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Abstract: We are living in the ubiquitous presence of wireless local area networks (WLAN). Now-a-days the internet
facilities are very rich in the urban areas as well as in the remote areas. And setting up a WLAN network simply facilitates
the connection more efficiently. In the day-to-day usage of internet, more and more networks get set up in places like
offices, homes etc. An optimal positioning of Access Point (AP) becomes a very important concern while setting up these
networks, especially the networks which aim to connect a large number of devices at once. It is expected that every device
would enjoy the best connection. This paper proposes a MATLAB based simulator which is capable of profiling parameters
like path loss and received signal strengths for any user defined transmitter position inside any given indoor environment.
While doing this, the simulator weighs in factors like attenuation caused by brick walls. This profiling ensures an optimal
positioning of APs within the network. In the end, the paper also tries to validate the model by comparing the simulated
results with practically obtained received signal strength values. The indoor conditions were taken from real life
environments and the simulation was performed to give a comparative idea of the path loss/received signals’ behavior
among the indoor environment.
Keywords: WLAN, Path Loss, Access Point, Signal Attenuation, Optimal Positioning

© 2020 BAJ. All rights reserved.
1. Introduction
Communication has always been one of the most
important aspects of human civilization. Since the dawn of
time, the development of the human race has gone hand to
hand with the advancement of the means of communication.
Since then, the means of communication has taken many
forms and now it has taken the digital form. The present age
is an age of digital communication. Every form of signal
being sent has some sort of digital signature in them.
Digitalization of signal has also opened a new era in the
world of signal communication. Now, signal can be sent to
distant places that were previously hard or even impossible
to reach. Now it’s a matter of just a few milliseconds.
Signals are not only carrying data on Earth but also it is
carrying data from out of space. Travelling thousands of
miles through space to reach the receiver placed on Earth.
That is made possible through the development of signal
communication. Advancement of the transmission of signal
has not stopped here. Continuous improvements are being
done. New equipment is being made for better signal
propagation and receiving. The time required for a
successful transmission and receiving of a signal has
decreased drastically now. The latency has become almost
0.1 milliseconds. The factors affecting the signal loss have
also been thoroughly investigated and many of them are
now compensated by one way or the other.
The usage of smartphones these days has enabled us
to communicate with each other in a fashion that is unseen
and unheard in the history of mankind. To ensure

uninterrupted high-quality internet connections, setting up
indoor wireless networks is one of the most common
phenomena now. IEEE standards like 802.11a [1] and
802.11b [2] are there to guide these networks to be
universally compatible. Setting up these networks
essentially helps to incorporate multiple mobile/stationary
devices to the internet gateway. Even different IoT devices
can be set up efficiently using these networks.

2. Related Works
The prediction of the behavior of a radio wave in the
indoor scenario is very important in this time and age. The
ever-increasing accessibility to internet means we are more
and more relying on wireless local area networks in our day
to day lives, almost everywhere, whether it is our home or
any office space or outdoors etc. So far, there have been
many studies which try to determine propagation models for
indoor scenarios. They indicate that the average received
power decreases in a logarithmic fashion in relation to the
travelled distance. Based on this, several models have come
up. One such model is the minimum mean square method
[3]. And then the path loss model is long-distance based
where the profiling for RSSI was done [4]. Among the
studies which were basically simulation driven, some
methods have been proposed that focused primarily on finite
difference time domain (FDTD) methods. These modellings
require a huge amount of computational power which can be
resourced by cluster-based computer systems [5].
Additionally, there have been studies which focused on
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finding an optimal positioning of Access Points (APs) for
suitable coverage planning. In a work [6], the authors
proposed a gradient based method to lower the signal loss
between two devices. In another work, an optimal model
was proposed which factored in parameters like overall
capacity, expense, area of coverage etc. [7]. In [8], an
interesting work was done to ensure maximum throughput
give a saturated coverage area. Some simulation-based
planning for coverage was done in [9]. In addition to these,
authors of [10] attempted multi objective modeling which
accounted for parameters like non uniform distribution of
user, interference signals from neighboring networks etc.
There have been some more works in the estimation of Path
loss Exponent (PLE). In [11], Hu et al. tackle the issue of
determining PLE values through a self-estimation process.
The same work is done by Zaarour et al. [12] who use
connectivity information to find out the values of PLE. In
[13], Alvarez et al. used GPS data for estimation of PLE.
Our work aims to develop a model to find out
suitable positioning of Access Points in a local indoor
environment for Wireless Local Area Network coverage
system. If only line of sight (LOS) propagation is concerned,
then only ideal state of propagation attenuation is calculated
which primarily depends upon travelled distance. According
to inverse square law, with the increase of distance, the
received power will decrease. But as we are talking about
indoor environment, there are more factors to consider other
than distance, such as wall attenuation, floor attenuation etc.
These attenuation factors vary from material to material. But
in most cases the significant path loss contribution comes
from concrete walls. This model factors in the concrete
walls in any floor map and focuses on finding received
signal strengths at every point in an indoor scenario
considering all the attenuations caused by walls. This study
investigates a residential floor map as well as an office
space for received signal profiling and thus optimal
positioning of Access Point (AP) is easily realizable.
2.1 Different Simulation Models
As discussed in the previous section, there have been
many approaches in modelling propagation models for
indoor wireless coverage planning. The indoor scenarios are
much different from free space path loss calculation.
Presence of obstructions of different materials causes
variations in the path loss. Some of the most common path
loss models are introduced below.
2.1.1 Cost 231 Multi Wall Model
In [15], a path loss model was used known as Cost
231 Multi Wall model. This model is based on the principle
of that the loss by overall penetration maintains a nonlinear
relation with the total number of floors which have been
penetrated [16]. The equation proposed by the Cost 231
Multi Model is:
𝑊

𝑃𝐿(𝑑) = 𝐿𝐹𝑆 + 𝐿𝑐 + ∑ 𝐿𝑤𝑖 𝑛𝑤𝑖 + 𝐿𝑓 𝑛𝑓

(

𝑛𝑓 +2
−𝑏)
𝑛𝑓 +1

(1)

𝑖=1

Here,
LFS represents path loss in free space where a straight
line path is maintained between Tx-Rx point.
Lwi represents typical loss for penetration of wall.
W is the number of different wall types.
nf represents number of total floors.

nwi represents the number of walls (type i)
Lf is the penetration loss per ﬂoor,
b and Lc are constants which are determined
empirically.
2.1.2 Motley Keenan Model
The Motley-Keenan model [13] is one such free
space propagation model that primarily includes attenuation
created by concrete walls, floors or any other obstruction
which is present in the propagation route. This model is
based on the following equation:
𝑃𝐿 = 𝑃𝐿0 + 20 log(𝑑) + 𝑛 × 𝐹𝑊𝐴 + 𝑘 × 𝐹𝐹𝐴 (2)
Here,
PL0= 20Log [4 πf/C]
d is the transmitter-receiver distance.
n represents the number of total walls in the straightline path between receiver and transmitter.
FWA is the Factor for Wall Attenuation
k represents the total number of floors between the
transmission and receiving point.
FFA is the Factor for Floor Attenuation.
It is clear from the equation that this model takes in
usual path loss factor as well as the attenuation factor for the
obstacles. One of the good sides of this model is that this
model allows a variety of frequencies to test so that the
proper choice of attenuation related parameters can be
chosen.
For office and personal use, the frequency is taken
about 2.4 GHz and the brick wall attenuation factor (WAF)
is taken about 12 dB[13].
2.1.3 One Slope Model:
This model is based on the assumption that the path
loss is linearly dependent on the logarithmic of transmitter
to receiver distance. This model only takes the distance
between the two point and nothing else. As mentioned
before, the signal follows a rule named the inverse square
law so with increasing distance, the power decreases. In
other words, as distance increases so will the path loss. The
equation of one slope model is expressed like this:
PL (d) = L1 + 10*k*Log (d) (3)
Here,
L1 = Path loss at the one-meter distance from
Transmitter and Receiver.
k is the exponent of Path loss.
d= Distance between transmitter and receiver.
The one slope model focuses on all kinds of path
losses which result from different propagation techniques
using the parameter path loss exponent. This is a fairly
simple model for implementation though it is not able to
provide for other factors such as obstacles of different
materials in the propagation path.
2.1.4 Wall and floor factor model:
This model is based on path loss in free space which
takes the indoor path loss factor with one extra feature of
taking the walls and floors attenuation factor of the building
as well. The loss is calculated by taking the total floor
number and total wall number that intersect the line of sight
between the transmitter and receiver. The equation on which
this model is based on is given below:
2

𝑃𝐿(𝑑) = 𝐿1 + 20𝑙𝑜𝑔(𝑑) + 𝑛𝑓 𝐿𝑓 + 𝑛𝑊 𝐿𝑊

(4)

Fig 1: Layout of the residential house Space recreated in the
workspace.

Here,
L1 = Path loss at transmitter and receiver separation
distance at 1 meter.
Lf= Penetration loss by each of the floor
LW= Loss through penetration by each of the wall.
20log (d) = Path loss caused by free space.
It is considered that the Wall and floor factor model
gives better result for indoor path loss calculation than the
calculation done by One slope model as there is a variety of
data available for better results
For the calculation of the signal strength of this
proposed model, Motley Keenan Model is used. This model
includes the attenuation factor caused by the walls and
floors. The factors taken into consideration in this model
suit perfectly for the algorithm that we have developed.
That’s why this model is chosen for our proposed model.
For this simulation, coverage for only a single floor is
considered. Also, the future developments in hand can be
easily incorporated using the Motley Keenan Model.

3. Methodology and Simulation Setup
MATLAB was chosen to be the simulation platform for
its various flexible features to accommodate the modelling.
Firstly, a layout or floor plan was recreated in the workspace
of MATLAB. We opted for two layouts for our simulation
environment, the first one was a residential layout and the
second one was an office layout.
The length of the residential home is 40 feet and width
are 50 feet. A total of 2000 square feet house space is
chosen for simulation. This particular layout is the home of
one of the authors of this paper. This was chosen for a
certain reason which is discussed later in section 6 of our
paper. The scaling is adjusted to replicate the original
environment.

Fig 2: Layout of the office space recreated in the
workspace.
The length of the office building block is 70 feet and
width are 60 feet. A total of 4200 square feet office space is
chosen for simulation. This particular layout was also
chosen from an actual office design for reasons mentioned
later in section 6. The scaling is adjusted to replicate the
original environment.
Any indoor environment would primarily have brick
walls and furniture made of different materials as inhibitors
for signal propagation. In our country most furniture are
made of wood and wood has a lower attenuation coefficient
than that of concrete/brick walls. In other words, the walls
are the primary source of attenuation of signal in the indoor
environment. Moreover, walls are permanent and thus easily
approachable for simulation environment, whereas
positioning of furniture is a random phenomenon and there
is certain mobility to the positioning of them. This is why
we disregarded furniture positioning in our layouts, but the
model is dynamic enough to accommodate any furniture
blockades by positioning them into the model and put proper
attenuation coefficients to those. The attenuation factor of
the wall material for 2.4 GHz WLAN signal is chosen as 12
dB. The presence of other materials such as glass or plastic
obstacles as well as human presence is not taken into
consideration for now. These factors will be addressed in the
future development of this software.
4. Proposed Path Loss Model
As we have mentioned already, MATLAB was used
for simulation purpose. We have reconstructed the walls
inside the layouts shown in Fig 1 and Fig 2 in the software’s
workspace by putting the coordinates which constituted the
walls in some matrices. While simulating, the user is given
the choice of positioning an Access Point inside the layout.
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Once it is done, the code individually generates a line of
sight connection from the positioned AP to each point of the
layout and determines the distances for each possible
receiver positioning. After that, the code is designed in such
a way that it determines the number of times the line of sight
crosses a wall through a counter, thus the number of times
the signal passes through a wall for every link is determined
in a dynamic fashion. Then, the model calculates the path
loss as well as received signal strength using the Motley
Keenan model, for each possible positioning of the receiver
for that particular AP positioning and puts a visual 3D
representation of path loss profiling and received signal
profiling. This is how the user gets a clear idea how or
where he/she may position the AP to provide maximum
healthy coverage of WLAN setup.
For our calculations, the frequency is chosen as 2.4
GHz to corroborate WLAN scenario and 𝐶 = 3 𝑋108 𝑚𝑠 −1
(speed of light). The transmit power was chosen as 20 dBm,
to suit the transmit power used by Asus 750l dual band 2.4
GHz router. The whole scenario maintains the 802.11c
protocol.
5. Simulation and Result
As previously discussed, the simulation was
conducted for two separate environments:
i. A residential house.
ii. An office space.
5.1 Simulation of Residential House Space
Here the simulation of Residential House Space is
shown. When the simulation initiates, the user is given
choice to input the positioning of the transmitter point (AP).
The Fig 3 shows the transmitter position which is chosen by
the user in the layout.
The simulation then goes on by calculating pathlosses
for every possible receiver point in the layout for the given
positioning of transmitter point. Fig 4 shows the path loss
profiling. It is easily visible in the 3D graph where the path
loss is low (toward the blue zone in the color bar) and where
it is comparatively high (towards red in the color bar). The
nearest point where the path loss is lowest shown in the
figure would be the point where the user has chosen the
positioning of AP. In Fig 4, it is clear that as we move
further away from the transmitter point, the path loss
gradually increases and certain red positionings of the path
loss profiling highlights the areas where the path loss values
are significant to inhibit smooth operation of coverage.

Fig 3: Positioning of the transmitter point (red point)
selected by the user for Residential House

Fig 4: Path Loss Profiling for the chosen transmitter point
of Residential House
In a similar fashion the received signal strength for
all possible positioning of receiver in all corners of the
house is calculated and shown as the received signal
profiling in Fig 5.
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Fig 5: Received Signal Profiling for the defined Tx point of
Residential House
In this case too, predictably, the received signal strength
is maximum at the transmitter point and its neighboring
areas (towards red in the color bar) and signal strength
struggles at places where the signal propagates by crossing a
number of brick walls (towards blue in the color bar).
To get a different point of view to understand better, we
can also use a top view (2D) graph for path loss profiling
(Fig 6) and received signal profiling (Fig 7).

Fig 6: The two-dimensional representation (top view) of
Path Loss profiling for the user specified transmitter point
for Residential House
From the concept of signal propagation, it is known that
the points that have the highest Path Loss will have the
lowest received signal and vice versa. From, the simulation
results it is clear that this method fulfills this condition
perfectly.

Fig 7: The two-dimensional representation (top view) of
Received Signal profiling for the user specified transmitter
point for Residential House
In the next step, the simulation driven theoretical values
for received signal were compared with practically obtained
values. We have used a mobile application named Wi-Fi
Master forcollecting the practical values, where received
signal strengths can be measured usingthe application.The
mobility of smart phones enabled us to roam around and
measure signal values in positions to our liking. The layout
that we chose for residential house is the current home of
one of the authors of this paper. It helped us to comprise the
practically obtained received signal values.

Fig 8: Different Rx points taken for practical
comparison of Residential Home
Three random points were chosen in the workspace layout
as the positions of receiver and for each case the theoretical
received signal strength was calculated through our model.
The chosen points are shown in Fig 8. Fig 9. These figures
show the three different values for three positionings of
receiver in the 2D view. Then the signal strength was
measured in those three spots using the mobile application
5

mentioned above. To match the case of the simulation, the
Wi-Fi router was put in the exact same position as it is
chosen in the simulation environment. Table 1 compares the
data between the simulated results and practically obtained
values.

Fig 10: Positioning of the transmitter point (red point)
selected by the user for Office Building

Fig 9: Received Signal Strength for 3 points in Residential
Home
Table 1 comprises all the results.
Table 1. Tabulation of theoretical values and the
practical values for received signal strengths in the
chosen three points.
Simulation Value
Practical Value
-68.16 dBm (POINT 1)
-64 dBm
-61.57 dBm (POINT 2)
-61 dBm
-75.49 dBm (POINT 3)
-72 dBm
5.2 Simulation of Office Space
Here, like before the workspace of an office space is
built within the MATLAB. Now the Tx point is chosen and
data is generated. The whole process is repeated just like the
residential house layout. The results are shown figures
below:

Fig 11: Path Loss Profiling for the chosen transmitter point
of Office Space
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Fig 12: Received Signal Profiling for the defined Tx point of
Office Space

Fig 15: Different Rx points taken for practical comparison of
Office Space

Fig 13: The two-dimensional representation (top view) of
Path Loss profiling for the user specified transmitter point
for Office Space

Fig 16: Received Signal Strength for 3 points in Office
Space
The results are tabulated in TABLE II.
Table II: Tabulation of theoretical values and the
practical values for received signal strengths in the
chosen three points:
Simulation value
Practical value
-58.49 dBm (POINT 1)
-54 dBm
-48.51 dBm (POINT 2)
-41 dBm
-68.51 dBm (POINT 3)
-62 dBm

Fig 14: The two-dimensional representation (top view) of
Received Signal profiling for the user specified transmitter
point for Office Space

It was found that for the residential case, considering
the logarithmic power (dBm), the error goes as far as 7%
and for the office case it goes as far as 16% of the
practically obtained received signal. The discrepancies are
within acceptable range and they are presumably there as we
have not considered loss due to other factors like presence
7

of human, furniture of different materials etc. The
discrepancy in the office space results was a bit high than
the cases of residential house and the office spaces were
filled with random furniture in a denser manner than that of
the residential case. The errors also give us scope to bring
further improvements in our model.

6. Conclusion
Every wireless system suffers from signal attenuation
among which pathloss is responsible for a great amount of
signal loss and distortion. So, reducing pathloss is of great
importance nowadays. Choosing an optimal positioning of
transmit point in an indoor WLAN can decrease pathloss
considerably and can lead to a more efficient coverage
planning, especially place with complex layouts like office
spaces. The simulation model described in this paper offers
an innovative approach to calculate pathloss and received
signal profile for any given indoor WLAN network. This
simulation software allows user to visually see how the
signal has distributed over the entire space which can give
the user the idea required to best choose where to put the
Transmission point in the indoor environment. The software
does not provide any fixed optimal location as the optimal
location will always vary to the needs of the user. It only
helps the user choose the optimal positioning of the AP best
suited to the users need. By choosing the best position of the
AP, the signal output should improve drastically.
The proposed pathloss simulation model at present
can only take conventional brick walls into the calculation
but there is built-in algorithm in the source code of our
proposed model which can easily incorporate other materials
of obstacles such as wood, glass, steel etc. The incorporation
of multi floor calculation is also in our list of works
designated as future development of the current model.
This proposed model is capable of implementing any
and all practical environments and the users can easily
create their own environments into this model and get a
visual idea of the signal distribution of their wi-fi router.
This particular software module can help any user to choose
their desired optimal AP positioning and enjoy better, faster
and stronger communication links.
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