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I. Introduction

Nowadays, the issue of cost effective network planning is essential in designing the infrastructure of telecommunications networks, especially in the case of wireless networks. In wireless networks the user penetration rate increase will demand proper cell planning to carry the offered traffic. Accurate planning of base stations is essential in order to meet users’ quality of service requirements. The size and complexity of wireless networks makes the cell planning process difficult and time-consuming. To settle a problem, several algorithmic optimization methods are suggested. The methods such as clustering algorithms are very effective to various circumstances.
The cell planning process involves several steps; locating base station sites, selecting equipment to be installed at these sites, determination of the frequency assignment plan and configuring the equipment. Although some clustering algorithms have been successfully applied to the first step, base station site selection, in the past, they need a predefined value in order to be effectively applied to actual networks. This value represents the number of base stations per specific amount of subscribers in the given area. The predetermined number of base stations is the one of most important factors to determine deployment of resource and total investment cost. But study on site selection has been made mostly, and research on determination of the numbers did not progress sufficient. Our problem is to determine the number of base stations under a given area. The main idea of our approach is to apply mountain clustering method to determination of the number.
Installation and annual operation costs and coverage must be balanced to generate revenue. Each subscriber has a series of requirements, such as their availability that must be satisfied. And, the top policy of wireless network operators would be placed on reducing the initial cost and operational cost by the deployment of minimum number of base stations. It is difficult to determine how close the numbers of base stations produced by the method of this paper to optimal solution. Therefore, we compare the efficiencies by comparing coverage which is one of several valuation factors
II. Problem Formulation

A. Data Clustering

Cluster analysis is classification of objects into different groups based on similar object features. Clustering of numerical data forms the basis of many classification algorithms. The original purpose of data clustering is to identify natural grouping of data from a large data set and to express the behavior of the whole data set. When this is applied to geographic field, it is possible not only to divide the area into similar region, but also to find the center which represents the each region.
Most of clustering algorithms usually requires the user to pre-specify the number of cluster centers and their initial locations. For several clustering algorithms like Fuzzy C-Means algorithm and Self-Organizing Map methods, the quality of the solution depends on the selection of initial values, the number of cluster centers. Yager and Filev proposed a simple and effective method to select the initial value, called the mountain clustering method, for estimating the number of cluster centers. Besides this method is simple and effective, the computation complexity grows exponentially with the dimension of the problem.

B. Solution Algorithm

The mountain clustering method divides data set into several intervals to construct grids, and calculates its potentials by replacement the distance from grid to data points into the objective exponential function, and finds out approximated cluster centers at the grid with a maximum potential. The next cluster center is found by the repetition of the collapse of the previous cluster.
To find out the number of clusters, the number of base stations in this paper, we modified the mountain clustering method. The formula which present the distance between the node and each data points is changed the p-norm distance function of the mountain clustering method into the difference between the source level and propagation loss. Cost-231/Walfisch/Ikegami model was adopted since this model is appropriate to homogenous urban terrain and the frequency bandwidth from 800 to 2000 MHz. This empirical model includes the propagation over roof-tops, multiple diffractions, scattering loss and multi-screen loss. To decrease prediction error, base station antenna height is assumed as the 30 meter above rooftop level.
The mountain clustering method is limited by its use of a three parameters of /alpha/ to construct mountain, /beta/ to destruct mountain, and /delta/ for stopping criteria, these are assumed to be known in advance. These parameters are heuristically obtained on the basis of the experimental results on some data sets.
C. Data

The data set refers to the two metropolitan areas in South Korea, Seoul and Daejeon. A three dimensional data, representing the topography of the ground and the height of buildings in suitable detail, has been built with ArcView, a geographic information system software product. The telephone traffic of each 10m^2 cell is generated from the actual base stations’ location and telephone traffic of each base station of a personal communication service operator.
III. Results and Conclusion
To test the performance of the proposed method, we calculate not only the number of base stations using mountain clustering method, but also the locations of base stations. We made a comparison between the coverage of actual base stations and that of derived base stations to evaluate efficiency of the output. According to the result, the coverage of actual base stations is about 10% higher. We presume that the gap was caused by the lack of data sets to specify three parameters.

We think that the algorithms that we tested must be improved to find the accurate solution and be optimized in the aspect of computation time. Therefore, we plan to improve the clustering function by testing extensively on several actual data sets and refine to be quicker.
