International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
LJISAE ENGINEERING

ISSN:2147-6799

Www.ijisae.org Original Research Paper

A Study of Development of Smart Cities Using Internet of Things

Prof. Jeong Hee-woong

Submitted: 24/03/2023 Revised: 27/05/2023 Accepted: 12/06/2023

Abstract: Smart cities as well as the unique services they provide by using current technology and innovative solutions are taking on a
major role in the development of the information society. The Internet of Things is the most important factor in enabling and driving smart
cities (1oT). In this article, the researcher has investigated potential Internet of Things-based smart city services by conducting a systematic
literature analysis and reporting their findings. The researcher has developed the protocol for the review in order to specify the research
topic or issues, the research methodology, the selection process, the criteria for evaluating the reliability of the research, as well as the
method for information gathering. The following is the main study issue that the researcher has defined: In the context of the advancement
of smart city services, what kinds of applications have been identified for the Internet of Things? The studies were organised into groups
according to the smart city services they either described or suggested. The researcher has identified the following categories: transportation
and traffic, environmental monitoring, accessibility and medical care, management of trash and resources, public lighting, management of
energy resources, municipal infrastructure, and many other.

Keywords: Smart Cities, Internet of Things (1oT), Smart Parking, Smart Metre and Billing, Smart Medical Care.

1. Introduction sensors and CCTV cameras. Desktop user applications
notify platform users of overcrowding and traffic signal
faults after data analysis. The city is also using smart

controls to alter traffic signals in real time.

loT-enabled smart city use cases include a wide range of
applications, from promoting a healthier environment and
strengthening public safety to enhance traffic and
improving street lighting. The most well-liked use cases
that have already been put into practise in smart cities
throughout the world are outlined below.

loT & Smart City

SMART SMART SMAR SMART
ART o MOBILITY  CITZENSHIP  TRAFFIC S

1.1 Road traffic ® ® © ®

Smart cities make it a priority to move their residents from

point A to point B as quickly and securely as feasible. :
Municipalities use 10T development and smart traffic A
systems to do this. The number of cars, their position, and

their speed may be determined by intelligent traffic : e |n/t\
solutions via the use of a variety of sensors as well as the - . T FINGIT
retrieval of GPS data from drivers' smart phones. At the
same time, smart traffic lights that are linked to a cloud
administration system make it possible to monitor the
length of time that the green light is on and automatically
adjust the timing of the lights to account for the flow of
traffic in order to reduce congestionft. Smart systems for
traffic management may also foresee where the traffic
might go and take efforts to minimise prospective
congestion by analysing past data. This is an additional
benefit of these solutions.

Fig 1 Smart City using loT
1.2 Smart Parking

A real-time parking map can be generated by smart
parking solutions with the assistance of GPS data from
drivers' smartphones. This information is then used to
ascertain if the parking spots in question are currently
inhabited or vacant. Instead of aimlessly driving about in
circles, drivers get a message on their phones the instant
parking place that is nearest to them becomes available!?,

Los Angeles, one of the most congested cities in the
world, uses a smart traffic system. A central traffic control
platform receives real-time traffic data from road-surface
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They can then use the map that is stored on their phones
to locate a parking spot more quickly and easily.

1.3 Public transport

The information collected by sensors connected to the
internet of things may assist in illuminating trends in the
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ways in which residents use various modes of public
transportation. The operators of public transportation
systems may make use of this information to improve the
travelling experience, as well as attain improved levels of
safety and timeliness®l. Smart solutions for public
transportation may incorporate data from numerous
sources, like sales of tickets and information on traffic
patterns, to carry out more in-depth analyses.

Some railway operators in London, for example, estimate
the number of passengers that will be travelling on their
trains during the journeys to and from the city. They
incorporate the information obtained from movement
sensors, CCTV cameras, and ticket sales that have been
set along the platform. Train operators are able to make
accurate projections about how people will load each car
owing to the analysis of this data®l. Train operators try to
get passengers to disperse themselves evenly throughout
an arriving train so that as many people as possible may
be accommodated. Train operators may minimise delays
by making the most of the capacity they have available.

1.4 Utilities

Smart towns that are connected with 10T make it possible
for inhabitants to save money by providing them more
command over the utilities in their homes. 10T provides
multiple methods to smart utilities:

1.4.1 Smart meters and billing

Municipal governments may provide residents with an
efficient and low-cost connection to the information
technology systems of utility companies if they have a
network of smart metres. Now, smart linked metres are
able to transfer data directly to a public utility through a
telecom network, therefore giving the utility with accurate
readings from the metres®l. The installation of smart
metres enables utility providers to generate correct bills
for the quantity of water, electricity, and gas that are used
by individual households.

1.4.2 Revealing consumption patterns

The installation of a network of smart metres gives utility
providers the ability to improve their visibility and
monitor the energy and water consumption patterns of
their consumers. Utilities providers may analyze demand
in real time using a network of smart metres and reroute
resources as required or urge customers to use less
electricity or water during times of scarcity.

1.4.3 Remote monitoring

Citizens may also benefit from the utility management
services that can be provided by 10T smart city systems.
Citizens are given the ability to remotely monitor and
adjust their energy use via their smart metres by using
these services. By way of illustration, a homeowner may

switch off the central heating system in their home by
utilising their cell phonel®l. In the event that a problem
arises, utility providers are able to alert residents of their
homes and dispatch technicians to address the issue.

1.5 Street lighting

Because they are based on the 10T, smart cities make the
management and maintenance of street lighting more
simpler and more cost-efficient. It is possible to better
adjust the lighting plan to the lighting zone by installing
sensors in streetlights and linking those lamps to a cloud
administration service.

In order to optimise the lighting schedule, smart lighting
systems collect data on illuminance, the movement of
individuals and wvehicles, as well as contextual and
historical information, and then evaluate the combined set
of information”l. As a consequence of this, a smart
lighting system "tells" a streetlight to dim, turn on,
brighten, or switch off the lights depending on the
circumstances that are externally present.

1.6 Waste management

The majority of those who work in garbage collection
empty boxes in accordance with predetermined
timetables. This strategy is not very effective since it
results in the useless usage of garbage containers and the
excessive consumption of gasoline by waste collection
vehicles. Solutions for smart cities that are enabled by the
Internet of Things assist to optimise garbage collection
schedules by measuring waste levels. These solutions also
provide route optimization as well as operational analytics
to help improve municipal operations®®l. Each garbage
container is equipped with a sensor that collects data on
the amount of waste that is currently contained inside that
container. The waste management system will get a sensor
record whenever it is getting near a specific threshold.
After processing the record, it will then send a notice to
the mobile app that truck drivers use. As a result, the truck
driver only empties full containers, eliminating the need
of emptying containers that are only partially filled.

1.7 Environment

Solutions for smart cities that are powered by the Internet
of Things make it possible to monitor parameters that are
essential for a healthy environment in order to keep them
at the ideal level. For the purpose of ensuring safe drinking
water, for instance, a municipality may instal a system of
sensors everywhere throughout the water grid and then
link those sensors up to a cloud-based management
system[?, The pH level, the quantity of dissolved oxygen,
as well as the ions that are dissolved are all measured by
sensors. The cloud platform will initiate an output that the
customers have specified in the event that there is a leak
and a change in the chemical content of the water. For
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instance, if the quantity of nitrate (NO3-) in the water
surpasses 1 mg/L, a water quality monitoring system will
notify maintenance teams of potential pollution and will
also immediately establish a case for field employees.
These personnel will then begin working on resolving the
problem.

Monitoring the quality of the air is another example of a
use case. In order to do this, a network of sensors is
installed along heavily used routes and all surrounding
facilities. Sensors collect data on the amount of nitrogen
oxides (NOXx), carbon monoxide (CO), in addition sulphur
oxides (SOx), as well as a central cloud platform analyses
and visualises the readings from the sensorsi*-12, This
allows users of the platform to view a map of the air
quality and utilizes this data to point out regions where air
pollution is particularly severe and formulate suggestions
for citizens.

1.8 Public safety

Tools for real-time monitoring and analytics, as well as
tools for making decisions, are made available by Internet
of Things (I0T)-based smart city technology. Public safety
solutions are able to identify possible crime acts by
combining the information from acoustic sensors and
CCTV cameras that have been distributed across the city
with the data from social media feeds and then evaluating
the combined data. Because of this, the police will be able
to effectively prevent prospective criminals or hunt them
down.

For instance, a technology that detects gunshots is used in
more than ninety percent of the cities in the United States.
The technique makes use of interconnected microphones
that are strategically placed all across a city. The
information collected by microphones is sent to a cloud
platform, where it is analysed together with the other
noises to identify the sound of a gunshot[*3l. The platform
determines the position of the gun based on the amount of
time it takes for the sound to get to the microphone and

measures this time. Cloud software will notify the police
through a mobile app as soon as the location of the
gunshot is determined once it has been detected.

1.9 Iterative approach to implementing smart city
solutions

The spectrum of possible applications for smart cities is
quite broad. The strategy that will be used to carry it out
is something that they both have in common.
Municipalities that want to automate garbage group or
improve street lighting should begin with the foundation,
which is a basic smart city framework™, This is true
regardless of the municipality's plans. It will be feasible to
modify the current structure with new technologies and
tools so that it does not need to be rebuilt if a municipality
decides in the future that it would want to increase the
range of smart city services that it offers. In order to
construct an Internet of Things architecture that is
effective and scalable for a smart city, the following
implementation methodology consists of six steps.

2. Review of Literature

In the context of the smart city idea, the use of intelligent
devices and internet technology represents a novel
approach to municipal governance. There is a broad
spectrum of interpretations that may be applied to the term
"smart city." It is distinctive owing to the various contexts
and situations that are present in each instance of the
deployment of smart cities. On the other hand, this has
established the groundwork for smart city definitions.
They determined that an instrumented, linked, and
intelligent metropolis was the definition of a smart city.
When a city is said to be instrumented, it indicates that it
has a collection of instrumentation equipment that permits
the acquisition and processing of live data from the actual
world. If a city is said to be linked, it indicates that it has
the capability to incorporate the data obtained from the
monitoring equipment into a computer platform and to
send the data to a variety of municipal services.

Stages of loT Implementation

Stages
Designing the basic infrastructure
(Major components)

= Network of small things

« Big data warehouse

- Gateways

= Data lake

Analyzing data using machine
learning (ML) and statistical analysis.

User applications allow citizens to
connect to the central smart city
management platform to monitor
and control loT devices, as well as
receive notifications and alerts.

Monitor devices’ environment and
set rules for control applications
for carrying out a particular task.

Rule-based and ML-based control
applications ensuring better
at ion by sending

Keeping in mind the services that
might be implemented later, not only
increasing the number of sensors
but, more importantly, the number
of functions.

Several

Fig 2 Stages of 10T Implementation
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In addition, build a framework for the smart city with five
layers. In this system, sensors acquire live, real-world
information needed in the study in the top levels to help or
digitise municipal function choices or activities. This data
improves city functions. Because of this framework,
interrelated sensors, which are more commonly referred
to as the IoT, are unavoidably needed as an inherent
characteristic of the smart city™™. This is because the loT
has the capability to automatically share information,
interact with one another, and incorporate services
whenever and wherever it is needed to do so.

IoT is a system of connected items that gathers
information from the world to become an information
source for analytical tools, applications, as well as
services in certain domains. This network is a

development of the traditional internet. There is a concept
for the Internet of Things that does not confine in any
standard of communication procedure. This definition
makes it possible for smart technologies to be created and
implemented utilising any existing protocol that is
considered modern at any particular moment in time. The
explanation is as follows: "Interconnection of actuating
and sensing devices offering the capacity to communicate
information across platforms by means of a unified
framework, hence establishing a common operating
environment for the purpose of allowing creative
applications." This is accomplished by integrating data
analytics, large-scale sensing, and data depiction in a
seamless manner via the use of cutting-edge ubiquitous
sensing as well as cloud computing.

Basic loT solution components

The network of

smart things Gateways

) Sensor

-
) Sensor

= ||
[* Actuator BSISERESH Il
..'._I

Data lake Big data warehouse

Fig 3 Basic loT Components

In light of the concept presented above, the Internet of
Things may be broken down into the following three
categories: Devices, Middleware, and Presentation.

Internet of Things devices that are implemented in
municipal infrastructures generate a massive quantity of
data, also known as big data, which may then be put to use
in a variety of applications that assist city operations.
Managing the flow of these large amounts of data needs
orchestration from specialised parties, often known as
Internet of Things operators, so that the data may be used
in an effective and safe manner. In the context of smart
cities, 10T ecosystem should include at least four layers,
particularly in respect to massive data flows!*¢l. The city
infrastructure as well as the residents themselves serve as
the objects as well as operators that turn out to be the
facilitators of the smart city ecology. This layer is the first
of three layers.

The utilities of a city are operated inside a city's
infrastructure, and inhabitants are the end-users of the
many different smart city services that improve the quality
of their lives. From this 1st layer, Internet of
Things equiments deployed in the 2nd layer may harness

information, which middleware solutions can collect in
the form of standardised APIs to engage with data created
by these devices as well as saved in an open data model at
the third layer. At the 4th layer, a public private
partnership organization is established as the Internet of
Things service hand to manage the data distribution to
third-party developersl*”l, This entity is developed based
on the open data that is given through standardised APIs.
IoT service operators often use a paradigm that is
analogous to an app store when they provide API access
to third-party developers so that these developers may
create their own applications, analytical tools, including
services. After the applications have been produced, they
will be made available to consumers via app stores such
as the Apple App Store and the Google Play Store.
Regulated accessibility by the operator of the Internet of
Things service may be advantageous to people since it will
lead to the creation of services that have a constructive
effect on the citizens' quality of life. On the other side,
service providers of utilities will also gain from increased
control over their own infrastructure!8l, Several
municipalities all around the globe have already
implemented smart city programmes that are supported by
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Internet of Things technology. These programmes are
using smart technology in order to improve municipal
services such as energy distribution  systems,
transportation  infrastructures, and natural resource
management.

3. Methodology
3.1 Database in addition to the search terms

The Scopus database was searched to find publications
that had been published on the 10T and the smart city. This
database is well-known for its comprehensive inclusion of
journals produced by reputable worldwide publishing
houses including as Elsevier, Springer, Taylor &
Francis, Emeraldinsight, as well as IEEE. It also has a
solid indexing system for these publications. Only journal
articles were taken into consideration for selection in
order to ensure that the retrieved sources were of an
academic character and of a high quality. In the body of
work devoted to meta-analysis, choose a certain kind of
publication to scrutinise as part of an investigation is
somewhat of a contentious issue. For example, despite the
fact that some academics choose to read just journal
papers, others concentrate on both journal articles as well
as books, or some specifically remove editorial material,
amendments, and conference abstracts from their
research*®.  Only publications from peer-reviewed
journals were considered for inclusion in our analysis
because researchers wanted to ensure that the information
they collected represented high-quality Internet of Things
research applicable to the topic of smart cities.

3.2 Preliminary article analyses

Researcher was successful in retrieving all of the
bibliographic entries that were associated with the
authors, titles, keywords that were submitted by the
authors, as well as other document information. The key
features of Internet of Things and smart city articles may
be seen in Table 1, which was derived from the Database
search. According to the information shown in the table, a
total of 1,802 articles, which demonstrate a cooperation
index of 4.12, were produced by 5,789 writers. These
papers earned a mean of 16.81 citations per document!2°l,
According to Ajiferuke, the cooperation index is a
measurement of fractional productivity. According to this
index, a number that is near to 0 indicates that the majority
of the articles were written by a single author.

4. Result and Discussion

Following the collection of the list of relevant documents,
the papers were further arranged according to the smart
city services that they either suggested or described.
Because the papers were not limited to just one kind of
smart city service, one will find that several papers appear

in more than one category. In addition, the borders
between each category were not strictly enforced. This is
due to the fact that a single smart city service may cross
over into many categories. When this occurred,
researcher took into consideration the goals and
positioned the service into the category that they
determined to be preeminent. Following is a list of the
categories that they have identified: (1) transportation and
traffic, (2) environmental monitoring, (3) public
accessibility as well as healthcare, (4) trash
administration, (5) public lighting, (6) energy resources,
(7) municipal infrastructure, and (8) other issues. The
Internet of Things is the primary catalyst and facilitator of
smart city services. It provides the tools for sensing the
city and the people that live there, as well as gathering
massive volumes of data on the activities and occurrences
that take place in the city.

This is shown by the large number of suggested solutions
for traffic monitoring, the environment, energy
consumption, major events and crises, as well as the
infrastructure of the city. The monitoring of the city's vital
signs is just one use of Internet of Things technologies.
Instead, they examine the data, do analysis on it, and then
go on to intervening in specific instances. Papers that have
been peer reviewed may provide illustrative instances of
10T's active engagement. Some examples of these types of
systems are intelligent road lane management systems,
dynamic and adaptive traffic signal systems, garbage
collection efficiency systems, dynamic street lighting,
evacuation and emergency systems. It is quite clear that
the Internet of Things has discovered the most fruitful
ground in the enhancement of current services and the
provision of new services in the categories of traffic,
transportation, and parking. It should not come as a
surprise that this is the case given that traffic is one of the
most significant characteristics of contemporary cities. It
has an impact on people's time, health, productivity, and
safety, in addition to the number of pollutants and energy
that is used.

As a consequence of this, it is not at all unexpected that a
number of publications have focused on the optimization
of lighting systems. The assistance for several other kinds
of municipal infrastructure aspects, like water, gas,
heating, electricity, as well as irrigation systems, has also
been investigated as a possibility. It is possible that
security has never been more vital on a global scale, and
cities, which are the locations where people and things are
concentrated at the highest densities, are particularly
susceptible to a variety of natural and man-made hazards.
The Internet of Things (loT) provides assistance in
forecasting, recognising, avoiding, and controlling
occurrences of this crucial nature via the use of various
disaster management and surveillance systems.
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Table 2: smart city project in India.

Sr. No. State Number of cities
1 A & N Islands 1
2 Andhra Pradesh 3
3 Arunachal Pradesh 1
4 Assam 1
5 Bihar 3
6 Chandigarh 1
7 Chhattisgarh 2
8 Daman & Diu 1
9 Dadra & Nagar Haveli

10 Delhi

11 Goa 1
12 Gujarat 6
13 Haryana 2
14 Himachal Pradesh 1
15 Jammu & Kashmir 1
16 Jharkhand 1
17 Karnataka 6
18 Kerala 1
19 Lakshadweep 1
20 Madhya Pradesh 7
21 Maharashtra 10
22 Manipur 1
23 Meghalaya 1
24 Mizoram 1
25 Nagaland 1
26 Odisha 2
27 Puducherry 1
28 Punjab

29 Rajasthan 4
30 Sikkim 1
31 Tamil Nadu 12
32 Telangana 2
33 Tripura 1
34 Uttar Pradesh 13
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Fig 4 Selected cities from Indian State/UT for smart city project

Based on the geographical distribution, it can be seen that
a significant proportion of the selected cities are located
in big states like as Uttar Pradesh, Tamil
Nadu, Maharashtra, Madhya Pradesh, Karnataka, and
Guijarat (see Figure 4). Fewer of them come from Andhra
Pradesh, Punjab, Bihar, and Rajasthan (three or four),
while the other big states (Jharkhand, Kerala,
Haryana, Odisha, and Telangana) only have one or two
each. West Bengal, the only other major Indian state, is
entitled to one such city: New Town, which is really an
extension of Kolkata. The administration of that state had

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

T T C 2 c ©® 0 Cc g ©C ST - C

] © »n s 8 g © = wn

T L5030 PELL G ED

T g 2 =T Q © » O W c £ T

T n 'S © T o ¥ g o2 ve

UD'EQDL J_JL_QLLPNNL

© g o Qo og O & X O

c 17y © S =

= © © < ©c BT H

> L;mb_C:C_C

< < E 50O © G

e T S

= S5 ®©

£ © ES

g 2

S ©

RES

tamil nady T————

chandighar m——————

kerala m—————

first distanced itself from the Mission on the grounds that
it fostered unequal growth and development. Even in the
state of Maharashtra, the opposition parties that are in
power in the municipal corporations of Mumbai and Navi
Mumbai have turned down the opportunity to take part in
the programme because they disagree with certain
conditions associated with it, most notably the
requirement that participants form Special Purpose
Vehicles (SPVs). They contend that the SPVs will result
in a reduction in the powers held by the municipal
corporation.

o [
E 2L FEEECESET25EE L
S 08X L G5O aMg @
T 250 00X ¥PT ocTcccecw
o — O un N C © O C
T o c mmg.__zm -
© =2 aegs ET 3w
< - [ - © < T U
%) c + © < © © > £
X © = _‘E - O
@ Q ©
- c c © <
] © © ©
£ = s
e} <
c
©

Fig 5 Project completed

Source: Ministry of Housing and Urban Affairs.

Note: Based on data up to 28 July 2021.
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Delhi and Nagaland have finished more than 70 percent of
their respective projects out of the total number of tenders
that have been issued. Seven other states, including
Gujarat, Rajasthan, Madhya Pradesh, Karnataka, Tripura,
Goa, and Andhra Pradesh, have finished between 50 and
60 percent of their projects. However, a large number of
additional states and territories are not doing very well
(see Figure 6). Meghalaya has not been able to finish even
one of its projects.

5. Conclusion

The purpose of this article was to conduct a
comprehensive analysis of the services that are made
possible by the Internet of Things (1oT) in smart cities.
The performed review revealed that this study field is just
a few decades old, and judging by the increasing number
of papers published in the field over the last few years, it
is presently at the hype phase of its development.
According to the findings, the Internet of Things is, in fact,
the most important factor in enabling and driving the
various smart city services. It paves the way not only for
the evolution of traditional city services into smart city
services but also for the development of completely new
smart city services. In order to do this, it works in
conjunction with and supplements a number of other
contemporary technologies, including big data and cloud
computing. Even in the cities that are now the frontrunners
in this field, the true use of 10T in smart city services is
still in the early stages of development. However, the
capability of the Internet of Things has been
acknowledged, and it is not difficult to see the services
discussed in this article being the standard in the not-too-
distant future. Even more, new concepts for applications
of the internet of things and smart services appear every
day, and they will continue to have an impact on both our
surroundings and our lives. Comparison of loT-enabled
smart city services from the standpoint of technology,
maturity, validity, and other such factors etc. is one of the
probable future works and improvements that might be
made in this field. Developing a classification system for
Internet of Things-enabled smart city services, -
Integration platforms for Internet of Things and other
relevant technologies, - Integration testbeds and
simulation settings - The capacity for interoperability in
the context of the smart city environment among the many
different types of devices and middleware systems.

6. Acknowledgements
Funding

This research did not receive any specific grant from
funding agencies in the public.

Declarations

Author declare that all works are original and this
manuscript has not been published in any other journal.

Reference

[1] M. Mazhar Rathore, Awais Ahmad, Anand Paul, and
Seungmin Rho 2016 Urban planning and building
smart cities based on the Internet of Things using Big
Data analytics, Computer Networks vol. 101, pp. 63-
80. https://doi.org/10.1016/j.comnet.2015.12.023

[2] Ignasi Vilajosana et al. 2013 Bootstrapping Smart
Cities through a Self-Sustainable Model Based on
Big Data Flows, IEEE Communications Magazine
vol. 51, no. 6, pp. 128-134.
https://doi.org/10.1109/MCOM.2013.6525605

[3] Hafedh Chourabi et al. 2012 Understanding Smart
Cities: An Integrative Framework, 45th Hawaii Int.
Conf. on System Sciences (Maui) pp. 2289-2297.
https://doi.org/10.1109/HICSS.2012.615

[4] Paul Brous and Marijn Janssen 2015 A Systematic
Review of Impediments Blocking Internet of Things
Adoption by Governments, 14th IFIP WG 6.11
Conference on e-Business, eServices, and e-Society
(Delft) vol. 9373 pp. 81-94.
https://doi.org/10.1007/978-3-319-25013-7_7

[5] Andrew Whitmore, Anurag Agarwal, and Li Da Xu
2014 The Internet of Things-A survey of topics and
trends, Information Systems Frontiers vol. 17, no. 2.
https://doi.org/10.1007/s10796-014-9489-2

[6] Kulkarni, A. P. ., & T. N., M. . (2023). Hybrid
Cloud-Based Privacy Preserving Clustering as
Service for Enterprise Big Data. International
Journal on Recent and Innovation Trends in
Computing and Communication, 11(2s), 146-156.
https://doi.org/10.17762/ijritcc.v11i2s.6037

[71 Doug Washburn and Sindhu Usman 2010 Helping
ClOs Understand "Smart City" Initiatives,
Cambridge: Forrester.

[8] Evangelos Theodoridis, Georgios Mylonas, and
loannis Chatzigiannakis 2013 Developing an loT
Smart City Framework, Fourth International
Conference on Information, Intelligence, Systems
and Applications (IISA), Piraeus, Greece.
https://doi.org/10.1109/11SA.2013.6623710

[9] Taewoo Nam and Theresa A Pardo 2011
Conceptualizing Smart City with Dimensions of
Technology, People, and Institutions, Proc. of the
12th Annual Int. Conf. on Digital Government
Research, Washington DC.

[10] Ibrahim Abaker Targio Hashem et al. 2016 The Role
of Big Data in Smart City, International Journal of
Information Management vol. 36, no. 5, pp. 748-
758. https://doi.org/10.1016/j.ijinfomgt.2016.05.002

[11] Donghee Shin 2014 A socio-technical framework for
Internet-of-Things design: A humancentered design
for the Internet of Things, Telematics and

International Journal of Intelligent Systems and Applications in Engineering

LISAE, 2023, 11(7s), 640-648 | 647


https://doi.org/10.1016/j.comnet.2015.12.023
https://doi.org/10.1109/MCOM.2013.6525605
https://doi.org/10.1109/HICSS.2012.615
https://doi.org/10.1007/978-3-319-25013-7_7
https://doi.org/10.1007/s10796-014-9489-2
https://doi.org/10.1109/IISA.2013.6623710
https://doi.org/10.1016/j.ijinfomgt.2016.05.002

[12]

[13]

[14]

[15]

[16]

Informatics vol. 31, no. 4.
https://doi.org/10.1016/j.tele.2014.02.003

Johannes M Schleicher, Michael Végler, Schahram
Dustdar, and Christian Inzinger 2016 Enabling a
Smart City Application Ecosystem, IEEE Internet
Computing vol. 20, no. 2.
https://doi.org/10.1109/MIC.2016.39

Sotiris Zygiaris 2012 Smart City Reference Model:
Assisting Planners to Conceptualize the Building of
Smart City Innovation Ecosystems, Journal of the
Knowledge  Economy wvol. 2, no. 2.
https://doi.org/10.1007/s13132-012-0089-4

Mr. Bhushan Bandre, Ms. Rashmi Khalatkar.
(2015). Impact of Data Mining Technique in
Education Institutions. International Journal of New
Practices in Management and Engineering, 4(02), 01
- 07. Retrieved from
http://ijnpme.org/index.php/IINPME/article/view/3
5

Hans Schaffers et al. 2011 Smart Cities and the
Future Internet: Towards Cooperation Frameworks
for Open Innovation, The Future Internet.
https://doi.org/10.1007/978-3-642-20898-0_31
Jayavardhana Gubbi, Rajkumar Buyya, Slaven
Marusic, and Marimuthu Palaniswamia 2013
Internet of Things (loT): A Vision, Architectural
Elements, and Future Directions , Future Generation

[17]

[18]

[19]

[20]

[21]

[22]

Computer Systems vol. 29, no. 10, pp. 1645-1660.
https://doi.org/10.1016/j.future.2013.01.010

Hans Schaffers et al. 2011 Smart Cities and the
Future Internet: Towards Cooperation Frameworks
for Open Innovation (The Future Internet).
https://doi.org/10.1007/978-3-642-20898-0 31
Jayavardhana Gubbi, Rajkumar Buyya, Slaven
Marusic, and Marimuthu Palaniswamia 2013
Internet of Things (loT): A Vision, Architectural
Elements, and Future Directions (Future Generation
Computer Systems vol. 29, no. 10) pp. 1645-1660.
https://doi.org/10.1016/j.future.2013.01.010

Ignasi Vilajosana et al. 2013 Bootstrapping Smart
Cities through a Self-Sustainable Model Based on
Big Data Flows (IEEE Communications Magazine
vol. 51, no. 6), pp. 128-134.
https://doi.org/10.1109/MCOM.2013.6525605
Smart Santander Team. 2016 (Smart Santander).
http://www.smartsantander.eu/index.php/testbeds/it
em/132-santander-summary

Andrea Zanella and Lorenzo Vangelista 2014
Internet of Things for Smart Cities , IEEE Internet of

Things Journal, vol. 1, no. 1.
https://doi.org/10.1109/J10T.2014.2306328
20. Jan Markendahl and Andrés Laya 2013

Business Challenges for Internet of Things: Findings
From E-Home Care, Smart Access Control, Smart
Cities and Homes, 29th IMP-conf. Atlanta, Georgia.

International Journal of Intelligent Systems and Applications in Engineering

IISAE, 2023, 11(7s), 640—648 | 648


https://doi.org/10.1016/j.tele.2014.02.003
https://doi.org/10.1109/MIC.2016.39
https://doi.org/10.1007/s13132-012-0089-4
https://doi.org/10.1007/978-3-642-20898-0_31
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1007/978-3-642-20898-0_31
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1109/MCOM.2013.6525605
http://www.smartsantander.eu/index.php/testbeds/item/132-santander-summary
http://www.smartsantander.eu/index.php/testbeds/item/132-santander-summary
https://doi.org/10.1109/JIOT.2014.2306328

