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Abstract
Recently there is a growing interest in providing radio coverage for wireless devices such as Wi-Fi and Bluetooth equipments inside building. The increase of need to provide such coverage and the decrease of wireless equipments’ average sales price require building for new networks as well as growth planning on existing networks. This requirement by the wireless service users will demand improved in-building coverage and traffic capacity by the expansion of dedicated indoor base stations. The cost of building wireless networks highly depends on the number and location of base stations required to achieve the desired coverage for a given level of signal strength. In this paper we discuss some topics and problems which are important for the design and performance of indoor wireless networks. To settle these problems, we present a new heuristic approach for indoor wireless networks. Our empirical analysis showed that the proposed approach is more robust and effective than conventional approaches.
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1. Introduction

These days, 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 appropriate cell planning to carry the offered traffic load. Adequate planning of base stations is essential in order to meet users’ requirements such as quality of service. Furthermore, base stations in the small-sized wireless network usually affect each other electromagnetically and the adjustment of parameters in one base station has a strong influence on the performance of other stations. This characteristic of small-sized wireless network is caused by the sharing of bandwidth resources between users, and makes cell planning and optimization complex. The performance of network is dependent upon the capability of the cell planning technique to optimally parameterize the network and select the site of base stations.
The cell planning process generally 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 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 the certain area. The main idea of our approach is to apply mountain clustering method to determination of the number and location of base stations.
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 essential 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 number and location of base stations calculated by the approach of this paper to optimal solution.
To analyze the effectiveness of proposed approach, its performance is assessed utilizing simulated indicators that can be obtained by processing several measures from the network. The notable improvement obtained for the optimized network illustrates the efficiency and effectiveness of the optimization process.
2. Problem Formulation

2.1 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 characteristic of the whole data set. When this is applied to geographic field, it is possible not only to divide the area into similar section, but also to find the center point 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.
The mountain method is the identifying process to find approximate locations of cluster centers on a uniform grid. The first step is the generation of the candidate cluster centers with the measurement of the local density of data points. The next step used the data points to be clustered to construct the mountain function. The last step generates the cluster centers by an iterative destruction of the mountain function by successive elimination of its largest peaks. We select as the first cluster center the vertex having the highest mountain height and then calculate a revised mountain height at each vertex by subtracting from their original mountain heights a quantity that varies inversely as the distance of that vertex from the selected vertex. This process is repeated until either the maximum mountain height over any vertex falls below a stopping criterion, or a user-specified number of cluster centers have been generated.
For each of potential cluster centers ci, the mountain function M is given by
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where α is a positive constant and d(xj,cj) is a distance typically measured as
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If a data point is close to a node, the score at that node will be high. The higher the mountain function value at a node, the larger is possibility for being a cluster center. Thus maximization of mountain function M with respect to ci corresponds to minimization of the second term in the expression for the objective function Jm(B,U;X) in the fuzzy clustering algorithm.
Originally, d(xj,cj) means dissimilarity measure between the sample node and the center of the specific cluster of the specific cluster i such as Euclidean distance. To adopt the mountain clustering method for the placement of base stations, we modified this Euclidean distance to path loss (in dB) between transmitters and receivers. Until the algorithm has converged, the path losses are recalculated using the updated cluster center.
2.2 Indoor Path Loss Models
Because of the variety of the environments where wireless networks deploy, various propagation models were derived for each specific kind of environment. There are the empirical models and deterministic models. These propagation models can be classified according to the configuration to which they are applied. Three common categories of environments can be considered as mega-cells, macro-cells, micro-cells and pico-cells. These classifications are based on the purpose of the site rather than in terms of technical constraints such as radiated powers or antenna heights.

Generally, the mega-cells has a wide coverage area spanning 100-500 km in radius using a satellite telecommunication network and it is used in the mobile telecommunication service using a satellite in a low circular orbit. The macro-cells are used for large area coverage such as mobile phone network with the transmitter antenna mounted above the buildings. It is able to support high-speed wireless networks and perform long-range transmission of a radius between 1km to 35km. Micro-cells are for areas with high subscriber density such as building, subways systems, and tunnels. Micro-cell antennas tend to be mounted at street level typically on the external walls of existing buildings. The coverage of these cells is between 200m to 1km. The micro cell uses a line-of-sight path between a base station and a moving station, as a main transmission path. Finally, pico-cells are generally for indoor coverage. This is wireless communication system usually covering a small area, such as in-building.

In this paper, we focused indoor wireless network planning based on a threshold level of path loss. Based on the various conditions such as configuration of buildings, density of buildings, construction materials, and the frequency of operation, appropriate models have to be applied. There are many propagation models that had been developed for different environments based on actual measurements.
An effect that cannot be ignored is the depolarization that electromagnetic waves are affected by all propagation processes, due to the reflection and transmission coefficients of walls and floors. The path loss model may be expressed as
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where d is the distance in meters between the transmitter and receiver, n is the exponent of the distance, and K is a constant, equal to the free space attenuation at 1m.
3. Data Set and Test Results

The proposed approach has been applied to single story building for the test. For this floor plan, one sample of N wireless equipments locations is randomly generated. The number of equipments, N, is 30 and the plan of building is given in Fig 1. This investigation considers two cells for this floor plan.
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Fig.1. The Floor Plan

To evaluate the performance of the proposed algorithm, we chose the simplex algorithm as a comparative algorithm. The simplex algorithm finds a locally optimal solution to a problem with N variables when the object function varies smoothly. The objective function which is used by the simplex algorithm is the maximum path loss measured by wireless equipments. To locate K base stations in a two-dimensional space, the simplex algorithm is geometrical figure consisting of 2K + 1 nodes. The simplex algorithm and proposed method are applied for this floor plan.

The coverage provided by a base station has been modeled as a random variable, which depends upon the transmitted power and the shape of building. The cell coverage may also be limited by the cell capacity and interference, but these conditions were ignored for the fast simulations. The channel model used to predict the path loss was 3 dB per one wall.
The simplex algorithm and proposed approach were implemented in MATLAB on a PC with intel pentium4 3.0GHz processor and 2GB RAM. Because the mountain clustering method begins by assigning a discrete grid over the plane which contains the data points, the test building was spanned by a grid of resolution 250×250. Using the proposed algorithms, we successfully found that only four base stations are sufficient to provide 100% coverage for the given floor plan and the optimal locations of four base stations in 6.9 minutes. The simplex algorithms found the same result under the given number of base stations N. The simplex algorithm requires an average of 3.1 minutes of computation time per one execution. The maximum path loss measured by the two algorithms was 67.47 dB.

When the number of base stations N is given, computational load of simplex algorithm is less than half of what is required by mountain clustering method. But, the execution time of proposed approach is composed of two processes, calculating the number of base stations and determining the location of base stations. Therefore, we can not conclude that the efficiency of the simplex algorithm is higher than the one of proposed approach.

4. Conclusion

For reducing costs, it important to determine the optimal locations for placing base stations to obtain maximum coverage using minimum number of base stations. In this paper, we have proposed a new heuristic technique for calculation of the number of base stations and optimal placement of base stations in an indoor environment. The coverage provided by a certain base station depends upon various factors such as the floor plan, attenuation through walls, transmitter power, and so on. Given these parameters, the proposed algorithm determines where to optimally place the base stations. The algorithm does not perform effective computational cost. Instead, it can calculate the number of base stations. The algorithm determines the appropriate number of base stations required to provide the desired coverage. This can translate to a lot of savings in cost.

We think that the algorithms that we tested must be improved to find the accurate solution and be optimized in the aspect of accuracy and computation time. Mountain clustering method was accomplished with the discrete grid over the plane. For uniform grids, the more grid lines, the finer the resolution of the grid nodes. Because candidates for cluster centers increase exponentially with raising the level of detail, we have to find out a point of compromise to get reasonable computation time. Therefore, we plan to improve the clustering function by testing extensively on several actual data sets and refine to be precise and quicker.
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