hnlldhhdlﬂlm “
:m*m;mmmunmmmnuzn
m using spectrum analyzer.
m was also done using Friis and Free Space
ﬂﬂmmmw-tr:hﬂvﬁﬂ
#hlﬂl of sixty kilometers (60 km) along

| _ﬂhﬁ‘hﬂﬂﬂmlhhmwunmldjud#dmm;mmﬂmﬂu
¢ links. The highest value of the fade margin obtained (75.59 dB) did mt exceeded the receiver's

ity of 80 dB. which implics that the radio-signals can be improved. by increasing the height
hmd’mmngaﬂm This research provides information on imgroving Sobi FM

1 coverage and a guide 10 upgrade or redirect their transmission signals appropeiately .
Key Measurement, Attenuation, Fade Margin, Sobi FML

E. I]-.|-J ﬂﬂ ﬂhjﬂ'ﬂt bs very l-'F - m
Aflenuation 15 the reduction in power
ity of an electromagnetic wave as it
> ales through space. Atenuation
ma hﬂﬂ: to certain Hﬁ:r:l‘_s Il.H:l'l as Frt!e

iifffi.k

i3
i

5

s |
'!'”-""l"-m.'l'-'l"'ﬁ- "':u".u'.,l__-éi'u..J'ra....';; -l..Z...u.._ A
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a reduction of 30 to 40 dB by being bent
only 7.5metres by a mountain ridge. The
actual amount of diffracted signal depends
on the shape of the surface, the frequency,
the diffraction angle and manv other
factors. It is sufficient to say that there are
times when the use of diffraction becomes
practical as a means for communicating in
the VHF and UHF over long distances
(Aboaba, 2003). Tropospheric refraction
also causes attenuation via bending of a
wave as it passes through air lavers of
different density (refractive index). In
semitropical regions, a laver of air of 5 to
100 meters  thick  with  distinet
charactenistics may form close 1o the
ground because of temperature inversion,
Thus, the air near the ground s
considerably denser than the air higher up
(Barilla et al. 2011). When such an air
mass forms, it usually remains stable until
dawn, when the ground begins to cool and
the temperature inversion ends. When a
VHF or UHF radio wave is launched
within such air mass, it may bend or
become trapped (forced to follow the
nversion layer). This layer then acts as a
duct between the transmitting antenna and
a distant receiving site. The effects of such
ducting manifests in certain locations
where *ﬂw or VHF FM stations are
received over paths of several hundred
hkmqu-_s. The total path loss within such
a duct is usually very low and may exceed
the free space loss by only a few decibels.
R &% possible uni

S b o T

' receiving *-“--:i: ‘
gﬁsmﬁ and Edeko, 2011). In this
‘ experimental and theoretical

study, both
computational methods were adopted.
MATERIALS AND METHOD

3

fieldwork: ‘
: Spectrum Analyzer: [his measure

the magnitude of an input signal versus
ﬁ-.:quenu;}' within the full t:'rqu]EﬂE'}' I"IH.'ITEE
of the instrument. The primary use IS 1o
measure the power of the spectrum of
known and unknown signals. A GSP 730
spectrum analyzer ranging from 150 KHz -
3GHz was adopted in this experiment to
measure the peak radiated power received
Pe(dBm) from frequency 101.9MHz.
I Half-VWave Dipole Antenna: A
half wave dipole was used because it is
very usetul as a mobile antenna and the car
bowdy can be used as conducting plane.
i Inverter System: A 2 kVA inverter was
used 0 power the spectrum analyzer to
prevent interference,
I Generator: A 1.5 kVA ELEPAQ
generator was employed as a backup for
the inverter system,
::1 i"st:'““‘fﬂéﬂ were  connected
appropriately and u
heldwork, : R0, o SN
Data Acquisition
i?ﬁ;ﬂi . ﬂpfmttms on frequency 101.9
KW from lh:m l'?d.!fﬂtﬂd power of 2.5
high), usi mitting antenna (100 o
o ing a lnnsspuurr rated SkW. The
dwork was carried out to obtain the

q T

J
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Figure 1@ Set up of the sty

l'.'lflr'l:'--lfi,il..‘!"iI‘I_*__' :': L"u."l. PO O Wi

atedd ( Pg ) Irom the transmuiting antenna, transmission

h“'l': E'L"!"i':"' LT h"."l."u"r'l.."n.."ll ||'I|..1 Iransmitler a1

<ransmutbimg antenna T, 1s neghgible. And singe
Eh:L" ]L"T'lgth Ol l.:'i.flhll.' COMNMOeCiImge 1N re

cerv e antenma to the recenver 1s about 1.44 m. the line
I{'IEi-'.'-i. LH‘ hfl'ﬂ.'m:ﬂ lthe spoeirum -:1"-.|I_x ser (recenver) and the r:.."-|..':,'l"+]'r'151 Anienna H_I I I‘|-:::|.:|]||.:I["r||..‘.
Therefore, the received poswer 1s given by (Giravson, 2012 ): o
Po=P, +G. +G, —32.4— 20logf — 20logd dBm (1)

Where Py 1s 2.5k WidBm), Gy 15 9.54dB1, Gg 1s 1.76 dBa, f is 101.9MHz, and d varies from
2km 1o 60km. These are substituted mto cquation (1) to compute Pg. In equation (2), Pg
obtained were converted 1o Watt (W) Pyas 2500 W, These were substituted into equation (2)
10 yield the Friis Attenuation (FA) of the radio waves (Grayson, 2012). Equation (3) is the
Free Space Attenuation (FSA) of the radio waves.

Experimental Measurements

T_h-E experimental measurements were carmed out by moving the suitably designed receiving
dipole antenna well connected (matched) to the recever system (spectrum analvzer) to
Measure the signal power (dBm) received at 2 km interval from the transmitting antrenna up
10 60 km along possible line of sight (LOS). 2 kVA mverter was used to power the analyzer

lo Prevent interference, while the car radio was used to monitor the audio signals transmitted.
The signal power P, received in dBm was converted to Watt,

P, = 1098™/10 () (2)
Ihﬁurnﬁﬂl Computation of Relevant Parameters
Henuation (A) may be represented as (Sanjaya and Jingsu, 2004):

A(dB) = 10 logy [3*] (3)
4 ial'i- the attenuation in decibel, P. is the power received by receiver at a particular distance,
P¢ 1s the power transmitted from the station.

._\___-‘-‘--__ 189
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PrSA, Watt (5)
For the W isotropic receiving antenna (Kraus, 1988),
iy m? (6)
E‘mbhinf a}uﬂi‘nm (4) and (5) into (6) vields:
P o Watt (7)

Th:: free space path loss between the ISOtropic antenins s
¢, 18 the speed of light-3.0x 10" - ) into equation

2
FSL = () pag
When equation (8) 15 expressed logarithmically, it vields

FSL(dB) = 32.4 4 20logf + 20l0gd

Substituting equation (9) | * Frii
. ) mto the Friis

Pr = Pr —324 + 20logf + 20l0gd + Gy + Gy~ Ly~ L. dBm

;’u"h;r:.fﬂ the resonant Irequency in MHz, o the distance co
- transmitter power output in dBm, G, und &,

dB3i respectively, Ly the transmission line lose o
dB and Lgis the transmission i
Now, the ratio Pg/Py yields:

Pp/Py, substituting 4~ o7 (where
(7) Lo get

(X)

(Y)

lT'iII"IHH'I:I!'-.‘-iI“II |ll!'IIII||.I:_ .|I|L1 L'xprl._"w-..'nl |l!:|_]1|rlI|II!rlll:JI||:|'

waves in km.
Cnnas gain in
erand transmit antenna in

vered by the radio
the transmit and receive ant
Vo n Lransmi
ne |I.H'_I$l |'!'-I.',"l'|r"ﬂ.."1.."ll MeCeiIve 1

antenna in dB

(11)

Space attenuation

I yields o standard [ree
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d is path length in km. 1Fthe two waves reach the receiver out of phase they weaken the

overall signal, a location where a signal is cance
fade (Middleton, 2003).

i Flat fading

This type of fading occurs when frequencies in the channel
parely noticeable variation ol the amplitude of the signal across the channel bandwidth. But,
flat fade margin ol a link can he improved by using larger antennas, a higher-power

microwave transmitter, lower-loss Teed line and sphitting a longer path into two shorter hops
(Middleton, 2003),

i Frequency-selective fading

led out by multipath is called null or down

are equally affected. There is

There are amphitude and group delay distortions across the channel bandwidth. It affects

mL‘dIUT'I'I i.l-lH-l |.|-'||_'.h '|..'|:|'|1|:.|.L'|.|.f'l. |i.|1.1||." |'|H§-.'-1 | {2 .'I.-flll_:-ll_rﬁ_l.:'}_ Ili'L" Hur':ﬁililt.'l-l'llrr .“r li.“l‘.'ilil' r:__“ji“

Eq’.li]"ll'l‘u..‘l‘li o I-I'L'I..lll.i._"l'Ilu.':'-'-HL'IL"I-_'ll".l..‘ Fadine
equipment. This curve can b
(Middleton, 2003)

can be described by the signature curve of the
s oo caleulate the Dispersive Fade Margin (DFM)

DFM = 17.6 - lﬂ.l'f:l_y[.‘.[."';,l‘"u' 5/3.8/1584]dB (14)
Af 1s the signature width of the cquipment and I3 the noteh depth of the equipment.
v Ram Fading

Ramn attenuates the signal caused by the scattering and absorption of electromagnetic waves
by rain drops. It is significant for long paths (= 10 ki), 1t starts mcreasing at about 10 GHz
and for frequencies above 105 Ghlz, rain fading is the dominant fading mechanism. Rain
outage increases dramatically with Trequency and then with path length (Middleton, 2003:
Al-Basheir, Shubair and Shariff, 2006)

v Refraction-Diffraction Fading (K-Type Fading)

Refraction-Diffraction Fading is also known as k-type fading. For low k values, the earth’s
surface becomes curved and terrain irregularities, man-made structures and other objects may
intercept the Fresnel Zone. For high k values, the Farth's surface gets close to a plane surface

and better LOS (lower antenna height) is achieved., The fade margin of the transmitted

frequency signal of 101.9 MHz was calculated from the measured value using (Grayson,

2012).

FADE MARGIN = Pt(dBm) + Gt(dBm) + Gr(dB) — F5L(dB)— RS(dB) (15)

Where, RS is the receiver’s sensitivity (-80 dB).

RESULTS AND DISCUSSION I Distance (D) km, with Power Received
As the signal is propagated, it is attenuated (PR) dBm and Wat, Power Calculated
exponentially (Sanjaya and jinsu, 2004; (PC) in dBm and Watt, Attenuation
Stutzman and Thiele, 2012). The measured Measured (AMe) in dB, Friis Attenuation
and calculated attenuation values ol Sobi calculated (FAC) in dB, Free Sp:
FM (101.9 MHz) along Jebba road over a Attenuation calculated (FSAC) in dB and
‘distance of 60 km are presented on Table Fade Margin (FMa) indB,
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03*10*%  -13.65 4.32%10° 90,8

g s . s 168 -80.14 -90.668 6383
2870 1.35410% 1615 2.42°10° 42, R 5
10 23420  3.80*107 1808  1.56" 1os  -98.1 N R2.04 u;- . m-ﬂ
12 364 2294107 -19.67 1.08%10°  -100.38 -83.65 -qﬁ-m 53*99

14 364  229%107 2101 7.93%107 10038 -84.9Y 90,22 A
16 3970 L.07*107 22217 6.07*10° -103.69  -B6.15 -96.68Y 57.83
18 4001  998*10* -23.19  4.80*10° -103.99 87.17 97.712 56.81
20 4008 998*10% -24.10  3.89*10° -103.99 -BE.0% O98.627 55.90

Comparison of Calculated (Using Friis Formula) and Measured Parameters

There was a sharp deviation between calculated power received and measured power
received when chi square and standard deviation were applied as shown in Table 2. The plot
of power measured and power calculated against distance is shown on figure 2. The deviation
maybe due to factors like hills, valleys, and vegetation. However, there is a correlation
between the two powers because they are functions of distance. As the distance increases
from the transmitting station, the signal power decreases,

E;Tﬂm method of least fit on the graph plotted in Figure 2 vields
P(x) =px"+pax* "+ ———~ 4 px + p,,,

P(x) = 0.0034x* — 1.0136x — 22.269

an analytical model of the

(16)
(17)

Scanned by TapScanner



"
| 1
= k [ L I
I TR N

. Figure 2: Graph of power measured and power received against distance
Using the mm!md of least square fit on the graph in Figure 3, an analytical model was obtained
in the form of polynomial equation of second degree Trom attenuation measured (experimental
I

measured data).
A(x)=A;x" + A x" 1+ ——. ALY H AL (18)
I

A(x) = 0.007x *- 1.140x - 85513 (19)

Table 3: Comparison of experimental and ealeulated values of attenuntion

-~ Mean Std. N Chi- M Asymp Pearson Std
PIeviation square . Correlation  Frror
Sig Sig. of
Mean

MEASURED 112,096 13281 32 11.563 16 774 | 2.4248
ATTENUATION(d (7
1)
CALCULATED -89, 6494 7.383 32 000" A 1,000 106 ]J#T'H
ATTENUATION 35
FA(dB)

| CALCULATED  -100245  7.385

. x
e AidD I'
e iniltis]y

Farb' 4] 'I Lr g 1 =
5 -I'.'I-'L'-:'._'_'-.";h:.h. lm
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Figure 3: Graph of FA, FSA and Measured attenuation against Distance.,

F'F'E Margin of Sobi Fm Radio signals from Experimental data |
Using the method of least square fit on the graph in figure 4, ar analytical model was obtained

:;:Ef'ﬂnn t:ILEnLIynumial equation of second degree from fade m argin measured (expe

Py =Rttt R —— — = T r x4

Fas1 (20)
F(x) = 0.0091x° - 0.9531x + 72.298

(21)

L * F!I-I.ﬂ-u i;jnr-g;nl! |
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calculated result using the existing Friis along the road. Repeater stations are
 formula and denved Free Space attenuation recommended to be installed for improved

~ formula. The existing model correlated very transmission and wider coverage.
- well with the measurement. The inaccuracy

1
!
&
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