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WSN and IoT

Nowadays, all of us are connected through a large number of sensor nodes, smart
devices, and wireless terminals. For these Internet of Things (IoT) devices to oper-
ate seamlessly, the Wireless Sensor Network (WSN) needs to be robust to support
huge volumes of data for information exchange, resource optimization, and energy
efficiency. This book provides in-depth information about the emerging paradigms
of IoT and WSN in new communication scenarios for energy-efficient and reliable
information exchange between a large number of sensor nodes and applications.

WSN and 1oT: An Integrated Approach for Smart Applications discusses how the
integration of IoT and WSN enables an efficient communication flow between sensor
nodes and wireless terminals and covers the role of machine learning (ML), artifi-
cial intelligence (Al), deep learning (DL), and blockchain technologies which give
way to intelligent networks. This book presents how technological advancement
is beneficial for real-time applications involving a massive number of devices and
discusses how the network carries huge amounts of data allowing information to
be communicated over the Internet. Intelligent transportation involving connected
vehicles and roadside units is highlighted to show how a reality created through the
intelligent integration of IoT and WSN is possible. Convergence is discussed and
its use in smart healthcare, where only through the intelligent connection of devices
can patients be treated or monitored remotely for telemedicine or telesurgery appli-
cations. This book also looks at how sustainable development is achieved by the
resource control mechanism enabling energy-efficient communication.

A wide range of communication paradigms related to smart cities, which includes
smart healthcare, smart transportation, smart homes, and intelligent data processing,
are covered in the book. It is aimed at academicians, researchers, advanced-level
students, and engineers who are interested in the advancements of IoT and WSN for
various applications in smart cities.
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Preface

This book presents the integration of the Internet of Things (IoT) and Wireless
Sensor Networks (WSNs) for smart applications. It includes the emerging technolo-
gies of IoT and WSN, the latest innovations, trends, and concerns, as well as practical
challenges encountered, and solutions adopted.

At present, all of us are connected through a large number of sensor nodes, smart
devices, and wireless terminals. For these IoT devices to operate seamlessly, the
WSNs need to be robust. To support huge volumes of data for information exchange,
resource optimization and energy efficiency play an important role. The role of
machine learning (ML), artificial intelligence (AI), blockchain, caching, deep learn-
ing (DL) in optimum network performance will lead to smarter applications of the
future. A wide range of communication paradigms pertaining to smart applications,
which includes smart cities, smart healthcare, smart transportation, and intelligent
data processing, are also discussed.

This book also covers a thorough convergence of IoT and WSN for different use
case scenarios. It is revealed that how a set of key enabling technologies (KET)
related to network management, resource control, data sensing, decision-making, and
automation can be efficiently integrated in one system. The technological advance-
ment is beneficial for real-time applications involving a massive number of devices.
The technology can be extremely useful for Industrial IoT (IIoT) and Industry 5.0.
The vision of intelligent transportation which involves connected vehicles and the
road side units can be made a reality through the intelligent integration of IoT and
WSN. This convergence finds usage in smart healthcare where through the intelli-
gent connection of the devices, the patients can be treated or monitored remotely for
telemedicine or telesurgery applications. The resource control mechanism enables
energy efficient communication for sustainable development. This book provides
step-by-step guidance to readers, starting from the technological background to real-
time implementation involving different use-case scenarios.
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Introduction to
loT and WSN

Jyoti Maini and Shalli Rani

1.1 INTRODUCTION

Internet of Things (IoT) and Wireless Sensor Networks (WSNs) are two closely
related technologies that are transforming the way we collect and analyze data in a
wide range of industries. IoT is a connected arrangement of various devices, vehi-
cles, and other objects installed with different sensors and software that empower
data collection and data interchange with other systems. These data can then be used
to inform decision-making, enhance processes, and improve efficiency across a wide
range of applications.

WSN, on the other hand, is a specific type of IoT network that is designed to col-
lect data from a large number of small sensors spread over a wide area. These can be
used to analyze a variety of environmental factors, such as temperature, humidity,
and pressure, and can transmit these data wirelessly to a central hub or data collec-
tion system.

The main distinction between IoT and WSN is that IoT is a more general term that
encompasses a large count of devices and applications, while WSN is a specific type
of IoT network that is focused on collecting data from sensors in a wireless, distrib-
uted manner. WSNs are often used in many areas such as monitoring environmental
factors, industrial automation, and smart cities, where it is important to collect data
from many sensors over a wide area.

Together, IoT and WSN are revolutionizing industries such as agriculture, trans-
portation, manufacturing, and healthcare by enabling real-time operational insights,
enabling predictive maintenance, and optimizing resource utilization. The potential
benefits of these technologies are vast, and as they are progressive, they will have an
increasingly crucial role in developing the future of the global economy.

1.1.1  INTERNET OF THINGS

IoT is described as the interconnection of physical objects, home appliances, vehi-
cles, and other products that incorporate electronics, software, sensors, and con-
nectivity that allow these items to connect and exchange data through the Internet
(Figure 1.1). IoT devices encompass everything from smartwatches and fitness track-
ers to home security systems, thermostats, and even cars. IoT allows these devices to
communicate with each other and with other systems, providing new ways to moni-
tor and control various aspects of daily life [1].

The potential benefits of IoT include increased efficiency, improved safety,
and reduced costs across various industries, from manufacturing and agriculture
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FIGURE 1.1 Internet of Things.

to healthcare, transportation, and smart homes. However, IoT also raises concerns
about potential abuse and unintended consequences, as well as privacy and data
security.

The adoption rate of IoT devices has increased rapidly over the last few years
and is expected to continue to succeed remarkably. According to Statista’s report,
the number of IoT devices worldwide will reach to approx. 76 billion by 2025, from
27 billion in 2019 [2]. This growth can be attributed to several factors, including:

1. Advancements in technology: The rapid development of new technologies
such as low-power wireless networks, miniaturized sensors, and cloud
computing have made it easier and more affordable to deploy IoT devices.

2. Cost reduction: The cost of IoT devices has decreased significantly over the
years, making them more approachable to an ample range of industries and
applications.

3. Increased connectivity: The widespread availability of high-speed Internet
and the increasing adoption of 5G technology have made it easier for IoT
devices to communicate and share data.

4. Business benefits: 10T devices offer numerous benefits to businesses,
including improved efficiency, productivity, and cost savings, which have
encouraged their adoption.

5. Consumer demand: The growing demand for connected devices and smart
home technologies has also contributed to the increased adoption of IoT
devices.
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It will become increasingly important to address concerns such as security, pri-
vacy, and interoperability to ensure that these devices are used safely and responsi-
bly, as the number of IoT devices continues to grow.

1.1.1.1  Key Features of loT
Here are few of the features of IoT [3, 4]:

e Connectivity: IoT devices are often connected to the Internet to be able to
exchange data and interact with other devices.

» Sensors and actuators: These devices often are embedded with sensors that
collect data about various factors such as temperature, environment, etc. as
well as actuators that can control and respond to that environment.

* Data analytics: 1IoT devices generate large amounts of data that can be ana-
lyzed to generate insights and improve decision-making, optimize processes,
automate tasks, and enhance overall productivity and efficiency.

*  Machine learning (ML) and artificial intelligence (AI): IoT can incorporate
ML and AI algorithms to automate tasks and improve efficiency.

e Interoperability: 10T devices are designed to work together and with other
systems, allowing for seamless integration and interoperability, which means
you can connect anything to your communications infrastructure and global
information.

e Inconsistent or non-uniformity: 10T system is based on various networks
and hardware platforms. These can communicate with other devices or ser-
vice platforms with varying sizes and functionality over various networks,
meaning IoT devices are inconsistent.

* Dynamic and self-adapting: 10T devices need to adapt dynamically depend-
ing on the situation. For example, a camera can capture data depending
on the lighting conditions. It automatically switches to night mode or day
mode. It is a self-adaptive technique.

e Security: 10T devices must be secure to protect against cyberattacks and
ensure the privacy of user data.

* Scalability: IoT systems can be scaled up or down to accommodate changes
in demand and the addition of new devices and applications.

1.1.1.2  Layers of loT Architecture

The IoT architecture typically consists of several layers that work together to enable
the connectivity and functionalities of IoT devices and systems [5]. Here is a brief
overview of each layer:

e Perception layer: This layer consists of the sensors and various physical
devices that collect data about the environmental parameters, such as tem-
perature, light, sound, or motion.

* Network layer: This layer connects devices and sensors to each other and to
the Internet, typically using wireless protocols such as Wi-Fi, Bluetooth, or
Zigbee.
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* Middleware layer: This layer handles the interaction between the devices
and the applications that use the data they generate. It also provides services
such as data storage, messaging, and security.

e Application layer: This layer consists of the software applications and
services that analyze and use the data generated by the devices. Examples
of applications include smart home systems, healthcare monitoring tools, or
industrial control systems.

* Business layer: Under this layer, the business models and processes are
included that drive the development and deployment of IoT solutions. It also
includes the governance and management of the data generated by IoT systems.

The architecture of IoT is designed for collecting, processing, and analyzing data
which has been generated by various physical devices and sensors, enabling the
development of applications and services that improve efficiency, security, and qual-
ity of life across various industries and applications.

Here is a simplified diagram of the architecture of IoT (Figure 1.2), showing the
different layers and their interconnections:

1.1.1.3  Building Blocks of loT Architecture

IoT architecture, shown in Figure 1.3, consists of four building blocks. These
are (1) Sensors, (2) IoT gateways and frameworks, (3) Cloud server system, and
(4) Mobile applications.

1. Sensors: Sensors obtain information from the environment or specific loca-
tions and are ubiquitous. For example, an IoT gateway allows a temperature
sensor to send room temperature. Sensors can collect a wide range of data,
including location, weather and environmental conditions, machinery in
operation, engine maintenance information, human body information, and
vehicle vital signs.

2. IoT Gateways and frameworks: The network of sensor nodes is linked to
the Internet through gateways. It is an entrance or a path to the Internet

Application Layer

Middleware

Network Connectivity

Perception Layer

FIGURE 1.2 Layers of IoT architecture.
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for all the things and devices that we want to interact with. It collects
data from sensors and sends it to the Internet infrastructure to establish
connectivity.

3. Cloud server system: The data transmitted over the gateway is securely pro-
cessed and stored in cloud servers, i.e. in data centers. The processed data
is then utilized to execute intelligent actions that make all of our gadgets
intelligent. In the cloud, all analysis and decision-making are done by keep-
ing the user’s convenience in mind.

4. Mobile applications: Thanks to an easy-to-use smartphone application,
customers can remotely manage and monitor devices such as interior ther-
mostats and car engines. These applications deliver critical information
directly from the cloud on your smartphone or tablet. Utilizing the fol-
lowing analytics, the information is displayed to the customer in the form
of graphs, bar charts, and pie charts, so that users can easily understand
the scenario. We may pass the signals to guide the sensors to change their
default settings via our mobile application. For example, adjust the default
temperature of AC and many other default values.

1.1.2 WSN — INTRODUCTION

WSN is a special kind of network consisting of a large number of tiny, low-power,
inexpensive, and autonomous sensor nodes that are connected to each other with
wireless facilities. These sensor nodes are equipped with various capabilities such as
acquisition, processing, and communication that allow them to collect and transmit
data from the physical environment to a central location [6].

WSNs are typically used for monitoring and controlling physical environments,
such as temperature, humidity, pressure, light, sound, speed, direction and motion,
pollutant levels, chemical concentration, vibrations, and many more such conditions.
They are mostly used in different applications areas, such as environmental moni-
toring, industrial automation, home automation, healthcare monitoring, and military
surveillance.

WSNs are characterized by their ability to function in harsh and remote envi-
ronments, low power consumption, self-organization, and self-healing capabilities.
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However, WSNs also face several challenges, such as limited bandwidth, limited
energy, and limited processing capabilities, as well as security and privacy concerns [7].

Therefore, WSNs provide an economical and flexible solution for collecting and
transmitting data from physical environments, enabling real-time tracking and con-
trol of various applications.

1.1.2.1 Features of WSN

WSNs are designed to have several features that enable them to perform their
intended functions [8]. Here are some of the key features of WSNs:

1. Low-power consumption: WSNs are designed to consume minimal power,
allowing the nodes to operate for extended periods of time on limited
energy resources such as batteries.

2. Small size: The nodes in a WSN are typically small, allowing them to be
deployed in large numbers and in tight spaces.

3. Wireless communication: The nodes in a WSN communicate with each
other using wireless communication protocols, allowing them to be
deployed in areas where wired communication is not practical or feasible.

4. Self-organization: WSNs are designed to self-organize, allowing the nodes
to automatically establish and reconfigure their network connections.

5. Autonomous operation: The nodes in a WSN are typically autonomous and
can operate independently of human intervention.

6. Low cost: The nodes in a WSN are typically low cost, allowing them to be
deployed in large numbers and over a wide area.

7. Fault tolerance: WSN is designed to be fault tolerant and can continue to
function even if some nodes fail or are damaged.

8. Data processing and analysis: WSNs are designed to perform data process-
ing and analysis locally on the nodes, allowing them to filter and compress
the data before transmitting it to the central location.

These features of WSNs enable them to be used in a large variety of applica-
tions, from environmental monitoring to industrial automation, and from healthcare
to military surveillance.

1.1.2.2 Types of WSN

There are several types of WSNs that can be classified based on their applications,
communication protocols, power source, and topology [6, 9]. Here are some com-
mon types of WSNs:

1. Environmental sensor networks: An environmental sensor network is a sys-
tem of interconnected sensors designed to monitor and collect data about
various aspects of the environment. These sensors are typically deployed in
different locations to gather information on parameters such as temperature,
humidity, air quality, noise levels, pollution levels, and other environmental
factors. The sensors in the network continuously measure and record data,
which is then transmitted wirelessly or through a wired connection to a
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central server or data repository for analysis. The collected data can be used
to monitor and assess environmental conditions in real-time, detect patterns,
identify trends, and make informed decisions regarding environmental
management and resource allocation. Environmental sensor networks find
applications in various fields, including climate monitoring, urban plan-
ning, agriculture, industrial monitoring, and disaster management. They
play a crucial role in improving environmental sustainability, enhancing
public health and safety, and supporting evidence-based decision-making
to address environmental challenges.

2. Terrestrial WSNs (TWSNs): These include many wireless sensor nodes,
which can be used as unstructured or structured. Nodes are randomly dis-
tributed in unstructured mode staying within the allocated destination area
[6, 9]. In pre-planned or structured mode, optimized placement, grid place-
ment, 2D and 3D placement models are considered [6]. These networks are
above ground and can get activated through solar cells. Energy can be saved
by minimizing latency, optimizing routing, and using low duty cycle opera-
tion. TWSNSs find applications in diverse fields, including environmental
monitoring, agriculture, infrastructure monitoring, wildlife tracking, and
disaster management. They provide real-time or near real-time data about
the monitored parameters, allowing for better understanding, analysis, and
decision-making.

3. Underground WSNs (UWSNs): The entire network is underground, as they
are effectively used to monitor conditions underground. However, a terrestrial
sink node is used to transfer information to the base station. Challenges in
UWSNs include limited power supply, harsh underground conditions, network
topology planning, and communication reliability (Figure 1.4). Researchers

Control Room

-~
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Q Q Q Q Q Server

Underground WSNs

FIGURE 1.4 Underground WSNs.
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and engineers continue to explore innovative solutions to improve the effi-
ciency, range, and resilience of communication in these networks. These sen-
sor networks are more expensive. The devices and machines used require
proper maintenance.

4. Multimedia WSNs (MWSNs): The nodes in these networks collect informa-
tion in the form of pictures, audio, and video by connecting to cameras and
microphones. They can keep a check on various actions as they occur and
display the events visually (Figure 1.5). These nodes are interconnected via
wireless links for the purposes of data retrieval and data compression. The
latest techniques of data processing and compressing are used to compress
the data. The compressed audio and video data can also be sent over these
sensor networks, to reduce the power consumption and high bandwidth.
Research and development in MWSNs focus on improving multimedia data
processing algorithms, developing energy-efficient communication proto-
cols, and enhancing the overall network performance to enable reliable and
real-time multimedia data collection and transmission.

5. Mobile sensor networks (MSNs): Mobile networks are not settled at one
location but can shift from one place to another. These are networks con-
sisting of mobile nodes equipped with sensors that can move autonomously
or be controlled remotely. Unlike traditional sensor networks where the sen-
sors are stationary, MSNs allow for dynamic data collection and monitoring
capabilities in various environments. They can easily connect with your
surroundings. Their main benefit is to provide better area coverage, and
better channel capacity. These MSNs are more adaptable when compared to
other static sensor network systems. These WSNs are used in applications
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where the sensors are mobile, such as in vehicle tracking, animal tracking,
and search and rescue operations.

6. Underwater sensor networks (UWSNs): The wireless underwater system
consists of devices or sensor nodes installed underwater. These WSNs are
used to monitor and collect data in underwater or aquatic environments
such as oceans, lakes, and rivers (Figure 1.6). These vehicles are mostly
used to collect information from sensor nodes. These consist of small,
battery-powered sensor nodes to measure parameters such as water tem-
perature, salinity, pressure, pH levels, dissolved oxygen, or the presence of
pollutants. These nodes communicate with each other and with a surface-
based sink node or base station to transmit the collected data. Long propa-
gation delays and sensor failures are major challenges for these commu-
nication systems, and the batteries in these WSNs are limited and cannot
be recharged. Therefore, various technologies have been evolved to solve
this problem of energy utilization and conservation. Underwater commu-
nication in UWSNSs faces challenges due to the features of the underwater
medium, including high attenuation, limited bandwidth, multipath fading,
and the requirement for specialized communication techniques. Acoustic
waves are commonly used for long-range communication in UWSNs,
although optical and electromagnetic methods can be employed for short-
range communication in clear water.

1.1.2.3 How It Works

A WSN is a set of special devices called sensors that are used to monitor and record
various environmental conditions and store this data in a central location.

A WSN has multiple nodes. These nodes are portable, small-sized detection sta-
tions. Each sensor node consists of a transducer or sensor, transceiver, microcon-
troller, and power supply. The transducer detects changes in your physical condition
and produces an electrical signal. These signals are sent to a microcomputer for
further processing. The microcomputer transmits signal to the receiving node and
data is then sent to the computer over the Internet (Figure 1.7).
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FIGURE 1.7 Wireless sensor network.

1.1.2.4 WSN Topologies

The nodes in WSN are arranged in geometric representations, called topologies [6, 9, 10].

The most common sensor network topologies are as follows (Figure 1.8):

AW N =

. Point-to-point (dedicated) network
. Star network

. Tree network

. Mesh network

. Point-to-point (dedicated) network topology: In dedicated topology, the

nodes can communicate directly with each other. There is only one data
communication path, realizing highly secure communication. Since there is
no central hub, each node acts as both client and server (Figure 1.9).

. Star network topology: In a star topology, communication takes place

through a central hub and in contrast to point-to-point topology, direct com-
munication between sensor nodes is not possible. Hubs act as servers and
nodes act as clients (Figure 1.10).

. Tree network topology: In tree topology, the central hub performs as a root

node or parent node. Each node is connected to the previous higher node,
and finally connects to the root node (Figure 1.11). The leading advantages
of this topology are that the network is easy to expand, and errors can be
easily detected. However, it has the drawback of being heavily dependent
on the base cable. If the base cable cracks or breaks, the entire network col-
lapses. The data is moved back from the leaf node to the parent node and
finally to the root node.

. Mesh network topology: A mesh network allows all nodes to interact

directly with each other without relying on a central hub. Data can be moved
from one node to another. This is the most reliable network communication
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FIGURE 1.10 Star network.

structure as it has no single failure point. However, this complicated struc-
ture consumes a lot of power.

1.1.2.5 Differences between Wireless Sensor Network and
Internet of Things

Table 1.1 shows the differences between WSN and IoT.

1.1.3 ConNverGence oF loT AND WSN

The convergence of the IoT and WSNSs is becoming increasingly common and impor-
tant. This convergence involves combining the data collection capabilities of WSNs
with the communication and data processing capabilities of IoT systems [12, 13].
Combining WSNs and IoT can enable more efficient, intelligent, and scalable data
collection and analysis in a variety of applications. For example, WSNs can be used
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to collect data from remote or harsh environmental conditions, while IoT can provide
cloud-based processing and storage capabilities for the collected data.

It is a natural evolution of both technologies. The two technologies have many
similarities, including the ability to collect and transmit data from the physical envi-
ronment, low power consumption, and wireless communication. The convergence of

TABLE 1.1

Differences between WSN and loT

Wireless Sensor Network Internet of Things

WSN is anything that connects to a wireless IoT means WSN + Internet + Cloud Storage +
network to collect data or monitor the Mobile/Web Applications.
environment.

WSN consists of a network of a large number IoT consists of a gateway that is used to connect the
of tiny low-power devices called nodes that devices to internetworks (using switches, routers,
communicate through wireless channels for Access Points, etc.).

information sharing.
WSN follows IPv4 and it has a sink node but no IoT follows IPv6 on the sensor network (802.15.4
gateway. MAC/PHY) and IPv4 on the internetwork part [11].
Routing protocols in WSN include, DSR, CTP,  Routing protocols in IoT include, RPL, 6LoWPAN,
PEGASIS, LEACH, SEP, AODV, OLSR, SPIN, MQTT-SN, CoAP, AODV, BLE Mesh, and Zigbee.
and TEEN.
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these technologies has led to the creation of new applications and opportunities in
various domains, including industrial automation, healthcare, environmental moni-
toring, and smart cities.

One of the major advantages of the convergence of IoT and WSN is the capabil-
ity to integrate large-scale networks with local sensor networks. This integration
enables the collection and analysis of data from multiple sources, providing a better
and improved view of the physical environment. For example, a smart city network
can use loT devices and WSNs to monitor traffic flow, air quality, and noise pollu-
tion, providing a better understanding of the city’s environmental conditions.

Another benefit of this combination is the ability to reduce power consumption
and increase the lifespan of the network. By using WSNs for local sensing and IoT
devices for data aggregation and communication, the network can be optimized for
low power consumption, reducing the need for frequent battery replacements.

It also poses several challenges, such as interoperability, security, and power
management. In order to fully realize the potential of this convergence, there needs
to be standardization and coordination among different technologies and protocols.
Additionally, security measures need to be implemented to protect the sensitive data
collected and transmitted by WSNs and IoT devices. Finally, efficient power man-
agement strategies need to be developed to extend the lifespan of WSN nodes and
IoT devices.

Therefore, the convergence of IoT and WSN is expected to drive innovation and
create new opportunities for businesses and individuals alike. The ability to collect
and analyze data from the physical environment in real-time has the potential to
revolutionize or transform many different industries and domains, improving effi-
ciency, safety, and quality of life, but it also requires careful planning, coordination,
and implementation to ensure its success.

1.1.4  SuUSTAINABLE INTEGRATION OF IoT AND WSN FOR SMART APPLICATIONS

The integration of the IoT and WSN can enable the development of smart applica-
tions that enhance sustainability in various domains. This integration enables seam-
less data exchange between IoT devices and sensors, enabling real-time monitoring,
control, and analysis of physical systems. Sustainable IoT is an approach to designing
and implementing IoT systems in a way that prioritizes sustainability and environ-
mental responsibility. Smart applications that use sustainable IoT technology aim to
reduce energy consumption, minimize waste and environmental impact, and pro-
mote social well-being [14, 15].

Here are some key considerations for designing sustainable IoT systems for smart
applications: [16]

1. Energy efficiency: One of the crucial considerations for sustainable inte-
gration is optimizing the energy consumption of IoT devices and sensors.
WSNss typically operate on limited battery power, so energy-efficient proto-
cols and algorithms should be employed to minimize energy consumption.
Sustainable IoT systems should be designed to consume minimal power,
using energy-efficient components and power management techniques and
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to explore energy harvesting techniques to minimize energy consumption.
This includes using low-power sensors, such as sleep modes and wake-
on-demand, duty cycling, adaptive sampling, and data aggregation that
can help prolong the network’s lifetime, and leveraging renewable energy
sources for power generation, including solar or kinetic energy, that can
also be used to power IoT devices.

. Recycling and waste reduction: Sustainable IoT systems should be designed
to minimize waste and promote recycling. This includes using recyclable
materials in IoT devices, implementing take-back programs, and designing
systems that can be easily upgraded or repurposed.

. Data management and analytics: Efficient data management and analytics
play a vital role in sustainable IoT. IoT generates a massive amount of data
from various connected devices. Sustainable IoT systems should prioritize
efficient data management, minimizing the amount of data transmitted and
processed to reduce energy consumption, and implement data compression
techniques, edge computing, and intelligent analytics to reduce data trans-
mission and processing. Data compression and filtering techniques can be
used to minimize data transfer, and edge computing enables data process-
ing locally to the source node, reducing the need to transfer data to the
cloud, thereby conserving energy and network bandwidth. WSNs can also
employ data fusion techniques to combine data from multiple sensors and
eliminate redundant information.

. Lifecycle analysis and circular economy: Sustainable IoT systems should
be designed with a lifecycle analysis approach and to support circular econ-
omy principles, taking into account the environmental impact of the system
throughout its entire lifecycle, from manufacturing to disposal. Consider
factors like manufacturing, deployment, operation, and end-of-life manage-
ment. Promote circular economy principles by designing devices for ease
of repair, upgradeability, and recycling to minimize waste and resource
depletion.

. Smart resource management: Use loT for smart resource management
to optimize resource consumption and reduce waste. Monitor and con-
trol energy usage, water consumption, and other resources in real-time,
enabling efficient allocation and conservation. Therefore, by leveraging IoT
and WSN, real-time data can be collected, analyzed, and used to make
intelligent decisions that minimize waste, improve resource allocation, and
reduce environmental impact.

. Social impact and inclusion: Ensure that IoT solutions contribute to social
well-being and inclusivity. Consider accessibility, privacy, and security
aspects to protect user data and maintain trust. Develop solutions that
address social challenges and provide equitable access to smart services
for all.

. Collaboration and partnerships: Foster collaboration among stakeholders,
including governments, industry, academia, and communities, to promote
sustainable IoT initiatives. Encourage knowledge sharing, research, and
development of sustainable practices and technologies.

15
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8. Interoperability and standardization: IoT and WSN integration should
adhere to interoperability standards to facilitate seamless communica-
tion between devices and systems from different vendors. Standardization
efforts promote compatibility, reduce implementation complexity, and fos-
ter innovation within the IoT ecosystem.

9. Connectivity and communication: Seamless connectivity and reliable com-
munication between IoT devices and WSN sensors are essential. Robust
wireless communication protocols and networking architectures should be
used to ensure efficient and uninterrupted data transmission. This enables
the integration of diverse sensors and devices into a unified smart system.

10. Standards and certification: Adhere to industry standards and certifica-
tions that promote sustainable practices in IoT. Certification programs, such
as Energy Star, EPEAT, or LEED, can provide guidelines and benchmarks
for sustainable IoT design, operation, and disposal.

Therefore, sustainable IoT for smart applications has the potential to create more
efficient and environmentally responsible systems that can reduce energy consump-
tion, minimize waste, and improve the sustainability of our society. By prioritizing
sustainability in IoT design and implementation, we can create a more resilient and
environmentally conscious future.

1.1.4.1 Applications Areas of loT and WSN

IoT and WSN have a wide range of applications areas across various industries.
These applications cover different domains, including the industrial sector, medical
sector, agriculture, smart cities, security, and emergencies, etc. A few of application
areas shown in Figure 1.16 have been discussed here:

a. Smart cities: Building smart cities includes intelligent transportation sys-
tems [17], smart buildings, traffic jams [17, 18], waste management [19],
intelligent lighting, smart parking, and city maps (Figure 1.12). This may
incorporate a variety of functionalities such as Al-enabled IoT devices that
can be used to track, control, and mitigate traffic congestion in smart cit-
ies [20]. Moreover, IoT will also enable the installation of intelligent street
lighting that adapts to the weather. To realize an IoT smart city, it is nec-
essary to utilize RFID and sensors. IoT for most systems such as parking
meters, streetlights, sprinkler systems, etc. Many countries have plans to
implement the IoT facilities.

b. Healthcare: As [21] explains, enhanced and automated IoT devices are
assisting in the transformation of healthcare systems. Other technologies
that improve a range of activities, such as communicating reports with dif-
ferent persons and places, maintaining records, and administering medica-
tions. It significantly improves the transformation of the healthcare industry
[21]. IoT applications offer benefits to health sector as it may be broadly
classified as automated data gathering and analysis, person identity and
authentication, and patient, employee, and asset monitoring (Figure 1.13).
Moreover, authentication and identification reduce the requirement for



