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1. INTRODUCTION

An estimated 50 billion smart gadgets will be linked to the 10T by 2020, according to various
industry forecasts. This will enable the development of innovative solutions for issues affecting society as a
whole, including telemetry, healthcare, home automation, energy efficiency, safety, wearable calculating,
asset tracking, and upkeep of public infrastructure [1]. Most of these intelligent gadgets will be situated at the
edge of the Internet of Things, connecting the digital and physical domains. These gadgets are referred to as
0T edge devices. The issue of powering these billions of edge devices is a significant obstacle to achieving
the goals of the Internet of Things.

Most of these edge devices are anticipated to be unattached and powered by batteries and/or
harvesting energy because connecting them would be costly, inconvenient, or just not feasible [2]. The issue
is further made worse by strict limitations on the form factor of the device (and thus, the onboard stored
energy capacity) because the majority of these 10T edge devices must have lengthy operational lives, ranging
from a few days to multiple years. Figure 1.1 illustrates an implementation of the device suggested in this
document in the context of an isolated microgrid, which helps the reader better comprehend its use. As
previously said, residences using this kind of energy production and distribution grid are only able to
consume as much electricity as renewable sources allow. If there is not enough power, users must share it
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among themselves. Therefore, to know how much electricity is utilized in each home in real-time, it is
imperative to employ a smart central meter that is installed before the power panels.
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Figure 1.1. A crucial role Performed by Smart Meters

The smart meter with load control in an outlet format becomes a valuable tool due to the data
gathered for each home and the avoided total power outage in the grid. It can transmit electrical
information about the electrical equipment connected to it via the internet, enabling more informed and better
decision-making [3]. Additionally, this gadget allowed for the remote on and off of strategic appliances as
well as the categorization of appliances to plan and prioritize their use.

This document's content is arranged as follows: Section 2 follows this introduction with an overview
of the relevant works. In Section 3, the suggested device's description and development procedure are
provided. A real-world implementation, performance analysis, findings, and experimental setting are all
covered in detail in Section 4. Section 5 finally brings the paper to a close.

2. LITERATURE REVIEW

Gupta, A. K., et.al [4] An LDR-based control system, found in the majority of streetlamps, is used to
switch on the lights at night and off during the day. While the current design is superior in offering the
opportunity to manually monitor and regulate using mobile or online-based portals, streetlamps or the on-
premises light system still consumes a lot of electricity when there are few vehicles nearby or no people in
the workplace. Concurrently, the end user may find it easy to provide feedback on the malfunctioning
equipment through sensors to the relevant authorities so that the problem may be promptly fixed.

Qi, X., et.al [5] Users can utilize integrated devices or their terminal devices, such as cell phones.
The ledger administration should be able to confirm and initiate the point transfer procedure whenever the
user submits a point transfer demand to the network. Following the point transfer, the sender and recipient's
point balances should be maintained on file in the ledger system. To prevent manipulation, a specific
validation procedure should be used in the ledger system. This system might be used in crises such as
earthquakes and tsunamis, so it's critical to design the nodes so they can operate on batteries and have a large
coverage area. In these circumstances, LPWAN is appropriate and is the choice for the point transfer system's
communication network.

Deng, Y., etal [6] The information that vehicles require for authentication is recorded in the
blockchain as pointers. They provide a solution that allows for movement. The integration of smart contracts
into the medical Web thing application was explained by the medical Internet of Things, a unique smart
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contract has been developed, and the system may store records from patients. The authors suggested using
digital signatures to authenticate Internet of Things devices and base stations. When a trusted authority
delivers keys to cars, which are more vulnerable to man-in-the-middle attacks, no identity verification is
done.

Zhu, T., et.al [7] In this instance, even if a winter storm knocks down the power line, the system will
continue to function if the sensors and robot itself are outfitted with energy harvesting circuits (such as solar
panels or wind generators). Owing to the location constraints, the harvesting power of various sensors may
vary. The efficiency of the entire system can be balanced if power can be distributed between the sensors and
the robot. The robot and detectors should share energy for a brief period during the dry season since the robot
must communicate with many sensors.

Lutui, P. R., et.al [8] This system performs the functions of information management in addition to
metering, monitoring, and measuring. Using sensors and smart meters, the information metering, monitoring,
and measurement system of the smart grid collects data from endpoints; Billing, monitoring grid status, and
monitoring and controlling appliances are all done using this data. This system falls under the categories of
smart monitoring, measuring systems, and smart metering systems. Wireless Sensor Networks, or WSNs,
offer an interaction platform for monitoring from afar and system control in the smart tracking and
measurement network.

Foukas, X., et.al [9] Following the initiation of a vertical handover, the MN queries an information
service to obtain a list of prospective networks—that is, networks inside the MN's service area that are
reachable via radio access technology. Although all of the networks on the list are potential possibilities for
the transfer, there is no assurance that the MN will have access to them all. One explanation could be that,
even while the network serves the local area, the radio link to a potential network may be weak because of
the MN's incorrect location. Therefore, by evaluating the received signal intensity, the MN must explore
potential networks to confirm the link integrity.

Wang, Y., et.al [10] An UAV-aided NOMA scheme is proposed to achieve simultaneous wireless
information and power transfer (SWIPT) and guarantee the secure transmission for ground passive receivers
(PRs), in which the nonlinear wireless energy harvesting model is applied. For instance, the authors focused
their attention on the impact of channel estimation on the performance of integrated data and energy transfer
by jointly designing the PS factor as well as the duration of both the training phase and the transmission.
Every period can be split into two sections. The UAV provides PRs with energy during the initial phase.
Each PR's received power is divided into two sections in the second phase: one for data decoding and another
for capturing energy.

3. METHODS AND MATERIALS

3.1 Energy-saving and smart 10T device deployment techniques

The intelligent Internet of Things gadgets can make our lives more convenient and serviceable. On
the other hand, it also results in a more fluid architecture and an expansion of the network scale, necessitating
more effective and wise administration of smart connected devices. This part outlines the installation of smart
0T devices in a smart environment powered by renewable energy sources, including both current and
promising future uses for these devices. Furthermore, a comprehensive discussion is held regarding current
network administration techniques.

3.1.1 10T Device Adoption for Intelligence

Intelligent 10T devices have several uses in both industrial industry and daily life. Figure 3.1 depicts,
in general, the installation of smart 10T devices in a smart environment based on renewable energy. The term
"smart environment" refers to a collection of components that include new energy storage systems, smart
meters, smart terminals, smart distribution systems, and smart substations [11]. The intelligent substation
automatically performs the fundamental tasks of data collecting, measurement, oversight, protection, and
evaluation using cutting-edge intelligent technology.

Two-way measuring in the context of the two-way active power supply mode is the function of an
intelligent electric energy meter. The primary component of the smart grid is the smart irreversible which
facilitates intelligent communication between the electrical grid and its users by managing and monitoring
the electric machinery, advising users on how to use it responsibly, and adjusting the power grid's peak and
valley loads. Moreover, a smart environment can facilitate the following activities.

I.  Brainy house

One type of technology intended for appliance control is the smart home. With a network

connection, you may remotely control devices such as stereo systems, refrigerators, electric cookers, cooling
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systems, cleaning robots, and other household appliances. The energy supply for the smart home's gadgets
comes from the electronic grid.
Il.  Smart city

In 1999, the idea of a "smart ecosystem™ was put forth. It hasn't, however, developed quickly until
recently. The idea of “smart towns" has been proposed recently. To facilitate smart city development,
technology, and energy from many sources—particularly the smart grid—should be combined.

i
1
i
i
i
i ! Electric energy g i
2R R L= - |
| ’ !
1
i

y ) New energy
I--------------f‘.":“. _________ Wind ________ Tide ! Metermg Data |nte||igent Storage
! Substagjon System
1

Smart meter  Smart terminal

Smart home Smart cities Vehicle-to-grid network  Intelligent transportation

system

e

Figure 3.1. Smart Internet of Things device deployments

I11.  Vehicle-to-grid connectivity
The link between electric cars and the electrical grid is known as vehicle-to-grid (V2G). To put it
another way, when the car is not in use, the on-board battery powers the grid, when the on-board battery has
to be charged, on the other hand, current moves from the electrical system to the car [12]. The vital assurance
of the V2G system is undoubtedly the smart grid's energy management.
IV. Transportation system with intelligence
A thorough transportation management system is what an intelligent transportation system is. It
performs a unidirectional role throughout the region with precision, effectiveness, and real-time performance.
It should come as no surprise that the creation of an intelligent transportation system can be further aided by
the evolution of the smart grid, particularly its energy management tactics.

3.2 Smart Energy Metre Based on loT

Prepaid electricity metering problems are resolved by loT-based smart energy meters, which reduce
complexity and lessen non-technical losses by guaranteeing the accuracy of data. Along with these new and
significant capabilities, it also offers remote control of household appliances and real-time viewing of usage
statistics. Hour (kwWh) for a certain energy meter is measured using a single circuit static watt-hour meter.
This project's meter features a feature that allows the 'Cal' LED to blink 3200 twice per kWh. An operator
coupler is then used to feed this LED data to a microprocessor. Microcontroller coding is used to track the
number of blinks, and the total number of electrical units used and related costs are computed using this
information. This system's primary function is to gather data via the Internet. As a result, information about
the amount of electricity used and related costs must be sent over the Internet.
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Writing the necessary Arduino code to the NodeMCU accomplishes this. A website name is
required for NodeMCU to store data online and to be able to connect to the network to deploy the system.
The ability to control household appliances online is another significant aspect of this technology [13]. Using
the internet, a user of the suggested system can check the condition of his devices and perform any desired
action, such as remotely turning on or off any of them. Three LEDs that can be controlled via the Internet are
linked to NodeMCU to replicate this. The pins designated for universal input and output (GPIO) are linked to
the LEDs.

The Arduino's programming script has been set up with a few present commands that turn on and off
the LED. The LEDs may be readily managed since they will react as directed by the instructions when such
orders are sent to the NodeMCU via the web page. A relay circuit can be used to achieve this feature in a
real-world application. Electrical gadgets, such as fans and lights, can be switched on and off as needed by
managing the relay.

3.3 Smart Home Network Case Study

By scheduling and managing gadgets, smart home networks help homeowners use energy more
effectively. Furthermore, in order to lower energy costs, smart home networks provide healthier lifestyles,
personalised daily plans, and more. During peak usage, the smart grid makes it possible to maintain a balance
between supply and demand for electricity. Demand-side leadership is the term for this. By changing or

shifting the system's load, DSM lowers the cost of electricity.
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Figure 3.2. An loT-based smart energy management system block diagram
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DSM is typically in charge of load shifting and the demand response programme. A customer's load
in the demand response programme can be decreased by moving it to off-peak hours during peak hours. This
contributes to the cheaper and more plentiful supply of power.

With further connectivity options, household devices are becoming smarter and allowing users to
benefit from demand response programmes. The electric utility may get in touch with customers to ask them
to change or cut back on their electricity use in exchange for a financial incentive. Appliance loads in smart
home networks can be further divided into tolerable and uncontrollable loads. Because manageable appliance
loads in smart homes have high energy consumption and predictable operation, we concentrate on their
energy management here.

The categories of controllable load are as follows: weather-based load (such as heating and cooling),
shiftable load (such as washing machines and dishwashers), and interruptable load (such as refrigerators and
water heaters). Figure 3.2 shows an loT-based smart energy management system block diagram.

3.3.1 Energy-Selection in Smart Cities

One possible way to extend the life of 10T devices in smart cities is through collecting energy.
Generally speaking, there are two types of energy harvesting:

. I0T devices that engage in ambient energy capture gather energy from non-electric sources like
wind, solar radiation, tremors, and RF signals found in the surroundings. The availability of ambient sources
must be ensured, nevertheless, in order to harvest from them.

. Focused energy harvesting involves placing energy sources strategically around Internet of
Things sensors.

Every loT device has a different energy collecting capacity based on factors including
environmental conditions, distance from an energy source, responsiveness of the harvesting circuits, and
more.

4. IMPLEMENTATION AND EXPERIMENTAL RESULTS

4.1 Examining Performance

We assess how well energy-efficient energy receiver scheduling performs. We examine energy
transmitters that are omnidirectional and emit waves with a power of 46 dBm. To overcome route losses, the
suggested schemes can be used with directional energy transmitting devices, which will undoubtedly aid in
raising the charging efficiency. 10T devices transmit and receive energy is taken into account based on
MICAZ2 requirements. We take into consideration NI = 200 loT gadgets, which are dispersed at random
within a 100 m x 100 m rectangle region.
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Figure 4.1 Effect of task quantity K on energy usage

For an energy-efficient scheduling method (branch and bound, full search, and a standard wireless
sensor network, Figure 4.1 shows the effect of various job counts and energy emitters on energy usage,
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respectively. In an energy-efficient scheduling method (for a certain number of energy-transmitting devices,
i.e.,, NE = 11 and 21), Figure 4.2 illustrates how energy consumption increases gradually as the amount of
tasks increases. This is so that energy transmitters are not triggered based on the overall amount of energy-
transmitting devices, but rather on the number of jobs and where they are located. If the devices that are
making the request are far apart or close to one another, we can require a variable quantity of active energy
transmitters [14]. Regardless of the number of jobs, traditional WSNs always consume the same amount of
energy since all of their energy transmitters are always turned on. As a result, with NE = 20 as opposed to NE
=10, the energy consumption is tripled.
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Figure 4.2 Energy transmitters' effects on how much energy is used for certain task counts K for
varying quantities of energy transmitters

The proposed approach reduces energy use, but at the expense of overhead and latency since energy-
transmitting devices, controllers, and Internet of Things devices exchange packets. It is evident from Figure
4.2 that, for a given quantity of activities (K = 6 and K = 16), the growth of energy transmitters NE does not
affect the energy usage for effective scheduling systems. We examine a small network size where there is a
high likelihood of tasks being spatially close to each other. Therefore, depending on their location, we might
need to engage the same amount of energy transmitters for varying numbers of jobs.

As a result, curves are layered. On the other hand, in loT-enabled smart cities, conventional WSNs
turn on all energy transmitters irrespective of the number of tasks, leading to a linear rise in energy usage.
Furthermore, the branching and bound method produces outcomes that are remarkably comparable to
exhaustive search but with less intricacy.

5. CONCLUSIONS

With the increasing rate of urbanization, managing electricity in smart cities is becoming an
essential concern. Firstly, we provide an outline of smart city energy management, and subsequently, we
propose a cohesive architecture for Internet of Things applications in smart cities.

Energy harvesting operations and energy-efficient solutions are the two categories under which
energy management is divided. Energy-efficient solutions and energy harvesting for 10T devices in smart
cities are covered in a variety of ways.

We go over several avenues to look into energy-harvesting for 1oT devices in smart cities and
energy-efficient solutions. In addition, two case examples that highlight the importance of energy
management have been provided.

The first case study focuses on optimising appliance scheduling in smart home networks with the
goal of lowering electricity costs. In the second case study, effective scheduling of specific energy sources
for Internet of Things devices in smart cities is discussed. The benefits of managing electricity in loT for
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smart cities are demonstrated by the simulation results that are given. Future directions for smart city energy
management could include:

o Energy-efficient protocols for software-defined loT systems that can deliver scalable, context-aware data
and amenities

e The direction energy transfer for wireless power transmission using specific energy sources.

o Investigation of strong security measures for energy constrained 10T gadgets is vital because energy
efficiency and the intricacy of privacy regulations are essential components for their realistic
deployment on the Internet of Things.

e It is crucial to examine the electrical consumption of fog machines for 10T applications since fog
computing can result in energy savings for the majority of these applications.
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