stations (MS), mobile equipment

mobile phones are the section of a 
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signed by 13 countries to develop a common cellular telephone system across Europe.

the system created by SINTEF led by Torleiv Maseng was selected. [4]

ty was transferred to the European Telecommunications Standards Institute (ETSI) 

and phase I of the GSM specifications were published in 1990. The first GSM network was 

launched in 1991 by Radiolinja in Finland with joint technical infrastructure maintenan

from Ericsson. By the end of 1993, over a million subscribers were using GSM phone 

networks being operated by 70 carriers across 48 countries. [5] 

Networks (GSM) Architecture:  
The basic structure of the Cellular Networks (GSM) is shown in the diagram.

Figure 2.3. 1 Cellular Network Architecture [5] 

The major components of Cellular network system (GSM) are given below:

stations (MS), mobile equipment (ME) or as they are most widely known,

mobile phones are the section of a (GSM) cellular network that the user sees and operates. In 

recent years their size has fallen dramatically while the level of functionality has greatly 
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as they are most widely known, cell or 

cellular network that the user sees and operates. In 
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increased. A further advantage is that the time between charges has significantly increased. 

There are a number of elements to the cell phone, although the two main elements are the 

main hardware and the SIM.  

���2.3.2�Base Station Subsystem (BSS): 
 
 The Base Station Subsystem (BSS) section of the GSM network architecture that is 

fundamentally associated with communicating with the mobiles on the network. It consists of 

two elements: 

            Base Station Transceiver (BTS): 

The Base Transceiver station (BTS), or more shortly known as the base station (BS), is the 

entity in the system that handles the communication with the MSs in the network. Most of the 

BTSs have several transceivers, and some of the time the different transceivers communicate 

on different radio frequencies. Later in the report the hexagonal cells that make up the 

network will be discussed. Each of these cells contains one BTS which is uniquely 

distinguished by its cell global identification number (CGI). The BTS is in charge of all the 

communication in the cell. The BTSs are connected to a Base Station Controller (BSC) 

through a special interface. The BTS is the network entity that this thesis is mostly concerned 

with. 

 

 
                                                         Figure 2.3. 2 Base Station Transceiver Organization 
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Base Station Controller (BSC): 

 

   The BSC forms the next stage back into the GSM network. It controls a group of BTSs, and 

is often co-located with one of the BTSs in its group. It manages the radio resources and 

controls items such as handover within the group of BTSs, allocates channels and the like. It 

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

      2.3.3�Mobile switching centre (MSC):�

The MSC is the control centre for the cellular system, coordinating the actions of the BSCs, 

providing overall control, and acting as the switch and connection into the public telephone 

network. As such it has a variety of communication links into it which will include fiber optic 

links as well as some microwave links and some copper wire cables. These enable it to 

communicate with the BSCs, routing calls to them and controlling them as required. It also 

contains the Home and Visitor Location Registers (HLR, VLR), the databases detailing the 

last known locations of the mobiles. It also contains the facilities for the Authentication 

Centre, allowing mobiles onto the network. In addition to this it will also contain the facilities 

to generate the billing information for the individual accounts. In view of the importance of 

the MSC, it contains many backup and duplicate circuits to ensure that it does not fail. 

Obviously backup power systems are an essential element of this to guard against the 

possibility of a major power failure, because if the MSC became inoperative then the whole 

network would collapse. [8] 

     2.3.4 Operation and Support Subsystem (OSS): 
 
The OSS or operation support subsystem is an element within the overall GSM network 

architecture that is connected to components of the NSS and the BSC. It is used to control and 

monitor the overall GSM network and it is also used to control the traffic load of the BSS. It 

must be noted that as the number of BS increases with the scaling of the subscriber population 
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some of the maintenance tasks are transferred to the BTS, allowing savings in the cost of 

ownership of the system. [8] 

2.4  Frequency Assignment Strategies in cellular networks: 

 

For efficient utilization of the radio spectrum, a frequency reuse scheme that is consistent with 

the objectives of increasing capacity and minimizing interference is required. A variety of 

channel assignment strategies have been developed to achieve these objectives, frequency or 

channel assignment strategies can be classified as either Fixed or Dynamic. The choice of 

channel assignment strategy impacts the performance of the system, particularly as to how 

calls are managed when a mobile user in handed off from one cell to another. 

In a fixed frequency assignment strategy, each cell (BTS) is allocated a predetermined set of 

voice frequencies (channels). Any call attempt within the cell can only be served by the 

unused channels in that particular cell(BTS).If all the channels in that cell(BTS) are occupied 

, the call is blocked and the subscriber does not receive service. Several variation of the fixed 

assignment strategy exists. [9]  

In dynamic frequency assignment strategy, voice channels are not allocated to different cells 

(BTS) permanently, instead, each time a call request is made the serving vase station requests 

a channel from the MSC. The switch then allocates a channel to the requested cell (BTS) 

following an algorithm that takes into account the likelihood of future blocking within the 

cell, the frequency of use of the candidate channel, the reuse distance of the channel, and 

other cost function. Mobile switching center (MSC) controls this kind of management.  

 

2.5 Frequency Reuse in Cellular Networks (GSM): 

 

 Cellular Radio systems rely on the intelligent allocation and reuse of frequencies (channels) 

throughout a coverage region. Each cellular base station (BTS) is allocated a group of radio 

channels to be used within a small geographic area called cell. Base stations (BTS) in adjacent 

cells are assigned channel groups which contain completely different channels than 

neighboring cells. The base station antennas ate designed to achieve the desired coverage 
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within the particular cell. The same group of channels may be used to cover different cells 

that are separated from one another by distance large enough to keep interference levels 

within tolerable limits. The design process of selecting and allocating channel groups for all 

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

 

The figure [2.5] illustrates the concept of cellular frequency reuse, where cells labeled with 

the same letter use the same group of channels. The frequency reuse plan is overlaid upon a 

map to indicate where different frequency channels are used. The hexagonal cell shape shown 

in fig. is conceptual and is a simplistic model of the radio coverage for each base station, but 

it has been universally adopted since the hexagon permits easy and manageable analysis of a 

cellular system. The actual radio coverage of a cell id known as the footprint and is 

determined from field measurements or propagation prediction models, although the real 

footprint is amorphous in nature, regular cell shape is needed for systematic system design 

and adaption for future growth. While it might see, natural to choose a circle to represent the 

coverage area of a base station, adjacent circles cannot be overlaid upon a map without 

leaving gaps or creating overlapping regions. [9] 

 

 
                                 Figure2.5. 1 Cellular Frequency Reuse Concepts 

                                 

Show the cellular frequency reuse concept. Cells with the same letter use the same set of 

frequencies. A cell cluster is outlined in bold and replicated over the coverage area. In this 
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example the cluster size, is equal to seven, and the frequency reuse factor is 1/7 since each 

cell contentions one-Seventh of the total number of available channels. 

 Thus, when considering geometric shapes which cover an entire region without overlap and 

with equal area, there are three sensible choices: a square; an equilateral triangle; and a 

hexagon. A cell must be designed to serve the weakest mobiles within the footprints, the 

hexagon has the largest area of the polygon and its farthest perimeter points, and the hexagon 

has the largest area of the three. Thus, by using the hexagon geometry, the fewest number of 

cells can cover a geographic region, and the hexagon closely approximates a circular radiation 

pattern which would occur for an Omni-directional base station antenna and free space 

propagation. Of course, the actual cellular footprint is determined by the contour in which a 

given transmitter serves the mobiles successfully. [6] 

 

2.6 GSM Radio Subsystem Interface: 

The multiple access scheme used in GSM is a combination of FDMA and TDMA. This means 

that the available bandwidth is split up in a larger number of frequency bands, and on top of 

that each band is then divided in time to increase the amount of access channels. GSM has 

three dedicated base bands, The GSM900, GSM1800 and the GSM1900. Each of these bands 

has a collective bandwidth of 50 MHz each. The 50 MHz are divided in two 25 MHz bands, 

one used for uplink and the other for downlink. The two 25 MHz bands are then divided into 

125 carrier frequencies each separated by 200 kHz. I.e. there are 125 frequency for uplink and 

125 for downlink, each 200 kHz wide. All 125 frequencies are allocated in pairs so that each 

up-link/downlink pair is separated with exactly 45 MHz in figure [] we can see 

 

 
                                                                Figure 2.6. 1 Frequency Band Allocation [10] 
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                                             Table2.6   Channels in GSM [10] 

The bandwidth locations and separation relative to each other. The structure is the same for 

GSM900, GSM1800 and GSM1900. Each of these 200 kHz bands is divided into 8 full-rate 

channels by using TDMA. These full-rate channels will either be given a specific usage or 

split up in even smaller channels. This is further described in section 2.2.3 the total bit rate for 

one band is 270,833 Kbit/s, and each channel is 22, 8 Kbit/s. When making a call in a GSM 

network the MS will be assigned one out of all these channels. A channel in GSM is one of 

these 200 kHz bands, discussed above, given a specific area of usage. [10] 

 

 

 

2.7  Channel Structure in (GSM) Cellular Network: 

 

There are many different channels in GSM. The two most common channels used for 

communication between a MS and a BTS are the TCH/F and TCH/H, which is Traffic 

channel/Full-rate and half-rate. The channels described in the previous section are the same as 

a full rate channel. A full-rate channel is assigned one timeslot every 4.615 ms and the half-

rate channels gets as the name suggest half of a full-rate. This means that the half-rate 

channels gets the entire available spectrum at their use, for a timeslot once every 9.23MS. 

There is also a channel called TCH/8 which is an eight of the full-rate channel. These kinds of 
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channels are mainly used as control channels. Further explanation of the usage of the control 

channels is given in the next section. Tabulated in Table [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 algorithms have been proposed. These algorithms 

are proposed because the mentioned problem is NP complete. So there is no granted the exact 

solution unless NP=P. Before discussing about the proposed algorithms firstly it is mentioned 

about the initial available data and extracts the required data from given data. The detail of 

data preparation is given, and then it is discuss completely 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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��3.1�Data preparation: 

 
Initially there is Sweden map has been given for studying the area and population distribution. 

This map consists of polygons. There are two files that 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 the information of the map. By the project 

requirement there is only two attributes are needed from Rastswe.dbf file. These two 

attributes are Gird Code and OV_Count. Gird Code actually holds the information about 

Polygons ID. And the OV_Count holds the information about population in each polygon. 

There are many challenges have to face for build the application. 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 from the rastswe.dbf file using Visual Studio C.  

This file is contains the data of each Polygon ID and its population. This data is import to 

excel sheet and use VC++ Language to fetch the required data. [14] 

Secondly, we have to way to reading the country shape file. That was another critical 

challenge. In this project, it is required to read the coordinates of all polygons in the 

rastswe.shp file because the location of all the best localized BTS in the map must have 

known and what are neighbored coordinates of the best localized BTS. So it must require 

knowing the information about the coordinates for checking the neighboring BTS frequency 

(channel).  

After reading the Polygon ID, Population and its coordinates, BTS location, then the 

Simulated Annealing and Greedy Algorithm have been designed to assign the frequency 

channels all the best localized BTS. After successfully assigned the frequency (channels) all 

the best localized  BTS, then it must also check the frequency reuse in such manners that no 

neighboring BTS share the same frequency using these two algorithms .The next challenge 

was to understand these algorithms correctly and implement these according to propose 

environment which sometimes becomes very hard.  Simulated annealing algorithm uses the 

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

  

  3.2 Simulated Annealing Algorithm: 

 
Simulated annealing (SA) is a stochastic computational technique evolved from statistical 

mechanics for discovering near globally-minimum-cost solutions to big optimization 

problems. In several instances, determining the global minimum value of an objective 

function with various degrees of freedom subject to inconsistent constraints is an NP-

complete problem, since the objective function will tend to have several local minima. A 

procedure for solving this type of optimization problems must sample the search space in such 

a way so that it has a high probability of finding the optimal or a near-optimal solution in a 

reasonable amount of time. It is a technique which fulfills these criteria for a wide variety of 

problems. 
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 SA method itself has a direct similarity with thermodynamics, particularly with the manner 

that liquids freeze and crystallize, or metals cool and anneal. Molecules of a liquid move 

freely at high temperature with respect to one another. If the liquid cools down slowly, 

thermal mobility is controlled. The atoms are able to line themselves up and create a pure 

crystal that is absolutely regular. For the system this crystal is the state of minimum energy, 

which would correspond to the optimal solution in a mathematical optimization problem. 

However, if a liquid metal cool down quickly, it fails reach a minimum energy state but rather 

higher energy state, in the mathematical sense, to a sub-optimal solution created by iterative 

improvement or hill-climbing. 

 

           P = exp (-� f/T) 

Where T is the control parameter (analogy to temperature) and � f is the variation in the 

objective function. The probability function is definitely a derivative of the Boltzmann 

probability distribution function. [11] 

3.3�Simulated Annealing Pseudo Code: 

 
 

Read Polygon ID, Population and Coordinates 
Initialization  temperature, coolingRate, absoluteTemperature, CurrentGen 
Calculate the Total BTS Required 
Assign All the BTS to CurrentGen 
Calculate available BTS_frequencies band  
Calculate the Total currentPopulation Covered by all the CurrentGen BTS 
 
WHILE  temperature is greater than absoluteTemperature 
  Initialize NextGen from the CurrentGen 
  Randomly Change the NextGen BTS Locations 
  Calculate the Total nextPopulation Covered by all the NextGen BTS  
  DeltaPop = nextPopulation – currentPopulation 
 
  IF DeltaPop is greater than zero OR   Probability is greater than Random No. 
         CurrentGen = NextGen 
   CurrentPopulation = nextPopulation 
          IF Neighbor BTS_frequency = BTS_frequency 
                                Assign different BTS_ frequency to BTS 
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                              ELSE 
    Assign BTS_frequency to BTS  
  END IF 
         Temperature = temperature * cool 

 
Explanation: 
 
The algorithms read the polygon ID, Population and its x y-coordinates. Calculates the total 

BTS required and the available frequencies band. Randomly assigns different locations in the 

given map. The annealing process creates the nextGen and assigns a new location to each 

BTS. After placing a BTS on a best location it assigns a frequency. If the frequency of current 

BTS is same with the other neighboring BTS so to avoid co-channel interference it assigns a 

different frequency else it will assign a current frequency. After completing the annealing 

process, every BTS has frequency and objective of avoiding co-channel interference and 

frequency reuse is achieving. The Simulated Annealing Algorithm complexity in this given 

problem is 

 O (� � � �

 

�3.4 Greedy Algorithm: 
 

 
A greedy algorithm constructs a frequency assignment by iteratively selecting a vertex 

(BTS), and then assigning a feasible frequency to it. The selection and assignment follow 

some rule based on local characteristics that has the aim to optimize the global objective 

function. An important feature of this (greedy) algorithm is the irrevocable nature of the 

greedy choice which is performed in each iteration. There are many versions of the greedy 

algorithm have been proposed to solve FAP, often in conjunction with more sophisticated 

local search methods. [12] 
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3.5�Greedy 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 polygons  
  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 and its x y-coordinates. Calculates the total 

BTS required and the available frequencies band. Finds a first efficient location for first BTS, 

place it and assigns a frequency from a given frequency band. If the frequency of current BTS 

is same with the other neighboring BTS so to avoid co-channel interference it assigns a 

different frequency else it will assign a current frequency and soon. After execution every 

BTS has frequency and objective of avoiding co-channel interference and frequency reuse is 

achieving. The Greedy Algorithm complexity in this given problem solution is O (� � � �
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4. IMPLANTATION DETAILS: 
 
 There are following components are used to build the application for frequency assignment 

problem in cellular networks. These Components are fundamental 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 Visual Studio 2005 environment as a 

development tool. The whole program is divided into three parts and the first and important 

part is to accessing Excel data in C application. After a huge research, there is found 

Microsoft Component Object Model (COM) application for office automation in 

programming languages. [13] It eased the development of application. It is available in 

MSDN Online documentation and support for all offices is available. [14] An application has 

been created to read the instance of Excel through COM application by adding some specific 

files in the program. Further workbook, Sheets and cells are accessed by using this instance. 

This helped a lot to open and manipulate data into excel sheet. 

After successfully manipulating with Excel data sheet, the remaining part of application is 

implemented in C language by following the above described algorithms of assigning the 

frequencies to each best located BTS in cellular network. The proposed algorithms assigning 

the frequencies and also reuse these frequencies. Then the results are analysis in detail. 

Implementation of the given algorithms wasn’t an easy task. It took a lot of strategic planning. 

Basic structure is built in designing phase and implementation 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 frequencies of each best localized BTS according to 

population and area. The application has been run successfully and different results according 

to input parameters. To understand the optimality of the results we should understand the 

output format. There are following parameters are include 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., BTS Location in the map with respect to 

polygon, XY-Coordinates of the selected Polygons for BTS Location. The range of best 

located BTS handling the users is maximum 550 users. There are total 249186 Polygons in 

the given map. For this project initially there are 300, 500 and 1000 polygons are used for 

experiments to get different results. The detail of proposed algorithms results and actual 

format of the output is given next section of the project. 

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

There are two experiments have been done first with Simulated Annealing Algorithm using 

300 polygons and using the same criteria of polygons with Greedy Algorithm. The detail of 

all these experiments with results is given next section.  

 

       5.1.1�Experiment-1 Simulated Annealing Algorithm with 300Polygons:�
 

This experiment has been done using Simulated Annealing Algorithm with 300 polygons. 

 The detail about the results is given below in Table-[5.1.1] and analysis part.  
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Table-5.1.1 Simulated Annealing Algorithm results with 300 Polygons: 
 

 

 
Analysis: 
 
The above given Table shows the result using Simulated Annealing Algorithm with 300 

polygons. The total population of 300 polygons is 32700. There are total 59 no. of BTS are 

required for 32700 population. Seven channels of frequency have taken and one channel is 

assigned to one BTS as respectively as show in the table. First seven channels are being 

BTS No. 
BTS Location (Polygon 

No.) 

BTS X-

Coordinate 
BTS Y-Coordinate BTS Frequency 

1 129 1.67775e+006 7.66451e+006 1 

2 155 1.67575e+006 7.66351e+006 2 

3 87 1.69275e+006 7.66651e+006 3 

4 282 1.68875e+006 7.65951e+006 4 

5 221 1.68375e+006 7.66851e+006 5 

6 175 1.69575e+006 7.66351e+006 6 

7 48 1.68175e+006 7.66751e+006 7 

8 131 1.67975e+006 7.66451e+006 2 

9 159 1.67975e+006 7.66351e+006 3 

10 272 1.67875e+006 7.65951e+006 4 

11 262 1.69675e+006 7.66051e+006 5 

12 61 1.69475e+006 7.66751e+006 6 

13 224 1.68675e+006 7.66151e+006 7 

14 66 1.67175e+006 7.66651e+006 1 

15 7 1.68675e+006 7.66951e+006 2 

16 111 1.68775e+006 
 

7.66551e+006 3 

. 

. 

    

58 120 1.69675e+006 7.66551e+006 7 

59 229 1.69175e+006 7.66151e+006 1 

TABLE 5.1. 1 
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assigned to first seven best located BTS. For the next seven BTS, all the channels are being 

reused except channel {1}. The reason is that BTS-1 is placed on polygon location 129 and 

BTS-8 is placed on polygon location 131.These polygons have coordinates X=1.67775e+006, 

Y=7.66451e+006; X=1.67975 e+006, Y=7.66451e+006respectively. The distance between these 

two polygons is 0.002 e+006 ,this distance is equal to 2000 meters which shows that both 

polygons are neighbor of each other. So t 

o avoid co-channel interference channel {2} is assigned in place of channel {1}. Similarly for 

the last two BTS-58, 59 which is located in 129,229 Polygon, the coordinates of Polygon 

129,229 is X=1.69675e+006, Y=7.66551e+006X=1.69175e+006, Y=7.66151e+006 which is another 

best location, having the frequencies 7, 1.  

As the nature of working Simulated Annealing different scenarios have been tested by 

changing the cooling rates. The complexity of Simulated Annealing algorithm for this 

problem is O(n).The results are clearly show that Frequency Reuse, Co-channel Interface are 

being managed in this case. This process of assigning the channels (frequency) have been 

continuing until all the BTS has the suitable channel (frequency). The detail of efficiently 

frequency (channels) reusability is given is table [5.1.2] 

5.1.2�Frequency (Channels) Reusability Using S.A. with 300 Polygons: 
 
Table 5.1.2 
 
Frequency (Channels) Frequency Reuse (No. 

Time) 
Best Reusable (Channels) 

1 9 1 
2 10 2 
3 6  
4 9 4 
5 8  
6 8  
7 9 7 
                                                                      TABLE 5.1. 2 

 
 
Explanation: 
 



M.Asif Noor Degree Project   
 E3875D May, 2010 
 
 

�����������	
����
� � �
��������������������
�����	��
���� ��!���� � "�#������������������
$%�����
��&
�
�� � '��(�))&&&*�+*�
�

- 33 - 
 

There are total No.59 BTS are located in 300 polygons. The maximum probability of 

reusability for each channel is 9 for 59 BTS. As shown in the table channel {2} is reusing 

frequency (channels) 10 times and channels {1, 4, 7} are used 9 times .these channels are 

efficiently are being used in this scenario, whereas the channel {3} has been reused only 6 

times. This is happening due to co channel interference and frequency reuse may be varying, 

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

    5.1.3 Experiment-2 Greedy Algorithm with 300Polygons: 
 
This experiment has been done using 300polygons from the given map. The result using 

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

 

Table-5.1.3   Greedy Algorithm results with 300Polygons: 

BTS No. BTS Location 

(Polygon No.) 

BTS X-Coordinate BTS Y-Coordinate BTS 

Frequency 

1 3 1.68275e+006 7.66951e+006 1 

2 6 1.68575e+006 7.66951e+006 2 

3 8 1.68775e+006 7.66951e+006 3 

4 11 1.69075e+006 7.66951e+006 4 

5 14 1.67575e+006 7.66851e+006 5 

6 17 1.67875e+006 7.66851e+006 6 

7 31 1.69275e+006 7.66851e+006 7 

8 34 1.69575 e+006 7.66851 e+006 1 

9 39 1.67275 e+006 7.66751 e+006 2 

10 47 1.68075 e+006 7.66751 e+006 4 

11 50 1.68375 e+006 7.66751 e+006 6 

12 53 1.68675 e+006 7.66751 e+006 7 

13 55 1.68875 e+006 7.66751 e+006 1 
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Analysis: 

The above given Table-1 shows the result using greedy Algorithm with 300 polygons. The 

total population of 300 polygons is 32700. There are total 59 no. of BTS are required for 

32700 populations. Seven channels of frequency have taken and one channel is assigned to 

one BTS as respectively as show in the table. First seven channels are being assigned to first 

seven best located BTS. For the next seven BTS, all the channels are being reused except 

channel 3. The reason is that BTS-3 is placed on location 8 and BTS-10 is placed on location 

47 and coordinates of polygon 8 are X= 1.68775e+006, Y=7.66951e+006, Coordinates of 

Polygon 47 are X=1.68075 e+006, Y=7.66751 e+006. The difference of Y coordinates is 0.002 

e+006 which show that both are the neighbors of each. So to avoid co-channel interference 

channel 4 is assigned in place of channel 3.the results are clearly show that Frequency Reuse, 

Co-channel Interface are being managed in this case. This process of assigning the frequency 

channels have been continuing until all the BTS has the suitable frequency. 

    5.1.4 Frequency (Channels) Reusability Using Greedy with 300 Polygons: 
 
Table5.1.4 
Frequency Channels Frequency Reuse (No. of 

Times) 
Best Reusability(Channels) 

1 9 1 
2 9 2 
3 8  
4 9 4 
5 8  
6 7  
7 9 7 
                                                                                TABLE 5.1. 4 

14 64 1.69775 e+006 7.66751 e+006 2 

. 

. 

    

58 233 1.69575e+006 7.66151e+006 1 

59 245 1.67975e+006 7.66051e+006 2 

TABLE 5.1. 3 
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Explanation: 

There are total 59 BTS are located in 300 polygons. The maximum probability of reusability 

for each channel is 9 time. As shown in the table [5.1.4] channels {1}, {2}, {4} and {7} are 

reusing frequency (channels) 9 times which is maximum probability. These channels have 

maximum frequency (channels) reusability in this scenario. Other channels {3, 5, and6} 

reusability is less than 9. Due to co-channel interference channel {6} is using only 7 times 

therefore frequency reuse may be varying. 

 

5.1.5 Comparison:� 
 
The experiments show the different results using the Simulated Annealing and Greedy 

Algorithm. Simulated Annealing algorithm solve the problem in terms of energy levels 

comparison, until finds the solution. As there is no memory in Simulated Annealing, so can be 

stuck in local minima therefore finding optimal solution is some critical point. On the other 

hand greedy search always ensures optimality of the problem in terms of finding the solution 

of the problem. 

So over all depends on the total no. of the BTS and available frequencies (channel), some 

congested area prefers Simulated Annealing and some prefer greedy in terms of the frequency 

trapping. Simulated Annealing ensures optimization, w.r.t solution searching looping in 

neighbors while greedy search only focusing on the optimality in first attempt, no 

optimization is maintained.  

 The frequency (channels) assignment has been done successfully using both algorithms. But 

Frequency (channels) reusability has been varied. In Simulated Annealing result with 

300polygons there are four frequency (channels) {1 ,2, 4, 7} has been maximum reusability, 

where in other hand Greedy has also four {1, 2, 4, 7} frequency (channels) having the 

maximum reusability. But it can be observed the result of frequency (channels) reusability 

with Simulated Annealing, there is a one channel {2} having the maximum no. of time 

reusability which is 10 time. This shows that Simulated Annealing is more optimal than 

Greedy in this scenario. This could be also shown in the following graph.  
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                          Figure 5.1. 1 Frequency Reuse 

 

 

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

 

There are two experiments have been done first with Simulated Anneal

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

all these experiments with results and comparison is given next section

 

5.2.1 Experiment-3 Simulated Annealing Algorithm with 5
 
This experiment has been done using Simulated Annealing Algorithm with 5

detail about the results is given below in
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Frequency Reuse Comparison SA and Greedy with 300 Polygons:

5.2 Comparison between Simulated Annealing and Greedy Algorithm with 

There are two experiments have been done first with Simulated Annealing Algorithm using 

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

all these experiments with results and comparison is given next section.  

ated Annealing Algorithm with 500Polygons:

s experiment has been done using Simulated Annealing Algorithm with 5

detail about the results is given below in Table [5.2.5] and analysis part.  
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5.2 Comparison between Simulated Annealing and Greedy Algorithm with 
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00Polygons: 
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Table-5.2.5 Simulated Annealing Algorithm results with 500 Polygons: 
 
 
BTS BTS BTS X-Coordinate BTS Y-Coordinate    BTS 
1 203 1.69475e+006 7.66251e+006 1 
2 271 1.67775e+006 7.65951e+006 2 
3 365 1.69775e+006 7.65651e+006 3 
4 156 1.67675e+006 7.66351e+006 4 
5 430 1.69275e+006 7.65351e+006 5 
6 157 1.67775e+006 7.66351e+006 6 
7 498 1.70475e+006 7.65151e+006 7 
8 58 1.69275e+006 

 
7.66251e+006 
 

2 
9 182 1.70275e+006 

 
7.65951e+006 
 

3 
10 311 1.69075e+006 

 
7.65651e+006 
 

4 
11 88 1.69375e+006 

 
7.66351e+006 
 

5 
12 288 1.69475e+006 

 
7.65351e+006 
 

6 
13 377 1.68675e+006 

 
7.65151e+006 
 

7 
14 252 1.68675e+006 

 
7.66751e+006 
 

2 
15 461 1.69775e+006 

 
7.66351e+006 
 

3 
16 170 1.69075e+006 7.65851e+006 

 
4 

.     
98 92 1.69775e+006 7.66651e+006 2 
99 333 1.68875e+006 7.65751e+006 3 

                                                                           TABLE 5.2.5 

 
Analysis: 
 
The above given Table shows the result using Simulated Annealing Algorithm with 500 

polygons. The total Population of 500 Polygons is 54500. The procedure of assigning the 

channel (frequency) is same as mentioned above. When all seven channels have be assigned 

to first seven best located BTS. For the next seven BTS, all the channels are being reuse in 

such manners that neighboring BTS has different channel (frequency) .This process of 

assigning the frequencies continue until all the BTS’s have suitable channels (frequency).  
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      5.2.2 Frequency (Channels) Reusability Using S.A. with 500 Polygons: 

 
Table5.2.6 
 
Frequency Channels Frequency Reuse (No. 

of Times) 
Best Reusability(Channels) 

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 polygons. The maximum probability of reusability 

for each channel is 15. As shown in the table [5.2.6] channels {1}, {2}, {3} and {7} are 

reusing frequency (channels) 15 times which show the maximum probability.  Mostly 

channels have maximum frequency reusability in this scenario. Other channels reusability {4, 

5, and 6} is less than 15. This is happening due to co channel interference and frequency reuse 

may be varied. 

       5.2.3 Experiment-4 Greedy Algorithm with 500Polygons: 

�
This experiment has been done using Greedy Algorithm with 500 polygons. The detail about 

the results is given below in Table-[5.2.7] and analysis part.  
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Table-5.2.7   Greedy Algorithm results Using 500 Polygons: 
 
BTS 

No. 

BTS 

Location 

(Polygon No.) 

BTS X-Coordinate BTS Y-Coordinate BTS 

Frequency 

1 3 1.68275e+006 7.66951e+006 1 

2 6 1.68575e+006 7.66951e+006 2 

3 8 1.68775e+006 7.66951e+006 3 

4 11 1.69075e+006 7.66951e+006 4 

5 14 1.67575e+006 7.66851e+006 5 

6 17 1.67875e+006 7.66851e+006 6 

7 31 1.69275e+006 7.66851e+006 7 

8 34 1.69575 e+006 7.66851 e+006 1 

9 39 1.67275 e+006 7.66751 e+006 2 

10 47 1.68075 e+006 7.66751 e+006 4 

11 50 1.68375 e+006 7.66751 e+006 6 

12 53 1.68675 e+006 7.66751 e+006 7 

13 55 1.68875 e+006 7.66751 e+006 1 

14 64 1.69775 e+006 7.66751 e+006 2 

. 

. 

    

98 454 1.69075e+006 7.65251e+006 2 

99 460 1.69675e+006 7.65251e+006 3 

                                                                         TABLE 5.2.7 

Analysis: 

The above given Table-2 shows the result using greedy Algorithm with 500polygons. The 

total population of 500polygons is 54500. There are total 99 no. of BTS are required for 

54500 populations. The procedure of assigning the channel (frequency) is same as mentioned 
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above. When all seven channels have be assigned to first seven best located BTS. For the 

next seven BTS, all the channels are being reuse in such manners that neighboring BTS has 

different channel (frequency) .This process of assigning the frequencies continue until all the 

BTS’s have suitable channels (frequency). 

��

�����5.2.4�Frequency (Channels) Reusability Using Greedy with 500 Polygons:�
 
Table5.2.8 
 
Frequency Channels Frequency Reuse (No. 

of Times) 
Best Reusability(Channels) 

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 polygons. The maximum probability of reusability 

for each channel is 15. As shown in the table [5.2.8], channel {4} is reusing 16 times and {1}, 

{7} are reusing frequency (channels) 15 times which is maximum probability. Other channels 

{2, 3, 5, and 6} reusability is less than 15. This is happening due to co channel interference 

and frequency reuse may be varied. 

5.2.5 Comparison: 
 
The experiments show the different results using the Simulated Annealing and Greedy 

Algorithm. Simulated Annealing algorithm solve the problem in terms of energy levels 

comparison, until finds the solution. The working nature of Simulated Annealing is same as 

mentioned in previous section. Where as greedy search always ensures optimality of the 

problem in terms of finding the solution of the problem. 
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The frequency (channels) assignment has been done successfully using both algorithms. But 

Frequency (channels) reusability has been varied. In Simulated Annealing result with 

500polygons, there are four 

reusability. On the other hand Greedy has 

maximum reusability. 

So as total no. of the BTS increased

optimization, w.r.t solution searching looping in 

on the optimality in first attempt, no optimization is maintained

Simulated Annealing is more 

also shown in the following graph

 

 

 

 

                  Figure 5.2. 1 Frequency Reuse
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The frequency (channels) assignment has been done successfully using both algorithms. But 

Frequency (channels) reusability has been varied. In Simulated Annealing result with 

500polygons, there are four frequencies (channel) {1, 2, 3, 7} have been maximum 

other hand Greedy has three {1, 4, 7} frequencies (channel

So as total no. of the BTS increased in this scenario 99 Simulated 

solution searching looping in neighbors while greedy search only focusing 

on the optimality in first attempt, no optimization is maintained. These results show that 

is more optimal than Greedy algorithm in this scenario. This cou

also shown in the following graph.  

Frequency Reuse Comparison between S.A and Greedy with 500Polygons:
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The frequency (channels) assignment has been done successfully using both algorithms. But 

Frequency (channels) reusability has been varied. In Simulated Annealing result with 

channel) {1, 2, 3, 7} have been maximum 

channel) having the 

imulated Annealing ensures 

while greedy search only focusing 

e results show that 

in this scenario. This could be 
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5.3�Comparison between Simulated Annealing and Greedy Algorithm with 
1000Polygons��
 
There are two experiments have been done first with Simulated Annealing Algorithm using 

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

all these experiments with results and comparison is given next section.  

     5.3.1Experiment-5 Simulated Annealing Algorithm with 1000Polygons: 

�
This experiment has been done using Simulated Annealing Algorithm with 1000 polygons. 

The detail about the results is given below in Table-[5.3.9] and analysis part.  

 
Table-5.3.9 Simulated Annealing Algorithm results with 1000 Polygons: 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

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

1 563 1.70675e+006 7.64951e+006 1 

2 621 1.69875e+006 7.64751e+006 2 

3 998 1.68775e+006 7.63751e+006 3 

4 888 1.70875e+006 7.64051e+006 4 

5 786 1.68275e+006 7.64251e+006 5 

6 60 1.69375e+006 7.66751e+006 6 

7 478 1.68475e+006 7.65151e+006 7 

8 404 1.68975e+006 7.65451e+006 1 

9 927 1.70575e+006 763951 e+006 2 

10 409 1.69475e+006 765451e+006 
 

3 

11 503 1.70975e+006 
 

765151e+006 
 

4 

12 964 1.69875e+006 763851e+006 
 

5 

13 199 1.69075e+006 
 

766251e+006 
 

7 

14 56 1.68975e+006 766751e+006 
 

1 

. 

. 

    

197 233 1.69575e+006 7.66151e+006 5 

198 811 1.70775e+006 7.64251e+006 6 

TABLE5.3.9 
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Analysis: 
 
This is our final result table using Simulated Annealing Algorithm. In this table there are 1000 

polygons have been used. There are 109000 populations of these polygons. The assignment of 

channels (frequency) is same as mentioned above. Here we get little different output due to 

randomization nature of Simulated Annealing. In this experiment when all the seven channels 

have been assigned to the first best seven located BTS. Then for the next seven best located 

BTS channels are reused except the channel{6} because the BTS-13 is placed on polygon 

location 199 and the BTS-170 is placed on polygon location 259 .The  polygons 199 have 

coordinates X=1.69075e+006 Y=7.66251e+006  and polygon 259 have coordinates X=1.69375e+006, 

Y=7.66051e+006   respectively. The difference of both the polygons shows that both are 

neighbors of each other. That’s why BTS-12 has frequency {7} except {6}.  

 

The above given Table shows the result using Simulated Annealing Algorithm with 300 

polygons. Total Population of 300 Polygons is 32700. BTS-1 is located in Polygon 129, the 

coordinates of Polygon 129 is X=1.67775e+006, Y=7.66451e+006 and it is managing 545 users. 

It’s covering 545 users out of 550 so BTS-1 is placed on best location. The frequency is 

assign to BTS-1 is 1 and BTS-2 is 2 and up to 7 BTS the available frequencies has been 

assigned. When all the available frequencies have been assigned, then these assigned 

frequencies have been reused in such manner that neighboring BTS not sharing the same 

frequency. This has been shown that BTS-8 which is located in Polygon131 cannot be 

assigned frequency{1} because its neighboring is BTS-1 located in Polygon129 having the 

same frequency{1}.therefore BTS-8 is assigned different frequency{2}.This process of 

assigning the frequencies continue until all the BTS’s have suitable frequencies .The  results 

are fulfill our mentioned problem. 

Similarly for the last two BTS-58, 59 which is located in 129,229 Polygon, the coordinates of 

Polygon 129,229 is X=1.69675e+006, Y=7.66551e+006X=1.69175e+006, Y=7.66151e+006 and it is 

managing 436,545 users which is another best location, having the frequencies 7, 1.  
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5.3.2 Frequency (Channels) Reusability Using S.A. with 1000 Polygons: 
 

Table5.310 

Frequency Channels Frequency Reuse (No. 
of Times) 

Best Reusability(Channels) 

1 26  
2 30 2 
3 31 3 
4 29 4 
5 29 5 
6 27  
7 26  
                                                                   TABLE 5.3.10 

Explanation: 
 
There are total 198 BTS are located in 1000 polygons. For 198 BTS the maximum probability 

of reusability for each channel is {29}. As shown in the table [5.3.10] channels {2}, {3}, {4} 

and {5} are reusing frequency (channels) [30, 31, 29, and 29] times which is equal to or 

greater than maximum probability. The frequency reusability for mostly channels is 

maximum in this scenario. Due to co-channel interference channels {1}, {6} and {7} are 

reusing the frequency less that maximum probability. 

 5.3.3 Experiment-6 Greedy Algorithm with 1000Polygons: 
 
This experiment has been done using Greedy Algorithm with 1000 polygons. The detail about 

the results is given below in Table-[5.2.11] and analysis part.  
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Table-5.3.11 Greedy Algorithm results Using 1000 Polygons: 

BTS 

No. 

BTS 

Location 

(Polygon No.) 

BTS X-

Coordinate 

BTS Y-

Coordinate 

BTS 

Frequency 

1 3 1.68275e+006 7.66951e+006 1 

2 6 1.68575e+006 7.66951e+006 2 

3 8 1.68775e+006 7.66951e+006 3 

4 11 1.69075e+006 7.66951e+006 4 

5 14 1.67575e+006 7.66851e+006 5 

6 17 1.67875e+006 7.66851e+006 6 

7 31 1.69275e+006 7.66851e+006 7 

8 34 1.69575 e+006 7.66851 e+006 1 

9 39 1.67275 e+006 7.66751 e+006 2 

10 47 1.68075 e+006 7.66751 e+006 4 

11 50 1.68375 e+006 7.66751 e+006 6 

12 53 1.68675 e+006 7.66751 e+006 7 

13 55 1.68875 e+006 7.66751 e+006 1 

14 64 1.69775 e+006 7.66751 e+006 2 

. 

. 

    

188 993 1.68275e+006 7.63751e+006 3 

. 

. 

    

195 913 1.69175e+006 7.63951e+006 1 

196 926 1.70475e+006 7.63951e+006 2 

197 932 1.71075 e+006 7.63951e+006 4 

198 935 1.71375 e+006 7.63951e+006 5 

                                                                      TABLE 5.3. 3 
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Analysis: 

 
The above given Table-6 shows the result using greedy Algorithm experiment with 1000 

polygons. The total population of 1000 polygons is 98536. There are total 198 no. of BTS are 

required for 10900 populations. Similarly here seven channels of frequency have taken and 

one channel is assigned to one BTS as respectively as show in the table. First seven channels 

are being assigned to first seven best located BTS. For the next seven BTS, all the channels 

are being reused except channel 3. The reason is that BTS-3 is placed on location 8 and BTS-

10 is placed on location 47 and coordinates of polygon 8 are X= 1.68775e+006, 

Y=7.66951e+006, Coordinates of Polygon 47 are X=1.68075 e+006, Y=7.66751 e+006. The 

difference of Y coordinates is 0.002 e+006 which show that both are the neighbors of each. So 

to avoid co-channel interference channel {4}is assigned in place of channel {3}.the results 

are clearly show that Frequency Reuse, Co-channel Interface are being managed in this case. 

The same result has been shown that the BTS No.197 not assigning the channel {3} because 

its neighboring BTS NO.188 having the same channel {3}.therefore to avoid the co channel 

interference the BTS No 197 assigned another available frequency (channel){4} .This 

process of assigning the frequency channels have been continuing until all the BTS has the 

suitable frequency. 

������5.3.4 Frequency (Channels) Reusability Using Greedy with 1000 Polygons: 
 
Table5.3.12 

Frequency Channels Frequency Reuse (No. of 
Times) 

Best Reusability(Channels) 

1 30 1 
2 27  
3 27  
4 29 4 
5 27  
6 27  
7 31 7 
                                                                            TABLE 5.3. 4 

Explanation: 
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There are total 198 BTS are located in 1000 polygons. For 198 BTS the maximum probability 

of reusability for each channel is 29. As shown in the table [5.3.12] channels {1}, {4} and {7} 

are reusing frequency (channels) [30, 29, and 31] times which is equal to or greater than 

maximum probability. The frequency reusability for mostly channels is maximum in this 

scenario. Due to co-channel interference channels {2}, {3}, {5} and {6} are reusing the 

frequency less than maximum probability 

5.3.5 Comparison: 
 
The experiments show the different results using the Simulated Annealing and Greedy 

Algorithm. Simulated Annealing algorithm solve the problem in terms of energy levels 

comparison, until finds the solution. The working nature of Simulated Annealing is same as 

mentioned in previous section. Where as greedy search always ensures optimality of the 

problem in terms of finding the solution of the problem. 

 
 
 The frequency (channels) assignment has been done successfully using both algorithms. But 

Frequency (channels) reusability has been varied. In Simulated Annealing result with 

1000polygons, there are four frequencies (channel) {2, 3, 4, 5} have been maximum 

reusability. On the other hand Greedy has three {1, 4, 7} frequencies (channel) having the 

maximum reusability.  

So as total no. of the BTS increased in this scenario198, Simulated Annealing ensures 

optimization, w.r.t solution searching looping in neighbors while greedy search only focusing 

on the optimality in first attempt, no optimization is maintained. These results show that 

Simulated Annealing is more optimal than Greedy algorithm in this scenario. This could be 

also shown in the following graph. These results show that Simulated Annealing is more 

optimal than Greedy algorithm in this scenario. This could be also shown in the following 

graph. 
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                            Figure 5.3. 1 Frequency Reuse

               
 

5.4 Final Comparison between S.A and Greedy
Reusability: 
 
The summary and final comparison between Simulated Annealing and Greedy algorithm on

best frequency (channels) reusability is

 
                     Table-5.4.13
 

No. Of 
Polygons 

Efficient 
Reusable
using Simulated 
Anneal 

  
300 4 
500 4 
1000 4 

                                                                            

��

��

�	

��

�


��

��

��

��

��

� � �

���
���

���
�	�

�
�
���


��
���

	


����
��������	

�������������	��������	����������������������#����

Degree Project  
E3875D 

� �
�������������������
� � "�#�����������������

�
- 48 - 

Frequency Reuse Comparison between S.A. and Greedy with 1000Polygons

Final Comparison between S.A and Greedy of Frequency (Channels) 

and final comparison between Simulated Annealing and Greedy algorithm on

nels) reusability is discussed in this section using table and graph. 

.13 

Efficient 
Reusable(Channels) 
using Simulated 
Anneal  

Efficient 
Reusable(Channels) 
using Greedy 

 
 4 
 3 
 3 

                                                                            TABLE 5.1. 5 
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with 1000Polygons: 

of Frequency (Channels) 

and final comparison between Simulated Annealing and Greedy algorithm on 

discussed in this section using table and graph.  

(Channels) 
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5.4.1Comparison: 
 
    The above table shows the summary of efficient

Simulated Annealing and Greedy 

reusable channels are 4 with 300 polygons. Similarly wit

efficient reusable channels are 4, 4 respe

time efficient reusable channels with 300,500 and 1000 polygons respectively. Simulated 

annealing results are verified with greedy which shows that results are optimal. This can 

shown in the following given graph

 
                                 
 
 

Figure 5.4. 
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shows the summary of efficient frequency (channels) reusability using 

Simulated Annealing and Greedy algorithms. Simulated annealing having the efficient

with 300 polygons. Similarly with 500 and 1000 polygons the 

e channels are 4, 4 respectively, whereas the Greedy having 4, 3 and 3 no. of 

reusable channels with 300,500 and 1000 polygons respectively. Simulated 

annealing results are verified with greedy which shows that results are optimal. This can 

shown in the following given graph 

Figure 5.4. 1 Summary of Best Reusable Frequency (Channels) 
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frequency (channels) reusability using 

algorithms. Simulated annealing having the efficient 

h 500 and 1000 polygons the 

ctively, whereas the Greedy having 4, 3 and 3 no. of 

reusable channels with 300,500 and 1000 polygons respectively. Simulated 

annealing results are verified with greedy which shows that results are optimal. This can also 
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All the experiments show the different results using the Simulated Annealing and Greedy 

Algorithm. Simulated Annealing algorithm solve the problem in terms of energy levels 

comparison, until finds the solution. As there is no memory in Simulated Annealing, so can be 

stuck in local minima therefore finding optimal solution is some critical point. On the other 

hand greedy search always ensures optimality of the problem in terms of finding the solution 

of the problem. 

So over all depends on the total no. of the BTS and available frequencies (channel), some 

congested area prefers Simulated Annealing and some prefer greedy in terms of the frequency 

trapping. Simulated Annealing ensures optimization, w.r.t solution searching looping in 

neighbors while greedy search only focusing on the optimality in first attempt, no 

optimization is maintained. This could be continued for more polygons like 7000.1000 etc.  

 

 5.5 Graphical Analysis of Frequency Assignment and Reuse: 
 

The following figure [5.4] shows the generic assignment of the frequency. We have the 

square type polygons as mentioned earlier. The figure [6.3] shows only those polygons which 

have been placed the BTS and assign the frequencies. The colored polygons showing the 

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

 

6.1 CONCLUSION 

 

�  The different scenarios have been tested on the basis of given data using both 

proposed algorithms. Firstly the problem has been examined by Simulated Annealing 

Algorithm. There are three experiments have been done using this algorithm. In all 

three experiments the results are satisfying and reduce the mentioned problem. The 

frequency assignment problem has been successfully done. The Simulated Annealing 

Algorithm experiments are also showing that frequency (channels) reused in such way 

no neighboring BTS having the same frequency. So the co channel interference has 

been minimized.  

�  Then the problem has been examined by Greedy Algorithm. It also gives the satisfying 

results on the basis of three different experiments. After getting all the results from 

proposed solution this is clearly shows that our basic problem of assigning the 

frequency efficiently has been done by both developed algorithms Frequency reuse 

and co-channel interference is being handled efficiently using a Simulated annealing 

and results are verified with greedy which shows that maximum probability is being 

achieved in most of the experimental results. 

�  So over all depends on total no. of the BTS and available frequencies (channel), some 

congested areas prefer Simulated Annealing some prefer greedy in terms of the 

frequency trapping. Simulated Annealing ensures optimization, w.r.t solution 

searching looping in neighbors while greedy search only focusing on the optimality in 

first attempt, no optimization is maintained.  The simulated Annealing results are 

verified with Greedy. In simulated annealing shows that results are near to optimal. 

Results also show that due to co-channel interference there is variation of frequency 

reuse. 
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6.2  FUTURE WORK 

 

�  The given problem is implemented using a simulated annealing and it tries to 

efficiently assign the frequency and avoid co-channel inference but there are many 

other algorithms are available like Genetic Algorithm, Tabu Search. These are also 

heuristic type algorithms which might be given the more efficient result. 

�  The above work assign a frequency to efficient localized BTS and try to avoid the co 

channel  interference with efficiently reuse the frequency .These parameters are 

checked using coordinate system which arise the difficulty of understanding the 

frequency  overlapping. There is a need of graphical interface to examine the 

frequency reuse, co channel interference and overlapping. GIS, OpenGL techniques 

and tool will be use for further research.  

�   In this project for frequency assignment problem there are only two attributes are 

considered, first is polygon area and second is population. There are some other 

attributes like forests, rivers, mountains which are not considered in this work. These 

are also very important factors for efficiently assignment of frequency. So this is 

another area of further research which is needed to explore. 

�  A variety of channel assignment strategies have been developed to maximum 

frequencies reusability and avoid the co channel interference. Frequency or channel 

assignment strategies can be classified as either Fixed or Dynamic. In this project 

proposed algorithms work only fixed or static frequency (channel) assignment. So for 

dynamic assignment these proposed algorithms will be used in future. 
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