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Abstract—With the development of various wireless communication net-
works, Wi-Fi Router positioning and deployment systems have become widely
popular in recent years to improve coverage in various environments. In this
paper, we present an appropriate mechanism for defining the deployment of
Wi-Fi Routers to improve coverage in the Oxford Languages Institute (OLI)
environment. In addition, the institute's environment was simulated using the
Wireless InSite (WI) Package. In this work, two types of Wi-Fi Routers are
used. The first is the TP-Link, while the second is the Rocket. These two devic-
es operate at 2.4 and 5 GHz frequencies. There are two objectives in this work.
The first aim is to determine the best location to cover the simulated scene envi-
ronment in a better way. The second aim is to compare Wi-Fi Routers to find
out which Wi-Fi Router is better and find out how many Wi-Fi Routers we need
to cover the institute's environment. The comparison between Wi-Fi Routers
was based on basic parameters to measure the performance of wireless net-
works, the most important of which are Coverage Rate (CR) Percentage, Signal
Quality Rate (SQR), and Received Power Rate (RPR). According to the results
that were shown on the Graphical User Interface (GUI) using MATLAB Soft-
ware. We noticed that the CR, SQR, and RPR of the Rocket are 83.9080%,
97.0082%, and -35.2337 dBm respectively, and these results are better than the
results provided by the TP-Link, as it gave the CR, SQR, and RPR are
32.1839%, 77.8690%, and -58.1685 dBm, respectively. Finally, we conclude
that CR using the Rocket is good and we need one device to cover the insti-
tute’s environment. While CR using the TP-Link is bad and we need five devic-
es to reach the coverage provided by the Rocket because the Rocket has high
transmitted power and gain capacity.

Keywords—mixed wireless network, CR percentage, SQR, RPR, optimal cov-
erage, RSS, PLs, delay spread.
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1 Introduction

In recent years, emphasis has been placed on spreading wireless communications
on the largest scale in various indoor environments [1]. Nevertheless, the increase in
wireless communication devices, which are characterized by low cost and higher data
rate services, has resulted in the provision of large quantities of operations for deploy-
ing wireless local area networks (WLANSs) across a wide variety of domains [2].
Wireless Fidelity (Wi-Fi) is known as one of the best most important and widely used
technologies and techniques, which has been applied in a wide variety of types for
indoor environmental areas [3]. The Wi-Fi technology works in accordance with the
international standards IEEE 802.11, whereby two unlicensed frequency bands 2.4
GHz and 5 GHz are specified for use and linked to different Wi-Fi-based transmitters
[4]. Hence, determining the best location for Access Point (AP) devices based on the
calculation of length and optimizing for AP deployment because the access point is
the main part of the network and its location plays a major role in improving network
performance as well as optimizing coverage for various environments. In context,
several algorithms and simulation scenarios have been presented by researchers in
various recent researches to predict the AP device coverage area based on the local
position [5]. Data transmission and receiving will be very important to measure and
analyse signal strength values using various appropriate parameters to obtain good
coverage areas. On the other hand, placing the fewest access points will lead to gaps
in coverage, poor and insufficient performance, dead areas and failure of signals to
reach the remotest areas inside or outside the buildings [6].

One of the most important aspects that many researchers have recently dealt with is
determining the optimal location for AP devices. As a result, many algorithms and
methods, and approaches have been introduced in order to properly recruit the AP in
order to obtain the best coverage. The first method was to manually locate the AP
based on a guess by the wireless network designer. However, this method has been
used over a long period of time with imprecise results [7]. Other researchers presented
new proposals based on mathematical models as in [8], as these models require effort,
a long time, and additional complex calculations. On the other hand, several research-
ers have introduced algorithms for an AP deployment. As in [9], the researchers used
a Multi-Purpose Genetic Algorithm (MPGA) as a way to obtain the optimal location
for the AP to be deployed in order to coverage the target areas well. According to the
results that emerged from the researchers, the Genetic Algorithm (GA) is imprecise in
determining the appropriate location for fixation of AP, as well as it is complicated in
terms of calculations and requires a long time to process. Meanwhile, other research-
ers in [10] used techniques supported by annealing simulation, in which models and
scenarios relied on experimental propagation to obtain the length and losses of the
wireless signal in indoor environments in order to enable the determination of the
appropriate location to installation the access point. The main disadvantages of these
presented methods are that they do not take into account the effects of materials used
in the construction of various structures, the thickness of materials, and types of walls.
In addition, an ideal deployment of the AP to improve coverage in an outdoor envi-
ronment was presented by researchers [11]. The researchers focused mainly on the WI
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Package in the design of the interior. However, their study was limited to determining
the best location for the AP for one floor only and did not take into account the im-
pacts and losses of multiple floors [12].

Moreover, an investigation has been presented regarding the appropriate deploy-
ment of AP in indoor buildings. This investigation was carried out using Ray - Trac-
ing methods. The focus of this work was on WI Package to design internal structures
[13]. Focusing in this work on basic parameters are path losses and received power
(RP) for each receiving point. Based on the results obtained by the researchers, they
note that it is not possible to determine the best location for its AP when there AP
more than one AP within the same building because a greater number of APs increas-
es the losses in the paths will increase, and this will lead to a decrease in the RP for all
the far receiving points deployment inside the building. In recent work, the researcher
focused on localizing the access point site based on the RSS algorithm, which relies
on measuring the path loss for each received point in the external network in order to
determine the number of APs devices to coverage the target area well. In this algo-
rithm, a small number of points were required to operate effectively but it may not be
able to correctly identify the specific sample especially in Non-Line-of-Sight (NLOS)
regions, due to the effects of collisions and the multipath reflections on the propaga-
tion of the signals transmitted from the transmitters to the receiving devices [14].

This paper focuses on the implementation and design of a mixed (Indoor and Out-
door) wireless network capable of working effectively to coverage the area and the
lowest costs in order to provide communication service in the best methods with fol-
lowing the modern methods in implementation. This work will be carried out in three
models: the first one is the simulation by using the WI Package. WI Package is an
electromagnetic simulation program for the specification and design of various wire-
less systems for communications, networks, and others. The second model is to study
the spread of signals and the most important obstacles that face the signals when
sending them from the transmitting antennas to the receiving points. While the third
model is a study of the best adaptation of the transmitter when changing it in more
than one place within the target area to obtain the best coverage, as well as obtaining
the least number of transmitters to cover the area well.

The remaining sections of the paper are organized as follows. In Section 2, the
main parameters for measuring the performance of the channel for the wireless net-
work are presented. Section 3 presents the most important parameters for measuring
the performance of a wireless communication network designed in this paper. Section
4 presents the hybrid wireless network design proposal (indoor and outdoor). While
Section 5 provides the best methods for presenting all the results of the paper, as well
as discussing and analyzing these results accurately. Finally, conclusions and future
work are presented in Section 6.

2 Wireless channel performance measurement parameters

Any implementation and design of an internal or external wireless network must be
studied theory in detail about tracking the design stages to provide all possible solu-
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tions to accomplish this implementation in order to obtain a network capable of oper-
ating reliably and at the lowest cost. In this section, a detailed explanation will be
given about the basics of signal propagation in mixed environments (indoor and out-
door) and the most important obstacles encountered by signals when sending them
from the transmitting antennas to the receiving antennas. A detailed explanation of the
basic parameters for measuring the performance of any wireless channel will be pre-
sented at the end of this section [15].

The characteristics of various wireless communication signals change drastically
when transmitted from transmitters to receivers. Therefore, these characteristics de-
pend largely on the distances between the transmitters and receivers. This distance
between the two devices or antennas is called the channel. There are several methods
and scenarios for measuring the performance of a wireless communication channel, so
that this performance differs from one wireless network to another, due to the style
and nature of the design of this network as well as the devices used. There are basic
and necessary parameters to measure the performance of each wireless networks, and
the most important of these parameters are the multiplicity of paths and the most
important obstacles facing signals when moving between antennas, path losses be-
tween the two antennas, and measuring the strength of the received signals. In addi-
tion, calculate the Signal-to-Interference Ratio (SIR) that the signal encounters when
it is transmitted from transmitter devices to received points in the simulated environ-
ment, and the delay time that the signal took to reach the receiving antenna [16].

2.1  Multipath between antennas

Multipath between antennas in wireless communication networks is the propaga-
tion phenomenon resulting from the radio signals that reach the receiving antennas in
more than one path. Therefore, the path of the wireless signal when colliding with
objects, these objects reflect some of these radio signals and this is called multipath as
shown in Figure 1 [17]. In addition, the phenomenon of paths multiplication depends
on the types and thickness of materials used in building the internal or external envi-
ronments.
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Fig. 1. The phenomenon of multiple paths.
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2.2 Path losses (PL)

It is an important and major component in analyzing and interpreting the correla-
tion of various wireless communication systems. In general, the path loss is a reduc-
tion in the transmitted power from the transmitters to the receiving devices. There are
many influences that affect the signal path when propagating in various environments,
and the most important of these effects are materials that reflect, absorb, break and
disperse the paths that travel between the antennas. In addition, after the distances
between the antennas and the multipath, all of these effects cause losses, and these
losses will cause the received power to decrease. To calculate the path losses through

Eq. (1) [18].
PL(dB) = 10« (log (dio)) +20 (log ("’;ﬂ)) (1)

Where d is the reference distance in free space, d is the length of distance be-
tween the transmitting antennas and the receiving points, A is the wavelength of the
signals transmitted between the antennas, a is one of the exponents of PL.

2.3  Received power (Pg)

Py is the power decrease and dispersion of the received signals when these signals
are transmitted between the transmitting and receiving antennas in free space. In gen-
eral, Py is affected significantly by many factors and influences that cause an unex-
pected decrease in this strength. The most important of these influences are barriers
and materials used in construction these barriers cause reflections, refractions, and
collisions, and this will disperse the strength of the received power. The Py value for
each path can be calculated by Eq. (2) [19].

_ PiA%GG
Pr(dBm) = 30 + 10 (log (222£2)) — L, 2)

Where Lg is an additional loss that occurs as a result of the network system's
operation, G, is the transmission gain, G, is the receiving gain, and P, is the power of
the transmitter.

2.4  Signal-to-interference ratio (SIR)

It is a basic and important measure in Communications and Information Technolo-
gy engineering by which the desired signal level can be compared to the noise level
encountered when the signal is transmitted from transmitters to receiving points. SIR
is the ratio of the power received by the receiving points from the transmitter to the
sum total of power from all interference sources. Therefore, it can be calculated by
Eq. (3) [19, 20].

SIR(dB) = 101logy1o(Pg) — 101og;0Urotar) 3)

Where I7¢4; is the total of the interference.

1JOE — Vol. 17, No. 13,2021 63



Paper—Implementation Mixed Wireless Network with Lower Number of Wi-Fi Routers for Optimal...

2.5 Delay spread (o,)

It is an important measure of a wide range of effects that affect the performance of
systems for different paths in the field of wireless communications. In general, it is
the time difference between the arrival of the first multi-paths component and the
arrival of the last path. It can be estimated and calculated by Eq. (4) [13].

2
Np
ZNP ﬂ_ﬂ P;
i=1\ ¢ Pgp t

PR

o, = 4)
Where L; is the total geometrical path length, c is the light speed, t; is the Arrival
Time (AT) for each path i*", and Np is number of received point.

3 RSS algorithm to estimate optimal coverage

To estimate the best coverage of the simulated scene environment and how many
Wi-Fi routers the simulated environment needs to get better coverage was focused on
the RSS algorithm. In this algorithm, the most important criteria and parameters to
measure the performance and business scenario of the wireless network designed for
the simulated scene environment were focused on improving coverage in the best way
and at the lowest cost. The most important of these parameters that have been empha-
sized are the ratio of CR, SQR, and RPR.

3.1 Coverage rate (CR) percentage

It is one of the most important basic information to determine the level of perfor-
mance, functioning, and stability of any wireless communication network. In addition,
this parameter focuses in its calculation on the total number of receiving points that
have the best RSS to the total number of points deployed in the simulated environ-
ment scene as shown in Eq. (5) [11].

TTHRP «100 % (5)
RP

CR(l) =

Where Tygp is the total number of received points that have the highest RSS and
Trp is the total number of received points deployed in a simulated scene environment.

3.2  Signal quality rate (SQR)

It is a value that ranges from (0 to 100) %. Whenever increase this value where the
SQR of the wireless network performance is better. The SQR values depend on the
theory of conditions that pass in each simulated environment, such as noise, path
losses, reflections, refractions, scattering, and absorption, and the paths transmitted
from the Wi-Fi Router antennas to the receiving antennas. In addition, depending on
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the performance of the systems, RSS, margin of the SNR, and wireless networking
hardware you use in the simulated scene environment. To accurately estimate the
values of the SQR, it can be calculated using Eq. (6) [21].

T
L EP [Z(PR(]-)+100)] %

Trp

SQRw = (6)

3.3 Received power rate (RPR)

It is one of the necessary parameters to determine the power performance of the re-
ceived power for each receiving point deployed in various environments. In addition,
by means of RPR, the power level of any transmitter can be determined. It can be
calculated by Eq. (7) [21].

T
3B (Prep)

Trp

RPR (dBm) )

The sequential steps followed in the RSS algorithm in order to estimate the optimal
coverage in the target environment are illustrated in the flowchart as shown in Figure
2.
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CStart 2

Measuring RSS values for 436 points deployed throughout the institute
environment for each location of the Router device using W1 Package.

]

Storing RSS values for all locations
in the databasc.

T

Calculate (SQR ) and (RPR ) for each location based on
Eq. (6) and (7) respectively.

i

Select the RSS band that represents the best-Received
Power that reaches the receiving points that are = -50 dBm.

Display a message indicat-
ing that RSS band is unavail-
able in the database,

Calculate Coverage Ratio (CR;)) Percentage based om an
RSS band for each Router device location based on Eq. (5).

Comparison
Yes between (CR(;)) to determine the
best coverage that represents the
best Router device.

I all comparisons of (CR ;) are equal?

Comparison between
(SQR;) to determine the best
Router device covers the envi-
ronment of the institute.

—)( Display the results on the GUIL )
( End > =

Fig. 2. The flowchart shows the sequential steps of the RSS algorithm in order to determine the
best coverage in the target environment.
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4 Proposed mixed wireless network model

The Oxford Language Institute in Baghdad was chosen for the purposes of design-
ing the simulation model. This institute consists of three floors (Ground Floor, First
Floor, and Second Floor) as well as external gardens. The aim of this paper is to cover
the institute with a good Wi-Fi network and with the least number of transmitters.
Where the integration and operational performance of the network on all parts of the
model operations. The building of the institute that was designed and simulated is
shown in Figure 3 as a result of a simulation model using WI Package.

Fig. 3. Geometrical design and building model for the institute's mixed environment
(indoor and outdoor).

The types and thickness of the materials used in building the institute’s scene envi-
ronment are listed in Table 1. The concrete material was used to build the roofs of all
floors, the brick material was used to build all the walls whether internal or external
of the institute, and the wood is used to design interior doors. In addition, metal is
used to design the exterior doors and window frames, and glass was used for the in-
ternal frames of the windows, while dense foliage was used to decorate the earth of
the institute's gardens.

Table 1. The thickness of all materials used in building the simulation scene.

Materials Thickness (m)
Concrete 0.300
Brick 0.280
Metal 0.0625
Glass 0.030
Dense Foliage 0.020
Wood 0.045
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The materials used to construct this scene using WI Package are mainly dependent
on the characteristics of the electrical analog parameters. Therefore, the International
Telecommunication Union (ITU) proposes that each material has conductivity and
permittivity, and this conductivity and permittivity depend on the type of material as
well as on the frequency used in the simulation environment [22, 23, 24, 25]. The
conductivity (o) and permittivity (g) values of the frequencies that have been used in
the work environment are listed in Table 2.

Table 2. Conductivity and permittivity values of various materials used in building the
simulated scene model.

Materials 24 GHz 3 GHz

4 & 4 &
Concrete 0.066 7 0.119 7
Brick 0.038 3.75 0.038 3.75
Metal e 1 e 1
Glass 0.012 6.27 0.066 6.27
Dense Foliage 0.1 1 0.1 1
Wood 0.012 1.99 0.026 1.99

The mixed network (internal and external) of the institute was designed by spread-
ing the transmitters and receiving devices in the simulated integrated building envi-
ronment. Two types of Wi-Fi devices were chosen, the first type is Tp-Link Router
and the second type is Rocket Router as shown in Figure 4, respectively. The anten-
nas properties of these two types of Wi-Fi are listed in Table 3. These two models
were chosen in order to test which type is best for institute coverage with Wi-Fi.

Antenna Gain = 14 dBi
Transmit Power = 30 dBm

Antenna Gain = 6 dBI
Transmit Power = 19.86 dBm

Rocket Wi-Fi Router

Tp Link Wi-Fi Router \ 4

Fig. 4. The names and forms of the Wi-Fi devices that will be installed in the institute's envi-
ronment.
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Table 3. The antennas properties of Tp-Link Wi-Fi, Rocket Wi-Fi, and Received Points.

Properties Tp-Link Rocket Received Points
Wi-Fi Router 'Wi-Fi Router
Omni Omni Omni
Directional Directional Directional

Waveform Sinusoid Sinusoid Sinusoid
Polarization Vertical Vertical Vertical
Transmit Power 19.86 dBm 30 dBm --
Receiver Threshold 96 dBm- 96 dBm- 96 dBm-
Electric Field Plane Beam Width 360° 360° 360°
Operating Frequency 2.4 and 5 GHz 2.4 and 5 GHz 2.4 and 5 GHz
Bandwidth 20 and 40 MHz 20 and 40 MHz 20 and 40 MHz
Antenna Gain 6 dBi 14 dBi 2 dBi

These two models of Wi-Fi devices were distributed and installed inside and out-
side each floor. Where one of the Wi-Fi devices was installed inside the ground floor
building of the institute and the second device outdoor in the ground floor building.
While the third device was installed inside the building on the first floor. In addition,
the fourth device was installed inside the second-floor building. Moreover, the receiv-
ing points were deployed on the ground floor are 286 points as shown in Figure 5(a),
the first floor had 75 points as shown in Figure 5(b), while the second floor had 75
points as shown in Figure 5(c). Therefore, the total received points that were deployed
all over the institute are 436 receiving points. The total number of Wi-Fi devices and
reception points deployed in the institute is shown in Figure 5. Wi-Fi devices and
received points are installed at a height of 2 and 1.20 meters, respectively.

=1

Eal=

- . '.
g o!o o —EF O

(a) Ground Floor.
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: RX
75 Received
Points

(b) First Floor.

) e

\ RX
75 Received
Points

(¢c) Second Floor.

Fig. 5. Deploying of a Wi-Fi devices and the receiving points for each floor in the targeted
institute building: (a) Ground floor, (b) 15 Floor, (¢) 2" Floor.

The 3D simulation design of the institute's scene environment that shows the loca-
tions of the four Wi-Fi devices spread over different floors and 436 receiving points
spread over three floors is shown in Figure 6. In addition, the distance between the
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receiving point and the other is 4 meters, as these dimensions are fixed and for all
points deploy whether on the ground floor, the first floor, or the second floor.

Received
Points

.
d

#‘?
l
Txﬁa#(Fluﬂr 2)

SO

Fig. 6. The 3D simulation design that shows the locations of the Wi-Fi devices and the receiv-
ing points for the institute environment using WI Package.

Two frequencies have been simulated and worked in order to obtain the appropri-
ate frequency to cover the institute's environment better so that frequencies are 2.4
and 5 GHz were relied upon. Each Wi-Fi device that was installed in the simulation
environment works on these two frequencies to find out which device is better to
coverage the target environment appropriately and better than where Frequency,
Transmit Power, and Antenna Gain. In addition, two bandwidths are 20 and 40 MHz
were used. The first bandwidth is 20 MHz for a device that carries a frequency of 2.4
GHz, while the second bandwidth is 40 MHz for a device that carries a frequency of 5
GHz.

5 Analysis and discuss results

The results of this section focus on measuring the performance of the signals and
the most important effects and obstacles, which have encountered the signals when
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transferring from the transmitting to receiving antennas in both Line-of-Sight (LOS)
and NLOS regions for two devices (Tp-Link Wi-Fi Router and Rocket Wi-Fi Router).
Therefore, four main parameters are related to the performance measure of the inves-
tigated signals presenting by path propagation, delay spread, path losses, and received
power.

5.1 Delay spread

The delay spread versus the distance for all the receiving points of the Rocket Wi-
Fi Router device for two frequencies 2.4 and 5 GHz are shown in Figure 7. We no-
ticed that the delay spread for two frequencies will gradually decrease as the frequen-
cy increases and distances between the Rocket Wi-Fi Router antennas and the receiv-
ing points deploying throughout the institute's scene environment. The main reason
for decreasing delay spread is the presence of barriers between Rocket Wi-Fi Router
devices and received points. These barriers impede the spread of signals as well as the
dispersion of the signal strength transmitting from the Rocket Wi-Fi Router to the
receiving antennas. There are other barriers that reflect and break the signal, such as
concrete and others. In addition, we noted that the delay spread is further reduced in
the NLOS regions because these regions contain a large number of inhibitors and
barriers that impede the signals and absorb the strength of the signals spread in the
simulated environment. Whereas in the LOS regions the decrease is much less than in
the NLOS regions because the signal will pass through a smaller number in terms of
barriers and walls.

a0’ x10”
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Fig. 7. The delay spread of two frequencies 2.4 and 5 GHz versus the distance for the installed
Rocket Wi-Fi device on all floors: (a) Tx 1 (Ground Floor), (b) Tx 2 (Ground Floor),
(c) Tx 3 (15t Floor), and (d) Tx 4 (2™ Floor).
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5.2 Path loss

The relation between path loss and different frequencies versus distance for all Tp-
Link Wi-Fi Router devices installed on all floors are shown in Figure 8. We noticed
that the path losses increase as the frequency increases, as the path losses at frequency
2.4 GHz have fewer losses than at frequency 5 GHz because as the frequency
increases, the wavelength of the user's frequency will be shortened. Therefore, the
signal does not reach the receiving devices as quickly as possible and will suffer from
not penetrating a large number of obstacles and barriers for this will increase the
path's losses. In addition, we noticed that the path losses also increase with the
increase in the distance between the transmitting and receiving antennas. Because as
the distance between the two antennas increases, especially in NLOS regions, the
signals will suffer from severe obstacles and barriers that cause absorption, refraction,
reflection, or scattering of paths, all of which will increase the losses of the paths
transmitted from the Rocket Wi-Fi Router device to all the receiving points deployed
whether indoor or outdoor the institute's environment.
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Fig. 8. The path loss for two frequencies 2.4 and SGHz versus the distance for the installed Tp-
Link Wi-Fi device on all floors: (a) Tx 1 (Ground Floor), (b) Tx 2 (Ground Floor), (¢)
Tx 3 (1%t Floor), and (d) Tx 4 (2™ Floor).
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5.3  Received signal strength (RSS)

The RSS of each received point depends on the proximity of the transmitter. There
are many effects that prevent the transmitter from sending the signals to receiving
points. The most important of these effects are the types of materials used in the con-
struction that have serious effects on the signal dispersion or prevention of the signal
penetration and others from obstacles. According to the results that appeared, the
Rocket Wi-Fi Router for frequency 2.4 GHz for all floors confirmed that the probabil-
ity of the RSS is better compared to other locations. Because the signals transmitted
from this location do not encounter large amounts of collisions and reflections. While
other locations observe that the signals transmitted of the transmitter are experiencing
reflections and collisions severe which will disperse the signal strength. As a result, a
weak signal will arrive at the received points as shown in Figure 9. It shows the value
of RSS for four locations of the Tp-Link Wi-Fi Router and Rocket Wi-Fi Router in-
stalled in the target simulation scene.

Received Signal Strength (RSS) Received Signal Strength (RSS)

TX1 (Ground Floor) X2 (Ground Floor)

RocketRouter |
(5 GHz)

TX2 (Ground Floor)
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Received Power (dBm)
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(a) (b)
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n
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N & . .
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Fig. 9. The RSS values for four locations of the Tp-Link Wi-Fi Router and Rocket Wi-Fi
Router for two frequencies are 2.4 and 5 GHz: (a) Tx 1, (b) Tx 2, (¢) Tx 3, and (d) Tx 4.
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5.4  Signal-to-interference ratio

The curves of the SIR versus distance are shown in Figure 10. As shown in Figure
10, the SIR increases with increasing distance and frequency and also increases with
increasing obstacles and barriers in the simulation environment. In addition, we no-
ticed that the SIR of the Wi-Fi Rocket Router is better than that of the Wi-Fi Tp-Link
Router because Wi-Fi Rocket Router has higher power and gain, which enables it to
penetrate the largest number of barriers and obstacles represented by walls. Moreover,
we noticed that the SIR at the frequency of 2.4 GHz is better than the frequency of 5
GHz because the higher the frequency, the shorter the wavelength of the signal carry-
ing this frequency.

260 ! ! ! ! ! !

240

=== \\i-Fi Tp-Link Router (2.4 GHz
== \\/i-Fi Rocket Router (2.4GHz)
== Vi-Fi Tp-Link Router (5GHz)

I—Wi-Fi Rocket Routler (5GHz) . i

2 10 20 30 40 50 60 68
Distance (m)

Fig. 10. The SIR curves versus distance for Wi-Fi Rocket Router and Wi-Fi Tp-Link Router
for 2.4 and 5 GHz.

5.5 Comparison of router devices performance

The comparison between the TP-Link Wi-Fi Router and the Rocket Wi-Fi Router
for a frequency of 2.4 GHz is shown in Figure 11, while a frequency of 5 GHz is
shown in Figure 12. The comparison relied on the most important parameters to know
the performance of wireless networks, whether internal, external, or mixed. The most
important of these parameters are the CR Percentage, SQR, as well as RPR for each
device and frequency. The values obtained for these parameters are shown in Figure
11 and Figure 12, we note that the Rocket Wi-Fi Router is better than the TP-Link
Wi-Fi Router in terms of all parameters, whether CR Percentage, SQR, and RPR for
the frequency of 2.4 and 5 GHz, because the Rocket Wi-Fi Router has highest trans-
mitted power and gain capacity from the TP-Link Wi-Fi Router. In addition, we note
that the CR Percentage for the Rocket Wi-Fi Router when the input value of the RSS
= (-50 dBm) is 83.9080%, while the TP-Link Wi-Fi Router is 32.1839% for each
device deployed in an institute environment.
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Il oShakiabsiac =

Results of Tp Link Router When (Transmitted Power = 19.86 dBi) and (Gain = § dBm)
When the frequency Is 2.4 GHz Coverage Rate (%) Signal Quality Rate (%) Received Power Rate (dBm)
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Fig. 11. Performance comparison between the TP-Link Wi-Fi Router and the Rocket Wi-Fi
Router for a frequency of 2.4 GHz.
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Results of Tp Link Router When (Transmitted Power = 19.86 dBi) and (Gain = 6 dBm|
When the frequency is 5 GHz Coverage Rats (%) Signal Quality Rate (%) Recelved Power Rats (dBm)

™ I 17.7011  69.8673  -63.8706

Select RSS Value 22.0690 657774  -65.8159
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16.0920 65.8425  -66.1858

Results of Rocket Router When (Transmitted Power = 30 dBi) and (Gain = 14 dBm]
Coverage Rate (%) Signal Quality Rate (%) | Received Power Rate (dBm)

Click on The Button 687356 946273  -41.2508
_ PushButon | 671264  90.8417  -43.1960
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67.1264  93.0453 -43.5660

Fig. 12. Performance comparison between the TP-Link Wi-Fi Router and the Rocket Wi-Fi
Router for a frequency of 5 GHz.

Moreover, if we want to cover the institute scene environment with the Rocket Wi-
Fi Router, we need one device to cover the simulated scene environment. While if we
want to cover the institute's environment with the TP-Link Wi-Fi Router, you should
know that we need five devices to reach the coverage of the Rocket Wi-Fi Router.
Finally, we conclude that using the Rocket Wi-Fi Router to cover the institute's inter-
nal and external environment is much better than the TP-Link Wi-Fi Router in terms
of coverage and lower cost. In addition, the use of five TP-Link Wi-Fi Routers will
increase noise, path losses, and other influences.

6 Conclusion

This paper presents a new approach to identifying and deploying Wi-Fi Routers for
mixed environments (indoor and outdoor). In this work, two Wi-Fi Routers were
used, the first is TP-Link and the second is Rocket. These two devices operate at 2.4
and 5 GHz frequencies. This paper relied on the most important parameters to meas-
ure the wireless network's performance which are CR percentage, SQR, RPR, Path
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Losses (PLs), Delay Spread (DS), and RSS. Two types of external and internal wave
propagation characteristics are presented in this paper. The localization algorithm was
implemented in three steps, the first studying the scene simulation of the target envi-
ronment using WI Package and then obtaining RSS. The second step is to calculate all
parameters to select the best Wi-Fi Router to coverage the simulation environment.
The last step is to monitor and display the results on the GUI using MATLAB Soft-
ware. Based on the results shown on the GUI, we noticed that the CR Percentage, the
SQR, RPR, PLs, DS, and RSS of the Rocket Wi-Fi Router are much better than the
TP-Link Wi-Fi Router. In addition, we concluded that we need one device from the
Rocket Wi-Fi Router to cover the institute’s environment, so that the CR percentage
reaches 83.9080%, while we need five devices from the TP-Link Wi-Fi Router to
cover until it reaches the coverage of the Rocket Wi-Fi Router. Because the Rocket
Wi-Fi Router device has a high transmitted power and gain capacity compared to the
TP-Link Wi-Fi Router. Finally, in this work, we reduced the cost, noise, etc. when
using the Rocket Wi-Fi Router, because as the number of routers deployed in the
simulated environment increases, the cost, noise, path losses, and other influences will
increase gradually.
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