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Abstract: 

 
Wireless sensor network (WSN) is essentially comprised of countless sensor nodes that ordinarily 

spread over a wide topographical region. It is utilized to gather data on the encompassing setting and 

climate and is utilized over a great many applications, for example, shrewd structures, transportation 

and strategies, medical services, savvy frameworks, etc. As of late, WSN is thought of as one of the 

critical empowering agents for the Web of Things (IoT). Broadening the sensor life time is quite possibly 

of the main issue in far reaching utilization of Wireless Sensor Networks (WSNs). The Energy 

Harvesting (EH) sensors have been proposed to conquer the referenced issue as of late. 
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1. INTRODUCTION 

 

In a WSN, sensors serve a number of purposes 

and have a wide range of functions and 

capacities. Recent developments in technology 

are providing a push in the right direction, while 

the possibility of a wide variety of applications 

is providing a pull in the other direction. 

Instances of early-organization sensor networks 

incorporate the radar networks utilized in 

aviation authority, the public electrical power 

lattice, and cross country weather conditions 

stations conveyed over a normal geographical 

lattice. These frameworks, be that as it may, 

utilize particular PCs and correspondence 

conventions, and accordingly, they are pricey. 

WSNs are as of now being anticipated a lot of 

imaginative purposes in the fields of actual 

security, medical services, and trade. These 

WSNs are considerably less expensive. Sensor 

networking is a multidisciplinary field that 

incorporates, in addition to other things, radio 

and networking, signals handling, man-made 

reasoning, data set administration, framework 

designs for administrator cordial foundation 

organization, asset enhancement, power the 

executives calculations, and stage innovation. 

(Equipment and programming, like working 

frameworks) the applications, networking 

ideas, and convention structures for these 

frameworks are simply beginning to come into 

center as a concentration for improvement. The 
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close ubiquity of the Web, improvements in 

wireless and wire line correspondences 

advancements, the network work out (especially 

on account of wireless), advancements in IT, 

(for example, high-power processors, enormous 

irregular access memory chips, computerized 

signal handling, and matrix registering), 

alongside late headways in designing, are in the 

total making the way for another age of minimal 

expense sensors and actuators that are equipped 

for accomplishing high-grain goal at a lower 

cost. Electric and attractive field sensors, radio-

wave recurrence sensors, optical, electro 

optical, and infrared sensors, radars, lasers, 

area/route sensors, seismic and pressure-wave 

sensors, natural boundary sensors (like breeze, 

dampness, and intensity), and biochemical 

public safety arranged sensors are all essential 

for the innovation utilized for detecting and 

control. They are minimal expense, low-power, 

untethered multifunctional nodes that are 

thoughtfully homed to a focal sink hub and 

might be viewed as 'shrewd' gadgets furnished 

with numerous installed detecting parts. 

Current sensors can be delegated 'shrewd' and 

reasonable devices. Sensor gadgets, ordinarily 

known as wireless nodes (WNs), are once in a 

while alluded to as bits (every so often). A 

volume creation of whole sensor frameworks 

that depend on miniature electromechanical 

frameworks (MEMS) is one of the proclaimed 

objectives of the business area. Sensors 

frequently influence the Web or one more 

network for the long stretch transportation of 

data to a point (or places) of extreme 

information conglomeration and investigation. 

Sensors are internetworked by means of a 

progression of multi jump brief distance low- 

power wireless correspondences (particularly 

inside an assigned sensor field). WSNs use 

conflict arranged arbitrary access station 

sharing and transmission strategies, which are 

presently remembered for the IEEE 802 group 

of norms; as a matter of fact, these methods 

were initially evolved in the last part of the 

1960s and 1970s explicitly for wireless (not 

cabled) conditions and for enormous 

arrangements of scattered nodes with restricted 

station the executives knowledge. By and large, 

WSNs are utilized in the sensor field, and they 

utilize conflict arranged irregular access 

channel sharing and transmission procedures. 

Nonetheless, extra channel the executives 

approaches are additionally open. As a rule, the 

situation of sensors includes a high-thickness 

game plan of an enormous number of units: 

AWSN is comprised of thickly scattered nodes 

that can deal with detecting, signal handling, 

implanted figuring, and correspondence; 

sensors are consistently connected by 

components that are self-sorting out (sensors 

that are sent in short-jump highlight point ace 

slave pair game plans are likewise of interest). 

Most of the time, WNs will send data to 

gathering (checking) stations, which will then 

total part or the entirety of the data. WSNs are 

recognized by various unmistakable 

characteristics, including however not 

restricted as far as possible and a limited battery 

duration for the WNs, excess information 

assortment, a low obligation cycle, and many- 

to-one streams. These characteristics recognize 

WSNs from other networking structures. Thus, 

new plan procedures are expected across 

different fields, including as data travel, 

network and functional administration, 

classification, trustworthiness, and 

accessibility, as well as in-network and 

neighborhood handling. 

 

2. WIRELESS SENSOR NETWORKS 

 
Wireless Sensor Networks (WSNs) can be 

characterized as a self-designed and foundation 

less wireless network to screen physical or 

natural circumstances, like temperature, sound, 

vibration, tension, movement, or 

contaminations, and to helpfully go their 

information through the network to a primary 
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area or sink where the information can be 

noticed and broke down. Instances of these 

circumstances incorporate temperature, sound, 

vibration, tension, movement, or poisons. 

Wireless Sensor Networks (WSNs) are 

otherwise called sensor networks. The job of a 

connection point among clients and the network 

is played by a sink or base station. By infusing 

questions and afterward recovering the 

reactions from the sink, getting the vital data 

from the network is conceivable. As a rule, a 

wireless sensor network will incorporate many 

thousands or maybe a large number of sensor 

nodes. Using radio transmissions, the sensor 

nodes can speak with each other. A wireless 

sensor hub is frequently furnished with 

detecting and handling hardware, 

notwithstanding radio handsets and power 

parts. Every individual hub that makes up a 

wireless sensor network (WSN) has confined 

handling speed, capacity limit, and 

correspondence data transmission because of 

the way that WSNs are characteristically asset 

compelled. Following the arrangement of the 

sensor nodes, it is the nodes' liability to self-sort 

out a satisfactory network design, which every 

now and again incorporates multi-bounce 

correspondence with different nodes. After 

then, at that point, the sensors currently on board 

the boat will start to assemble data that is of 

interest. Moreover, wireless sensor gadgets are 

fit for answering requests that are 

communicated from a "control site" to complete 

specific guidelines or convey detecting tests. 

The working method of the sensor nodes can 

either be consistent or occasion driven, 

contingent upon the circumstance. 

 

Information on location and positioning may be 

obtained via the use of both the Global 

Positioning System (GPS) and local positioning 

algorithms. Actuators, which are able to "act" in 

response to particular situations, can be added 

to wireless sensor devices. These networks are 

frequently referred to more explicitly as 

Wireless Sensor and Actuator Networks. 

Because of its many limitations, wireless sensor 

networks (WSNs) make it possible to develop 

brand new applications but need the use of non- 

traditional design paradigms for their protocols. 

Because of the necessity for low device 

complexity in conjunction with low energy 

consumption (that is, a long network lifespan), 

it is necessary to locate an appropriate balance 

between the capabilities of communication and 

signal/data processing. Because of this, an 

enormous amount of effort has been put into 

research activities, the process of 

standardization, and corporate investments in 

this subject over the course of the past decade. 

As of now, most of exploration on WSNs has 

been centered around the production of energy- 

and computationally proficient calculations and 

conventions, and the application region has 

been compelled to clear information arranged 

observing and revealing applications. 

 

3. ENERGY HARVESTING 

 
The process of obtaining energy from 

exogenous sources, such as the sun, the wind, 

or heat, is referred to as energy harvesting. The 

collected energy is transformed into electrical 

energy, which may then be either stored for 

later use or put to use immediately. The goal of 

the process known as energy harvesting is to 

obtain usable power from the surrounding 

environment. Energy harvesting provides an 

alternative source of power that may be utilized 

in situations in which connecting equipment to 

a power grid is either undesirable or 

impracticable owing to the high prices involved 

or the limits that are imposed by the situation. 

Components of the energy collecting system 

might vary according on the source of the 

energy. Batteries are used to power the vast 

majority of gadgets that are tiny and low- 

powered. Energy harvesting may extend the 

lifespan of batteries and make low-power 

devices self-sustaining, which eliminates the 
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need to replace batteries and reduces the 

environmental impact of using batteries. The 

process of energy harvesting appears to be the 

superior answer to the problem of continually 

obtaining the dwindling supply of energy from 

nature. It is a viable solution to the problem of 

limited energy resources and has the potential 

to assist in extending the lifetime of the nodes. 

For this method, there is a continual source of 

energy available from the natural world; 

nevertheless, its unpredictable availability 

carries with it some obstacles that need to be 

handled in order to fully enjoy the benefits of 

the method. 

 

3.1 Energy Harvesting Sources 

 
There are many distinct forms of energy that 

may be extracted. The following is a concise 

summary of many of the energy harvesting 

sources and energy harvesters that were 

discussed earlier: 

 

• Mechanical Energy Harvesting 

 
The act of transforming mechanical energy into 

electricity is referred to as mechanical energy 

harvesting. This process makes use of flow- 

induced vibrations, kinetic energy, and surface 

strain energy. Today, large-scale wind turbines 

and hydropower producers make use of both 

wind and water flow as energy sources. Wind 

and water flow are widely exploited as energy 

sources. Vibrations and oscillations can be 

converted into usable energy through the 

utilization of piezoelectric, electrostatic, and 

electromagnetic transducers. 

 

• Photovoltaic Energy Harvesting 

 
By utilizing photovoltaic (PV) cells, photons 

from both natural and artificial sources of light 

may be transformed into power. The quantity of 

energy that can be converted is determined by 

the amount of light that is present, the kind of 

light that is there (its wavelength), and the 

absorption qualities of the semiconductor that is 

used to construct the PV cells. A photovoltaic 

cell will start to emit electrons when it is 

exposed to light. The harvesting of energy by 

photovoltaic means is a technology that has 

been proven successful in commercial settings, 

and it is applicable to both small and big size 

systems. The amount of energy that may be 

gathered is subject to variation as a result of the 

fact that the efficiency is contingent on the 

atmospheric conditions and the availability of 

light. 

 

• Thermal Energy Harvesting 

 
Through the use of thermoelectric power 

generators, thermal energy may be turned into 

electric energy (TEGs). A thermocouple is the 

primary component of a TEG. A thermocouple 

is an electric device that is made up of two 

different metals that are coupled together at two 

junctions. Because of a phenomenon known as 

the See beck effect, voltage is generated 

whenever there is a temperature differential 

between each junction in a circuit. TEGs 

generate electric energy from thermal gradients, 

making it feasible to gather thermal energy so 

long as a temperature differential is kept at the 

connections of the TEGs. 

 

• Radio-Frequency Energy 

Harvesting 

 

Rectifying antennas allow for the collection of 

ambient energy from radio-frequency (RF) 

power sources including televisions, 

microwaves, and mobile phones. This energy 

may be used for many purposes. Through the 

process of rectifying the alternating currents 

created in the antenna, the electromagnetic 

waves are transformed into electricity. Because 

the electromagnetic waves lose energy the 

further they are from the source of the signal, 

the harvester has to be located in close 

proximity to the radio frequency source. 
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3.2 Energy Harvesting Based Wireless 

Sensor Networks 

 

The wireless sensor network (WSN) is 

composed of a variety of sensor nodes, each of 

which is positioned in a specific geographic 

location to measure a set of characteristics of 

interest. These WSN nodes may be situated 

anywhere, whether on the surface, below the 

surface, or even beneath the water's surface. 

However, the fact that it must be powered by 

batteries is the most significant challenge to its 

use in the actual world. Due to the diminutive 

size of the sensor nodes, it is impossible to 

employ batteries with a high capacity. In 

addition, the nodes are often set up in open 

environments so that the many characteristics 

of interest may be seen. Changing these 

batteries after a specific number of weeks is a 

significant and challenging obstacle. There is a 

lot of work being done already in the field of 

energy harvesting to extract energy from the 

sun and wind, as can be seen from the windmills 

and rooftop solar panels. However, because to 

the small size of the nodes, several new tactics 

will need to be rethought in order to properly 

harvest energy in WSN. In a WSN, the task of 

detecting the events is given to the tiny sensors, 

a microprocessor decodes the information that 

is gathered, and then the information is sent to 

further sensors and sinks via the transceiver, as 

illustrated in figure 1.11. With the assistance of 

the appropriate harvesting gear, an energy 

harvester device may gather power from any of 

a variety of harvesting methods, including sun, 

wind, motion, and so on. The energy is then 

stored in super capacitors once it has been 

converted by the circuit, and these super 

capacitors are responsible for distributing the 

necessary energy to all WSN nodes. Because of 

the unpredictable nature of the availability of 

energy, it is necessary to have a reserve of 

energy to last until the next time energy can be 

gathered. The common transmission medium is 

shared by all of the sensors located in a certain 

region. The MAC layer of the WSN paradigm 

grants the device the permission it needs to 

make use of that media. This layer determines 

which node will send the data and when it will 

be sent. It also controls when the data will be 

sent. The MAC layer provides an assurance that 

the information lost as a result of collisions is 

kept to a minimum. Throughput, latency, and 

fairness are just a few examples of the many 

different characteristics that are dependent on 

the MAC layer's level of planning accuracy. 

 

3.3 Challenges in Energy Harvesting 

Wireless Sensor Network 

 

• Energy availability: The lack of the 

energy flow for a significant amount of 

time is the restriction that is considered 

to be the most significant for EHWSN. 

In order for the performance of the 

nodes to be considered adequate, the 

ENO criterion must be met. 

 

• Wireless networking: Radio signals 

experience a reduction in their range as 

a result of attenuation. If the nodes are 

spread out over a large distance from 

one another, then a higher transmission 

power is required. Because of this, it is 

practical to break up the greater 

distance into many shorter 

communication hops. 

 

• Unattended operation: After being 

deployed, the majority of the sensor 

networks need to function 

independently of human involvement. 

It is necessary to have self- 

management in order to monitor its 

surroundings and adjust to those 

situations. 

 

• Security: On the battlefield, sensors 

acquire sensitive information that has 

to be safeguarded against intrusion and 

attacks by bad actors. 
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• Other challenges: Standards are 

required for the implementation and 

interoperability of WSN, despite the 

fact that the majority of the protocols 

and mechanisms are still considered to 

be private solutions. There may be 

unique requirements placed on the 

performance and quality of 

heterogeneous sensor networks due to 

their different hardware capabilities. 

 

4. EFFICIENT RESOURCE 

ALLOCATION 

 

When resources are distributed in accordance 

with the maximum possible use for those 

resources, we have achieved efficient resource 

allocation. There is no choice except to continue 

utilizing them since any other option will make 

the situation worse. When a market is 

functioning completely competitively, it allows 

for the most effective allocation of resources in 

economics. In this particular market, the price 

of products and services is identical to the 

marginal cost to the producer of such items and 

services. The price of a product or service 

reflects the amount that a buyer is willing to pay 

for that product or service. A product or 

service's marginal cost is the additional expense 

incurred as a result of producing one more unit 

of that product or service. On the other hand, in 

the actual world, perfect competition is only 

useful as a standard for evaluating hypotheses in 

the long term. We very seldom come upon it. 

The vast majority of marketplaces are 

characterized by some form of imperfect 

competition, such as monopoly, oligopoly, or 

monopolistic competition. In marketplaces that 

are not fully competitive, producers will not 

always set prices at the same level as the 

marginal costs of their goods. Therefore, the 

market does not effectively distribute the 

available resources when it is structured like 

this. Problems such as pollution, the 

development of innovative technology, 

pricing regulation by the government, 

discrimination in the labor market, and a lack of 

complete or accurate information can all 

contribute to the root of the issue. 

 

One of the most rapidly expanding sub-sectors 

of the telecommunications industry today is 

wireless service. As potential strategies for 

making effective use of system resources, 

dynamic channel allocation schemes have 

attracted a significant amount of interest in 

recent years. There have been many different 

suggestions made regarding possible 

combinations of permanently assigned 

channels, temporary channel borrowing, and 

shared pools of channels, channel ordering, 

channel reassignment, and dynamic 

modification of parameters. Within the scope of 

this research article, we propose a classification 

scheme for dynamic channel allocation 

strategies. We have high hopes that this 

category will assist in the elaboration of the 

included ideas as well as the promotion of the 

research that is required to extend these ideas to 

upcoming integrated service wireless systems. 

 

5. CONCLUSION 

 
The principles of ambient energy harvesting are 

explored in a variety of different routing 

protocols for WSNs, including both more 

standard and more modern modified protocols. 

The motivation behind these routing protocols 

helps to eliminate the problem of replacing 

batteries in hard-to-reach deployment areas. It 

also helps achieve the objectives of maximizing 

lifetime with the least amount of computational 

cost while increasing throughput and decreasing 

energy consumption. As a result, the ambient 

energy harvesting and various routing protocols 

designed particularly for EH-WSNs are the 

primary topics covered in this thesis. The 

extension of the battery life of a wireless sensor 

network is the primary focus of a number of 

different networking protocols. 
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