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Abstract Keywords
FM broadcast coverage in developing urban environments is frequently affected by FM propagation,
terrain, building density, obstruction and multipath, yet station-level propagation Signal strength,
data remain limited. This study investigated radio-wave signal-strength variation and Path loss,
propagation characteristics of the Osun State Broadcasting Corporation (OSBC) FM eHata model,
signal in Osogbo, Osun State, Nigeria, operating at 104.5 MHz, with a transmitting Spectrum
power of 100 W and a mast height of 340 m. An experimental quantitative design analyser,
was adopted, with the coverage area divided into four routes: OSBC-Air Force Osogbo

Base—Ibokun Road (rural), OSBC-llesa Garage-Osun River (riverine/urban),
0OSBC-Stadium—Ring Road (densely built-up), and OSBC-Oja Oba-Isale Aro—Ola
lya (mixed urban/semi-urban). Measurements were taken at 1-km intervals from 1 to
6 km during daytime and evening periods over three weeks using an Agilent
N9342C spectrum analyser and a Diamond RH799 omnidirectional antenna at 1.5
m. Signal strength declined across all routes, with net reductions of 76%, 70%, 62%
and 90% for Routes 1-4, respectively. Route 4 exhibited the greatest attenuation
variability (SD = 21.54; range = 64.35), whereas Route 2 recorded the highest mean
signal strength (39.31) and lowest variability (SD = 15.57; variance = 242.57).
Predicted eHata path loss increased with distance, ranging from 61.10 to 85.72.
Elevation showed no consistent relationship with signal strength, indicating the
influence of local propagation conditions. Signal strength fell below the reported
minimum acceptable level of 40 within 2-3 km on all routes. The findings highlight
the need for optimized antenna siting, appropriate power planning and mitigation of
multipath and shadowing effects.

1. INTRODUCTION

Radio communication is a cornerstone of information dissemination and public engagement in both urban
and rural environments. A radio signal consists of coupled electric and magnetic field components; the
electric field component is expressed as the change of potential over a given distance, in volts per metre, and
this quantity, the electric field strength is the standard measure of the intensity of an electromagnetic wave at
a point, and hence of the coverage area of a transmitter [1]. In Nigeria, FM broadcasting remains the
preferred mass medium because of its accessibility, affordability and relatively high sound fidelity. Operating
within the Very High Frequency band of 88-108 MHz [1], FM radio delivers clear audio but is subject to
significant propagation challenges arising from the essentially line-of-sight nature of its waves, which makes
reception sensitive to buildings, trees, hills, and weather phenomena such as rain and humidity.

The relationship between signal strength and propagation is also influenced by climatic conditions. Rainfall,
humidity and temperature inversions have been observed to cause signal degradation or enhancement
depending on the region and time of year [2]. Free-space spreading is a further constraint: because the field
strength created by a wave is inversely proportional to the square of the distance from the transmitting
antenna, the received level weakens steadily with range even in the absence of obstruction [3]. More
generally, radio signals are affected by the electrical parameters of the ground, the curvature of the earth's
surface, the height of the antenna above the earth's surface, and the weather conditions in the troposphere [4].
The electric field strength of radio signals at VHF and higher bands varies in the troposphere as ground
constants and the refractivity conditions of the air change with temperature, pressure and water-vapour
pressure. Surface refractivity correlates positively with radio field strength, so knowledge of its temporal and
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spatial variability is essential to predicting terrestrial network performance at VHF [5]. Local refractivity
profiles are therefore required as reference data, a requirement recognised in the ITU-R recommendations on
refractivity and refractivity gradients [6]. Over Nigeria, surface refractivity exhibits strong seasonal
behaviour, with rainy-season values exceeding dry-season values across the North-Central zone , and field
strength has been shown to follow the same seasonal pattern [7]. For broadcast planning, the propagation
curve — the variation of field strength with distance for a given transmitter is therefore the primary design
and coverage parameter [3].

Empirical coverage studies of Nigerian broadcast transmitters are relatively few. [8] measured FM signal
strength across 14 locations in Uyo and reported correlations of —0.84 and —0.67 between line-of-sight
distance and signal strength for two stations, and +0.71 and +0.55 between elevation and signal strength,
concluding that raising transmitter height and power improves reception [8]. [9] compared Okumura-model
attenuation with field measurements at 91.1 MHz and 101.5 MHz in Adamawa State, obtaining attenuation—
distance correlations of 0.85 and 0.80 and finding that the documented 250 km coverage radius was not
realised in the field. [10] developed an empirical path-loss model for an FM station in South-West Nigeria
and reported high correlation with established prediction models, while a companion study determined
propagation loss and a contour map for the same station using an irregular-terrain model [11]. [12] analysed
field-strength distribution for a UHF television transmitter in EKiti State, providing a coverage and elevation
database for the state. On a larger scale, Faruk et al. conducted a multi-transmitter VHF/UHF measurement
campaign across 145.5 km of Nigerian urban environment and examined the feasibility of Kriging-based
path-loss prediction [13]. [14] measured received signal strength for digital terrestrial television base stations
in Lagos, Kaduna and Katsina over three years, reporting path loss—distance correlations of 0.76, 0.75 and
0.74 and finding that the Okumura—Hata model underestimated path loss over their study locations. [15]
related weather variability to surface refractivity and UHF signal strength in Abeokuta, finding lower signal
strength in the rainy season and higher values in the dry season. [16] have published received-signal-strength
and terrain-profile datasets along the Lagos—Badagry highway, establishing the value of open propagation
data for model development. Collectively these studies establish three recurring findings relevant to the
present work: strong inverse correlation between distance and received level, a measurable positive influence
of elevation, and a systematic mismatch between nominal model predictions and Nigerian field
measurements.

Okumura's graphical data were reduced to a computational form by Hata as PL = A + B logi0R, valid for
100-1500 MHz, distances of 1-20 km, base-station antenna heights of 30—200 m and vehicular antenna
heights of 1-10 m [17]. The model performs reasonably in built-up areas but can produce significant errors in
rural environments, and least-squares adaptation has been used to reduce that error [18]. Least-squares
optimisation of the Egli and Hata models has similarly been used to reconcile predictions with local
measurements [19]. Popoola et al. showed that ignoring altitude, land use and clutter height leads to large
deviations between Okumura—Hata predictions and measurements, and that improved accuracy follows from
incorporating morphological and building data [20]. Model calibration is widely practised for exactly this
reason: tuning nominal parameters to local measurements reduces error [21], and [22] reported that
calibration of the Standard Propagation Model reduced mean absolute error, RMSE and standard deviation of
error from 18.32, 21.55 and 11.34 dB to 5.40, 6.90 and 4.29 dB respectively. [23] note that typical best-case
propagation-model accuracy is on the order of 12-15 dB RMSE, reducible to 8-9 dB with adjustable or data-
fitted models, and recommend well-established models such as Okumura—Hata where reproducible
comparison is the priority.

Alongside these classical approaches, neural-network and machine-learning methods have been applied to
path-loss and received-signal-strength prediction to capture environmental complexity that empirical models
handle only crudely [24][[25], with reported RMSE improvements over standard slope-intercept and 3GPP
models [26] and with geospatial inputs drawn from open mapping platforms [27]. Ray-tracing-seeded
machine-learning models have also been benchmarked against COST-231 Hata, Longley—Rice and close-in
models in suburban bands [28], and artificial neural networks have been trained on multi-route rural
measurement campaigns [29] Antenna height has itself been shown to materially alter the fitted propagation
model, reinforcing the need to document the receive configuration [30]. Where refractivity is the dominant
driver, data-driven formulations that model it directly have also been proposed [30][24].

Beyond the Okumura—Hata family, ITU-R P.1546 provides point-to-area field-strength prediction for the 30
MHz-3 GHz range and has been applied specifically to analogue FM broadcasting. Su compared P.1546
predictions with measured field strength over a 360° azimuth range from 2 km to 120 km, confirmed the
method's validity, and recommended finer terrain databases, explicit urban/suburban/rural classification and
locally measured refractivity gradients to improve accuracy [31]. Suh et al. derived field-strength prediction
for digital television receivers from P.1546 and reported divergence from the Okumura—Hata model of about
6.8-11.5 % under dense-urban conditions [32][33]. The recommendation has also been implemented with
supplementary transmitter parameters in simulator form [34] and applied to analogue-to-digital conversion
planning [35].
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GIS has been used to embed terrain and clutter data into field-strength and path-loss prediction for broadcast
planning [36], including systems that couple GIS directly to the ITU-R P.526 diffraction model [37] and
web-based three-dimensional coverage simulation for terrestrial broadcasting networks [38]. The accuracy of
such methods depends on the terrain representation: triangulated irregular networks can capture sudden
surface changes that regular grid models miss, yielding more accurate path profiles and path-loss estimates
[39]. Wagen and Rizk show that building databases and terrain data are central to urban planning accuracy,
and that roughly 1 m coordinate accuracy at building corners is acceptable for coverage prediction [40].
Field-strength determination from a spectrum analyser requires the antenna factor, which converts the voltage
at the analyser input to the field strength in the antenna's polarisation plane [41]; its correct use presupposes
knowledge of the calibrating field, the cable loss and any preamplifier gain [42][43]. [44] formalises the
relationship between antenna gain and antenna factor for EMC applications. Antenna-factor uncertainty
dominates the uncertainty budget of emission measurements [45], and while broadband antennas in the 30
MHz-1 GHz range were once calibrated to about +2 dB, sub-+0.5 dB calibration is now attainable [46], with
standard-antenna methods on an open-area test site achieving a standard uncertainty of 0.4 dB [47].
Uncertainty budgets for antenna factor have been established for both log-periodic and monopole
antennas[48], and antenna-factor selection has itself been used to reduce measurement instrument uncertainty
below CISPR limits [49]. These considerations set the traceability requirements against which the
measurement chain of the present study is assessed.

Nigerian spectrum governance involves the Ministry of Information and Communications, the National
Frequency Management Council, the Nigerian Communications Commission and the National Broadcasting
Commission, and frequency assignment relies on propagation planning to avoid impairment and interference
[50]. Regulation across Africa is characterised by nationally distinct frameworks overseen by national
regulatory authorities [51]; in Nigeria specifically, monitoring, licensing, sanctioning and arbitration are the
principal regulatory instruments [52][53]. Spectrum-management reform is an active area across West Africa,
with dynamic sharing frameworks proposed to improve efficiency of use [54]. Coverage assessment against a
minimum field strength therefore sits directly within a broadcaster's regulatory obligations.

The tropospheric refractivity regime over Osogbo has itself been characterised, and its influence on field
strength and radio-horizon distance quantified for the location [55]. However, the field-strength and
propagation behaviour of the broadcasting stations that operate within that regime has not, to the authors'
knowledge, been characterised. Existing Nigerian studies address Uyo, Adamawa, Akure, EKiti,
Lagos/Badagry, Abeokuta and Niger State, and are either multi-station city surveys or single-station model
derivations; limited attention has been given to FM propagation from a specific state broadcasting station in
Osogbo, and even less to the application of an Extended Hata—Okumura formulation at this frequency and
location. Practical field measurement is, moreover, essential if the applicability of established prediction
models to a specific environment such as Osogbo is to be tested rather than assumed. This is the gap the
present study addresses.

OSBC Radio transmits at 104.5 MHz from Oke Baale, Osogbo, with a 100 W transmitter and a 340 m mast
serving a state capital whose terrain combines an elevated urban core, a river corridor and peripheral rural
roads. The combination of a known transmitter configuration, a compact and varied service area, and an
established regulatory field-strength criterion makes the station well suited to a site-specific empirical study.
A single radial profile cannot, however, separate distance dependence from environmental dependence. The
present study therefore sampled four routes selected to represent distinct environments; a relatively open
rural road, an open corridor along the Osun River, a densely built-up commercial route, and a mixed
urban/semi-urban route that route-to-route variability can be observed directly rather than inferred.

This study accordingly provides a site-specific empirical characterisation of the 104.5 MHz OSBC FM signal
in Osogho using measurements along four geographically and environmentally distinct road routes, evaluates
the distance-dependent attenuation and route-to-route variability, and examines the applicability of an
Extended Hata—Okumura formulation to the measured propagation environment. It additionally provides a
route-specific assessment of the measured signal level against the applicable NBC field-strength criterion.
The specific objectives are to: (i) measure the received level along four routes at 1 km intervals; (ii) quantify
distance-dependent attenuation and route-level statistics; (iii) predict path loss with the Extended Hata—
Okumura model and compare prediction with measurement; and (iv) evaluate the measured levels against the
NBC minimum field strength for VHF-FM urban service.

2. MATERIALS AND METHOD

2.1  Study Design

The study adopted an experimental, quantitative design to evaluate the variation in signal strength and the
propagation characteristics of the FM signal radiated by the Osun State Broadcasting Corporation station in
Osogbo, Osun State, Nigeria. The eHata model, an extension of the Hata-Okumura model that widens
applicability to 30-3000 MHz by incorporating corrections for terrain and environmental conditions such as
hills, ridges and mixed land—sea paths were selected for its suitability to the FM broadcast band, for urban,
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suburban and rural scenarios, and for its ease of empirical verification using MATLAB. The design
combined field measurement of received signal strength along four routes with point-to-point coverage
prediction, after which the measured data were validated against model-predicted path loss. Transmitter input
data (geographic coordinates, conductivity, relative ground permittivity) and receiver input data (antenna
height above ground, receiver sensitivity) were used to perform the model analysis.

2.2 Study Area

The study area spans part of south-western Nigeria, selected because of its diverse terrain features, thereby
capturing the influence of the environment on radio wave propagation. Osun State lies between Longitude
7.30°N, Latitude 4.30°E and Longitude 7.50°N, Latitude 4.50°E, bounded in the north by Kwara State, in the
east partly by Ekiti and Ondo States, in the south by Ogun State and in the west by Oyo State as shown in
Figure 1. Over thirty radio stations broadcast in the VHF band in the state; the OSBC station at a centre
frequency of 104.5 MHz was chosen because of the high strength of its transmitter signal, its coverage of the
state with extension into neighbouring states, and its central location in the state capital.

The transmitter's coverage area was divided into four quadrants, with the transmitter at the convergence of
the four. Each quadrant is treated as a direction/route from the transmitter, with one test site per quadrant at
distances of 1 km to 6 km from the transmitter. Owing to road network accessibility, exact NE, NW, SW and
SE alignment was not always achievable, particularly within the first kilometre of the transmitting station, so
the same directions were used for the first kilometres on some routes. Table 1 summarises the station and
receiver characteristics.
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Figure 1: Map showing the data collection area
The parameters of the transmitting station used in this study is shown in Table 1.
Table 1: Parameters of the transmitting station
Parameter Specification
Base station’s geographical coordinate Latitude N 7° 46°35 Longitude E 4°35°23
Base station frequency 104.5 MHz
Base station transmitting power 100 W
Height of the transmitting mast 340 m
Height of receiving antenna 1.51m

A Publication of the Faculty of Engineering, Osun State University, Osogbo, Nigeria
367



Uniosun Journal of Engineering and Environmental Sciences (UJEES), Vol. 8 No. 2, Sept., 2026

DOI: 10.64980/ujees.v8i2.029 Adeagbo et al.
Published: September 30, 2026

Receiving antenna gain 2.51dB

2.3  Data Collection

Data collection occurred during both daytime and evening periods to evaluate diurnal variations in signal
strength over three weeks. The primary tool was a portable hand-held Spectrum Analyzer with an in-built
GPS unit, used to collect electric field strength and geographical coordinates at regular distance intervals
along each route. The receiving antenna was connected to the analyzer and the setup installed on a vehicle
that stopped at every marked 1 km location for a few minutes to allow the analyzer to scan and log the
station's parameters effectively. Measurement data received signals at specific distances, terrain elevation and
geo-location details were downloaded via a USB storage card into a computer in spreadsheet format for
further processing.

The routes were chosen for ease of access and to reflect human habitation. The full description of the routes
is presented in Table 2. Measurements focused on the FM band (87.5-108 MHz), with 104.5 MHz as the
centre frequency.

Table 2: Routes direction for the field work

Route Direction Description
Route 1 OSBC-Ibokun road Rural areas with lower population density. Less obstructed
environment.
Route 2 OSBC-Osun River Open spaces with river along the path
Route 3 OSBC-Stadium ring This route traverses through a densely built-up area, including
road commercial zones.
Route 4 OSBC-0Oja Oba-Olaiya  This route covers a mix of urban and semi-urban areas with various

buildings that may cause signal diffraction and attenuation.

2.4  Measurement Equipment and Configuration

The equipment comprised a Spectrum Analyzer N9342C Agilent (100 Hz—7 GHz) with in-built GPS, a
laptop running signal analysis software, and a Diamond RH799 receiving antenna. Table 3 gives the analyzer
configuration and antenna properties.

Table 3: Spectrum analyzer configuration and receiving antenna properties

Parameter Value
Displayed Average Noise Level —164 dBm/Hz
Preamplifier ON

Resolution Bandwidth 10 kHz
Impedance 50Q
Attenuation 0.00 dB

Span 1.0 MHz
Sweep 3.407 ms
Antenna frequency range 70 MHz-1 GHz
Antenna form Omnidirectional
Antenna height 1.5m

Antenna gain 2.5dB

2.5  Path Loss Modelling

Path loss was estimated using the extended Hata-Okumura (eHata) model, which incorporates additional
correction factors to improve prediction accuracy across different terrains and operating conditions. In the
form used for the computations:

Path loss was estimated using the extended Hata-Okumura (eHata) model, which incorporates additional
correction factors to improve prediction accuracy across different terrains and operating conditions.

In the form used for the computations:
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PL = 6955 + 261610g10(f) — 13.8210g10(hb) - a(hr)
+ [449 - 65510g10(hb)]10g10(d)

where:
e PL=median path loss (dB)
e f=frequency (MHz)
e hy = effective transmitter/base-station antenna height (m)
e h,=receiving/mobile antenna height (m)
e a(h,.)= receiver antenna-height correction factor (dB)

e d-=transmitter-to-receiver distance (km)
The general eHata path loss form and the mobile antenna correction factor applied were:
PLEO =46.3 + 33910g10(f) — 138210g10(hb)& — a(hm)
+ [44.9 - 6.5510g10(hb)]10g10(d) + C
The mobile/receiving antenna height correction factor is:

a(hy,) = [1.1log;(f) — 0.7]h,, — [1.56l0g10(f) — 0.8]
Where
PLs, = median path loss (dB),

f = frequency (MHz),

h;, = effective transmitter antenna height (m),

h,, = receiving/mobile antenna height (m),

d = transmitter-to-receiver distance (km),

a(h,,) = mobile antenna height correction factor (dB),
C = environmental correction factor (dB).

Parameter values were f = 104.5 MHz, hy, =340 m, h,,, =1.5m, d = 1-6 km, and C = 3 dB for the urban
environment.

3. RESULTS AND DISCUSSION

3.1 Results

In broadcasting systems, one of the primary tasks is to estimate the coverage area and evaluate the path loss
resulting from the interaction of radio waves with the surrounding environment. Determining the propagation
curve or profile is one of the approaches used to achieve this. Prediction of path loss is an important element
of system design in any communication systems especially in radio and television broadcast. (Armoogun V.,
et al, 2010) Thus this work is apt at this point due to the novel results it presented, which would be useful for
coverage areas prediction and path loss determination of radio waves of an FM broadcasting station in the
study areas. Table 4 present the Electric Field Strength and other data samples recorded at multiple point
along each of the route 1 to 4.

Table 4: Measured elevation and electric field strength across the four measurements.

S/No  Distance (km) Elevation (m) Electric Field Strength (dBpV/m)
Routel Route?2 Route3 Route4 Routel Route2 Route3 Route4
1 0.00 361 345 345 345 70.36 73.87 75.13 71.81
2 1.00 354 340 329 340 49.33 43.52 47.25 51.21
3 2.00 348 341 338 310 34.63 33.13 19.34 26.25
4 3.00 346 328 340 361 25.99 27.06 25.75 8.79
5 4.00 344 334 320 327 18.67 39.49 22.87 44,91
6 5.00 346 329 330 317 18.95 35.55 15.48 31.83
7 6.00 344 321 321 320 16.72 22.48 28.37 7.46
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On Route 1, as shown in Figure 2, electric field strength dropped from 70.36 dBuV/m at the base station to
49.33 dBuV/m at the next point yielding a decrease of 30% and continued downward to 16.72 dBuV/m at the
final point. Elevation varied only between 361 m and 344 m, indicating relatively flat terrain unlikely to
significantly affect propagation. The route exhibited the smoothest attenuation pattern overall, with a 76%
reduction in signal strength, indicating relatively fewer propagation obstacles.

NBC Compliance - Route 1 (OSBC - Air Force Base - Ibokun Road)
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Figure 2: NBC Compliance — Route 1 (OSBC — Air Force — Ibokun Road)

Route 2 (llesa Garage—Osun River) as presented in Figure 3 showed an initial decline from 73.87 dBm (345
m elevation) to 43.52 dBuV/m (340 m), a significant drop of 41%, followed by notable fluctuations, an
increase at the fifth point (39.59 dBuV/m at 334 m) before dropping at the sixth (35.53 dBuV/m at 329 m)
and stabilising to 22.48 dBm at the final point. Altitude declined consistently from 345 m to 321 m, a total
drop of 27 m (8%), yet the signal did not follow a simple altitude relationship. The sharp initial drop
indicates high near-field attenuation from urban obstacles or vegetation, while the recovery at the fifth
kilometre is attributable to reflections or signal reinforcement from nearby surfaces or terrain characteristic of
multipath propagation, in which signals take different paths to the receiver, producing constructive or
destructive interference. The route's more complex propagation characteristics are likely influenced by the
proximity of the Osun River, which may cause reflections and diffraction, and by urban structures or
vegetation density along the llesa Garage stretch. Route 2 experienced a 70% reduction overall but displayed
moderate fluctuations attributed to reflections from nearby urban structures and the Osun River.
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Figure 3: NBC Compliance — Route 2 (OSBC — llesa Garage — Osun River)
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Route 3 (OSBC-Stadium-Ring Road) as shown in Figure 4 began with an initial steep decline from 75.13
dBuV/m (345 m) to 47.25 dBuV/m (329 m), a decrease of 37%, characteristic of free-space loss combined
with near-field obstructions such as buildings or vegetation. Significant fluctuations followed: a sharp drop
between the second (47.25 dBuV/m) and third points (19.34 dBuV/m), partial recovery at the fourth (25.75
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=== NBC Threshold

@
(=}

v
o

N
o

w
[=]

Electric Field Strength (dBuv/m)

]
=]

—
o

Base Station 1KM 2KM 3KM 4KM 5KM 6KM
Measurement Points
dBuVv/m), a further low of 15.48 dBm at the sixth point, and a slight increase to 28.37 dBuV/m at the final
point. The recovery at the final point occurred at a relatively low altitude of 321 m, while the drop from
47.25 dBpV/m to 19.34 dBuV/m between the second and third points occurred despite an increase in altitude
from 329 m to 338 m, indicating weak altitude—signal correlation and the dominance of localised factors such
as reduced obstructions, open terrain, or reflective surfaces enhancing propagation. The route recorded a 62%
reduction overall with pronounced fluctuations characteristic of multipath propagation.
Figure 8: NBC Compliance — Route 3 (OSBC - Stadium — Ring Road)

Route 4 (OSBC-0ja Oba-Isale Aro—Ola lya) as presented in Figure 5 recorded an initial 29% reduction from
71.81 dBuV/m (345 m) to 51.21 dBuV/m (340 m), consistent with free-space path loss and near-field
obstructions, followed by an extreme drop of 49% from 51.21 dBuV/m to 26.25 dBuV/m (310 m),
compounded by a substantial 33 m altitude reduction suggestive of increased attenuation through diffraction
or terrain blockage. Signal strength then fell sharply to its lowest value of 8.79 dBuV/m at the fourth point
despite an increase in altitude from 310 m to 361 m attributed to shadowing effects from terrain or buildings
and high levels of interference or absorption by obstacles along the route. This route showed the most severe
attenuation, with a 90% reduction driven by terrain obstructions, shadowing, diffraction and interference.
Route 4 shows the most severe attenuation (90%) and highest variability, indicating challenging propagation
conditions, while the Air Force Base—Ibokun road has the smoothest attenuation curve, suggesting fewer
obstructions. The llesa Garage-Osun River and Stadium-Ring Road routes show notable fluctuations
reflecting the impact of urban structures, water bodies and multipath propagation, and changes in altitude do
not strongly correlate with electric field strength across all routes
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Figure 5: NBC Compliance — Route 4 (OSBC — Oja Oba — Isale Aro — Ola lya)

The Nigerian Broadcasting Corporation regulates minimum and maximum field strength levels for proper
radio and TV signal transmission. Typical standards specify a minimum of 50 dBuV/m and an optimal 70-80
dBuV/m for urban areas, and a 40-50 dBuV/m minimum for clear reception in suburban and rural areas.
Route 1 started strong at 70.36 dBuV/m but dropped to 16.72 dBuV/m at 6 km, falling below 40 dBuV/m
after 3 km, which is non-compliant. Route 2 started at 73.87 dBuV/m and dropped to 22.48 dBuV/m at 6 km.
Route 3 started at 75.13 dBuV/m, fluctuated, and ended at 28.37 dBuV/m, dropping too low after 2 km and
violating urban/suburban broadcast standards; Route 4 started at 71.81 dBuV/m but dropped to 7.46 dBuV/m
at 6 km, showing the worst performance with severe signal degradation.

Across all routes, signal strength failed to comply with NBC standards beyond 2—3 km. Where the NBC
standard is implemented, minimum field strength should not drop below 40 dBuV/m, but in all cases it fell
far below that threshold after a few kilometres, suggesting either signal attenuation, interference, or
inadequate transmission power. Table 5 summarises the first-to-last signal change across all routes.

Table 5: Summary of collected data across the four routes

Initial EFS  Final EFS

Route (@Buv/im)  (dBuV/m) Net change Key observations
1 70.36 16.72 6% reduction Smooth_mgqal_attenuatlon with minor fluctuations,
suggesting limited obstacles
. Fluctuations due to environmental factors (e.g.
0 1
2 73817 22.48 70% reduction river proximity, urban effects)
3 7513 28.37 629% reduction Pron_ounced fluctyatlons indicating significant
multipath propagation effects
4 7181 746 90% reduction Severe attenuation with sharp drops and recovery,

reflecting complex obstructions

Table 6 presents the descriptive analysis of signal strength across routes. Route 2 recorded the highest mean
signal strength (39.31 dBuV/m), indicating relatively better signal reception along this path, while the other
routes had comparable mean values with slight variations. Route 4 (OSBC—Oja Oba-Isale Aro-Ola lya) had
the highest standard deviation (21.54 dBuV/m), indicating greater variability, whereas Route 2 had the most
consistent signal strength with the lowest standard deviation (15.57 dBuV/m). Route 4 also exhibited the
largest range (64.35 dBuV/m) and highest variance (463.84 dBuV/m), supporting the observation of wide
fluctuations, while Route 2 had the smallest range (51.39 dBuV/m) and smallest variance (242.57 dBpV/m),
reaffirming its stability.

Table 6: Descriptive analysis of signal strength by route
Route Mean (dBuV/m) Std. deviation (dBuV/m) Range (dBuV/m) Variance (dBuV/m)

1 33.52 18.44 53.64 340.02
2 39.31 15.57 51.39 242.57
3 33.46 19.44 59.65 378.10
4 34.61 21.54 64.35 463.84

Path loss was calculated using the eHata model, which is commonly used for urban and suburban
environments and incorporates additional correction factors to improve prediction accuracy over different
terrains and operating conditions. The model was used to predict the expected path loss at different
measurement locations and presented in Table 7. These predicted values were converted into predicted
received signal strength and plotted against distance to produce the predicted propagation curve.

The model estimates signal loss based on distance from the transmitter and environmental factors such as
terrain. Path loss increased with distance on all four routes, with predicted values ranging from 61.10 dBm to
85.72 dBm. Table 7 presents the computed path loss values.

Table 7: eHata path loss model results for the four routes

Distance Path loss(dB)
(km) Route 1 Route 2 Route 3 Route 4
1 61.10 68.42 71.29 73.51
2 74.82 74.00 75.57 75.26
3 76.10 76.89 79.28 79.01
4 80.36 78.20 80.42 80.82
5 80.94 78.91 80.60 85.49
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6 81.32 82.36 82.71 85.72

The measured and the predicted curves are then compared. A close agreement between the two curves
indicates that the model accurately represents the propagation characteristics of the study area. Significant
differences indicate the influence of local terrain, vegetations, buildings or atmospheric conditions that are
not fully accounted for by the model.

The propagation curves provided insight into attenuation characteristics of these radio signals as they
propagate through different environments along the chosen four routes.

The path loss values were plotted against distance alongside with the propagation curves which were
presented in Figures 6,7,8 and 9.

90 - Route 1
804
70
604
50 -
40 -
30 -
204

-e—- Signal strength
- Path loss

o 1 2 3 4 5 6

Distance from base station (km)
Figure 6: Propagation curve: Signal strength (dB) and path loss (dB) against distance (LoS) for route 1

Route 2

-o— Signal strength
-= Path loss

0 L] L} L} L} L} 1
0 1 2 3 4 S 6

Distance from base station (km)
Figure 7: Propagation curve: Signal strength (dB) and path loss (dB) against distance (LoS) for route 2
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Figure 8: Propagation curve: Signal strength (dB) and path loss (dB) against distance (LoS) for route 3
ROUTE 4

90+

-e- Signal strength
- Path loss

0 1 2 3 4 5 6
Distance from base station (km)

Figure 9: Propagation curve: Signal strength (dB) and path loss (dB) against distance (LoS) for route 4

3.2 Discussion of results

The results confirm that environmental factors play a crucial role in FM signal propagation in Osogbo. Urban
areas experienced higher signal attenuation as a result of interference from buildings, multipath propagation
and diffraction effects, causing significant signal degradation particularly at distances greater than 2—-3 km
from the transmitter, while semi-urban areas exhibited moderate signal strength variation, where minor
obstacles such as low-rise buildings and vegetation caused moderate attenuation. The path loss calculations
based on the eHata model validated the field measurements and provided a theoretical framework for
understanding FM signal behaviour.

The route-level patterns align with recognised propagation mechanisms. The smoothest attenuation curve on
the Air Force Base—lIbokun route reflects a comparatively unobstructed rural path, whereas the pronounced
fluctuations along the Stadium-Ring Road and llesa Garage—Osun River routes are signatures of multipath
propagation and reflective water bodies. The most severe attenuation on the Oja Oba—Isale Aro—Ola lya route
points to the dominant role of terrain obstruction, shadowing and interference, reinforced by the collapse of
signal strength to 8.79 dBm at a point of higher elevation, evidence that shadowing and absorption, rather
than elevation alone, govern reception in that corridor. The weak, non-monotonic altitude—signal relationship
across routes supports this reading: distance, obstruction and interference dominate over altitude in
determining received strength.

The descriptive statistics add a distinct dimension. Route 4's variance of 463.84 dBm and range of 64.35
dBm mark it as the most unstable propagation environment, whereas Route 2's combination of the highest
mean signal strength (39.31 dBm), lowest standard deviation (15.57 dBm) and smallest variance (242.57
dBm) identifies it as the most stable, despite its 70% net reduction. This distinction is practically significant a
route can suffer substantial total attenuation yet remain relatively predictable, while another can retain a
comparable mean while behaving erratically and location-sensitively, which is far harder to plan around.
Structural differences between routes also explain divergence from the smooth expectations of free-space
behaviour. Urban corridors produced substantial signal degradation through building density, multipath
interference and the urban canyon effect, while mid-route recoveries the 39.59 dBm reading at the fifth
kilometre on Route 2 and the 28.37 dBm reading at the final point on Route 3 reflect constructive
interference or reduced obstruction rather than genuine coverage improvement. The eHata model's increasing
predicted path loss tracked the measured decline but did not reproduce these localised fluctuations,
underscoring the value of empirical field validation alongside model-based prediction in complex terrain.
The compliance analysis carries the clearest regulatory implication. Although signal levels at the transmitting
station complied with recommended limits, all routes failed to maintain the minimum acceptable level, with
signal strength falling below the required 40 dBm threshold within 2 to 3 km of the transmitter in every case
Given a transmitter operating at 100 W with a 340 m mast, the early and steep attenuation is not fully
explained by distance alone; the contributions of near-field obstruction, multipath and interference indicate
that the current broadcasting infrastructure does not meet national standards, likely because of inadequate
transmission power and significant environmental interference. These findings underscore the necessity for
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optimised network planning, improved signal propagation strategies and potential infrastructure upgrades to
ensure reliable FM radio service throughout the region.

4. CONCLUSION

The findings of this research confirm that environmental factors play a crucial role in determining FM signal
propagation. The measured routes exhibited different attenuation and variability characteristics. The route
classified as mixed urban/semi-urban exhibited the largest observed signal-level range and standard
deviation, whereas the route through more open surroundings exhibited lower variability. These differences
are consistent with possible contributions from local obstruction, diffraction, multipath and terrain, although
the present measurements do not permit these factors to be isolated independently.

Rural areas experience minimal signal loss due to fewer obstructions and relatively open terrain, leading to
more stable signal propagation over larger distances. The path loss calculations based on the Extended Hata-
Okumura model validated the field measurements and provided a theoretical framework for understanding
FM signal behaviour. The study highlighted the importance of transmitter placement, power, and antenna
height for improving coverage, particularly in urban settings.
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