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Preface

First, in Chapter 1, we discuss cooperative communication by
highlighting wireless channel impairments and addressing cooperative
architecture gains. We offer a systematic guide to understanding
fundamental principles and implementing valuable taxonomies.
The literature review supports the need for a thorough investigation
into existing cooperative protocols, and the proposal for a design
tor developing a cooperative communication model is presented
in Chapter 2. Furthermore, the central hypothesis presented in the
literature review indicates that meaningful results may be obtained by
efficiently selecting relays with correct channel estimation. The rest of
this book, which is characterized by its focus on how and when to
select relays, will seek to address the lack of studies on successful relay
selection in the form of a cooperative communication model under
such channel conditions.

In Chapter 3, two sophisticated routing algorithms based on
MACC and distance parameters are implemented to maximize the
benefits of CR in a multi-radio-multi-channel large-scale wireless
network. The combined throughput and transmission time of the
proposed algorithms are similar to the IACR algorithm. The best
relay node with the best channel capability is identified among
candidate relay nodes by using nodes near to LOS between source

IX
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and destination and away from the source node as a guide. The
dynamic CA with high channel functionality is formulated at the
access point using the global chart. According to the simulation, the
proposed cooperative relay selection algorithm reduces propagation
delay and average hop count by 27.5 and 32.5 percent, respectively.

Chapter 4 proposes an energy-efficient transmission scheme for
large-scale multi-radio multi-hop cell ad hoc networks to reduce
energy usage. Better BER efliciency can be accomplished without
increasing network power by introducing spatial multiplexing. The
suggested EET scheme utilizes spatial multiplexing and dynamic
power allocation to the nodes to achieve the target BER. The proposed
scheme saves about 99 percent of energy as opposed to fixed power
transmission, according to the simulation results. The efficiency of the
proposed EET is often evaluated in terms of the number of hops for
a normalized distance between the source and destination. According
to the simulation, we will save up to 91 percent of energy while we use
the EET.

A hybrid multi-hop cooperative routing algorithm for LC-
MANET was described in this work. To counteract the mobility
impact and reduce the total number of hops, combine clustering and
location-based techniques. Incorporated optimization mechanisms in
each hop and obtained the optimum number of cooperative nodes by
maximizing the number of transmitters and receivers simultaneously.
When opposed to the conventional routing approach, simulation
results indicate that the proposed algorithm saves up to 53.42 percent
in energy consumption.

Simulations were used to draw the results in Chapters 3, 4 and 5.
Rayleigh fading was the channel model used in the simulations. This
model, we assume, is a decent approximation for the channels. It will
be more informative, however, to simulate the schemes and algorithms
suggested in this research utilizing more practical channel models.
However, it could be desirable to expand the resource distribution
to involve resources, utilizing either short-term or long-term power
restrictions. Similarly, by having many people in the framework to
share system resources and addressing the resource allocation issue, the
work may be extended. Furthermore, the selection schemes, unlike the
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optimum algorithm, are subject to node numbering. As a consequence,
we propose the development of an efficient numbering scheme
that enhances node-selection efficiency. In the future, the impact of
imperfect synchronization on the Large-Scale Cooperative MANET
model will be considered.
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About this Book

An ever-growing demand for higher data-rates has facilitated the
growth of wireless cellular networks in the past decades. Cellular
communication systems often suffer from interference, fading and
multipath distortion caused by multiple users sharing a limited range
of frequency bandwidth. These networks, however, are known to exhibit
capacity and coverage problems to the end-user. Nevertheless, many
aspects of cooperative communications are open problems. Cooperative
communication scheme is an inherent network solution, based on relay
nodes, and has emerged as a promising approach to increase spectral,
power efficiency, network coverage, and to reduce outage probability.
Transmitting independent copies of the signal generates diversity and
can effectively combat the deleterious eftects of fading. In particular,
spatial diversity is generated by transmitting signals from different
locations, thus allowing independently faded versions of the signal
at the receiver. Space diversity techniques are particularly attractive
as they can be readily combined with other forms of diversity, e.g.,
time and frequency diversity, and still offer dramatic performance
gains when other forms of diversity are unavailable. In contrast to the
more conventional forms of space diversity with physical arrays, this
work builds upon the classical relay channel model and examines the
problem of creating and exploiting space diversity using a collection
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of distributed antennas belonging to multiple terminals. Although
the advantages of multiple-input-multiple-output (MIMO) systems
are well known, it may be impractical to equip very small mobile
equipments with multiple antennas. This is primarily due to the size
and power limitations of these nodes. To overcome these issues, and
embrace the benefits offered by the MIMO systems, the concept
of cooperative relaying can be successfully implemented in cellular
communication.

Due to the advances in cooperative communication, many efforts
have been spent understanding and improving the benefits of
deploying cooperative relays in wireless networks. However, most of
these studies on cooperative relaying have been mainly looked at from
the standpoint of small-scale wireless networks typically a network
with a single source, destination and relay which may not be realistic,
especially for multi-hop wireless networks. On the other hand, in
the last few years studies show that employing multiple channels in
wireless networks can mitigate the negative effects of interference and
thus substantially enhance the performance of wireless networks.

Motivated by these ideas, it is thus worth investigating the benefits
of integrating multiple channels into large-scale cooperative wireless
networks. In this book, we address this problem and propose a model
known as cogperative network with multiple channels (CoopMC) which
deploys cooperative relays in large-scale networks and uses multiple
channels to reduce the impact of interference in such networks.
Specifically, we focus on deriving the capacity of CoopMC model,
including network capacity analysis, optimal power allocation, resource
allocation and relay assignment and reveal the important insights on
when a network can benefit from cooperative communications and
how multi-channel networking can further improve the network
capacity.

In Chapter 3, two sophisticated routing algorithms based on MACC
and distance parameters are implemented to maximize the benefits
of CR in a multi-radio-multi-channel large-scale wireless network.
The combined throughput and transmission time of the proposed
algorithms are similar to the IACR algorithm. The best relay node
with the best channel capability is identified among candidate relay
nodes by using nodes near to LOS between source and destination
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and away from the source node as a guide. The dynamic CA with high
channel functionality is formulated at the access point using the global
chart. According to the simulation, the proposed Cooperative relay
selection algorithm reduces propagation delay and average hop count
by 27.5 and 32.5 percent respectively.

Chapter 4 proposes an energy-eflicient transmission scheme for
large-scale multi-radio multi-hop cell ad hoc networks to reduce
energy usage. Better BER efliciency can be accomplished without
increasing network power by introducing spatial multiplexing. The
suggested EET scheme utilizes spatial multiplexing and dynamic
power allocation to the nodes to achieve the target BER. The proposed
scheme saves about 99 percent of energy as opposed to fixed power
transmission, according to the simulation results. The efficiency of the
proposed EET is often evaluated in terms of the number of hops for
a normalized distance between the source and destination. According
to the simulation, we will save up to 91 percent of energy while we use
the EET.

A hybrid multi-hop cooperative routing algorithm for LC-
MANET was described in this work. To counteract the mobility
impact and reduce the total number of hops, combine clustering and
location-based techniques. Incorporated optimization mechanisms in
each hop and obtained the optimum number of cooperative nodes by
maximizing the number of transmitters and receivers simultaneously.
When opposed to the conventional routing approach, simulation
results indicate that the proposed algorithm saves up to 53.42 percent
in energy consumption.
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1

INTRODUCTION

1.1 Background

Wireless networking is broadly accepted today due to the ability for
uninterrupted communications and mobile communication, and these
solutions have changed the existence of knowledge transmission in
wireless networks and will have an effect on wireless networks in
the future. Technological advances and state-of-the-art networking
capabilities have recently enabled customers to monitor the whole
business setup remotely from anywhere. Electronic gadgets develop
intelligent functionality and capabilities for domestic use and are
powered by hand-held devices that make homes smarter. The concept of
integrating wireless networking in existing networks has advanced; the
Smart Grid, for example, uses a wireless connection to link computers
and/or appliances. Remote learners have been taught by online video
conferencing, webinars, and video interviews. Furthermore, in a large
range of applications, wireless sensors are found in mobile devices that
are simple to set up.

Moreover, wireless communication has already evolved as an integral
part of daily life. Since wireless communication is everywhere and well
known, it has been accepted as a basic means of communication as
it comes to 4G wireless access, WLAN communication available at
the office, at home or at any public place based on Wi-Fi or portable
M2M communication, for e.g. tracking systems in the manufacturing
industries and transport, GPS in cars, or medical devices. With various
environmental variables, wireless users face undesirable wireless channel
impairments, including flickering, path loss, scattering, reflecting and
shadowing. But apart from all these channel impairments, there’s also
the fading effect to consider, which all degrades the effectiveness of
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wireless communication. However, by the turn of the century, the
progress of wireless communication had been slowed by various effects,
including multi-path fading, path distortion and shadowing. Because
of the variations in channel quality in the wireless environment,
traditional wired communication techniques are difficult to use in the
wireless world. People have embraced diverse approaches to leverage
diversity in various areas of spectrum, such as time, frequency and
distance.

New proposals to fix the problems of interference and fading
are suggested in the sense of the design specifications for wireless
communication. In the past, solving these effects has led to few trade-
offs in terms of efhiciency, but today there’s a lot of focus on taking
advantage of these characteristics to produce the optimal output. The
transmission nodes/devices of the network take the benefit of relaying
on cellular networks. Theoretically, working on a way to upgrade
broadband networks may enhance wireless connectivity.

Bit and power allocation policies should be formulated over
frequency, time and space as a result of channel knowledge, so that
more and more resources are allocated to channels that are more
effective and energy-saving by avoiding transmission to weak
channels in order to conserve resources. While data on channel
information is not available, space-time and space-frequency codes
can be used to improve reliability. For improved spatial diversity,
multiple antennas must be integrated into a modern wireless
transceiver due to advancements in the MIMO Principle. However,
in some applications where the size and cost of wireless equipment
are limited, multiple antennas cannot be mounted in a single terminal.
When collaborating with neighbor nodes in the wireless network,
this has become a promising and enticing option. This collaboration
is the result of a process known as cooperative communication.

1.2 Need and Importance

In an attempt to address long-accepted limitations, communication
across wireless networks using relay nodes is now one of the most
important innovations in recent times. Relay nodes, which include
both the source and the receiving point, are an incredibly essential part
of the cooperative process to improve output. As shown in Figure 1.1,
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Relay

Destination

Broadcasting

Figure 1.1 Simplest form of relay channel with three nodes.

the basic concepts of the relay network, especially the relay channel,
have been applied to determine the transfer potential of the channel.
The sum of bandwidth retained is the primary design factor in the
relay network. Prior to the revival of recent interest in collaboration
and relay networks, the research of relay networks was limited.
Cooperative networking, a type of network node sharing, improves
the channel’s congested capacity while also extending coverage and
performance. The relay selection method, which makes use of the right
estimate of the channel, also has the capacity to contribute to solving
the above wireless channel problems. In the past decade, wireless
communication has taken enormous strides. Although wireless system
advances are dated to several years, major improvements are noted
in data rates, hardware capacity, and battery life. New technological
advances have made it possible for researchers to think outside the
box and to build protocols for the wireless network that vary from
conventional point-to-point (P2P) communication with a central
control node. The ad hoc and cooperative wireless networks are an
example, where the term “any”is omitted from the canonical taxonomy,
enabling wireless communication for any node. The wireless channel’s
competitive architecture is what attracts new research interest and is
the most significant part. This means that this nature of broadcasting is
infringed where the propagation from the source node is unable to reach
the expected destination because, for that reason, there is a fair benefit.
In order to generate new ideas about distributed communication, the
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flow of information between nodes is essential. The advancement of
various MIMO-enabled antenna technologies has been one of the
most momentous scientific developments in recent years. MIMO
devices have the greatest capability to increase the performance of the
network using signal processing techniques. These data-processing
strategies can entail the integration of signals obtained from various
antennas as a result of multiple transmitting and receiving routes.

Cooperation is a fresh architecture requirement in reaction to
the ongoing trend in wireless networking that uses the transmitted
existence of the wireless medium and achieves transmitting through a
distributed setup. While this new region promises advantages such as a
reduction in power usage, an increased service area and enhanced data
speed, additional problems need to be thoroughly explored.

1.3 Motivation

'The higher demand for data rates in cellular networks has precipitated
the proliferation of these wireless networks in the past decades.
Cellular networking networks are vulnerable to interference, multipath
distortion and fading due to shared frequency bands. However, these
networks face bandwidth and coverage challenges for the end user.
Regardless, most knowledge about cooperative cooperation remains
an unanswered topic. Cooperative networking scheme is an underlying
network solution, based on relay nodes and an approach to improve
spectral, power performance and network coverage. The variety in the
propagation of the signal will minimize the effects of fading.

Spatial diversity is created by spacing out the signals at the
receiver, letting each receiver receive a slightly different version of the
transmitted signal. Space diversity approaches are especially appealing
because they provide a wide variety of diversity options without
depending on the availability of other sources of diversity, e.g., time
and frequency diversity. This cooperative network formulates the
problem of producing and optimizing space diversity across a series
of distributed antennas belonging to many terminals, as opposed to
conventional forms of space diversity with specific physical arrays.
While MIMOs are known for their various advantages, it may be
impractical to equip small mobile equipment with several antennas.
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This is because of the power needs of these machines. In order to solve
these problems, and accept the advantages of MIMO cell systems,
cooperative protocol relaying is the way to go.

In the advancement of cooperative communication, numerous
attempts have been made to explore the use of cooperative relays and
to improve the benefits of their use. However, most of these mutual
relay experiments have been limited to local wireless networks and
are typically a single source, destination and relay network that is
inefficient to multi-hop wireless networks. Multiple channels within
wireless networks may reduce a few of the negative consequences of
interference, according to new research, enhancing network efficiency.

1.4 Problem Statement

Enabling co-operation in wireless networking ultimately relates to
the nature of relay collection and cooperative routing concerns. While
all of these architectural issues have been discussed separately and
thoroughly over the past few years, the design of cooperative networks
still has some problems that need to be solved.

* Extending the cooperative communication technique to large-
scale networks is prone to significant interruption; multi-
radio multi-channels are used in large-scale wireless networks
to minimize interference by concurrent transmissions
over orthogonal channels. Capitalizing on these possible
advantages, there is a need for efficient routing and powerful
mapping of radio channels.

* Energy efficiency is a crucial factor in the success of large-
scale ad hoc wireless networks. In a cooperative network, by
incorporating spatial diversity, the performance of the network
can be improved with the same amount of power and energy
consumption. There is also the need to minimize energy
consumption with the optimal power allocation approach.

* Cooperative Communication (CC) is implemented in large-
scale mobile ad hoc networks to leverage the benefits of the
CC technique. Energy consumption and network lifetime are
major challenges for large-scale Cooperative Mobile Ad hoc
Networks (LC-MANET). The high data rate applications are
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rapidly requiring high capacity, which increases the energy
usage and thus reduces the network’s lifetime. However,
routing is also a key issue in MANETS, since every node in
the network has mobility so it can freely move in any direction.
Therefore, there is a need for an effective routing algorithm to
improve reliability of the network and energy consumption.

1.5 Objectives

'The key aim of this research is to examine the effects of incorporating
multiple platforms into large-scale, cooperative wireless networks. The
objectives of this work are set out below:

1. To design and analyze the relay selection criteria for faster
data transmission in cooperative networking with multi
channels.

2. To formulate an optimal solution for energy-efficient
transmission for large-scale cooperative networks with
multiple channels.

3. To propose the optimal routing mechanism for large-scale
cooperative networks by considering mobility factor.

1.6 Methodology

'The methodology given below is a step-by-step procedure to solve the
considered application. From Figure 1.2, it can be noticed that firstly
the specifications of cooperative network with multiple channels are
to be specified based on the literature survey. Secondly, based on the
specifications, the objectives are listed. Later, the proposed cooperative
network with multiple channels is designed and simulated with the
help of optimization techniques to meet the required specifications.
Finally, the proposed cooperative network with multiple channels is
implemented to improve its efficiency.

1.7 Aims and Significance

Cooperative networking is among the important dynamic strategies
tor solving modern wireless network limitations, and it is projected to
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Literature Survey and Problem Statement

A4

Required Specifications of Cooperative network with multiple
channels

|

’ Defining Objectives ‘

|

’ Select desired topology/Architecture ‘

l

’ Derive Suitable Parameter Values ‘

}

| Designing and Simulation l

Meet the
required
Specification

S Optimization Techniques

’ Specifications are met ‘

‘ Implementation ‘

Figure 1.2 Methodology adopted.

play an important role throughout the structural design of upcoming
wireless network generations. Researchers are often involved in
designing prototypes that are accurate, successful and adaptable.

'The main goal of this research is to provide a theoretical analysis as
well as a relevant simulation evaluation in order to improve cooperative
communication as an effective thing for future wireless networks, thus
attempting to resolve the research problems discussed in the previous
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section. The research also will describe the best relay configuration for
cooperative communication and determine the benefits of optimizing
relay configuration for cooperative architecture. Relationships
between the performance of the multi-channel collaborative network
and a variety of other core parameters (for example, relay positioning,
power distribution and channel calculation) could provide adequate
insight.

The study proposes a realistic approach to the introduction of the
proposed multi-channel co-operative network for evaluation in view
of the architecture criteria for future wireless networks.

Furthermore, in the latter part of the dissertation, the detailed
review of the relay selection requirements for faster data transmission
in multi-channel cooperative networking and the optimum routing
process for a large-scale cooperative network, taking into account the
agility aspect, is experimentally checked, providing some valuable
insights into the efficiency gains made by cooperative communication.
This current study in-depth overview of the usage of cooperative
communication protocols would be useful for wireless network
designers in this regard. By incorporating new technology, the
efficiency of the new generation of large-scale, cooperative wireless
networks will be improved, allowing the network to serve more users
and provide better services.

1.8 Contributions of this Book

In improving the efliciency of wireless networks, cooperative
collaboration plays a very significant role. We are moving towards an
in-depth analysis of the design in order to understand the complexities
of cooperative communication. This is achieved by looking at two main
collaboration characteristics, optimal relay selection requirements and
optimal performance optimization. In this section, we address the main
contributions made to fill the information void. In Chapters 3, 4 and
5, these contributions are explored in depth and can be highlighted as
follows:

* Performance investigation of an effective cooperative routing
algorithm for large wireless networks focused on capability and
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location. In this analysis, an algorithm is suggested yet at the
same time considering: (1) collection of relays using parameters
of distance and maximum-available-channel-capacity; and (2)
distribution of channels using a dynamic global table. Our
algorithm selects a relay node based on the shortest-path
channel bandwidth available to reduce transmission delay
without impacting aggregate throughput. The assessment
and review of the proposed model was compared with the
interference-aware-cooperative-routing algorithm and found
that the proposed algorithm increased the delay reduction by
27.5 percent and the total hops reduction by 32.5 percent.

*  Formulation of an optimal solution for energy-efficient transmission
for large-scale cooperative network with multiple channel.
In this chapter, we suggest two schemes: (1) cooperative
spatial multiplexing: improving BER performance; and (2)
energy-efficient transmission: minimizing network energy
consumption. The simulation results show that the proposed
scheme saves nearly 99 percent of energy relative to the fixed
power transmission. Further, the output of the proposed EET
is analyzed for the number of hops with a normalized distance
between the source and the destination. It is found from the
simulation that we can save up to 91 percent of energy using
the EET.

* Design of the optimal routing mechanism for large-scale
cooperative network by considering mobility factor. This chapter
suggests a hybrid multi-hop shared routing algorithm.
Large-scale network MANET is improved by incorporating
clustering and location-based routing techniques to improve
network life. When the request flow arrives, the network is
split into clusters by the cluster header. The clusters under
the base station form a location-based community of several
cluster members. After the community is created, one of
the nodes is chosen as the cluster header for the location
involved, which will improve the existence of the network.
Energy-efficient hybrid cooperative routing algorithm for
LC-MANET isused to maximize the number of transmitters
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and receivers in each hop. Then achieve an optimum number
in the cooperative nodes to minimize the end-to-end
energy consumption. The assessment result indicates that
the proposed algorithm saves up to 53.42 percent of energy
consumption relative to conventional algorithms.



2

COOPERATIVE
COMMUNICATION

2.1 Background

Wireless networking is broadly accepted today due to the ability for
uninterrupted communications and mobile communication, and these
solutions have changed the existence of knowledge transmission in
wireless networks and would have an effect on wireless networks in
the future. Technological advances and state-of-the-art networking
capabilities have recently enabled customers to monitor the whole
business setup remotely from anywhere. Electronic gadgets develop
intelligent functionality and capabilities for domestic use and are
powered by hand-held devices that make homes smarter. The concept
of integrating wireless networking in existing networks has been
extended, such as the Smart Grid, where a wireless connection will
link computers and/or appliances. Remote learners have now been
taught by online video conferencing, webinars and video interviews.
Furthermore, in a large range of applications, wireless sensors are
found in mobile devices that are simple to set up.

Moreover, wireless communication has already evolved as an integral
part of daily life. Since wireless communication is everywhere and
well known, it has been accepted as a basic means of communication
as it comes to 4G wireless access, WLAN communication available
at office, at home or at any public place based on Wi-Fi or portable
M2M communication, for e.g. tracking systems in the manufacturing
industries and transport, GPS in cars, or medical devices. With various
environmental variables, wireless users face undesirable wireless channel
impairments, including flickering, path loss, scattering, reflecting and
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shadowing. But apart from all these channel impairments, there’s also
the fading effect to consider, which all degrades the effectiveness of
wireless communication. However, by the turn of the century, the
progress of wireless communication had been slowed by various effects,
including multi-path fading, path distortion and shadowing. Because
of the variations in channel quality in the wireless environment,
traditional wired communication techniques are difficult to use in the
wireless world. People have embraced diverse approaches to leverage
diversity in various areas of spectrum, such as time, frequency and
distance.

New proposals to fix the problems of interference and fading
are suggested in the sense of the design specifications for wireless
communication. In the past, solving these effects has led to few trade-
offs in terms of efficiency, but today there's a lot of focus on taking
advantage of these characteristics to produce the optimal output. The
transmission nodes/devices of the network have the benefit of relaying
on cellular networks. Theoretically, working on a way to upgrade
broadband networks may enhance wireless connectivity.

Bitand powerallocation policies should be formulated over frequency,
time and space as a result of channel knowledge, so that more and more
resources are allocated to channels that are more effective and energy-
saving by avoiding transmission to weak channels in order to conserve
resources. While data on channel information is not available, space-
time and space-frequency codes can be used to improve reliability. For
improved spatial diversity, multiple antennas must be integrated into
a modern wireless transceiver due to advancements in the MIMO
Principle. However, in some applications where the size and cost of
wireless equipment are limited, multiple antennas cannot be mounted
in a single terminal. When collaborating with neighbor nodes in the
wireless network, this has become a promising and enticing option.
This collaboration is the result of a process known as cooperative
communication.

2.2 Wireless Communication

Guglielmo Marconi invented wireless communications in 1895 when
he used electromagnetic waves to send a three-dot Morse code for
the letter “S” across a distance of 3 kilometers. Since then, wireless
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communication has evolved dramatically in terms of integrated
circuitry and technical developments, culminating in today’s
extremely sophisticated networks. The never-ending drive for better
throughput, higher dependability, higher data transfer and cost-
effectiveness has inspired everything from satellite transmission to
radio and television broadcasting to the current development of 4G for
mobile communications. Exploiting technical advancements in radio
hardware and integrated circuits, which allow for the implementation
of increasingly complex communication schemes, would necessitate an
assessment of wireless networks’ fundamental performance constraints.

A wireless network system may be thought of as a collection of
nodes attempting to interact with one another. However, because
wireless channels are broadcast, those nodes might be thought of
as a network of antennas scattered across the wireless system. The
signal transmission between these antennas suffers from significant
deterioration, prompting extensive study into how to successfully
overcome these detrimental consequences. For a better understanding
of the cooperative communication technique, some of these channel
difficulties will be detailed.

Multipath fading causes mistakes and distortions, and compensation
methods may be divided into three categories: forward error correction,
adaptive equalization and diversity algorithms. To fight the error rates
experienced in a mobile wireless environment, approaches from all
three areas are often employed.

2.3 Glance of Wireless Channel

We'll go through the various styles of wireless communication and
their effectiveness and impairments with their specific applications
and results in this section.

2.3.1 Phenomena of Wireless Propagation

Multi-path propagation of wireless communications can lead to
improved results if properly utilized. This effect occurs as the radio
waves follow different tracks from the starting point to the ending
point. As the signal is transmitted on the radio channel it is reflected,
refracted, diffracted, dispersed and absorbed also by multiple (delayed
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Figure 2.1 The propagation and impairments of Wireless Signal.

and attenuated) radio waves at the end point. The wireless signal spread
and its impairments are displayed in Figure 2.1.

A further effect is produced when the wave-front of the incident
returns to the medium it came from. A reflection is a basic effect that
happens when a propagating electromagnetic wave interacts with an
object which is large enough in comparison to the propagating wave
frequency. Reflection can be classified into three types.

1. Specular smooth surface reflection;
2. Reflections from rugged texture; and
3. Physical optic reflections.

Both moving and stationary objects can cause reflection. The
partial blockage by surfaces with uneven edges of the electromagnetic
wave front in relation to reflection results in diffraction. As a result, a
wave bending around the barrier is observed, even though the LOS
path between the target and the source is not clearly visible. Models
are used to describe diffraction in two ways: the knife-edge and
wedge-diffractions.

In the end, unusual dispersion occurs where the electromagnetic
wave wavelength exceeds the specifications of the devices which
interrupt the radio channel. Radio waves are greatly influenced by the
rough surface of the Earth, thus scattering the energy in all directions.
Electric car scatters, trees, fog, signs, and road signs are examples of
wireless communication scatters. The trees, the fog, the signboards
placed on the streets and reflectors lighting up the road in the evening
time are some examples of wireless communication scatters.



COOPERATIVE COMMUNICATION 15

The essences of these results appear in varying patterns depending
on the situation of the channel and objects in the way that block the
signal to its target. These wireless phenomena have both some gains
and impairments.

2.3.2 Impairments in Wireless Channel

'The basic wireless channel and the associated degrading process should
be known to understand wireless communication. Specifically three
major impairing attributes, i.e., path loss, shadowing and fading, are to
be taken into consideration for the signal propagation over a wireless
channel.

At a certain distance from the transmitter the average power
obtained from the receiver results in a loss of power or Pathloss over
that distance. Most of this effect relies on linearity as it can reduce
unwanted noise interference well. Shadowing leads to deadlock in
contemporary communication networks because shadowing results in
connection outages. This result in the varying power level is achieved
at any distance from the transmitter. Shadowing in both nature and
human nature can be described as mysterious and spontaneous and is
historically modelled in decibels as Gaussian.

Finally, the attenuation of a particular wireless channel affecting a
signal is fading. With time, frequency and geographical location it can
vary. The true essence of the wireless channel as fading is discovered
by allowing the averages Pathloss and Shadowing signals to waver.
Due to multipath propagation, this is really a constructive/destructive
expansion of the measured signal. Because of the instantaneous nature
of this effect, this is usually referred to as fast-fading and slow-fading.
Present wireless communications networks may either be rapid or
slow to fade, depending on the level of mobility. When signal copies
(symbols or bits) are exposed to multipath propagation, they are
coupled in a frequency-selective fading channel to detect a signal if
the symbol length is larger than that of the reciprocal propagation
time delay If the propagation time is less than the symbol range, flat or
merely flat wavelengths, the signal is observed.

Flat fading and frequency-selective fading channels could also be
defined depending on their coherence bandwidth. The reciprocal delay
propagation is characterized as the duration of the delayed signal,
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duplicated by several pathways to the destination, quantifying the rate
at which non-correlated fading can occur. The signal bandwidth of the
flat fading channel is greater than that of the consistent channel, and
conversely for both the frequency selective channel. Multipath fading
is used to highlight variations in envelope voltage using one of the
widely used probability distribution functions (pdf). The amplitude of
the envelope distorted by multi-way components as well as a LOS part
can be used for a probability density function. We'll go through the
most critical fading processes.

* Rician Fading: Whenever a non-fading signal section like the
propagation of the LOS path is present, a Rician system is
considered. As a result, wireless channels with little dispersion
as well as flat terrain will be found in Rician fading features.
'The Rician distribution’s PDF signal is given in the model,
which includes a direct path and a dispersed wave:

_ bz [2
f(hlio)= geXp(%) I, (%1) 2.1)

Where, h(h = 0) is the fading channel amplitude, 9 is called
as the fading channel variance, 1(1 2 0) is nothing but the LOS
path and 10 is known as the Bessel function with order zero
of the first kind.

* Rayleigh Fading: When the receiver has a relatively large
number of components, the distribution is assumed (with
equal power and separate phases). In addition, multipath
fading is widely used without a clear LOS path. In this case,
the distribution pdf of Ricians refers to the distribution of
Rayleigh and is provided with the [1],

£, (p0)= gexp(_z(::)) (2.2)

* Nakagami Fading: 'The distributions of Nakagami are
considered more stable and tractable mathematically than
the distributions of Rician because of the lack of a modified
Bessel function. Nakagami distribution is a statistical concept
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without any physical foundation. However, unlike Rician and
Rayleigh distributions, such findings are accurate because they
are based on observations of physical quantities.

Signal strength might be represented in decibels (dB) at
the receiver if the previously mentioned algorithmic notation

impairmentswererepresentedas Pathloss (X ) ,Shadowing (Y) ,

and Fading (Z)

P=P+X+Y+Z (2.3)

These limiting variables add up to decibels, while they are
multiplicative on a linear scale. To address these flaws,
cooperative communication intends to deceive rather than
mitigate the multi-way propagation effect, thereby maximizing
the effect’s benefits.

Forward Error Correction (FEC)

This is also known as forward error correcting code, and it
occurs when the sender inserts carefully selected redundant
material to its messages. The receiver may then discover and
repair mistakes without having to ask the sender for more
information. There are two sorts of FEC codes:

1. Block Codes

2. Convolutional Codes

Block Codes: Block codes function with specified fixed-size
blocks. It converts a message m, which consists of a sequence
of information symbols throughout an alphabet, into a code
word, which is a set length sequence s of e encoding symbols.
Convolutional Codes: 'This is applicable to symbol streams of
any length. A sequence of information bits is sent through a
shift register, with two output bits created and communicated
tor each information bit. For each pair of two channel symbols
it receives, the decoder calculates the status of the encoder. It
can decode the original information sequence by knowing the
encoder’s state sequence.

17
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2.3.4 Adaptive Equalization

A technique for preventing inter-symbol interference in transmissions
of analogue or digital data. It entails a means of reassembling the
scattered symbol energy into its original time sequence.

A linear equalizer circuit is a popular technique to adaptive
equalization in which the input samples are individually weighted by
coeflicients that are dynamically modified depending on a training
sequence of bits. The training program is broadcast. The receiver
compares the received training sequence to the predicted training
sequence and generates appropriate coeflicient values based on the
comparison. A fresh training sequence is delivered on a regular basis
to accommodate for changes in the transmission environment.

It may be essential to incorporate a fresh training sequence with each
block of data for Rayleigh fading channels. Again, this is a significant
expense, but the mistake rates experienced in a mobile wireless context

justify it.

2.3.5 Diversity

To increase dependability, two or more communication channels with
distinct characteristics are used. Individual channels sufter independent
fading occurrences, resulting in diversity. Various logical channels
between the transmitter and receiver can so compensate for error effects,
as can receiving multiple copies of the same signal, which are then
integrated at the receiver. Because the transmission has been stretched
out to prevent being subjected to the greatest possible error rate, this
strategy does not eliminate mistakes, but it does lessen them. The many
diversity strategies will be discussed since they provide the foundation
for cooperative communication, which is the topic of this thesis.

2.4 Diversity Techniques

Several classes of diversity schemes have been identified which include
the following:

2.4.1 Space Diversity

The signal is sent via numerous separate propagation channels in
this strategy. Numerous receiving antennas (receive diversity) and/or
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multiple transmitter antennas can be used to achieve this (transmit
diversity). Because each antenna will face a distinct interference
environment, multiple antennas provide a receiver with several views
of the same signal. As a result, if one antenna has had a profound fade,
it is likely that the other will get an adequate signal.

2.4.2 Frequency Diversity

Transmission is carried out via numerous frequency channels or over
a large spectrum that is impacted by frequency-selective fading in
this situation. Because the wavelengths for distinct frequencies result
in separate and uncorrelated fading characteristics, it includes the
simultaneous use of numerous frequencies to transfer information.
OFDM and spread spectrum are two examples of this.

2.4.3 Time Diversity

Multiple copies of the same signal are transmitted at various times
to produce temporal diversity. Alternatively, before transmission, a
redundant forward error correction code is inserted, and the message
is structured in a non-contiguous format. Error bursts are thereby
avoided, and error rectification is made easier.

2.4.4 Polarization Diversity

To transmit several copies of the signal, various antennas with different
polarizations are required. At the receiver, a diversity combining
technique is used to combine several received signals into a single
better signal.

2.5 Diversity in Wireless Channels

The wireless channel now briefly displays diversity as a result of the
diversity gain described in the earlier sector. Fading wireless channels
may cause an increase in error rates and a fading slump on a single
source and destination over time. This will necessitate implementing
methods to reduce error rates, such as enabling automated error
correction capabilities, lowering transmission rates, or using more
sensitive detectors. This and other methods of prevention, on the
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other hand, may not be feasible. Taking into account the effects of
wireless channel fade and multipath propagation, one can improve
the efficiency of the connection by looking at multiple directions of
reference and each displaying an individual fade as much as possible.
When using this technique, the chances of getting a skewed signal are
reduced, or producing multiple signal copies would gradually lower the
rate of error.

These methods are known as diversity approaches, and they are
divided into two groups: time and space. Numerous copies of the signal
will be transmitted over various time periods, and multiple copies will
be sent to various carrier frequency channels. Furthermore, as shown
in Figure 2.2, spatial diversity employs several transmitter and/or
receiver antennas, with diversity achieved in the spatial diversity (or
antenna diversity).

When there are multiple antennas on the receiver, the SIMO
systems and MISO method for installing more than one transmitter
antenna are shown in Figure 2.3. Multiple channels are formed
between antenna pairs as a result, as well as the receiver’s ability
to retrieve the signal. Given that the channels introduced are
isolated or strongly un-correlated, the risk of connection loss often
decreases.

T

Transmitter ' Receiver

DIPESD
T‘

Figure 2.2 MIMO system.
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Increasing the different number of antennas increases the redundancy
(diversity) of the signals received, which improves receiver detection
efficiency, and the difficulty of signal recovery at the destination is
also reduced with the number of antennas. As a result, constructive
integration of signals arriving at the receiver from multiple paths is
critical. As opposed to each actual signal, the aim is to integrate the
different signals in just such a manner in which the resultant signal
is of better quality or has less errors. Signal combining is dependent
on certain design priorities and often relies on SNR. It is recognized
as receiver diversity. Equal Gain Combining (EGC) is a procedure
that is used in which all of the signal copies are done in the same way
during the combining phase. In Maximum Ratio Combining (MRC),
different signals are combined depending on weights, and Selection
Combining (SC) has been used to pick the best version of the
signal. After a MISO device has passed through individual fades, the
received signal is a mixture of signals from all transmitting antennas.
Transmitting diversity, which is based on a variety of transmission
antennas, is a term used to describe such redundancy. Redundancy
versions of the signal are commonly implemented at the receiver to
increase transmission efficiency. However, using the Space-Time Bloc
Coded (STBC) strategy is a rare strategy, which provides for diversity
gains and reaches a maximum rate. This method typically provides a
diversity advantage at a lower coding cost.
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2.6 Cooperative Communication

Wireless communications is now a widely sought-after communication
technology that is particularly useful for mobile access. It has gone
through several development phases since its beginnings in order to
tulfil the ever-increasing demands of its diverse range of applications.
'The impacts of multipath fading, shadowing, and path loss on wireless
channels are the most significant issues in the history of wireless
communications, prompting much study into potential remedies.
Because of these factors, channel quality varies randomly in time,
frequency, and location, making traditional wireline communication
techniques challenging to utilize in a wireless context. Despite
repeated proposals, high-efficiency approaches were never achieved
until the introduction of diversification techniques in the last two
decades.

Variety technology significantly enhances the performance of
wireless communications by providing independent fading paths
tor signals during transmission, allowing them to utilize diversity in
multiple channel dimensions such as time, frequency, and space, and
so obtain diversity advantages. Advances in the theory of multiple-
input multiple-output (MIMO) systems, in particular, have made
it advantageous to equip contemporary wireless transceivers with
numerous antennas for spatial diversity advantages. However, having
numerous antennas on a single terminal is impracticable for many
applications due to the size and cost limitations of wireless devices,
such as wireless sensor networks or cellular phones. In such instances,
the simplest and most promising solution is to create a virtual MIMO
environment in which nodes collaborate and share their antennas
to build a distributed virtual MIMO antenna system. Cooperative
communications are used to accomplish this.

Furthermore, the introduction of 4G mobile communication has
resulted in heterogeneous networks of diverse services that employ
multiple standards and, as a result, different terminals to deliver
services. The strategy of deploying network services using a single
all-purpose device causes design issues, resulting in wasteful battery
power usage and limited battery life. In these scenarios, cooperative
communications allows users to reduce network load and so extend the
capacity and battery life of their devices.
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We're discussing architectural criteria and network dynamics to
help us discuss about flaws and make wireless channels more relevant.
In cooperative systems, the technical breakdown of many methods is
taken into account.

2.6.1 Transparent and/or Regenerative Relaying

A design which needs transparent or regenerating relaying is typical
for cooperative systems. Prior to retransmission, transparent relaying
amplifies the signal. A digital domain relay, on the other side, will
process and retransmit a signal using regenerative relaying. In the
forthcoming discussion, a thorough illustration of protocols adopted
for open and regenerative relaying will be explained.

2.6.2 Dual-Hop and/or Multi-Hop Networks

The total of relay stages is another significant parameter to remember.
Obviously, relays may be built in sequence or in parallel; we must
prioritize having multiple relay stages over additional complexity
and a variety of other parameters. The advantage of Pathloss is that
it allows you to increase the number of hops you take (in series).
But at the other side, increasing the number of relays increases the
overall order of diversity (in parallel). Any architecture refers to use of
interference reduction methods or orthogonal or temporally isolated
relay transmissions because of the added complexity.

2.6.3 Direct Source to Destination Link

Since wireless communication often involves the loss of a direct
connection from the source to the destination, transmission can
depend on a relay signal (s). A limited capacity wireless device is only
accessible if a direct source to destination connection is available,
whereas limited range systems are not.

The wireless communication channels as well as the mode of
operation influence the architecture. Implementation of these
principles into a more functional cooperative structure to address the
demands of real-world wireless communication networks is also in the
process.
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2.6.4 Advantages and Disadvantages of Cooperation

We will now list several advantages and disadvantages of using
cooperative architectures, which were briefly listed in the previous
discussion. The inherent performance gain is one of the benefits
of utilizing cooperative designs. Optimal resource control and
coordination can help to increase overall system efficiency. These
gains can be interpreted as increased bandwidth, reduced transmitting
forces, or increased cell coverage, all of which contribute to improved
service quality (QoS). Cooperative designs, on the other hand, take
advantage of existing infrastructure with minimal modifications in
order to increase efficiency. In a disaster-affected region with limited
coverage, cooperative connectivity using such low-cost designs
without networks can be successful. In the meantime, it has been
stated that emerging cellular networks will coalesce with cooperating
relay nodes, leading to lower operation and maintenance costs.
Cooperative designs, on the other hand, may include a variety of
contingencies.

The best relay for the cooperative architecture must meet some
requirements relevant to the diverse wireless channel, which adds to
the design process’s difficulty. In cooperative systems, this difficulty
is usually higher than in non-cooperative systems. Increasing
the number of relays in the cooperative stage, on the other hand,
could introduce difficulty, overhead, or interference, eroding the
physical layer performance advantage obtained from avoiding
higher-level measures like the MAC layer or the Network layer.
As a consequence, more sophisticated and practical scheduling
algorithms are needed. A close synchronization device can also
be regarded to facilitate collaboration since the transmission
mechanism depends on the addition of cooperative relay nodes. As
a result, signal synchronization methods and associated hardware
are required to achieve synchronization. Finally, for reliable and
precise distribution of channel estimates, a field of research with the
numbers of relays and related WLAN:S is required, which expects
significant input from researchers and thus provides an incentive
to develop cooperative designs to smoothly transition away from
current non-cooperative designs.
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Although the disadvantages of cooperative designs outweigh the
benefits, careful system design and preparation are critical for ensuring
optimum efficiency and, as a result, limited system performance
degradation when using cooperative transmission systems.

2.6.5 Cooperative Performance Bounds

The realistic limitations of effectiveness in this sub-section will be
discussed briefly, taking into account the benefits and drawbacks
of cooperative architectures. As a result, the highlighted hardware
architecture and similar protocols based on the OSI model are affected
by these efficiency metrics. We will demonstrate the different wireless
channels and their effects on possible rate benefits, and DMT in the
context of co-operative systems in this section by applying those
efficiency restrictions without going into great detail.

2.6.5.1 Capacity Gain in Ergodic Channel Ergodic channels are
really a form of process that requires averaging Shannon power
over time. In terms of channel variety, Ergodic channels enable
transmission to traverse all fading states. As a result of ergodicity,
the averages concept can accomplish equivalent and simultaneous
average information over infinitely long code words. An Ergodic
channel could even maintain confidence while transmitting at the
maximum possible rate.

C=E,{log(1+7)} (2.4)

Where 5 denotes the gain in channel/power which is related to the

instantaneous signal to noise ratio (SNR) as y = b%. E, {0} denotes

the expectation operator. Considering, for example, the flat Rayleigh
fading with a PDEF,

) -
2, (/9) ==exp’

= (2.5)
h
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and the average capacity can be evaluated as,

C=E,{log(1+7)}

o b
= Ilog (1 + )/)%epr dh (2.6)
0

2.6.5.2 Rate Outage Gain in Non-Ergodic Channel Shannon’s
channel-capacity theory ignores conditions where communication
criteria are different. It is possible to create a non-ergodic channel
in which the transmission duration must fade almost continuously.
Videlicet is a non-ergodic method in which the signal is precisely
detected despite the time difference between samples. In practice,
a slow fading channel shows this effect. As a result, the ultimate
transmission rate Ris not achieved through a non-ergodic channel,
but rather through the management of a given rate Rwith a certain

outage probability rate P, (R) .

2R~

P, =P(y<(2*-1))= | p,(rHy 2.7)

0

Where SNR’spdf is given by py(}/) , P(O) is probability. For
Rayleigh fading channels, the outage probability is,

P =1- exp(ﬁ] (2.8)
Y

From Equation, the probability of outages decreases with increasing
SNR can be readily observed.

2.6.5.3 Diversity-Multiplexing Trade-off (DMT) As previously
noted, taking the integration scheme into consideration increases
diversity. Random variations in signal level in time, distance, and
frequency occur with wireless connections, which have a substantial
influence on signal quality. Diversity means that multiple transmission
versions are obtained at the destination from the source. In case of an
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isolated fading, the likelihood of the fading will be reduced when copies
are mixed in the receiver because of variable channel conditions. This
diversity increases the wireless system’s efficiency. On the other hand,
to maximize data efficiency, multiplexing or multiplexing gains are
achieved via multiple independent signals transmitted simultaneously
across spatial channels. This results in an enhancement in capacity
without the need for more bandwidth or power. To enhance the
effectiveness of a cooperative communication model, it is essential to
include both types of gains in the design. However, it is not possible
to achieve both simultaneously, and there is a basic tradeoft about
the extent to which the advantages are sufficiently promising in the
specific model. Since its debut, DMT has been acknowledged as a
benchmark prospective choice. As previously stated, it enables for a
basic compromise between diversity gain and multiplexing rate, or,
to put it another way, the likelihood of disruption is reduced when a
rate of contact and SNR are used. DMT can be used as a measure of
efficiency for a wide variety of communication networks operating on
a varied channel. Taking into account the word DMT, the diversity
gain can be formulated again as,

logP (R,
g, = _hm[w] (2.9)
7o logy

Where, P (R, )/) is the Shannon Power Expression for the

probability of outage for a given average SNR, g is the gain in

diversity. At high value of SNR multiplexing gain can be expressed
asymptotically as [2].

g = lim(R(y)) (2.10)

2.7 Cooperative Communication Design Aspects

The functionalities linked to cooperative networks such as relay
nodes depending on the strategy/protocol for inherent transmission
and the canonical flow of knowledge by using relay and associated
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Figure 2.4 Relaying Taxonomy.

architectural metrics can now be exemplified. Figure 2.4 initially
shows the taxonomy of the transmission node.

2.7.1 Relay Family/Type

In literature, there are several common methods to interact.
Cooperating relay nodes are loosely split into two classes based on
signal processing at relay nodes: transparent relaying and regenerative
relaying.

* Transparent transmission. relay nodes typically do not change
the received signal waveform information and are intended for
basic analog signals, such as amplification or phase rotation.
'The analog signal is transmitted automatically via amplifiers
and frequency conversions, as it is not encrypted in a digital
domain. One of the most common so-called transparent
relayed strategies/protocols is:

» Amplify and Forward (AF): 'This is the most common
method for amplifying the signal received by a relay prior
to transmission. The amplification factor may be modified
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using this technique so that the signal is better detected in

the destination [3].

* Linear and Forward Process (LF): This method requires
linear phase shifts to extend the analog signal. Due to the
linear shifting phase [4], this technique can be used to
create scattered beams.

* Nonlinear and Forward (NLF): This method is often called
nonlinear AF [5], requiring non-linear treatment of the
obtained analog signal. As a result, the end-to-end error
rate induced by noise propagation is normally reduced.

* Filter and Forward (FF): This method for basic relay is
intended for orthogonal multiplexing frequency-division
transmission (OFDM). The FF strategy filters a analog
signal directly and transmits the filtered signal to the
location to minimize the processing difficulty inherent
in the OFDM architecture [6].

'The option of amplification factor and output strength is a
critical design metric of transparent relay protocols. The node
includes a constant amplification factor that is calculated by the
channel’s measurement over a specified time span in the case
of fixed gain amplification. For example, based on the average
canal gain between source and relay, the amplification factor
is largely inverse. In non-ideal channel size, the amplification
factor is usually high, leading to higher power output allocations.
Since the maximum output power limits the retransmission,
cutting effects will arise, necessitating mitigating techniques
if the amplification factor is calculated. The amplification of
the instantaneous channel gain value is approximately inversely
proportional to the gain value of the channel between both
the source and the relay throughout the case of variable gain
amplification. Although the objective of a transparent relay
is to maintain constant power, which is normally a hardware-
related function, the requirements for amplification result in a
suboptimal position to keep the power constant.

Regenerative relaying: 'The information in the signals received
by relay nodes in this family is altered, and more efhicient
hardware is required to perform complex operations. For this
reason, regenerative relays typically outperform translucent

29
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relays. One of the most important regenerative relaying

strategies/protocols is:

* Decode and Forward (DF): DF decodes a signal and
then codes it before it is transmitted, in contrast to the
Translucent AF technique. DF is recorded over a wide
variety of application scenarios to exceed other loss and
probability of error techniques [7].

* Estimating and Forward (EF): The relays amplify the signal
using a signal detection algorithm, then collect the signal in
a specified order of modulation and translate it to baseband
using that technique. The measured signal is then retransmitted
with the same or different module order as before [8].

s Compress and Forward (CF): This regenerative method can
be re-encoded for retransfer, in some way connected with
the EF strategy. This entails pre-transmission signal sample
source coding which has been found to function well while
the relay node is closest to the destination or when the relay
to destination channel conditions are favorable [9].

Now that the relaying characteristics have been identified, the
communication through the cooperative system should be explored.
To this end, we will address the various communication flows that
arise from the adoption of cooperative relay systems. In addition, we
will address essential architecture parameters which contribute to the
success of such networks.

2.7.2 Canonical Information Flows

Information usually reaches the destination via a direct connection in
wireless communication networks. However,we can build three separate
wireless transmission settings, given the cooperative architectures. In
Figure 2.5, these configurations are shown,

* Direct link: This is really a basic wireless communication, as seen
in Figure 2.5(a) that does not involve any cooperative relay nodes
and enables the source to connect directly to the destination.

e Serial relaying: Serial relay facilitates the transmission of
data across a relay chain (that can use orthogonal channels
for relay information) between the source and destination as
seen in Figure 2.5(b). Please note that a direct source to the
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Source T T Destination

(a) Direct Link

Source i Destination

(b) Serial Relaying

I

(c) Parallel Relaying

Figure 2.5 Canonical information flow by using (a) Direct Communication, (b) Serial relaying, and
(c) Parallel Relaying.

destination connection may or may not be available in these
and subsequent situations.

* Parallel relaying: Figure 2.5(c) demonstrates parallel relaying,
which provides the transmission of parallel relays between
source and destination. Network setups may be infrastructure-
based or infrastructure-free. They may be operated by a central
node or without one in either situation.

2.8 Background on Cooperative Routing

The Cooperative Communication (CC) Strategy of the day is now
being introduced in nearly all wireless networks in order to achieve

the benefits of Multiple Input Multiple Output (MIMO). Since the
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positioning of the relay affects the efficiency of the wireless networks,
most research has been performed in the selection of relays, and it is
found that the mid-located relay delivers better performance.

CC can be further applied to Large Scale Networks to boost
network capacity. Network energy reliability is a crucial consideration
in the choosing of cooperative relay nodes (Routing) to enhance
the existence of mobile nodes/networks. Auon Muhammad et al.
have introduced a power-conscious cooperative routing algorithm
by implementing a super node concept. The authors Jesus Gomez-
Vilardeb suggested an efficient minimum energy routing by giving
the power rate ratio as the weights to the path. In order to achieve
the lowest energy consumption, Xiangling Li suggested a routing
algorithm based on the number of transmitting and receiving antennas
and the set of cooperative nodes. Siyuan Chen et al. suggested an
energy balanced cooperative routing algorithm. The authors proposed
a MIMO-based routing algorithm to reduce energy consumption
through a rational distribution of power between transmitters. Auon
Muhammad Akhtar, a cooperative ARQ_system was introduced at
the MAC layer in order to minimize the total energy usage of the
network and proposed an energy-eflicient routing algorithm based on
ARQ. Charles Pandana et al. (2006) suggested cooperative routing
algorithms focused on the maximum power allocation. L. Zheng et al.
(2011) suggested energy-eflicient cooperative routing with truncated
ARQ_with an end-to-end throughput constraint to minimize the
cumulative energy consumption.

Energy usage is a crucial problem for MANET. Owing to high
data rate applications, there is an increasingly growing need for high
bandwidth, which can further boost energy consumption, shorten
network life and increase reliability. Cluster routing strategies overcome
these challenges. One of the most common clustering systems is the
hierarchy of lower adaptive energy clusters (LEACH). A variety of
improved LEACH routing schemes have been proposed in recent
years with a focus on modified cluster heads (CHs), network topology
and network extension. In [10], the authors suggested a simulated
cooperative MIMO transmission system and obtained an analytical
expression for an optimum number of cooperative nodes for two-stage
cooperative networks. A low-complexity cooperative routing algorithm
was suggested in [11] and an optimal power allocation approach was
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introduced. To reduce network resources, the authors of [12] proposed
routing algorithms by optimizing the efficiency of Physical, Medium
Access Control and Network Layers. To this end, the authors suggested
a cooperative automatic repeat request (ARQ) process on the MAC
layer. A cooperative routing algorithm based on quality of service was
implemented in [13,14] to minimize energy consumption. However,
both of the above-listed authors identified that all the nodes are fitted
with a single radio terminal.

The authors of [15] suggested an Opportunistic Cooperative
Packet Transmission (OCPT) system for multi-hop cooperative
networks. In OCPT, the cluster head chooses the transmitter and
the receivers to form the MIMO before the transmission. Due to
multiple transmitters and receivers in each hop, the energy usage of
the network is very high. A two-stage joint routing approach was
suggested in [16]. Muhammad Asshad et al.[17] investigate the utility
of Rayleigh and Weibull fading channels in non-regenerative wireless
cooperative networks using the strongest relay selection methodology.
The Moment Generation Function (MGF) of the signal-to-noise
relationship (SNR) at the expected node was determined using a
Weibull fading parameter. Calculate the lower bound error symbol
value and the probability of failure using MGF. The relay selection
technique is used to check the precision of a derivation in a variable
number of relay nodules based on the study and simulation results on
the likelihood of failure and the symbol error rate. Nonetheless, due
to the accuracy of the analytical model and the waste of resources,
there are far less relay nodes.

By converting the original problem into the analogue finite-
horizon Markov Decision Process (MDP) with fixed-stages numbers
Bojie LV et al. [18] developed asymptotically an optimized solution
system. In the analysis of the approximation functions, a new
approach method was developed to solve the dimensionality curse.
There are also analytical constraints on the exact value function and
the approximation error. The value functions estimated will depend on
certain device information, e.g. distribution request. A reinforcement
learning algorithm was suggested for a situation where these numbers
are unclear. In this research work, the use of energy is also a key topic.

Yuan Gao et al. [19] proposed a novel system of selection and fusion
transmission of nodes using artificial intelligence: initially, draw the
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status of the mobile terminals that represent the thermal pattern,
and then suggest a deep learning approach to indicate the status of
each node and allow an optimized selection of the target node; finally,
perform a multi-stage wireless information fusion transfer to increase
spectrum quality. In addition, as many users use the same data, the core
network and the wireless connection can have high pressure.

Elhawary et al. [20] nearest nodes are hired for communication
assistance in shared networks by transmitting and receiving nodes.
Cooperative wireless network communication links are configured as
cluster transmitters and receivers. A co-operative exchange protocol
was then suggested for the development and co-operative transmission
of data for these clusters. The upper limit of protocol capabilities was
obtained and the final robustness and trade-ofts between the energy
consumption and the error rate of the data packet loss protocol were
evaluated.

Although Ullah et al. [21] affects the accuracy of the analytical
model due to a large reduction in the number of relay nodes, Wang
et al. [22] the main problems are routing and energy consumption,
Singh and Singh [23] the core network and the wireless link will
provide high pressure when multiple users use the same data, Tariq
et al. [24] does not control the packet error rate (PER), maximizing
the confidentiality rate, Gao et al. [25] obtains a poor solution and
low convergence. From the above problems, it is important to create
a new methodology for routing energy consumption algorithms in a
cooperative network.
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CoOPERATIVE RoOUTING
ALGORITHM FOR LARGE-
ScaLE WIRELEss NETWORKS

3.1 Introduction to Cooperative Relay Networks

Cooperative relay networks have become an effective tool in
wireless access networks to fight multipath fading and rising energy
consumption [26]. A diversity study of single and multiple relay
selection schemes was performed to generalize the concept of
relay selection by encouraging more than one relay to cooperate. In
simulations, multiple relay selection methods performed much better
than single relay selection methods [27]. As per the analysis of single
and multiple relay selection for the cooperative communication
model, selecting more than three relays yielded a marginal gain. The
effectiveness of a decentralized relay selection algorithm [28], where
each relay node determines whether it should relay or stay silent
depending on its own instant channel gain and a predetermined
threshold was compared to the opportunistic relay selection method
[29]. The results of network geometry by constructing interacting
groups of terminals as a result of relay selection is one of the directions
illuminated in [30]. Yang et al. [31] considered a cooperative system
for multi-antenna terminals in which the source agrees to join only
when it requires assistance based on a fixed threshold. The source only
chooses one relay based on the maximum instantaneous value of the
relay’s metric. Many AF relays share an orthogonal channel with the
source, showing optimal Diversity-Multiplexing Trade-off (DMT)
[32]. Cooperative diversity based on STBC seems to have a stronger
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diversity order than repetition-based algorithms, and it can be used to
improve spectral performance.

In cooperative communication networks, relay selection methods
have been used to improve wireless system performance in a
variety of ways, including throughput, channel bandwidth, failure
probability, and coverage extension [33]. The SNR of the receiver
is used to determine a high-performance wireless system, which is
then connected to the required power level at the receiving node. The
obtained SNR using either AF or DF is used to quantify the capacity
of relaying schemes in cooperative networks, as seen in equation 3.1
[34]. Equation 3.2 also measures the relationship between the feasible
transmission rate and the transmit power [35].

C,r :log(1+min{}/1,)/2, ........ ,yM})

CAF = log(l + yta[al) (31)

0

R= Wlog(l + W]VLJ (3.2)

Under a power constraint, relay selection strategies were investigated
from various performance perspectives. Some authors [36,37] proposed
using a one-bit input to approximate the relation SNR and a predefined
threshold to choose the relay when power is restricted. The proposed
relay selection technique in [38] uses the SNR threshold at the first
hop to save power by shutting off relays with SNR below the threshold
when the outage risk is heavy. In [39], authors have been proposed
an end-to-end SNR level to limit network capacity consumption
while throughput is limited. When data rates are limited, Dan et al.
[40] suggest a mechanism for reducing energy usage. In this process,
the energy level of applicant relays was factored into the selection
metric, extending the total network life span. When there is a time
limit, power saving is activated in [41]. Furthermore, for cooperative
networks, energy-efficient relay selection schemes have been proposed
using various selection parameters like minimizing the SNR at the
destination and selecting the hop with the best channel condition
[42,43]. Relay selection schemes and their effect on increased energy
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expense per transmission have also been activated in [44,45] from the
perspective of battery life. Furthermore, Long et al. [38] suggest relay
selection based on Channel State Information (CSI), while Marques
et al. [46] suggest using finite CSI as input to the transmit cluster to
choose the right channel condition node.

To improve energy consumption, a minimal distance relay selection
process [47] was used. In addition, to reduce Symbol Error Probability,
a relay selection strategy focused on relay position has been proposed
in [48]. Similarly, the authors of [130] suggest minimizing transmit
power when aiming for a mean square error target, while the authors
of [49] propose allocating transmit power dependent on BER
specifications. Relay selection based on optimal propagation distance
and node residual resources, on the other side, a routing technique to
extend network lifetime has been presented in [50]. The relay selection
approach in [51] uses simulated MIMO transmission between clusters
to optimize the SNR. Furthermore, the impact of relay location on
energy efficiency was investigated in [52] and single and multiple
relay selection methods centered on relay distance from the source and
endpoint were proposed. Similarly, some authors [53,54] looked at the
effect of relay position on energy efficiency from the standpoint of
power minimization and equal capacity allocation among nodes. The
relay channel implementation mitigates the negative effect of route
failure in cooperative communication since the transmission topology
is focused on shorter connections. Because of the number of pathways
accessible with varying lengths and channel requirements, the usage
of more than a few nodes in a cooperative network is unavoidable in
order to provide better transmission consistency, which increases the
wireless system’s energy performance.

However, in order to preserve high efficiency, relay selection ought
to be paired with device optimization parameters to ensure energy-
efficient cooperative communication. As a consequence, the channel
state, modulation technique should be considered in the optimization
policy. We suggest a low-energy single relay selection algorithm that
takes advantage of the transmitted aspect of the wireless medium by
sending the source signal to the node with the shortest two route
lengths. We approach power savings by choosing relays that offer
the shortest total transmission route while also fulfilling device
efficiency criteria, as the proposed approaches are based on lowering
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the energy cost per bit. We often use numerical analysis to examine
the influence of modulation strategy on power consumption and
suggest the best approach. Furthermore, we examine both coded and
un-coded processes to demonstrate how they impact energy use. As a
consequence, with various propagation lengths, different channels are
considered. We use a similar definition to [55], except the energy cost
is determined depending on the transmitting range duration and a
targeted BER at the destination.

Energy performance, or energy conservation, is another significant
parameter for cooperative routing (CR) algorithms. Li et al. [56]
suggested a low-complexity algorithm for energy-efficient CC, as well
as optimal power allocation, channel allocation, and relay collection. To
minimize network energy usage, Akhtar et al. [57] introduced a protocol
that optimizes the MAC, physical layer, and network layer efficiency
all at once. A cooperative automatic repeat request (ARQ) scheme was
established at the MAC layer, and cooperative cost-based shortest path
routing (CCB-SPR) and cooperation over non-cooperative shortest path
routing were developed at the network layer (CONSP).

Another measure of stability is the network life cycle; Zhang
et al. [58] proposed a routing algorithm that uses virtual MIMO to
improve node efficiency by extending the life of the node involved.
A CR algorithm combining cooperative plurality, distributed energy-
aware routing strategy, and truncated ARQ_scheme has been proposed
to maximize network life cycle. E1 Monser et al. [59] introduced low
energy adaptive clustering hierarchy distributed cooperative relaying, a
low energy consumption protocol based on the CC methodology. The
authors consider a network of single radio terminal (Omni-directional
antenna) nodes; as a consequence, signals can transmit in an unwanted
transmitting direction, lowering the efhiciency of the node.

Habibi et al. [60] developed a mathematical model for relay
assignment based on branch and bound framework for multi-
hop cooperative networks with single radio terminal. The
computational complexity of the mathematical approach’s solution
grows exponentially. To increase throughput, the workload aware
opportunistic routing algorithm was proposed. This assumption does
not improve the throughput of multiple flows because it assigns the
same channel to all nodes that are part of the flow. Aung and Chong
[61] proposed a cluster-based multi hop CR with a distributed
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agent-based coordination (DAC) mechanism. According to the
authors’simulation, this mechanism in the MRMC network improves
throughput by about 200 percent over a single radio single channel
network. However, the authors assumed that each node in a cluster
uses the same reception channel.

Mostafaei [62] proposed a reliable routing to improve reliability by
sending packets over the best path with the highest packet delivery ratio,
which is determined using a learning algorithm. To improve reliability,
Kim et al. [63] proposed an opportunistic routing algorithm. Every
node in this scheme is capable of selecting a relay node and dynamically
handling link failures for each transmission. To extend the network
lifetime, a novel compressed sensing approach was presented. The authors
also proposed a method for determining the best basis representation
using a machine learning algorithm. For multi-hop cooperative
networks, Gao et al. [15] proposed an opportunistic cooperative packet
transmission (OCPT) scheme. A cluster head selects the transmitter
and receivers to form MIMO in OCPT before the transmission. The
number of transmitters and receivers in each hop increases the end-to-
end transmission time and energy consumption per node.

Bai et al. [64] proposed constructive relay-based cooperative routing
(CRCPR), a system for preventing link failures due to mobility. For
a mission-critical push-to-talk (MCPTT) system, a routing strategy
based on link reliability and transmission delay was presented.
A routing approach based on integrating reinforcement learning
algorithms was presented to address routing protocol problems caused
by dynamism in network topology. Venkatesh et al. [65] proposed a
two-hop geographic opportunistic routing (THGOR) that selects
a set of nodes with a high packet delivery ratio to improve energy
efficiency and packet delivery ratio. Saravanan [66] proposed an energy-
efficient routing protocol to extend the lifetime of a network without
sacrificing capacity. The use of modified ant colony optimization was
used to present a shortest path routing algorithm that selects the best
path from all possible routes (ACQO). Despite the fact that multi-radio
CR algorithms provide better performance, they result in a significant
transmission delay.

In large-scale CC, determining the shortest path routing with
candidate CA and minimal sessions is more important than
determining the shortest path routing with candidate CA alone. In
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light of the foregoing, this thesis proposes a dynamic routing algorithm
that considers the following parameters along the line of sight (LOS)
between source and destination:

* Maximum available channel capacity (MACC): A node
calculates the available channel capacity (ACC) between it
and each node in its transmitting coverage area. Since high
throughput necessitates high channel capacity, the link with
the highest MACC is chosen as the candidate channel, with
the corresponding node acting as a relay.

* Distance (DS) parameter: A node nearest to the LOS is used as
the relay in order to minimize the number of hops.

From the literature it was observed that the joint optimization of
routing — CA and relay selections — cooperative routing is NP.To solve
the problem we propose a solution by considering four parameters, i.e.
relay selection, routing, CA and end-to-end transmission time with
two important components: cooperative relay selection algorithm and
delay reduction algorithm as illustrated in Figure 3.1.

To begin, every node calculates the MACC routing metric on a
regular basis in order to achieve high network throughput and minimize
co-channel interference. When a new flow comes, a cooperative relay
selection routing algorithm is distributed to find the cooperative
routing route based on this metric.

— Periodicall
Perlodlcally calculate th}é
calculate the link Distance metrics

< metric MACC

NZ‘;;;LOSW Delay Re.duction
Algorithm
Cooperative Relay
Selection Algorithm
Path
\ 2 Adjustment
Cooperative
Routing with [¢+——
CA

Figure 3.1 Solution framework.
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Second, to obtain the routing path with minimal number of hops,
delay reduction routing algorithm is run based on distance parameters,
and the routing path and channel adjustment will be done accordingly.

3.2 System Model

As seen in Figure 3.2, we assume a multi-hop multi-channel
cooperative wireless network. There are NV nodes, each of which are
provided with multiple radio terminals (multi radio) and are spread
over a region of LxLm?*. Mobility is believed to have a marginal effect.

The Amplify and Forward (AF) relaying protocol is used by each node
[67]. With M orthogonal channels CH = {c/yl N ,c/yM}and

K concurrent flows throughout the network, each node is presumed to
have the same transmitted power P,. Any node uses GPS to know its
geographical position, and other nodes submit periodic beacon signals
to determine their location [68]. Table 3.1 lists the notations used in
this chapter.

r7 r8
rl9 *

rd

9 ri8
ri2
rll
ri4
= eenea- = Chl
Be—— Ch2
Ch3

—— &) L

Figure 3.2 Multi-radio-multi-channel cooperative network.
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Table 3.1 Summary of notations

SYMBOL DESCRIPTION

s Source Node

d Destination Node

N Number of Nodes

LxL Network Area

P, Transmitted Power

K Number of Concurrent Flows

M Number of Orthogonal Channels

CH Set of Orthogonal Channels

ch; i" Orthogonal Channel

B Channel Band Width

h; Channel Coefficient on the link / — J

A Amplification Factor

My Additive White Gaussian Noise between nodes i and j

SN ch, Signal to Noise Ratio of channel ch; between node mand n

Conpety Total Capacity on Channel ch; between node m and n

I, Set of nodes in the interference region of node m

Lygen, Load on channel chi between node p and node g

Afs) Set of nodes under the coverage area of node s which is evaluated

based on predefined threshold

T, SER threshold

[0} Null Set

LOS; 4 Line of Sight from node s to node d

chsi Candidate Channel between node s and node j

M,f\accsj_ch Set of m+aximum available channel capacity between node s
o and node j

a Capacity Threshold

B Distance Threshold

IS Set of working channels in co-channel interference region

1172 set of nodes which are having relative capacity difference less than

capacity threshold
w()) set of working channels of node j

We assume that the network has a global table at the access point
that each node in the network may access. This table stores each
node’s working channels, allowing each node to be aware of the
working channels of all other nodes in the network. The configuration
channel is used by each node to upgrade its functioning channels.
'This table comes in handy during the CA process, as discussed in
Algorithm 1.

Figure 3.3 illustrates a single hop along the path from source s to

destination . As seen in equation 3.3, A (s)is the set of nodes under
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Figure 3.3 Hop of the route between sand d.

the coverage region of node s where the symbol error rate (SER) is less

than a predefined threshold 7.

A(s)= {r

SER,, < 1'1} (3.3)

Based on MACC and DS parameters, source node () selects one of
the nodes 7, (r;€ 4(s)) as relay node. For the next hop, the chosen relay
node becomes the source node. The relay node collects data x from the
source node in each hop and amplifies it before re-transmitting it to
the relay node in the next hop. The received signal at the node ; from
node 7 is given as [69],

5, = JP b+, (3.4)

'This data is amplified at node j and re-transmitted to the next hop
relay /. The transmitted data is given as:

V= A P[bﬂyij +1, (3.5)

3.3 Routing Algorithm

To increase network throughput and reduce propagation time, the CR
algorithm and delay reduction (DR) algorithms are suggested in this
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chapter. Table 3.1 summarizes the notations used in this chapter. The
concepts that follow are helpful in describing our proposed algorithm.

3.3.1 Definitions

s Awailable Channel Capacity (ACC): It specifies a channel’s
available capacity. It is graded as follows:

Accm,n;cbl = Cm,n;c}a’. - Z Lp,q;fbi (3'6)

P9l

where [ is the set of nodes in the interference region of node

m, LP i is the traffic load on the channel ¢4, between the nodes

p and ¢; Cm,n;cbi is the total capacity of channel chi between the

nodes 7 and 7, C = can be calculated as:

C,,., =Blog(t+SNR,_, | (3.7)

* Candidate channel (ch_): A channel over which two nodes

communicate and having maximum ACC. The candidate

channel ch between nodes 7 and 7 1is identified as:

[b;’ll’” = ma_X{/fCCm wich ‘L‘/ﬂi (S CH} (38)

3.3.2 Cooperative Relay Selection Algorithm

We proposed a MACC-based relay selection algorithm in this
segment, which determines the maximum ability route between the
source and destination. Relay selection and CA are defined in depth
in Algorithm 1. The dynamic cooperative relay discovery algorithm is
used to identify the relay nodes, channels, and routing path when a
new flow request arrives in the network. Each flow’s source node runs
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Algorithm 1 on a regular basis and updates the route. This algorithm
only considers the MACC parameter, which could result in a long
transmission delay.

Algorithm 1 Cooperative Relay Selection Algorithm

Input: A flow request from node s to node d
Output: Routing path from sto d with each hop’s relay node, and its channel

1: while source node = destination node do

2: Find A(s)

3: Source node s calculates the set of working channels g in its co-channel interference region

(1) using global table.
s=Jwi)
Jel,

and evaluates the complements ¢’ = CH—¢
4. 1t forms a subset of A(s), which lies between source and destination.
DD(s) = {jiD,d) < D(s,d), je AJs)}
5. ifd e A(s)then
6: if ¢’ = ¢ then
Find the candidate channel between source and destination nodes

7
8 chx=mafacc,,, Ichec)
9: else
0

10: Find the candidate channel between source and destination nodes
I ch¥=max{ACC,,,, |ch eCH]

12:  end if

13:  else

14:  if &' = ¢ then

15: Find the candidate channel between source and every node j
16 ohy=max[Acc,, leh ¢’ je00(s)]

17: else

18: Find the candidate channel between source and every node j
19 ohy =maxfAcC, ,, leh < CH j e DD(s)}

20:  end if

21: end if

22: The node which is having MACC is selected as relay node.
23: relay node = {j | max(ACCSVW )}

24: Assign the candidate channel for the pair: source node s and relay node ji.e., link s — /.
25: source node = relay node
26: end while
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3.3.3 DR Algorithm

A DR Algorithm is suggested that considers the distance parameter
in addition to the MACC parameter to improve transmission
delay.

Figures 3.4 and 3.5 depict a DR procedure in action. Allow data
to flow from node A to node G. The routing direction provided by
Algorithm 1 for this flow is4 —> B — E — F — G . If there is a

node C that is closer to the LOS and ACC , .  is nearly identical

to ACC,, ., as seen in Figure 3.5, the relay node is then moved
» B39y

from node B to node C by the DR algorithm. As a consequence, the

DR algorithm’s resultant direction is 4 - C — F — G. Below is a
summary of the DR algorithm.

Algorithm 2 Delay Reduction Algorithm

Input: ACC of link between node s and each node in A,(s) and its candidate channel.
Output: Updated routing path between s and d with less number of hops

— —— Channell
Channel 2
Channel 3

Figure 3.4 Anillustration of a CR algorithm.
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—— Channel 2

— Channel 1

Channel3
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Figure 3.5 An illustration of DR algorithm.

10:
11:
12:
13:
14
15:
16:
17:

N ok

while source node = destination node do

Form a set MACC, ,, ={ACC, ,, 1) e DD(s)}

Form a set of nodes y which satisfy the condition,

w={zimax(wmacc, ,, )-micc,,, <czieo)

hc

where o is a predefined capacity threshold
if length of y == 1 then
relay node =z

else

Form a set of perpendicular distances from a node j(j e ) to LOS

Xz10s=10(Z, LOS)1 1 € y}

Form a set of nodes which satisfy the condition

&= {ylst —min(;{ms)<ﬁ;y€ ‘V}

where 3 is predefined distance threshold
if length of £ == 1 then
relay node =y

else

relay node ={j1 D(s, j) > D(s, j), i#j,je &}

end if
end if

Assign the candidate channel for the pair: source node s and relay node j i.e., link s — J.

source node = relay node

end while
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3.3.4 Summary of DR Algorithm

1. Source node specifies the range of nodes accessible in its
transmission coverage area, as well as their working channels
using the global table.

2. It is a subset of step 1, and it satisfies the direction deviate
metric.

3. Using Equation 3.6, the source node seeks a candidate channel
from the accessible free channels to any node in its radius.

4. It produces a group of nodes with a relative capacity gap less
than a predetermined threshold.

5. Itisasubclass of step 4 that has a relative distance discrepancy
less than or equal to a predetermined distance threshold.

6. A relay node far from the source is chosen from the collection
of nodes in step 5. This relay node serves as the next hop’s
root node.

7. For contact between source node and relay node, a candidate
channel is allocated, and relay node will serve as source node
for the next hop.

This cycle is repeated before the relay node is designated as the
destination. Figure 3.6 depicts the DR algorithm’s flow diagram. The
flow chart replicates the DR algorithm and the same repeated until the
optimal result is achieved.

3.4 Simulation Results

'The simulation results of our proposed algorithms are presented in this
portion, along with a comparison to the performance of the IACR
algorithm. 75 nodes are randomly generated in a 1,000 x 1,000 m?
area to carry out the simulations (unless otherwise specified). Using
MATLAB® and the simulation parameters specified in Table 3.2, we
evaluated the efficiency of our proposed algorithms.

As seen in Figure 3.7, the suggested DR algorithm is simulated for
three concurrent flows: flow-1 (node 1 to node 15), flow-2 (node 18 to
node 69), and flow-3 (node 5 to node 39). Below are the routing paths
for all three flows (along with the CA):
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Figure 3.6 Flow diagram of the DR algorithm.
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Table 3.2 Simulation parameters

SYMBOL DESCRIPTION
NUMBER OF NODES 75
Number of Flows K 3
Number of Orthogonal Channels M 5
Number of Radio Terminals 2
Transmitted Power P, w
Noise Variance 10-10
SER Threshold T, 10°
Interference Range 200m
Channel Band Width 22MHz
Capacity Threshold o 1000bps/Hz
Distance Threshold 3 25m
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Figure 3.7 Path of concurrent flows.



COOPERATIVE ROUTING ALGORITHM 51

The CR algorithm’s routing path for flow-1 is:

ch b, ch h, ch. ch ch

flow! 112562732 66=4=533= 53315

Figure 3.7 depicts the routing paths for the three flows described
above. It can be shown that nodes 6 and 60 are involved in two separate
flows, flow-1 and flow-2. Since each node has several radios, it will
participate in several flows and interact through multiple orthogonal
channels to prevent interfering with each other (depends on CA). The
proposed DR algorithm assigns channel ¢4, to connection 6 => 60 in
flow-1 and channel ¢4, to the same link in flow-2, thus eliminating
interference.

By updating the global table at the entry point, the channel
calculation maximizes the gain. The nodes attached to the candidate
channels can be dynamically determined, and the data can be used to
change the global table to show the node is currently accessing the
working channel. Table 3.3 depicts an instance of the global table when
the three concurrent flows described earlier are served throughout the
network (note that Table 3.3 lists out information about the nodes
which are involved in those three flows). In Table 3.3, operating

Table 3.3 Global table
NODE NUMBER CH, CH, CH, CH, CH,
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Figure 3.8 Transmission delay.

channels are denoted by a red block, while idle channels are denoted
by an empty node. Nodes 4 uses channels 1 and 3 and is thus depicted
in red, whereas the other channels are not utilized for this node and
are thus left empty.

The transmission times of the three flows evaluated for the CR,
DR, and IACR algorithms are shown in Figure 3.8. Since the relay
node in IACR and CR algorithms is only chosen based on the ACC,
the routing path can deviate from the LOS, increasing the number of
hops, as seen in Figure 3.9.The DR algorithm chooses a node as a relay
node if it follows the following criteria:

1. Away from the source node

2. Closer to the LOS.

Since a node farther out from the source node ensures a minimal
number of hops, and a node closer to the LOS ensures the shortest
distance, resulting in the shortest transmission delay. Since the
number of hops is reduced, the re-transmission delay of relay nodes is
reduced, and the transmission time for the DR algorithm is reduced.
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Figure 3.9 Average number of hops over number of nodes /V, L = 1,000 m.

The transmission time of flow 1 for IACR algorithm is 3.1 x 10~
sec and for DR algorithm is only 2.2 x 107 sec, an improvement of
27.5 percent.

If the network area expands, the distance between nodes grows, and
the total number of hops continues to grow as well. Table 3.4 shows
the total number of hops for various algorithms for various L. and
N. When L = 5,000 m, the IACR algorithm’s total number of hops is
about three times that of the DR algorithm.

Figure 3.10 shows how the number of orthogonal channels
affects the network’s efficiency. We calculated aggregate throughput
by varying the number of channels from 1 to 20, while holding all
other parameters at their default values (see Table 3.2). The aggregate
throughput increases initially with the number of channels and then
stays stable until the number of channels is adequate for the three
flows, according to the simulation results. Extra channels are not
utilized by the network since each node has only two radio terminals
and the number of flows considered is three.
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Table 3.4 Average number of hops

AVERAGE NUMBER OF HOPS
LINM NUMBER OF NODES IACR CR ALGORITHM DR ALGORITHM
1000 75 1.5 7 6
500 11.25 11 6.5
1000 9.5 8.8 6.6
5000 75 253 217 16
500 39.7 348 17.5
1000 28.5 26 17.8

70 T T T T T T T T T

aggregate Throughput
w
o

N
o
T

~—&—IACR Routing
10 ——#— DR Algorithm
—pP—CR Algorithm

0 . \ . . . . . . .
0 2 4 6 8 10 12 14 16 18 20

Number of Channels

Figure 3.10 Impact of number of channels.

3.5 Summary

Two complex routing algorithms focused on MACC and distance
parameters are introduced in this chapter to optimize the advantages
of CR in the multi-radio-multi-channel large-scale wireless network.
'The suggested algorithms’combined throughput and transmission time
was equivalent to the IACR algorithm [70]. The best relay node among
candidate relay nodes with better channel capability is found by using
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nodes close to LOS between source and destination and away from the
source node as a guide. At the access point, the complex CA with high
channel capability is formulated using the global chart. According to
the simulation, the suggested algorithm improves propagation latency
and average number of hops by 27.5 and 32.5 percent, respectively.
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ENERGY-EFFICIENT
TRANSMISSION FOR LARGE-
ScaLE COOPERATIVE
WIRELESS NETWORKS

4.1 Introduction

Communication between two mobile nodes is triggered by a base
station (BS) in Mobile Ad Hoc Networks (MANET), and the two
nodes will then connect with one another without involving the BS.
In the case that the link between these two nodes is weak (poor),
intermediate mobile nodes (relays) work with the source node to
transfer data to the destination. The data is obtained from different
directions (known as spatial diversity) at the destination node, resulting
in improved efliciency. Cooperative communication is the term for
this situation (CC). To take advantage of the benefits of MIMO,
the CC technique is now used in nearly all wireless networks. Since
the position of a relay affects the efficiency of wireless networks, the
majority of research has focused on relay placement, and it has been
discovered that the relay that is in the middle of the network performs
best [71]. To boost network efficiency, CC can be applied to large-
scale networks. To increase the lifecycle of mobile nodes/networks,
network energy consumption becomes a crucial consideration when
choosing cooperative relay nodes (routing). By incorporating the idea
of a super node, Akhtar and Nakhai [72] suggested a power conscious
cooperative routing algorithm.

To increase throughput and reduce total path failure, cooperative
relay networks are being used. Cooperative transmission is used to

56 DOI: 10.1201/9781032714011-4
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increase reliability and spatial diversity. Amplify and Forward (AF),
Compress and Forward (CF), and Decode and Forward (DF) are
three relaying protocols that cognitive relay networks may use.
A relaying protocol is widely used to create a reliable communication
link between the two nodes when direct connectivity between them is
not feasible or the quality of the channel between them is limited. To
maximize throughput and the SNR, relay nodes are placed between
the destination and source nodes. Throughout the single hop relaying
protocol, the single relay is positioned between both the destination
and source nodes. The multi-hop relaying protocol has been used
where more than one relay is positioned between the destination and
source nodes.

The authors of [73] suggested an efficient low energy routing by
weighting the route with power rate ratios. A routing algorithm
based on the number of transmitting and receiving antennas and a
collection of cooperative nodes has been suggested in [74] to achieve
the lowest energy consumption. Praveen Kumar et al. [75] suggest an
energy-balanced cooperative routing algorithm. The authors propose
a MIMO-based routing algorithm to reduce energy consumption by
distributing power evenly among transmitters. In [76], a cooperative
ARQ_architecture was developed at the MAC layer to reduce total
network energy usage, and an ARQ-based energy eflicient routing
algorithm was presented. Pandana et al. [77] propose distributed
cooperative routing algorithms based on maximum power distribution.
With end-to-end throughput restrictions, Zheng et al. [78] suggested
an energy-efficient cooperative routing with truncated ARQ_ to
maximize overall energy consumption.

Many of the authors above have suggested different energy-eflicient
ways to minimize energy demand, but none of them are applicable to
multiple radio nodes. In this chapter, we suggest an Energy Efficient
Transmission (EET) scheme for large-scale wireless networks with
multiple radios and multiple hops.

To increase spectral accuracy, Rankov and Wittneben [79]
developed different DF and AF cooperative relaying protocols. Han
et al. [80] found that perhaps the spectral performance loss of the two-
way AF half-duplex relay has near lower and upper limits. Peng et al.
[81] measured the performance frequency of the two-way cognitive
relay network using the DF protocol via Rayleigh fading channels.
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With relaying protocol, channel models and relay collaboration,
Naeem and Rehmani [82] go into the basics of a cognitive radio
network. Cognitive relay networks with decode and forward relay were
designed by Xu et al. [83]. They increased the SNR and measured the
probability of a failure. Several studies have suggested AF and DF
over Rayleigh fading and Nagakami fading sources with cooperative
spectrum sensing systems. The possibility of symbol error in DF over
Rayleigh fading channels was also explored.

In order to achieve efficiency over Nakagami and Rayleigh fading
channels, a variety of studies use single hop in which some form of
relay is being used in the cognitive relay system. In several of the
experiments, multiple relays have been used to counteract Rayleigh’s
tading. Using only a multi-hop relay system, the reliability of spectrum
utilization can be enhanced, user latency can be minimized, network
capacity can indeed be expanded, and network coverage could be

expanded.

4.2 Cooperative Communication Over Single-Hop Networks

There has been direct connection between source (S) and destination
(D),and a cooperative link through a relay [9,84]. As a result, the system
is actually called a single hop relay system, as shown in Figure 4.1.

A half-duplex downlink system is similar to this example. In
single hop cooperative communication, information is transmitted
in two phases. In phase I, source broadcasts the information which
can be received by the destination and relay. The information at the
destination and relay in phase I can be expressed as:

Retransmit to

Transmit to Rela Destination

Direct Link

Figure 4.1 Relay scheme with a single hop.
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YSD = beD\/F;"' Nsp (4.1)
YSR = beR\/F: * Mg (4.2)

by, and hy, are the channel coefficients between source-to-destination

and source-to-relay respectively; and P is the transmitted power, x
information being transmitted by the source. 71 and 7, are the

additive white Gaussian noise between the links source-to-destination
and source-to-relay with zero mean. The instantaneous signal to noise
ratio (SNR) of a source-to-relay link can be given by:

Yer = sl (4.3)

Where N, is referred to as the noise power.

In phase II (also called cooperative phase), relay node amplifies
the received information from the source and re-transmit to the
destination. The information at the destination in cooperative phase

is given by:

Y, = AP b Y, + 1, (4.4)

r "RD™ SR

Y = AP [P bybx+ AP by, + 1y, (4.5)

Where A is the amplification factor can be expressed as:

(4.6)

The effective noise term in equation 4.5 is equivalent to the noise
variance IV, i.e.,

N, = A\/FrbRDnSR * ep (4.7)
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This amplified and forward relay’s end-to-end SNR is provided by:

2
PP b | |5

2
= . o (4.8)
1+ P|bg| +P b

AF 2
RD|

4.3 Spatial Multiplexing

The channel must be shared by several users or applications in
today’s communication applications. Multiplexing is a technique for
distributing multiple signals over a single channel. When several
signals use the same source, they should be able to be distinguished
from one another, i.e. orthogonal. Multiplexing comes in a number of
ways. Here are a few examples:

* multiplexing of frequencies;
* multiplexing of wavelengths;
* multiplexing of time; and

* multiplexing in space.

We are specifically involved in space multiplexing which means
to share a channel by focusing specific signals in non-overlapping
narrow beams [85]. Spatial multiplexing splits the data source of a
single individual into several sub-streams. Using an array of transmit
antennas, all of the parallel sub-streams are transmitted continuously
in the same frequency range. Since source data is transmitted in parallel
through many antennas, the data rate improves.

V-BLAST (Vertical — Bell Labs Layered Space-Time) [86] is a
Bell Labs spatial multiplexing architecture for obtaining exceptionally
high throughput over fading wireless networks. It’s used to make a
contact between two points. If only one source can transmit the
signal to the destination, the source splits the signal into various sub-
streams and sends each sub-stream to the destination by multiple
antennas. The receiver is equipped with multiple antennas to track all
sub-streams. Each transmitting antenna receives a mixture of signals
from each sub-stream. The sub-streams are scattered differently if
multipath scattering is sufficient when they are transmitted from
separate antennas at the transmitter site. The inevitable multipath in
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wireless networking has a very useful spatial parallelism that is used to
greatly improve data rates. Multipath has been turned into a benefit.
Advanced signal processing techniques such as successive interference
cancellation (SIC) or maximum likelihood (ML) can be used to
identify and recover the sub streams [86]. The technique relies on the
receiver’s BLAST signal processing algorithms. At the receiver, all of
the signals from all of the receiver antennas are read at the same time.
As the strongest sub stream has been removed, the remaining weaker
signals have become easier to retrieve until the stronger signals are no
longer a source of interference. The ability to differentiate between sub
streams is dependent on distinctions in how they spread across the
environment. It can be broken down into three easy steps: ordering,
canceling, and nulling.

Since multiple antennas at the transmitter are not possible, a new
method called cooperative spatial multiplexing has been introduced.
The spatial multiplexing mechanism is aided by the relays. Cooperative
spatial multiplexing, unlike traditional spatial multiplexing, does not
require multiple antennas at the source. This scheme is shown in detail
in Figure 4.2. In the thesis work, the AF scheme is used at the relays.
From the relays to the destination, the system can be viewed as a V-
BLAST scheme.

'This approach is particularly helpful for uplink transmissions (from
the mobile device to the base station). This scheme may be used in sensor
networks, where even the source node could transfer the information
symbol to the controller, while interacting with neighboring sensors to
form a virtual array.

——
>
SM _ SM 7
Encoder r 4 ] > l Decoder
2 4

Figure 4.2 Spatial multiplexing.
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4.4 System Model

The Multi-Radio Multi-Hop Cooperative Wireless Network
(MRMHC) with NV nodes, spread over an area of LxLm?, as seen in
Figure 4.3. Each node is fitted with a K radio terminal and a power
control unit. Each node in the network employs amplify and forward
(AF) relay protocol. The maximum transmitting power of the node is
P, Let x be the data that is transmitted from node 7 to node ;j along
two paths:

(i) Direct path (i - j); and
(i) Cooperative path (i /- j).

The received information at node jvia direct path y; and cooperative

path y; are given by [87],
5, = JP b+, (4.9)
V= APt/y/j.x + A P b+, (4.10)

where b, is the channel coefficient of a link between iand ;, n;

is the AWGN between node iand j with zero mean and A4 is the

Source .

Figure 4.3 AMRMHC Network.
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Amplification factor. Node ; uses Maximum Ratio Combiner (MRC)
technique to combine the information received from the two paths.

4.4.1 Cooperative Spatial Multiplexing

Motivated by the Mobile Communications Concept, we assume
Line of Sight (LOS) to become the shortest path between these
two nodes. We consider Rayleigh fading channel. In this section we
also present a cooperative spatial multiplexing (CSM) scheme, to
improve the network performance. Spatial diversity can be obtained
in an MRMHC wireless network, since each node is equipped with
multiple radios. The routing path between source and destination is
calculated by using our routing algorithm proposed in Chapter 3. In
that, each node transmits data using single radio terminal with fixed
transmission power. In this chapter, spatial diversity is implemented

by using multiple radio (K ) terminals. Since the maximum transmit

power of each node is P, the power control unit will distribute the

power equally among K radio terminals, i.e., each radio terminal is

allowed to transmit with the power E’

'The amount of energy consumed per bit for 7to ;transmission

(i.e., per hop E, ) is given by [17],
B pt n PTx +PRx
E, —Z(1+a)( /K)Q0 (4, M, e CRE)

bis the bit rate, « (:g—l)is the

transmission efficiency of a power amplifier which depends on the

2o
2

2
modulation. For MQAM {=3—;
—+1
22

, dij is the is the distance between
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the node i and j, Gy, and Gy, are the gain factors of transmitter and
receiver respectively, 7 is the path loss exponent, M, is the Link margin,
N, is the noise figure and, Py, and Py, are the transmitter and receiver
circuit powers respectively.

'The total energy consumption of a path from source to destination
can be obtained by adding energy consumption of each hop.

-YE, (4.12)

4.4.2 Simulation Results

Simulation results of the proposed CSM scheme are presented in
this sub-section. The parameters used for the simulation are listed in
Table 4.1. The simulation is carried out using MATLAB®.

Figures 4.4 and 4.5 show that, with the same amount of power,
we have achieved improved BER efficiency by applying spatial
multiplexing in multi-radio networks. Here we have evaluated energy
consumption of the network by varying number of hops and from
the simulation results it can be observed that by implementing spatial
multiplexing, better BER performance is achieved without increasing
the power of the network.

Table 4.1 Simulation parameters for the proposed Cooperative
Spatial Multiplexing scheme

PARAMETER VALUE
CELL AREA L 1000 X 1000 M?
Target BER 1073
Transmitter and Receiver Gains 5dB
Transmitter Circuit Power Py, 97.8mW
Receiver Circuit Power Pg, 119.8mW
Link Margin M, 40dB
Noise Figure N 10dB

N, 10-10
Wavelength 0.12m
Number of Radio terminals K 2
Number of Nodes 500

Number of Flows 1
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4.5 Energy-Efficient Transmission

The simulation results in the previous section show that the BER
efficiency of the CSM scheme is increased relative to the fixed power
transfer with the same amount of energy consumption. In order to
turther minimize energy consumption, we suggest an Energy-Efficient
Transmission (EET) scheme where the transmission power of a node

can be minimized (less than P,) in order to meet the BER P, target.

The maximum transmitting power P needed to accomplish the target

BER shall be obtained by the Chernoff bound.

KN
0
< (4.13)

Where P < P
The EET scheme is described as follows:

* 'The routing path to the destination node is determined by
the source node using the routing algorithm proposed in
Chapter 3.

* Every node calculates P using Equation 4.13 in order to reach

the target BER.

* Every node uses K radio terminals with a % power level to

transmit data.

4.5.1 Simulation Results

In this subsection, the simulation results of EET scheme are presented
and we have used the simulation parameters of CSM scheme given in
Table 4.1. Figures 4.6 and 4.7 represent the path taken by the proposed
algorithm from source node 1 to target node 15, with 500 and 1000
nodes, respectively. The paths are as follows:

N=500:1=223=177=188=349 = 343 =15

N =1000:1=545=910=115=873 =15
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Figure 4.7 Path from node 1 to node 15 with 1000 nodes.
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Table 4.2 The energy consumption values for the path of the CSM and EET
POWER CONSUMPTION IN MW

S.NO NUMBER OF NODES PATH DISTANCE (M) CSAM EET
1 500 945.6879 501.9659 0.6752
2 1000 926.8576 500.8573 0.5664
600 .
I Using EET
[Jusing csm
500 | ]

8

energy consumed in mW
N W
38 3

100

number of nodes (x500)

Figure 4.8 EET energy consumption with number of nodes.

The energy consumption of the above-mentioned path with
N =500 and 1000 is seen in Figure 4.8. Table 4.2 displays the energy
consumption values for the path of the CSM and EET, and it can be
shown that when following the proposed EET system, energy can be
saved by up to 99 percent (approx.).

Figure 4.9 shows the energy consumption of CSM and EET
schemes as a function of number of hops for normalized distance (the
distance between the source node and the destination node is unity)
and the energy consumption values are listed in Table 4.3. It can be
observed that the energy consumed in EET scheme is approximately
91 percent of that of CSM scheme.
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Figure 4.9 Energy consumption of CSM and EET schemes.

Table 4.3 Energy consumption values with number of hops
POWER CONSUMPTION IN MW

S.NO NUMBER OF HOPS CSM EET
1 2 250.8742 21.76
2 4 501.7484 43.52
3 6 752.62 54.41

'The proposed scheme saves about 99 percent of energy as opposed
to fixed power transmission, according to the simulation results. The
efficiency of the proposed EET is often evaluated in terms of the
number of hops for a normalized distance between the source and
destination. According to the simulation, we will save up to 91 percent
of energy while we use the EET.

4.6 Summary

This chapter proposes an energy-efficient transmission scheme for
large-scale multi-radio multi-hop cell ad hoc networks to reduce
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energy usage. Better BER efliciency can be accomplished without
increasing network power by introducing spatial multiplexing. The
suggested EET scheme utilizes spatial multiplexing and dynamic
power allocation to the nodes to achieve the target BER. The proposed
scheme saves about 99 percent of energy as opposed to fixed power
transmission, according to the simulation results. The efficiency of the
proposed EET is often evaluated in terms of the number of hops for
a normalized distance between the source and destination. According
to the simulation, we will save up to 91 percent of energy while we use

the EET.
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ENERGY-EFFICIENT ROUTING
ALGORITHM FOR LARGE-
ScaLeE CooPERATIVE MoBILE
AD Hoc NETWORKS

5.1 Introduction

Cooperative communication (CC) is a useful feature for combating
fading in wireless communication by using several radio terminals
on the transmitter and/or receiver to create spatial diversity. Relay
nodes retransmit the source’s copy of the data, then pair it with a
duplicate for improved original data decoding. With the advent of
virtual MIMOs, CC technology enhances network efficiency in terms
of output, reliability and power [89,90]. Researchers are interested
in applying three-stage collaboration to large-scale networks and
seeing how well it does. Increased connectivity between neighbors, on
the other hand, contributes to increased congestion and, as a result,
degrades network reliability much more than direct contact (without
cooperative communication). With the advancement of modern
wireless technologies, many radio terminals can be equipped with
electronic devices that adhere to the IEEE Network Standard [91],
lowering their costs. Interference may be reduced by allowing neighbor
propagation through several orthogonal channels, which increases
network bandwidth [92]. The use of resources is a big problem for
MANETs. The need for large capacities is increasingly growing as a
consequence of high data rate implementations, which would boost
energy consumption, network lifetime and efficiency.
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These problems are solved through clustering routing strategies
[93]. The hierarchy of lower adaptive energy clusters (LEACH) is one
of the most popular clustering techniques. In recent years, a number
of improved LEACH routing schemes have been proposed, with a
focus on changed cluster heads (CHs), network topology, and network
extension [11].The authors in [74] have proposed a virtual cooperative
MIMO transmission system and derived an analytical term for the
optimum number of cooperative nodes in two-stage cooperative
networks. A low-complexity cooperative routing algorithm with
an efficient power distribution approach was suggested in [12]. The
authors of [13] suggested routing algorithms that optimize the
efficiency of the physical, medium access control, and network layers
to reduce network energy. The authors suggest a mutual automated
repeat request (ARQ) process at the MAC layer to accomplish this.
In [14], authors proposed a cooperative routing algorithm focused on
quality of service to reduce energy usage. However, both of the above
scholars took into account a network in which each node is fitted with
a single radio terminal.

Muhammad Asshad et al. [17] use the max-min best relay selection
method to analyze the efficiency of a non-regenerative wireless
cooperative network over Rayleigh and Weibull fading networks.
'The Weibull fading parameter was used to extract the SNR moment
generation function (MGF) at the destination node. The lower
bound value of symbol error rate and outage likelihood was estimated
using MGFE.

Though [15] affects the accuracy of the analytical model due to a
large number of fewer relay nodes, [16] major issues are routing and
energy consumption, [18] the core network and wireless link can
afford high pressure when the same data is applied by many users, [19]
does not control the power of packet error rate (PER), maximizing
the secrecy rate, [10] obtains a poor solution and low converge. As a
consequence of the above problems, it is important to establish a new
methodology for energy utilization routing algorithms in a cooperative
network.

As a consequence, the key problem confronting large-scale MANET
is energy consumption and routing, which must be overcome. Various
methods have been applied, but owing to low efficiency, limited network
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lifetime, packet transmission issues, and high energy consumption, a
remedy is yet to be found. As a result, a new approach for increasing
network lifetime and lowering energy consumption is adopted.

5.2 Hybrid Multi-Hop Cooperative Routing Algorithm

In recent years, cooperative connectivity in wireless networks has
increased in popularity as a way to alleviate the incredibly severe
channel impairments induced by multipath propagation. To better
refine the structure and enhance efficiency, MANET and cooperative
communications are used. However,in MANETSs energy consumption
is a key problem. The need for high bandwidth is growing as a
consequence of high data rate applications, which would boost
energy consumption and shorten the network’s lifetime. Mobile
ad hoc networks are the purest type of autonomous structures, and
as a result, cooperative networking faces various challenges. As a
consequence, much ad hoc network analysis has centered on studying
basic routing and clustering algorithms. Highly specialized protocols
for embedded nodes have also been developed to minimize process
energy consumption while still hitting the whole network with a large
likelihood with the smallest period of time. As a result, there is a crucial
need to create a new routing algorithm that uses fewer resources.

By integrating clustering and location-based routing techniques, a
novel hybrid multi-hop cooperative routing algorithm for large-scale
cooperative networks is proposed in this chapter. When a flow request
is sent, cluster heads split the network into clusters. The Signal to Noise
Ratio (SNR), relative distance, and relative mobility are all factors in the
creation of a cluster. Following the formation of the cluster, one of the
nodes is chosen as the cluster head depending on its position. To reduce
end-to-end energy demand, maximize the number of transmitters and
receivers in each hop and achieve an optimum number of cooperative
relays in each hop. Figure 5.1 depicts the scenario.

5.2.1 Large-Scale Cooperative MANET

A Large Scale Cooperative Mobile Ad hoc Network (LC-MANET)

is a network with NN nodes uniformly spread over a region of
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Figure 5.1 Hybrid multi-hop cooperative routing algorithm.

L x Lm?*, as shown in Figure 5.2. The Decode and Forward (DAF)
relay protocol is used by each node in the network, which is thought
to be self-organized. Assume that each network node has K radio
terminals and a power management system that varies transmitting

power depending on size. R, denotes the nodes in the transmitting
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Figure 5.2 Large-scale cooperative MANET.

region of node i (Ni) that can interact directly with a likelihood of

error (Pe ) less than or equal to a predefined threshold, while R and r

denote the transmission coverage area and transmission radius,
respectively.

Assume that almost all nodes throughout the LC-MANET are
capable of encoding and decoding, complete channel estimation
and synchronization; and maximum likelihood (ML) detection at
the receiver. Please remember that the channel between the nodes is
Rayleigh fading. Let’s assume a node i broadcasts information X,

which is successfully decrypted by another node j € R, .'The obtained

information y; is provided by at node ;.

y,=\Ph X+, (5.1)

Where 4, = is the channel coefficient between nodes 7 and j modeled

2
: : - — 2. 2
as complex Gaussian random variable 1.e.,‘/.)l.j} md s 1 and d;

are the variance and distance between iand 7; X is the compressed
encoded data transmitted by node iand 7 represents zero-mean

additive Gaussian noise with the variance o°.

Any node can get its location using GPS and the location of its
neighbors by sharing beacon signals on a regular basis (every B sec).
Any node obtains parameters such as link Signal to Noise Ratio
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(SNR), distance, and relative velocity based on these beacon signals.
'The SNR of the relation between nodes pand g is calculated as:

2

P/aM
7, :T

7

(5.2)

Node p calculates the relative distance to node ¢ based on the SNR

as follows:
Pu %
Ad = 21 (5.3)
29 o Ar)/]jq

7

Where AJ/M is the nothing but the relative SNR, it is obtained as

SR B S (5.4)
Vo V0 Vs
and #, — ¢, = 3. The relative velocity of the nodes is given as:
Ad
Av  =—LLom/sec (5.5)
77 ﬂ

Each of the nodes in the cluster is chosen as a cluster head depending
on its location after the cluster has been formed and the SNR has been
calculated. The routing algorithm is explained in the following part.

5.3 Hybrid Cooperative Routing Mechanism
for Low Energy Consumption

The proposed energy-efficient hybrid cooperative routing scheme
for LC-MANET is defined first, followed by the optimization of
cooperative nodes to reduce energy usage.
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5.3.1 Cooperative Routing Algorithm

As a new flow enters from source node N to destination node NV,

node N, searches for a group of nodes in its transmission coverage

area and calculates the metrics; relative SNR and relative velocity, as
defined in the system model, using periodically exchanged beacon
signals. The source node forms a cluster and defines the Cluster head

(N b) based on calculated metrics, where N, € R . The compressed

encoded data X , as well as the destination and cluster head ID, are
broadcast by the source node.

Algorithm: Energy-Efficient Hybrid Cooperative Routing

Input: A new flow arrival source (/,) to destination N,
Output: Routing path from source to destination with each next hop’s Cluster Head and/or
Cooperative relay nodes.
1: While source = destination do
The source node measures the metrics using periodically exchanged beacon signals.
Find a set of nodes (R,) in its transmission coverage area R.
If N,e R then
Cluster head=destination
Else
The source forms a cluster with the nodes which are having the relative velocity (with source)
less than a predefined threshold i.e.,

V= {/‘(max(Avsi)—Avsi)< vf‘/ e(R, —RH)UNH}
8: From the above cluster, the source selects cluster head for the next hop as:

N, = argmax{dNM J}Vh =2

leV,
9: end if
10: The other nodes in the cluster cooperate with the source to forward the data to the cluster
head.
11: Source node= cluster head
12: end while

It denotes 4 hop cluster head and set of cluster nodes as IV, and V,
respectively. The (h+1)# transmission is required only when the

destination node is not in the transmission range of N, i.e, N, € R, .
h
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5.3.2 Energy Consumption Analysis

A cooperative MISO transmitting scheme and an energy consumption
model for a single hop is presented in this segment. The optimum
number of cooperative nodes was determined using this model. The
data is transmitted in two phases by the source node (V,), which forms
a cluster.

* Phase I: It broadcasts the data to all nodes in the cluster in the
first step. Assume that the cluster contains 7 nodes. MQAM
modulation’s average energy usage can be represented as [22]:

¢ LARE /
EP1 = QoEb,aerr( )bB (5.6)
(411) M,V 2" 1
Where Q, :—f,§=ST;G and G _are
Gthrle 2 / + 1 " "

gains of receiver and transmitter respectively.

M is the link margin, N s the receiver noise figure, 4is

the carrier wavelength, Eb,P] the average received energy pet bit

in phase 1, b is the transmission bit rate, B is the modulation

Bandwidth, P and P_are the transmitter and receiver circuit

x rx

powers respectively.
The average number of nodes in the cluster is

_ N

n =

P(Av) (5.7)

After phase 1 hasbroadcasted the cluster, phase 2 is processed
with n nodes in order to transmit data to the cluster head.
* Phase II: 'The data is distributed to the next-hop cluster head
by n nodes (n-1 cluster nodes and source node) in step 2. The
average energy intake can be calculated as follows:

SoE nF +F,
E, =2Q.F,, 4, N )/73 (5.8)
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Theaverageenergyconsumptionperbitofeveryhopis £, = EP + EP

Chertoft upper bound with several transmitting antennas equal to

one may be used to achieve the upper bound £, , .

1
— 2(2’-1)Ngp( 4 K

E, p, Can be obtained by substituting n=1. Using equation 5.9 as an

approximation, the following closed-form expression for the average
energy consumption per bit was obtained:

cr
E,=C, [mqq)%d@u]m@(mn (5.10)

2(22-1)N P +P
Where, C, = 0, ( ) °.C =iandC’ === As per
b 361 <o T T B

the proposed algorithm, the 4% Hop cluster head should be

within the hop cluster head’s transmission coverage range (/J—l)ﬂy.
Therefore the distance between two cluster heads should be (dmax)

should be d _<r .'The cluster’s average number of nodes becomes.

2
HSM (5.11)
I?

Where, P(Av) the probability of the node having relative mobility
difference is less than the threshold. Calculate a close approximation
of the ideal value of 7zto reduce average energy consumption per

bit E()whend?_ > — "L

~ aNP(A0)
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nNd* P(Av)

- (5.12)

minEb s.2.2 <

Otherwise, in the SISO transmission scheme, n=1 sends the data.
Differentiating with respect to n yields the essential value of a function

E :

h

, v cr C
4 (c) [n—ln(Ce)]+[m+C—ﬁ}=O (5.13)

b

Since the equation above this is positive, n must be less than ln(Ce) .
Let the above equations positive real-valued solution be n,. The

optimal value £, is then calculated as follows:

o TN P(Av)

n = [nPJ yesm s I?

2 if  n <2 (5.14)
?

For the study of multi-hop networks, the suggested routing
algorithm reduces energy consumption.

5.4 Results and Discussion

This section compares and contrasts the experimental findings
obtained with conventional approaches to demonstrate the viability of
the proposed process. The tools for specification and implementation
are described below.

'The proposed methodology is outlined in depth in Section 5.3, and
its output is evaluated in this section. With the following framework
definition, the suggested approach is introduced in the MATLAB
working platform. This section presents a simulation analysis of the
proposed algorithm. Simulate the algorithm in MATLAB with the
following parameters as in Table 5.1.
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Table 5.1 Parameters for simulation

NOTATION MEANING VALUE

N NUMBER OF NODES [100 1000]

P Transmitted power IMw

Ny Noise power spectral density -171dBm/Hz

B Modulation bandwidth 10KHz

Combining strategy MRC

B Periodic interval lus

M, Link margin 40Db

N; Noise figure 10Db

P, Target BER 103

Gtx Grx Transmitter and receiver gain 5dBi

Ptx Transmitter circuit power consumption 97.8Mw

V. Velocity threshold 5m/sec

Prx Receiver circuit power consumption 119.8Mw
2000 T T T T

1000 [

500

Network Life Time
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Figure 5.3 The fitness function’s four parameters are compared in terms of network lifetimes.

Maximum residual energy of the cluster head, maximum residual
energy of the relay node, maximum residual energy of the path, and
minimum transmission energy of the route are shown in Figure 5.3.
Criterion 4 has the longest lifetime. This means that criterion 4 has a
load-balancing fairness test. As a result, the fitness function for hybrid
multi-hop cooperative routing should be criterion 4.
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Table 5.2 Network lifetime

FITNESS FUNCTION NETWORK LIFE TIME
MAX. RESIDUAL ENERGY OF THE CH 1690
Max. Residual energy of the relay node 1800
Max. Residual energy of the route 1800
Min. Transmission energy of the route 1840

The network lifetime of the fitness function is seen in Table 5.2,
where the maximum residual energy of the CH is 1690. The network
lifetime residual energy of the relay node is 1800, Max. The route’s
residual energy over the network’s lifespan is 1800, with a minimum of
1800. The network lifetime of the route’s transmitting energy is 1840.

5.4.1 Comparison Results

Compare the network lifetimes and residual energies of sensor nodes
in EECC (energy-eflicient cooperative communication method) [94],
HEED (hybrid-energy efficient distributed clustering approach) [95],
and SOSAC (Self-Organized and Smart-Adaptive Clustering) [20], a
well-known cluster-based inter-cluster routing protocol.

The lifetime of networks is compared in Figure 5.4. The network
lifetimes of EECC (with relay nodes), SOSAC (without relay nodes),

2200
2000 r
» 1800
£
~ 1600
2
= 1400
x<
5] &
3 1200 0* e EECC
2 ead —6—SOSAC
1000 F R4 ==@-=HEED 1
4
-H -
800 k- '9 Proposed i
'I
600 _6 I 1 1
0 5 10 15 20

Number of draind sensor nodes

Figure 5.4 Comparison of the proposed algorithm’s network lifetime.
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Table 5.3 Comparison of network lifetime

NETWORK LIFETIME
NUMBER OF DRAINED NODES EECC SOSAC HEED PROPOSED
1 1300 1000 600 1400
2 1375 1200 850 1420
3 1450 1260 1000 1550
4 1525 1300 1045 1600
5 1600 1350 1090 1750
6 1620 1370 1135 1770
7 1640 1390 1180 1790
8 1660 1410 1225 1810
9 1680 1430 1270 1830
10 1700 1450 1315 1850
11 1720 1470 1360 1870
12 1740 1490 1405 1890
13 1760 1510 1450 1910
14 1780 1530 1495 1930
15 1800 1550 1540 1950
16 1820 1570 1585 1970
17 1840 1590 1630 1990
18 1860 1610 1675 2010
19 1880 1630 1720 2030
20 1890 1700 1800 2050

and HEED are compared to show the validity of the cooperative
communication method.

Table 5.3 shows that the network lifetime of EECC is between
1300 and 1890 until the first node is depleted, which is far longer than
the network lifetime of SOSAC. SOSAC has a lifetime of 1000 when
the first node is drained and 1700 when the last node is drained. The
first node drained value for HEED is 600, while the last node drained
value is 1800. However, as opposed to the aforementioned methods,
the proposed work drains the first node’s lifetime to 1400 and the last
node’s lifetime to 2050. This experiment shows that CHs and relay
nodes cooperating to reduce energy consumption and sustain load
balancing improves the network lifetime.

Figure 5.5 displays a graph comparing the residual energy ratios
of different approaches with the proposed algorithm, namely EECC
(using relay nodes) and HEED.

The average ratios of the residual energies of EECC, HEED, and
the suggested method are shown in Table 5.4. When the first node is
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Figure 5.5 Experiment with the residual energy ratios in different methods.

Table 5.4 Comparison of residual energy ratio

RESIDUAL ENERGY RATIO (%)

NUMBER OF DRAINED .

SENSOR NODES EECC HEED PROPOSED
1 40 70 80
2 35 67 71
3 30 56 74
4 21 52 72
5 25 48 70
6 23 44 68
7 21 40 66
8 20 37 64
9 18 36 62

10 17 35 60

11 16 34 58

12 15 33 56

13 14 32 54

14 13 31 52

15 13 30 50

16 12 29 48

17 11 28 46

18 11 27 44

19 11 26 42

20 10 25 40
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drained, the total residual energy ratio of EECC is between 40 percent
and 10 percent (when the 20th node is drained). And there’s HEED,
which has a ratio of 70 percent (when the first node is drained) to
25 percent (when the 20th node is drained). As compared to the
existing system, the proposed method saves more resources, with
a ratio of 80 percent (when the first node is drained) to 40 percent
(when the 20th node is drained).

'The proposed approach was also compared to existing methods
such as EECC, HEED, and SOSAC, which are well-known for a
cluster-based inter-cluster routing protocol that deals with network
lifetime and residual energies of sensor nodes. As a consequence,
certain techniques will be used to equate to the proposed method.

Figure 5.6 depicts network throughput, with Figures 5.6(a)
depicting throughput versus pause time, 5.6(b) depicting throughput
versus certain nodes, 5.6(c) depicting throughput versus CBR
connection, and 5.6(d) depicting throughput versus packet size. The
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Figure 5.6 Network throughput over (a) Pause time; (b) Number of nodes; (c) CBR connection; and

(d) Packet size.
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strategies under consideration are ANTC (Adaptive Neighbor-based
Topology Control), LETC (Learning-based Fuzzy-logic Topology
Control),and LBTC (Learning-based Fuzzy-logic Topology Control)
(Location-Based Topology Control with Sleep Scheduling). According
to Figure 5.7, the proposed scheme will achieve higher throughput.
Higher throughput is related to the network’s increased longevity as a
result of adequate transmitting power modification.

The following methods are used to compare the proposed system
to an existing system for multiple hops and energy consumption: ad
hoc on-demand distance vector (AODV) routing algorithm [21],
Opportunistic Cooperative Packet Transmission (OCPT) [22].

Figure 5.7 depicts the End-to-End Delay versus Node Count
for methods such as ANTC, LFTC, and LBTC. As per Figure 5.7,
LBTC has a greater end-to-end delay than LF'TC and ANTC. This
is attributed to a rise in hop count as nodes transmit at lower power
levels.

In terms of End-to-end Delay versus Multiple Nodes, Figure
5.7 and Table 5.5 compare the proposed approach to current
methodologies such as CCPT, OCPT, and AODV. The delay value

18

=—0— Praposed
—— CCPT
—4—ocPT
== AODV-ETX | |

End-to-End Transmssion delay

50 100 150 200
Number of Nodes

Figure 5.7 Delay Vs number of nodes.
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Table 5.5 End-to-end delay comparison
END-TO-END TRANSMISSION DELAY (MS)

NO. OF NODES PROPOSED 0CPT CCPT AODV
50 12.8 17 17.4 17.9
100 8.4 11.8 12.4 13.8
150 1.2 9.1 10.1 111
200 6.2 8.1 8.8 10

varies depending on the node, and the current approach has a lower
delay value than the existing methods. The time difference for
OCPT is 0.017 seconds for the 50th node and 0.0.0118 seconds for
the 100th node. The delay time for CCPT is 17.4m seconds for the
50th node and 12.4m seconds for the 100th node. The delay time for
AODV is 17.9m seconds for the 50th node and 13.8m seconds for
the 100th node. At the 50th node, the proposed method took just
12.8m seconds, and at the 100th node, it took just 8.4m seconds.
Furthermore, the existing method is a perfect fit for the comparison,
yielding a nearly better outcome for throughput and delay to the
proposed method.

Figure 5.8 depicts the total number of hops for difterent routing
systems as a function of node count. It can be shown that the proposed
routing scheme needs fewer hops than the AODV and OCPT systems,
since as node density rises in the network, the chance of having a
node away from the source increases, allowing the information to be
torwarded to the destination in the minimal path length, i.e., in the
tewest number of hops.

Figure 5.9 illustrates a study of end-to-end energy usage with
different routing systems depending on the number of nodes.
Since the work obtains an optimum number of cooperative nodes
in each hop, the path’s energy consumption would decrease. With
increased node density, the proposed algorithm necessitates less hops
and consumes less energy. At N=700 and L=1000, as compared to
conventional AODV routing algorithms, proposed method will save
53.42 percent of the energy. The results in both existing methods
are virtually identical, and the hops and energy consumption are
performed in this process, which is related to the proposed method
for evaluation.
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The proposed approach outperforms acceptable prior approaches
in terms of network lifetime, throughput, delay, and energy usage. As
opposed to the EECC, SOSAC, and HEED strategies, the network
lifetime of the proposed work drained is larger, with the first node
lifetime of 1400 and the last node lifetime of 2050. Furthermore,
the proposed method ratio’s residual energy is between 80 percent
(when the first node is drained) and 40 percent (when the 20th node
is drained), saving more energy than EECC and HEED strategies.
In comparison to ANTC, LFTC, and LBTC, the suggested scheme
achieves higher throughput and lower delay period. Higher throughput
is related to the network’s increased longevity as a result of adequate
transmitting power modification.

Furthermore, the proposed routing system needs less hops than the
AODV and OCPT systems because as the node density in the network
increases, the probability of getting a node away from the source grows
as well, enabling the information to be routed to the destination in
a reduced path length, i.e., a minimum number of hops, while also
reducing the energy consumption of the path. With improved node
density, the proposed algorithm needs less hops, and the energy usage
is also smaller. When compared to traditional AODV and OCPT
routing algorithms, resources can be saved by 53.42 percent. As a
consequence, the proposed approach increases the network lifetime
thus lowering energy consumption.

5.5 Summary

Cooperative communications enable communication network nodes
or terminals to collaborate in the transmission of information, making
for more effective usage of communication resources. A hybrid multi-
hop cooperative routing algorithm for LC-MANET was described
in this work. To counteract the mobility impact and reduce the total
number of hops, combine clustering and location-based techniques.
Incorporated optimization mechanisms in each hop and obtained the
optimum number of cooperative nodes by maximizing the number
of transmitters and receivers simultaneously. When opposed to the
conventional routing approach, simulation results indicate that the
proposed algorithm saves up to 53.42 percent in energy consumption.
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