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Abstract— Big Data technology is emerging as a mass technology that can be applied to many industries in life. Decisions in a wide
range of fields may benefit greatly from the information provided by Big Data and Analytics research. One of the areas that have
benefited the most from this technology is transportation, which is known as an important field in the development of each nation and
possesses a huge treasure of data that traditional technologies cannot handle. Indeed, many countries have applied Big Data-based
intelligent transportation systems because it is a traffic system that interacts with vehicles and people on the road, thereby reducing
traffic congestion and traffic accidents year by year in many countries. The article presents the applications of Big Data technology in
smart traffic systems, thereby providing the perspective of a smart city with a smart traffic system as a critical factor. This paper's
analysis indicated that smart cities could be born and further developed through the linkage of Big Data technology and smart traffic
systems with smart traffic systems as the core. In addition, the results also showed that the obstacle that needs to be studied at this time
is the policy and legal framework for Big Data technology. Therefore, a system managed by the state or shared between the state and
the private sector should be studied in the future, aiming to harmonize interests and develop the system extensively.
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Therefore, there is also a lot of research involved to reduce
I. INTRODUCTION the impact of transportation activities on the environment
such as applying new techniques to modify the engine aiming
to increase the performance and reduce emission [17]-[23],
using electric vehicles, proper design, and energy storage
[24]1-[32], using alternative fuels [33]-[38]. Simultaneously,
efficient energy management and policy applied to support
the use of clean energy have been paid much attention [39]-
[43]. In addition, with a huge number of vehicles participating
in traffic in one day, traffic accidents are continuously
increasing. About 8 million traffic accidents, 7 million injured
people, and 1.3 million dead people were statistics each year
in the United States. Around 90 billion hours were lost due to
traffic issues (accidents, gridlock), resulting in a 2% decline
in worldwide total domestic output. Furthermore, the vehicles
created around 220 million carbon footprint metric tons [44],
[45]. Moreover, 3 trillion USD was considered transportation
costs by the individual car that excepted commercial and
public transport. In this number, parking, collision, pollution,
and traffic service accounted for about 40% [45]-[47].

In recent years, big data technologies' strong and rapid
development has supplied many ideas and equipment that
support facilitating effective management and decision-
making [1], [2]. In order to study complex simulation systems
and decision-making support, data exploitation has been
widely adopted [3], [4]. Almost all systems operations were
recorded by big data technique, from then demonstrated the
ability to model, prognostication, and optimization of the
system [5]-[7]. In the field of transportation, an increase in
the construction of the road transport network has quite far
been lag compared to the development of the number of
vehicles [8]-[11]. Many traffic issues such as traffic jams,
traffic accidents, resource squandering, and environmental
pollution, economic damage have appeared [12]-[14]. Many
studies have been done to improve the impact of the transport
system on the environment and the economy. These studies
have shown that transportation activities were one of the main
causes of increased environmental pollution [15], [16].
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The notion of the intelligent transportation system (ITS)
appeared to enhance the output of traffic systems, improve
road traffic safety and protect the environment [48]-[50]. The
advancement of sensing and broadcasting technologies, as
well as the development of efficient incorporation of
networked information systems, decision-making, and
infrastructure of physics, all contributed significantly to the
appearance of ITS [47], [S1]-[53]. However, with increasing
traffic density, especially in developing countries, an
intelligent transportation system needs an auxiliary system to
control and increase the safety and sustainability of the
transport system, and Big Data can meet these requirements.
Indeed, many regions of the globe use a hybrid of these two
systems. The equipment such as cameras, roadside, and
wireless networks sensor have been installed to observe
traffic flow and traffic safety impetus. These tools have
collected huge data. This allows traffic departments to have a
better overview of the traffic stream in the corresponding
region. In addition, transportation data for this study is
derived from global positioning systems (GPS), mobile
phones, car data, and individuals on the road. The data from
the sources above are merged with information on human
activity (social media, public transport, etc.) [54], [55].
Historical and online data analysis is accepted by the traffic
data availability, thanks to analyzing traffic data that can
create the transport model, identify bottlenecks, and help to
find out the cause of the accidents. The different analytics and
methods used in Big Data, such as machine learning, may be
used to filter through massive amounts of traffic data and
extract valuable information, enabling the transportation
authority to take preventative action and make suitable
choices. When the number of connected means of transport
and information exchange with other appliances inside them
or with the infrastructure of the road or with other nearby
vehicles significantly increases, the traffic data volume
increase together [56].

Among the category of data-intensive applications, traffic
management can be considered one of the scripts in
transportation and mobility, where data has been a key
component of decision-making even before the emergence of
Big Data. The advancement of this field of study has been
facilitated by the improved spatial-temporal resolution of
transport data made possible by the incorporation of
additional data sources [57] and the utilization of Big Data
technology, which has resulted in the development of novel
techniques and extraordinary findings that much beyond those
produced by conventional theories and instruments. In this
problem, the variations in traffic capacity planning, predicting
traffic conditions, and managing traffic demand are mutated
clearly by Big Data technology [58], [59]. In general, Big
Data has concentrated on some specific fields so far, but it
cannot be denied that the potentiality of Big Data in the traffic
domain that helped the transportation industry has become
more intelligent and more developed [60]-[62]. Although
research on Big Data in transportation is growing, most of the
systems implemented so far to enable Big Data analytics in
ITS systems are based on architectural solutions [63]-[65]. As
a result, they are difficult to adapt to new uses and data
sources since they are designed to achieve a narrow set of
predetermined outcomes. A lack of flexibility in ITS systems
leads to a lack of adoption of Big Data technologies [66], [67].
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The considered documents are mainly researched for the road
mode in this work. So, research gaps in this study as well as
direction for the future, are the application of Big Data
algorithms to all modes of transport. Especially by sea and air
are the two most used methods for transporting goods and
passengers. In addition, the cost of building an ITS system
with a Big Data application is also considered a gap in this
study. This is also considered a future research direction on
the comparison between values related to the environment,
people, and costs to build the system. It is possible to build
ITS models for large, medium, and small urban levels based
on population or regional gross domestic product (GDP) [68],
[69]. The key goal of this article is to discuss the applications
of Big Data in today's intelligent transportation system.

II. MATERIALS AND METHOD

A. Big Data

Big data (BD) is an umbrella term for gathering all types
of data. It may be organized or unorganized, structured, semi-
structured, or unstructured, and BD is so vast and diverse that
it is almost difficult to analyze it using conventional data
processing methods. Therefore, Provost and Fawcett have
defined Big Data as massive data amounts that traditional
processing systems cannot handle, leading to necessitating the
use of new technologies [70]. Because computers produced
most big data, it was often referred to as machine data.
Volume, variety, velocity, variety, and value are five pillars
of Big Data analytics, and businesses can extract a significant
quantity of relevant information from big data using advanced
data analytics [71].

The tendencies related to Industry 4.0 were gradually
becoming more prevalent, and they were having strong
impacts on human life. The auspicious beginning quickly
mutated into disadvantages because a huge of data was
gathered. That the collected data had a lot of disadvantageous
information more than advantageous information. So,
purifying the required data from the collected data set was
important, especially for producers. In this perspective, the
logistics of information was a critical component of this issue:
Summarizing, the objective of information logistics was to
ensure that the appropriate data is available in the appropriate
format at the appropriate time [71]. The supply of relevant
data is critical and required in the transportation industry. In
2012, Beyer and Laney circumscribed detailed Big Data [72].
Big Data is a term that refers to information properties that
are large in volume, fast in velocity, and/or diverse; it
necessitates new kinds of treatments since it enables
improved decision-making, comprehensive information
discovery, and process optimization. Thus, a data file is
known as Big Data if it implements tasks like gathering,
storage, distribution, administration, analysis, and pictorial
data via modern model technologies [73]. Diversity,
particular, real-time, and iteration were affections of the new
trend of the Big Data Analytics system. Over time, big data
analysis systems have evolved more and more, up to now,
according to Alex Bekker, big data analysis systems have
developed through 4 stages (1) Descriptive Analysis that data
is taken from the past and then analyzed; (2) Diagnostic
Analytics that identifies the causes of past events; (3)
Predictive Analysis that makes predictions; and (4)



Prescriptive Analytics that assist in making optimal actions
[74].

The challenge of Big Data approaches was no longer
gathering data but analyzing and extracting valuable
information from the data set when the file of data rapidly
developed over time. To be sure, academics and practitioners
have long considered exploitation of gathered data, but the
high velocity, volume, and variety of large streams of real-
time data strain existing storage, administration, and
processing capacities. It can be seen that Big Data has
fabricated a large challenge for classical statistical methods
(particularly concerning prejudice). The classical methods
cannot adapt to the new data streams detected
opportunistically and in crowds. Certain data streams are
organized so that they may be utilized for just one specific
purpose and cannot be used for other purposes directly. Yet,
unstructured data such as situational data [3] from the
worldwide web and social media and credit card purchases are
developing, and it is unclear if these can be utilized to
understand mobility patterns better. As a result, it was critical
to creating contemporary system abstractions that effectively
handle vast and novel data streams [66]. According to
Cybertec [75], building a big data analytics model would
usually go through 4 important steps, including (1) Data
collection; (2) Data cleaning and merging; (3) Data analysis
and modeling processed in step 2; (4) Model development that
assist in making optimal actions. Fig .1 below shows the basic
process of forming a big data analytics system.

Data cleaning and merging

Data analysis and
modeling

Model
development

Fig. 1 A big data analytics model [66]

B. Intelligent Transportation Systems

Since the early 1970s, Intelligent Transportation Systems
have been started to develop, and it was considered the future
of the transportation industry. Sensor technologies, data
transfer, and sophisticated control technologies were the
advanced technologies that have been combined in ITS [76].
The ITS purpose was to enhance the quality of service for the
drivers and participants traffic when they were in traffic [48],
[77], [78]. In ITS, data may be gathered from a variety of
sources, including smart cards, GPS, sensors, video probes,
social media, etc. By utilizing precise and efficient data
analytics to arrange chaotic data, ITS could offer a higher
level of service [79], [80]. Along with the development of
ITS, from trillion bytes to Petabyte level was the amount of
data created in ITS. And with this huge of data, inefficient and
unable to respond were phrases to talk about the traditional

179

data handling system. The rapid development and
complication of data were not forecasted by them, which led
to the traditional system's overload [69]. ITS is a broad term
encompassing a range of instruments, including traffic
engineering ideas, software, hardware, and broadcasting
technologies, that may be incorporated into the traffic system
to increase efficiency and safety [81]. Environment and
infrastructure for ITS are factors that the nation worldwide is
being paid much effort to supply. Numerous nations,
including the United States and Europe, have begun
developing and deploying ITS on a ground level [82], [83].
According to Lin et al. [84], defined Intelligent
Transportation System (ITS) was an exhaustive traffic service
and management system. The birth of this system's goal was
to supply advanced transportation management services. The
ITS integrates sophisticated technology and advancements in
information systems, broadcasting, sensors, controllers, and
complex mathematical techniques with traditional
transportation infrastructure, which is the ITS's greatest
distinguishing characteristic [85]. When incorporated with the
traffic system's vehicles and background, these technologies
alleviate congestion, increase safety, and boost production
[86]. Fig. 2 shows the ITS system development in China
according to Huang et al. [13].
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Fig. 2 The development steps of the ITS system in China [13]

The success of ITS is highly dependent on the platform
utilized to access, gather, and analyze correct environmental
data. Nowadays, there are 2 types of sensors that was known
widely. The first type is inside the vehicle, this sensor gathers
the vehicle data such as the operating status and condition of
the car, another type is known as the urban sensing platform,
this category was utilized for collecting the traffic condition,
and traffic flow. The information exchange relationship
between Vehicle-to-Vehicle (V2V) will create a huge data as
well as in the relationship between Vehicle to Infrastructure
(V2I), so that, the sensor technology is considered the
important part during the data collection. The collected data
will be supplied to the traffic management department, from
then, this department will handle and analyze data for giving
the next decisions. ITS engages it will help to deal with
problems such as rising fuel costs, excessive carbon dioxide
emissions, long traffic jams, and enhanced roads system [45],
[87], [88]. For making it easier to visualize an ITS system,
Fig. 3 will systematize with a diagram of the parties involved
in an intelligent transportation system.
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Fig. 3 Diagram of parties involved in ITS [89]

Many parts of the world have applied ITS to their national
transportation system, typically in Singapore. The ITS has
been applied in strategy traffic and set of systems by
Singapore. It was one of the least traffic congestion big cities,
with a middling vehicle speed of 27 kilometers per hour on
key routes, this speed faster than if compared to the different
big cities in the world. In particular, in London, the average
vehicle speed was merely 16 km/h and in Tokyo was 11 km/h.
This country utilized the Electronic Road Pricing system, and
it allowed toll pricing based on traffic stream. The
Expressway Monitoring and Advisory System has been
installed to help drivers and traffic accident warnings on main
roads. Additionally, the city cabs were equipped with a GPS
that monitored and reported on traffic situations across the
city. The ITS Operations Control Centre would receive data
from all of these systems and integrate them in order to
provide real-time information on traffic flow to the
community [90].

C. The Data Sources

The diversity in size and structure of traffic data is one of
the main goals of promoting the application of Big Data in the
ITS system. The size of the data was the first thing that needed
to take care of them. The amount of data created and handled
is continuously increasing. The primary sources of data were
social media, online financial transactions, and car sensors. A
reliable and highly scalable storage system was proposed due
to the volume of data increasing more and more. The
exponential growth in the number of cars opens the door for
data to be processed using Big Data analytics, which will
affect the Internet of Things (IoT) that could be applied in
many areas [91], [92]. Data was stored in a variety of forms,
including structured, semi-structured, and unstructured. The
data was presented in rows and columns formed in the Table
called structured data. The association between structured and
unstructured data created semi-structured data. Extensible
Markup Language (XML) data was considered semi-
structured, meaning it was not suitable for the tables and
included tags that arranged the data's fields. The data had no
specified structure called unstructured data, such as vehicle
sensor data. The velocity and different parametric structures
of vehicle data were evaluated, estimated, and analyzed,
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facilitating the organization and execution of smart
transportation [90]. In Table I, the main data sources in the
operational process of the transport sector are classified based
on resource, category, and format.

TABLEI
MAJOR DATA SOURCE IN THE TRANSPORTATION INDUSTRY [61]
Resource Category Format Ref
Traditional ITS Structured CSV, XML, [93]
resource Inheritance Structured  etc. [94]
system ERM, XLM,
(RDBMYS) Semi- JSON [95]
GIS data Structured [95]
Maps Semi- GIS
Structured  GIS
Potential Open Data Nil- Text, CSV [96]
data Link Data Structured RFD [96]
source Sensor Data Semi- Text, CSV, [97]
Social Media  Structured sensor [98]
Raw Data  Text, CSV,
Semi- XML, RDF,
Structured  etc.

II1. RESULTS AND DISCUSSION

A. Application of Big Data in ITS

Along with the increase of motor vehicles, pressure is
being placed on the transportation system of each country in
the world. Especially in the current 4.0 era, keeping the supply
flow of materials always smooth has made the previously
planned transport system unable to withstand the frequency of
operation of vehicles. The weakness of the transportation
system is becoming more and more obvious, a lot of problems
occurred on a regular and repeated basis of the transportation
system. The most common can be said is traffic congestion.
This has led to many consequences for a country's transport
system, such as high maintenance costs, high fuel
consumption, or concerns about the current environment. To
improve this problem, many countries around the world have
started to apply the ITS model to forecast, minimize the
impacts of the transport system and move toward a
sustainable transport system. Mobility, sustainable
transportation, and convenience are the goals of ITS. Mobility
emphasizes the efficiency and capability of the transportation
system. Sustainable transportation focuses on traffic safety
and environmental-friendly development. Convenience aims
to provide accessible service to the traveler. In this section,
the article will mention the applications of big data analysis
in the ITS system.

This type of ITS application was proposed to enhance
traffic flow on highways and in urban areas. Observation
applications may be classified into two types: fixed
monitoring systems, which utilized permanent stations
installed with cameras and sensors for monitoring road
statuses, and mobile surveillance systems, which utilized
portable cameras and sensors. Another category was utilized
for monitoring on the road, utilizing attached sensors and
cameras in cars to assist with oversight [99], [100]. Traffic
management systems were designed to optimize road capacity
at high traffic volumes, such as emergency evacuations,
accidents, or inclement weather [101]. RADAR, camera, and
infrared sensor were utilized by this application to identify
vehicles' presence, direction, and speed. Specific event traffic



management systems were a subset of lane management
systems utilized to manage and reduce traffic congestion at
special locations such as stadiums or conference centers. The
traffic management department could change the direction of
the traffic flow from traffic demands by using sensor
technologies (radar and infrared). Applications for traffic
control were becoming more essential. However, all of those
apps needed to operate as a cohesive and collaborative system
in order to facilitate the implementation of ITS. For example,
in a city that had a big event, so that, the traffic management
department would base on the collected data from the sensor
to institute, design, and operate the traffic stream smoothly.
In order to maximize arrival at the event, the traffic
management program could change the cardinal of lanes in
the same route, it depended on traffic flow from different
sides. However, the fundamental issue (smoother vehicle
flow) has not been resolved since the majority of people
would seek parking, and as the flow increased, the time
required to locate a parking space became more difficult. This
was one of the reasons why a methodical incorporable of all
the apps involved was necessary. In this issue, the apps of
traffic and parking management would combine and point
automatically the parking place without the necessity for a
choice to be made on-site [88]. ITS applications were
classified into three categories: mobility, safety, and
environmental impact, as demonstrated in Table II [102]. In
this article, we considered mainly the Mobility applications.
Below are some mathematical models, tools, and works that
have been researched and published by scientists since 2018.
These models are mainly aimed at predicting vehicle flow and
traffic flow and are based on making decisions in traffic
control.

The necessary in transportation management was
information about traffic flow in real-time. In traffic flow
forecast, Big Data analytics in ITS would significantly

advantage [103]-[105]. Fig. 4 demonstrated the old traffic
flow forecast model with a combination of Big Data analytics
[48]. In order to have an effective data file, the ITS initial data
would be handled. A traffic flow model is built using a data
mining or analytic technique of choice with the preprocessed
data. In order to alter the model, the traffic flow model would
provide and get feedback on the traffic information to the
management department; from then, this department could
base this to decide diversified model [69].

TABLE I
ITS APPLICATION [102]

Application  Application Target Data Data user
kind name resourc
e
Mobility Transit Advancing Transit Manageme
signal real-time vehicle nt center of
priority transit traffic traffic
system signal Manageme
performance nt center of
transit
Safety Vehicle Detecting Vehicle  Vehicle
safety critical onboard  safety
management  elements of system monitoring
the vehicle system
Notifying
the motorist
of any
potential
hazards
Environment  Environment  Obtaining Vehicle  Weather
al al probe real-time onboard  service
surveillance environment  system Maintenan
al conditions ce and
via constructio
analyzing n
data from manageme
cars. nt center

Dhata
preprocessing

uanenjeay

Diata
selection

iLig|
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Traffic Flow Model
library
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Data Mining and
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support
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Fig. 4 A typical traffic flow prediction model [69]

Yang et al. [106] have studied an open transport system
based on the existing transport system. This research aimed to
establish an intelligent transportation system based on next-
generation wireless communication technology. In the future,
the discussion would be organized to agitate about necessary
additional elements such as network, services, user support,
function, information, link, and communication. It provides
the groundwork for an overview of implementing new
generation ITS technology by thoroughly understanding the
technical features and evolution of the next generation ITS.

In 2020, Mena et al. [107] investigated and developed
traffic flow forecast equipment in real-time accurately and in
a timely manner. Traffic data has grown rapidly in recent
decades, and they have shifted toward big data ideas for
transportation. Existing traffic flow prediction techniques use
certain traffic prediction models but remain inadequate for
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handling real-world applications. In this study, machine
learning, genetic, and deep learning algorithms have been
planned to utilize by Meena et al.; the purpose was data
analytics for traffic systems with the complexity of the data
was greatly reduced. Additionally, image processing
techniques were used to recognize traffic signs, which helped
in the proper training of autonomous cars. In the same year,
Lian et al. [108] researched using Big Data to analyze traffic
safety in ITS and Connected Automated Vehicle (CAV)
environments. The specific subjects covered include accident
detection and prediction, the identification of crash-related
variables, driving behavior analysis, and the identification of
collision hotspots. According to the research examined, using
sophisticated analytics for Big Data offered significant
potential for comprehending and improving traffic safety.
Applying Big Data in traffic safety combined and analyzing



large amounts of data from many resources overcame
conventional data analytics limits and identified and resolved
issues that could not be resolved by standard safety analytics.
By utilizing the deep learning algorithm, also in 2020, Zhihan
et al. [109] have investigated and researched for handling the
safety issues of ITS with the main purpose was simulated the
enhanced system, improved data transmission performance,
enhanced accuracy of forecast performance, and the system's
route changing method were statistically evaluated. The
findings established that when the system's data transfer
performance was analyzed, the likelihood of successful
propagation was determined to be 100%. When lambda was
from 0.01 to 0.05, the outcome was nearest to reality and the
lowest data delay.

In 2020, Chang et al. [110] have presented a predictive
backward shockwave analysis (PSA) method for achieving
the RT-ASD depending on analytics studies about PSA MA
(macroscopic traffic shockwave) and PSA MI (microscopic
car-following). PSA has contributed some aspects related to
safe proactive driving: 1) anticipating and estimating high-
risk hazard backward shockwaves by using collected Big
Data from vehicle driving condition information, 2) Through
the 3-tier mechanism cloud computing method,
communicating the estimated danger signals to the cars in
high-threat regions, 3) reducing the risk of accidents for the
driver, 4) Self-driving or human-driving vehicles could

achieve maximum safety with PSA MA and PSA MI. The
numerical findings demonstrated that the PSA has beaten
other relative error rate forecast methods, backward
shockwave detection accuracy, average vehicle speed,
average movement duration, number of circulated vehicles,
time, and distance-to-collision. The same year, Hao et al.
[111] developed an efficient computing architecture for
massive traffic video data management depended on cloud
computing, which was incorporated by a distributed file
system and computing system for solving issues like as
flexible server expansion or contraction, load balancing, and
dynamic storage expansion or contraction, calculating power
and enhancement in storage efficiency. Based on this
technological architecture, the system employed algorithms
based on BP neural networks to extract static traffic indicators
from road footage. Then, to extract moving objects from road
transportation videos, the author utilized an interframe
difference algorithm and a method of Gaussian mixture model
(GMM) integration. The ITS video handling system, which
depends on the environment of Big Data, has been
demonstrated successful. The design plan of this system had
strong practical application value after the tests have been
performed about network pressure, calculating ability,
identification ability, and other examination. Fig. 5 depicts the
physical structure of the ITS.
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Fig. 5 Physical ITS architecture [112]

With so many applications offered, to apply them in
practice, a legal framework is needed. In fact, at present, there
are very few studies on building appropriate legal frameworks
that can bring applications into practice. Ding et al. [113]
researched and concluded that complex network theory has
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yet to be applied to urban planning from a theoretical or
methodological standpoint for creating an application
framework. The lack of technical standards for each ITS
application is also a difficulty that makes application
frameworks not focused on research. Therefore, building



applications with a set of criteria are prerequisites for the
application of these systems in the future. Accordingly, many
models have been introduced with detailed application
frameworks for each application. Igbal et al. [114] proposed
a framework that allowed on-site data processing and making
decisions based on cloud computing. Zhu et al. [69] discussed
a framework for applying Big Data in ITS as well as the
problems of Big Data analytics in ITS in the future Mousavi
et al. [115] investigated a fully expanded big data framework,
and this framework could use with any Botnet detection
method. It can be seen that recent studies on the application
of Big Data in ITS have all proposed their own application
frameworks. However, for each different country, the
applicability of this system is also different. Therefore, the
introduction of a common legal framework for the whole
world or a certain region will have certain implications for
these applications.

B. ITS and Smart City

In recent decades, the ITS in the smart mobility category
under smart cities has been concerned a lot. There was
currently no agreement in the literature on what defines a
smart city, and there were many notions [116], [117]. For
instance, Hall et al [118] proposed that a smart city could
manage its ingredient (e.g., roads, buildings, etc.) in order to
better manage its resources, schedule preventative
maintenance operations, and manage the protection, all while
providing the best possible service to its people. On the other
hand, Lombardi et al. [119] defined smart cities the city that
utilize information and communication technology (ICT), and
care for and solve human, social, relationship, and
environmental pollution problems. The notions above were
also based on government development focus. A clear
example of this problem is that researchers considered the
focus of smart city development to improve people's lives
while private development companies put efficiency and
economy first [120]. Despite the diversity of concepts, they
all had one thing in common: the intervention of the
information technology system into the city's infrastructure.
The goal was to transform the city's hardware into smart
[121].

The deployment of the ITS entails ensuring that the
planned system accomplishes smart transportation via
localization and traffic avoidance through certain Big Data
methods. Using Big Data analytics technology, the
multivariable data would be provided instead of univariate
data in the transportation system. The multivariate analysis
evaluated more than two variables simultaneously, resulting
in more meaningful findings in less time. With the Big Data
technique applied in the ITS, finding the best routes would
become fast. This helped to avoid the traffic congestion and
arrive at the destination earlier. This entails applying the time
element and the utilization of a route map depending on the
user's location [90].

As previously stated, the basis of smart cities was the
hardware that was installed in ICT (information and
communication technology), such as sensors and mobile
devices. This equipment was equipped to make the hardware
smarter by the gathered information [122]-[126]. Though
many data have been supplied, the data would be of no value
if it were not pre-handled and pre-analyzed [127]-[129].
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Thus, in addition to the hardware infrastructure and
applications that created and stored data, an analytical
framework was critical to developing an intelligent smart city
[130]. This was called Big Data analytics, and the goal was to
derive meaning from massive amounts of data. Thus, from the
viewpoint of Big Data, a smart city must monitor, process,
and regulate real-time data via the use of information and
communication technology [131]. The massive quantities of
data generated by smart cities may be utilized to better depict
city operations [132], such as item movement patterns
through trajectory mining [20], and from then, give
recommendations for future development [133]-[135].
Transportation is the nervous system in urban areas since it is
utilized by the public to go to and from work and to move
commodities. There have been a variety of applications
supported by ITS over the last two decades to improve
mobility, decrease CO, emissions, achieve fuel economy,
increase safety, and enhance energy management [136].
However, one difficulty to be able to applying technologies to
smart cities is a legal framework. Governments need an
effective legal framework to manage this problem to apply
new technologies such as Big Data into the current transport
system. Based on the features and characteristics of Big Data
technology today, there are 2 streams of opinions debated on
this issue. One side said that new technologies should not be
applied to the transport system because of great potential risks
are. The other side said that the application of new
technologies to the transport system is completely reasonable
with the current development progress of countries. Applying
new technology in traffic is a steppingstone towards an
intelligent transportation system and smart city. To be able to
satisfy these two problems, a legal framework for system
adoption is essential. The legal framework will help ensure
that technology is properly applied and managed, avoiding
potential risks that may occur in technology. Depending on
each country's capacity and transportation system, the legal
framework for this application will be different. In developing
countries, the potential risk is high; the legal framework must
be put in place and managed strictly. This is because, in these
countries, the transportation system is often incomplete,
combined with poor management infrastructure. Therefore,
the application of Big Data technology to the transport system
of this country will face many difficulties, and management
resources will also increase higher. In contrast, in developed
countries, this application is said to be quite easy because of
the complete infrastructure combined with the network and
transportation system. Therefore, it can be seen that the
development of traffic is necessary, in which the application
of new technology in management is very important to move
towards a smart city. However, although a lot of technologies
have been born for this, in order to apply these technologies,
the order of application and the management of these
technologies after being applied will have to depend a lot on
managers.

In the combination of ITS and smart city, a current global
trend is also concerned with the management and operation of
smart cities in a sustainable way. In fact, research on
sustainable operation is becoming an inevitable trend today.
Aspects that are of great interest in sustainable development
today can be mentioned as clean and renewable fuels and
energy management [137], [138]. Sonali et al. [139] discussed



Big Data, smart cities, and the need for sustainability in
technology operations. In the study, the authors found the
intersection between the three factors above to provide
direction for further research. From there, design a smart
ecosystem. In the context of smart cities, Anthony et al. [140]
investigate the function of application programming
interfaces (APIs) in handling real-time, online, and historical
energy data. Additionally, layered architecture for district
energy management that uses APIs in big data is built to
provide energy information intelligence. Finally, in this study,
the author wants to improve energy consumption by creating
renewable energy sources in a smart city system with a Big
Data application. However, determining the sustainability in
the operation of a smart city with the application of big data
technology is also difficult. A report by Dixon et al. [141]
showed this in big data initiatives in the built environment
face four primary challenges: (1) There was a lack of
agreement in the definitions and measurement of built
environment big data; (2) A lack of commercial involvement
in the built environment sector; (3) Because various datasets
were not compatible with one another. (4) It was currently
lacking a "bottom-up" and demand-focused strategy in the
smart cities movement. The above four issues could open
future research directions on smart cities' sustainable
development with big data applications. In addition, one of
the aims of developing intelligent transportation systems is to
reduce pollutant emissions; thus, the policy for clean and
renewable energy development should be focused on
reducing the dependence on fossil fuels [142], [143].

IV. CONCLUSIONS

In this article, the authors have highlighted the role of Big
Data technology in intelligent transportation systems through
published research and applications. With the current rapid
development of science, the application of this technology to
the transportation system is becoming more and more
necessary. With a large amount of data being collected,
processed, and analyzed, the intelligent transportation system
is predicted to be an effective solution to reduce traffic
accidents, as well as reducing harmful effects on the
environment. With smart traffic systems as the core, smart
cities can be born and further develop through the linkage of
Big Data technology and smart traffic systems. However, the
obstacle that needs to be studied at this time is the policy and
legal framework for Big Data technology. The managers of
this system for the transport system are also an issue to be
studied. A system managed by the state or shared between the
state and the private sector is also a matter of research to be
able to harmonize interests and develop the system
extensively. Although there are many factors that need to be
researched, the benefits of the combination of Big Data
technology and smart traffic systems are undeniable and bring
many positive things to a country or region. To be able to
move towards smart cities, this combination is the core
element. In addition, the study on the cost of building an ITS
system for large, medium, and small urban levels based on
population is the target for further studies.

REFERENCES

[1] J.M. Cavanillas, E. Curry, and W. Wahlster, New horizons for a data-

driven economy: a roadmap for usage and exploitation of big data in

184

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[22]

Europe. Springer Nature, 2016.

A. Oussous, F.-Z. Benjelloun, A. A. Lahcen, and S. Belfkih, “Big Data
technologies: A survey,” J. King Saud Univ. Inf. Sci., vol. 30, no. 4,
pp. 431-448,2018.

O. Troisi, G. Maione, M. Grimaldi, and F. Loia, "Growth hacking:
Insights on data-driven decision-making from three firms," Ind. Mark.
Manag., vol. 90, pp. 538-557,2020.

S. Vakili, A. 1. Olger, A. Schénborn, and F. Ballini, "Energy-related
clean and green framework for shipbuilding community towards zero-
emissions: A strategic analysis from concept to case study," Int. J.
Energy Res., 2022, doi: 10.1002/er.7649.

J. Zeyu, Y. Shuiping, Z. Mingduan, C. Yonggiang, and L. Yi, "Model
Study for Intelligent Transportation System with Big Data," Procedia
Comput.  Sci.,  vol. 107, pp. 418-426, 2017, doi:
10.1016/j.procs.2017.03.132.

M. Altarawneh, M. Qatawneh, and W. Almobaideen, "Overview of
Applied Data Analytic Mechanisms and Approaches Using
Permissioned Blockchains," Int. J. Adv. Sci. Eng. Inf. Technol.,vol. 12,
no. 1, pp- 42-52, 2022, doi:
http://ijaseit.insightsociety.org/index.php?option=com_content&view
=article&id=9&Itemid=1&article_id=12827.

T.-D. Nguyen and T.-P. Nguyen, "Load Forecasting for Months of The
Lunar New Year Holiday Using Standardized Load Profile And
Support Regression Vector: Case Study Ho Chi Minh City," J. Technol.
Innov., vol. 1, no. 1, pp. 1-5, 2021.

T. H. Nguyen, H. N. Nguyen, H. K. K. Pham, and Q. P. Pham, "A
Method for Trajectory Tracking for Differential Drive Type of
Automatic Guided Vehicle," J. Technol. Innov., vol. 1, no. 2, pp. 51—
53,2021.

X. Hu, S. Chang, J. Li, and Y. Qin, "Energy for sustainable road
transportation in China: Challenges, initiatives and policy
implications," Energy, vol. 35, no. 11, pp. 4289-4301, 2010.

A. Ahmed, A. Q. Al-Amin, A. F. Ambrose, and R. Saidur, "Hydrogen
fuel and transport system: A sustainable and environmental future," Int.
J. Hydrogen Energy, vol. 41, no. 3, pp. 1369-1380, 2016.

P. Nunes, F. Pinheiro, and M. C. Brito, "The effects of environmental
transport policies on the environment, economy and employment in
Portugal," J. Clean. Prod., vol. 213, pp. 428—439, 2019.

A. Downs, Still stuck in traffic: coping with peak-hour traffic
congestion. Brookings Institution Press, 2005.

W. Huang, Y. Wei, J. Guo, and J. Cao, "Next-generation innovation
and development of intelligent transportation system in China," Sci.

China Inf. Sci., vol. 60, no. 11, p. 110201, Nov. 2017, doi:
10.1007/s11432-017-9182-x.

C. Hicham, A. Nasri, and K. Kayisli, "A Novel Method of Electric
Scooter Torque Estimation Using the Space Vector Modulation
Control.," Int. J. Renew. Energy Dev., vol. 10, no. 2, 2021.

A. T. Hoang et al., "Energy-related approach for reduction of CO2
emissions: A strategic review on the port-to-ship pathway," J. Clean.

Prod., p. 131772, 2022.

A. Benayad, B. Gasbaoui, S. Bentouba, and M. A. Soumeur,
"Movement of a Solar Electric Vehicle Controlled by ANN-based
DTC in Hot Climate Regions," Int. J. Renew. Energy Dev., vol. 10, no.
1, pp. 61-70.

A. T. Hoang, "Applicability of fuel injection techniques for modern
diesel engines," in Ist International Conference on Sustainable
Manufacturing, Materials and Technologies, 2020, p. 020018, doi:
10.1063/5.0000133.

M. Hemmat Esfe, A. A. Abbasian Arani, and S. Esfandeh, "Improving
engine oil lubrication in light-duty vehicles by using of dispersing
MWCNT and ZnO nanoparticles in SW50 as viscosity index
improvers (VIL)," Appl. Therm. Eng., vol. 143, pp. 493-506, Oct. 2018,
doi: 10.1016/j.applthermaleng.2018.07.034.

1. Veza et al., "Review of artificial neural networks for gasoline, diesel
and homogeneous charge compression ignition engine," Alexandria
Eng. J, vol. 61, no. 11, pp. 8363-8391, 2022, doi:

10.1016/j.a€j.2022.01.072.

R. Alvarez Fernandez, "A more realistic approach to electric vehicle
contribution to greenhouse gas emissions in the city," J. Clean. Prod.,
vol. 172, pp. 949-959, Jan. 2018, doi: 10.1016/j.jclepro.2017.10.158.

W.-H. Chen, C.-M. Wang, L. Huat Saw, A. A. Bandala, and A. T.
Hoang, "Performance evaluation and improvement of thermoelectric
generators (TEG): Fin installation and compromise optimization,"
Energy Convers. Manag., vol. 250, p. 114858, Dec. 2021, doi:

10.1016/J ENCONMAN.2021.114858.

A. T.Hoang, Q. V. Tran, A. R. M. S. Al-Tawaha, V. V. Pham, and X.
P. Nguyen, "Comparative analysis on performance and emission



(23]

[24]

[25]

[26]

[27]

(28]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

[39]

characteristics of an in-Vietnam popular 4-stroke motorcycle engine
running on biogasoline and mineral gasoline," Renew. Energy Focus,
vol. 28, pp. 47-55, 2019, doi: 10.1016/j.ref.2018.11.001.

A. T. Hoang and V. V. Pham, "Technological Perspective for
Reducing Emissions from Marine Engines," Int. J. Adv. Sci. Eng. Inf.
Technol., vol. 9, no. 6, p. 1989, Dec. 2019, doi:
10.18517/ijaseit.9.6.10429.

R. Nuvvula, E. Devaraj, and K. T. Srinivasa, "A Comprehensive
Assessment of Large-scale Battery Integrated Hybrid Renewable
Energy System to Improve Sustainability of a Smart City," Energy
Sources, Part A Recover. Util. Environ. Eff., pp. 1-22,2021.

D. Thiruvonasundari and K. Deepa, "Evaluation and Comparative
Study of Cell Balancing Methods for Lithium-Ion Batteries Used in
Electric Vehicles.," Int. J. Renew. Energy Dev., vol. 10, no. 3, 2021.
V. V. Pham, A. T. Hoang, and H. C. Do, "Analysis and evaluation of
database for the selection of propulsion systems for tankers," Int. Conf.
Emerg. Appl. Mater. Sci. Technol. ICEAMST 2020, vol. 2235, 2020,
doi: 10.1063/5.0007655.

V. GaBui et al., "Energy storage onboard zero-emission two-wheelers:

Challenges and technical solutions," Sustain. Energy Technol.
Assessments, vol. 47, p. 101435, Oct. 2021, doi:
10.1016/J.SETA.2021.101435.

H. P. Nguyen, A. T. Hoang, A. T. Le, V. V. Pham, and V. N. Tran,
"Learned experiences from the policy and roadmap of advanced
countries for the strategic orientation to electric vehicles: A case study
in Vietnam," Energy Sources, Part A Recover. Util. Environ. Eff., pp.
1-10, Aug. 2020, doi: 10.1080/15567036.2020.1811432.

V. V. Pham and A. T. Hoang, "Analyzing and selecting the typical
propulsion systems for ocean supply vessels," 2020 6th Int. Conf. Adv.
Comput. Commun. Syst., pp. 1349-1357, Mar. 2020, doi:
10.1109/ICACCS48705.2020.9074276.

X.P.Nguyen and A. T. Hoang, "The Flywheel Energy Storage System:

An Effective Solution to Accumulate Renewable Energy," in 2020 6th
International ~ Conference on  Advanced — Computing  and
Communication Systems, ICACCS 2020, 2020, pp. 13221328, doi:
10.1109/ICACCS48705.2020.9074469.

H.P.Nguyenet al., "The electric propulsion system as a green solution
for management strategy of <scp> CO , </scp> emission in ocean
shipping: A comprehensive review," Int. Trans. Electr. Energy Syst.,
vol. 31, no. 11, Nov. 2021, doi: 10.1002/2050-7038.12580.

M. Subramanian et al., "A technical review on composite phase
change material based secondary assisted battery thermal management
system for electric vehicles," J. Clean. Prod., vol. 322, p. 129079,
2021, doi: 10.1016/j.jclepro.2021.129079.

R. Mamat, M. S. M. Sani, K. Sudhakar, A. Kadarohman, and R. E.
Sardjono, "An overview of Higher alcohol and biodiesel as alternative
fuels in engines," Energy Reports, vol. 5, pp. 467-479, 2019.

A. M. Sadeq, M. A. Bassiony, A. M. Elbashir, S. F. Ahmed, and M.
Khraisheh, "Combustion and emissions of a diesel engine utilizing
novel intake manifold designs and running on alternative fuels," Fuel,
vol. 255, p. 115769, Nov. 2019, doi: 10.1016/j.fuel.2019.115769.

A. T. Le, D. Q. Tran, T. T. Tran, A. T. Hoang, and V. V. Pham,
"Performance and combustion characteristics of a retrofited CNG
engine under various piston-top shapes and compression ratios,"
Energy Sources, Part A Recover. Util. Environ. Eff., pp. 1-17, Aug.
2020, doi: 10.1080/15567036.2020.1804016.

S. Nizeti¢, A. T. Le, V. G. Bui, and A. T. Hoang, "Combustion and
emission characteristics of spark and compression ignition engine
fueled with 2, 5-Dimethylfuran (DMF): A comprehensive review,"
Fuel, p. 119757,2020.

A. T. Hoang et al., "Rice bran oil-based biodiesel as a promising
renewable fuel alternative to petrodiesel: A review," Renew. Sustain.
Energy Rev., vol. 135, p- 110204, 2021, doi:
10.1016/j.rser.2020.110204.

A. T. Hoang and V. D. Tran, "Experimental Analysis on the
Ultrasound-based Mixing Technique Applied to Ultra-low Sulphur
Diesel and Bio-oils," Int. J. Adv. Sci. Eng. Inf. Technol., vol. 9, no. 1,
p. 307, Feb. 2019, doi: 10.18517/ijaseit.9.1.7890.

N. D. Asri and P. Yusgiantoro, "Investigating a Hampered NRE
Utilization in Kaltim's Energy System: Is there an Energy Policy with
a Syndrome of the Energy-abundant Area?," Int. J. Renew. Energy
Dev.,vol. 10, no. 4, 2021.

M. Z. Abidin, H. Rosdiana, and R. V. Salomo, "Tax Incentive Policy
for Geothermal Development: A Comparative Analysis in ASEAN.,"
Int. J. Renew. Energy Dev., vol. 9, no. 1, 2020.

J. Ugwu, K. C. Odo, L. O. Oluka, and K. O. Salami, "A Systematic
Review on the Renewable Energy Development, Policies and

185

[42]

[43]

[44]

[45]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[60]

[62]

Challenges in Nigeria with an International Perspective and Public
Opinions.," Int. J. Renew. Energy Dev., vol. 11, no. 1,2022.

D. Balasubramaniam, H. P. Nguyen, P. Q. H. Le, V. V. Pham, X. P.
Nguyen, and A.-T. Hoang, "Application of the Internet of Things in
3E (efficiency, economy, and environment) factor-based energy
management as smart and sustainable strategy," Energy Sources, Part
A Recover. Util. Environ. Eff., pp. 1-23,2021.

A. T. Hoang et al., "Impacts of COVID-19 pandemic on the global
energy system and the shift progress to renewable energy:
Opportunities , challenges , and policy implications," Energy Policy,
vol. 154, no. July 2021, 2021, doi: 10.1016/j.enpol.2021.112322.

T. Litman and E. Doherty, "Transportation Cost and Benefit Analysis
II-Vehicle Costs," Victoria Transp. Policy Inst. (VIPI).(Accessed
2009) Available htto//www. vitpi. org, 2015.

J. Contreras-Castillo, S. Zeadally, and J. A. Guerrero-Ibanez, "Internet
of Vehicles: Architecture, Protocols, and Security," IEEE Internet
Things J., vol. 5, no. 5, pp. 3701-3709, Oct. 2018, doi:
10.1109/J10T.2017.2690902.

A. Mai, "The internet of cars, spawning new business models."
October, 2012.

T. S. J. Darwish and K. Abu Bakar, "Fog Based Intelligent
Transportation Big Data Analytics in The Internet of Vehicles
Environment: Motivations, Architecture, Challenges, and Critical
Issues," IEEE Access, vol. 6, pp. 15679-15701, 2018, doi:
10.1109/ACCESS.2018.2815989.

J. Zhang, F.-Y. Wang, K. Wang, W.-H. Lin, X. Xu, and C. Chen,
"Data-Driven Intelligent Transportation Systems: A Survey," /EEE
Trans. Intell. Transp. Syst., vol. 12, no. 4, pp. 1624-1639, Dec. 2011,
doi: 10.1109/TITS.2011.2158001.

N. M. Adriansyah, K. Anwar, I. A. Rangkuti, D. S. Anbela, N. N.
Amalia, and L. S. Waliani, "Simple Doppler Spread Compensator for
Future Railway Mobile Communication Systems (FRMCS)," Int. J.
Adv. Sci. Eng. Inf. Technol., vol. 12, no. 1, pp. 1-7, Jan. 2022, doi:
10.18517/ijaseit.12.1.13942.

A. A. M. B. Qazzaz, E.J. Al Taee, and Z. H. R. Al Hadad, "Embedding
Data in Non-Important Gabor Ridges," Int. J. Adv. Sci. Eng. Inf.
Technol., vol. 12, no. 1, pp. 151-157, Feb. 2022, doi:
10.18517/ijaseit.12.1.15005.

Y. Sun, H. Song, A. J. Jara, and R. Bie, "Internet of Things and Big
Data Analytics for Smart and Connected Communities," IEEE Access,
vol. 4, pp. 766-773,2016, doi: 10.1109/ACCESS.2016.2529723.

S. K. Sharma and X. Wang, "Live Data Analytics With Collaborative
Edge and Cloud Processing in Wireless IoT Networks," IEEE Access,
vol. 5, pp. 4621-4635, 2017, doi: 10.1109/ACCESS.2017.2682640.
V. Adnan Ferman and M. Ali Tawfeeq, "Early Generation and
Detection of Efficient IoT Device Fingerprints Using Machine
Learning," Int. J. Adv. Sci. Eng. Inf. Technol., vol. 12, no. 1, pp. 53—
60, Jan. 2022, doi: 10.18517/ijaseit.12.1.14349.

J.-H. Lim, S.-C. Kim, and Y. Kim, "A Study on Feature of Online
Platform with Exploiting Blockchain for International Onshore
Students," Int. J. Adv. Sci. Eng. Inf. Technol.,vol. 12, no. 1, p. 92, Feb.
2022, doi: 10.18517/ijaseit.12.1.14095.

M. 1. Ali et al., "Information Technology Literacy Impact on Research
Results Publication," Int. J. Adv. Sci. Eng. Inf. Technol., vol. 12, no. 1,
p. 137, Feb. 2022, doi: 10.18517/ijaseit.12.1.14948.

A. Neilson, Indratmo, B. Daniel, and S. Tjandra, "Systematic Review
of the Literature on Big Data in the Transportation Domain: Concepts
and Applications," Big Data Res., vol. 17, pp. 35-44, Sep. 2019, doi:
10.1016/j.bdr.2019.03.001.

A. Das, P. Dash, and B. K. Mishra, "An Innovation Model for Smart
Traffic Management System Using Internet of Things (IoT)," 2018, pp.
355-370.

P. Awasthi, "Smart traffic management system: the back bone of smart
city," SSRG Int. J. Civ. Eng.(SSRG-1JCE), vol. 3, no. 7, 2016.

R. Rajamoorthy et al., "A novel intelligent transport system charging
scheduling for electric vehicles using Grey Wolf Optimizer and Sail
Fish Optimization algorithms," Energy Sources, Part A Recover. Util.
Environ. Eff., vol. 44, no. 2, pp. 3555-3575, 2022.

Z.Ding, B. Yang, Y. Chi, and L. Guo, "Enabling Smart Transportation
Systems: A Parallel Spatio-Temporal Database Approach," /EEE
Trans. Comput., vol. 65, no. 5, pp. 1377-1391, May 2016, doi:
10.1109/TC.2015.2479596.

A. 1. Torre-Bastida, J. Del Ser, I. Lafia, M. Ilardia, M. N. Bilbao, and
S. Campos-Cordobés, “Big Data for transportation and mobility:
recent advances, trends and challenges,” /ET Intell. Transp. Syst., vol.
12, no. 8, pp. 742755, Oct. 2018, doi: 10.1049/iet-its.2018.5188.

J. Mamani Idme, J. L. Valenzuela Garcia, S. A. Huaraz Morales, and



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]
[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

L. Andrade-Arenas, “The Implementation of Information Security for
the Inventory System in a Municipality of Lima-Pera,” Int. J. Adv. Sci.
Eng. Inf Technol, vol. 12, no. 1, p. 101, Jan. 2022, doi:
10.18517/ijaseit.12.1.13914.

D. Xia, B. Wang, H. Li, Y. Li, and Z. Zhang, "A distributed spatial—
temporal weighted model on MapReduce for short-term traffic flow
forecasting," Neurocomputing, vol. 179, pp. 246-263, Feb. 2016, doi:
10.1016/j.neucom.2015.12.013.

J. Yu, F. Jiang, and T. Zhu, "RTIC-C: A Big Data System for Massive
Traffic Information Mining," in 2013 International Conference on
Cloud Computing and Big Data, Dec. 2013, pp. 395-402, doi:
10.1109/CLOUDCOM-ASIA.2013.91.

M. G. Uspaeva, S. A. Tronin, R. A. Abramov, and Y. M. Potanina,
"Development of Organizational and Economic Mechanism of
Functioning High-Tech Enterprises in the Introduction of Digital
Technologies," Int. J. Adv. Sci. Eng. Inf. Technol., vol. 12, no. 1, p.
131, Jan. 2022, doi: 10.18517/ijaseit.12.1.9988.

S. Amini, I. Gerostathopoulos, and C. Prehofer, "Big data analytics
architecture for real-time traffic control," in 2017 5th IEEE
International Conference on Models and Technologies for Intelligent
Transportation Systems (MT-ITS), Jun. 2017, pp. 710-715, doi:
10.1109/MTITS.2017.8005605.

B. M. Maake, S. O. Ojo, K. Zuva, and F. A. Mzee, "A Bisociated
Research Paper Recommendation Model using BiSOLinkers," Int. J.
Adv. Sci. Eng. Inf. Technol., vol. 12, no. 1, p. 121, Jan. 2022, doi:
10.18517/ijaseit.12.1.14163.

C. Anda, A. Erath, and P. J. Fourie, "Transport modelling in the age of
big data," Int. J. Urban Sci., vol. 21, no. supl, pp. 19—42, Aug. 2017,
doi: 10.1080/12265934.2017.1281150.

L.Zhu, F. R. Yu, Y. Wang, B. Ning, and T. Tang, "Big Data Analytics
in Intelligent Transportation Systems: A Survey," [EEE Trans. Intell.
Transp. Syst., vol. 20, no. 1, pp. 383-398, Jan. 2019, doi:
10.1109/TITS.2018.2815678.

F. Provost and T. Fawcett, "Data Science and its Relationship to Big
Data and Data-Driven Decision Making," Big Data, vol. 1, no. 1, pp.
51-59, Mar. 2013, doi: 10.1089/big.2013.1508.

S. Altendorfer-Kaiser, "The Influence of Big Data on Production and
Logistics," 2017, pp. 221-227.

M. A. Beyer and D. Laney, "The Importance of 'Big Data": A
Definition," Stamford, CT Gart., pp. 2014-2018, 2012.

Maya Gopal P.S. and B. R. Chintala, “Big Data Challenges and
Opportunities in Agriculture,” Int. J. Agric. Environ. Inf. Syst., vol. 11,
no. 1, pp. 48-66, Jan. 2020, doi: 10.4018/1JAEIS.2020010103.

A. Bekker, "4 Types of Data Analytics to Improve Decision-Making,"
2019.

Big Data Analytics: Big Data Analytics | CYBERTEC", CYBERTEC,

2022. [Online]. Available: https://www.cybertec-
postgresql.com/en/data-science/big-data-analytics/. [Accessed: 08-
Jan-2022].

L. Qi, "Research on Intelligent Transportation System Technologies
and Applications," in 2008 Workshop on Power Electronics and
Intelligent Transportation System, Aug. 2008, pp. 529-531, doi:
10.1109/PEITS.2008.124.

S. An, B.-H. Lee, and D.-R. Shin, "A Survey of Intelligent
Transportation Systems," in 2011 Third International Conference on
Computational Intelligence, Communication Systems and Networks,
Jul. 2011, pp. 332-337, doi: 10.1109/CICSyN.2011.76.

N.-E. El Faouzi, H. Leung, and A. Kurian, "Data fusion in intelligent
transportation systems: Progress and challenges — A survey," Inf.
Fusion, vol. 12, mno. 1, pp. 4-10, Jan. 2011, doi:
10.1016/j.inffus.2010.06.001.

Q. Shi and M. Abdel-Aty, "Big Data applications in real-time traffic
operation and safety monitoring and improvement on urban
expressways," Transp. Res. Part C Emerg. Technol., vol. 58, pp. 380—
394, Sep. 2015, doi: 10.1016/j.trc.2015.02.022.

N. Mohamed and J. Al-Jaroodi, "Real-time big data analytics:
Applications and challenges," in 2014 International Conference on
High Performance Computing & Simulation (HPCS), Jul. 2014, pp.
305-310, doi: 10.1109/HPCSim.2014.6903700.

M. Chowdhury and A. W. Sadek, Fundamentals of intelligent
transportation systems planning. London: Artech House Inc, 2003.

O. of the A. S. for R. and T. (OST-R), "Department of Transportation
(USDOT).".

A. Dubey, M. Lakhani, S. Dave, and J. J. Patoliya, "Internet of Things
based adaptive traffic management system as a part of Intelligent
Transportation System (ITS)," in 2017 International Conference on
Soft Computing and its Engineering Applications (icSoftComp), Dec.

186

[94]

[95]

[100

=

[101

—

[102]

[103]

[104]

[105]

2017, pp. 1-6, doi: 10.1109/ICSOFTCOMP.2017.8280081.

Y. Lin, P. Wang, and M. Ma, "Intelligent Transportation System(ITS):
Concept, Challenge and Opportunity," in 2017 [EEE 3rd International
Conference on Big Data Security on Cloud (BigDataSecurity), IEEE
International Conference on High Performance and Smart Computing,
(HPSC) and IEEE International Conference on Intelligent Data and
Security (IDS), May 2017, pp. 167-172, doi:
10.1109/BigDataSecurity.2017.50.

J. S. Sussman, Perspectives on Intelligent Transportation Systems
(ITS). Boston, MA: Springer US, 2005.

X. Yan, H. Zhang, and C. Wu, "Research and Development of
Intelligent Transportation Systems," in 2012 11th International
Symposium on Distributed Computing and Applications to Business,
Engineering & Science, Oct. 2012, pp. 321-327, doi:
10.1109/DCABES.2012.107.

J. A. Guerrero-Ibafiez, C. Flores-Cortés, and S. Zeadally, “Vehicular
Ad-hoc Networks (VANETSs): Architecture, Protocols and
Applications,” 2013, pp. 49-70.

J. Guerrero-Ibafiez, S. Zeadally, and J. Contreras-Castillo, “Sensor
Technologies for Intelligent Transportation Systems,” Sensors, vol. 18,
no. 4, p. 1212, Apr. 2018, doi: 10.3390/s18041212.

B. McQueen and J. McQueen, Intelligent transportation systems
architectures. 1999.

S. Muthuramalingam, A. Bharathi, S. Rakesh kumar, N. Gayathri, R.
Sathiyaraj, and B. Balamurugan, "loT Based Intelligent Transportation
System (IoT-ITS) for Global Perspective: A Case Study," 2019, pp.
279-300.

V.D. Chu, M. Q. Chau, T. T. Huynh, T. H. Le, T. P. Nguyen, and D.
T. Nguyen, "Prospects of application of IoT-based advanced
technologies in remanufacturing process towards sustainable
development and energy-efficient use," Energy Sources, Part A
Recover. Util. Environ. Eff., pp. 1-25,2021.

D.T. Vo, X. P. Nguyen, T. D. Nguyen, R. Hidayat, T. T. Huynh, and
D. T. Nguyen, "A review on the internet of thing (IoT) technologies in
controlling ocean environment," Energy Sources, Part A Recover. Util.
Environ. Eff., pp. 1-19, Jul. 2021, doi:
10.1080/15567036.2021.1960932.

X. Kong et al., "Mobility Dataset Generation for Vehicular Social
Networks Based on Floating Car Data," IEEE Trans. Veh. Technol.,
vol. 67, mno. 5, pp. 3874-3886, May 2018, doi:
10.1109/TVT.2017.2788441.

A. Singh, S. Goel, H. Gupta, and V. Deep, "Proposed ICT-based
transportation model: EEG," in ICT Based Innovations, Springer, 2018,
pp- 31-38.

D. J. Weiss et al., "A global map of travel time to cities to assess
inequalities in accessibility in 2015," Nature, vol. 553, no. 7688, pp.
333-336, Jan. 2018, doi: 10.1038/nature25181.

A. J. Jara et al., "Smart cities semantics and data models," in
International Conference on Information Technology & Systems, 2018,
pp. 77-85.

X. Ye, W.Li, and Q. Huang, Big Data Support of Urban Planning and
Management. Cham: Springer International Publishing, 2018.

W. Wang and F. Guo, "RoadLab: Revamping road condition and road
safety monitoring by crowdsourcing with smartphone app," 2016.
L.-W. Chen, Y.-C. Tseng, and K.-Z. Syue, "Surveillance on-the-road:
Vehicular tracking and reporting by V2V communications," Comput.
Networks,  vol. 67,  pp. 154-163, Jul. 2014, doi:
10.1016/j.comnet.2014.03.031.

A. Mehrabi and K. Kim, "Using a mobile vehicle for road condition
surveillance by energy harvesting sensor nodes," in 2015 IEEE 40th
Conference on Local Computer Networks (LCN), Oct. 2015, pp. 189—
192, doi: 10.1109/LCN.2015.7366303.

K. Liu, S. H. Son, V. C. S. Lee, and K. Kapitanova, "A token-based
admission control and request scheduling in lane reservation systems,"
in 2011 14th International IEEE Conference on Intelligent
Transportation Systems (ITSC), Oct. 2011, pp. 1489-1494, doi:
10.1109/ITSC.2011.6082959.

M. Chowdhury, A. Apon, and K. Dey, Data analytics for intelligent
transportation systems. Elsevier, 2017.

R. Li, C. Jiang, F. Zhu, and X. Chen, "Traffic flow data forecasting
based on interval type-2 fuzzy sets theory," IEEE/CAA J. Autom. Sin.,
vol. 3,no. 2, pp. 141-148, Apr. 2016, doi: 10.1109/JAS.2016.7451101.
D. Chen, "Research on Traffic Flow Prediction in the Big Data
Environment Based on the Improved RBF Neural Network," /IEEE
Trans. Ind. Informatics, vol. 13, no. 4, pp. 20002008, Aug. 2017, doi:
10.1109/T11.2017.2682855.

S. Jeon and B. Hong, "Monte Carlo simulation-based traffic speed



forecasting using historical big data," Futur. Gener. Comput. Syst., vol.
65, pp. 182195, Dec. 2016, doi: 10.1016/j.future.2015.11.022.
W. Yang, X. Wang, X. Song, Y. Yang, and S. Patnaik, "Design of
Intelligent Transportation System Supported by New Generation
Wireless Communication Technology," Int. J. Ambient Comput. Intell.,
vol. 9, no. 1, pp. 78-94, Jan. 2018, doi: 10.4018/IJAC1.2018010105.
G. Meena, D. Sharma, and M. Mahrishi, "Traffic Prediction for
Intelligent Transportation System using Machine Learning," in 2020
3rd International Conference on Emerging Technologies in Computer
Engineering: Machine Learning and Internet of Things (ICETCE),
Feb. 2020, pp. 145-148, doi: 10.1109/ICETCE48199.2020.9091758.
Y. Lian, G. Zhang, J. Lee, and H. Huang, "Review on big data
applications in safety research of intelligent transportation systems and
connected/automated vehicles," Accid. Anal. Prev., vol. 146, p.
105711, Oct. 2020, doi: 10.1016/j.aap.2020.105711.
Z. Lv, S. Zhang, and W. Xiu, "Solving the Security Problem of
Intelligent Transportation System With Deep Learning," /EEE Trans.
Intell. Transp. Syst., vol. 22, no. 7, pp. 4281-4290, Jul. 2021, doi:
10.1109/TITS.2020.2980864.
B.-J. Chang and J.-M. Chiou, "Cloud Computing-Based Analyses to
Predict Vehicle Driving Shockwave for Active Safe Driving in
Intelligent Transportation System," IEEE Trans. Intell. Transp. Syst.,
vol. 21, mno. 2, pp. 852-866, Feb. 2020, doi:
10.1109/TITS.2019.2902529.
Q. Hao and L. Qin, "The Design of Intelligent Transportation Video
Processing System in Big Data Environment," JEEE Access, vol. 8, pp.
13769-13780, 2020, doi: 10.1109/ACCESS.2020.2964314.
E. Stawiarska and P. Sobczak, "The Impact of Intelligent
Transportation System Implementations on the Sustainable Growth of
Passenger Transport in EU Regions," Sustainability, vol. 10, no. 5, p.
1318, Apr. 2018, doi: 10.3390/sul0051318.
R. Ding et al., "Application of Complex Networks Theory in Urban
Traffic Network Researches," Networks Spat. Econ., vol. 19, no. 4, pp.
1281-1317, Dec. 2019, doi: 10.1007/s11067-019-09466-5.
M. M. Igbal, M. T. Mehmood, S. Jabbar, S. Khalid, A. Ahmad, and G.
Jeon, "An enhanced framework for multimedia data: Green
transmission and portrayal for smart traffic system," Comput. Electr.
Eng.,  vol. 67,  pp. 291-308,  Apr. 2018, doi:
10.1016/j.compeleceng.2018.03.021.
S. H. Mousavi, M. Khansari, and R. Rahmani, "A fully scalable big
data framework for Botnet detection based on network traffic
analysis," Inf. Sci. (Ny)., vol. 512, pp. 629-640, Feb. 2020, doi:
10.1016/1.ins.2019.10.018.
[116] T.-Y. Ching and J. Ferreira, "Smart Cities: Concepts, Perceptions and
Lessons for Planners," 2015, pp. 145-168.
[117] V. Albino, U. Berardi, and R. M. Dangelico, "Smart cities: Definitions,
dimensions, performance, and initiatives," J. urban Technol., vol. 22,
no. 1, pp. 3-21, 2015.
[118] R. E. Hall, B. Bowerman, J. Braverman, J. Taylor, H. Todosow, and
U. Von Wimmersperg, "The vision of a smart city," Brookhaven
National Lab., Upton, NY (US), 2000.
P. Lombardi, S. Giordano, H. Farouh, and W. Yousef, "Modelling the
smart city performance," Innov. Eur. J. Soc. Sci. Res., vol. 25, no. 2,
pp. 137-149, Jun. 2012, doi: 10.1080/13511610.2012.660325.
V. Fernandez-Anez, "Stakeholders Approach to Smart Cities: A
Survey on Smart City Definitions," 2016, pp. 157-167.
A. Sumalee and H. W. Ho, "Smarter and more connected: Future
intelligent transportation system," J47SS Res., vol. 42, no. 2, pp. 67—
71, Jul. 2018, doi: 10.1016/j.iatssr.2018.05.005.
A.]J. Jara, D. Genoud, and Y. Bocchi, "Big Data in Smart Cities: From
Poisson to Human Dynamics," in 2014 28th International Conference
on Advanced Information Networking and Applications Workshops,
May 2014, pp. 785-790, doi: 10.1109/WAINA.2014.165.
A. Ahmad et al., "Toward modeling and optimization of features
selection in Big Data based social Internet of Things," Futur. Gener.
Comput.  Syst., vol. 82, pp. 715-726, May 2018, doi:
10.1016/j.future.2017.09.028.
A. Ahmad, A. Paul, S. Din, M. M. Rathore, G. S. Choi, and G. Jeon,
"Multilevel Data Processing Using Parallel Algorithms for Analyzing
Big Data in High-Performance Computing," Int. J. Parallel Program.,

[106

—

[107]

[108

=

[109

—

[110]

[111

—

[112]

[113]

[114

[}

[115]

[119]

[120]

[121]

[122]

[123]

[124]

187

vol. 46, no. 3, pp. 508-527, Jun. 2018, doi: 10.1007/s10766-017-0498-

X.

A. Ahmad et al., "Energy efficient hierarchical resource management

for mobile cloud computing," IEEE Trans. Sustain. Comput., vol. 2,

no. 2, pp. 100-112, Apr. 2017, doi: 10.1109/TSUSC.2017.2714344.

A. Ahmad, A. Paul, M. Rathore, and H. Chang, "An Efficient

Multidimensional Big Data Fusion Approach in Machine-to-Machine

Communication," ACM Trans. Embed. Comput. Syst., vol. 15, no. 2,

pp. 1-25, Jun. 2016, doi: 10.1145/2834118.

O. Soderstrom, T. Paasche, and F. Klauser, “Smart cities as corporate

storytelling,” City, vol. 18, no. 3, pp. 307-320, May 2014, doi:

10.1080/13604813.2014.906716.

[128] F. Bonomi, R. Milito, P. Natarajan, and J. Zhu, "Fog Computing: A
Platform for Internet of Things and Analytics," 2014, pp. 169—186.

[129] A. Ahmad, A. Paul, M. M. Rathore, and H. Chang, "Smart cyber
society: Integration of capillary devices with high usability based on
Cyber—Physical System," Futur. Gener. Comput. Syst., vol. 56, pp.
493-503, Mar. 2016, doi: 10.1016/j.future.2015.08.004.

[130] R. Kitchin, "The real-time city? Big data and smart urbanism,"
GeoJournal, vol. 79, no. 1, pp. 1-14, Feb. 2014, doi: 10.1007/s10708-
013-9516-8.

[131] A. M. Townsend, Smart cities: Big data, civic hackers, and the quest
for a new utopia. WW Norton & Company, 2013.

[132] E. Al Nuaimi, H. Al Neyadi, N. Mohamed, and J. Al-Jaroodi,
"Applications of big data to smart cities," J. Internet Serv. Appl., vol.
6,no. 1, p. 25, Aug. 2015, doi: 10.1186/513174-015-0041-5.

[133] M. Batty et al., "Smart cities of the future," Eur. Phys. J. Spec. Top.,

vol. 214, no. 1, pp. 481-518, Nov. 2012, doi: 10.1140/epjst/e2012-

01703-3.

M. M. Rathore, A. Ahmad, A. Paul, and S. Rho, "Urban planning and

building smart cities based on the Internet of Things using Big Data

analytics," Comput. Networks, vol. 101, pp. 63-80, Jun. 2016, doi:
10.1016/j.comnet.2015.12.023.

M. Gohar, M. Muzammal, and A. Ur Rahman, "SMART TSS:

Defining transportation system behavior using big data analytics in

smart cities," Sustain. Cities Soc., vol. 41, pp. 114-119, 2018, doi:

10.1016/j.¢5.2018.05.008.

S. H. Bouk, S. H. Ahmed, D. Kim, and H. Song, "Named-Data-

Networking-Based ITS for Smart Cities," JEEE Commun. Mag., vol.

55, no. 1, pp- 105-111, Jan. 2017, doi:

10.1109/MCOM.2017.1600230CM.

A. T. Hoang, V. V. Pham, and X. P. Nguyen, "Integrating renewable

sources into energy system for smart city as a sagacious strategy

towards clean and sustainable process," J. Clean. Prod., vol. 305, p.

127161, 2021, doi: 10.1016/j.jclepro.2021.127161.

H. P. Nguyen, L. P. Q. Huy, V. V. Pham, X. P. Nguyen, D.

Balasubramanian, and A. T. Hoang, "Application of the Internet of

Things in 3E factor (Efficiency, Economy, and Environment)-based

energy management as smart and sustainable strategy," Energy

Sources, Part A Recover. Util. Environ. Eff., 2021, doi:

10.1080/15567036.2021.1954110.

S. Kudva and X. Ye, "Smart Cities, Big Data, and Sustainability

Union," Big Data Cogn. Comput., vol. 1, no. 1, p. 4, Sep. 2017, doi:

10.3390/bdcc1010004.

B. Anthony Jnr, S. Abbas Petersen, D. Ahlers, and J. Krogstie, "API

deployment for big data management towards sustainable energy

prosumption in smart cities-a layered architecture perspective," Int. J.

Sustain. Energy, vol. 39, no. 3, pp. 263-289, Mar. 2020, doi:

10.1080/14786451.2019.1684287.

[141] T. Dixon et al., "Smart Cities, Big Data and the Built Environment:
What's Required?," no. March, 2017, doi: 10.15396/eres2016_336.

[142] A. T. Hoang, X. P. Nguyen, T. T. Huynh, A. T. Le, and V. V. Pham,
"COVID-19 and the Global Shift Progress to Clean Energy," J. Energy
Resour. Technol., vol. 143, no. 9, p. 94701, Sep. 2021, doi:
10.1115/1.4050779.

[143] X. P. Nguyen, N. D. Le, V. V. Pham, T. T. Huynh, and V. H. Dong,
"Mission, challenges, and prospects of renewable energy development
in Vietnam," Energy Sources, Part A Recover. Util. Environ. Eff., pp.
1-13, 2021, doi: 10.1080/15567036.2021.1965264.

[125]

[126]

[127]

[134]

[135]

[136]

[137]

[138]

[139]

[140]





