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Abstract 
Wireless Communication, since the beginning of this century has observed enormous advancement. The 
need for the optimal use of available resources has pushed researchers towards investigation of swarm 
intelligence based optimization algorithms to support designs and planning decisions. Optimization means 
to have maximum capacity, better quality and reduced cost.This paper has main focus on to cover 
maximum area with minimum number of BTS while providing efficient performance. The idea of using 
Evolutionary algorithm is quite effective and efficient as these algorithms are developed by modeling the 
behavior of different swarm of animals and insects e.g. ants, bees & birds. These algorithms can be used for 
the optimal placement of BTS.In this paper, ABC algorithm is being used to localize BTS so as to cover 
maximum number of Subscriber while maintaining the performance. 
 
Keywords: Artificial Bee Colony Algorithm, Mobile Station, Base Transceiver Station, Cellular Mobile 
communication 

1. Introduction 

The increase in the use of radio communication and congestion of frequency spectrum has resulted in the 
introduction of the cellular system for commercial operation in 1992[1].The various advantages of the 
cellular network over its land line both for the users and service providers has led to increase in mobile 
phone users, thus cellular telephony become the most important form of wireless communications 
throughout the world. 
In this competitive wireless industry, optimization means to achieve better quality solution consistently. 
While developing a network, the optimization phase comes into existence immediately after the new 
frequency plan is introduced. Several teams of field personnel had undergone extensive drive testing 
around each site making a number of calls, concentrating on testing and the handovers between each cell. 
Each call is investigated and identified problems are resolved by classical methods [2]. Many studies have 
been done in the area of network planning in terms of the coverage analysis, channel assignment ,routing 
and propagation but few studies [3][11] have been carried out in the area of the cell planning for the cost 
effective system design 
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Drive-testing procedure is used by many network operators just to identify the areas within the network to 
have improvement through optimization. This method of network performance measurement is very 
important for comparing the performance of network under test with competitor’s network [3].The 
placement of BTSs is a tedious job for network designers, the reason being the frequency channels become 
increasingly congested and propagation environments become more complex[4]. Suboptimal placement of 
BTS will result in not only expensive deployment costs, but a reduction in spectrum efficiency due to 
interference which could be devastating to a service provider considering the cost of spectrum license. In 
order to cope with the need of rapid wireless systems deployment, significant research efforts have been put 
into develop advance wireless planning techniques over the past few years [4]. 
 
When cellular concept was proposed, regular frequency reuse pattern is used for selecting BTS locations. 
With the growth in cellular technology, it is becoming important for cellular operators to have a network   
which is not only better in term of quality of service but also profitable than the others. The cost involved in 
setting up a network and the quality of service offered is directly proportion to the number of BTS installed, 
more BTS, more is the cost but better coverage at more infrastructure cost.[2] 
.In order to cope up with the need of rapid wireless system deployment, research effort have been put into 
develop over the past few years. [4] 
In this paper main focus is on the problem of locating the best suitable position for the base station so as to 
meet the traffic demand. Here in this paper the Optimizations techniques are being used to determine 
optimal location of the BTS. The algorithm used is ABC (Artificial Bee Colony Algorithm) by considering 
certain parmeters.ABC is a search based algorithm to localize the BTS so as to cover maximum number of 
subscriber and maintaining the quality of the service. 
The rest of paper is organized as follows: The next section gives detail description about cell planning 
problem. In section 3 we present clustering approach for determining the cell location and base station 
placement. Section 4 presents ABC algorithm while section 5 presents the simulation results with ABC 
algorithm. Finally conclusions has been discussed in section 6. 

2. Network Planning 

A cell is the area that is covered by base station transmitter which is the basic geographical unit of the 
cellular system. The cells can be classified according to their sixe such as macro cells are ranging from 1 to 
30 Km and that of pico cell ranging from 10 to 200m. Cell planning address the problem of placing the 
base station and specifying the parameters for every base station so that the optimal system performance is 
achieved and the system cost is minimized. The performance and the costs are characterized by: 
Coverage: The radio signal coverage must be guaranteed and holes in the coverage area should be avoided. 
Capacity: In each cell, a sufficient number of channels must be available in order to meet its traffic demand 
for new calls and handoffs. 
Transmission Quality: the ratio of carrier to interference power(C/I) of radio channels must satisfy the 
requirements of transmission quality 
Cost: The deployment cost that is the cost of putting the required number of base stations cost of 
transmitting power. 
For cell planning, the area to be planned is discretized, the resolution depending on the type of cells being 
planned.  
 
2.1 Base Station Controller 
 
It is a high-capacity switch that provides functions such as handover, cell configuration data, and control of 
radio frequency (RF) power levels in BTS. Base Controller Station (BSC) can be implemented as a stand-
alone node or many BTSs in integration with the Mobile Switching Center (MSC). The BSC provides all 
the control functions and physical links between MSC and BTS. 
 
 
 
2.2 Cell Pattern 
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The cells are drawn for convenience as hexagons. The edges of the hexagons represent the theoretical equal 
power boundaries between cells assuming that every BTS radiates the same power, propagation is 
homogenous in every cell and all the BTS are similarly sited in either the centre or at the corner of every 
cell [5]. However the reality of the coverage pattern will be somewhat different and can fully determine 
using propagation planning tools coupled with a detailed study of the service area and fields measurement. 
 
 

3. Clustering Module 

Clustering is used to categorize or group similar data items together. The problem of cell planning can be 
modeled as a clustering problem where the aim is to cluster the demand node such that the accord to a 
certain set of properties. The set of properties being: minimum signal strength should be guaranteed over 
the whole area and cell capacity should not exceed the maximum capacity of a base station. This modeling 
enables the application of the standard techniques developed for clustering. There are basically two types of 
clustering methods: Hierarchical and partitional clustering[6] Hierarchical clustering proceeds by merging 
small cluster into large one or by splitting large clusters.partitional Clustering on the other hand attempts to 
decompose the data set into set of disjoint clusters. The cell planning can be modeled in a better way using 
partitional clustering as we are not only interested in the local structure of the cluster(involving traffic 
capacity and signal strength aspects) But global structure(involving the transmission quality (C/I) of 
clusters also. Here in this paper first BTS are placed on the basis of Euclidean distance & then Optimization 
is performed. 
 
 
4. Artificial Bee Colony Algorithm 
 
ABC algorithm, introduced by Karaboga in 2005[7]. In ABC algorithm, the colony of artificial bees 
contains three groups of bees: employed bees, onlookers and scouts. First half of the colony consists of the 
employed artificial bees and the second half includes the onlookers. For every food source, there is only 
one employed bee. In other words, the number of employed bees is equal to the number of food sources. 
The employed bee of an abandoned food source becomes a scout. The search carried out by the artificial 
bees can be summarized as follows: 
Employed bees determine a food source within the neighborhood of the food source in their memory. 
1. Employed bees share their information with onlookers within the hive and then the onlookers select one 
of the food sources. 
2. Onlookers select a food source within the neighborhood of the food sources chosen by themselves. 
3. An employed bee of which the source has been abandoned becomes a scout and starts to search a new 
food source randomly. 
4. The main steps of the algorithm are given below: 

• Initialize 
• REPEAT 

5. Move the employed bees onto their food sources and determine their nectar amounts. 
6. Move the onlookers onto the food sources and determine their nectar amounts. 
7. Move the scouts for searching new food sources. 
8. Memorize the best food source found so far. UNTIL (requirements are met) 
Each cycle of the search consists of three steps: moving the employed and onlooker bees onto the food 
sources and calculating their nectar amounts and determining the scout bees and then moving them 
randomly onto the possible food sources. A food source represents a possible solution to the problem to be 
optimized. The nectar amount of a food source corresponds to the quality of the solution represented by 
that food source. Onlookers are placed on the foods by using ‘‘roulette wheel selection’’ method [8] [12]. 
Every bee colony has scouts that are the colony’s explorers. The explorers do not have any guidance while 
looking for food. They are primarily concerned with finding any kind of food source. As a result of such 
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behavior, the scouts are characterized by low search costs and a low average in food source quality. 
Occasionally, the scouts can accidentally discover rich, entirely unknown food sources. In 
the case of artificial bees, the artificial scouts could have the fast discovery of the group of feasible 
solutions as a task. In ABC algorithm, one of the employed bees is selected and classified as the scout bee. 
The classification is controlled by a control parameter called ‘‘limit’’. If a solution representing a food 
Source is not improved by a predetermined number of trials, then that food source is abandoned by its 
employed bee and the employed bee associated with that food source becomes a scout. The number of trials 
for releasing a food source is equal to the value of ‘‘limit’’, which is an important control parameter 
of ABC algorithm. In a robust search process, exploration and exploitation processes must be carried out 
together. In the ABC algorithm, while onlookers and employed bees carry out the exploitation process in 
the search space, the scouts control the exploration process. In the case of real honeybees, the recruitment 
rate 
Represents a ‘‘measure’’ of how quickly the bee colony finds and exploits a newly discovered food source. 
Artificial recruiting could similarly represent the ‘‘measurement’’ of the speed with which the feasible 
solutions or the ‘‘good quality’’ solutions of the difficult optimization problems can be discovered. The 
Survival and progress of the bee colony are dependent upon the rapid discovery and efficient utilization of 
the best food resources. Similarly the successful solution of difficult engineering problems is connected to 
the relatively fast discovery of ‘‘good solutions’’ especially for the problems that need to be solved in real 
time. 

                                       
       Fig. 1 ABC Flowchart 

 
 
In the algorithm, one half of the population consists of employed bees and another half consists of onlooker 
bees. During each cycle, the employed bees try to improve the food source based on the nectar amount 
available at the food source. An employed bee whose food source is exhausted becomes a scout bee. The 
scout bee then search for new food source.[9]. 
The position of food source is representing solution for the optimization problem. The nectar amount of the 
food source is the fitness of the solution. Each solution is represented using D dimensional vector. Here D 
is the number of Optimization parameters. Initially SN solutions are generated randomly, where SN equals 
the number of employed bees. Let MCN be the maximum number of cycles that the algorithm would run. 
During each cycle, the employed and onlookers bees improve the solution through the neighbor search. A 
new solution vi in the neighborhood of existing solution xi is produced as follows: 
vij= xij + �ij(xij -  xkj)  (1) 
Where k=1,2,……SN and	�  is the random number between[-1,1] and j=1,2,…..D, k and j are chosen 
randomly.A greedy selection is then performed between xi and vi. 
 

  pi =
	����						∑ ����		
���                                     (2) 
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fitness is calculated as 

  fiti=						 �
����			 						��	�� 	≤ 0

1 + ������	�			��	�� 	≥ 0						(3) 

 

Fitness function = 				 �
	��� ���� !�    (4) 

 
 
 
ABC algorithm flow chart: 
1. Generate the initial solutions (Position of food sources) randomly and evaluate them. 
2. For each   solution xi, determine a neighbor vi using (1) and perform greedy selection between xi and vi. 
3. Calculate the probabilities for the solution using (2). 
4. Use the Roulette wheel selection method to place the onlookers on the food sources and improve the 
corresponding solutions. 
5. Determine the abandoned solution and replace it with new randomly produced solution. 
6. Record the best solution obtained till now. 
7. Repeat steps 2 to 6 until MCN cycles are completed. 
 
 
4. Problem Statement 
 
Main objective of the paper is to optimally locate BTS covering maximum area with minimum 
interference. This problem can be stated as given a colony size with potential subscriber density 
distribution, identify the optimal cell geometry and location of BTSs. Our problem is to optimize location 
of BTS with respect to each MS using ABC.ABC algorithm is used to localize BTS so as to cover 
maximum number of subscriber. Path loss, Received Power and the attenuation are the parameters that are 
considered during the process of optimization. The fitness of solution is selected on the basis of three 
parameters: (a) Power received, Pr (b) Path loss, Lp (c) Attenuation A [10]. 
 

Lp = 66055 +(26.16)log10 fc -13.82log10 hb – 3.2log1011.75 hm + 44.9 -6.55log10 hb log10 d 

Attenuation (A) = 42.6 + 20log10f + 26 log10 d 

Pr = 10log10(Pt) – abs(Lp). 

 

5. Simulation and Result 

This simulation is carried out using MATLAB 2007 a. Coverage area taken is 100 X 100.Once the site 
coordinates are evolved, the next step is to calculate the path loss, received power and the attenuation. The 
simulation is carried out using following parameter settings: Transmit power 500mW, frequency 850 MHz, 
BTS antenna Height hBTS is 20 to 200m and MS antenna height hMS is 1 to 10m. No of required BTS are 2 
and No. of MS taken are 25. 
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Fig. 2 Random Location of BTS & MS 

                                
                                                             Fig. 3 Cluster formation 

 
Fig. 4 Optimized BTS using ABC algorithm 
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Fig. 5 Iteration versus fitness value                        

                           

 

Fig. 6  Power, Path loss, Attenuation Using ABC algorithm 

                                                                                

                                  Table 1: Power, Path Loss, Attenuation for BTS1 & BTS2 

Parameters BTS1 BTS2 
Power 299.026 509.5203 
Path Loss -308.5973 -522.7526 
Attenuation 137.302 142.0353 
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6. Conclusion: 

Main aim of paper is the optimal placement of BTS.In our work Optimization has been done using ABC 

algorithm.ABC algorithm has proved to be an efficient evolutionary algorithm as its performance is better 

in term of Power received ,Path loss and attenuation .Performance of ABC is better due to selection 

schemes and neighbor production mechanism used.ABC is a flexible, simple to use and robust 

Optimization algorithm.  In future work can be done to provide efficient performance by reducing the 

numerical value for attenuation and considering some other parameters. 

 

References 
 
[1] Motorolla Cellular Infrastructure Group “CP02 Introduction to GSM Cellular” Training Manual 1999 – 
2002 printed in the U.K. .  

[2] K. Tutschku. Demand-based radio network planning of cellular mobile communication systems. In 
INFOCOM’98.Seventeenth Annual Joint Conference of the IEEE Computer and Communications 
Societies.  Proceedings. IEEE,volume 3, pages 1054–1061. IEEE, 1998 
 
[3] Ioannis G. Damousis, Anastasios G. Bakirtzis, and Petros S. Dokopoulos, “Network-Constrained 
Economic Dispatch Using Real-Coded Genetic Algorithm,” IEEE Trans. On Power Systems, Vol. 18,No. 
1, February 2003, pp 198-205 
 
[4] R.Mathar and T. Niessen. Optimum positioning of base stations for cellular radio networks. Wireless 
Networks,6(6):421–428, 2000 
 
[5]J.Laiho,A.Wacker and T. Novosad,Radio network planning and Optimization for UMTS,1st 
edition,J.wiley and Sons Ltd,India,2002 
 
[6]K.Alsabti,S.Ranka and V.Singh, “ An efficient K-Means Clustering Algorithm.”,Proc. of High 
Performance Data Mining,1988. 
 
[7]D.Karaboga and B. Basturk, “A powerful and efficient algorithm for numerical function 
Optimization:Artificial bee colony (abc) algorithm”, Journal of Global optimization,39(3): 459-471,2007 
 
[8]D.E Goldberg and K. Deb “ A comparative analysis of selection schemes used in genetic algorithm” 
Urbana,51:61801-2996,1991 
 
[9]H. Narasimhan, “Parallel artificial bee colony (pabc) algorithm” In nature & Biological Inspired 
Computing, NaBIC 2009. World congress on pages 306-311.IEEE,2009. 
 

[10]S.R Saunders M. hata,” Empherical Formula for Propagation Loss in land Mobile radio Service,” IEEE 
Transaction on Vehicular Technology, IEEE Transactionson, 29(3):317–325, 1980 
 
[11].X. Huang U. Behr and W.Wiesbeck, “ A new approach to automatic base station placement in mobile 
networks,” in proceedings of International Zurich seminar on broadband Communication, pp. 301-
306,2000a 
 
[12]B. Basturk, D. Karaboga, An artificial bee colony (ABC) algorithm for numeric function optimization, 
in: IEEE Swarm Intelligence Symposium 2006, May 12–14, Indianapolis, IN, USA, 2006. 
 


