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Propagation Models Comparison by
Propagation Features

Alberto Leonardo Penteado Botelho

Abstract — The propagation model is a critical point for
predicting the coverage area. The complexity of the coverage
prediction is enhanced by the possibility of SFN (Single
Frequency Network) operation, which allows the installation of
auxiliary relays in shadow areas. By knowing the techniques
used by each propagation model, it was possible to use the
literature as a reference to categorize the types of paths by the
propagation situation. This paper presents a comparison study
of the simulated propagation models in the Progira software
with field measurements in a massive SFN of RecordTV Rio, in
the city of Rio de Janeiro. The comparison considered the error
mean in all the paths and each of types of paths, so it was possible
to obtain an overview of which propagation model is best suited
for each propagation situation. It presents details of the
techniques used in propagation models, a brief review of the
main propagation models and the mean of errors for each type
of paths. The results presented contribute to a better
interpretation of which propagation model or the propagation
model technique can be more efficient in a micro-region, which
can optimize the planning of an auxiliary transmission.

Index Terms — Terrestrial Digital Television, Propagation
Model, Single Frequency Network, Reflection, Refraction,
Diffraction.

I. INTRODUCTION

he SBTVD (Brazilian Digital Television System) is a

digital terrestrial television standard adopted in Brazil,

developed from the evolution of the Japanese standard
ISDB-T  (Integrated Services Digital Broadcasting
Terrestrial) standard. The terrestrial television stations are
composed of a network retransmitting stations that aim to
expand the coverage area of the main generation station [1].
A trustworthy prediction coverage allows the planning of the
transmission system so that the irradiations can maintain the
desired levels.

SBTVD has an important frequency reuse feature, which is
the operation in SFN (Single Frequency Network), as it
allows a television generating station to operate with its
transmitting stations on the same frequency [2].

SFN adds a greater complexity in the prediction of
coverage, considering that the legislation allows the
installation of auxiliary retransmitting stations in shadow
areas without the need of acquisition of new conferment, as
long as it does not increase the area of provision of the
service, maximizing the necessity for a prediction of reliable
coverage in micro-regions [3].

An important challenge of the coverage prediction is the
choice of the best propagation model that best suits the
conditions of propagation of the studied locality.

A comparison between models of propagation of a massive
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SEN in the locality of Rio de Janeiro, concluded that the
propagation model ITUR P.1812-3 in the dense urban
geographic region option, presented smaller average error
when comparing with field measurements [4].

SBTVD allows the installation of auxiliary stations to
cover small areas without coverage. These shadow areas may
have a distinct propagation characteristic, where the lowest
mean error propagation model may or may not predict the
field strength with the highest fidelity. A propagation model
with the smallest mean error in the specific micro region
propagation characteristics can optimize signal intensity
prediction with maximum fidelity.

This work intends to categorize the types of paths
according to the propagation features. Each propagation
model uses a distinct technique, but many techniques use the
same concepts.

knowing the techniques used by propagation models, it is
possible to categorize the paths, using the literature as a
reference to distinguish propagation situations.

By categorizing the paths, it is possible to compile mean
errors for each type of paths and provide the broadcaster with
greater security by proposing a specific propagation model to
study a micro-region.

The Progira coverage area prediction software was used
and made available by LM Telecom [5] and the field
measurement in the metropolitan area of Rio de Janeiro was
made available by RecordTV Rio (Record Television of Rio
de Janeiro Ltda).

This article is divided into seven sections, in addition to
this introductory section. In Section 11, a brief description of
the effects of radio propagation on terrestrial television
transmissions is presented. In Section I1I, the techniques used
by the most important propagation models in the literature are
presented. Section IV presents a brief summary of the
propagation models presented in this study. In Section V, the
best techniques of comparison of propagation models are
demonstrated. In Section VI, the results of the average error
for each type of path are presented. Finally, in Section VII,
the main conclusions and final considerations of the work are
presented.

II. RADIOPROPAGATION

The video, audio and data generated in the television studio
are encoded, modulated and sent by RF to the transmission
system which amplifies the power and radiates the signal
through the transmission antenna. The antenna radiation
patterns describes antenna gain in each horizontal and vertical
azimuth direction [6].
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In transmission, the electromagnetic wave travels from the
transmitting station to the receiver at the opposite end, where
the path traveled by the Fresnel zone can vary from a line of
sight to a line that is severely obstructed by buildings,
mountains or vegetation [7].

In free space, the electromagnetic waves disperse in all the
radial ones and their energy is dissipated by the environment
[8].

When the electromagnetic wave focus on a surface
interface separating two environments, one part of the wave
is reflected to the first environment, a second part of the wave
is refracted to the second environment and a third part
bypasses the environment and diffracts. The resulting
reflection, refraction and diffraction phenomena depend on
the electromagnetic characteristics of the environment and
angle of incidence [9].

The best method to maximize the coverage area is to adjust
the installation of the equipment by field measurement, but
the high costs and the time involved make it deterrent. With
knowledge of the topographic and environmental
characteristics, it is possible to use a mathematical tool to
predict field strength throughout the service area [6]. When
making trustworthy predictions of coverage, the necessity for
field measurements to adjust the coverage area is reduced,
optimizing time and cost [10].

The path is the representation of the topographic survey
along the route between transmission and reception. Through
the profile of the link, it is possible to get an overview of the
obstacles, the points of reflection and the influence of the land
[3].

The Propagation Model is the mathematical tool that
describes how the signal is radiated during the path between
the transmitter and the receiver, which is intended to predict
signal power throughout the service area. Several propagation
models are available in the literature, where each model
presents specific algorithm [7].

III. PROPAGATION MODELS TECHNIQUES

The propagation models available in the literature use
different techniques, however, many of the different
techniques present the same concepts [11].

Scattering of electromagnetic energy in free space is
characterized by the absence of a body capable of influencing
the propagation between transmission and reception and
should be considered the dispersion of energy in the
atmosphere [12].

Troposphere Refraction occurs because the refractive
index of the atmosphere changes with depth, which causes the
slope of the wave path downwards and its index depends on
pressure, temperature and humidity of the atmosphere [12].

Figure 1 shows the geometry of free space propagation and
refraction propagation, where IRy, represents the free space
irradiation and IRgzpg represents the refractive irradiation in
the troposphere.

Figure 1: Geometry of propagation in free space and by refraction.

The refractive index in the atmosphere may vary in
different climatic regions. Climatic correction curves can be
applied [13].

Reflection occurs in line of sight, where the signal is
transported by a direct line and by a line reflected in different
phase. If the terrain is scratchy, there may be more than one
reflection and its index depends on the electric characteristic
of the terrain [13]. Figure 2 shows reflection propagation
geometry, where IRy, represents free space irradiation and
IRg1 and IRp;, represent reflection irradiation.

®
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Figure 2: Geometry of propagation by reflection.

Diffraction in obstacle knife edge assumes that there is a
knife-shaped obstacle. The diffraction index depends on the
angle and the distances between the transmitter and the
obstacle and between the obstacle and the receiver. In the
existence of two or more obstacles, the equation must be
systematically repeated [14]. Figure 3 shows the geometry of
diffraction propagation in knife edge obstacle, where IRp;f;
represents the irradiance between the transmission and the Gf
(ridge of the knife edge obstacle) and where IRp; ¢, represents
the irradiation between the Gf to the reception.

Figure 3: Geometry of propagation by diffraction in knife edge obstacle.

Diffraction in rounded obstacle assumes that the radius of
curvature of the obstacle corresponds to the radius of
curvature at the apex of a parabola adjusted to the profile of
the obstacle in the vicinity of the top. The diffraction index
depends on the angle and the distances between the
transmitter and the tangent of the obstacle and between the
tangent of the obstacle and the receiver [15]. Figure 4 shows
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the geometry of diffraction propagation in rounded obstacle,
where IRp;sq represents the irradiance between the
transmission OAr (rounded obstacle tangency tip) and where
IRp;f, represents the irradiation between OAr and reception.

OAr
IRpify

Rx

Figure 4: Geometry of propagation by diffraction in rounded obstacle.

Diffraction by the terrain assumes that the line of sight is
obstructed by the terrain. The refractive index depends on the
distance, the antenna height, the electromagnetic constant of
the terrain, the frequency, the radius of the earth and the
terrain characteristic that can be smooth, irregular rounded or
knife-shaped [13]. Figure 5 shows the geometry of diffraction
propagation by the ground, where IRp;sr represents the
irradiance between the transmission to the reception by the
terrain.

Figure 5: Geometry of propagation by diffraction of the terrain.

Delta Bullington Diffraction, considers a sequence of
knife-edge obstacles and adds diffraction across the terrain
with part of Bullington. The slopes are calculated in relation
to the baseline uniting the height of the transmission to the
reception and the line of sight. The diffraction index depends
on the angle and the distances between the transmitter and the
vertex and between the vertex and the receiver [16]. Figure 6
shows the geometry of the Delta Bullington propagation,
where IR;p; represents the irradiance between the
transmission and v (vertex) and where [R5, represents the
irradiance between v and receive.

Figure 6: Geometry of propagation by Delta Bullington.

Propagation curves interpolate and extrapolate field

strength curves derived empirically as a function of distance,
antenna height, frequency, and percentage time. The height
of the antenna relative to the ground simulates the effects of
propagation [17]. Figure 7 shows propagation geometry by
propagation curves, where [Rp; represents the irradiance
between transmission and reception, the NMT represents the
average level of the terrain and the HNMT represents the
height of the antenna in relation to the average level of the
terrain.

Models based on propagation curves can apply correction
curve of variation of terrain heights between transmission and
reception [18].

Loss in clutter uses map of buildings and vegetation. Each
polygon of the clutter is characterized by parameters of height
of buildings or trees, indication of their density, degree of
absorption and clutter height that can be known or estimated.
In the polygon, the effects of loss, reflection and diffraction
are simulated [19]. Figure 8 shows the geometry of the
propagation by losses in the clutter, where IRy, represents the
irradiation between the transmission and reception, IR
represents the irradiation in the clutter, IRp;¢ represents the
diffraction irradiation at the top of the clutter and IRy
represents reflection irradiation.

HNMT

Figure 7: Geometry of propagation by propagation curves.
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Figure 8: Geometry of propagation by clutter losses.

The clutter location variability refers to the height
correction curve of the receiving antenna. The higher the
receiving antenna is in relation to the clutter, the smaller the
effects of the clutter [16].

IV. PROPAGATION MODELS

Free space is a model that calculates the field strength,
considers only the scattering of electromagnetic energy and
neglects the effects of reflection, refraction and diffraction
[9].

Longley-Rice is a propagation model based on calculations
of losses in the path of the electromagnetic wave. In line of
sight, the model considers refraction in the troposphere and
reflection in smooth or irregular terrain. With obstructed line
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of sight by a peaked formation, it considers diffraction in
obstacle knife edge with or without reflection. With
obstructed line of sight by convex formation, it considers
diffraction in rounded obstacle with or without reflection.
With an obstructed line of sight by a sequence of obstacles, it
considers diffraction by the terrain. Longley-Rice also
considers climate correction curves [13].

Okumura-Hata is a model of propagation curves developed
by Okumura and synthesized in equation by Hata. It has
propagation curves for different levels of urbanization [20].

Deygout-Assis is a propagation model based on
calculations of losses in the path of the electromagnetic wave
developed by Deygout. With line of sight, it considers
calculation of scattering of electromagnetic energy. With a
view obstructed by one or more peaked formations, it
considers diffraction in knife edge obstacles [14]. Assis
extended the Deygout model to a line of sight obstructed by
convex obstacles and considered diffraction in a rounded
obstacle [21].

ITUR P.370-7 is a model of propagation curves drawn
from data obtained in the Mediterranean and North Sea
regions for field strengths exceeded by 50% of locations for
different percentages of time. It has correction curves of
variation of terrain heights [18].

ITUR GEO6 is a model of propagation curves for field
strengths exceeded by 50% of locations for different
percentages of time. It has propagation curves for different
climatic regions [22].

ITUR P.526-11 is a propagation model based on
calculations of losses in the path of the electromagnetic wave.
With line of sight, it considers calculation of scattering of
electromagnetic energy. With a line of sight obstructed by
one or more convex formations, it considers diffraction in a
rounded obstacle. With obstructed line of sight by a peaked
formation, it considers diffraction in obstacle knife edge.
With obstructed line of site by two peaked formations or
obstruction in smooth terrain, it considers diffraction by the
terrain. With a line of sight obstructed by a sequence of
obstacles, it considers Delta Bullington [15].

ITUR P.1546-5 is a model of propagation curves for field
strengths exceeded by 50% of locations for different
percentages of time. It has correction curves for obstruction
and curves for correction of wide differences between the
transmission and reception antenna heights [17].

CRC-Predict is a model that calculates losses in the clutter.
Each polygon results in losses by refraction, reflection and
diffraction. It has curves of location variability of the
receiving antenna in relation to the height of the clutter. For
regions with clutter data with very small obstacles, consider
the dispersion, refraction and climatic correction curves of the
Longley-Rice propagation model and the localization
variability of the Okumura-Hata propagation model [19].

ITUR P.1812-3 is a propagation model based on
calculations of losses in the path of the electromagnetic wave
and losses in the clutter. With line of sight it considers
refraction in the troposphere. With obstructed line of sight by
smooth formation, it considers diffraction by the terrain. With
obstructed line of sight by irregular formation, it considers
Delta Bullington. The calculations consider losses in the
clutter. Each polygon results in losses by refraction, reflection
and diffraction. It has curves of location variability of the

receiving antenna in relation to the height of the clutter [16].

V. PROPAGATION MODELS COMPARISON

The best method for comparing propagation models is to
analyze the mean field measurement error with each of the
available propagation models.

For the field measurement, RecordTV Rio was chosen in
the metropolitan region of Rio de Janeiro. The metropolitan
area of Rio de Janeiro has a very varied predominant terrain,
with high cliffs, seas of hills, hills and valleys, representing
the most complex situation of propagation and of great
challenge for propagation models. The complexity of the
propagation is enhanced by RecordTV Rio operating in
massive SFN, in the most varied transmission situations, with
Special Class main station, 2 Class A retransmitters stations
and 11 auxiliary stations.

RecordTV Rio provided 41 field measurements for this
work. 19 measurements from the main station transmission,
14 measurements from the retransmitter stations and 8
measurements from the auxiliary stations. The field
measurement sites were distributed in the metropolitan region
of Rio de Janeiro to represent the maximum diversity of
propagation characteristics.

The field measurement used a measurement instrument
with a resolution of 10 kHz and a measurement range of 130
dBuV. The antenna used has a gain of 14 dBi at the center
frequency of 623 MHz, corresponding to the television
channel 39, realized at 10 meters of height in relation to the
ground and attenuation of cable and connectors of 2 dB.

The software used to predict the coverage area was Progira,
[23]. Progira offers 10 propagation models. The propagation
models have selectable options of climate, population density
or terrain type, thus all models with all selectable options
were considered, totaling 37 variations of propagation
models.

There is no single criterion for deciding the best method
for comparing propagation models, but the mean error should
be as small as possible [24].

DMA (Absolute Mean Deviation) calculates the arithmetic
mean of the absolute deviations of each measure, does not
take into account whether it was overestimated or
underestimated, and it is important to analyze which model
of propagation that approximates the field measurement by
simple mean, according to Equation 1.

o (Standard Deviation) computes the square root of the
ratio of the sum of the squares of the deviations and is
important to analyze if the results obtained by the propagation
models are scattered over a wide range of values, according
to Equation 2.

RMS (Root Mean Square) is a statistical measure of the
magnitude of a variable quantity of discrete values, where the
mean error is low by canceling positive and negative errors
when added and it is important to designate if the errors are
addictive and tend to more or less, according to Equation 3
[25].

DMA = 2
N

¥R |VM - V| (1)

)

1 1 2
o= N M- VP~ N x < T (VM - VP)
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2
RMS = N— Y14 (VM ~ VP)" + o2

Where:

DMA = Absolute Mean Deviation;
o = Standard Deviation;
N = Number of samples;

na = sample;

RMS = Root Mean Square;
VM = Measured value in field;
VP = Measured value in software.

VI. RESULTS

3)

When comparing the values measured in the field with the
simulated values in the software, it was possible to calculate
DMA, ¢ and RMS of each propagation model, according to

Table 1.

When analyzing each model in isolation, Table I concludes

that the ITUR 1812-3 propagation model, in the dense urban
geographic region option, presents the smallest mean error
and is the most reliable to be used in the Rio de Janeiro study.
In analyzing the techniques of propagation models, Table I
concludes that the models that employ losses in the clutter,

present better efficiency.

Table I - Average error of all paths compared to field measurement.

Average (dB)
Propagation Selectable
Pag ) DMA | & |RMS
Model Option
ITUR 18123 | Dense Urban oo |14 [ 72|
ITUR 526-13 General Method 7,6 1,5 7,9
ITUR 1812-3 Forest / Urban 8,1 1,6 8,5
Continntal / Great
. Lakes / Maritime
CRC -Predict Overland / Maritime 8.9 2.4 9.4
Oversea
ITUR 1812-3 Suburban 9,1 1,7 9,5
ITURI1 812-3 Database 9,1 1,7 9,5
Deygout-Assis Knife Edge 9,6 2,2 10,1
ITUR G06 Rural / Open / 9,6 22 10,1
Suburban
Okumura - .
Hata Quasi Open 10,3 2,1 10,8
ITUR 370 -7 Rural 10,5 1,9 10,9
ITUR 370-7 Suburban / Urban 10,5 1,9 11,0
Deygout-Assis Main Rounded 10,5 3,0 11,2
Okumura - Open 10,9 2,3 11,5
Hata
ITUR 1546 -5 Rural / Open 11,0 2,8 11,6
ITUR 1546 -5 Suburban 11,1 29 11,7
Longley -Rice Equatorial 11,8 2,4 12,3
Longley-Rice Maritime Temperate 11,8 2,4 12,3
Oversea
Longley -Rice Desert 11,8 2,4 12,3
Longley-Rice Maritime Temperate 11,8 2,4 12,3
Overland
Longley -Rice Continental 11,8 2,4 12,3
Subtropical
Longley -Rice Maritime Tropical 11,9 2,4 12,4
Deygout-Assis Rounded 12,3 4,0 13,3
Longley-Rice Continental 12,6 2,7 13,1
Temperate
ITUR 526-13 Rounded 12,9 3,4 13,6

Free Space - 15,9 3,2 16,6
Okumura - Suburban 15,9 2,8 16,6
Hata

ITUR G06 Urban 16,6 32 17,3
ITUR 1546-5 Urban 18,8 3,9 19,7
ITUR G06 Dense Urban 21,5 3,9 22,4
ITUR 1546 -5 Dense Urban 22,3 42 23,2
Okumura - Urban 22,7 3,9 23,6
Hata

When analyzing the terrain and environmental

characteristics of each path, there is a heterogeneous
distribution of propagation conditions. When comparing the
terrain geometry of each path with the techniques described
in Section III, it is possible to categorize the path by the
propagation characteristic.

21 paths have a line of sight with very high transmission
heights in relation to the terrain, in which the HNMT exceeds
400 meters. Under these conditions, the Fresnel zone travels
a high distance from the ground and clutter, reducing the
effects of propagation on the terrain. 6 paths have a line of
sight with low transmission heights in relation to the terrain,
in which the HNMT is lower than 150 meters. Under these
conditions, the Fresnel zone travels very close to the ground
and clutter, increasing the effects of propagation on the
terrain.

9 paths are obstructed by a knife-shaped elevation. Under
these conditions, propagation diffraction predominates in the
knife edge obstacle.

3 paths are obstructed by two or more knife-edged
elevations. Under these conditions, diffraction propagation
predominates in knife edge obstacles, which can be calculated
by systematically repeating a knife edge algorithm or Delta
Bullington algorithm.

2 paths are totally obstructed in all their extension. Under
these conditions, predominates propagation by diffraction of
the terrain.

Table II compares the values measured in the field with the
simulated values by software, only in the line of sight paths,
with HNMT above 400 meters.

Table II - Medium error of line of sight and HNMT links above 400 meters
compared to field measurement.

Average (dB)
Propagation Selec.table DMA | & | RMS
Model Option
ITUR 1546 -5 Rural / Open
ITUR 1546 -5 Suburban
ITUR GO6 Rural / Open / 4,0 0,9 43
Suburban
ITUR 1812-3 Clutter Dense Urban 53 1,5 5,8
Okumura -Hata Open 58 1,4 6,3
ITUR 1812-3 Forest / Urban 6,2 1,8 6,8
gl;lamura i Quasi Open 6.8 1,9 7.4
Continntal / Great
cre-prer | B gy | g | s
Oversea
Deygout-Assis Rounded 7,0 2,0 7,6
Deygout-Assis Knife Edge 7,0 2,0 7,6
ITUR 526-13 General Method 7,4 2,1 8,1
ITUR1 812-3 Clutter Database 7,7 2,1 8.4
ITUR 1812-3 Clutter Suburban 7,8 2,1 8,4
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When analyzing each model separately, Table I concludes
that the ITUR 1546-3 propagation model, in the rural, open
or suburban geographic region option, presents the smallest
mean error and is the most reliable to be used in the study of
Rio de Janeiro in situations with line of sight in very high
HNMT. When analyzing the techniques of propagation
models, Table II concludes that the models that use
propagation curves, present better efficiency.

Table III compares the values measured in the field with
the simulated values by software, only in the line of sight
paths, with HNMT below 150 meters.

Table III - Medium error of line of sight and HNMT links below 150
meters compared to field measurement.

Average (dB)
Propagation Select.able DMA 5 RMS
Model Option

Continntal / Great
CRC-Predict I(;z\"l::fztlnlzlj‘;\/[itzilllfli:ime

Oversea

Rural / Open /
ITUR GO6 Suburb::mp
ITUR 1812-3 Dense Urban 6,4 3,7 8,5
g::amura- Quasi Open 75 4,2 10,0
g:&m“m' Open 7,7 47 | 104
ITUR 370-7 Rural 9,1 5,0 11,9
ITUR 370-7 Suburban / Urban 9,1 33,9 80,2
Deygout-Assis Knife Edge 9,6 5,0 12,6
Deygout-Assis Main Rounded 9,6 5,0 12,6
Deygout-Assis Rounded 9,6 5,0 12,6
ITUR 526-13 General Method 9,7 5,1 12,7
ITUR 526-13 Rounded 10,4 53 13,6
Free Space - 11,1 5,5 14,4
ITUR 1812-3 Clutter Forest/ 11,6 7,0 15,5

Urban
Longley-Rice Continental 11,6 58 15,1

Subtropical
Longley-Rice Desert 11,6 5.8 15,1
Longley-Rice Equatorial 11,6 5,8 15,1

Longley-Rice Equatorial 7,9 2,1 8,6 Longley-Rice Maritime Temperate 11,6 5,8 15,1
Longley-Rice Maritime Temperate 8,0 2,1 8,6 Overland

Oversea Longley-Rice Maritime Temperate 11,6 58 15,1
Longley-Rice Maritime Temperate 8,0 2,1 8,6 Oversea

Overland Longley-Rice Maritime Tropical 11,6 58 15,1
Longley-Rice Maritime Tropical 8,0 2,1 8,6 ITUR 1546-5 Rural / Open 11,8 10,9 17,9
Longley-Rice Continental 8,0 2,1 8,6 ITUR 1546-5 Suburban 11,9 11,0 18,0

i Temperate ITUR1812-3 | Clutter Database 132 | 72 | 173

Longley-Rice | Continental 8,0 L1 | 86 ITUR 18123 | Clutter Suburban B2 | 72 | 173

Subtropical
Longley-Rice Desert 8,0 2,1 8,6 Okumura- Suburban 13,9 79 18,5

Hata
ITURS26-13 | Rounded 81 2,2 88 Longley-Rice | Continental 16,7 | 10,7 | 22,7
ITUR 370-7 Rural 8,1 2,1 8,8 Temperate
ITUR 370-7 Suburban / Urban 8,1 2,1 8,8 ITUR G06 Urban 17,9 8,9 23,3
Free Space -— 8,2 2,2 8,8 ITUR 1546-5 Dense Urban 23,7 11,6 30,7
ITUR GO06 Urban 15,1 3,5 16,2 ITUR G06 Dense Urban 23,7 11,6 30,7
ITUR 1546-5 Urban 15,1 3,5 16,3 Okumura- Urban 23,9 12,3 31,2
OKumura- Suburban 18,3 4,4 19,7 Hata
Hata ITUR 1546-5 Urban 28,6 17,0 38,3
ITUR GO06 Dense Urban 20,7 4,8 22,2
ITUR 1546-5 Dense Urban 21,0 4,8 22,6 When analyzing each model in isolation, Table III
](_)Ik“m“m' Urban 27,0 63 | 290 concludes that the CRC-Predict propagation model has the
ata

lowest mean error and is the most reliable to be used in the
study of Rio de Janeiro in situations with line of sight in
lowers HNMT. In analyzing the techniques of propagation
models, Table III concludes that the models that use
propagation curves and losses in the clutter, present better
efficiency.

Table IV compares the values measured in the field with
the simulated values by software, only in the links obstructed
by a single knife edge obstacle.

Table IV - Medium error of the obstructed paths by a single knife edge
obstacle, compared to field measurement.

Average (dB)
Propagation Selectable
Model Option
Continntal / Great
CRC-Predict | o1 N avitime
Oversea
ITUR 526-13 General Method
Deygout-Assis Rounded
Deygout-Assis Main Rounded
ITUR 1812-3 Forest / Urban
ITUR 1812-3 Suburban
ITUR 1546-5 Urban
ITUR G06 Urban
ITURI1 812-3 Database
ITUR 1812-3 Dense Urban
ITUR 526-13 Rounded
Deygout-Assis Knife Edge
Longley-Rice Desert
Longley-Rice Continental
Temperate
Longley-Rice Continental 11,0 4,3 13,1
Subtropical
Longley-Rice Maritime Temperate 11,0 4,3 13,1
Overland
Longley-Rice Maritime Temperate 11,0 4,2 13,1
Oversea
Longley-Rice Equatorial 11,0 4,3 13,1
Longley-Rice Maritime Tropical 11,3 4,3 13,5
ITUR 1546-5 Dense Urban 11,7 4,7 14,0
ITUR G06 Dense Urban 11,7 4,7 14,0
ITUR 370-7 Rural 12,0 4,9 14,4
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In analyzing each model in isolation, Table IV concludes
that the CRC-Predict propagation model presents the smallest
mean error and is the most reliable to be used in the Rio de
Janeiro study in situations obstructed by a single knife-edge
obstacle. In analyzing the techniques of propagation models,
Table IV concludes that the models that use calculations of
losses in the path of the electromagnetic wave and losses in
the clutter, present better efficiency.

Table V compares the values measured in the field with the
simulated values by software, only on paths obstructed by a
sequence of knife-edge obstacles.

ITUR 370-7 Suburban / Urban 12,0 4,9 14,4 ITUR 1546-5 Suburban 21,7 21,4 39,0

Okumura- Suburban 13,1 5,5 15,7 ITUR G06 Rural / Open / 22,0 21,7 39,5

Hata Suburban

Okumura- Quasi Open 13,4 6,1 16,2 Okumura- Quasi Open 25,5 24,5 454

Hata Hata

ITUR 1546-5 Rural / Open 13,4 5,6 16,1 Okumura- Open 30,5 28,4 53,8

ITUR 1546-5 | Suburban 134 5,6 16,1 Hata

ITUR G06 Rural / Open / 13,8 58 | 166 Free Space 399 | 359 | 698
Suburban

Okumura- Open 16,4 73 19,8 When analyzing each model in isolation, Table V

Hata . . .

o — r—— 164 72 8 concludes that the Deygout—{%ssw propagation model, with

Hata obstacle type selected for knife edge, presents the smallest

Free Space — 24,0 9,4 28,6 mean error and is the most reliable to be used in the Rio de

Janeiro study in situations obstructed by a sequence of knife-
edge obstacles. When analyzing the techniques of
propagation models, Table IV concludes that the models that
use calculations of losses in the path of the electromagnetic
wave and Delta Bullington algorithms, present better
efficiency, however, the Deygout-Assis propagation model
obtained a great advantage.

Table VI compares the values measured in the field with
the simulated values by software, only in the paths with total
obstruction in the course of the electromagnetic wave.

Tabela VI - Average error of the paths with total obstruction in the course
of the electromagnetic wave, compared to field measurement.

Table V - Mean error of the paths obstructed by a sequence of knife-edge Average (dB)
obstacles, compared to field measurement. P .
ropagation Selectable DMA o RMS
Average (dB) Model Option
Propagation Selectable Okumura-
Pag 5 DMA o RMS Hata Suburban
Model Option
Okumura-
ITUR 526-13 General Method 5,7 5,2 10,0 ITUR 1812-3 Suburban 14,0 19,1 33,9
Deygout-Assis | Main Rounded 8,1 84 14,8 ITUR 526-13 | General Method 14,1 | 193 | 343
ITUR 1546-5 Dense Urban 10,9 10,9 19,6 ITUR1 812-3 Database 14,4 19,7 34,9
ITUR GO06 Dense Urban 10,9 11,0 19,7 ITUR 370-7 Rural 15’7 21,8 38,3
ITUR 1812-3 | Dense Urban 12 | 11,3 | 202 ITUR 370-7 Suburban / Urban 157 | 21,8 | 383
Okumura- N
Hata Urban s | 11,5 | 208 g:;‘am“m Quasi Open 158 | 21,7 | 383
ITUR 1812-3 Forest / Urban 12,4 11,9 22,0 ITUR 1812-3 Forest / Urban 16,1 22’1 39’1
ITUR1812-3 | Suburban 124 | 113 | 218 ITUR 1812-3 | Dense Urban 181 | 250 | 440
Continntal /.(?reat Okumura- Open 20,8 28,7 50,6
. Lakes / Maritime
CRC-Predict o o 12,5 13,3 23,0 Hata
verland / Maritime
Oversea ITUR G06 Rural / Open / 39,6 55,4 96,6
ITURI 812-3 | Clutter Database 125 | 115 | 220 Suburban
Free Space - 41,4 57,9 101,0
ITUR 1546-5 Urban 12,8 112 | 223 _ _ _
- Longley-Rice Maritime Tropical 46,5 65,1 113,6
Deygout-Assis Rounded 12,9 13,6 23,6 - -
Longley-Rice Equatorial 46,7 65,4 114,1
ITUR G06 Urban 12,9 11,2 22,3 - —
Longley-Rice Maritime Temperate 46,8 65,5 114,3
Okumura- Suburban 14,6 15,4 26,8 Oversea
Hata
- - Longley-Rice Continental 47,2 66,1 115,3
Longley-Rice Equatorial 18,1 16,1 31,6 Subtropical
Longley-Rice Maritime Tropical 18,1 16,0 31,6 Longley-Rice Maritime Temperate 47,2 66,1 115,3
Longley-Rice Maritime Temperate 18,2 16,1 31,7 Overland
Oversea Longley-Rice Continental 47,4 66,4 115,8
Longley-Rice Continental 18,3 16,3 31,9 Temperate
Subtropical Longley-Rice Desert 47,7 66,8 116,5
Longley-Rice Desert 18,3 16,5 32,0 Deygout-Assis | Knife Edge 47,9 678 | 1174
Longley-Rice Maritime Temperate 18,3 16,3 31,9 ITUR 1546-5 Rural / Open 52,1 73,0 127,2
i Overland ITUR 15465 | Suburban 533 | 747 | 1301
Longley-Rice Continental 18,3 16,4 32,0
Temperate ITUR GO06 Urban 57,2 80,2 139,7
ITUR 526-13 Rounded 18,7 19,0 33,9 CRC-Predict Continntal / Great 58,5 82,0 | 1428
Lakes / Maritime
ITUR 370-7 Rural 18,9 17,1 33,0 Overland / Maritime
ITUR 370-7 Suburban / Urban 18,9 17,1 33,0 Oversea
ITUR 15465 | Rural/Open 21,7 | 214 | 390 ITUR G06 Dense Urban 626 | 879 | 1529
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ITUR 1546-5 Urban 70,9 99,6 173,2
Deygout-Assis Main Rounded 75,6 106,3 | 184,8
ITUR 1546-5 Dense Urban 76,3 107,2 186,5
ITUR 526-13 Rounded 82,8 116,4 | 2024
Deygout-Assis Rounded 105,0 149,2 | 257,7

In analyzing each model in isolation, Table VI concludes
that the Okumura-Hata propagation model, in the suburban
geographic region option, presents the lowest average error
and is the most reliable to be used in the Rio de Janeiro study
in situations of total obstruction in the path of the
electromagnetic wave. The high errors of the other models of
propagation, make it difficult to interpret which model of
propagation technique is most efficient in situation of total
obstruction.

VII. CONCLUSION

When comparing field measurements with a prediction of
coverage of a massive SFN in the city of Rio de Janeiro, it is
concluded that the ITUR P.1812-3 propagation model in the
dense urban geographic region option presents the smallest
average error and is what more adequate to the characteristics
of the Rio de Janeiro terrain. It is also concluded that the
models that employ losses in the clutter, present better

efficiency.
The SFN added a greater complexity in coverage
prediction. The possibility of installing auxiliary

retransmitter stations in shaded areas, maximizes the need for
prediction of reliable coverage in micro-regions.

For line of sight paths with very high HNMT, the
propagation model ITUR 1546-3, in the in the rural, open or
suburban geographic region option, presents the smallest
average error and the techniques that use propagation curves,
present better efficiency in line of sight with very high
HNMT.

For line of sight paths with low HNMT, the CRC-Predict
propagation model has the smallest average error, and the
techniques that employ propagation curves and losses in the
clutter have the best efficiency in line of sight with low
HNMT.

For links obstructed by a single knife-edge obstacle, the
CRC-Predict propagation model presents the smallest
average error and the techniques that employ calculations of
losses in the path of the electromagnetic wave and losses in
the clutter, present better efficiency in a single knife edge
obstruction.

For links obstructed by a sequence of knife-edge obstacles,
the Deygout-Assis propagation model, with obstacle type
selected for knife-edge, presents the smallest mean error.
Even though models that use calculations of losses in the path
of the electromagnetic wave and Delta Bullington algorithms
have presented better efficiency, Deygout-Assis, with type of
obstacle selected for knife-edge presented wide advantage of
other models in a sequence of knife edge obstructions.

For paths in situations of total obstruction in the course of
the electromagnetic wave, the Okumura-Hata propagation
model, with suburban geographic region option, presents the
smallest average error. The high errors of the other models of
propagation, make it difficult to interpret the efficiency of
which model of propagation in situation of total obstruction.
The results presented contribute to a better interpretation

of which propagation model or propagation model technique
may be more efficient in a micro region. This contribution
can optimize the planning of an auxiliary station.

REFERENCES

[1] ARTHUR, R.; TIANO, Y; CARVALHO, S.RM,
LARICO, R.F., Planificacion de la expansion del servicio de
retransmision de TV digital en Brasil usando redes SFN,
IEEE Latin America Transactions, vol. 5, n° 8, 2007.

[2] ARIB STD-B31, Version 1.6, translated to english, 2005.
Online. Available in:
http://www.arib.or.jp/english/index.html, access in 28 april
2019.

[3] MINISTERIO DAS COMUNICACOES: Portaria n°® 925,
de 22 de Agosto de 2014, published in D.O.U, 27 august
2014.

[4] BOTELHO, A. L. P.; AKAMINE, C.: Optimization of the
propagation model choice by measuring field and artificial
intelligence. SET INTERNATIONAL JOURNAL OF
BROADCAST ENGINEERING, 2018.

[5] LM TELECOM. 2018. Online. Available in:
http://www.lmtelecom.com.br/, access in 28 may 2019.

[6] DONZELLI, V. Polarizagdo Eliptica: Influéncia no
Desempenho de Cobertura da TV Digital; 2011. 83 f.
Dissertagdo  (Mestrado em Engenharia Elétrica) -
Universidade Presbiteriana Mackenzie, Sdo Paulo, 2011.

[77] BARSOCCHI, P.; Channel Models for Terrestrial
Wireless Communications: a Survey, ISTI Institute, 2006.

[8] FELIX, M: Visualization Tools for Cellular Planning:
Instituto Superior Técnico, Lisboa, Portugal, 2014.

[9] RIBEIRO, J. A. J.. Propagacdo das Ondas
Eletromagnéticas, Principios e Aplicacdes, Editora Erica,
Primeira Edicédo, 2004.

[10] MARTINS R. A.: Modelagem e medi¢des de onda de
radio para predi¢do de perda de propagacdo em ambientes
urbanos: Tese (Doutorado em Engenharia Elétrica) -
Universidade Federal do Rio Grande do Norte, Natal, 2006.

[11]BOTELHO, A. L. P.: Otimizacao da Escolha de Modelo
de Propagacao por Medi¢do de Campo e Inteligéncia
Artificial: Tese (Mestrado em Engenharia Elétrica e
Computagdo) - Universidade Presbiteriana Mackenzie, Sao
Paulo, 2019.

[12] RIBEIRO, J. A. J.: Propaga¢do das Ondas
Eletromagnéticas, Principios e Aplica¢des, Editora Erica,
Primeira Edigdo, 2004.

[13] RICE, P. L.; LONGLEY, A. G.; NORTON, K. A
BARSIS, A. P.: Transmission Loss for Tropospheric
Communications Circuits, U.S. Department of Commerce,
National Bureal of Standards, Vol. 1, 1965

This open access article is distributed under a Creative Commons Attribution (CC-BY) license.
http://www.set.org.br/ijbe/ doi: 10.18580/setijbe.2019.8 Web Link: http://dx.doi.org/10.18580/setijbe.2019.8

7



SET INTERNATIONAL JOURNAL OF BROADCAST ENGINEERING - SET IJBE V.5, 2019, Article 8, 9p.

p
2019 SET - Brazilian Society of Television Engineering / ISSN (Print): 2446-9246/ISSN (Online): 2446-9432

[14] DEYGOUT, J.: Multiple Knife-Edge Diffraction of
Microwaves: IEEE Transictions on Antennas and
Propagation, Volume 14, n 4, 1966.

[15] ITUR P.526-11: Propagation by diffraction, 2013.

[16]ITU-R P.1812-3: A path-specific propagation prediction
method for point-to-area terrestrial services in the VHF and
UHF bands, 2013.

[17] ITU-R P.1546-5: Recommendation ITU-R P.1546-5,
Method for point-to-area predictions for terrestrial services in
the frequency range 30 MHz to 3 000 MHz, 2013.

[18]ITUR P.370-7: VHF and UHF Propagation Curves for
the Frequency Range from 30 MHz to 1000 MHz, 1995.

[19] WHITTEKER, J. H.: Physical Optics and Field-Strength
Predictions for Wireless Systems: IEEE Journal on Selected
Areas in Communications, Vol. 20, number 3, 2002.

[20] HATA, M: Empirical Formula for Propagation Loss in
Land Mobile Radio Services: IEEE Transactions on
Vehicular Technology, Volume 29, n 3, 1980.

[21] ASSIS, M. S.: A Simplified Solution to the Problem of
Multiple Diffraction over Rounded Obstacles: IEEE
Transactions on Antennas and Propagation, 1971.

[22] ITUR GEO06, 2006: Final Acts of the Regional
Radiocommunication Conference for planning of the digital
terrestrial broadcasting service in parts of Regions 1 and 3, in
the frequency bands 174-230 MHz and 470-862 MHz (RRC-
06), 2006.

[23] PROGIRA, SOME OF OUR CLIENTS. 2018. Online.
Available  in: WWW.progira.com/aboutus/some-of-our-
clients/, access in 28 may 2019.

[24] LUIZ A.V. P.; ASSIS M. S.: A Hybrid Prediction Model
for Propagation Over Irregular Terrain in the VHF and UHF
Bands, IEEE Latin America Transactions, VOL. 13, NO. 9,
2015.

[25] SILVA, F. S.; MATOS, L. J.; PERES, F. A. C;
SIQUEIRA, G. L.: Coverage prediction models fitted to the
signal measurements of digital TV in Brazilian cities, 2013

SBMO/IEEE MTT-S International Microwave &
Optoelectronics Conference (IMOC), 2013.
Alberto Leonardo Penteado

Botelho was born in Sdo Paulo / SP,
in 1979. He received the Master of
Science  degree  in  electrical
engineering  from  Universidade
Presbiteriana Mackenzie, degree in
Electrical Engineering
Telecommunications mode by the
Universidade  Paulista ~ (UNIP),
specializations in Engineering of Digital Television Systems
by the Instituto Nacional de Telecomunica¢des (INATEL),
Telecommunications Networks Engineering by the National
Instituto Nacional de Telecomunicagdes (INATEL) and

MBA in Management of Projects by Fundacdo Gettlio
Vargas (FGV).

He has worked as a broadcast network project engineer since
2002, with project specifications, performance standards and
regulation of broadcasting stations. Currently works at LM
Telecomunicagdes (RecordTV group) and studies PHD in
electrical engineering from Universidade Presbiteriana
Mackenzie.

Received in 2019-05-28 | Approved in 2019-11-25

This open access article is distributed under a Creative Commons Attribution (CC-BY) license.
http://www.set.org.br/ijbe/ doi: 10.18580/setijbe.2019.8 Web Link: http://dx.doi.org/10.18580/setijbe.2019.8

72






