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Abstract:

In this paper, the electromagnetic propagation coverage of different VOR stations over
irregular terrain airport locations has been presented. Three different investigation
studies for different airports in the heavy terrain red sea area are introduced. The
calculation has been done applying Longley rice propagation model. The theoretical
calculation concepts of the employed electromagnetic propagation model are discussed.
The coverage areas for the two studied air ports were plotted using digital Two
dimensiona geographical maps with 90 meter resolution. The results are compared to
standard line of sight model.

Keywords:

Electromagnetic waves, Propagation model, Coverage area, Longley Rice

* Egyptian Armed Forces

1. Introduction:

The continuous and increasing growth of wireless communication systems introduces
new challenge for the good service planning. Different planning parameters can be
investigated such as frequency, polarization, and coverage area. The good coverage area



Proceedings of the 8" ICEENG Conference, 29-31 May, 2012 | EE283-2 |

prediction can help designer for good examination of the service area for a certain
applications. Also, it helps the designer in assigning different users to make use of the
communication services. The increasing demand for using propagation models
encourages researchers for modifying and applying different propagation model
calculation and coverage area simulation on the different communication environment.
Propagation models are classified into deterministic [1-6] and empirical [7-16] models.
Deterministic models introduces more accurate path loss calculation and they are
applied mainly in the low coverage distance applications at which building dimensions
are mgjor factor in estimating the coverage area. On the other hand, the empirical
models are more suitable for large distance communications. Several propagation models
have been used for the prediction of coverage area. The two popular propagation models
approved by the ITU are the Longley Rice model [7-10] and Okumura-Hata model [11-16].
The different propagation models are mainly working for accurate computation of the
path gain between the transmitter and receiver according to the employed
communication service. However, some skill is needed in choosing the optimum model for
certain communication case. The Okumura-Hata method is not believed to be valid
below 150 MHz while the Longley Rice model is nominally valid in the range 20 MHz
to 20 GHz and for path lengths between 1 km and 2000 km [17].

The proper estimation of the application service area should take into account a trade off
between the economic and service quality point of view. The efficient use of the
application electromagnetic coverage area requires the knowledge of several technical
parameters which are based partly on equipment performance considerations, the
geographical area around the transmitter and receiver, and mainly on the effects of the
propagation medium on the information transmitted between two points on or near the
earth's surface

In this paper we present the calculation of very high frequency (VHF) electromagnetic
wave propagation over a heavy terrain land at low altitudes. The calculation for the
propagation model was based on the Langley-Rice model. The study objective is
satisfied through a comparison study between the employed coded propagation model
and conventional line of sight calculation.

The system employed in this study as a transmitter was selected as aircraft navigation
aid which is a very high frequency omnidirectional radio (VOR) station located in
different heavy terrain airport at Red sea area. VOR is a main short-range navigational
aid operates at the VHF band. Short range infers that ranges up to 370 km. Our work
was focused on the calculation of the coverage area of this system on approaching and
landing process. Therefore, the employed receiver is was an approaching aircraft at low
atitudes. Two studied altitudes of 100 meter and 300 meter was investigated for each
studied airport case. The results convey that the employed propagation model is capable
of predicting path loss if the terrain profile between the transmitter and receiver.
Detailed analysis reports for the studied case are extracted.
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2. Propagation M echanism:

A General. Propagation Mechanism:
The electromagnetic wave propagation can be due to the direct el ectromagnetic wave
propagation, reflection, diffraction, and scattering waves. Direct wave is due to the line
of sight (LOS) communication between the transmitter and receiver. It is only affected
by the earth curvature and it is independent on the terrains. The other two factors are
heavily affected by the terrain between the transmitter and receiver. Reflection happens
due to the incidence of the propagated electromagnetic waves on any other surface
between the transmitter and receiver. Reflection can be simply from the ground surface
separating the transmitter and receiver. Also, it can be due to presence of surrounding
terrains whose dimensions are very large compared the incident electromagnetic wave
wavelength. Reflection causes the electromagnetic wave to be traveling in the opposite
direction. Hence, the reflected waves and the direct one can interfere with the direct
wave in either constructive or destructive way at the receiver antennainpui.
Diffraction occurs when the travelling electromagnetic wave encounters an obstacle that
cannot penetrate it. Diffraction may occur due to effect the electromagnetic wave
scattering from channel objects. Mainly, these objects have dimensions are less than the
electromagnetic wavelength travelling through the channel. Both diffraction and
scattering, causes transmitted electromagnetic waves to be re-directed into many
different directions. Therefore, they can be accounted for the main reason for achieving
communication behind LOS range; i.e without a LOS path. This phenomenon is called
“shadowing,” since the diffracted field can reach a receiver even when it is shadowed by
an obstruction; i.e behind LOS. In general, the attenuation over the path between the
transmitting and receiving antennas can be described as

P =P, +G; +G, — L t5(dBm) D)

where P, P,, G;, and G, are the transmitted power, received power, transmitting antenna
gain, and receiving antenna gain, respectively, whereas L, is the free space attenuation
(free-space transmission loss) in dB. Considering al possible propagation mechanismis
the free space loss can be calculated. The main concept of establishing the propagation
model computation isto build up the reflected and refracted rays at each point at which
an obstacle in the path between transmitter and receiver is found [18].

The simplest propagation model is the free space model that assumes the most perfect
condition; propagation happens in a free empty space without any kind of obstacles,
reflectors, edges, or even air particles. This model accounts for basic free-space loss
factor which isthe loss due to spherical spreading of the energy by the antenna. Another
propagation model is the two-ray model which accounts for the reflection from the
spherica curvature ground, and supposes that the signal strength at the receiver results
from superposition of direct reflected signals. This model is more practical model but it
still does not consider the diffraction and scattering propagation mechanisms.
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B-Longley-Rice Model Propagation Mechanism:
In this section, we explain the mathematical concept of the employed Longley-Rice
propagation model. Longley-Rice propagation model, also known as "Irregular Terrain
Model” (ITM)), estimates radio propagation losses over irregular terrain in the range 20
MHz to 20 GHz frequencies as a function of distance and the variability of signal in time
and space [7-10]. Computing of signal loss is based on electromagnetic theory and on
statistical analyses. It has been complemented by empirical dependences, during tests and
measurements. Several methodology techniques were introduced for the standardization
of the Longley Rice model in VHF.UHF bands [19-21].
In the VHF/UHF band el ectromagnetic propagation, terrains such as mountain edges are
sufficiently large compared to a wavelength to become efficient reflectors. Thus, by
applying the Longley Rice model, it has been confirmed that terrain scattering can allow
communications beyond the radio line of sight. Also, the ITM model is capable for both
VHF/UHF broadcast and land mobile systems whose propagation mechanism is quite
similar. Both services have fixed communication end and arbitrary positioned
communication end. The common elements for both types of services, which distinguish
them from point-to-point communication links, are 1) the arbitrariness of at least one of
the link terminal locations, and 2) the impracticality of using deterministic methods for
defining transmission loss over irregular terrain in such cases. The ITM calculation
algorithm based on different input parameters can be divided into deterministic
parameters and statistical parameters.

The deterministic parameters are:

e System input parameters. frequency, antenna heights, antenna effective heights,
distance between two terminals, distance from each terminal to its radio horizon, and
polarization.

e Environmental parameters. full terrain data (terrain irregularity), and the path
coordinates, electrical ground conductivity, relative permittivity, and refractivity.

The Statistical parameters:

* Time variahility, location variability, and situation variability

» Climate, reliability, confidence levels, percent time.

» Some gitting criteria that describe the care taken at each terminal to assure good radio
propagation conditions. This is expressed in most algorithms as Two discrete inputs,
random, with care, and with great care.

It should be noted that these inputs are calculated from empirical formulas in the

prediction area.
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| TM_Algorithm Outputs:
The main goa of ITM model, or ssimply any propagation model, isto calculate the path

loss (attenuation). Two types of attenuations (outputs) can be calculated through the
model according to the designers well. Those are:
» Reference attenuation which is the median attenuation relative to free space signal.

e The second output is three dimensional cumulative distribution of attenuation in
which time, location, and situation variability are all accounted for A(g;.q,.q9<). This
can be said as for ¢, of the situations there will be at least ¢, of locations where the
attenuation doesn’t exceed 4(gr.q,.9<). for at least ¢, of the time.

ITM Algorithm

* Preparatory calculations for geometrical parameters:

The parameters »,; (Antenna effective height) , 4,, (Distance from the antennato its
radio horizon) , &,; (Elevation angle to the radio horizon from the antenna height) , j
=1, 2, which are part of the input in the point-to-point mode are, in the area
prediction mode, estimated using empirical formulasin which ax (Terrain
irregularity parameter) plays an important role.

» Antenna effective height:

hy;  If terminal j issited at random. (2

h,;

he; = hg; + B, e *"a/%% |f terminal j isnot sited at random. 3

o, , ' h
B; =(B; — Hl)sin(;mm(ﬁil. l))+ Hy withHy = 1m,H, = 5m,

\ i (4)
B — {Sm if terminalj is sited with care
J 7 l10m if terminal j is sited with great care (5)
» Distance to horizon:
» l her
a.[:; — ?‘
v (6)
. AR \
[_OL “max(hgjHy) |
dp;=dp.e' \ withH; = 5m (7)
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> Elevation angle:

L} #

trai
[0.65 sn(ZE - 1) - 2n ]
Bﬂ'" = .‘ :

J e (8)

» Calculation for both modes:

diey = [2hesle j=12 ©

dp, =dpg +dpg (10)
dy = dyy +dys (11)
8, = max(6,y + 6,2, —dLV.) (12)
Ah(s) = (1 - 0.8e~%/?)Ah withD = 50 km. (13)
0, (s) = 0.78Ah(s)e~ Vor(s)/E withH = 16 m. (14)

Reference attenuation calculations:
The reference attenuation is determined as a function of the distance d from the
piecewise formula

nla.x(().A“.-f-f\'la +h;:‘n(d—)) d = dg,
A= \ dy/
F7 VA, +myd d,,=d <d,
Age +myd d,=d (15)

where the coefficients Ael, K1, K2, Aed, md, Aes, ms, and the distance dx are
calculated using the agorithms below. The three intervals de_ned here are called the
line-of-sight, diffraction, and scatter regions, respectively.

Variability of attenuation:

This would be the final step in the ITM agorithm. In this step we want to compute
A(g,.q9,,9:) Whereg-,q,,q., arethe desired fractions of time, locations, and Situations,
respectively. In the point-to-point mode, we would want a two-fold quantile
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A(g+.q5), but in the present model this is done ssmply by computing the three-fold
quantile with ¢, equal to 0.5. At the end, the cumulative attenuation A(z;,z,,z.),
which is function of the deviations z,z,.z; that are function of time, location, and
Situation variability, is to be calculated from the following:

A A'=20
‘-}'{-:T'ZLJZS:}: i 29— A’ y B

ST YL otherwisw (16)
e e S e Gt (17)

where the adjustment Vv, ,.and the deviations Y¥;,v,,and ¥, are to be caculated
accounting for time, location, and situation variability through a statistical anaysis
that builds up the algorithm.

By calculating the attenuation has been calculated throughout the agorithm, the
received power at each point can be predicted using (1) and compared to the receiver
sensitivity to decide if this point is within the coverage area or not. It is worth to
mention that this calculation requires 3D digital maps with all geographical data to
apply the previous algorithm at each point. This will be applied in the next section
for two different locations with different irregular terrains.

4. Results and Discussion:

The problem addressed in this paper is focused into achieving confirmed service for
VOR base stations serving approaching planes at different altitudes. For proper system
operation, the RF received signal power must be maintained above a certain level. In
our work, this level was selected to be the recelver senstivity. The study was for
medium terrain surrounding airport (International Sharm El-shekh airport) and heavy
terrain airport (St. Katherine airport). All studied VOR systems was assumed operating
in the VHF band at frequencies 100-150 MHz.

The system parameters for each studied case are as follow: The ground station
parameters, transmitting power=50 watt, sensitivity=-107 dBm, antenna pattern is
omnidirectional, antenna gain =2 dB, antenna height = 15m, additional loss =4 dB. The
communication system in the moving plane has the following parameters, transmitting
power=10 watt, sensitivity=-99 dBm, antenna pattern is omnidirectional, antenna gain
=-1 dB, antenna height = 100 meter, and 300 meter, additional loss =0 dB.

In al studied cases, the results were computed using Longley rice model and compared
with free space model. The free space model coverage radius is caculated in terms of
transmitting and receiving antenna heights as follow:

do =4.12(\fh +/ny)  (km) (18)
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For the case of aircraft at 100 meter height, this range is 57 km and it is 87 km for 300
meter aircraft height.

A- Medium Terrain Airport Results and Discussions

The 3D surrounding of Sharm El-shekh airport is shown in Figure 1. As shown, apart of
the south direction, there are irregular terrains every where around the airport. However
the other side of the airport is mainly surrounded by red sea. Within the VHF band, such
terrain irregular can affect the electromagnetic propagation. The coverage area has been
calculated for 100 meter and 300 meter height and plotted in Figure 2 and Figure 3,
respectively. As shown in the two figures, the coverage is irregular distribution.
However, the coverage area is aimost uniform within the south zone within which no
irregular terrain is founded. The contribution of the computed coverage area was
investigated by comparing it to that area computed by free space model whose result isa
simple circle of constant radius. These two results are plotted in Figure 2, and Figure 3,
respectively, along with the Longley Rice model computed results for the sake of results
illustration.

Cooglefearth

o34 Eye dll  ZE.66 <

Figure (1): The Surrounding Terrain of Sharm El-shekh Airport

From deep investigation in Figure 2 and Figure 3, we can conclude the following:

» The coverage area increases with increasing the aircraft height which can be seen in
the two figures and using the ITM and free space models.



Proceedings of the 8" | CEENG Conference, 29-31 May, 2012 | EE283-9 |

» The south coverage computed by the ITM resultsis larger than the free space model,
at 100 meter, the free space model range is 57 km whereas it increases to 93 km
which represents over 60% communication behind LOS range.

» The other directions coverage area is affected by area terrain. In the north direction,
the coverage area is limited to few kilometers which can be claimed to the effect of
Sinai mountains. Also, in a small portion of the south east directions, the coverage
areais amost few kilometers which as a negative superposition of reflected, refracted
and direct waves.

» On the other hand, the coverage increases to 115 km in the east directions which is
almost 100% communication behind LOS range.

» Similar results can be observed from the case of 300 meter aircraft height given the
LOS range is 87 km, the maximum coverage range in south direction is 120 km (38%
behind LOS communication range) and maximum overall coverage range is 145 km
(67% behind LOS communication range).

» The effect of terrains decreases as the aircraft height increases.

i"-r urgadarAlinport

Goc)gle'

Figure (2): Prediction coverage rea of Sharm El-shekh airport at 100 ei ght
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Figure (3): Prediction coverage area of Sharm El-shekh airport at 300 meter height
B- Heavy Terrain Airport Results and Discussions
The coverage area of St Katherine airport is the second goa of this paper. The
surrounding airport terrain is shown in Figure 4. As it can be observed, this surrounding
terrain can be considered heavier terrains compared to the previous studied case. The
Similar to Sharm El-shekh airport, the VOR system coverage area was designed
assuming the aircraft heights of 100 meter and 300 meter.
The ITM and free space model results are computed and plotted in Figure 5 and Figure
6 for aircraft height of 100 and 300 meter, respectively. On contrast to previous studied
case, the ITM computed coverage area at both aircraft height is less than the free space
model. This can be claimed due to the effect of the very heavy irregular terrain of Sinal
Mountains. Also, in both cases, the ITM computed coverage area can reach the Red sea
which makes it very difficult for an aircraft to reach St. Katherine airport.
Combined electromagnetic coverage is a solution for this problem. Therefore, by re-
estimating the combined coverage of both Sharm El-Shekh and St Katherine airports as
shown in Figure 7 and Figure 8 for aircraft height = 100 meter and 300 meter,
respectively. As shown in Figure 7, the combined two air port coverage does not
succeed in overlapping with single St Katherine air port coverage. However, at aircraft
height of 300 meter, the combined airports coverage demonstrates typical overlap
between the single two airport overages. In other words, we can say by the aid of the
two VOR systems at both airports, it is possible to guide an aircraft at low heights of
300 meter.
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Figure (5): Prediction coverag area of I Katherine a rport at 100 meter hel ght
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Figure (7): Prediction combi ned coverage area of Sharm El shekh and & therine
airport at 100 meter height
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Figure (8): Prediction combined coverage area of Sharm El shekh and S Katherine
airport at 300 meter height

6. Conclusions:
This paper presents the single and combined coverage area of irregular terrain airports.
The results were computed using the Longley Rice model and compared to simple free
space model. The theoretical concepts of the employed model are discussed. Two
different studied cases of medium terrain (Sharem El Shekh) and heavy terrain (St
Katherine) air ports are introduced in details. The results confirm the behind of line of
sight communication coverage by 60 % for height of 100 meter at Sharem Elshekh air
port and less than the line of sight communication range for St Katherine air port case.
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