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Abstract

This research investigates the effect of soil etmal parameters affect radio wave
propagation on communication. Davis 6345 vantageo® wireless leaf and soil moisture/soil
temperature measuring equipment capable of measgrisoil moisture content and soil
temperature were used.

The wireless soil moisture and temperature sensaeiface module acts as a transmitter,
transmitting soil moisture and soil temperature datt a fixed frequency of 928MHz to the
console (receiver) of the vantage pro 2 equippethvai customized data logger to log the data at
a predetermined time interval. Soil parameters weneasured at seven different locations with
reference to AM/FM radio broadcast stations thateaavailable in those locations. Using the
transmitting power of these radio stations and tts®il parameters obtained, electric field
strength values were estimated for each locatioa thie use of Matlab72007b.

Investigation shows that radio stations with ampiite modulation (AM) for example Eko
FM(Lagos), Kwara Radio (llorin) and Gateway Radi®®@gun) show more decrease in electric
field strength with increase in distance comparemlradio stations with frequency modulation
(FM). Relative permittivity of the stations obtaideare as follows: Lagos ranges from 6.40 —
9.86, llorin showed relative permittivity in the nge 6.18 — 8.13, and Ado-EKiti, 4.90 — 9.61. The
ranges 4.62 — 6.70, 6.40 — 9.89, 7.00 — 9.80 a6 8.9.50 were obtained for the stations Ibadan,
Abeokuta, Akure and FUTA respectively.

1.0 Introduction

Radio wave propagation is essential to human existe Some of the challenges affecting good prdpag&om a
radio source include meteorological factors [1}r&berrestrial sources such as geomagnetic std@tns [

The two important electrical properties of the grdware therefore its conductivity and permittivitihe permittivity
is often assumed constant for a particular soil amea. Therefore, it is the conductivity that isrenomportant because it
varies with the properties of the soil. Effectiv@gnd conductivity of the surface of the earth esween 0.1 -30S/m, it
is therefore very important to know the value aartransmitting mast so as improve its valuetibat low [3-4].

An antenna is a structure usually made from a gmodiucting material that has been designed to hahepe and
size such that it will radiate electromagnetic wawlso, an antenna is a structure on which tinaying current can be
excited with a relatively large means of a transiois line or waveguide [5].

The available literatures on this subject ardetepwith several models developed to estimatemimittivity,

but the Toppet al[6] model relates directly the volumetric moistuentent (Hv)with the permittivity (Ea) and it is

generally applicable to coarse grained /fine gmhingneral soils[7]. It can be employed to estimp&mittivity of
relationship written as:

£, = 303+ 936, +1464,” - 7676,° )

This model was adopted because it accommodategthmis soil classifications and the moisture contalues of
all the locations visited. However, because thérsoisture content sensor used measured moistunterioof the soil in
centibar (cb), the values obtained from the Vanfage 2 instruments were converted to volumetricewabntent using
the relationship

6, = K +0.09807x10°m’m™ 2)
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Volumetric Soil Moisture content can be definedtss ratio of the volume of water present in a sainple to the
total volume of the soil sample. That is
_Volumeof water inasoil sample (m®)

= : ©)
Total Volumeof thesoil sample(m?®)
The field strength attained by radio transmitteraagiven distance from the point of emission ovembgenous

\

terrain, that is with practically constant electigalues of the soll, is given by the relation[8]:

9487 \/Pc A
E(d) = \dF (P)

(4)
where
E is the electrical field strength available in Vatthe receiving point to be reached (by trangmitt
P. is the effective radiated power in watts
d is distance between n the transmitter and vecéi kilometer
A(p) is the flat-earth attenuation function that takes account the ground losses.

For Py sand all b: A = g A3 001R¢ _ (m)(sm b)e /8% (5)
For P0>45 and all b: p = 1 - v Po )(sin b)(e *'%%) (6)
2P, - 3.7 = 2

The attenuation factor A takes into consideratibthe losses of the ground wave occurring in ththedt depends
on the frequency, the ground constants and the naalih length. Its exact calculation is time consgnhowever, if

simplifying assumptions are introduced the atteionatactor can be expressed in terms of numeristhdce PO and the

phase constant b. The accuracy of this calculasoperfectly adequate for the practical determoratdf equipment
requirements.
For vertical polarization:

_ 7R(km) f (MH2z)* cosb
° G4x10%)o
- (¢, +1) f (MH2)

- 18x1C%0 (8)

(7)

and for horizontal polarization:

B = R(km)6x10* o

" ° cosb )
L, (6, -1 f(MHz)

_ tan
b= 18x1C°0 (10)

where

f is the frequency in MHz

o is the conductivity of the earth in Siemens peteme
¢ is the relative permittivity of the earth

2.0 Methodology
There are various techniques by which soil pararaetan be measured. The suitability of each metheggends on
several issues like cost, accuracy, response fimséallation, management and durability[9]. Sonfethe available
methods include Cone Penetrometer, Time Reflectymieequency Domain Reflectometry, water contefilectometer
and Telemetry method.
For the purpose of this work, the telemetry methad used with the Davis 6345 Vantage Pro 2 Wiselesaf and Soil
Moisture/Temperature measuring equipment capabieeafsuring soil moisture content and soil tempegatdhe error
margins of the Davis Instrument used for tempeeatund soil moisture content are +%C5nd + 0.5 cb respectively.
The research was conducted over six (6) statdseofauntry and considering six (6) Radio statiofike frequency and
radiating power of the transmitter of radio statidrom different locations are used as case stacshawn in the table. 1
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Table 1: Frequency and Radiating Power of RaStations under study.

LOCATION FREQUENCY RADIATING POWER (KW
EKO FM (Lagos) 617kHz 50

KWARA RADIO (llorin) 612kHz 50

OLUYOLE FM (Ibadan) 98.5MHz 50

GATEWAY RADIO (Ogun) 94.5MHz 20
POSITIVE FM (Akure) 102.5MHz 8.1

EKTV (EKiti) 631kHz 22

FUTA FM (Akure) 93.1MHz 1.0

RESULTS AND DISCUSSIONS
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Fig 4.1: Graph of electric field strength (V/m) aua distance (m) in Lagc
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Fig 4.3: Graph of electric field strength (V/m) ags distance in llorir
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Fig 4.4: Graph of electric field strength (V/m) ags distance (m) in llorir
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Fig 4.7: Electric field strength (V/m) againsttdisce (m) in Ibada
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4.8: Electric field strength (V/m) against distarfo® in Ibadan
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Fig 4.9: Electric field strength (V/m) against diste (m) in Ogun Sta
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Fig 4.10: Electric field strength (V/m) againsttdisce (m) in Ogun Sta
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Fig 4.11: Electric field strength (V/m) againsttdisce (m) in Akure
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Fig 4.12: Electric field strength (V/m) againsttdisce (m) in Akur

Electric Fisid Strength (v/m)

0 1 1 1 1 1 1 1 1
1000 2000 3000 4000 5000 &000 T000 8000 9000 10000
Distance(m)
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CONCLUSION

In this study, the relative permittivity has baaeasured around six states and seven radio sté¢EbdI&M) in
Southwestern Nigeria. The results obtained shtvasradio stations with amplitude modulation (AMY £xample Eko
FM(Lagos), Kwara Radio (llorin) and Gateway Radiig(in) show more decrease in electric field stremgth increase
in distance compared to radio stations with fesgny modulation (FM). Relative permittivity of tséations obtained are
as follows: Lagos ranges from 6.40 — 9.86, llofwwed relative permittivity in the range 6.18 —3.and Ado-EKkiti,
4,90 — 9.61. The ranges 4.62 — 6.70, 6.40 — .88 — 9.80 and 8.20 — 9.50 were obtained for thtoss Ibadan,
Abeokuta, Akure and FUTA respectively.

The variation of electric field strength of thali@ stations with distance show a steady decliresbr@ling to
theoretical value of (1%, where r = distance from the station.

It is recommended that stations such at llorinp/tkiti and Ogun use artificial ground screen anddt their
signals to improve reception at distances far afn@y the station.
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