Intelligent Transportation System with Construction and Applications

Section A-Research paper
ISSN 2063-5346

Intelligent Transportation System with

Construction and Applications
Oshin Sharma
Department of CSE, SRMIST Delhi -NCR Campus, Modinagar, Ghaziabad, UP
DOI: 10.48047/ecb/2023.12.5i4.1763

Abstract. Topics discussed include smart mobility, it’s possible uses, the development of ICTs, and
the growth of networked ecosystems that facilitate smart mobility. Investment in continuous vehicle
improvement will become increasingly crucial as the transportation sector changes. This is extremely
important for the safety of drivers and passengers in the present and future. Intelligent Transportation
Systems (ITS) in vehicles and on highways are discussed, both in their current form and their
potential future forms. The pillars of ITS consist of the Intelligent Vehicle Initiative (IVI),
Commercial Vehicle Operations (CVO), and Advanced Rural Transportation Systems
(ARTS). Improvements to transportation infrastructure in rural areas can increase connectivity,
productivity, and security. As the frequency of accidents, the length of traffic congestion, and the
levels of pollution increase, working conditions in the transportation industry become more perilous.
If we want to fix these issues, we need to invest in an intelligent transportation system, not just better
roads, and bridges. It looks like ITS is finally maturing to the point where it can enjoy wide-spread
success.
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1. Introduction

The term "Intelligent Transportation System™ refers to the integration of data and communications
networks with pre-existing transportation infrastructure (ITS). Accessibility, security, and efficiency
are all improved when various forms of transportation are linked through information and
communication technologies [1]. The widespread release of real-time data on traffic patterns and road
conditions was a key motivation for installing ITS. ICT-based transportation applications have been
and will remain popular. Closed-circuit television security systems are one example of a monitoring
tool, while more complicated applications combine real-time data and several sources of input to
optimise the movement of people and goods (e.g., parking guidance, weather information).

Each of these technologies plays an important role in the ITS on its own, but when use collectively,
they become formidable [2]. There should not be any issues with combining these technologies. To
improve the transportation system, users, public and commercial vehicles, and the underlying
infrastructure must all work together (roads and transit). Vehicles today use a wide variety of
autonomous and in-car technology, such as bus docking and accident-avoidance systems. By utilising
ITS systems, people are able to lessen their dependence on personal automobiles, the amount of time
they spend stuck in traffic, the amount of fossil fuels they use, and the amount of damage they cause
to the environment (such as route guidance). Implementing ITS technology in transportation [3]
system management (including public transit and highways) and vehicle design can assist improve
fuel economy. Consequently, there is no general agreement among academics about the benefits,
drawbacks, and outcomes of ITS [4]. Experts have been debating whether and how electronic
technology can be used to improve public transit on the ground since at least 1991. At roughly the
same time, a nationwide ITS initiative was approved by Congress in the United States. The present
name of the ITS programme is the federal ITS programme. Since then, many advances have been
made in sensor technology, computer networks, and other areas [5]. This tactic, used to reduce wait
times on roads and rails, is widespread. Ancient ITS technology helped the conventional methods
improve in efficiency [6]. The diagram makes it very evident that a change in procedure is required.
It is difficult to develop such a combination without models that describe how data alters traffic flow
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along corridors and how people travel in a particular region. There are various upsides of utilising
ITS [7]. These materials have a wide variety of applications. When it comes to travelling in the
United States, things are going to change drastically. The life-altering effects of autonomous and
linked automobiles are starting to become clear [8]. An "Integrated Transport System" (ITS) is a real-
world example of a system that successfully integrates many technologies to increase productivity
(ITS).

Various situations (e.g., market penetration and
behavioural assumptions)

ITS impacts on dynamic mode and route choice.

Simulate individual vehicle driving patterns.

Figure:1 Tools used in ITS

2. ITS History

"Formal” We may safely presume that the average person does not have much experience with
technology. Despite being aware of the dangers, they continue to routinely use the method. Vehicles
equipped with this technology can come to a stop quickly and safely without skidding. With only a
few clicks of the mouse, online shoppers may specify the exact time and date they want their items
delivered. Thanks to ITS [9], customers can now drive at motorway speeds through toll plazas.
Operational improvements, GPS location services, and updated maps have helped emergency
personnel arrive at the scene of an incident more swiftly and efficiently. For a long time, Americans
were unable to imagine a future in which transportation would be vastly enhanced via the application
of technology. General Motors Pavilion's Futurama ride was a hit with guests of all ages. Almost
everyone who watched Futurama considered it funny [10]. It looked like there were more people
waiting to see 1960, yet they were all very patient. What we use to get around in twenty years could
look extremely different. Visitors to the Futurama attraction found miniature, unfinished worlds
depicting scenarios in which cars would be used in the future. The importance of careful
transportation planning in achieving this envisioned future was also emphasised by the narrator. On
their way to the city, they went through a number of rural areas. The show's audience was exposed to
fresh concepts and bright future possibilities. With this new data, major changes in people's travel
habits are possible [11].

2.1 pre-1980

Widespread private and public institutions backed the "champion”-driven ITS concept. Professionals
in the field have long been aware of the limitations of surface transportation [12]. Extensive research
was being done at the time on tailor-made in-car navigation and route aid systems. Technology
advances in step with actual need. The original device's creator failed to account for this.

2.2 1980s

The 1980s were supposed to represent the beginning of many important socioeconomic changes.
Prolonged transportation initiatives were slowing down. New, ground-breaking ideas for
transportation networks surfaced. Concerns for the environment and public safety are receiving more
and more attention in transportation policy discussions. Legislation to restrict car emissions [13] was
approved by Congress in response to public outcry about rising pollution levels. Several innovative
approaches to traffic control emerged in the 1980s as a result of the increased availability and
versatility of new technologies. They proposed cutting-edge methods for how government bodies
may make use of data and technology to reduce transportation's negative impacts on people and the
planet. Companies in the transportation industry are interested in developing new technologies that
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make use of existing highway networks because of the value they add to current products and the
revenue they create.

2.31990s

The economy and society place restrictions on The United States of America in the year 1990
appeared to be at the vanguard of a major technological revolution. As part of the process to renew
the Federal-Aid Highway Program, various alternative transportation funding strategies were
investigated. The manufacturing, transportation, and healthcare sectors in the United States have all
experienced significant expansion in recent years [14]. Because of the rapid pace of technological
progress, innovative sensing and computing instruments were conceived with the intention of
boosting transportation safety and productivity. Experts have struggled this decade to implement new
technology effectively in the transportation sector because of its size and complexity.

2.4 2000s

The number and quality of Wi-Fi hotspots have increased substantially in recent years. Wi-Fi wasn't
as helpful as it could have been before the year 2000 because different forms of wireless technology
didn't get along. First used in [15], the term "the cloud" describes a service that saves data on faraway
servers. Most of it took place around the decade's midpoint. On the other hand, the emergence of
cheap and widely available cloud computing in the 2000s made possible the collection and analysis
of much more data than had previously been practicable.

2.52010s

It has been formed by numerous historical and contemporary factors. The efficiency of roads and
vehicles became a major focus in the 2000s. As a species, we've come a long way in terms of our
capacity for mutual understanding and information exchange. Even more so, state-of-the-art
computer systems and applications have been developed. A number of innovative mobility apps have
emerged as a result [16], many of which employ in-motion vehicles as sensors to deliver intuitive
mapping interfaces for use on smartphones and in-vehicle navigation systems. After that, other
innovative studies and mobile phone applications appeared. In recent years, ITS researchers have
begun to focus on two distinct subfields: automated vehicle applications and connected vehicle
applications. To be considered automatic, a vehicle must be able to perform at least some of the most
critical control functions (such as steering, throttle, or braking) without human intervention.

2.6 2015-2020

Most of the time, ITS is only employed implicitly, like in the case of scientific studies. Taxis and bike
rentals, for example, have grown increasingly important to the mobility of academics in recent years.
In the course of their work, scientists frequently encounter electronic tollbooths and must keep a keen
eye out for signage announcing roadwork and closures. Thanks to ITS [17], we can get there swiftly
without putting anyone in harm's way. In the past, reliable transportation was thought to be
impossible. The widespread availability of smartphones and other mobile devices has made this a
realistic option.

2.7 2021 - The Future

COVID-19 has had a catastrophic impact on transportation in the United States. This has caused
widespread changes in people's typical modes of transportation and vacation spots. The hurricane did
a lot of damage to the country's infrastructure. Those who had ambitious 2020 travel plans that the
COVID-19 pandemic significantly hampered. State and local governments have been forced to make
tough choices [18] because to the widespread loss of income in the airline, public transit, and rail
companies brought on by the COVID-19 outbreak. No one can predict if or when people will regain
their former mobility. It will be a long time before most Americans rely on their own cars as their
primary source of transportation.

3. Three Ways Forward for India's Transportation Network
The urban transportation crisis has no silver bullet. Planning and constructing transportation networks
require a wide variety of specialists [19, 21]. When putting their heads together, these people always
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come up with an excellent strategy. To better urban transportation, think about taking one or more of
the following measures:

3.1 Construction of New Highway Capacity - Bypasses, which divert traffic in a different direction,
are a common strategy for alleviating congestion in medium- and small-sized urban centres. India,
like the rest of the world, has taken this similar action. Increasing the number of lanes on newly built
or renovated roads was seen by many as a great approach to reduce traffic in crowded areas [22].

3.2 Strategies for Managing Traffic Flow - Plans for traffic management typically only provide a
short-term, band-aid solution to the problem. These methods redirect traffic without dramatically
altering the layout of the roads [23]. Drivers are kept on the move by the employment of measures
such as one-way street extensions, timed traffic lights, and no-parking zones. As a result of people
taking various routes to and from work, tides may develop.

3.3 Utilizing Buses Efficiently- When constructing public transportation networks, humans aim to
create ones that are both dependable and fast. Several European cities have implemented bus priority
systems to increase ridership [24]. On congested roads, dedicated bus lanes are constructed to reduce
travel times. Cities may designate bus lanes at junctions and on specific roadways to give them
preferential treatment. Even more so in the city's busiest pedestrian areas. Greater flexibility and
responsiveness to consumer needs have helped numerous municipalities improve bus ridership.

3.4 Restrictions on Parking- Parking must be restricted to discourage long-term stays by
commuters. Parking fees are either too high for some people or the city has banned parking altogether
between the hours of midnight and 8am. There is a leniency to the laws during the off season so that
tourists, who are beneficial for the economy, are not turned away. The general public needs to
establish its own norms [25].

3.5 A Promotional Strategy for Bicycles- People have known for some time that riding is good for
their health. It is a safe and dependable method of transportation because it has a small influence on
the surrounding environment (in terms of noise, pollution, energy consumption, and space usage)
[26]. A city that promotes cycling is good for cyclists and pedestrians alike. Therefore, both on a
global scale and for the individual commuter, cycling is a feasible means of transportation.

3.6 Walking is Encouraged- Few people give much attention to how they would get about a major
city if they were to do so on foot. Because of this, there are few safe places to walk, and pedestrians
account for most traffic deaths. The ideal mode of transportation is walking because it is inexpensive,
safe, good for your health, and environmentally friendly [27]. Since walking is fair, healthful,
hygienic, and convenient, it should be encouraged as a mode of transportation. People in cities that
can be explored on foot tend to be happy people since they have many options for things to do. The
benefits to its consumers are depicted in Figure 2.

I—[ Fares must be low enough for people who can't pay to ride.

I—[ Designers need enough cars to offer a service every few hours.

I—[ Routes should cover the city's principal thoroughfares

I—[ Merely public transit is not enough; it must be planned.

— | e | | | |
—

I—[ The most crucial aspect is transportation connectivity.

Figure:2 Promotion of ITS Progress

19840
Eur. Chem. Bull. 2023,12(Special Issue 4), 19837-19844



Intelligent Transportation System with Construction and Applications

Section A-Research paper
ISSN 2063-5346

4. Creating a Networked Space for Intelligent Transportation

The installation and routine use of Vehicle Automation and Communication Systems (VACS) are
crucial to the security of any vehicle. With the advent of cutting-edge sensors and progress in the
realm of ICT, this is now a practical possibility. Smart vehicle emissions can be reduced with the use
of Vehicle-to-Aviation Communication Systems (VACS), which also increase safety, convenience,
and usability [28]. It is widely believed that VACS's ability to regulate vehicle speeds will lead to
more efficient traffic flow. Methods of regulation to be implemented include RHV -specific speed and
lane change recommendations. System variants like ACC (adaptive cruise control) and CACC
(cooperative adaptive cruise control) are examples of flexible VACS that can modify their behaviour
in response to changing road conditions. These systems have a profound impact on how traffic flows.
CAVs' faster reaction times mean they will need less space between vehicles, which will improve
traffic flow. Because cars shield drivers from pedestrians' dangers, walking is riskier than driving
[29]. Modern efforts to improve pedestrian safety are based on cutting-edge driving assistance tools.
It is possible that the greater number of obstacles and the shorter reaction times required in urban
areas will hinder the performance of these systems. V2P (vehicle-to-person) communication systems
help drivers avoid deadly head-on collisions [30]. Now, when discussing the transportation sector, the
term "connected environment" can encompass more than just the physical world. The growing
adoption of ICTs and smart devices is to blame for this situation. Although untrue to their actual
operation, written representations of traffic networks frequently use directed graphs to depict the
underlying transportation infrastructure. Human and non-human users are just as essential to the
smooth operation of a traffic network as physical infrastructure and well-marked roads. Users need to
consider not just the technical (the network itself) but also the social (human behavior). Building a
hierarchical traffic network model that allows for the integration of the physical, semantic, logical,
and perceptual traffic networks has been a primary focus of the digital reconstruction of CSP space
[31].

5. Applications of ITS

Green transportation [32] refers to the use of information and communication technology to improve
the safety and efficiency of travelling by land. ITS's long-term goal is to implement a universal multi-
modal surface transportation network that can accommodate a wide range of vehicles, infrastructure,
and passenger technology. This system will be implemented nationwide. Technology has the
potential to greatly enhance public safety, accessibility, and environmental sustainability. The public
will reap the rewards of this system's smooth operation. Understanding the interplay between the car,
its surroundings, and the driver is at the heart of this study. There is a thorough analysis of the ties
that bind all three of them together. A primary goal of ITS is to increase transportation system
efficiency [33] by facilitating better decision-making among transportation network controllers and
other system users. The concept can be implemented with either brand-new ground-up technology or
by tweaking the present transportation system and its methods.

5.1 Road safety application

Wireless communication made possible by V2X technology allows motorists to alert one another
more effectively to hazards and work together to prevent accidents. Every ITS device constantly
keeps its neighbours apprised of what is going on and where it is by sending out warning messages
[34]. An alarm can be sent out from the ITS to notify nearby vehicles and authorities of an
occurrence.

5.2 Traffic Management Applications

Traffic control and wayfinding are the two primary uses for ITS technology. These apps utilise a
wide variety of cooperative navigation services [35] to improve teamwork and traffic flow. Some
applications collect and analyse ITS unit-to-unit communications to maintain databases of global
traffic maps that display the number of cars on the roads at any given time.

5.3 Autonomous Driving Applications

Automatic driving, often known as autonomous driving, is a potential future technology that may be
available to us soon. They will supposedly start up in 2020, with full implementation following in
2030 [36].
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5.4 Infotainment and Comfort Applications

Infotainment and comfort apps improve the ride by taking drivers' eyes off the road. Long-term
outsourcing of these responsibilities to reputable businesses is standard practise. In-car app units all
share the same library of available services and programmes [37].

5.5 Emergency vehicle notification systems

The user can initiate an eCall from the dashboard of their vehicle or from any other location where
they have access to their phone in the case of an accident. When activated, the eCall device in the
vehicle contacts the nearest emergency centre, where it communicates the user's location and other
details. When you pick up an eCall in the automobile, you can communicate with the other person
[38-40] As soon as the operator answers the phone, there will be a quick exchange of information. It
will be a simultaneous information dump and phone call. Users must know at least the time of the
collision, the speed of the car, and the VIN in order to use the system.

6 Conclusion

We may expect a marked improvement in travel conditions once India's smart transportation system
is fully implemented. One way this helps the planet is by lowering the number of accidents that occur
and the amount of fuel that must be used. Improvements in ITS will allow people to travel more
calmly and in more comfort. There is a vast range of purposes and motivations behind people's
utilisation of these various transportation options. The ITS infrastructure will leverage existing
networks in tandem with specialised ITS gear to reduce costs and maximise spectrum utilisation. The
network should be built so that it is compatible with both established systems and new applications.
This document considers user needs, potential applications, existing network traits, and potential
connections between networks as it relates to network design. Users must determine how people will
move around and what kinds of transportation will be used in order to build the foundation of an
intelligent transportation system. Numerous aspects, including security, availability, delay, data rate,
and others, are adjustable in both circumstances. All criteria must consider users from a variety of
demographic backgrounds.

References

1. Jansuwan S, Liu Z, Song Z, Chen A. An evaluation framework of automated electric
transportation system. Transportation Research Part E: Logistics and Transportation Review.
2021 Apr 1; 148:102265.

2. Tang J, Zhang X, Yin W, Zou Y, Wang Y. Missing data imputation for traffic flow based on
combination of fuzzy neural network and rough set theory. Journal of Intelligent Transportation
Systems. 2021 Sep 3;25(5):439-54.

3. Smith-Colin J, Amekudzi-Kennedy A, Kingsley G. Role of inputs, processes, and relations in
transportation system performance management: Case study of regional transportation
collaborations. Journal of Management in Engineering. 2021 Jan 1;37(1):04020093.

4. Nagar DM, Baghela V. Efficient Emergency Message DHC Broadcasting in Vehicular Ad Hoc
Networks. InAdvances in Information Communication Technology and Computing 2021 (pp. 57-
63). Springer, Singapore.

5. Templin FL. Urban Air Mobility Implications for Intelligent Transportation Systems. Work in
Progress, Internet-Draft, draft-templin-ipwave-uam-its-04. 2021 Jan;4.

6. Memon I, Memon H, Arain QA. Pseudonym changing strategy with mix zones based
authentication protocol for location privacy in road networks. Wireless Personal Communications.
2021 Feb;116(4):3309-29.

7. Cao B, Sun Z, Zhang J, Gu Y. Resource allocation in 5G loV architecture based on SDN and fog-
cloud computing. IEEE Transactions on Intelligent Transportation Systems. 2021 Jan
15;22(6):3832-40.

8. LiuY, Lyu C, Liu Z, Cao J. Exploring a large-scale multi-modal transportation recommendation
system. Transportation Research Part C: Emerging Technologies. 2021 May 1; 126:103070.

9. Raboy K, Ma J, Leslie E, Zhou F. A proof-of-concept field experiment on cooperative lane
change maneuvers using a prototype connected automated vehicle testing platform. Journal of
Intelligent Transportation Systems. 2021 Jan 2;25(1):77-92.

19842
Eur. Chem. Bull. 2023,12(Special Issue 4), 19837-19844



Intelligent Transportation System with Construction and Applications

Section A-Research paper
ISSN 2063-5346

10. Zhang D, Wang J, Fan H, Zhang T, Gao J, Yang P. New method of traffic flow forecasting based
on quantum particle swarm optimization strategy for intelligent transportation system.
International Journal of Communication Systems. 2021 Jan 10;34(1): e4647.

11.Bagga P, Das AK, Wazid M, Rodrigues JJ, Choo KK, Park Y. On the design of mutual
authentication and key agreement protocol in internet of wvehicles-enabled intelligent
transportation system. IEEE Transactions on Vehicular Technology. 2021 Jan 11;70(2):1736-51.

12. Gautam V. Analysis and application of vehicular ad hoc network as intelligent transportation
system. InMobile Radio Communications and 5G Networks 2021 (pp. 1-17). Springer, Singapore.

13.Janakbhai ND, Saurin MJ, Patel M. Blockchain-based intelligent transportation system with
priority scheduling. InData Science and Intelligent Applications 2021 (pp. 311-317). Springer,
Singapore.

14.Wang P, Liu P, Wang C, Wang A, Guan H, Li S, Xia X. Optimal dynamic investment allocation
on construction of intelligent transportation infrastructure and road maintenance with
environmental costs. Journal of Cleaner Production. 2021 Feb 15; 284:124786.

15. Mohanta BK, Jena D, Mohapatra N, Ramasubbareddy S, Rawal BS. Machine learning based
accident prediction in secure iot enable transportation system. Journal of Intelligent & Fuzzy
Systems. 2022 Jan 1;42(2):713-25.

16. Lamssaggad A, Benamar N, Hafid AS, Msahli M. A survey on the current security landscape of
intelligent transportation systems. IEEE Access. 2021 Jan 8; 9:9180-208.

17.Balasubramaniam A, Gul MJ, Menon VG, Paul A. Blockchain for intelligent transport system.
IETE Technical Review. 2021 Jul 4;38(4):438-49.

18. Priyanka EB, Thangavel S, Madhuvishal V, Tharun S, Raagul KV, Krishnan S. Application of
integrated loT framework to water pipeline transportation system in smart cities. Inintelligence in
Big Data Technologies—Beyond the Hype 2021 (pp. 571-579). Springer, Singapore.

19.Mondal M, Rehena Z. An loT-based congestion control framework for intelligent traffic
management system. InAdvances in Artificial Intelligence and Data Engineering 2021 (pp. 1287-
1297). Springer, Singapore.

20. Mohapatra MR, Mohanty JR. Overview of 10T Privacy and Security Challenges for Smart
Carpooling System. InProceedings of Second International Conference on Smart Energy and
Communication 2021 (pp. 727-733). Springer, Singapore.

21. Manchella K, Umrawal AK, Aggarwal V. Flexpool: A distributed model-free deep reinforcement
learning algorithm for joint passengers and goods transportation. IEEE Transactions on Intelligent
Transportation Systems. 2021 Jan 15;22(4):2035-47.

22. Angayarkanni SA, Sivakumar R, Ramana Rao YV. Hybrid Grey Wolf: Bald Eagle search
optimized support vector regression for traffic flow forecasting. Journal of Ambient Intelligence
and Humanized Computing. 2021 Jan;12(1):1293-304.

23. Al-Sabaawi A, Al-Dulaimi K, Foo E, Alazab M. Addressing malware attacks on connected and
autonomous vehicles: recent techniques and challenges. InMalware Analysis Using Artificial
Intelligence and Deep Learning 2021 (pp. 97-119). Springer, Cham.

24. Azam F, Priyadarshi N, Nagar H, Kumar S, Bhoi AK. An overview of solar-powered electric
vehicle charging in vehicular adhoc network. Electric Vehicles. 2021:95-102.

25. Kotte HB, Ambatipudi R, Bertilsson K. Comparative Results of GaN and Si MOSFET in a ZVS
Flyback Converter using Multilayered Coreless Printed Circuit Board Step-Down Transformer.
In2010 3rd International Conference on Power Electronics and Intelligent Transportation System
2010 (pp. 318-321). IEEE conference proceedings.

26.Gao L, Wu C, Yoshinaga T, Chen X, Ji Y. Multi-channel Blockchain Scheme for Internet of
Vehicles. IEEE Open Journal of the Computer Society. 2021 Apr 2; 2:192-203.

27.Zhu J, Wang Q, Tao C, Deng H, Zhao L, Li H. AST-GCN: Attribute-augmented spatiotemporal
graph convolutional network for traffic forecasting. IEEE Access. 2021 Feb 24; 9:35973-83.

28.Lin L. Low power consumption and reliability of wireless communication network in intelligent
parking system. Journal of Ambient Intelligence and Humanized Computing. 2021
Jan;12(1):1305-13.

29.Yin X, Wu G, Wei J, Shen Y, Qi H, Yin B. Deep learning on traffic prediction: Methods, analysis
and future directions. IEEE Transactions on Intelligent Transportation Systems. 2021 Feb 10.

30.Qiao F, Liu T, Sun H, Guo L, Chen Y. Modelling and simulation of urban traffic systems: present
and future. International Journal of Cybernetics and Cyber-Physical Systems. 2021;1(1):1-32.

19843
Eur. Chem. Bull. 2023,12(Special Issue 4), 19837-19844



Intelligent Transportation System with Construction and Applications

Section A-Research paper
ISSN 2063-5346

31. Nazib RA, Moh S. Reinforcement learning-based routing protocols for vehicular ad hoc networks:
A comparative survey. IEEE Access. 2021 Feb 10; 9:27552-87.

32.Mourad A, Puchinger J, Van Woensel T. Integrating autonomous delivery service into a
passenger transportation system. International Journal of Production Research. 2021 Apr
3;59(7):2116-39.

33. Vijayalakshmi B, Ramar K, Jhanjhi NZ, Verma S, Kaliappan M, Vijayalakshmi K, Vimal S,
Ghosh U. An attention- based deep learning model for traffic flow prediction using
spatiotemporal features towards sustainable smart city. International Journal of Communication
Systems. 2021 Feb;34(3):e4609.

34. Nugroho S, Makatita MG. Trip Planning Support Ship Mockup Design: A Case Study of Pioneer
Ship Services in the Maluku Islands. InlOP Conference Series: Materials Science and
Engineering 2021 (Vol. 1052, No. 1, p. 012067). IOP Publishing.

35.Sobral T, Galvdo T, Borges J. Knowledge-Assisted Visualization of Multi-Level Origin-
Destination Flows Using Ontologies. IEEE Transactions on Intelligent Transportation Systems.
2021 Feb 17;22(4):2168-77.

36. Khalid M, Awais M, Singh N, Khan S, Raza M, Malik QB, Imran M. Autonomous transportation
in emergency healthcare services: framework, challenges, and future work. IEEE Internet of
Things Magazine. 2021 Mar 30;4(1):28-33.

37.Firdaus M, Rhee KH. On blockchain-enhanced secure data storage and sharing in vehicular edge
computing networks. Applied Sciences. 2021 Jan;11(1):414.

38.Gao Y, Wang JW. A resilience assessment framework for urban transportation systems.
International Journal of Production Research. 2021 Apr 3;59(7):2177-92.

39.Liu L, Chen C, Pei Q, Maharjan S, Zhang Y. Vehicular edge computing and networking: A
survey. Mobile networks and applications. 2021 Jun;26(3):1145-68.

40. Autili M, Chen L, Englund C, Pompilio C, Tivoli M. Cooperative intelligent transport systems:
Choreography-based urban traffic coordination. IEEE Transactions on Intelligent Transportation
Systems. 2021 Feb 24;22(4):2088-99.

19844
Eur. Chem. Bull. 2023,12(Special Issue 4), 19837-19844



