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Abstract

Oak Ridge National Laboratory is currently improving the accuracy of the radio channel simulation software RCSIM by reformulating the scattering junctions that it uses to propagate a simulated radio wave. Radio waves naturally experience path loss (attenuation) as they move outward from the signal source. However, there is a certain level of artificial attenuation in computer simulations of radio wave propagation. The goal is to increase overall accuracy of the RCSIM software in part by decreasing this artificial attenuation. Three geometries for the scattering junction were compared to the original rectilinear scheme: tetrahedral, octahedral and cubic-close packed. Simulators for all four of these geometries in a free-space propagation problem were developed using the C++ programming language. All four geometries follow the same basic algorithm, with differences for the varying number and geometry of attached nodes. The maximum state of nodes fixed distances from the original displaced node in three different directions (100, 110 and 111) were then used to determine an error value for each geometry, ideally a value closer to one than the value for the rectilinear case. It was found that octahedral scheme had the lowest error value. Future work on this project will be to take the octahedral scheme from a free space propagation problem and implement it into the actual RCSIM software to determine by what amount it improves the overall results. This research was completed in the Computational Sciences and Engineering division of Oak Ridge National Laboratory under the Research Alliance in Math and Science internship.
I. Introduction
Oak Ridge National Laboratory is currently working to improve the accuracy of the RCSIM radio channel simulation software. The RCSIM software is an attempt to accurately model radio wave propagation in urban environments since the current softwares use empirical models developed in desert (more free space) scenarios. Currently, the RCSIM software implements a rectilinear scheme for the scattering junctions in the Transmission Line Matrix (TLM) method [1]. The goal of this research was to determine a geometry for the scattering junctions that will improve the overall accuracy of the RSCIM software when implemented.
II. Background

Radio waves experience a certain level of path loss (attenuation) as they move outward from a signal source. In free space this follows the wave equation[image: image12.png]Comparison of K Values
K Direction 100 K Direction 110

Rectilinear 7.4162 4.0941
Tetrahedral 0.2062 0.2043
Cubic-Close Packed 0.9579 2.5612

Octahedral 3.141 1.3634

K Average
4.44
2.83
2.19
1.61



 and is a fairly well-known and easy to understand property of waves. Radio waves propagate following a sphere of ever-increasing radius in free space (waves reflect off of solid objects in more populated spaces); it is this sphere that makes modeling radio waves accurately so difficult. Using the method used in the RCSIM software, there is a certain level of artificial attenuation in the simulator because a perfect sphere is not followed. The RCSIM software makes use of the Transmission Line Matrix (TLM) method to model wave propagation (for a detailed explanation of TLM see [2]). In the TLM method, a radio wave is propagated along a set number of directions from any scattering junction. A space is divided with equidistant nodes arranged in a specific geometry. Each node then represents a scattering junction after a given number of iterations, with one node being chosen as the initial displacement (signal source). The signal is transmitted according to the following equation (from [3]):

(1) Output from a Node = [(2/(Number of Directions)] *(Current State of Node)-InputoppDirection.
The output from node i in direction j is then the input of the node attached to i in direction j.

RCSIM currently uses a rectilinear scheme for its scattering junctions. The tetrahedral, cubic-close packed and octahedral geometries are the other geometries examined in this research.
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These geometries were chosen because they more closely mirror the sphere shape of radio wave propagation than the current rectilinear scheme. A sphere cannot be modeled using the TLM method because it would have infinitely many directions for output. Also because of its infinitely many output directions, a sphere has no directional dependencies. With the exception of the tetrahedral scheme (which only has four directions for each scattering junction but was chosen because it fills space completely differently from the rectilinear scheme), they were chosen because, by having more directions at the scattering junctions than the rectilinear scheme (twelve for the cubic-close packed and eight for the octahedral compared to six for the rectilinear scheme), the thought is that these geometries will be more sphere-like. In this case, sphericality is determined by a significant decrease in directional dependencies of signal strength following complete propagation. Error values are examined in each of three main directions (axis 100, planar 110 and three dimensional 111) in order to determine these dependencies. The error value k is equal to 1/slope of the best fit line through the plot of maximum signal strength in each direction. The geometry for which the average of the error values is closest to one is then the geometry with the fewest directional dependencies (the most sphere-like).This then is the geometry to be implemented in the RCSIM software to determine overall improvement to the software’s accuracy. 
III. Implementation

Miniature physical models of each geometry were built in order to develop the counting schemes necessary for both development of simulators and data analysis. Two counting schemes were developed for each geometry. The first scheme consisted of formulas to find the nodes scattered to at each scattering junction. The second scheme consisted of counting in each of three directions (100, 110 and 111) to ensure that a straight line of data points was maintained through space for analysis of maximum states along directional lines in order to determine error. For each geometry, a free space simulator was developed using single indexed arrays of nodes in C++ and the counting schemes already mentioned. A single indexed array was used for each geometry instead of a three-dimensional array because, while that is effective for such a regular geometry as the rectilinear, it proves too difficult to use for the other, more irregular geometries. It is simpler to manipulate a single index number with formulas for the connections in each direction at the scattering junctions than it is to try to fit a three-dimensional, square (it is essentially the rectilinear geometry) counting system to irregularly layered geometries. Each simulator followed the same basic algorithm:
Algorithm 1

for each iteration


for each node



compute output of node i in direction j



set input of node attached to i in direction j



compute and return state

end for

end for
The counting scheme for each scattering junction geometry was then used in computing output and setting input. Equation (1) is used to determine the value stored as output and input. Each simulator then sorted through the data values stored in the array of nodes to determine the maximum state (signal strength) for each node in the space. The second counting scheme for each geometry was then used to determine straight lines through space in the three directions and the plots of the states for the nodes on those lines were then used in determining error values for each geometry.
IV. Results and Conclusions

It was found that the octahedral geometry provided the lowest error value of all of the geometries examined. This is due to the increased number of directions at the scattering junctions and the geometry’s fairly square shape, which makes it easier to maintain straight lines in the three directions through space during data analysis, essential to accurate measurements. 
Figure 2 Graphs of Data in Three Directions for Each Geometry
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Figure 3 Comparison of K Values
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Compared to the current rectilinear geometry, all of the geometries examined pose an improvement. The tetrahedral geometry effectively eliminates directional dependencies in the 100 and 110 directions (the 100 direction is not visible on the graph because they are essentially the same line) however, there is still such a dependency in the 111 direction that it is not ideal to use. Both the cubic-close packed and the octahedral geometries greatly decreased the spread of data (directional dependencies) compared to the rectilinear geometry. The cubic-close packed geometry ideally should have provided the most improvement, based upon the assumption that the more directions present at each scattering junction, the more sphere-like and therefore accurate geometry will be. However, the cubic-close packed geometry failed to provide the results expected because it is more difficult to maintain a straight line through space in the three directions in order to make accurate data observations. This is because the cubic-close packed geometry is a series of planes of staggered rows stacked in space to achieve a geometry, whereas the other three geometries are series of planes that are square grids stacked in space. 
Figure 4 Comparison of Planes in Cubic-Close Packed Geometry to Planes in Other Geometries
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This results in noise in the data taken from the cubic-close packed results. The octahedral geometry resulted in both the lowest error value and the most consistent data (the steep rise at the end of the data for the 111 direction results from reflections at the edge of the space). Computationally, it is a more effective (and more spherical) way to fill a space than the rectilinear geometry, and in terms of data analysis, it maintains most of the advantages of straight lines through space that the rectilinear geometry had. This makes it the most ideal geometry to implement next into the RCSIM software.
V. Future Work

The octahedral geometry will be integrated into the RCSIM software in order to determine the improvement to overall accuracy and the effects of artificial attenuation on the software. The software can then be used to model electromagnetic waves such as those used in radio and wireless transmissions in urban settings. This of course can bring great benefit because current models of these events are empirical and are essentially designed for desert settings. It is necessary to take into account the clutter present in both large-scale urban and smaller-scale room environments. The RCSIM software will be able to more accurately predict wave path-loss in these settings than the current software. 
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