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Abstract - The knowledge of the optimum number of
base station is the most important parameter when
designing wireless communication systems; as this
assures quality of service. While stochastic geometry was
seemed to be particulary appropriate for Modelling
wireless communication of large scale networks, In this
study a spatial (stochastic geometry) is applied in small
network (W-LANs) for developing an optimization model
with the purpose of determining the optimum location
where the Access Point can be positioned. An analysis
and investigation was conducted taking into
consideration of signal to interference noise ratio
(SINR) and probability of connectivity. On the
development of the Model, the adjustment of the
parameter was done so that the model can be used in
Small Networks.
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1.0 INTRODUCTION
In the last twenty years, the technology and the
market of computing were moving from big
centralized resources mainframe computer with
terminals into smaller more distributed resources
personal computers[1]. As a consequence of this
progress materials are becoming isolated and not
efficiently utilized. Instead, communication is
becoming indispensable for all business, scientific,
and other tasks[2]. The necessity for this and
communication capabilities was behind the
promotion of computer networks. One important and
universally used type of computer networks is the
Local Area Network (LANs)[3]. LANs are
characterized by limited range, private exercise, and
high speeds. In the last six years the mobility in
computing and communications became very
important, specifically for business practice[4].

Mobility means the devices are small in size which
can be carried easily. The above scene doesn’t apply
to fixed wired connections. For the facts, the only
communication which seems appropriate for mobile
application is wireless communication. The
insinuation of mobility on computing appeared in the
advancement of Notebook personal computers[5]. At
last, Wireless Computer Networks of which Wireless
Local Area Networks are one kind is where the effect
of mobility on computer network evolution
appeared[6]. In this twenty first century, one of the
active areas of technology development is Wireless
communications. This growth is being motivated
primarily by the revolution in technology. The call for
new wireless capacity is on the rise at a very rapid
pace[7]. As the business firms’ environment becomes
increasingly mobile, user counts on campus wireless
LANs are constantly on the rise and with the increase
of Wireless Fidelity equipped personal portable
devices, device counts are rapidly increasing[8].
Among the advantages of W-LANs includes;
coverage, mobility, scalability, flexibility and ease.
The information technology revolution is dominated
mostly by Wireless local area networks. The
knowledge of the optimal number of base station is
the most important object when designing wireless
communication systems; this ensures a quality of
service[7]. In W-LANs, a minimum of three Access
Points can cover a given physical area with no cochannel interference. With this condition, increasing
the number of users that can access, a given Access
Point in a given coverage area remains a challenge,
but also adding an Access Point due to the changing
in environment to existing W-LANs remains a critical
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challenge. Interference is the one of the complex
performance factors which affects the Wireless
Systems including, the Wireless Local Area
Networks. The signals received from the transmitters
around are subtracted or added by the signals
obtained from the other transmitters. The signal
power emitted from any transmitter decreases
uniformly in all directions with the distance, the
positions of devices with their fading characteristics
contribute a lot to interference[7]. While Stochastic
geometry seemed to be particularly appropriate for
Modeling wireless communication networks of large
scale networks, in this research spatial (stochastic
geometry) analysis is applied in a small network
(WLANs) for determining the locating points of an
Access Point in a probabilistic way, particularly in a
hotspot environment.
1.1 General Concept
The general idea of the methodology is to establish
the procedure used to develop an optimization
algorithm which will be used to determine an
optimum distance of placing an AP where coverage
will be optimum.

until all the three model results are within the required
threshold. The distance which will result for all three
models to be above threshold, is said to be the
optimum distance.
1.2 Over View On SINR and Probabilty of
Connectivity
1.2.1 Signals to Interference Noise Ratio
The number of active transmitters with respect to
each other doesn’t have a significant impact on
interference, instead the number of active transmitters
and their distances from their intended receivers are
the factors which contribute to the interference[9].
There is also an importance of finding outage resulted
from interference effects in terms of probability.
Below is the equation which was developed under the
basics of stochastic geometry, and it was purposely
for (multihop networks) BTS to femtocell link
deployment The abbreviations which are to be
applied in simulation codes are also shown.
Table 1: SINR Model

Model
𝑆𝐼𝑁𝑅0

Abbreviations
h=power fading
−𝛼
ℎ00 𝑝0 𝑟
coefficient of the channel
=
𝑛
𝑁0 + ∑𝑖=0 𝑝|ℎ0 | 𝑋 N= Noise Power
𝑖
P= Transmit power
Α = attenuation
SINR = signal to
interference noise ratio
r=distance

Figure 1: The Model Schema

The process of determining the optimum distance will
require a number of iterations of varying the distance

Adjustment of the Model; since the model was
applied in cellular and Ad-hoc network, then its
simulation results are un-realistic when they are
applied in W-LANs. Due to that fact, the Model was
studied deeply and then modified so that it can give
realistic results when it is simulated in W-LANs. The
parameter which was modified is
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Table 3: Probability of connectivity

h = Power fading coefficient of the channel to the
desired receiver 0 from node i.
The modification that was done, is considered to be
a constant value and is defined as a mean attenuation
of all active links from users’ device to the AP.
Table 2: Modified Model

Modified Model
𝑛

𝐾00 = 1⁄𝑛 ∑ ℎ00
𝑖

𝑆𝐼𝑁𝑅0
=

𝐾00 𝑝0 𝑟 −𝛼

𝑛
𝑁0 + ∑𝑖=0 𝑝|ℎ0 | 𝑋
𝑖

Abbreviations
K=Mean power fading
coefficient of the
channel
N= Noise Power
P= Transmit power
Α = attenuation
SINR = signal to
interfrence noise ratio
r=distance

Assumptions
 Users are modeled as nodes
 Users/nodes transmit power at a different levels
 Users are also interferers to each other when
they are trying to access the access point (AP)
 Attenuation exponent is constant for each user
(environmental factor)
 Only uplink traffic is considered (from
users/nodes to access point)
 The numerator of the power fading is assumed to
be the average of all the individual links which
are connected to the AP
1.3 Probability of connectivity
The idea of calculating/developing the probability of
connectivity is to model and simulate the area
localization which is a function of distance and
attenuation. It is expected to alter the distance (r) and
attenuation, and this will provide different probability
values which will mark out the optimal placement of
an access point (better localization) based on the
values obtained.

Original Model
2 β2⁄α C(α)]

Ps = exp[−λr

Abbreviations
Ps = Probability of connectivity
C(α) = Attenuation [Rayleigh]
β = minimum level required for acceptable interfrence
α = Attenuation constant
λ = density of nodes [number of active transmitters in a
given area (A)]

Adjustment of the model; since the model was
applied in cellular and Ad-hoc network, then its
simulation results are un-realistic when they are
applied in W-LANs. Due to that fact, the Model was
studied deeply and then modified so that it can give
realistic results when it is simulated in W-LANs.
The parameters which were modified are;
λ= density of nodes.
C (α)=Attenuation (Rayleigh fading was considered)
α= Attenuation constant
The modification done;
𝜆2 =density of nodes was squared; this is because the
areas in cellular and Ad-hoc networks are large
compared to that of a W-LANs which was giving unrealistic probabilities in W-LANs.
C (α)= Attenuation contributed by the environment
(indoor values were taken)
α=Attenuation of individual link from the AP to
users’ devices.
Table 4: Modified Probabilty Model

Modified model
2
2 𝑟 2 𝛽 ⁄𝑝𝑓 𝛼]

𝑃𝑠 = 𝑒𝑥𝑝[−𝜆

Abbreviations
Ps = Probability of connectivity
C(α) = Attenuation [Rayleigh]
β = minimum level required for acceptable interfrence
α = Attenuation constant
λ = density of nodes [number of active transmitters in
a given area (A)]
pf = individual users attenuation
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α = pf

Assumptions
 β is a theoretical value and is subject able to
changes (adjustable)
 Density of transmitters is assumed as the
number of laptops which are trying to connect
to an access point (AP) in a given area
 α is an attenuation contribution of the
environment
 Pf is represented as a matrix attenuation of
individual links (nodes)
2.0 The Summary
The table below shows the modification which have
been done on the models which were developed
specifically for cellular and Ad-hoc networks. The
modification done were purposely for adjusting them
so that, they can be applied in W-LANs. Before
adjustment, the SINR models’ application in WLANs was showing that; SINR is directly
proportional to distance. This is correct in cellular and
Ad-hoc networks where there is channel planning.
However, considerations are taken the cellular level
and also interference is between cells to cells. In WLANs interference must be inversely proportional to
distance, this is because we take into consideration on
users' devices; referencing to a single AP but also
other Non-W-LANs sources which cause interference
is taken into account. It should be known that SINR
is a ratio. The probability of connectivity was giving
un-realistic results due to the fact that; the density
value in W-LANs network is different from those in
cellular and Ad-hoc networks. First the density was
adjusted and next the previously used fading.
Table 5: Modified Model

SN Name
1

SINR

Original Model
SINR 0
=

2

Ps

h00 p0 r −α

n
N0 + ∑i=0 p|h0 | X
i

Ps = exp[−λr

2 β2⁄α C(α)]

Modified
Parameter
𝐾00
𝑛

= 1⁄𝑛 ∑ ℎ00
𝑖

C(α) = α
λ = 𝜆2

SN Name
1
SINR

2

Ps

Modifed Model
K 00 p0 r −α
SINR 0 =
n
N0 + ∑i=0 p|h0 | X
i
2
2 r2 β ⁄pf α]

Ps = exp[−λ

The next stage was the application of the model
which was suggested by this research. The positions
of users at their random position with their devices
Figure 2: Wing Building

were collected. The collected data includes;
attenuation (LOS was considered), users devices
transmit power and their respective distances from
the AP and importantly the radiated power of the
Access Point. From the current location the RSS for
each user was simulated and the results were
analyzed. Using the RSS vectors obtained. The model
was developed by adding a condition which will
receive the RSS vectors and test for the required
threshold values. The AP will move, as it moves the
free-space path loss will change and as a result the
RSS vectors will also change. The condition added to
the model for optimization purpose will compute
until all of the discrete RSS vectors in a given area
are within threshold value. When the AP was moving
along the corridor so as to find the best position, the
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current position was the best which will make users F
and U fall within threshold of RSS and SINR.

Figure 3: RSS V/S Distance
Figure 5: Probabilty of Connectivity VS Distance

The Algorithm was developed by combining three
independent models; the multi-wall model, SINR and
probability of connectivity models. The flow chart
below shows the working of the developed
algorithm/models.

2.0 DEVELOPMENT OF THE
OPTIMIZATION MODEL

Figure 4: SINR VS Distance

The flow chart above shows what has been done so
as to find the optimum position of placing an AP for
optimum coverage. The flow starts from the existing
RSS AP positioning technique and then it advance to
the same objective by adding two adjusted models
which were proposed by this research. The Added
Modified models were SINR analysis and probability
of connectivity. The model begins with the evaluation
of indoor AP positioning where Multiwall Model was
used. The inputs are; transmit power of the AP, free
space loss, wall or floor attenuation loss and at least
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The optimization model flow chart

developed model will repeat where inputs for
maximum, step-size and minimum will be changed
until all or most of the users' devices are within the
threshold. If they are within threshold value the
developed model will evaluate the Probability of
connectivity. The same procedure as the one, which
is explained on evaluation SINR will be performed.
If the probability of connectivity will be within
threshold value, then the AP will be moved to the
maximum mean distance selected when the
evaluation of indoor multi-wall model. The flowchart
explains the model, which is developed by this study.
From the indoor multi-wall model, the research
advances by adding two modified models which are
SINR and probability of connectivity. The way on
how the models were applied for optimization
purpose; where finding the optimum coverage is the
main objective is also shown.
3.0 EVALUATION OF THE MODEL
(OPTIMIZATION)
The application of the developed models was done in
two phases. On the first phase was the evaluation of
RSS vectors. This was done by making a range of
distance iterations which will change the freespace
path loss. This was done until all of the RSS vectors
are within the threshold value.

the minimum maximum and step-size of the distance
at which the AP will move and compute the mean
RSS of users’ devices. The iterations based on the
maximum to minimum will be done whereby at the
output the graph presenting all the iterations with the
mean values will be passed automatically. From the
graph, the maximum mean value will be used to
calculate the SINR. After the calculation of SINR, the
test will be done so as to check where the output
values are out of threshold values, if they are the

Figure 6: Wing A Building
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The AP was moved from point A to half between
point A and B with the maximum number of
iterations of 62. The second phase was done by
measuring the situation where another AP can be
added without causing interference to the existing
AP. The model developed in section 3.8.5 will be
used in this phase two.
3.1 Test Results;
The following section presents the results of the
experiment performed. The first graph shows the
current RSS of users’ before optimization process.
The second graph shows optimization procedure
where he number of iterations done versus the mean
value of all RSS vectors is presented. The next one
shows the optimal positions of the users’ device from
the AP after adjusting the AP position.

Figure 8: Optimzation Iterations Process

The above graph presents the iterations done,
whereby the AP was moved at a distance of 30
meters. The mean received signal strength was
recorded when the AP was moving at that range of 30
meters. The results show that, at a distance of 16
meters is where there is a maximum received signal
strength. The aim of making an iteration process is to
find a point where an optimum distance where the AP
can be put so as to get an optimum coverage.

Figure 7: Results Before Optimization

The graph above present the received signal strength
of users in the area 3 before the optimization process.
The received signal strength ranges from -75 dBm to
-97 dBm at a distance of 10 to 19 meters.
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Figure 10: SINR Results After Optimization

Figure 9: RSS Results After Optimization

The above graph shows the users received signal
strength after the optimization process. A zero point
on the graph is at a distance of 16 meters in the area
3. The negative distances represent the opposite
direction with respect to the positive one. The result
shows that, the RSS of users’ ranges from -68 dBm
to -76 dBm it has improved due to the optimization
process.

Figure 11: Probabilty of Connectivity Results

The two graphs above presents the results of the
optimization which was shown (optimized model
flow chart ) The first one shows the SINR values for
individual user and the next one shows the probability
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of connectivity of users. As it was shown on the flow
chart. both results were tested for threshold with the
aim of finding a point where AP can be placed for an
optimum coverage.

interference and probability of connectivity within
that kind of environment.
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