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Abstract: We are living in the ubiquitous presence of wireless local area networks (WLAN). Nedays 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 caect 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 dafitieansmitter 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 triess 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 los3/&A 3SR aA 3yl f a
among the indoor environment.
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) uninterrupted highguality internet connections, setting up
1. Introduction indoor wireless networks is one of thmost common
Communication has always been one of the mostphenomena now. IEEE standards like 802.11a [1] and
important aspects of human civilization. Since the dawn of802.11b [2] are there to guide these networks to be
time, thedevelopment of the human race has gone hand tauniversally compatible. Setting up these networks
hand with the advancement of the means of communicationessentially helps to incorporate multiple mobile/stationary
Since then, the means of communication has taken manylevices to the internet gatewdagven different 10T devices
forms and now it has taken the digital form. The present agecan be set up efficiently using these networks.
is an age of digital communicationvé&ry form of signal
being sent has some sort of digital signature in them.
Digitalization of signal has also opened a new era in the2. Related Works
world of signal communication. Now, signal can be sent to The prediction of the behavior of a radio wave in the
distant places that were previously hard or even impossiblengoor scenario is very important in_this time and age. The
tormch. Now itd6s a matter @erindredshy accdssibility ¥ intBthet rhebn® & rRofed S -
Signals are not only carrying data on Earth but also it iSand more relying on wireless local area networks in our day
carrying data from out of space. Travelling thousands Oftg day lives, almost everywhere, whether it is our home or
miles through space to reach the receiver placed on Earthany office space or outdoors etc. So far, there have been
That is made possible throughe development of signal many studies which try to determine propagation models for
communication. Advancement of the transmission of signalindoor scearios. They indicate that the average received
has not stopped here. Continuous improvements are beingower decreases in a logarithmic fashion in relation to the
done. New equipment is being made for better signalyrayelied distance. Based on this, several models have come
propagation and receiving. The time required for a ,p One such model is the minimum mean square method
successful trasmission and receiving of a signal has [3]. And then the path loss moded longdistance based
decreased drastically now. The latency has become almosjhere the profiling for RSSI was done [4]. Among the
0.1 milliseconds. The factors affecting the signal loss havest,gies which were basically simulation driven, some
also been thoroughly investigated and many of them arémethods have been proposed that focused primarily on finite
now compensated by one way or the other. difference time domain (FDTD) methods. These modellings
The usage of smartphones these days has enabled ygquire a hge amount of computational power which can be
to communicate with each other in a fashion that is unseengggyrced by clustdvased computer systems [5].

and unheard in the history of mankind. To ensure aqgitionally, there have been studies which focused on



finding an optimal positioning of Access Points (APs) for nwi represents the number of walls (type i)

suitable coverage planning. In a work [6], thaethers Liris the penetration | oss
proposed a gradient based method to lower the signal loss b and Lc are constants which are determined
between two devices. In another work, an optimal modelempirically.

was proposed which factored in parameters like overall

capacity, expense, area of coverage etc. [7]. In [8], an2 1.2 Motley Keenan Model

interesting work was d@nto ensure maximum throughput The MotleyKeenan model [13] is one such free
give a saturated coverage area. Some simukésed  space propagation model that primarily includes attenuation
planning for coverage was done in [9]. In addition to these, created by concrete walls, floors or any other obstruction

authors of [10] attempted multi objective modeling which which is present in the propagation route. This model is
accounted for parameters like non uniform distributarf based on the followingquation:

user, interference signals from neighboring networks etc. Gy 00 c¢A i@ & "O0d Q "O06 ¢

There have been some more works in the estimation of Path Here,
loss Exponent (PLE). In [11], Hu et al. tackle the issue of 0,= 20Log [4 ~f/C]
determining PLE values through a seditimation process. d is the transmittereceiver distance.
The same work iglone by Zaarour et al. [12] who use n represents the number of total walls in the straight
connectivity information to find out the values of PLE. In |ine path between receiver and transmitter.
[13], Alvarez et al. used GPS data for estimation of PLE. FWA is the Factor for Wall Atteration
Our work aims to develop a model to find out k represents the total number of floors between the
suitable positioning of Access Points in a local indoor transmission and receiving point.
environment for Wireless Local Area Network coverage EEA is the Factor for Floor Attenuation.
system. If only line of sight (LOS) propagation is concerned, It is clear from the equation that this model takes in

then only ideal state of propagation attenuation is calculated;sya| path loss factor as well as the attenuation factor for the
which primarily depends upon travelled distance. According ppgacles. One of the good sides of this model is that this
to inverse square lawwith the increase of distance, the model allows a variety of frequencies to test so that the

received power will decrease. But as we are talking aboutyroper choice of attenuation related parameters can be
indoor environment, there are more factors to consider otheizhgsen.

than distance, such as wall attenuation, floor attenuation etc. For office and personal use, the frequency is taken
These attenuation factors vary framaterial to material. But  apout 2.4 GHz and the bkiavall attenuation factor (WAF)

in most cases the significant path loss contribution comess taken about 12 dB[13].

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
consdering all the attenuations caused by walls. This studyIOSS i
investigates a residential floor map as well as an office
space for received signal profiing and thus optimal
positioning of Access Point (AP) is easily realizable.

2.1.3 One Slope Model:

This model is based on the assumption that the path
s linearly dependent on the logarithmic of transmitter
to receiver distance. This model only takes tlistance
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
2.1 Different Simulation Models other words, as distance increases so will the path loss. The

As disussed in the previous section, there have beernequation of onslope model is expressed like this:
many approaches in modelling propagation models for

indoor wireless coverage planning. The indoor scenarios are PL (d) = Ly + 10*k*Log (d) (3)
much different from free space path loss calculation. Here,
Presence of obstructions of different matls causes L, = Path loss at the osmeter distance from
variations in the path loss. Some of the most common pathrransmitter and Receiver.
loss models are introduced below. k is the exponent of Path loss.
2.1.1 Cost 231 Multi Wall Model d= Distance between transmitter and receiver.
In [15], a path loss model was used known as Cost The one slope moddbcuses on all kinds of path

231 Multi Wall model. This model is based on the principle |osses which result from different propagation techniques
of that the loss by overall penetration maintains a nonlinearysing the parameter path loss exponent. This is a fairly
relation with the total number of floors which have been simple model for implementation though it is not able to
penetrated [16]. The equatioproposed by the Cost 231 provide for other factors such as obstacles of differen

Multi Model is: materials in the propagation path.
L ) ) ) [— 2.1.4 Wall and floor factor model:
Lo O 0 0 & ¢ p This model is based on path loss in free space which
takes the indoor path loss factor with one extra feature of
Here, taking the walls and floors attenuation factor of the building
Lrsrepresents path loss in free space where a straighhs well. The loss is calculated by taking the total floor
line path is maintained between-Rx point. number and total wall number that intersect the line of sight
Lwi represents typical loss for petration of wall. between the transmitter and receiver. The equation on which
W is the number of different wall types. this model is based on is given below:

ns represents number of total floors.



00Q 0 cmée@ €0 ¢ 0 4) Fig 1: Layout of the residential house Space recreated in the
workspace.

Here, QFFICE BUILDING
L, = Path loss at transmitter and receiver separation ;

distance at 1 meter.
L= Penetration loss by each of the floor WASHROOM
Lw= Loss through penetration by each of the wall.
20log (d) = Path loss caused by free space. Manager Room
It is considered that the Wadnd floor factor model
gives better result for indoor path loss calculation than the
calculation done by One slope model as there is a variety o Room-3
data available for better results
For the calculation of the signal strength of this
proposed model, Motlei{eenan Model is used. This model
includes the attenuation factor caused by the walls anc
floors. The factors taken into consideration in this model
suit perfectly for the algorithm that we have developed.
Thatdéds why this model idal. ¢
For this simulation, coverage for only a single floor is
considered. Also, the future developments in hand can be | Stote Room Room Room-2
easily incorporated using the Motley Keenan Model. i

Length

3. Methodology and Simulation Setup

MATLAB was chosen to be the simulation platform for Width
its various flexible features to accommodate the modelling. Fig 2: Layout of the office space recreated in the
Firstly, a layout or floor plan was recreated in the Workspaceworkspace_
of MATLAB. We opted for two Iayouts for our simulation The length of theoffice building block is 70 feet and

environment, the first onwas a residential layout and the \yiqth are 60 feet. A total of 4208uarefeet office space is
second one was an office layout. chosen for simulation. This particular layout was also

The length of the residential home is 40 feet and width chosen from an actual office design for reasons mentioned
are 50 feet. A total of 2008quare feet house space is |ater in section 6. The scaling is adjusted tolicage the
chosen for simulation. This particular layout is the home Oforiginal environment.

one of the authors of this paper. This was chosen for a Any indoor environment would primarily have brick

certain reason which is discussed later in section 6 of OURyq|i5 and furniture made of different materials as inhibitors
paper. The scaling is adjusted to replicate the originaltyr signal propagation. In our country most furniture are
envronment. made of wood and wood has a lower attenuation aiefii
than that of concrete/brick walls. In other words, the walls

RESIDENTIAL HOME are the primary source of attenuation of signal in the indoor
m environment. Moreover, walls are permanent and thus easily
KITCHEN approachable for simulation environment, whereas
positioning of furiture is a random phenomenon and there
BEDROOM -3 is certain mobility to the positioning of them. This is why
we disregarded furniture positioning in our layouts, but the
LIVING ROOM model is dynamic enough to accommodate any furniture
blockades by positioning them into the mbaed put proper
— DINNG ROOM 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
congderation for now. These factors will be addressed in the
BEDROOM -1 future development of this software.

WASHROOM-!

LENGTH

BEDROOM -2 GUEST ROOM 4. Proposed Path Loss Model

As we have mentioned already, MATLAB was used
for simulation purpose. We have reconstructed the walls
_ _ inside the layouts showninFigalnd Fi g 2 i n th
- ; o N workspace by putting the coordinates which constituted the
WIDTH : . L . o
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 generadene of Residential House

sight connection from the positioned AP to each point of the ! ‘ y— - ‘ ‘ '

layout and determines the distances for each possible

receiver positioning. After that, the code is designed in such BEDROOM 3

a way that it determines the number of times the line of sight al i

crosses a wall through a counter, thus the number of times ®,/

the signal passes through a wall for every link is determined m——

in a dynamic fashion. Then, the model calculates the patt i

loss as well as received signal strength using the Motley

Keenan model, for eagbossible 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 mmaxn

healthy coverage of WLAN setup. , I e
For our calculations, the frequency is chosen as 2.4 b B Wi;th oo

GHz to corroborate WLAN scenario add o @p 1 i ] o ) ] ]

(speed of light). The transmit power was chosen as 20 dBm, Fig 3: Positioning of the transmitter point (red point)

LIVING ROOM

T

WASHROOM -1

Length

BED ROOM -2 GUEST ROOM BED ROOM -1

to suit the transmit power used by Asus 750! dualdb2 4 selectedby the user for Residential House
GHz router. The whole scenario maintains the 802.11c

protocol.

5. Simulation and Result ) PATH LOSS PROFILE

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 thesimulation 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 posdile 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

PATHLOSS indB

loss is low (toward the blue zone in the color bar) and where [ES '
it is comparatively hightowards red in the color bar). The e Nearest Recieving Point =
nearest point where the path loss is lowest shown in the : ::‘\‘,\iLowestPathloss) S, 4 & °

3 'WA\.\‘ ~= ’/\//"\’7 & k) 4 ol

figure would be the point where the user has chosen the ;2
positioning of AP. In Fig 4, it is clear that as we move L >

further away from the transmitter point, the pdtss Length Width

gradually increases and certain red positionings of the path - ) )
loss profiling highlights the areas where the path loss values Fig 4: Path Loss Profiling for the chosen transmitter point
are significant to inhibit smooth operation of coverage. of Residential House

.
§ R

In a similar fashion the received signal strength for
all possible positioning of receiver in all corners of the
house iscalculated and shown as the received signal
profiling in Fig 5.
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Fig 5: Received Signal Profiling for the definedpbint of ) ) ) ) ]
Residential House Fig 7: The twedimensionatepresentation (top view) of
is maximum at the transmitter point and its néigting point for Residential House

struggles at places where the signal propagates by crossingfar received signal were compared with practically obtained
number of brick walls (towards blue in the color bar). values. Wehave used a mobile application named-fi

To get a different point of view to understand better, we Master forcollecting the practical values, where received
can also use a poview (2D) graph for path loss profiling Signal strengths can be measured usingthe application.The

(Fig 6) and received signal profiling (Fig 7). mobility of smart phones enabled us to roam around and
measure signal values in positions to bking. The layout
PATH LOSS PROFILE PROFILE 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.

" P RESIDENTIAL HOME
o | T T T
ENTRANCE
" s KITCHEN
il
: Poi 2
“” A BEDROON § S
7 B ar
£ " TrnsmisonPoin LIVING RoOM
o) - 0 " s
i = , - DN ROOM
¢ B . 0,
sHEE ﬁ WASHROOK
— 10
G Jﬁ»
”‘ § 0N ! O<—Poi-1 BEDROOM 1
: R it "
: i BEDROOMZ | GUESTROOM 4
o il
u W WEERE .
L | | | Il 1 Il
5 0 # 1 ® bl ] A L L 0 § o 2 L L)
Width WIDTH
Fig 6: The twedimensional representation (top view) of Fig 8: Different R points taken for practical
Path Loss profiling for the user specified transmitter point comparison of Residé&al Home
for Residential House Three random points were chosen in the workspace layout

From the concept dafignal propagation, it is known that  as the positions of receiver and for each case the theoretical
the points that have the highest Path Loss will have thereceived signal strength was calculated through our model.
lowest received signal and vice versa. From, the simulationThe chosen points are shown in Fig 8. Fig 9. These figures
results it is clear that this method fuffills this condition show thethree different values for three positionings of
perfectly. receiver in the 2D view. Then the signal strength was

measured in those three spots using the mobile application
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mentioned above. To match the case of the simulation, the OFFICE BUILDING

Wi-Fi router was put in the exactrsa position as it is r w
chosen in the simulation environment. Table 1 compares the 0} Washroom
data between the simulated results and practically obtainec o :
values. Manager Room Transimission Point
RECIEVED SIGNAL PROFILE ui
0- . 0 Room-3
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T HG) ) Fig 10: Positioning of the transmitter point (red point)
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Fig 9: Received Signal Strength for 3 points in Residential m
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.

PATHLOSS indB

Simulation Value Practical Value Nt i P ’
~68.16 dBm (POINT 1) 64 dBm ) (Lw;e:s“,atm"fs) ' X
-61.57 dBm (POINT 2) -61 dBm o
-75.49 dBm (POINT 3) -72 dBm L .
. ;
') .
5.2 Simulation of Office Space Length Width

Here, like before the workspace of an office space is
built within the MATLAB. Now the Tx point is chosen and Fig 11: Path Loss Profiling for the chosen transmitter point

data is generated. The whole process is repeated just like the of Office Space
residential house layout. The results are shown figures
below:



RECIEVED SIGNAL PROFILE
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Fig 12: Received Signal Profiling for the definedpbint of
Office Space Fig 15: Different R points taken for practical comparison of
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Fig 13: The twedimensional representation (top view) of
Path Loss profiling for the user specified transmitter point
for Office Space

RECIEVED SIGNAL PROFILE
e : Fig 16: Received Signal Strength for 3 points in Office
= ‘ Space
REsEE===c== iading ot == The results are tabulated in TABLE II.
' P Table II: Tabulation of theoretical values and the
g“” = ; practical values for received signal strengths in the
=S : = " chosen three points:
= = = Simulation value Practical value
s : R -58.49 dBm (POINT 1) -54 dBm
eSS = 1. -48.51 dBm (POINT 2) -41 dBm
= : = | -68.51 dBm (POINT 3) -62 dBm
W o B It was found that for the residential case, considering
0 » s Wi:ith J 4 . the logarithmic power (dBm), the error goes as far as 7%

and for the office case it goes as far as 16% of the

Fig 14: The twedimensional representation (top view) of  practically obtained received signal. The discrepancies are

Received Signal profiling for the usspecified transmitter within acceptable range ancethare presumably there as we
point for Office Space have not considered loss due to other factors like presence
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