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Abstract—This article outlines a radio-wave propagation
model for VHF/UHF based on the dyadic Green’s functions. A
three-layered medium was considered to characterize the path in
a better way. Dyadic is a powerful tool for solving problems in
the area of electromagnetism that allows properties of the
medium to be incorporated. The study also takes account of the
anisotropic medium. The proposed model has a good
performance, presenting a small RMS error. A measurement
campaign was conducted, together with comparisons with
traditional models to validate the model.

Index Terms—Radio-wave propagation, Dyadic Green’s
function, VHF/UHF.

I. INTRODUCTION

Planning for comunication systems is carried out in
accordance with criteria that ensure the quality of the signal,
e.g., the minimum field strength for reception with indoor
antenna. Studies were needed to show the behavior of the
transmitted signal at the time it reaches the receiver.
Depending on the position of the receiver, the signal is
degraded along the path for several reasons. The propagation
loss can be analyzed through prediction models that decribe
the electromagnetic signal between the transmitter and
receiver.

The increase of communications systems has led to a large
number of prediction methodologies and mathematical tools.
These allow one to take into account the anisotropy and other
characteristics of the medium for a better understanding of
how to plan/implement these systems and improve their
quality of service (QoS).

Dyadic Green's functions (DGF) has been used by many
authors to analyze electromagnetic waveguides, resonant
cavities and propagation in semi-infinite or layered media [1]-
[5]. Other studies have examined its applicability for
electromagnetic signal propagation at low frequencies, such as
radio propagation services in the frequency range of 30 MHz
to 200 MHz [6], [7].

DGF have served as a valuable and powerful tool for
solving problems in electromagnetic scattering, radiation and
propagation phenomena. It is a tool that allows properties of
the medium to be incorporated, such as permittivity and
conductivity for example. The calculation of the electric field
of inhomogeneous anisotropic medium can be carried out in a
less complex manner by using this tool.

A recent work [8] showed how DGF can be used to predict
the electric field for VHF and UHF systems, by considering a
two-layered medium. A comparison of the electric field was
made by means of DGF with the model used in Rec. ITU-R
P.529-3 (a modified Okumura-Hata model) [9], and this
showed its applicability to frequencies in the range 30 - 200
MHz and for a higher range.

DGF solutions were obtained from its expansion in eigen
functions for the prediction of the electric field.
Electromagnetic fields were computed in their entirety, within
appropriate boundary conditions. The main advantages of this
methodology are: i) the precision of expansion of the eigen
functions (which is guaranteed by the spectral theory); ii)
greater flexibility with regard to the characteristics of the
medium; iii) the ability to embed fonts with a stream of
arbitrary distribution; iv) its application in isotropic and/or
anisotropic media.

This paper proposes a radio-wave propagation model for
VHF/UHF based on DGF that employs a three-layered
medium, in which more characteristics of the media are
included. This increases the likelihood of a case being
treated/studied. A comparison between the proposed model,
the traditional Okumura-Hata and ITU-R P.1546-4 [10]
models and real data was made to analyze and validate the
model.

This paper is divided into five sections: Section II sets out
the three layer model using DGF; Section III examines the
measurement campaigns that were carried out; Section IV
analizes the results and Section V summarizes the conclusions
of the proposed work.

II. MODEL USING DYADIC GREENS FUNCTION

A dyad is the mathematical entity formed by any two
vectors

D = 4B 1)

where A is the previous element and B the subsequent
element.

The notation Ei(sﬂ(ﬁ/ﬁ') with s, f = 1,2,3,...and
i= 1,23 and 4 will be used to express the dyadic Green's
function which is the solution of the following partial
differential equation
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where I is the dyadic unit and & refers to the Dirac delta.
This work employs a structure of N-layers, (Fig.1), with
the current source located at (0,0,z") of a cylindrical
coordinate system. The superscripts (s,f) used in the
equations are combined with the medium containing the
observation point and the position of the source, respectively.
The subscript i is related to the type of Green’s function.
In this study, the electrical properties of the medium are
defined by the complex permittivity &.6,=¢’ + j% and the

V3G (R/R) + k2GP(R/R') = { 2)

magnetic permeability p will be considered to be the same as
the free-space in all cases. For purposes of convenience these
properties will be included in the propagation constant given

by
k=ow /uoe(1+j%) 3)

The current source and the associated electromagnetic
field are considered to have a variation with time (e /%),
which will be implied in this work.

For the calculation of the electric field, a current source
(Ju) shown in Fig. 2 is considered, when making the
calculation of the current field. In this situation, a medium
with three layers is considered, since the media include the
following: medium 1 has a propagation constant k;, magnetic
permeability [, and permittivity £; = &, and conductivity o;
(the same of free space); medium 2 has a propagation constant
k,, magnetic permeability |1, permittivity €, and conductivity
o0y; medium 3 is lossy dielectric, homogeneous with constant
propagation k3, magnetic permeability {1y, permittivity £; and
conductivity o3. The electric field (Ep) is calculated for a far
field at any point (R) of space. The observation point (R) —
which is identified by the usual cylindrical coordinates — is at
(p,®D,z). In the type of propagation problems considered
here, (which for analytical purposes are restricted to the far
field), it can be assumed that the magnitudes are much smaller
than that of p; the radial distance is the distance between the
current source and the observation point.
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Fig. 1. Geometric configuration of the structure of N-layers.
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Fig. 2. Graphical representation of the situation.

The propagation constants in the media are
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Medium 1 is considered to be the air, with characteristics
of permittivity and conductivity, given by &;, §;; respectively,
the second medium, e.g. the buildings of a city or the trunk of
a forest tree, has characteristics given by €,,8, and a third
medium, in this case the soil, has characteristics given by
€3, 63a

In this situation, where the current source is in medium 1,
the observation point (R), in which the electric field is
calculated, it follows that Green’s function will be a function
[4] of a variable A, glven by
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a, b, ¢ and d are constants determined by the boundary
conditions between the media (omitted here for convenience).
Observing that ], is the Bessel function of order n.

The electric field is calculated according to

Ey(R) = jwu ﬂf G@V (R/R) - Jy®R") av’ (10)

where the horizontal electric dipole is given by (13), using a
current moment p.
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Making use of (5), (8), (9) and (11) in (10), the model

using dyadic Green'’s function for calculating the electric field
is given by
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The complete evaluation of the field quantities given by
(12) begins with the resolution of the integral form of dyadic
Green’s function. A change of variable is applied to obtain the
integration in terms of k, and Bessel function. Since
numerical computation of these expressions is slow and
formidable, due to the presence of singularities and the
fluctuating behavior of the Bessel function at far distance p,
approximate asymptotic solutions are required. In a widely
used standard procedure the first and second kind Hankel’s

functions were used to calculate the electric field in the far
field.

EH(R) = -

III. MEAUREMENT CAMPAIGNS

Measurement campaigns were carried out in Belém-PA
city (1°27'18.62"S, 48°30'08.49"W), Brazil during 2013.
Power and electric field data from two DTV stations were
collected. The nominal frequency of the transmitter TxI is
521.14 MHz and for Tx2 is 515.14 MHz, (Table I).

Measurements were made at 75 points of Belém and
covered the urban and suburban perimeter, with distances
ranging from 1km to 20km, (Fig.3).

The measurement setup involved installing an antenna
Anritsu MPP651A dipole for the frequency range 470 MHz to
1700 MHz on the roof of a vehicle, with the aid of an
aluminum tripod. A 3 m long cable connected the antenna to
the portable spectrum analyzer Site Master S332E (also an
Anritsu) inside the vehicle.

TABLE L INFORMATION ABOUT THE TRANSMITTING ANTENNAS
Transmitter Tx1 Tx2
Location 01°27°43”S/4 01°27°12S/
8°29°28"W 48°29°22”W
Height (m) 114.58 125.30
Range (MHz) 518-524 512-518
Power Operation (kW) 6.00 10.00
Effective Radiated Power 52.15 61.79
(ERP) (kW)

Fig. 3. Display of measured points in Belém.

IV. RESULTS

The proposed model was encoded in Matlab®. The inputs
of the model are the characteristics of the transmitting and
receiving antenna, the electric constant and the wave
propagation constants of the medium. Its output is a function
(exponential tendency) that describes the electric field.

The DGF model was compared with the measured data and
two well-known models: Okumura-Hata and ITU-R P.1546-4.

For simulation, the parameters used for the Medium 2 and
3 were tabulated values for a medium with similar
characteristics to the cities [11]. For example, for medium 2
were used 0 =40mS/m and ¢, = 2.7, respectively, for
conductivity and relative permittivity for a road. A change in
the parameter values leads to a modification of the graphs
generated by simulation, because depending of the medium,
the refractive index will be changed and there will be higher or
lower absorption of the electromagnetic wave by the soil
considered.

Fig.4 illustrates the power level for the three different
models and for the measured data for Tx1. Analogously Fig.5
illustrates the condition for Tx2.

In the two DVT stations, the DGF model has a better
performance following the average of measured data.

For Tx1, the three models were fairly good and had RMS
errors of less than 6 dB. However the traditional models were
not so good for the Tx2 case, and underestimated the power
level as was the case in other works [12], [13].

A comparison of RMS errors can be seen in Table II. In
both cases DGF showed a smaller RMS (less than 5 dB).
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Fig. 4. Measured power level data, traditional models and the proposed model
for TxI.
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Fig. 5. Measured power level data, traditional models and the proposed model
for Tx2.

TABLE IL COMPARISON BETWEEN THE MODELS
RMS errors
Model Tx1 Tx2
Okunura-Hata 5.7559 8.0504
ITU-R P.1546-4 5.5212 10.3775
DGF 4.8229 4.7899

V. CONCLUSION

A radio-wave propagation model for VHF/UHF based on
DGF was proposed in this paper that considers a three-layered
medium. This tool allows some properties of the medium in
question to be incorporated - characteristics such as
permittivity and conductivity for example. The dyadic system
also enables the anisotropy of the medium to be considered.

DGF was used to compute the electric field for systems
operating at higher frequencies.

The results showed that the model is consistent. The
evaluation of the model found in Rec. ITU-R P.529-3 and Rec.

ITU-R P. 1546 showed the proposed formula was applicable to
the electric field.

In future works, studies will be carried out with
multilayered anisotropic media. Our aim is to employ the
proposed model in different scenarios and frequency bands. A
further study that is planned seeks to add the use of Bayesian
Networks with DGF to obtain more accurate values of
electrical parameters of the ground.
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