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The Limitations of Campus Wireless Networks: A Case
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Abstract This work studied the effects of physical environment (trees and buildings) obstructions on the Lionet in
Nsukka campus of the University of Nigeria. The effects ofthese obstructions were measured by the variation in path loss and
received signal strength as functions of distance using computer simulation and field measurement. The simulation results
were compared with the field measurement results, conducted under free space condition and where the Lionet signal was
obstructed by trees and buildings. The results show that trees and buildings have significant effects on the path loss and the
received signal strength ofthe Lionet. The study therefore recommends that the power level of the Lionet should be improved
for efficient performance, more access points should be deployed at locations where obstructions are prevalent, and Lionet

should possibly migrate from wireless to fibre optic network.
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1. Introductio

Wireless communication systemrefers to any system that
uses electromagnetic waves to transfer information fromone
point to another without using wires[1]. In communication
systems where antennas are used to transmit information
from one point to another, the mediumbetween (and around)
the transmitter and receiver has a major influence on the
quality of the trans mitted signal. This is because radio wave
propagation is very sensitive to the properties and effects of
the medium located between the transmitting and the
receiving antennas[2]. When radio wave impinge on an
obstruction, some of the energy can be reflected back into
the initial med ium, some may be trans mitted into the second
medium, some may be absorbed by the medium, some may
be diffracted and some may be scattered[3][4][5][6]. The
interaction of radio waves with the obstruction reduces its
received signal strength.

The University of Nigeria Nsukka, in Enugu State of
Nigeria, operates wireless network communication system
for its diverse activities. Many ornamental trees for aesthetic
and large buildings constitute major physical features of the
University environment. For the fact that radio waves are
very sensitive to obstructions, the trees and buildings are
expected to have significant effects on the received signal
strength, besides other attenuating factors such as the terrain.
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This factor ought to be taken into consideration in the
deployment of wireless communication networks in the
University environment. The University has land mass of
about 871.38 hectares in an asymmetrical shape lying to the
Northeast of Nsukka town. The bulk of the buildings in the
University occupy the Western half of the site. Buildings are
known to be main source of signal attenuation, but
vegetation elements such as trees also have some reducing
effects on a propagated radio signal. When the radio waves
are being transmitted through the buildings, the penetration
loss causes the signal to be severely attenuated[7]. For the
trees, the discrete scatterers such as the randomly distributed
leaves, twigs, branches and tree trunks can also cause
attenuation, scattering, diffraction, and absorption of the
transmitted radio signal[ 8].

The poor signal reception frequently experience in the
University has been attributed to the obstruction of the
Lionet signal by the trees, buildings e.t.c. For the buildings,
scattering, absorption and diffraction of the Lionet signal
when it interacts with the buildings could be the main cause
of signal degradation and fluctuation. For the case of the
trees, Lionet signal propagating through them is attenuated
because of the absorption of power by the components of the
tree canopy such as leaves, branches e.t.c. There are also
some losses in the transmitted Lionet signal due to scattering
of power out of the beam by the components of the tree
canopy. Preliminary investigations around the Lionet access
points revealed that the subscribers usually receive the signal
better around the trees nearer to access points. This is
evidence that the propagated Lionet signal is being
obstructed by trees and buildings, thus preventing it from
covering its maximumexpected range.



113

Studies on the effects of vegetation and buildings on the
transmitted radio signal have been done. Propagation
measurements through vegetation over a range of
frequencies have been carried out in rain forests of India
between 50 — 800 MHz[9], through a single tree between 1
and 4 GHz, in a forested urban parkbetween 0.9 and 1.8 GHz,
in various foliage and weather condition between 2 and 60
GHz[10]. The effects of vegetation on GSM signal
propagation in rural areas has been studied[11]. Also, a good
number of research works on data acquisition were reviewed.
These dealt with measurements to study the effects of a
single tree, a line or multiple lines of tress along the streets or
buildings, a small forest, and a large forest covering a region
on the propagated radio signal[l10][12][13][14]15].
Investigation of foliage effects on a propagated radio signal
via data logging for point-to-point link at 5.8 GHz was
reviewed. The result showed that point-to-point link which
was obstructed by asingle tree and a row oftrees recorded an
average of 12.2615 dB and 4.6306 dB excess path losses
respectively[10]. In[16], study on the influence of trees on
radio channel at frequencies of 3 and 5 GHz shows that the
excess path loss was between 1 and 16 dB. For the
measurements carried out in the residential areas and homes
for the transmission frequency in the 5.85 GHz band,
building penetration attenuation was reported at an average
of 14dBJ[10].

The present study is motivated by the undesirable poor
signal reception, loss of data packets, and delay in uploading
and downloading of data, frequently experience from the
radio wave signal transmitted by the Lionet within the
University environment. The study investigates the extent of
signal attenuation due to the trees and buildings, by using
spectrum analyzer (SPECTRAN HF 6080) to monitor the
mean path loss and received signal strength from one of the
Lionet’s signal access point in the University. The modeling
equations describing the signal attenuation due to tree and
building obstructions are developed for detail analysis and
in-depth understanding of the scenario. A computer
simu lation programs based on MATLAB is used to study the
variations in the path loss and received signal strength as
functions ofthe separation distance between transmitting and
receiving antennas to validate the results from the spectrum
analyzer.

2. Suggested Tree Path Loss
Propagation Model

Path loss prediction of Lionet signal passing through a tree
includes; free space loss plus tree loss factor (L¢ee). The tree
loss factor is included in the model to account for the
increase in attenuation of the received signal strength when
the receiver is placed behind a tree. Mathematically, this
becomes[10].

PLtree = I-‘FS + Lt

PLi. = Path loss in the presence of a tree

Lgs =Free space loss

(1
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L; = Tree loss factor

The geometry of the propagation model is shown in figure
1. As illustrated in the figure, the access point radiates a
spherical wave that can reach a client behind a tree, r is the
separation distance between the transmitting and the
receiving antenna, P; corresponds to the power emitted
(incident power) from the transmitting antenna, P, is the
received signal strength (received power level) by the
receiving antenna, P; and P, correspond to the power
scattered and power absorbed by the elements of the tree
canopy.

Access Point

r
Receiver

I r |

Figure 1. Geometry of tree Canopy

A tree canopy contains randomly distributed and oriented
branches and leaves that fill most of the canopy space. In this
study, branches are modeled as circular cylinders while
leaves are modeled as thin disks as described in[17]. The
branches in the tree canopy are classified into five size
categories denoted as N,. The number of leaves and branches
are represented by njand n, respectively, where the
subscript b is an element of {bl, ...bNb} and by is used to

denote branches of the nth size category.

Attenuation of radio wave propagating through a tree is
primarily due to scattering and absorption caused by both
leaves and branches.

Some assumptions made while trying to reduce the
complexity of the model include:

e Loss due to the trunk as a result of diffraction is
considered negligible[ 18].

¢ The tree is so tall that there is no diffraction.

e The leaves are assumed to be identical and homogenous.

e Multiple scattering is negligible.

e The tapered nature of the individual branches is
neglected.

From figure 1, the power balance in the volume is;

B=R+K + P @)

For a sphere of radius r with center at the ray intersection,
the beam subtends an area A on the sphere surface. The solid
angle is given by[19];

Q=3 ()

r
The infinitesimal element of solid angle can also be

written in terms of elementary area dA on any surface. The
element of solid angle is;
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do =% (4)

r
The incident power (PB) is readily related to power

density S(r), the magnitude of the time-average pointing
vector as[11];

P=5S,MA (5
B = S, (Mr2da (6)

The received power level can be written as[18];
P. = S(r + dr)r?dQ @)

As the incident power travels downwards in the tree
canopy, it undergoes both absorption and scattering by the
leaves and branches of the canopy[l1]. The power loss
(BR) contributed by the scattering and absorption of incident
power by the leaves, represented by their number n; and
branches classified into N, different size categories
represented by their number n, is:

R=Bm((a}) + () +2yp,.

v, T ((a®) +

cab )r2drdQ (8)
For brevity,
(@) + @)+ Y my(el) + (oh)) = (o)
b=by, by,
Therefore equation (8) becomes;
B = R({c*)r?drdQ %)

Superscript b and 1 refer to leaves and branches of the
canopy
Substituting equation (6), (7) and (8) into equation (2) we
have;
SMr?dQ = S(r + do)r?dQ + S (o )r?drdQ  (10)
This simplifies as;
S(r) = explif—{c)r+ c) (11)
S(p) = De—{o"r (12)
where D = S, () is the emitted power density in a
spherical wave generated by an isotropic antenna with a
time-average transmitted power Py,[1].

P
Siso (I‘) = 411:'2 (13)
Substituting equation (13) into equation (12) we have;
St = 4:2 e o 20 (14)

For a more realistic antenna, the radio wave is not only
transmitted in the desirable direction but also in other less
desirable direction. A commonly used parameter to measure
the overall ability of an antenna to direct radiated power in a
given direction is their directive gain[18].

A desirable property during transmission between two
antennas is that the ratio between the transmitted and
received power should be as hi%h as possible. Thus;

A

& — —DtDr e—(GT)r (15)

P (4mr)2

Where;

D, = the directivity gain of the transmitting antenna.

D, = the directivity gain of the receiving antenna.

A =the wavelength.

The equation (15) can only be employed when the leaves
and branches occupied all spaces between the transmitting
and receiving antenna. To get a more realistic expression for
the attenuation of the emitted radio wave, we considered a
case whereby the radio signal traversed estimated number of

leaves and branches before getting to a receiver. The

improved formula of equation gl 5)becomes;
Pr _ A7D¢Dr —(¢7)
P, (4nr)? € (16)
Transforming equation (16) into decibels and expressing it

in the path loss formyields;

P (4mr)? T
PLy 10log 7= = 10l0g [ —e® o an
Since n;((ol) + (0} )) + Z n, ((6?) + (%)) = (o¥)
b=by,..by,

Let

(o) + (o ) = (")

(o) + (a2 )= (o®)
Hence, equation (17) becomes;

PL,. = 10 logP—t

(4mf) ?

= 10log LZDtDre(nl(o )+ b, by, Dp 0™ ))] (18)
where;

f=Frequency of transmission (MHz)

¢ = Velocity of light in air = 3 * 108 (m/s)
N, = Branches of different size categories
n; = Number of leaves of the tree canopy
n, = Number of branches of the tree canop
(%) = Cross section of a single leaf

(ot ) = Cross section of a single branch

2.1. Expectation Value of the Total Cross Section

The total cross section ({o'))is the sum of the cross
section due to absorption and scattering of incident power
density by a single leaf and a single branch. It is written as:

(6") = (o) + (o) (19)

The value of total cross section depends on canopy
attributes such as size, shape, dielectric properties of leaves
and branches, and orientation of leaves and branches in
relation to the direction of the propagation of radio
wave[17][19][20]. Here, we assumed that the total cross
section is a function of orientation angles, the number of
leaves and branches, the size of the leaves and branches, and
the shape of the leaves and branches. Figure 2 shows the
interaction of incident power with a single leaf or a single
branch.

Y

Figure 2. Incident Wave on a Single Leaf or a Single Branch of the Tree
Canopy
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The orientation of leaves and branches determine how
radio wave is being intercepted and absorbed as it traverses
the tree canopy.

For the orientation angle of the leaves and branches with
respect to the reference frame, we used two variables (0, ¢)
to describe it.

where;

0 = Elevation orientation angle of leaves and branches of
the tree canopy.

¢ = A zimuthal orientation angle of leaves and branches of
the tree canopy.

The normal of the disc is denoted by n and the symmetry
axis of the cylinder by m. From figure 2, the normal vector
which also is valid for the symmetry axis of the cylinder can
be written as;

n=XcosBcos@®—YcosOsin@+ Zsin® (20)

2.2. The Expectation Value of the Total Cross Section

The general expression for the expectation value of total
cross section of a single leaf and a single branch of the tree
canopy is;

0
(ct) = d‘j’f Ly ot 0,00, p)da (21

where dQ = cosf dO dd is the solid angle, fé‘b ©,d)
equals the probability density function for the azimuthal and
elevation orientation angle of the leaves and branches of the
tree canopy.

Based on the fact that leaves and branches in the canopy
are randomly placed, we employed a statistical based
approach to characterize the leaves and branches of the
canopy. This relation takes the form of probability density
function. The probability density for the leaves and branches
in the azimuthal coordinate ¢ is assumed to be uniformly
distributed over the tree canopy volume from 0 < ¢ < 2m.
Also, the probability density for the leaves and branches in
elevation coordinate 6 is considered to be uniformly

distributed and of the form;
1

ﬁ)"b ® = {(ez—el)'
0, otherwise

Elevation and azimuthal orientation angle of leaves in
the tree canopy: None of the leaves in the tree canopy were
found to exhibit a preferred azimuthal orientation angle; also
the leaves have no preferred elevation orientation angle.
Thus, the cross sections of the leaves are averaged over ¢
and O with 0< ¢ <2m, fi(p) =1, =2 <0< f£(6) = L.

The mean cross secti(T)[n of'a single leaf ofa tree canopy is

(o) = J;" [xot (0, ) £ (O) £ (p)ded (23)

Elevation and azimuthal orientation angle of the
branches in the tree canopy: None of the branches of the
tree were found to exhibit a preferred azimuthal orientation
angle; also the branches have no preferred elevation
orientation angle. Thus, the crosssections of the branches
are averaged over ¢ and 6 with 0 < ¢ <2, f¥(p) =1,

—2<0 <% f2(0) = 1. The mean cross section of a single
2 2

6, <0<0

branch of a tree canopy is
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(o) = [ f_;lE o (0, P)f O)fp (Pda  (24)

By combining equation (23) and (24) for the case of mean
cross section of a single leaf and a single branch of a tree
canopy; we obtain an expression for the equivalent cross
section of the leaves and branches of the tree canopy as;

0 = nfo")+ Xp_, n,{c®) (25)

As previously stated, the cross section of a single leaf and
a single branch are ¢" and 6% ; the number of leaves and
branches of a tree canopy are n, and n, ; and b =
by, by, .....b, is the number of branches of different size
categories.

Table 1. The Number of Leaves and Branches per Unit Wolume of a Tree
Canopy

Scatterer Type Radius (m) thiii::fsh(/m) Number
Branch 1 =b, 0.057 1.1000 3
Branch 2 =b;, 0.047 1.0000 6
Branch 3 =b;3 0.031 0.7200 8
Branch 4 = by 0.022 0.5200 11
Branch 5 = bs 0.008 0.1100 15
leaf 0.063 0.0002 200

In order to get an estimated value of the number of leaves
and branches per unit volume ofthe tree canopy, we counted
the number of branches grouped into five categories and the
number of leaves that are attached to the respective branch.
The estimated number of leaves and branches with their
corresponding radius and length/thickness per unit volume
of'the tree canopy is listed in the table 1.

3. Suggested Building Path Loss
Propagation Mode

Path loss prediction of the Lionet signal passing through a
building includes; free space loss plus building loss factor.
The building loss factor is included in the model to account
for the increase in attenuation of the received signal strength
when the receiver is placed behind a building. The
expression for the path loss fromthe trans mitting antenna to
the receiving antenna in the presence of a building is;

PLbuilding = LFS + Lbuiding (26)
where;
PLyuiding = Path loss in the presence of building.
Lgs= Free space loss.
Lpuilging = Building loss factor.
The geometry of the propagation model is shown in figure

Modeling Lionet signal transmitted through a building
involves three steps; the first step relating the output of the
Lionet signal from the transmitter to the building, the second
step is called an indoor event, and the third step relating the
propagation of the signal down to the receiver antenna.

As illustrated in the figure 3, a transmitting antenna
radiates rays that can reach a receiving antenna.

H; =the transmitting antenna height
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H,= the receiving antenna height

wp, =the width of the building

d; = the distance from the transmitting antenna to the
building

d, =the distance from the building to the receiving antenna

t =the window and wall thickness.

d; = the path length from the transmitting antenna to the
building in the direction of signal propagation.

d;, = the path length inside the building in the direction of
signal propagation.

d, = the path length from the building to the receiving
antenna in the direction of signal propagation.

0 = the incidence angle on the window and wall of the
building.

16 | Penetration Losses
1.0 1 Penetration Losses

4

D,

H,

=
=

Transmitter antenna

d W d, ;
|| ] Receiver antenna &2 4

f r 1

Figure 3. Geometry of Lionet Signal Transmission through a Building

Some assumptions made while trying to reduce the
complexity of the model include:

e The access point is assumed to be in a transmitting mode,
while the receiver is assumed to be in the receiving mode.

e The length of the building is assumed to be infinitely
large, so no diffraction effects could happen due to the
corners of the building.

e The building window and wall are made of certain kind
of material, which had relative permittivity & and
conductivity c.

e The height of the building is so high compared to the
transmit antenna height, so no propagation over the roof
exists.

e The Lionet signal comes from outside the building,
penetrates into it through a window and wall. Likewise the
signal going from inside the building to outside.

e The direction ofsignal propagation does not change for
the signal moving inside the building.

e The internal layout of the building was not specified.

3.1. Free Space Loss Model

The equation for free-space propagation between two
antennas is given by the Friis transmission equation[21];

P, _ DD,
P¢ T (4mfr)? (27)

where;
Py =the transmitted power

P, =the received power level

D; = trans mit antenna directivity gain

D, = receive antenna directivity gain

r=the transmit and receive antenna distance of separation
¢ =the velocity of light

f= the transmission frequency

3.2. Building Loss Factor

When the Lionet signal passed from the building to the
receiving antenna, an expression for the building loss factor
is written as:

L'building = Lpen + Lin + Lpen + de (28)
where;

Lyen = Penetration losses

L;, = Indoor losses

Lqq = Distance dependent losses

Here, we considered only the signal that passed through
the window and wall. For the two scenarios, their signal
strengths are summed up. The angle that the Lionet signal

made with the window and wall is obtained from
He—H,

det+ di +dy
Fromequation (29), expression for the elevation angle is

_ -1 Hy— H;
6= sin (x/(Ht—Hr)2+ (r)z) (30)
Once the elevation angle is known, the expressions that

relate the distances ds, d;,, and d, with 0 are
d

sin@ = (29)

d, = CO&,S 31

di, =dcos 5 (32)
— 22

dr " cos @ (33)

Penetration Losses

Losses as a result of Lionet signal coming from outside to
the inside of a building are group into two; window
penetration loss and wall penetration loss. These losses were
modeled using Fresnel Transmission Coefficient (FT C). This
parameter characterizes the level of signal strength coming
fromoutside into the building. The expression forthe Fresnel
Transmission Coefficient was given as[22];

2 cos B
TS T cos 0+ £ —sin20 (34)
By normalization, the dependence of penetration losses
with the Fresnel Transmission Coefficient is;

L, = —

. (39)

The penetration losses are the same both when the signal is
coming from outside the building, and when is coming from
inside to outside of the building due to reciprocity law[22].

We assumed that the Lionet signal traversed two windows
and two walls before getting to a receiving antenna. We
present below a method of obtaining the window penetration
loss and wall penetration loss.

Window Penetration Loss

The Lionet signal penetrates two windows made of glass
before getting to the receiving antenna positioned at a
distance away from the transmitting antenna. The window
penetration is illustrated in Figure 4.
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1.6 1 Window Penetration loss
Window Penetration loss

a]
7
n(’z

\din
6
H,
d
. T e P,
Transmitter antenna |t b \
9 J—
di Wb dy ItI
K | L] Receiver antenna & |
r |
Figure 4. Configuration for Lionet Signal Penetratingthe Glass Window

Table 2 shows the parameters and formulas employed for
predicting the window penetration loss.

Table 2. WindowPenetration Loss Parameters and Formulas

Parameters Formulas
0 (degrees) H,— H,
0 = sin”! | —o0bmnveoo-r
V(H = H)2+ (r)?
r (meters) r=d; +t, +w, +ti+d,
di (meters) d,
de = cos 0
din (meters) wy,
din =
cosB
d: (meters) d,
"™ cosH
Ty 2 cosB

(dimensionless) cosB + /e, — sin?6

From the information given in the table 2, loss as a result
of the penetration of the Lionet signal through a glass
window is given by;

L, = —
1 2
Tsq

(36)
where;
L; = the window penetration loss
&1 = the relative permittivity of the window made of glass
Ts1=the Fresnel Transmission Coefficient of the window
Wall Penetration Loss
The Lionet signal penetrates two walls made of concrete
before getting to the receiving antenna positioned at a
distance away from the transmitting antenna. The wall

penetration is illustrated in Figure 5.
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£.6 1 Wall Penetration loss
Wall Penetration loss

004

\ din
N

[3)
H,
d,
. 1 | PI
Transmitter antenna |t 18]
9 —
d, Wb d, 111
K L L Receiver antenna & "
I r |

Figure 5. Configuration for Lionet Signal Penetrating the Wall

Table 3 shows the parameters and formulas employed for
predicting the wall penetration loss.

Table 3. WallPenetration Loss Parameters and Formulas

Parameters Formulas
0 (degrees) . ,1< H — H, )
0 = sin T
(Ht - Hr)z + (r)Z
r (meters) r=d; to+w, +ttrtd,
d; (meters) d;
d, =
cos O
din (meters) d. = Wo
" cosB®
dr (meters) d,
d =—
cosB
T, _ 2 cosO
(dimensionless) " cosO + Ve, — sin?@

From the information given in the table 3, loss as a result
ofthe penetration of the Lionet signalthrough a wall made of

concrete is;
1

L, = 7 (37)
s2

Where;

L, = the wall penetration loss

€ =the relative permittivity of the wall made of concrete

Ts, =the Fresnel Transmission Coefficient of the wall

In order to evaluate the Fresnel Transmission Coefficient,
which measures the quantity of the building penetration loss,
the relativity permittivity of the materials of interest is
considered. Suitable values were gotten from literature. For
glass, its relative permittivity has been found to be 4[23].
Therefore, the relative permittivity of the window made of
glass (&) is assumed as 4. For the wall made of concrete, the
relative permittivity at 1.7 GHz and 18 GHz are 4.62 and
4.11 respectively[23]. From these results, it is obvious that
the relative permittivity of the concrete wall does not vary
significantly due to frequency changes, therefore the relative
permittivity of the concrete wall (g5) is assumed as 4.62.
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3.3. Distance Dependence Losses

Distance dependence losses are dependent on the distance
from the building to the receiving antenna. The path loss
dependence with distance from the building to the receiver
was chosen equal to 2 as in the case of free-space loss
because it obeys power decays law[1]. The resultant
expression is; ,

Ly = (dt:t‘i:r;;dr) (38)
where;

d, = path length fromthe building to the receiving antenna
in the direction of signal propagation.

By combining equations (27), (36), (37), (38) an
expression to predict the path loss that the Lionet signal
suffered when transmitted through the building becomes;

_ Pr_ _ [<Diby ARSI
l:.Lbuilding - P - [(4—1‘[fr)2 + 2% (T512 + Tszz) +
dt+ dindtn+dt+ din+ drdt+ din2 (39)

n = Path loss exponent value for the 'same floor'

measurement.

Access Point Receiving Antenna

Figure 6. Free Space Condition

Access Point Reveiving Antenna

Figure 8. Obstruction of Lionet Signal by a Building

4. Experimental Setup and
Measurements

The experimental setup for measuring the path loss and
received power level under free space condition and where a
single tree or a building obstructs the Lionet signal are shown
in figures 6, 7, and 8, respectively. At the transmitting
section, omnmi-directional antenna (WBS 2400) with
transmitting power of 19 dB is mounted at the top of 7m
height mast H;. Along the transmission path lays either a tree
or a building, which obstructs the Lionet signal as in the case
shown in figure 7 and 8. The receiving section consisted ofa
spectrum analyzer (SPECTRAN HF 6080) that was
connected to a Laptop (HP G62) loaded by Aaronia test
software for data logging, and Uninterruptible Power Supply
(UPS) to provide emergency power whenever there is any
occurrence of power disruption, which may eventually result
in data loss.

The access point of interest is partly impeded by a tree and
a building as shown in the figures 7 and 8, while part of the
access point is free fromany kind of obstruction as shown in
the figure 6. The received power level was measured with
SPECTRAN HF 6080 via an omni-directional antenna
(WBS 2400). The SPECTRAN HF 6080 was adjusted to a
frequency of 2400 MHz at sampling rate of 5000 ms. The
receiving antenna is directional while the transmitting
antenna has no restriction. Finally, from the measured
received power level, we obtained the measured path loss for
the three scenarios shown in figures 6, 7, and 8.

4.1. Simulations Results and Discussions

4.1.1. Path Loss in dB as a Function of Transmitting and
Receiving Antennas Distance for the Models

The results from simulation of the free space path loss,
suggested tree path loss, and building path loss models are
shown in table 4, with their corresponding plots in figure 9.
The simulated results from the free space path loss are used
as a reference point to study the extent a single tree or a
building blockage affected the path loss.

From the plot, it is seen that the graph increases in
exponential manner; this means that the path loss
exponentially increased with the distance of separation
between the transmitting and receiving antennas. By further
examining the plot for the free space propagation model, it is
observed that its graph is lower than the graphs obtained
when the Lionet signal is obstructed by a single tree or a
building. This may be attributed to the fact that the
propagation of Lionet signal through free space is free from
any form of obstruction as compared to the other two cases
with obstruction of a tree and building along its
communication path.

Another observation made from the plots of the path loss
versus the distance of separation between the transmitting
and receiving antennas is the dependency of the received
signal strength on the variation of the distance decay rate.
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This is because, increase in path loss results to the gradual
decay of'the signal strength[11].

Table 4. Results of the Simulated Path loss under Free Space Condition
and under the Effect of a Single Tree or a Building at Frequency of 2400
MHz

Path Loss (in dB)

Transmission
Distances Free Space TreePath Building
(in meters) Path Loss Loss Path loss
(PLks) (PLitree) (P Louiding)
20 66.07 81.77 85.10
40 72.09 87.79 89.59
60 75.61 91.31 93.16
80 78.11 93.81 96.17
100 80.05 95.75 99.28
100

—&#—Free Space Condition (Simulated)

Path Loss, (in dB)

60 - ——Effect of a Tree (Simulated)
Effect of a Building (Simulatad)
50 4
40 T T T 1
20 40 60 80 100

Distance, (in meters)

Figure 9. Plotsof SimulatedPath Loss with Distance forthe Three Models
at Frequency of 2400 MHz

4.1.2. Received Power Level in dB as a Function of
Transmitting and Receiving Antennas Distance for the
Models

From the result of the free space path loss, suggested tree
path loss, and building path loss model shown in table 4,
received power level for the three scenarios were obtained
using the relationships:

B = B — Lg (40)
l:’r = Pt - PLtree (41)
B = B — PLyyiding (42)

We employed equation (40) under free space condition,
equation (41) when the Lionet signal was obstructed by a
single tree, and equation (42) when the Lionet signal was
obstructed by a building.

Figure 10 shows that the received power level under free
space condition is greater than that when the signal is
obstructed by a single tree or a building. The results showed
that the distance between the transmitting and receiving
antennas and the received power level are inversely related.

Furthermore, the received power level under free space
condition decreased from the highest power level of -47.07
dB to the lowest power level 0of -61.05 dB. Also, when the
Lionet signal was obstructed by a single tree, the received
power level decreased fromthe highest power level of-62.77
dB to the lowest power level of -76.75 dB. When the signal
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was obstructed by a building, the received power level
dropped from the highest power level of -66.10 dB until the
lowest power level of -80.28 dB. These showed that the
received power level decreases as the distance between the
transmitting and receiving antennas increases.

Table 5. Results ofthe Simulated Received Power Level under Free Space
Condition and under the effect of a Single Treeor a Building at Frequency of
2400 MHz

Received Power Level (in dB)

Transmission
Distance Free Space Effect ofa Effect ofa
(in meters) Condition Single Tree Building
20 -47.07 -62.77 -66.10
40 -53.09 -68.79 -70.59
60 -56.61 -7231 -74.16
80 -59.11 -7481 =77.17
100 -61.05 -76.75 -80.28
-40 7 —+—Free Space Condition (Simulated)
= 4 ——Effect of a Tree (Simulated)
; -50 Effect of a Building (Simulated)
T_;
5-60 -
_s_g
2-70 A
—
5]
=
2-80 -
LE]
o
-90 T T T 1
20 40 60 80 100

Distance, (in Meters)

Figure 10. Simulated Received Power Level with Distances for the Three
Models at Frequency of 2400 MHz

4.2. Field Measurements Results and Discussions

4.2.1. Received Power Level in d B as a Function of
Transmitting and Receiving Antennas Distance under
Free Space, and Non Line-of-Sight Condition

Table 6 is the results from field measurements taken under
free space condition and non line-of-sight condition (areas
where the Lionet signal is obstructed by a single tree or a
building). Also, their corresponding plots are figure 11.

Table 6. Measured Received Power Level as a Function of Distance
between the Transmitting and Receiving antennas under Free Space, and
where the Lionet signal is obstructed by a Single Tree or a Building

. Mean Received Power Level (in dB)
Transmission

Distances

Free Space Effect ofa Effect of a
(in meters) Condition Single Tree Building
20 -5128 -55.70 -59.00
40 -52.80 -58.20 -65.64
60 -53.88 -59.44 -66.24
80 -5420 -60.56 -66.96
100 -57.56 -68.20 -69.88
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Figure 11. Plots ofthe Measured ReceivedPower Level with Distance for
the Three Scenarios at Frequency of 2400 MHz

Figure 11 shows that the output result under the free space
condition is higher due to no obstruction from trees or a
building on the Lionet signal. This was attributed to the fact
that under free space, the signal was assumed to be travelling
under a clear line-of-sight. But in the presence of a tree or a
building, part of the energy of the signal was absorbed by the
tree canopy elements such as the leaves, branches, and
construction materials used for the building etc.

Furthermore, the received power level under the free
space condition decreased from the highest power level of
-51.28 d B to the lowest power level of-54.20 d B. Also when
the signal was obstructed by asingle tree, the received power
level decreased from the highest power level of -55.70 dB
the lowest power level of -60.56 dB. When the signal was
obstructed by a building, the received power level decreased
fromthe highest level 0of -59.00 dB to the lowest power level
0f-66.96 dB. These indicated that the received power level
under the considered three scenarios are distance dependent.
Under the free space condition and when the signal was
obstructed by a single tree, the received power level
decreased gradually with the distance between 20 and 40
meters range. But when the signal was obstructed by a
building a sharp decrease in the received power level was
observed. Also the received power level seemed to decay
faster with the distance between 80 and 100 meters range for
the three conditions. But this was almost constant for the
distance between 40 and 80 meters range for the three
conditions.

4.2.2. Path Loss in dB as a Function of Transmitting and
Receiving Antennas Distance under Free Space, and
Non Line-of-Sight Condition

Fromthe measured received power level taken under free
space and areas where the Lionet signal is obstructed by a
single tree or a building, the measured path loss for the three
scenarios shown in table 7 were obtained using the
relationships:

Lgs = R—R, (43)
PLtree = l:.t_ Rr (44)
l:’Lbuilding = pt_ Rr (45)

The equation (43) was employed under free space
condition, equation (44) when the Lionet signal was
obstructed by a single tree, and equation (45) when the
Lionet signal was obstructed by a building.

Table 7. Results of the MeasuredPath loss under Free Space and the effect
of a Single Tree or Building at Frequency of 2400 MHz

Mean Path Loss (in dB)

Transmission o
Distances Free Space TreePath Building Path
(in meters) Path Loss Loss loss
(P LFS) (P Lm:c) (P Lbuﬂding)
20 70.28 74.70 78.00
40 71.80 77.20 84.64
60 72.88 78.44 85.24
80 73.20 79.56 85.96
100 76.56 87.20 88.88
100
— 90 7 |
=
80 7
é o & A__--"""——.‘
% 70 v—Q—Free Space Condition (Measured)
= 60 - ——Effect of a Tree (Measured)
i 50 - Effect of a Building (Measured)
40 T T T !
20 40 60 80 100

Distance, (in Meters)
Figure 12. Plots of the Measured Path Loss with Distances for the Three
Scenarios at Frequency of 2400 MHz

Figure 12 shows that the path loss is higher when Lionet
signal was either obstructed by a building or a tree as
compared to when the signal was free from any form of
obstruction. This was attributed to the fact that the
propagation of radio signal through free space was not
impeded by obstruction as compared when there were
obstructed by trees and buildings along its propagation
path[10]. Also the path loss increased gradually with
distance between 20 and 40 meters range, under free space
condition and when the Lionet signal was obstructed by a
single tree. The path loss increased sharply when the Lionet
signal was obstructed by a building. The path loss seemed to
rise faster with the distance between 80 and 100 meters range
for the three conditions. But this was almost constant for the
between 40 and 80 meters range for the three conditions.

4.3. Comparison of the Simul ated Results with the Field
Measurement Results for the Three Scenarios

The simulated path loss results and the measured path loss
results due to the obstruction of Lionet signal by asingle tree
and a building were compared using the simulated and
measured free space path loss results as the reference point.
Comparing the simulated free space path loss with that due to
the effect of a single tree, the losses at different distances
under consideration was 15.7dB. For that due to the effect of
a building, we found the losses at different distances of
consideration between 17.5 and 19.23 dB. Also, comparing
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the measured free space path loss with that due to the effect
of a single tree, the losses at different distances under
consideration were between 4.42 and 10.64 dB. For the case
due to the effect of a building, the losses at different
distances under consideration were between 7.72 and 12.84
dB. The result obtained for the scenario where the Lionet
signal was obstructed by a single tree, agreed with the field
measurement results obtained by Karlsson et al[24] in which
the path loss is between 1 and 16 dB at 3.1 and 5.8 GHz
frequencies. Also, the results obtained due to the obstruction
of the Lionet signal by a building conformed to result of
building penetration loss reported by Durgin et al[25] at an
average value of 14 dB. This implies that the effects of trees
and buildings on campus wireless networks are quite
significant.

5. Conclusions

This work has studied the effects of the obstruction of
trees and buildings on the Lionet wireless network. The
study revealed that one of the problems that hinder efficient
performance of the Lionet wireless network is the presence
of trees and built structures. This resulted in poor signal
reception, missing of data packets, delay in uploading and
downloading of data, and fluctuation of signals. The
mathematical models that described this physical problem
were formu lated, and simulated in computer program written
in MATLAB. The simulation results showed reasonable
agreement with experimental results for the studied three
scenarios. The results showed that attenuation due to the
presence of trees and buildings in the Lionet communication
path is substantial. The results also showed that the Path loss
increased, while the received power level decreased with the
distance of separation between the transmitting and the
receiving antennas, and vice versa. This study therefore
recommends that the power level of the Lionet signal
strength should be improved for efficient performance; more
access points should be deployed at locations where
obstructions are prevalent, and Lionet should possibly
migrate from wireless to fibre optic network.
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