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Abstract

For estimation of signal coverage and localization, path loss is the major component for link budget
of any communication system. Instead of traditional Doppler shift or Doppler spread techniques, the
path loss has been chosen for IEEE 802.11 (Wi-Fi) signals of 2.5 and 5 GHz to measure the signal
coverage and localization in this research. A Wi-Fi system was deployed in a MANET (Mobile Ad-
hoc NETwork), involving both mobile and stationary nodes. The Adhoc network was also assessed
in a routing environment under AODV and OLSR protocols. The proposal was evaluated using the
OPNET Modeler simulation environment.

Keywords: i-voting, signal coverage, localization, distributed scalable wireless networks, MANET,
routing protocols, AODV, OLSR.

1 Introduction

Current world is being run by wireless technology. This fastest growing technology is gradually as-
sembling people in this world with wide range of applications and hence, dependencies on wireless
technologies are rising sharp. But, major challenges those affect its users are the loss of signals or poor
signal coverage, weak localization, poor routing and many more like these. This research has identified
these issues as its research goals and in a MANET using a Wi-Fi communication network of 2.5 GHz
signal has been configured for an online Internet voting system [1].

Wi-Fi is a widely used wireless technology with a variance of its uses and its applicability having a
standard of IEEE 802.11. Users prefer generally its valuable characteristics, such as low cost, flexibility,
mobility and availability. It is commonly propagated at 2.4 GHz UHF and 5.8 GHz SHF ISM radio bands
with a maximum of 54 Mbps speed in any network [2]. Therefore, Wi-Fi was the primary consideration
for the wireless network of the MANET in this paper.

Signal Coverage in a wireless network is a major concern. For stable network coverage of the wireless
area, path loss plays an important role in link budget which is the evaluation of both attained gains and
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losses from transmitting end to receiving end of a signal in a specific medium of a communication
system [3]. Therefore, the term path loss is a dependent variable to the distance value of the signal
from the transmitter and the receiver of the Wi-Fi network. The coverage of the signal depends on some
parameters named as i. carrier frequency, ii. antenna height of both transmitter and receiver, iii terrain
contour and iv. building concentration. Besides, there is a variable in the path loss equation, termed as
attenuation and in this paper, bricks wall, wooden structure, metallic structure and electric fields [2][3].

Localization of any node in a wireless network field is another challenging issue. The target node
needs to discover wireless nodes within its transmission and receiving range so that it can obtain mea-
suring vectors to read wireless nodes. Nodes are not getting any signals from static nodes like single
mounted camera capturing images [4] or any stagnant single devices providing continuous signals; rather,
the system is depending on a wireless network. Therefore, the status and behavior of the signal strength
of transmitting and receiving signals are another main focus of this research. For getting the behavioral
status of the signal the uncertainty as a function as the Received Signal Strength (RSS) is calculated for
different attenuation values [5] [6].

Since the MANET is going to be used by greater number of users, assessment of the performance is
necessary. Routing protocols should be assessed considering some routing overheads such as congestion
control, delays, network load balancing, energy of nodes, media accessing, throughput and heteroge-
neous configurations. In such a case, some parameters should be given focus. However, the deployment
of ad hoc wireless nodes, accompanied by lower density (1 to 5 nodes) network as well as with the use
of traditional protocols are inefficient to overcome the technical bottlenecks [7] [8]. For both lower and
higher density of nodes (in figure 1 and figure 2), analysis of performances of routing protocols has
special significances not only for routing parameters but also for various attacks and vulnerabilities [9]
[10] [1]. This article also investigates the efficiency aspects of the different routing protocols (OLSR and
AODV) to be used in the MANET under Zigbee. The performance is assessed by taking account of five
parameters including Packet Dropped, Network Load, End to End delay, Throughput and Media Access
Delay.

In the OPNET Simulator environment, 10 and 20 nodes are considered for configuring MANET.

The application field of this article is an online Internet voting (i-voting) system (see Figure 3) which
have already been mentioned in our previous research [1]. Some fixed nodes termed as servers are the
target nodes and users are the mobile wireless nodes considered here. The wireless network is config-
ured in a building structure or the debris. The network coverage is computed through signal ranging with
attenuation factors under some constraints. Collapsed brick structures, wooden structures, metallic struc-
ture and electrical fields are taken in to accounts as such constraints. At the same time, localization of
wireless nodes are also studied so that the uncertainty function will discover the required localized range
with values of received signal strength. As both ranging of signal and localization are directly depending
on the behavior of the network, some parameters such as end-to-end delay, media access delay, network
load, packet loss and throughput of the wireless network under routing protocols (AODV and OLSR) in
a specific topology have been investigated.

The following research questions were identified:

a. What is the optimal distance measurement for wireless nodes for getting a minimum coverage and
localization of Wi-Fi signal?

b. What is the required protocol under a topology for some network conditions (parameters) for the
optimal performance of the wireless network?

The remaining of the article is organized as follows: Section 2 presents the related work, while
Section 3 details the methodology and simulation scenarios. Finally, the analysis of the results and our
conclusion are presented in Sections 4 and 5, respectively.
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Figure 1: MANET in the architecture.

Figure 2: National i-voting system at a glance.

Figure 3: Context network architecture diagram of the system [1].
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2 Related Work

Signal Coverage and Localization

Models that predicts wireless signal coverage under link budget have been developed over years.
There are many path loss models which use signal strength measurements to predict path loss and these
models provide efficient and reliable coverage area [2][11]. Link budget is an accounting evaluation
from attained gains and losses from transmitting end to receiving end of a signal in a specific medium of
a communication system [12]. So the right choice of path loss model is important to estimate path loss
correctly considering the effects of environment. Wireless LAN basically works in indoor environments.
The indoor environment suffers from various obstructions like reflection, diffraction, absorption losses
and losses because of floors and walls [13]. Several indoor path loss models were established to predict
signal strength [2][12]. They are divided into three categories: Deterministic, Empirical and semi empir-
ical [14] [15] [16]. The deterministic models presented in have high computational complexity because
they are used in complex indoor environment. Empirical models are found from a specific environment
through huge calculation and statistical analysis that apply parameters like received signal strength, fre-
quency, antenna heights, and terrain profiles [17][18] [19] There are some basic empirical models for
indoor environments [11] [3]:

a. Okumura model
b. Okumura-Hata path loss model
c. Cost-231 Hata model
The Okumura model is the most widely used empirical model based on enormous measurements and

tests and was built from the data taken in Tokyo, Japan. It operates between the frequency range from
150MHz to 1920 MHz and this range can be extended upto 300 MHz. Okumura have done numerous
field tests with different frequencies, transmitter height, transmitter power and finally made the decision
that signal strength decreases at a much higher rate than free space loss. This model acts as a base for
Okumura-Hata model.

The Okumura-Hata model is also known as Hata model. It is formulated from the graphical path
loss data provided by Okumura. It operates in the rage of 150Mz to 1500MHz and is only applicable for
microcell planning.

The Cost-231 Hata model is the extended vesion of Okumura-Hata model and it mainly works for
higher range of frequencies like 1500MHz-2000MHz for predcting path loss in mobile wireless system.

There are also mathematical models of indoor propagation environments [11] [20] including the Log
distance path loss model, the Log normal shadowing model, and the Two ray model.

Log distance path loss model expresses the path loss as a function of distance by the use of path loss
exponent. Path loss exponent expresses at which rate path loss increases with distance while the close
reference distance is estimated through measurement. Path loss exponent depends on particular environ-
ment ranging from 1.2 to 8. As the value of path loss exponent decreases, signal loss also decreases.

Log normal shadowing takes into account in different levels of clutter on the propagation path. As a
result the measured signal is different from the one measured in log distance path loss model.

The two ray model does not depend on measurements, instead it depends on indoor environments to
predict signal propagation within the building. It basically predicts path loss when the received signal is
composed of line of sight component and multipath component formed by a single ground reflection.

MANETs
The MANET is in use with various routing protocols. Panchard [8] highlighted the role of WSN on
agricultural activities (such as irrigation and plantation) for small land owners and farmers. In this
approach, data was collected by conducting survey while the system was designed and implemented by
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using a decision support tool. Shiravale and Bhagat [7][8] configured a WSN by using a master-slave
(point to point) system with short hop addressing scheme of IPv6. Here, the network was built on the
single topology with limited application of protocols also [21]. In other works, WSNs have been utilized
in irrigation purposes [22][23][24][25] and natural disasters [26][27][28].

MANETs are usually configured with both the proactive and reactive routing protocols such as
AODV, DSR and OLSR [29][30].

In case of routing problems, most research works found reactive routing protocol to be dominant
over proactive routing protocols and AODV performs better than those of others [7]. This protocol uses
traditional routing table and for each destination there is a single entry in the routing cache.

The i-voting system which is the research focus of this article, was not initiated with the term ‘In-
ternet’ at first. Rather a proposed system has been mentioned in the works [10] and [1]. Major threats
have been pointed out and security experts expressed their concerns on ‘protection’, ‘electronic ballot’,
‘safety of voters’, ‘safety of data transactions’, ‘confidentiality of votes’, ‘accountability’, ‘online voting
from remote places’, ‘accuracy’, ‘transparency’ and ‘verifiability of elections’ [10] [1].

3 Methodology, Scenario, and Simulation Environment

For effective coverage of Wi-Fi signals in the debris, the following ISM frequency bands have been used:
5 GHz, 2.4 GHz, and 900 MHz. The path loss model has been adopted. The values obtained from the
echo signals are run through in a simulated environment with different attenuation factors under certain
constraints such as bricks wall, wooden structure, metallic structure and electric fields to achieve the
required function of the path loss.

For localizing a set of nodes treated as target nodes have been deployed. Some mobile nodes (users)
are also been set in the building area for reading these nodes. Hence, target nodes obtains some measured
vectors and the behavior of Received Signal Strength (RSS) known as the uncertainty function [31][11].

Later on, the network is assessed under some parameters such as end-to-end delay, media access
delay, network load, packet loss and throughput using a proactive routing protocol, OLSR and a reactive
routing protocol, AODV under a MANET in Zigbee environment.

Signal Ranging

The path loss (PLDeb) contains a relation with the distance d (Euclidean distance) according to the
following equation [11]:

d = 10(
PLDeb

α
) (1)

α is the attenuation related with the distance multiple of 10 having an index of path loss/loss factor
for

1. brick walls
2. wooden structure
3. metallic structure and
4. electric fields
The value of Xg is considered as zero (0) for all possible losses considering Brick walls, wooden

collapsed structure, metallic structure and electric fields are considered as 2, 3, 6 and 5.
Therefore, the modified path loss model is derived from the following equation:

PL(d)[dB] = PL(d0)+10∗α ∗ log10
d
d0

+X0 (2)
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Xg = p∗AF +FaF (3)

AF is the attenuation factor for brick walls, wooden structures, metal structures, or electric fields,
while FaF incorporates all fading factors including slow or fast.

Localization

The Received Signal Strength (RSS) or the received power is directly related to the distance [11].

RSS ∝
1

distance2 (4)

Again considering Eq. 3
The value of Xg is considered as zero (0) again.

Performance of the MANET

As Reactive routing protocols AODV, and as Proactive routing protocols OLSR are considered as
these are the optimal protocol in mentioned parameters of this network.

The simulation is performed both in 10 and 20 nodes densities for three topologies with a duration
of 600 (sec). Each node is given an IP in IPv4 scheme. The area is considered as 1000 x 1000 (m) for
MANET as larger field is considered for installation and deployment of this topology. A 100 x 100 (m)
area is considered for both single hop star and mesh topology.

4 Analysis of Results and Discussion

Signal Ranging
Path loss for brick walls and collapsed brick walls are least compared to other constraints (wooden

structure, metallic structure and electric fields) in Figure 4. With the rise of the distance, attenuation of
wooden structure, metallic structure and electric fields rises more compared to that of brick walls.

Localization

When α = 2, there is less immediate change of attenuation and the limit stays from 0 to 60 for all
four constraints in Figure 5.

When α = 5, the rise of sharp changes are rapid compared to that of brick walls (α = 2) in Figure 6.
When, α = 6, the rapid change of attenuation continues compared to that of α = 2 in Figure 7.
Therefore, brick walls are more feasible compared to wooden, metallic or electric field structure for

wireless nodes to be localized and a better received signal strength.

Performance of MANETs
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Figure 4: Path Loss for signal ranging under constraints.

End-to-end Delay
The end-to-end delay is defined as follows:

Average end-to-end Delay = ∑(T drp–−T ssp)/NoP

where T drp = Time of Destination received packets, T ssp = Time of Source sent packets, and NoP
= Number of packets.

In both 10 and 20 node environment, OLSR performs better whereas AODV minimizes broadcasts
required through creation of routes (on demand).

AODV maintains sequences for each destinations which prevent routing loops and that should made
AODV faster than any other protocols.

But the scenario says that OLSR is the fastest of all for its proactive nature where it computes all
possible routes to all nodes and save it in its rout cache.

Media Access Delay
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Figure 5: Path Loss for localization when α = 2.

OLSR performs better with both 10 and. AODV uses the traditional routing table (one entry per
destination in the route cache and does not create any loop in the network). But OLSR outperforms all
having the least media access delay due to its proactive nature.

Network Load

In both 10 and 20 node environment, OLSR has less network load than AODV. AODV uses traditional
routing table. OLSR has more network load than reactive routing protocols.

Throughput

In both 10 and 20 node environment, OLSR performs best. Because of its proactive nature, OLSR
sends Topology Control (TC) packets along with Hello packets to all nodes for discovering of routes.
After discovering of all nodes in symmetric or asymmetric nature, the transferring of messages become
more stable which results better throughput than that of other protocols. But, in a highly dense nodes
network, the result may fall.

Throughput = Pbytes/T
Pbytes = Size of the Received packet
T = Time
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Figure 6: Path Loss for localization when α = 5.

Packet Drop

In both 10 and 20 node environment, AODV performs optimal. As AODV is loop free and can
self-start, route maintenance and discovery are efficiently handled. It can establish unicast route with
less memory utilization and hence, with minimum network utilization, it does not create overhead to
the network. After getting a link failed, AODV instantly notifies all nodes and AODV uses destination
sequence number for optimal routing. Therefore, packet drops are less than any other protocols in the
network. Packet delivery can be further assessed from the following equation:

PDF = NPr/NPs
PDF = Packet delivery fraction
NPr = Number of packets received
NPs = Number of packets sent
Under Zigbee protocol, the MANET has greater sustainability on Network load tolerances (in Table

1 and Table 2) as it has multiple links to communicate to other nodes.
In case of Zigbee network (in Table 1) AODV for its reactive nature starts up with less delay, network

load and packets dropped. But the average performance in terms of delay is not better than OLSR. OLSR,
for its proactive nature results an optimal delay and throughput in Zigbee environment.

AODV and OLSR are again assessed in the environment of NS3 exclusively to watch their perfor-
mance and adaptability in a scalable network. With 10, 20 and 400 nodes, in a 100 sec simulation time
and a constant bit rate traffic the two protocols were evaluated and the following results were obtained
(Table 2).

Here, in Table 2 it is clear that OLSR is faster than AODV as it has less delay in transmission of
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Figure 7: Path Loss for localization when α = 6.

Table 1: Results for different parameters
Parameter AODV OLSR

Throughput 120.378 180.315
End-to-End Delay 0.0119 0.0138

Network Load 146.124 176.87
Media Access Delay 0.00079 0.00092

Packet Dropped 1.16 1

Table 2: Results for different speeds
Speed (m/s) AODV OLSR

10 100% 100%
20 100% 100%
40 97.92% 96.46%

data. As a reactive routing protocol, AODV consumes more time than OLSR. But, after the first routing
caching by nature of reactive routing, AODV is more reliable in re-routing of data and it is reliable
than OLSR (from Table 1 and Table 2). Hence, AODV is more adaptable to scalable network where
performance of the network varies with the growth of nodes and other parameters of the network.
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5 Conclusion and Future Work

Under the debris, wireless nodes are deployed as fixed (targets) or mobile nodes (users). Several con-
straints such as brick walls, wooden, metal structures or electric fields played major role for this research
of finding signal strengths and pass losses for both signal ranging and localization. But, still mapping
against each constraints have not yet been done due to time constraints. The research plan has been set
for future works. We have drawn a strong scenario with Zigbee environment under several topologies.
However, only the scenario of MANET has been included in this article. As proactive routing protocol
OLSR and GRP dominate in end to end delay, media access delay and in handling of throughput. Reac-
tive protocols perform better in packet drops and handling of networks loads. AODV performs better in
packets dropped and in more scenarios than those of OLSR. In terms of the five parameters mentioned
in earlier sections the protocol AODV has better result in three topologies with different parameters.
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and Organizacional Engineering degree from ETS Ingenieros Industriales, University of Málaga, Málaga
(Spain). He has also achieved the MBA degree from Escuela Superior de Estudios de Empresa (ESESA),
Málaga (Spain).

23

https://www.dataloggerinc.com/resource-article/basics-signal-attenuation/
https://www.dataloggerinc.com/resource-article/basics-signal-attenuation/


Estimation of Signal Coverage and Localization
in Wi-Fi Networks with AODV and OLRS Siddiquee et al.

Zainal Abedin received his B.Sc. degree in Computer Science and Engineering from
Chittagong University of Engineering and Technology (CUET), Bangladesh and is
currently ppursuing his M.Sc from the same university. He is currently with the Fac-
ulty of Science, Engineering and Technology of USTC, Bangladesh as an assistant
professor. His current research interests include image processing, WSNs, signal pro-
cessing, and machine learning.

Mohammad Shahadat Hossain is a Professor of Computer Science and Engineering
at the Chittagong University (CU), Bangladesh. He did both his MPhil and PhD in
Computation from the University of Manchester Institute of Science and Technology
(UMIST), UK in 1999 and 2002 respectively. His current research areas include e-
government, the modeling of risks and uncertainties using evolutionary computing
techniques. Investigation of pragmatic software development tools and methods, for
information systems in general and for expert systems in particular are also his areas

of research.

24


	Introduction
	Related Work
	Methodology, Scenario, and Simulation Environment
	Analysis of Results and Discussion
	Conclusion and Future Work

