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Abstract

Television stations have faced a major challengepafr signal strength,
path loss and path loss exponent over the yeardsT& due to the reduction
of power density of the electromagnetic wave gsasses through a multipath
propagation environment. Path loss describe the nsij attenuation
characteristics between a transmitting and a redeg/antenna as a function
of the propagation distance and other parametersdaare extensively used
for conducting feasibility studies i.e. signal prietion, coverage optimization
etc. Some of the important parameters used for gtifgimg path loss include
the transmitter power, antenna height, the distanbetween the transmitter
and the receiver and other salient details aboutaize obstacles in the signal
path, such as tall buildings, vegetation etc.Dritest measurements was
conducted on transmitted signals for all the broadt television transmitters
in Osun state. The measurement was based on routened by access
roads, while the received field strength is taken iatervals of 3Km away
from the transmitting site. Out of the lot of theifterent path loss models
available for analysis, only a few would be lookedo, which are; COST-231
Hata model, Egli model, Free space model, Okumuratbdl model, Ericsson
model and Lee model. The models are suitable fomparison because they
fall under the transmitting frequency range of thease stations considered
for the analysis. Also, path loss exponent was rastied by using the Log-
distance model

Keywords:Path loss, path loss exponent, signal strengmadtion, model.

1.0 Introduction

Path loss exponent can be estimated from fielchgtheThe signal strength also depends on whetleetaottality is rural,
industrial or urban. The coverage areas of broaditasons are usually classified into primary,@&tary and fringe areas.
Apart from weather conditions; the size of eachihefse areas also depends on the transmitter ptveedirectivity of the
aerial, the ground conductivity and the frequentgropagation. The coverage area decreases witkdse in frequency and
reduction in the ground conductivity[1].

The primary coverage area is a region about a rivititisg station in which the signal strength is quate to override
ordinary interference in the locality at all tim@sd corresponds to areas in which the signalgtineéa at least 60 dB/[2].
The secondary coverage area is a region whereighal sstrength is often sufficient to be useful lmitinsufficient to
overcome interference completely at all times. $hevice provided in this area may be adequateral areas where the
noise level is low. The secondary coverage are@sponds to the area in which the signal strergyét least 30 div, but
less than 60 dBv[2].

The fringe service area is that in which the sigsteéngth can be useful for some periods, butdtsise can neither be
guaranteed nor protected against interference. i§has area in which the signal strength is gretitan 0 dBV, but less
than 30 dB\V[2].
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All electromagnetic waves obey the inverse-squaweih free space. The inverse-square law statéshtbgpower density of
an electromagnetic wave is proportional to the isgeof the square of the distance from the sodroat is, if the distance
from a transmitter is doubled, the power densitythaf radiated wave at the new location is reducedne-quarter of its
previous value. Also, the electromagnetic waves ingnfrom a transmitter may experience three otheenpmena:
reflection, diffraction, and scattering. All of e factors affect the transmitted signal as itaarried" through the air
medium to the distant receiving antenna[2].

Computation of path loss is an essential elemenhefsystem design in any communication systenradiio and in TV
broadcast system, estimation of the path loss g significant as environment is continuously[3palging with respect to
time.

Then question arises how to compute the path |dds wimost accuracy. Then the answer is by usireggdbncept of
propagation model. In the latest years, propagatioaels have been emerges as an active area afutg. A reliable
propagation model is the one which estimate thi losts with the highest accuracy and with smahid#ad deviation[7].

An ideal propagation means equal propagation iraledimections. Unfortunately, in real situationistnot feasible due to
some factors between the base station (BS) andntitgle unit (MU) that attenuates the signal, suabtdrs may be
responsible for reflecting, refracting, absorbiagg scattering the GSM signal before reaching the M

2.0  Computational Methods

Empirical models were used for the computatiorthef path loss and the path loss exponent. Theselmode all the
parameters like the received signal strength, aqy, antenna heights and terrain profiles whichewgerived from a
particular environment by the use of extensive mesments and statistical analysis as well. Thesgetaccan then be used
to design the systems which operate on similarrenmental condition as the original measuremerits [4

2.1  The Clutter Factor Model

Measurements taken in urban and suburban areallyuiuha path loss exponent close to equation ¢&ne as in the plane
earth loss but with a greater absolute loss valbes led to some models being proposed which cooéihe plane earth loss
plus an extra loss component called the clutteiofad he various models differ basically in theuesd, which they assign to
k and n for different frequencies and environmeAts.example of clutter factor model is the methar do Egli, which is
based upon a large number of measurements takendafamerican cities. The total loss defined by thisdel is shown in
the following mathematical representations.

L, = 40log(hm) + L (1)

where,

L, = 763-10log(hm) forhm< 10 2)(
and,

L, = 763-20log(hm) forhm>10 ) (3

whereLm is the measured path lossis the experimental path loss amd is the height of the receiving height.

2.2  Log Distance Path Loss Model
Both theoretical and measurement-based propagatiodels indicate that average received signal podexreases
logarithmically with distance, whether in outdogrimdoor radio channels. The average large-scate Ipas for an arbitrary
T-R separation is expressed as a function of distéy using a path loss exponent, n
n
O
d
p,(d)a| — @)
do
or,
O O
d
p, (@)= p (g,)+10nl0g = ©
(o}
where n is the path loss exponent, which indictitesate at which the path loss increases witladést,
d, is the close-in reference distance which is ddtexch from measurement close to the transmitter, Gns the T-R
separation distance.
The bars in equations (4) and (5) denote the engeamierage of all possible path loss values favargvalue of d.
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Pr (d min) — P ( max) (6)

dmax _ dmin
10"{loglo[d0] loglo[do]}

When plotted on a log-log scale, the modelled f@dh is a straight line with a slope equal to 18npér decade. The value
of n depends on the specific propagation envirorinier example, in free space, n is equal to 2,veinein obstructions are
present, n will have a larger value.

2.3  The Okumura-Hata Model

This is a fully empirical prediction method, basgibn an extensive series of measurements madeliarannd Tokyo city
between 200MHz and 3GHz. The method involves digjdhe prediction area into a series of clutter @mdhin categories,
namely open, suburban and urban.

Okumura’s prediction of median path loss is usuedliculated using Hata’s approximation as follows :

Urban areas;  L(dB)= A+ BlogR-E (7
Sub urban areas;L(dB) = A+ BlogR-C 8)
Open areas; L(dB) =A+BlogR-D 9)
where,
A= 695+ 2616log fc — 1382loghb (10)
B = 449 - 655loghb (11)
fc
C= Z(IOQ(EJJZ +54 (12)
D = 478log fc)+ 1833log fc + 4094 (13)
E = 32(log(1175m))2- 497  fc> 300MHz for large cities (14)
E= 829(Iog(154hm))2 -11 fc< 300 MHz for large cities (15)
E= (1.1Iog fc— 0.7)hm— (156log fc— 0.8) for medium to small cities (16)

where hm is the height of the receiving antenndsttbe height of the transmitting antenfias the transmission frequency,
R is the radial distance away from the transmateat L is the path loss.

2.4  Cost- 231 Hata Model

Hata-Okumura model developed by Hata is extendé&tbat231 Hata model. Cost- 231 Hata model is gagn

PL(dB) = 463+ 339]ogy o(f) - 132 |oglo(|oglo(hb))— ahm* (44.9 - 6.55(|Ogm (hb)))k)glo(d) +em (A7)

where f is the frequency in MHz, id the distance between the base station and mobilerstin Km, h b is the antenna

height of the base station in meters. The corregiiarameteah,, is defined for urban and suburban environmentpeas
(18) and (19).

ah, = 32{og, (1175h)f - 497 (18)
ap, = (L1log, (f)-07)p, - (156l0g, (f)- 08) (19)

whereh,. is the height of the mobile station antenna inreet
The correction parametey,is given as, (yrpan) = 3db and,y, sypurpan) = 0 db.

449 - 655
Neos ~ 23 Jata = | 1O|091° (hb)) (20)

The theoretical path loss exponent for Cost-23laHmaddel is given in (20). In this paper the fedisjbof Cost-231 Hata
model is checked for 900 MHz frequency band, fergbburban region, with receiving antenna height fmeters.

2.5 The Lee Model

This is a power law model with parameters takemfroeasurements in a number of locations, togetitbrayprocedure for
calculating an effective base station antenna heiuglich takes account of the variations in terrétican be expressed in the
simplified form:

L =10nlogR-20loghp . — p, —~10loghm+29 (21)
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where n and, are given by measurements, L is path loss, himeiieight of the receiving antenna aibgp is the effective
base station antenna height.

2.6 Stanford University Interim Path Loss Model

Stanford University Interim (SUI) channel modeldieveloped for IEEE 802.16 broadband wireless aceesking group

based on research results of Stanford Universitys Thodel covers three common terrain categori@ded@ory A is the
maximum path-loss category, which represents g tatrain with moderate to

heavy tree densities. Category B is the intermedjsith-loss category suitable for flat terrainse Thinimum path-loss
category for flat terrains with less tree densitee€ategory C.

The basic path loss equation for SUI model withrection factors is given as,

L= AlOong(d] +AL AL, (22)
10

d is the distance between the base station andergtation (m)d,= 100m,y is the path-loss exponedt,is the correction

factor for the frequencwL,is the correction factor for the receiver anteneglht and s is the log normally distributed

shadow factor due to the trees and other obstd@esg a value between 8.2 dB and 10.6 dB.

The term A, the path loss exponent and the cooedtictors in the above equation are given as,

A= 20Iog[ 47;d°] (23)
y:a—bho+£ (24)
ho
— 6log| 25
AL, 6Iog[ 2000) (25)

2.7 Egli Model

The Egli Model is a terrain model for radio freqagmropagation, Egli model was first introduced lphn Egli in 1957.
This prediction model is applicable at frequenoynir40MHz to 900MHz and linking range is less th@K®. it was
derived from real-world data on UHF and VHF tel@uistransmissions in several large cities. It preddthe total path loss
for a point-to-point link. Egli observed that thexas a tendency for the median signal strengthsmall area to follow an
inverse fourth-power law with range from the traittan, so the model is based on planet earth prajay The formulas
for the Egli's propagation loss prediction moded as presented in (26) and (27):

Forh,, < 10,
L, (dB) = 20|ogjLO f.t 40|oglo R- 20|0gl0hb + 76.3—10|oglohm (26)
Forh,, > 10,
L,(dB)=20logy o f_+40log, R-20l0g, h, + 763~ 20logy gh,, (27)

2.8 Experimental Site

Propagation measurement was conducted in Osoghuy(L®667 E, Lat 7.7667 N), the capital of Osun state, Nigeria.
Osogbo is a city characterized by complex terraia th presence of hills and valleys within the wedlis. The data was

collected through a drive test which was done taaen route the different locations. The figurehbws the location of

Osogbo on the map and its surrounding towns usig(@ earth.
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Figure 1: Map of Osogbo using Google earth
Table 1: Television stations in Osogbo and their transraisgiarameters
Television stations NTA OSOGBO | NTAIFE OSBC RTV NDV
Frequency 695.25MHz 615.25MHz 559.25MHz 835MHz 479.25MHz
Channel 49UHF 39UHF 32UHF 66UHF 22UHF
Transmitting power 5KW 4.3KW S0KW 10KW 10KW
Antenna Height 152m 167m 340m 76m 198m
Type of transmitter Analog, Analog Analog Analog Digital

converted to

digital
Repeater station No Information| NIA NIA NIA NIA

Available(NIA)
Type of antenna Omni directional| Rhombic antenna Isentropic Omni directional| NIA

antenna antenna antenna
Coverage area +60KM NIA NIA NIA NIA
External gain  of 3dB NIA NIA NIA NIA
transmitter
Transmission Time 6am till 12| 4pm il 12| 6am till 12| 4pm till 10pm| 4pm till 10pm

midnight midnight midnight everyday everyday

everyday everyday everyday
LATITUDES(Decrees | 7.734831 7.500831 7.777574 7.633301 7.776829
North)
LONGITUDE(Decrees | 4.521286 4.590328 4.589412 4.158769 4.721137

East)

The data was acquired from a secondary source vibathres the Field strength measurements recadiedervals of 3km
away from the transmitting site towards other etaiusing the field strength meter, the latitudagltude and altitude
recorded with the GPS receiver. The drive testpeaformed in several routes, with increasing dis¢égrfrom the transmitter
and it was assumed that there was no additionalitasirred due to the mobile receiver being indheand in motion. The
routes are tabulated in Table 2. Of these 10 routege 1, 5 and 9 represents the longest routesaith of the transmitters.
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Table 2: Defined routes for the field measurements

ROUTE NUMBER ROUTE DESCRIPTION

RTV TO NDTV

RTV TO NTA IFE

RTV TO NTA OSOGBO

RTV TO OSBC

NDTV TO RTV

NDTV TO NTA IFE

NDTV TO NTA OSOGBO

NDTV TO OSBC

NTAIFE TO RTV

PlO|0NO|OARIWIN|(F

0 NTA IFE TO NDTV

The addresses of the television broadcast traressdre highlighted:

Nigerian Television Authority, (NTA)Osogbo, New t&aecretariat, Osogbo
Nigerian Television Authority, (NTA) lle-Ife, Mokuarroad, off Moore road, lle-ife.
Osun State Broadcasting Corporation (OSBC) Osogbo.

Reality Television (RTV) Iwo

New Dawn Television(NDTV) Ibokun

aorwNE

2.9 Measurement Set Up

The measurement set up comprised of a portable 2figity strength meter (SEFRAM RF Digital TV Metenyed to

measure the field strength for each of the choslewision transmitter at varying reception pointsag from the transmitters,
a hand held GPS receiver (GERMIN GPS 76, GERMIN @B%) used to record the position of test pointdlmnfield, an

antenna for better signal reception, a laptop cdergor data logging, a mobile phone, used to chauok which field data
were taken and a car for moving around the tramsmitith the equipment.

2.10 Calculation of Path Loss and Path Loss Exponent from the Measured Value
Path loss can be calculated using the data gotten the drive test. The relationship between thergroof the received
signal and the transmitted power of the base staitenna gives us the linear path loss. To gettteal path loss, the
following parameters would be taken into consideraf3].
Given the following parameters:
Pr = Minimum receiver input power (dBm)
Py = Transmitted power (W)
P, = Path loss (dBm)
n = Path loss exponent
d = Radial distance
dy, = Reference distance i.e 0.01

P, = P, (dB)- py(dB) (28)

p, (dBm) =10log p. (W) +30 (29)

ThusP_becomes;

P.= P, (dBm) - pR(dBm) (30)
P.(du) = P. e (31)

n=

dmax dmin
10 {Iogmd - |0910{d}

2.11 Input Parameters for Predictions
The table below contains a list of all input parteng used throughout the course of this study,gaaith their symbols.
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Table 3: Table showing parameters, symbols and units usetthé path loss

Parameters Symbols
Frequency f(Hz)
Latitude (%)
Longitude Q)
Altitude H(m)

Radial distance d(Km)
Band (Hz)
Received power P.(dbm)
Transmitted power P,(dbm)
Path loss PL(dbm)
Path loss exponen PLE

Note that the path loss and path loss exponematitin varies with the path loss models and islljotteependent on the
latitude and longitude of the stations.

2.12 Optimization of the Propagation Path Loss Model

The path loss model to be optimized would be detech from the result of the simulation of data gsiBXCEL.
Optimization would be done using the model that fiesvith the path loss of the measured data (FSgece path loss) with
the introduction of a correction factor. The coti@e factor would be introduced in other to get #mpropriate propagation
model that would be suitable for path loss predittiere in Osogbo.

3.0 Results and Discussions

The tables below gives an overview of various tssnibtained from the experimental and theoretispkats of this study for
the path loss and path loss exponent of the diffeF¥ stations.

Table 4: Analysis of Results for the TV Stations

S/IN | STATION NAME PATH LOSS EXPONENT(PLE)
1. OSBC 0.89927
2. NTA OSOGBO 0.37843
3. NTA IFE -0.06544
4, NDTV -0.01151
5. RTV -0.07931

Table 5: Analysis of Results for OSBC

ROUTE NUMBER PATH LOSS EXPONENT(PLE)

-0.01473

4.124605

0.846874

-0.19271

-0.00233

-0.04451

-0.08616

0.278421

-0.0162

PlO|ONO|O BAWIN|F

0 1.08112
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Table 6: Analysis of Results for NDTV

ROUTE NUMBER PATH LOSS EXPONENT(PLE)

1 0.031993

0.000997

-1.31063

0.134904

-0.04375

0.401727

0.11554

0.031277

-0.02306

PO N|OGAWIN

0 0.26468

Table 7: Analysis of Results for NTA ILE — IFE

ROUTE NUMBER PATH LOSS EXPONENT(PLE)

1 -1.18522

-0.98999

-4.9356

-0.20623

0.70399

0.320075

2.182886

-0.25501

OO |N[O|O A [(WIN

-0.03608

[N
o

-0.07539

Table 8: Analysis of Results for NTA OSOGBO

ROUTE NUMBER PATHLOSS EXPONENT(PLE)

-0.08474

-2.58553

0.034333

0.566152

-0.07008

0.420072

-0.43726

-0.19746

-0.02784

PO O|NO|O R(WIN|F

0 -1.14519

Table 9: Analysis of Results for RTV

ROUTE NUMBER PATH LOSS EXPONENT(PLE)

1 -0.35149

-3.28111

3.673199

2.186167

0.002551

-0.54525

2.825506

0.348248

-0.12405

PO 0N |OA~IWIN

0 -0.40343
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Table 10:Path Loss Exponents for Different Environments

Environment Path Loss Exponent, n
Free Space 2

Urban area cellular radio 2.71t03.5

Shadowed urban cellular 3to5

Radio

In building line-of-sight 16t01.8

Obstructed in building 4t06

Obstructed in factories 2103

Path loss and path loss exponent was estimateédsion as a sub-urban area. The result of the peediRath loss exponent is
as shown in Tables 4 - 9 above, for five TV staionOsun state. Since the loss exponent from Télsknnot be compared
with that shown in Table 10, its therefore negldcterom Table 5 OSBC route 2 as PLE of 4.12460=whanges between
4 and 6 this implies that the signal strength deesme as a result of building obstructions.

From Table 7 NTA-IFE route 3 as PLE of -4.9356 tiniplies that the received signal strength is i dpposite direction
decreases as a result of obstruction in buildings.

NTA-IFE route 7 as PLE of 2.182886 which impliegral strength decreasing with distance as a re$wbstruction in
factories. Table 4.4 NTA-OSOGBO route2 as PLE 058853 this implies that the signal strength dessas a result of
obstructions in factories and is in opposite dimttAlso, from Table 9 RTV Routes 2, 3, 4 and 7Pa& of -3.28111,
3.673199, 2.186167 and 2.825506, Routes 2 and |§ Wathin the path loss exponent for urban aredulzel radio
environment which theoretically ranges from 2.7.5 & shown in Table 10 while Routes 3 and 4 failkin obstructed in
factories and shadowed urban cellular environmerfite signal loss on the path of transmission vargsrt from the
omitted Routes which show lesser exponent as d ifsattenuation rate.

The following graphs shows the comparison betwd®n field strength and the path loss attenuationtlier different
television stations.

15 150
—
100 100
50 50 - A
——Field Strength(db) —Field Strength(db)
——PL(dbm) . ——PL(dbm)
Or!m.v\.vtw.v.czwz-sm.«-fq«zvzw oagodeonryrodaneec
Tromo®gdIIaiNaddsxy A ARSI e AT ISSRAC
50 — 50
-100 -100
Figure 2: Field strength and Path attenuation loss Figure 3: Field strength and Path attenuation loss pattarn
pattern for OSBC NTA ILE - IFE
150 150
-
100 100
50 - 50
—Field strength(dB) ——Field Strength(db)
——PL{dbm) ——PL(dbm)
0 0
PNMNOONOMON NN QM NQAAOHOTOOITNAT T ON
MO E TN NN NO NS ON QO H TN ANMT O O ONOT O
S EH EH A NN AN NN NN S L T I I I I I B S I oY)
50 -50 /
-100 -100

Figure 4: Field strength and Path attenuation loss pattern Figure 5: Field strength and Path attenuation loss pattarn f
for NTA-OSOGBO NDTV
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150

100

50
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=—PL(dbm)

-100

Figure 6: Field strength and Path attenuation loss pat@mrRTV

By taking readings at various distances, it is fiidsgo deduce some conclusions about the perfaceaithe base station
transmitter. It can be seen from Figures 2, 3, dn& 6 that the path loss increases as the recsigedl level decreases and
this implies a decrease in the quality of servidee higher the path loss the lower the distancetierelationship between
path loss and radial distance is inverse propartion

4.0 Conclusion

Propagation models are available to predict thededn Television signals and thus they are not aecurate in determining
the coverage area of a system. This is due todttettiat these models have been designed base@asuraments in other
places. Therefore, field measurements must sugherpath loss prediction models and path loss expofor better and
accurate results. The received signal level daltaated over different distances from the basdmiatwas used to estimate
the path loss.

Firstly, the effect of different parameters, sushdéstance from base stations was studied andoibserved that path loss
increases with distance due to a correspondingedserin field strength.

Secondly, the observed results have been compaitedsiw prediction models and it turns out thae BOST-231 Hata
model path loss values were closest of all the g@gafion model. Thus, the performance of COST-23th IHadel shows its
suitability for path attenuation loss prediction@sogbo. It also shows that the model can be u$efulelevision service
providers to improve their services for better aigtoverage and capacity for Receivers satisfadtidhe studied area.
Finally, congestion of buildings also does obstrgeatly signal strength across board and thusehninéffective TV
broadcast in coverage areas. Due to the differanagty structures, local terrain profiles, weatkeéc.
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