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ABSTRACT

INVESTIGATION, SIMULATION AND IMPROVEMENT OF ENERGY
REDUCTION ALGORITHMS IN WIRELESS SENSOR NETWORKS

Mussa,Rabea,
M.Sc, Electrical and Computer Engineering, Altinbas University,
Supervisor: Asst. Prof. Dr. Abdullahi Abdu IBRAHIM
Date: August/2021

Pages: 58

Today, due to the advantages of wireless sensor networks, which are simple and inexpensive
implementation, low power consumption and high scalability, they have been used in many
applications. Designing stable wireless sensor networks is a very challenging issue. Sensors with
limited energy are expected to operate automatically for a long time. However, replacing broken
batteries may be costly or even difficult in harsh environments. On the other hand, unlike other
networks, wireless sensor networks are designed for specific small-scale applications such as
medical surveillance systems and large-scale applications such as environmental monitoring. In
this regard, a great deal of research has been done to propose a wide range of solutions to the
problem of energy saving. In this paper, a routing algorithm is designed to produce the best path
between the sensor nodes and the local collector node with the aim of achieving a proper traffic
distribution and thus creating a balance in the energy consumption of the intermediate nodes.
Creating such a balance will help increase the life of the network and improve the energy
consumption pattern of wireless sensor networks with limited energy resources. On the other hand,
by using the possibility of changing the range of nodes, it is tried to increase the possibility of load

distribution in low-density points of the network. The simulation results show a 20% improvement

Vi



in network life using the proposed algorithm compared to some of the proposed energy-sensitive

routing algorithms in recent years.

Keywords: Wireless Sensor Networks, Energy Sensitive Routing, Energy Rate Balancing
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1. INTRODUCTION
1.1 BACKGROUND

Scalability, coverage, latency, quality of service, security and mobility are the main needs of wireless
sensor networks used in various applications, including environmental monitoring, public safety, care
Medical and industrial and industrial applications. In these applications, the sensor is expected to work
automatically for long periods of time, whether weeks or months. However, these networks suffer from

limited network life due to the limited battery resources in the sensors.

In recent years, several methods have been proposed to save energy in wireless sensor networks, and
there is still much research on how to optimize energy consumption for wireless sensor networks with
limited energy resources. In the next section, we describe the existing standards for extending the life

of wireless sensor networks with respect to energy storage.
1.2 ENERGY STORAGE MECHANISMS IN WIRELESS SENSOR NETWORKS

In this section, we review the major methods available to solve the problem of energy consumption
in wireless sensor networks, which is presented in the article [1]. A classification of the proposed

energy storage mechanisms is summarized in Figure 1.1.

ROUTING
PROTOCOL IN WSN

NETWORK PATH PROTOCOL NEXT HOP
STRUCTURE ESTABLISHMENT OPERATION SELECTION

_| Query-based I
—| Location—basedl _l Event-based I

—I Multipath-based I

—l Group-based I
- —l Negotion-based I

] Hierarchical-
based QoS-based

_l Data delivery-based |

Probabilistic

—I Coherent-based |

Figure 1. 1: Classification of Energy Storage Mechanisms in Wireless Sensor Networks [2]
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A crucial aspect for successful Ambient Technology implementation is effective communication.
The flow of information from the source to the end device, which interacts with the environment,
should occur without complications. Some of the applications may have wired communications
between the source and the end device, but this may not be the most effective solution for all
applications. The wired solution has been proven to be costly and inefficient in many cases. For
this reason, a new type of communication and sensing network known as the Wireless Sensor

Network (WSN) has emerged in the last few years.

The WSN can be a solution for many different real-world applications. Research has demonstrated
the flexibility of the WSN to support many applications. Due to this flexibility, no set of rules that
clearly define WSN have been developed. For instance, some applications may have the capability
of providing wired charging to the WSN components; in other applications, the components should

be battery driven.

The future roles of embedded technology involve the use of embedded systems not only in
electrical equipment but also in other daily-use objects. Eventually these systems will surround us,
support us, and make our lives more comfortable. As mentioned by H. Karl and A. Willig [3], the
concept of different devices interacting with humans or physical processes based on the data

provided to them by other sources or devices is known as "Ambient Technology".

The flow of data from one device to another can reduce the need for human intervention. By
integrating computation and control with the physical environment, the concepts of machine to-
machine and person-to-machine communication can be realized. Such communication will be
especially useful in addressing physical changes in the environment without requiring human

attention.

In WSN scenarios, energy conservation is an important objective. Typically, WSN components
consist of a node and a sink. A node consists of a sensor that senses the physical environment and
collects the required data. A sink can be a computer or any other control unit that receives and
analyzes the data sets that are collected and sent by the sensor node. A typical structure of a WSN

is shown in Figure 1.2 [4].



Figure 1.2: Typical Structure of a WSN [4]

1.3 APPLICATIONS OF WSN

Advancements in micro fabrication technology, wireless technology, and embedded systems
technology have enabled the implementation of large scale WSNs. In the future, technological
advancements can help in the development of affordable sensors that can be used in a wide range

of applications.

The data collected with these sensors can be utilized for analysis and for future predictions. Some

of the applications for WSNs are covered in the following sections.
13.1 Disaster relief operations

Temperature sensor nodes in a WSN can assist in fighting wildfires. These sensors can be aerially
dropped in fire-prone regions to form a network. This network can provide a temperature map for
firefighters and can help them strategize the task of controlling the fire and its damage. Figure 1.3
shows another application for WSNs in disaster detection during an earthquake or volcanic

eruption.
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Figure 1.3: Application of WSN in Volcanic Eruption Detection [5]
1.3.2 Natural habitat monitoring

Scientists studying the natural habitats of various animals and birds can use sensor networks to
wirelessly obtain the data. Before the arrival of the WSN technology, scientists had to travel to
habitat locations to collect the data. Because of this human intervention, the species under study
would at times change its habitat making it more difficult for the researchers to study the
population. When placed strategically, sensor nodes can provide the desired data by monitoring
certain physical parameters (temperature and pressure) in the habitat. This data can be sent

wirelessly to the researchers who are located miles away.
1.3.3 Military operations

Military operations can be carried out with the use of WSNs. The sensors can detect the movement
of enemy combatants through variations in the physical parameters such as temperature or
pressure. This scenario requires the sensor nodes to be affordable enough so that they are
disposable. In the military service, energy needs are not a constraint because lifetime of the sensors

is not an issue.



1.34 Medical and health care applications

With the invention of sensors that can be worn on the body, the use of sensor networks in health
care applications is being widely researched. These sensors, as discussed by [6], can monitor the
health of a person, and, in case of an emergency, can contact a nearby medical facility for

assistance. Figure 1.4 shows a practical scenario of healthcare application.
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Figure 1.4: WSN in Medical Field [6]

Sensors can effectively monitor the wellness of elderly people that require health supervision. A
major concern with such a network, however, is latency. The delay for the transmission of the data
from the patient to the facility can prove to be very critical. Hence, there exist certain concerns

about the practical use of this technology, especially in potentially life-threatening situations.
135 Agriculture

By placing humidity and soil composition sensors in the field, farmers can gather the direct
measurements from the field. This data can be used to make necessary decisions, benefitting the
crops. By strategically placing the sensors, a large field can be covered. Similarly, sensors can be
used for pest surveillance. Livestock oversight can also benefit from this technology; by placing a
sensor on each cow or lamb, a farmer can monitor the health of the livestock and take necessary

steps in case of any abnormality.



1.4 FEATURES OF WSN

Common traits appear in the wide range of applications that can be addressed by WSN technology.
These common traits are unique to this technology, and pose certain technical challenges that are
usually not found in other wireless networks. The technical challenges are as follows [7]:

141 Low power consumption

In most of the applications, it is advisable that the nodes survive on a limited amount of energy
(batteries).

The replacement of such energy sources upon exhaustion may not be possible in all scenarios.
Hence, a network must be energy efficient to function for the required lifetime.

Energy scavenging can be performed at the sensor node so that the batteries can be replenished by
any available energy sources in the environment (solar and pressure). This method can extend the
lifetime of a network. When considering the power consumption factor, however, it is important
to note that a tradeoff may exist between the quality of service and the lifetime of a network. If the
quality of service is the most important aspect of the application’s function and requires increased

power consumption, additional support to maintain the power level may be necessary.
1.4.2 Quiality of Service (QoS)

This feature varies from application to application. Certain applications require a transmission of
data infrequently, whereas others require data more frequently. The latency factor depends on the
function of the application. For habitat monitoring, latency may not be significant; whereas in
other applications such as those used in human healthcare, latency is an important factor.
Therefore, it is important to understand the goals of the application and optimize the QoS

accordingly.



1.4.3 Fault tolerance

Failure of sensor nodes can happen because of power failures or other technical issues. Most of
the applications, however, do not allow manual repair or the replacement of nodes. In such cases,
the network should be able to reconstruct its structure so that the end user does not have to
intervene. Redundant deployment can be implemented so that the functioning of the WSN is not

interrupted.
1.4.4 Programmability

It is important to have the nodes to be easily programmable. The nodes’ functions can be changed
as an application evolves if they are reprogrammable. Providing only a fixed way of processing

and transmitting information may make the functioning of the WSN inflexible.
1.5 MECHANISMS FOR REQUIRED FEATURES

The realization of the features mentioned in the previous section requires innovative mechanisms
as discussed by H. Karl and A. Willig [3]. These innovations can be generalized for a wide range
of applications. Building an application from scratch, and testing it, should take into account the

following mechanisms.
151 Multi-hop wireless communication

With available energy as a constraint, sending and receiving information over a long distance may
be challenging. Instead of a node sending the data to a sink located at a distance, the concept of
multi-hop communication can be implemented. With the use of intermediate nodes as relays,
information can be sent to a sink with less energy consumption as compared to a direct
transmission to the end user. This technique, as discussed by H. Karl and A. Willig [3], also helps

to avoid obstacles as shown in Figure 1.5.
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Figure 1. 5: Multi-hop Communication for Avoiding Obstacles [8]

152 Auto-configuration

Most applications require that the WSN its operational parameters autonomously. This includes
the ability of the nodes to determine their location with respect to their neighboring nodes and to
maintain network topology. The network should be able to tolerate faults, and should be able to
itself in case of node failure.

153 In network processing

Most research studies have shown that processing data locally at a node consumes less energy as
compared to sending the data to the sink. Aggregating data within a network can conserve energy.
For example, temperature sensors can transmit an average temperature over a period of time
instead of transmitting each reading during that period. Various data aggregation techniques have

been developed and researched; the selection of a technique depends on the type of application.



154 Data-centric approaches

Wireless communication techniques typically use both a receiver and a transmitter, each with its
own address. This address provides a unique identity and allows the devices to communicate.
Using a redundant node deployment in a WSN instead of an address-centric approach will be more
useful. For example, it is easier to obtain temperature data from a particular group of nodes than
from an individual node. All the nodes in the sink should work together to provide the results

needed.
155 Exploit trade-offs

Each application will have its own unique requirements. Catering to these requirements will
require certain trade-offs. For example, the accuracy of the results can be improved with the
expenditure of higher energy. But, this in turn, decreases the lifetime of the nodes. In other
example, redundant node deployment in certain applications can make the WSN to perform

efficiently, but increasing density of nodes can create challenges in addressing node failures.



2. LITERATURE REVIEW

2.1 BACKGROUND

Radio transactions in sensor nodes play a major role in draining battery power. Due to the nature
of wireless communications, researchers have developed methods based on optimizing radio
parameters such as modulation and coding schemes, transmission power control, and directional

antennas to reduce energy loss in wireless sensor networks.
2.1.1 Modulation optimization

Modulation optimization aims to find the optimal modulation parameters to minimize radio energy
consumption. Existing research seeks to create an optimal balance between set size (number of
characters used), rate of information sent (number of bits of information per symbol), connection

time, distance between nodes, and Find noise [9][10][11].
2.1.2 Collaborative communication schemes (multi-hub)

To improve the quality of the received signal using the cooperation of multiple antennas, which
creates a virtual transmitter with multiple antennas. The idea behind this scheme is that information
is usually heard by the neighbors of a node due to the nature of the broadcast through the channel.
Much research has been done comparing the energy consumption of SISO networks (single input
and single output) and virtual MIMO networks (multiple inputs and multiple outputs). The results
of these studies show better energy savings and less end-to-end latency at longer distances than
the node transmission range in MIMO systems, even with the additional overhead energy required
to power these algorithms [12][13][14].

2.1.3 Transmit power control

Transmit power control (TPC) has been studied in order to increase energy efficiency in the
physical layer by adjusting the power of radio transmitters. Therefore, a node with higher residual
energy can increase its transmission power, which activates the transmission power reduction
algorithm in other nodes, ultimately saving energy along with has it. The TPC strategy reduces the

risk of interference not only in energy but also by reducing transmission power. In addition, fewer

10



nodes are located in the auditory region of a node. On the other hand, increasing the transmission
capacity can lead to the development of the telecommunication range and increase the number of
neighbors. This can increase the ability to distribute traffic in nodes with few neighbors and
improve network life [15][16][17].

214 Directional antennas

Directional antennas have the ability to receive transmitted signals at the same time and in one
direction. This improves the transmission range and energy consumption. These antennas may
require local techniques, but are capable of receiving multiple communications simultaneously.
This makes more use of bandwidth. Therefore, this algorithm can improve network capacity and
lifetime while it can also affect latency and connectivity. However, some problems that are specific
to the directional antenna, such as signal interference, antenna settings, and deafness problems,
should be considered when using these antennas [18][19][20].

2.15 Energy Efficient Cognitive Radiography

Cognitive radiography (CR) is intelligent radio that can dynamically select its communication
channel in the wireless spectrum and adapt itself to the send and receive parameters. Based on the
defined software technology, the radio is expected to fully automatically reset its transmitter and
receiver to the parameters required by the network, which improves network awareness. However,
the most important radio cognitive requirement is the power consumption of the node due to the
complexity of the antenna and the new features compared to conventional devices. In this regard,
the design of radio cognitive sensor networks is key to solving the challenge of intelligent use of
battery energy. Recent radiological studies are in the areas of transmitter power control, residual

energy channel allocation, and the combination of network and radiological coding [21][22][23].
2.2 REDUCE THE VOLUME OF INFORMATION

Another way to save energy is to reduce the amount of information sent to the collector node.
The two methods of limiting unnecessary samples and limiting the measurement tasks of each
node can be used together. Because obtaining and sending information is expensive in terms of

energy consumption.

11



2.2.1 Aggregation

In information aggregation scheme, nodes perform aggregation information along a path to the
aggregator node to reduce the amount of information sent. In addition, information aggregation
can reduce latency by reducing traffic. However, data collection methods may reduce the accuracy
of the information collected. In fact, after the aggregation operation, the information can not be

retrieved by the collector and as a result, the accuracy of the information is lost [24].
2.2.2 Agreed sampling

Measuring unnecessary samples affects communication resources and processing costs.
Conventional sampling techniques adjust the sampling rate in each sensor according to the needs

of applications such as coverage and obtaining accurate information [25].
2.2.3 Network Coding (NC)

Network coding (NC) is used to reduce traffic in broadcast scenarios by sending a linear
combination of several packets instead of one copy of each packet. Receiver nodes can also decode

packets using linear decoding equations [26].
224 Information compression

Using special techniques with computational capabilities and wireless node powers, data encoding
is performed to obtain transmitted loads with fewer bits, which makes this method It becomes

energy efficiency [27].
2.3 SLEEP AND WAKE PLAN

Radio units are the main source of energy consumption in times of unemployment. The purpose
of the sleep-wake plan is to put the radio in sleep-wake mode due to the activity of the node in

order to save energy.
2.3.1 Sensor cycle on / off program

Designed to change the mode of the radio node unit depending on network activities to minimize

idle listening time. These programs are usually divided into three categories depending on the

12



demand, asynchronous and in accordance with the program. Turn-on and off-cycle protocols
certainly increase energy efficiency, but greatly increase communication latency. Nodes also suffer

in these conditions for sending information when they or the next node is asleep [28][29].
2.3.2 Wake up side radio

To eliminate the weaknesses of the program, turn on and off the sensor periods, a low-power radio
is used to receive information when a node is asleep, and to send information. Traffic uses a

powerful radio [30].
2.3.3 Topology control

When too many sensor nodes are deployed to ensure good coverage of the space, some nodes can
be maintained by keeping network operations and connections in a non-state state. Make it active.
Topology control protocols dynamically determine the number of active nodes according to the
needs of the program in order to use more energy in the network [31][32].

2.4 ROUTING WITH ENERGY EFFICIENCY

Excess load on routing can seriously affect energy reserves. In particular, in multi-step
algorithms, nodes close to the collector lose their battery power faster than other nodes, leading to
network breakdown. What we are looking for in this dissertation is the energy saving mechanism
in various routing algorithms. In the following, we will examine some energy-sensitive routing

methods to better understand the subject of this dissertation.
24.1 Clustering methods

Clustering techniques are performed to improve energy efficiency by limiting energy consumption

through the following various methods.

a) reducing the range of communications within the cluster that require less transmission

capacity;

b) reducing the number of transmissions using data aggregation by the cluster;
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c) reducing the energy of operations such as coordination and aggregation at the head of the

cluster;

d) disabling Some nodes within the cluster are suggested when the cluster is responsible for
sending information, (and) balancing the energy consumption between the nodes in the
cluster by rotating the cluster node.

In addition to energy efficiency, clustering architecture improves the scalability of networks by

maintaining a hierarchical network [33][34].
2.4.2 Energy-based routing

Considering energy as a criterion in the path-setting stage is another solution to extend the life of
sensor networks. By performing this algorithm, the sensor nodes in routing not only focus on the

shortest path but also consider the residual energy of the next step [35].
2.4.3 Multi-route routing

While single-route routing protocols are generally simpler than multi-route routing protocols, they
can quickly drain the energy of the node selected as the next hop. . In contrast, multi-route routing
is able to balance energy consumption among nodes by alternately selecting transmitted nodes.
Multi-route routing protocols provide the network with the ability to retrieve the network after
draining the energy of a node by providing multiple routes, whereas in single-route routing, when

a node runs out of power, one route The new must be recalculated [36][37].
2.4.4 Relay node placement

The routing algorithm can avoid premature depletion of node energy in a specific area by adding
several relay nodes due to the long distance from the next node. This helps to improve the energy

balance between the nodes, and prevents the creation of a high-consumption sensor [38][39].
245 Mobile collector node

In a wireless sensor network architecture that uses a fixed base station, nodes near the base station

discharge their batteries faster than other nodes. They lead to premature disconnection in the

network. It is a fact that all the traffic is sent to the collector node and increases the workload in
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the nodes close to the collector node. To increase the life of the network and the possibility of
balancing the load between the nodes, a mobile base station is used that collects information from
the nodes by moving around the network. Aggregate node mobility improves connections in
distributed network architecture and increases reliability due to single-step communication.

Therefore, it also reduces competition time, collision and message loss [40][41].
2.5 CHARGING SOLUTION

Recent research studies have focused on energy recovery and wireless charging techniques. The
purpose of both solutions is to charge the sensor battery without human intervention.

25.1 Energy harvesting

New technologies have been developed to enable sensors to harvest energy from their
environment, such as solar, wind and kinetic energy. Compared to traditional sensors, rechargeable
sensors can theoretically operate continuously for an indefinite period of time. They convert
environmental energy into electrical energy and then consume it directly or store it for later use
[42][43].

2.5.2 Wireless charging

With recent advances in wireless power transmission, wireless sensor networks are expected to be
more stable. This technique can be used to send power between devices without the need for any
contact between the transmitter and the sensor. Wireless charging in a wireless sensor network can
be achieved in two ways: electromagnetic radiation and magnetic resonance coupling. Recent
research focuses on sharing the energy of nodes among their neighbors. Thus, it is predicted that
in the future, each node in wireless sensor networks will be able to receive energy from the
environment and send energy to other nodes, which will provide a self-sufficient network. Gives
[44][45].

It is clear that many efforts have been made through a variety of energy storage mechanisms to
extend the life of wireless sensor networks. It also appears that energy efficiency and other
applications are highly interdependent and require different performance optimization criteria in

common.
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2.6 CHARACTERISTICS OF WIRELESS SENSOR NETWORKS FROM A ROUTING
PERSPECTIVE

Due to the fact that in this dissertation, increasing the life of the network using routing methods
has been considered. For this reason, in the next section we have stated some of the requirements
of the routing algorithm used in sensor networks. Before addressing the requirements of routing
protocol design, we briefly mention the characteristics of sensor networks from a routing

perspective.
26.1 Network characteristics

Number and density of nodes and network diameter:

This property is based on the number of options in routing tables. It is effective in nodes as well

as the amount of delay and loss caused by the steps taken by packets.
Connection:

Due to the conditions of the physical environment, network links may experience different modes
of connection. This highlights the need for high dynamics in the routing algorithm and not limited

to unique paths in sensor networks.
Dynamics:

Sensor and wireless operator networks have dynamic correlation due to the possibility of moving
some nodes, and changing the correlation often causes a change in the path of the packets. In
addition to moving the nodes, the entry of new nodes into the network or the exit of some nodes

due to battery depletion can also change the network connection.
Deployment:

The location of nodes in sensor networks can be random, for example by spreading the nodes
through the aircraft in the desired environment. In addition, the location of aggregation nodes,

which also act as gateways to other networks, is effective in routing protocol performance.
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Traffic plans:

Depending on the specific application, different traffic plans such as point to point, point to group

and group to point are conceivable in these networks.
Service quality:

If different applications require different service quality, we may need to define multiple service

classes and use different routing criteria together.
2.6.2 Properties of nodes
a) Processing speed and memory size:
Limits on these parameters affect the size of routing tables and how they are processed.
b) Node power consumption and energy source:

The number and location of nodes with battery source and power nodes in the network will
have a direct impact on routing policies based on increasing network life.

c) Transmission range:

The transmission range of nodes that depend on the strength of their radio signal can be
effective in network connectivity and the density of nodes and their connection to each

other.
d) Traffic load:

The amount of traffic load of nodes can affect the quality of routing. Load sharing between

nodes can be one of the important policies in optimal routing in such networks.
2.6.3 Properties of links

a) Bandwidth

Wireless bit link rates on IEEE802.15.4 based networks are low and up to a maximum of 250
kbps. Of course, this bit rate can be less than this based on the conditions of the physical layer
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as well as the amount of interference of adjacent links. In addition, sleep-wake periods or

prevailing traffic conditions can also reduce bitcoin rates.
b) Delay

The transmission delay on an IEEE802.15.4 link can be increased due to queuing at the nodes

as well as the time required to compete over the channel.
c) Connection quality

Sensor networks have unreliable links due to physical layer conditions and low power
consumption. This link property is indicated by factors such as received signal strength index,

connection quality index or channel error rate.

2.7 REQUIREMENTS FOR DESIGNING ROUTING ALGORITHMS IN SENSOR
NETWORKS

Considering the features mentioned in the previous section on sensor networks, the requirements
in designing routing algorithms for these networks are conceivable, which we will mention in the

following.
2.7.1 Requirements to support network features

a) The routing algorithm must consider the non-response conditions of the nodes due to their
periodic dormancy. In order to achieve this feature, the use of lower layer information can be
considered. Depending on the application implemented in the network, nodes generate
packets at rates such as 1 packet per second or per minute or more, and therefore spend the
rest of their time in order to save energy. They go to sleep. Nodes that act as conductors of
the packet of other nodes may always be awake due to the power connection; Otherwise, their
sleep time increases packet latency and the likelihood of their loss, which can be reflected as

a cost in the route selection function.

b) The routing algorithm using the lower layer information on the amount of energy remaining
in the nodes should create or update routing tables. Also, the link quality index should be

considered as a criterion in choosing the appropriate path.
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c)

d)

f)

The routing algorithm should be designed to be scalable as well as use the least resources
to update routing tables. Sensor and wireless operator networks may consist of several
million nodes. In such a situation, grouping nodes in groups of 100 to 10,000 and using
hierarchical routing algorithms to simplify network routing and increase scalability is
known as the best solution [46][47].

Use the methods of repairing and retrieving routes so that if part of the route is lost, there
is no need to repeat the routing process from origin to destination. This reduces the
overhead caused by routing packets on the network and improves packet throughput and
latency.

Support for network connection changes due to node movement or link condition changes.
For example, in home networks, the time required to apply interconnection changes and
route reconstruction by the routing algorithm should not exceed 20 seconds [48]. Some
applications that require instant information exchange may take less time to converge the
routing algorithm. In the routing algorithm used in sensor networks, due to the limitation
of processing power, it is not possible to track the path of moving nodes, and the movement
of nodes is only by removing them from a place or group and connecting them to a base

station or The new group should be well supported.

Routing algorithms in sensor networks must support point-to-group, group-to-point, and
sometimes point-to-point traffic plans. Traffic in sensor and operator networks usually
travels from one point to several points or from several points to one point. Some
applications also require point-to-point communication, but the predominant traffic is of
the first two types. The special traffic scheme in such networks simplifies the design of the
routing algorithm compared to the flat networks where all nodes can exchange data with

each other.

19



2.7.2 Requirements to support node properties

b)

The routing algorithm must have small software code and few routing modes to be
implemented with the memory conditions and processing power of the nodes in the sensor

networks.

The routing algorithm should be able to manage routing operations with the minimum
necessary control packages to minimize the energy overhead in the network. Due to the fact
that routing packages are usually multi-broadcast, the energy overhead consumed by them will
also be high. Therefore, optimizing the transmission rate of routing packets is one of the key

factors in designing algorithms in sensor networks.

2.7.3 Requirements to support link properties

b)

d)

Routing packets should not exceed the length of a data link layer frame as much as possible
overhead. Minimize their fragmentation and reconstruction. Also, due to the unreliability of
the links in the sensor networks, if the control packets are fragmented, the possibility of error

in the protocol will increase.

The routing algorithm must observe the packet loss rate that can be tolerated by the application
implemented in the network by selecting the appropriate paths for the packets. For this purpose,
the routing algorithm must be aware of short-term and long-term changes in the quality of links
and select the appropriate route to have a tolerable error rate by determining the cost of routes
according to the quality index of links.

The routing algorithm must know the amount of tolerable latency of the application
implemented on the network and select the appropriate route according to the latency of the
physical links along the route. For example, industrial automation or building automation

applications may have a maximum tolerable delay of a few tens of milliseconds.

Routing algorithms must be resistant to correlation changes due to changes in link quality or
node loss and must converge in the shortest possible time depending on the implementation

implemented. In addition to the need for speed in convergence, the routing algorithm must
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converge with the least network resources occupied so as not to violate paragraph 8 of the

above requirements.

e) The routing algorithm must be able to support asymmetric links. Asymmetry of links means
the impossibility of sending two-way sending by two-node nodes of a link, which occurs
frequently in sensor networks due to unstable radio conditions.

f)  The routing algorithm, in order to ensure network security, must support authentication and

encryption mechanisms in its control packets.

g) The routing algorithm should be able to establish multiple routes between origin and
destination to create backup routes as well as load distribution in the network in order to

achieve the appropriate service quality for applications sensitive to latency or reliability.
2.8 INVESTIGATE THE SHORTCOMINGS OF EXISTING ROUTING ALGORITHMS

Due to the severe energy constraints on wireless sensor nodes, routing using a multimeter can be
a routing tree topology with energy storage to deliver information to the base station. Where the
middle nodes aggregate their information with their children's information and send the aggregated
information to the base station [49][50][51]. The aggregation of functions is divided into two main
groups, complete aggregation and imperfect aggregation. For complete aggregation, the amount
of output information is constant and independent of the amount of input information. Examples
of this type of aggregation are maximal functions. Complete aggregation can be fully utilized in
sensor networks. The mean function is an example of an incomplete aggregation, which requires

all the information to be present [52].

The topology of routing trees starts with sending a flood routing message from the base station
and is sent by nodes to all levels of the tree. Each node can receive a number of these routing
messages from nodes that it can consider as a parent. Each node after the broadcast of the routing
message according to the different policies for parental selection such as random selection,
selection based on distance or based on selection based on link quality, which is implemented in
the algorithm, = Able to select a parent from among their potential parents to send their data to it
[53][54].
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Blind selection of parent nodes creates an unbalanced distribution of children among parents. In

this case, it is very likely that some parents will have more children than other parents and even
some parents will be childless. The number of children indicates the amount of traffic in a
particular node due to receiving, processing and sending information. High traffic causes a rapid
depletion of energy, and the node that suffers from this has a shorter lifespan than nodes that have
less traffic. Given this, it is important to consider the load on a node in dense networks to eliminate
rapid energy depletion and node loss [55]. To solve this problem, using routing with proper
distribution of traffic between nodes is the best and most logical solution. Numerous methods and
algorithms for routing in wireless sensor networks have been proposed by researchers [53]. But
we are still far from reaching a standard protocol in this regard. Given that the topic of this
dissertation is balanced load routing using energy criteria, we focus on routing methods. Routing
methods in terms of load balancing are also divided into three main groups:

2.8.1 structure-based routing;

In which information transmission paths are generated from the beginning and used during

network activity [56].
2.8.2 Improper routing on the structure;

They do not seek to create routing graphs and generate routes based on network needs. The need
for more paths in these methods is determined by the bandwidth, latency or energy of the nodes
[36].

2.8.3 coding-based methods;

Which fragment the packets and send the various components to adjacent nodes using coding
methods, the destination node retrieves the original packets using decoding mechanisms. These

methods are mainly used to increase telecommunication security [57].

Among the above methods, structure-based methods are more effective for our intended
applications, i.e. data collection periodically and structurally from nodes with a specific location
and mostly fixed. Non-structured methods are more suitable for adhoc networks with mobile nodes

and random, low-volume traffic. Coding methods do not distribute traffic independently and, on
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the other hand, are not suitable for delay-sensitive applications due to the need to reach all the

components to retrieve the original packets.

Since the proposed protocol in this dissertation is designed to move towards standardization of
routing protocols in wireless sensor networks, the use of a structured method for generating routing
graphs is preferred and the UDDR algorithm as A standard, structured approach was identified as

the best option for our platform.

One of the issues that can be observed and improved in routing algorithms is the mechanism of
traffic distribution between nodes. In most of the proposed algorithms, traffic distribution, which
are purely experimental algorithms, is done according to service quality criteria; That is, different
nodes are evaluated based on different routing criteria, and the traffic of different classes is directed
to the node with the most profit. For example, the algorithm [58] based on the distance from the
collector node and the algorithm [59] use the combination of delay service quality and reliability

to decide on the next step.

On the other hand, to create load balance and prevent overuse of some nodes, the combination of
node energy criteria with the main routing criteria is used to achieve more balance between nodes.
This method reactively creates a proper traffic distribution and balance the energy consumption of
the nodes. However, determining the coefficient of importance of energy relative to the main
criteria, as well as the coefficient of importance of the main criteria relative to each other, in the

combined criterion used can drastically change the behavior of this algorithm.

Other categories of experimental traffic distribution algorithms, which are mainly non-structured
routing methods, include animal intelligence methods such as ant theory [60][61] or artificial
intelligence based on logic such as logic. Use fuzzy [62] or machine learning methods such as Q-
learning [63]. Such methods are mainly slow convergence towards optimal paths, which causes

the loss of a large part of the packages during the search and learning operations for the best paths.

On the other hand, the overhead of these algorithms is high due to their search nature. For example,
in ant theory-based algorithms, we need to send ants in all possible directions in order to find the
best path; Or in an algorithm based on Q-learning, each node gradually scores the nodes in front
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of it using end-to-end feedback received from the collector node. However, the use of structured
methods can identify the optimal nodes from the beginning and provide a good estimate of the cost

of the node for the nodes along it.

In contrast to these experimental methods, algorithms have been proposed to achieve optimal
traffic distribution using clustering methods. These algorithms are used to solve the problem of
balancing energy consumption by moving maps and distributing more energetic nodes as headers.
The methods of moving the maps mainly have a high information overhead, so they affect the
energy of the nodes [64][65]. Also, due to the distribution of nodes, some eclipses may have more
traffic load, and some children may have to use multi-hop connections to send loads to the node.
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3. METHODOLOGY

3.1 ALGORITHM

The following conditional command is created for the purpose of moving the threads in the circuit,
in other words, causing a balanced distribution of nodes in the circuit. The first command states
that if the circuit number is even, then shift the position x of the headers to the right-hand side of
the angular width of a circuit, otherwise place it in its previous position.

if rem(k1,2)==0
ybS1=cos(2*pi*x2(1:areanum)+(pi/areanum));%x cluster location of orbit radius(points)
ybS2=sin(2*pi*x2(1:areanum)+(pi/areanum));%y cluster location of orbit radius(points)
else
ybS1=cos(2*pi*x2(1:areanum));%x cluster location of orbit radius(points)
ybS2=sin(2*pi*x2(1:areanum));%y cluster location of orbit radius(points)
end

For each circuit, a cycle is created along the regions whose job is to draw lines between the circuits.
The position of the current head is determined. And then its direct position is determined, which
is the eclipse in the lower circuit of the netter (by reducing the radius and multiplying it in the
current position of the eclipse.

Then the initial energy of each header is determined depending on the number of nodes that are
loaded on it, in other words, the load of the transmitter nodes is divided between the headers. he
does.

The number of each heading is also determined by the number of cycles as follows.
S(KT).ind=KT;%node index

Each node will have an estimate of its energy consumption when it collects node information,
which is initially equal to zero.

S(KT).EnergyConsumNeed=0;%node index

The following command is used to control and quantify the sink, and using the following
command, it is determined that the current thread is actually the lowest thread and must send its
information to the sink. Therefore, the position of the sink as the next position The current header
is determined and the sharp index of the sink is placed in the header slot.

if KT>areanum*(orbitNum-1)
S(KT).ch=clusterH;
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If the eclipse is not present in the last and lowest circuit, then the present eclipse completes a
complete circle and points to its lower circuit and adjusts its next position to the corresponding
eclipse position of the cluster in the lower circuit. And it adjusts its distance as before.

Then the variable kt as the index of the headers becomes one more number. So that the index stores
all the euphemisms.

Then use the following command to go down the circuit one step to create and adjust the headers
of that circuit as well.

Then, the last spark plug, which is the sink, is set as follows in this section, and the next spark plug
is the sink itself, so its energy consumption will be zero.

S(clusterH).ch=clusterH;
S(clusterH).X=0;
S(clusterH).Y=0;
S(clusterH).nXcoor= sink.X;
S(clusterH).nYcoor= sink.Y;
S(clusterH).distanc=0;
S(clusterH).ind=clusterH;
S(clusterH).E=20000;

The following commands are used to draw dividing lines. After creating the points, including the
central points and the points on the last circuit, the area lines are drawn.
Then the positions x and y of the present node are plotted using the finite radius r inside the last

circuit and sink, and this cycle is repeated for all nodes to create a unique position for each of them.

After creating the nodes and drawing the circuit, and the headers, and now the cycle begins as
follows, in which each node and each header selects its own header to the process of sending
information one step through the nodes and sending several steps or Take a step through the sprigs,
in a set interval, and each time their energy consumption is deducted from their current energy

value.

After the above actions and clustering, the energy consumption of each node is corrected along
with the changes of the eclipse and the distances of the nodes and eclipses, all of which are copied
to the node vector after returning through the function. It is used to calculate the energy fraction

and other operations to update the status of the nodes.
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Flush selection function:

This function, called the header selection function, finds a number of inputs, including the node
vector, the last header index, and the parameter variable. The position of the header performs the
nodes and the header, and the return value includes the vector of the updated nodes and headers,

which must be copied to the input vector of the same S.

And for each node, all the ellipses are lined up, and the node selects one of them to have the best
and the shortest distance with him. He does not choose any node, so it is natural that the node that
is not selected will not consume energy unless the conditions for his selection are provided in the
next steps.

Then, for every ninety, one cycle is created along the length of the headers.

Then, after selecting the header, it is checked whether the distance of the present ninety with the
header is less than the base distance or not, and if it is, then its power consumption parameters are

set similar to the headers.

Each time Node selects Sarkhosheh, Sarkhosheh determines the number of its members using the
following command, based on which the total energy consumption is estimated. In fact, the

following command states how many ninety have chosen the current headline so far.

If the number of nodes is greater than zero, the work variable as the control variable allows the

energy consumption to be estimated, otherwise the energy consumption for it is considered zero.

The energy consumption of the head is then calculated based on the number of nodes that have
selected it as follows.

enNeed=(  (kB*Eelect*((NselByNods))) + (kB*EDA*NselByNods)+(kB*Eelect +
(kB*eFaM)*d1.”np))*work; %identity enrgy consumpation till now for ch(i)

% if distance and the energy need for aggregating and sending of nodes information of ch(i) is
Sufficient then can select by current node
And this required energy consumption is stored inside the eclipse to reduce the amount of energy

consumed in the original file.
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The eclipses then select the eclipses, which eventually transfer the information to the sink in the

form of one step or several steps.

For each area, the entire circuit is in a cycle. In this case, the eclipse is performed in a deep form,
ie each eclipse selects its eclipse from the lower circuits, and if there is no circuit downstream, the
sink Selects as eclipse and sends its information to it.

And if all the deep springs have lost their energy, then the sink will be selected as the last resort
and direct information will be sent to the sink.

Finally, the lines between the nodes with the headers and the headers with their own headers are
drawn in this section, and each time this function is called, the route and distance information

update is performed and drawn.

Comparison with Low-energy adaptive clustering hierarchy (LEACH):

In terms of reducing energy consumption:

In this implementation technique, the threads can be distributed in a circular fashion between the
nodes, so that the transmission distance corresponds to the transmission and receive board and it
can be rotated around the circuits as desired.

Therefore, with a balanced distribution, energy consumption can be drastically reduced, according
to the LEACH implementation technique, each node can be both eclipse and as a sensor, although
this method can reduce energy consumption in the network, but due to change Headings occur at
each stage of the overhead cost of header replacement, which is not included in the simulation of
the LEACH as an energy consumption factor, in other words, each time the header is changed, at
least 2 * N times of Broadcasting is performed, which consumes energy. Will follow and also in
this case the specialized work of the sensor nodes is sometimes ignored. Which in itself can have
consequences. Although some nodes in the LEACH are permanently eclipsed and have no sensory
action, they are constantly assigned this task to normal nodes, and in general it should be said that
a large part of their time is spent without any useful action. To be. However, the energy of these
headers is determined twice as much as other nodes,

In the present technique, the task of sending and collecting information is given to certain nodes

with appropriate distribution, the distribution of which can be changed. This action causes the
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headers to be present in all areas. Secondly, it causes all nodes without the need for Replace the
cap as soon as possible in the form of a step and send information at the base distance.

However, the limitation of this technique goes back to the energy of fixed headers like a LEACH,
so it is possible to select the header energy more than normal nodes and in accordance with the
average load of each node to the network, so in this project energy consumption Nodes By
selecting four times the energy of normal nodes (in the LEACH, the energy of the headlines is
twice as high as normal nodes), the network can be used for a long time, and by selecting three
times the energy of normal nodes, the time of the first death is equal to the LEACH. However, in
Lech, the average energy consumption is higher than the current technique, because normal nodes
are involved during data transmission, which in turn consumes the energy of the entire network.
Therefore, the average energy consumption in the present technique will be less than the LEACH.
In the LEACH, all the nodes are involved and therefore the onset of death will be from normal
nodes. Unlike the LEACH in the present technique, it will be the first death in the nodules and if
their energy is higher than normal nodes, the network life will be much longer.

As the number of nodes increases, the life of the network increases.

The distance between nodes and threads is important in this technique and a long distance causes
a lot of energy consumption, so we have tried to keep the distance between the base and the
transmission for normal nodes and threads as low as possible, and in general increase the number

of circuits It has a beneficial effect on increasing the number of areas in energy consumption.
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4. EXPERIMENTAL RESULT

We utilized in this section, we will describe the network model under consideration in terms of
connectivity, node density, telecommunication link model, etc., and in addition, we will define the
optimal routing problem we want. The contents of this section will acquaint the reader with the

conditions we want from the network as well as the problem we are trying to solve.
4.1 NETWORK CONNECTION

The network under study consists of a number of sensor nodes and wireless operators that are
randomly distributed evenly across the target environment. The study environment is considered
as an a * a square with the dimensions of a personal or local network and the number of nodes in
it does not exceed 100 nodes. The reader should note that assuming hierarchical routing capability
in wireless sensor networks, the above assumption does not impose a limit on the dimensions of
the overall network. The number of collector nodes in the implementation environment is
considered 1 and the routing algorithm operates in such a way that it sends the information
generated by the nodes to the collector node appropriately. As a result, the type of traffic
considered in this paper is also multi-point to one point. Various experiments during the simulation
as well as logical arguments indicate that the location of the collector node should be close to the
center of the implementation environment, because thus the possibility of adjusting the traffic load
across the network under investigation. It is more desirable. To make our network model a little
closer to reality, the location of the adder node in a square with dimensions ofa/2 *a/2 and in
the middle of the main implementation environment is randomly selected. Such an assumption

would be largely possible given the actual implementation conditions.
4.2 DENSITY OF NODES

The higher the density of the nodes in a given range, the greater the probability of a collision and
the more time the nodes need to access the frequency channel. On the other hand, the low density
of nodes may lead to the creation of routing holes and the disconnection (thinning) of the routing

graph due to the excessive distance of some nodes.
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We have not found a suitable and direct criterion for high or low density in wireless sensor
networks in the existing articles. Only in the reference [66] it is mentioned that in order to prevent
the network from becoming thinner and creating a connected network, it is better that the network
density is such that each node has at least 5 neighbors around it on average. The results of the
simulations also showed the relative correctness of this hypothesis, so that in lower density
conditions, part of the generated traffic is practically lost due to lack of route to the destination.
For this reason, we also use the above criterion to determine the minimum density of nodes in the
network model under study. Thus, the density of nodes should be selected so that the order of the
graph (average number of neighbors of the nodes) is between 5 (minimum) and 10 (maximum).
The simulation results show that the packets are lost too much due to collisions in graphs with

order greater than 10.
4.3 WIRELESS TELECOMMUNICATION LINK MODEL

The standard single disk model is used to model the wireless telecommunication link that operates
under the IEEE802.15.4 standard. In this model, it is assumed that the node can only exchange
data with nodes that are in a circular environment within the radius of its telecommunication range.

Thus, the set of node neighbors also includes the nodes located on this disk.

In order to model the physical layer and the effect of reducing the received power due to the
distance between nodes and environmental factors such as fading and wave reflection, log-normal
shadowing model has been used to calculate the signal strength received at the destination node.
The received signal strength index or RSSI on the link (i, j) resulting from the above model is

calculated using the famous following formula [67].
RSSI(i,j) = P,(i) — PL(ly) — 108 log (’l—;) - X, (4.1)

On the other hand, this indicator is used to decide whether to receive the package correctly or
incorrectly in the physical layer, so that if the received signal strength is less than the sensitivity

of the receiver antenna, the package is lost and otherwise it is considered healthy.
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4.4 SIMULATION RESULTS

First of all, the wireless sensor network area is setup. This scenario is shown in figure 4.1.
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Figure 4. 1: First Step of the Setup
The area/clustering parameters is shown in table 4.1.

Table 4. 1: Area/Clustering Parameters

Parameter Value Description

N 250 number of nodes + clusters
rmax 25 around

r 2000 orbit radios

R 2000 second orbit radios
orbitNum 5 number of orbit

AreaUnit 2000/5 = 400 area unit setting
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AreaNum 4 number of area
clusterH AreaNum*orbitNum+1 = 21 clusters
nodN 250-clusterH = 229 nodes

The energy parameter is shown in table 4.2.

Table 4. 2: Energy Parameters

Parameter | Value Description

Ein 0.5 initial energy Joul

kB 4000 number of sent bits

Eelect 50*10"-9 Joul / circute consumpation of unit
Eamp 0.0013*0.000000000001 Joul / amplifing for near distance
Efs 10*0.000000000001 Joul / amplifing for near distance
EDA 5*0.000000001 Joul /aggrigation parameters

do sqrt(Efs/Eamp) = 8.7706e-11 base distance

The second energy parameters are shown in table 4.3.

Table 4. 3: Second Energy Parameters

Parameter Value Description

Ein 200 initial energy Joul

kB 100 number of sent bits

Eelect 50*107-9 Joul / circute consumpation of unit
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Eamp 100*107-12 Joul / amplifing for near distance

Efs (7.6923e+03)*Eamp Joul / amplifing for near distance
EDA (3.8462e+06)*Eamp Joul /aggrigation parameters
do sqrt(Efs/Eamp) base distance

The sensors install randomly in the area. Figure 4.2 shows the setup the first sensor that colored

by blue color.
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Figure 4. 2: Setup the First Sensor

All sensors setup randomly in the proposed WSN area. This scenario is shown in figure 4.3.
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Figure 4. 3: Setup All Sensors

The yellow-colored sensors send their information to the sensors. This scenario is shown in figure
4.4,
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Figure 4. 4: Yellow Sensors Send their Information to Each Other

The sensors start to send their information to the base station. At first the number of death node
are zero, round is 1 and the energy is 154.5 Joule. This scenario is shown in figure 4.5.
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Figure 4. 5: Start the Working of the Network

The system after first death node is shown in figure 4.6.
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Figure 4. 6: First Node is Death
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This state continues and in the middle of the round 1 8 sensors death. This is illustrated in figure
4.7.
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Figure 4. 7: 8 Node Death in First Round

Finally, all nodes are death in round 25. The total remain energy is 2.0503 Joule. This state is

shown in figure 4.8.
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Figure 4. 8: All Sensor are Death
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The life time of the sensors is shown in figure 4.9.
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Figure 4. 9: Life Time of The Network
As seen in this figure all sensors are death after 25 rounds.

The residual energy against of the node numbers is shown in figure 4.10.
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Figure 4. 10: Residual Energy Against of The Node Numbers.
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5. CONCLUSION AND FUTURE WORKS
5.1 CONCLUSION

Advances in electronics and wireless communications have provided the ability to design and
manufacture sensors with low power consumption, small size, reasonable price, and a variety of
applications. These small sensors are able to perform functions such as receiving information from
the environment, processing and sending it. Together, these factors have led to the development
and expansion of networks called WSN wireless sensor networks. A sensor network consists of a
large number of sensor nodes that are distributed in an environment and collect information from
the environment. The location of the sensor nodes is not predetermined. And it makes it possible
to leave them in inaccessible places. Each sensor node has a processor, which performs a series of

initial processes on the received information and then sends the data.

Although each sensor alone has little capability, the combination of hundreds of small sensors
offers significant possibilities. In fact, the popularity of sensor wireless networks is in the use of
a large number of small nodes that can be organized together and in cases such as simultaneous
routing, monitoring environmental conditions (such as ambient temperature, the presence of gases

in tunnels), monitoring infrastructure or equipment System to be used.

In these networks, unlike wired systems, the costs of configuration and network configuration are
reduced, and instead of installing thousands of meters of wire, only small devices should be placed
in the desired points. The network is easily expanded by adding a few nodes and does not require
special design and configuration. Today, reducing the volume and weight of sensors and increasing
their sensitivity is the main goal of many research laboratories and various companies. But

shrinking the size of the sensor nodes meant shrinking their energy-producing batteries.

Wireless sensors are often used to receive and process information remotely, so node power
consumption is an important issue in wireless sensor networks. Because in wireless sensor
networks, nodes must operate for a long time with a limited power supply. The power consumption
of the nodes is usually supplied by the battery, which in most cases cannot be replaced and the life
of the sensor ends when the battery runs out. Another important point is that batteries often make

up about 50% of the volume and weight of sensors. Power saving in general is possible in two
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ways. The first way is to build sensors with less energy consumption and the second way is to use

power management methods in network software design.

Wireless sensor networks have recently attracted the attention of many researchers. These
networks are expected to penetrate all elements of human life in the coming years due to their
many applications, but the most important challenge facing sensor networks is to increase their
lifespan. Many routing algorithms have been proposed for wireless sensor networks. However,
due to the lack of attention to traffic patterns and the amount of energy remaining in each node,
they cannot use the energy in the network efficiently, and sometimes even relying on a particular
node due to the conditions of the algorithm, the life of the network. In this paper, a balanced load
routing tree algorithm for routing information in a wireless receiver network is proposed. The
proposed Power balanced tree routing algorithm is specifically designed to solve the problem of
load balancing and reduce energy consumption in wireless sensor networks. For this purpose, a
theoretical game approach has been considered in which the nodes in the network appear in two
roles of child and parent. In the role of the child, the nodes are selfish players who choose their
parent to earn more profit at a lower energy consumption rate, while the nodes in the role of the
parent with participatory connections among themselves on the traffic load. Reduces other parents
who are two leaps apart and on the same level with them and suffer from overload. This algorithm

has been evaluated in different scenarios below.
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