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PROPAGATION PREDICTION FOR INDOOR WIRELESS
LOCAL AREA NETWORK APPLICATION

The application of wireless local area network (WLAN) is increasing in offices, it
becomes important to study signal propagation indoor environment. In this Paper, the
Site Ware Technologies® site specific propagation prediction tool is a Three-dimensional
(3-D) ray tracing code employing modified shoot and bounce Ray (SBR) method known
as the Vertical Plane Launch (VPL) is used to predict indoor propagation effects in a
cultural Center. The simulation experiment is carried out to select the best location for
installing a transmitter in a large center with many rooms and corridors. Receivers
should available in all of the rooms. To understand how electromagnetic waves reach the
receiver, visualization software was used based on Matlab. This type of simulation will
save money by selecting the minimum power of a single transmitter and choosing the
least number of transmitters in large buildings.
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1. INTRODUCTION

The past decade has witnessed a phenomenal growth in wireless
communication Indoor wireless communication such as personal communication
(PCs) and wireless local area networks (LAN) are exploding rapidly. The need
for an efficient way to evaluate and tracing radio propagation in buildings is
increasing. It is also critical to find method for provide coverage, consequently,
we that the ray-tracing technique has been the methods to predict radio
propagation in indoor environments.

2. BUILDING DATABASE

The building database is comprised of a single American Standard Code for
Information Interchange (ASCII) file which contains six columns of integer and
floating point numbers that represent the building. The first column is a unique
building identity number that must be different from the building number before
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and after. The second and third columns are the X and Y coordinates are entered
as a relative position from some arbitrary fixed reference position of the
database coordinate system. The fourth column is the Z coordinates which
representing the height of the top of the building above the reference plane and
the fifth column is AZ which representing the vertical distance that the corner of
the building extends downward from Z, are assigned to each (X; Y) point, while
the final column in the database is representing the relative dielectric constants
[10]. The recommended dielectric constant is 6 because it provides the least
error compared to value [11]. Figure 1 shows the map of culture center, while;
Figure 2 shows a sample of database of a building.

o~
-
<
sy
- S
=
k-
[, - : L
| 5 «
| .-
] & =
H ® - E
| . 1 E
| 1
A .
| S -
L N =
T %
- >
|

Fig. 1. Map of culture center
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Fig. 2. Database building collation
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3. RECEIVER DATABASE

The receiver file is also in multi-column format, with each line containing the
coordinates of a single receiver point. The first column represents the receiver
number and the following three columns represent the location of the receiver in
X, y and z coordinates, with respect to the building database coordinate system.
The z value of the receiver point is the height of the ground at the point and not
absolute height of the receiver. The height of the receiver above the ground,
which is specified by the user, is added to the z value to get the height of the
receiver. Samples of the receiver database for simulation and map of receiver
will be shown in Figure 3.

Number of
receiver

X y z

= <1 - NMotepad = ===
Lanl g [ =a 1] o frEr N WA L=
In 29 . 16 .97 O.795S -
= 29 1. O. 795
|2 29 LS . Q. 795
| Z22 2%, Q. 79%
|5 29 14 . Q. 795
| & 3 O W O. 79%
|z 31 17. o. 795
= 3 L7 . O. 795
= 3 3T - O. 795
10 3 2 I O. 795
EX = e g o. 7S
EL = I O. 725
57.063 16 O. 7a5
X5 .08 3 1 & 0D _ F9s
37 . 063 1s O. 795
37 . 265 3 1S Q. 795
37 . 063 13 O. 795
7 . 265 3 1«2 . O . F9S
37 . 063 13 . 972 O- 795
29.52R 10. 742 O. 795 -

Fig. 3. Database of receivers
4. BUILDING INTERIOR DATABASE FORMAT

When the floor plan of building is not known but propagation into the interior
of a building is desired it is possible to assume some average characteristics of
the building. The loss associated with this general description of the building is
due mostly to the penetration through the exterior face and the interior walls of
the building. The first number represents the building and must be an integer
number. The number should correspond with the same building number as the
one being described in the building database file. The next three numbers
represent the average height of each floor, the height of the first (or ground
floor), the average width of the rooms. The following three numbers represent
the type of interior wall, type of floor and the type of exterior walls and must be
integers. Currently, the numbers that represent the wall and floor types are use
directly to determine the penetration loss. In words a wall or floor with a number
8 means that there is -8dB of loss associated with propagation through this
material. Finally the last number represents the number of elevator shaft in the
building if it is found. Figure 4 shows interior building database.
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Fig. 4. Interior building database
5. POWER AND DELAY SPREAD OUTPUT

The power and delay spread output file contains the predicted path loss for
receivers, a section that contains the different components that add together to
get the total power received, r m s delay spread and mean excess delay. The
results for each receiver are listed in a multicolumn format on a single line with
brief heading describing the program execution parameters. Below the headers,
the first column represents receiver numbers while second to fourth columns list
the X, y, and z coordinates for those receivers. The fifth column is the predicted
path loss value in dB. The column after in between vertical line (|) separators is
breakdown of the total power received into its separate components. The first
two columns indicate the value in watts and number of LOS rays, the second two
columns show value in watt and number of reflected rays that arrived at receiver.
The third and forth two columns indicate value in watt and number of rays that
undergo 1 and 2 vertical edge diffraction beside on top of reflection. The final
two columns of data represent the rms delay spread and the mean excess delay in
seconds. Figure 5 is an example of power and delay spread output.

Header

Fig. 5. Power and delay spread output



Propagation prediction for indoor wireless local area ... 89

6. IMPULSE RESPONSE OUTPUT

In this result, the herder is same with the one used for the power and delay
spread. Below the header is the individual path information according to the
receiver. The first line is the receiver number and the X, y, and z coordinates of
the receiver. Listed below the receiver are the individual rays contributed at the
receiver. The columns represent the angle at which the ray left the transmitter
and path length of the ray in meters, the propagation time in seconds and the
predicted path loss in dB. The fifth and final column is numerical representation
of the type or class of ray. Example of impulse response output is displayed in
Figure 6 set of low-level file input output (I/O) functions that are based on the
I/O function of the American National Standards Institute (ANSI) Standard C
Library.
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Fig. 6. Impulse response output

Fading and Multipath Effects

Fading is the result of multipath propagation. The signal arrives at the
receiver as a result of reflection and diffraction plus the direct path if it exists.

Figures 8 represented ray tracing path with LOS when there is no object
between receivers and transmitter. Also shown the effect of obstructions , the
position of reflection and diffraction where they occur.
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Fig. 7. Ray paths visualization for receivers (1) to (25) in 3D
Comparison between Results by changing the location of the transmitter

The received power depending on the location of the transmitter which is
varied in three directions. From the mentioned figure, we can make the
following observations. The received power in case of the transmitter is moving
in the z direction The received power in case of the transmitter is moving in the
Y direction.

7. RAY PATH INFORMATION OUTPUT

The ray path information is stored in separate file for each receiver in every
simulation. These outputs generate details of each ray path that arrive at a
particular receiving point. Each group of information starts with a # sign heading
representing a single ray path. The heading with a # sign shows the total path
length and total path loss associated with the ray. Information below the heading
is a list of X, y, and z coordinates for all ray segments that combine together to
form a complete path from source to receiving point. The number of ray paths
arrives at a particular receiving point depends on the simulation output.

8. CONCLUSIONS

The objectives of the project have been achieved. The visualization of the
radio wave propagation with 3 dimensional introduces effect of reflection,
diffraction, delay spread and multi path fading helps in designing indoor
wireless network planning and give image for ray path behaviors.
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For the design of WLAN we must take into consideration the
following bouts:

1.
2.

b

(1]
(2]

(3]
(4]

[3]
(6]

(7]
(8]
(9]
[10]
[11]

[12]
[13]

The transmitter should be located inside the building.

Simulation of electromagnetic propagation in the indoor environment is a
convenient tool to use in selecting the best location for installing the
transmitter and selecting its power.

It is observed that the power reaching the receivers is minimum when doors
are closed, hence in testing by simulation or in real experiment doors should
be closed to give a more reliable reception.

It is preferable to select a location that has less corridors so that there are
less reflections.

Receiver should not be placed in contact with walls.

This type of simulation will save money by selecting the minimum power
of a single transmitter and choosing the least number of transmitters in
large buildings.
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