Enhancing three-dimensional image ray tracing to predict the propagation channel parameters
These days, the issue of cost effective wireless network planning such as wireless local area networks (LANs) and personal communication networks is essential in finding the best placement of each access point in an indoor environment. Thus, good positions to place access points are needed so that the maximum coverage and bandwidth can be obtained with the minimum access points. Therefore the need for an efficient modeling to evaluate radio propagation in buildings is increasing. However, there are several problems rise with indoor environments. First, indoor environments are not as clearly and unambiguously ordered as outdoor environments. Outdoors the world is organized in a pre-defined and generally accepted structure of countries, states, regions, cities, villages, (not a complete enumeration). Indoors this is often not the case. Concepts like floors, corridors and rooms are easily understood, but more general structures, like a department or area, are more difficult to grasp. Moreover multi-storey buildings add a level of complexity that outdoor systems do not face at all. Second, the nature of the built (indoor) environment, which includes walls, windows and furniture, provides a challenge for indoor positioning technology, since all these factors will reflect, refract, or attenuate the signal. Therefore, modeling the RF in indoor in environments has become an important research topic.

The main aim of propagation modeling is always to determine the probability of satisfactory performance of communication systems that are dependent on electromagnetic wave propagation [4]. It is the most important in communication network planning. For that, the prediction of the propagation characteristics between the receiver and the sender inside a building is important especially for the design of WLANs (Wireless Local Area Networks). There are many propagation models have been developed to predict indoor radio propagation [5][10]. Propagation models can be classified into two general types: statistical models and site-specific propagation models [4].

Statistical models (or empirical) are based on the statistical characterization of the received signal to characterize indoor radio Propagation. There is no need of exact information on the building interiors, therefore, less sensitive to the environment's geometry [1]. Empirical models are easier to implement than site-specific models and minimize the computation time in order to give results even if their accuracy is low compared with site-specific. In these models consider only the direct ray between sender and receiver. Therefore the mean signal strength or the path loss can be only estimated where the path loss exponent is calculated based on the measurements in the environment that the wireless system is deployed [8]. Therefore, some characteristics of the propagation channel such as the delay spread or the power delay profile cannot be estimated using these methods. The accuracy of these models depends on the accuracy of the measurements and the similarities between the particular environment that we want to analyze and the environment where the measurements are performed before [9].

Site-specific models (or deterministic models) are based on using the theory of electromagnetic wave propagation to predict indoor radio coverage and they have a certain physical basis [11]. Therefore, this kind of models needs more detailed information on building layout, construction, furniture, and transceiver locations. Therefore, they are able to apply in different type of environments without affecting the accuracy [5]. These models require much computation time compared to Statistical models. Also they require considerable computing power but they can provide accurate predictions of indoor radio coverage. Site-specific models are be able to estimate delay spread and power delay profile [3].

Site-specific propagation models are usually based on ray optical techniques. The general idea to understand the wave propagation by different rays that travel from the sender to the receiver [12], and because of the nature of the indoor environment which includes walls, doors, windows and furniture, a line-of-sight path may not exist. Therefore, the radio waves will be affected before they reach the receiver. There will be more than one path available for radio waves propagation (multi-path). In the indoor environment, the propagated electromagnetic signal depends on primary physical mechanism [2]. These are diffraction, reflection and scattering.

Reflection occurs when a propagating electromagnetic wave impinges upon an object which has very large dimensions when compared to the wavelength of the propagating wave. Reflections occur from the surface of the earth and from buildings and walls.

Diffraction occurs when the radio path between the transmitter and receiver is obstructed by a surface that has sharp irregularities (edges). The secondary waves resulting from the obstructing surface are present throughout the space and even behind the obstacle, giving rise to a bending of waves around the obstacle, even when a line-of-sight path does not exist between transmitter and receiver. At high frequencies, diffraction, like reflection, depends on the geometry of the object, as well as the amplitude, phase, and polarization of the incident wave at the point of diffraction.

Scattering occurs when the medium through which the wave travels consists of objects with dimensions that are small compared to the wavelength, and where the number of obstacles per unit volume is large. Scattered waves are produced by rough surfaces, small objects, or by other irregularities in the channel.

The concept of ray-tracing modeling is based on the fact that high-frequency radio waves behave in a ray-like fashion. Therefore signal propagation can be modeled as ray propagation. By using the concept of ray-tracing, rays may be launched from a transmitter location and the interaction of the rays with partitions within a building modeled using well-known reflection and transmission theory. There are two types of ray- tracing methods [7]: one is called the image method, and the other is the "brute force" ray-tracing method. The image method is well suited to analysis of radio propagation associated with geometries of low complexity and having a small number of reflections. The "brute-force'' method launches a bundle of rays, which may or may not reach the receiver. In these two methods, both the two dimensional ray-tracing model and the three-dimensional ray-tracing model are widely used. In the two-dimensional model, only those rays in a plane are' traced. In the three-dimensional model, all rays must be traced.

The main problem in Site-specific propagation models in indoor environment is requiring too much computation time to get accurate predictions radio coverage because they are based on using the theory of electromagnetic wave propagation to predict indoor radio coverage, therefore in ray tracing algorithm many rays will be launched, which may or may not reach the receiver. Another problem comes with multipath propagation that causes fast fading [4].
The main objectives of this research are:
1. Enhance three-dimensional image ray tracing to predict the propagation channel parameters which can takes all the internal walls, floors, and ceilings into account to reflect the actual propagation.

2. Speed-up the ray tracing algorithm for efficient prediction in less computation.

3. Visualize real-time RF model by using some available software.

The scope of this study is to enhance three-dimensional image ray tracing to predict wave propagation in wireless local area network (WLAN) computer communication in the 2.4GHz frequency bands. Multiple base stations at different physical location will be applied. The model will be represented as 3D contour, so that it could be generalized to a model useful in predicting the best access points placement to reach the highest placement optimization.

In recent years the indoor wireless communications such as wireless local area networks (LANs) and personal communication networks are exploded. Therefore, the need for an efficient system to evaluate RF propagation in buildings is increasing. However, there are many factors that can effect the performance of these systems, such as choosing the antenna location and orientation because of the nature of the indoor environment which includes walls, doors, windows and furniture that can effect the radio waves. There are many modeling have been developed, most of them are based on empirical measurements. In general the empirical models are less sensitive to the environment's geometry so they cannot be used as an efficient way in different environment. In empirical models, narrow band characteristics only can be predicted such as path loss [7]. In Site-specific models, many characteristics such as the power delay profile and the angle of arrival information can be predicted. Many research showed that the ray tracing technique is a promising approach for predicting the propagation characteristics because of the accurate predictions of RF propagation.

CUDA (an acronym for Compute Unified Device Architecture) will be used as the approach to implement the RF model that will be based on ray tracing algorithm. CUDA is the computing engine in graphics processing units (GPU). CUDA enables software developers to tap into the massively parallel architecture of the GPU for the acceleration of complex computational problems.

The expected outcome of this research is to develop a fast three-dimensional ray tracing model to predict wave propagation also to make real-time visualization to this model in order to provide an efficient planning for wireless local area network in indoor environment.

