European Journal of
Technology
(EJT)

Role and Key Applications of Artificial Intelligence & Machine
Learning in Transportation

Memoona Shaheen
Mehreen Arshad
Owais igbal




ISSN 4520-4738 (Online)
Vol.4, Issue 1 pp 47-59, 2020

European Journal of Technology A J P@

www.ajpojournals.org

Role and Key Applications of Artificial Intelligence & Machine
Learning in Transportation

Memoona Shaheen
Ph.D. Scholar, Institute of Management Sciences, University of Balochistan, Quetta.
Institute of Management Sciences, University of Balochistan, Quetta Sariab Road, Quetta.
Email: breeky.gold@gmail.com
Mehreen Arshad
School of Mechanical and Manufacturing Engineering, National University of Sciences and
Technology, Islamabad, Pakistan
Email: Mehreenarshad.biotech@gmail.com
Owais Igbal
NED University of Engineering & Technology
Email: i_owais@hotmail.com

ABSTRACT

Purpose: The main target of this paper was to examine the significance of Artificial Intelligence
and Machine Learning and their effect on the transportation business.

Methodology: This hypothesis was a survey of the significant machine learning calculations and
their applications in the field of big data. This paper try to attempt to exhibit the need to remove
significant data from the huge measure of enormous information as traffic data available in this
day and age and recorded diverse machine learning strategies that can be utilized to separate this
information needed to encourage better dynamic for transportation applications.

Findings: This paper present an investigation of the different Artificial Intelligence (Al) methods
that have been actualized to improve Intelligent Transportation Systems (ITS). Specifically, this
paper assembled them into three main territories relying upon the main field where they were
applied: Vehicle control, Traffic control and prediction, and Road security and accident prediction.
The aftereffects of this examination uncover that the mix of various Al methodologies is by all
accounts promising, particularly to oversee and investigate the huge measure of data created in
transportation.
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1. INTRODUCTION

At the turn of the 21st century, experts of transportation field face difficulties in expanding
complex nature of transportation. Transportation experts are approached to meet the objectives of
giving sheltered, productive, and dependable transportation while limiting the effect on the climate
and networks. This has ended up being very troublesome given the steady expansion in travel
interest, energized by the economic turn of events, and the ever-developing requests to accomplish
more with less (Wakimin, Azlinaa, & Hazman, 2018). An incomplete listing of a portion of those
difficulties that transportation experts face includes capacity issues, poor safety record,
untrustworthiness, natural pollution, and wasted energy (Transportation Research Board, 2003a).
Adding to the test is the way that transportation frameworks are mind-boggling frameworks
including an enormous number of segments and various parties, each having unique and regularly
clashing goals (Lv et al., 2015).

Lately, there has been expanded revenue among both transportation scientists and experts
in investigating the attainability of applying artificial intelligence (Al) and Machine Learning
standards to address a portion of the previously mentioned issues to improve the effectiveness,
safety, and natural similarity of transportation frameworks. Al specialists, particularly during the
1950s and 1960s, frequently embraced magnificent objectives for the field, for example, the
advancement of universally useful issue solvers (Donepudi, 2018). As transportation explores and
experts, nonetheless, this paper investigating Al applications to transportation is considerably more
unremarkable. The advantage was essential to use the tools and techniques that the Al people teams
have created to address genuine transportation issues that have been very testing to comprehend
utilizing conventional and traditional arrangement strategies. Given this, the accompanying
definition for Al in this roundabout: Al alludes to strategies and approaches that imitate naturally
smart conduct to take care of issues that so far have been hard to tackle by old-style arithmetic
(Donepudi, 2015).

Artificial intelligence (Al) is a wide region of computer science that makes machines work
like a human brain. It is utilized to address issues that are hard to explain utilizing conventional
computational methods (Donepudi, 2018). Al was first found in 1956 by John McCarthy however
failed to accomplish its goals (Sadek, 2007), and the absence of innovation developments made it
less encouraging. From 1960 to 1970, analysts investigated Al through the Knowledge-based
framework (KBS) and Artificial Neural Network frameworks (ANNSs) (Sadek, 2007). The KBS
frameworks are computers that give advice utilizing pre-decided guidelines, as indicated by the
information introduced to it by people. The ANNSs, then again, are frameworks of neuron
associations planned in different layers, displayed after the human brain which have been utilized
in medication, science, and language interpretation designing, law, producing, and so forth
(YYegnanarayana, 1999; Abraham, 2005).
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There are numerous uncertainties and gaps inside the information that can't be
comprehended utilizing conventional procedures. Subsequently, Al utilizes those uncertainties and
model a connection between the circumstances and logical results of various genuine situations by
joining the available information with suppositions and probabilities for a superior investigation
(Patterson, 1990). Transportation issues become a test when the framework and clients' behavior is
too hard to even think about modeling and predict travel designs. Thusly, Al is considered to be a
solid match for transportation frameworks to conquer the difficulties of expanding travel interest,
CO2 emissions, safety concerns, and ecological corruption. These difficulties emerge from the
consistent development of the country and metropolitan traffic because of the expanding number
of population, particularly in the agricultural nations. Numerous scientists in the 21st-century
attempt to achieve a more solid vehicle framework with less impact on individuals and the climate
utilizing financially smart and more dependable Al methods. It has a possible application for street
infrastructure, drivers, street users, and vehicles.

Problem statement: In any case, traffic data handling and modeling are challenging
because of the unpredictability of street organizations and spatial-worldly conditions among them.
Besides, traffic designs are heterogeneous, which means diverse street sections regularly have
unique time-variation traffic designs. A lot of traffic information is recorded hourly from various
information sources and sensors, however, it is hard to join into highlights for training expectation
models, because of critical differences in time, network coverage, and information quality.

Significance: In the paper, there are numerous uses of customary machine learning
methods (for example Support Vector Machines, Logistic Regression, Decision Trees, Bayesian
Network, and so forth) that have been created to monitor traffic information. Be that as it may, the
vast majority of these prediction frameworks utilized narrow traffic models which were considered
as uninspiring for large information situations (Lv et al., 2015). Subsequently, this paper audits
Deep Learning Architecture (DLA), a rising examination premium in the machine learning field,
with an extraordinary spotlight on the transportation domain. In the accompanying segments, an
overall review of deep learning approaches is introduced, trailed by their application in famous
rush hour gridlock information examination themes including transportation network
representation, traffic flow forecasting, traffic flow control, automated vehicle detection, incident
inference, and travel prediction.

2. ARTIFICIAL INTELLIGENCE METHODS/TECHNIQUES

Right now, Al methods can be classified into two general classifications: (a) symbolic Al,
which centers on the advancement of Knowledge-Based Systems (KBS); and (b) computational
intelligence, which incorporates such techniques as Neural Networks (NN), Fuzzy Systems (FS),
and Evolutionary Computing. A concise prologue to these Al techniques is given below, and every
method is examined in more detail in the various segments of this paper.
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Knowledge-Based Systems

A KBS can be characterized as a computer system fit for offering guidance in a specific
domain, using information given by a human master. A distinctive element of KBS lies in the
detachment behind the information, which can be spoken to in various manners, for example, rules,
frames, or cases, and the inference engine or algorithm which utilizes the information base to come
to a result (Smith, 1985).

Neural Networks

NNs are naturally inspired frameworks comprising of a greatly connected network of
computational "neurons,” coordinated in layers. By changing loads of the network, NNs can be
"trained" to approximate any nonlinear capacity to a necessary level of precision. NNs normally
are given a bunch of info and yield models. A learning algorithm, (for example, backpropagation)
would then be utilized to change the loads in the network with the goal that the network would
give the ideal yield, in a kind of learning usually called supervised learning (Bhadeshia, 1999).

Fuzzy Systems

The fuzzy set hypothesis was proposed by Zadeh (1965) as an approach to managing the
uncertainty related to practically all true issues. Fuzzy set membership capacities give an approach
to show that an object can somewhat have a place with a group. The classic set hypothesis
characterizes sharp limits between sets, which imply that an object must be a part or a nonmember
of a given set. Fuzzy membership capacities take into account continuous advances among sets
and changing levels of participation for objects inside sets. Complete participation in a fuzzy
capacity is demonstrated by an estimation of +1, while complete non-membership is demonstrated
by an estimation of 0. Halfway participation is shown by an incentive somewhere in the range of
0 and +1.

Genetic Algorithms

Genetic algorithms (GAs) are stochastic algorithms whose search strategies depend on the
standard of natural selection. As of late, GAs have been applied to a wide scope of complex
improvement issues including; old-style numerical programming arrangement approaches were
not fitting (Ngamchai & Lovell, 2000). The essential thought behind GAs is very basic. The
technique begins with a randomly produced introductory population of people, where every
individual or chromosome speaks to a possible answer for the issue viable. Every arrangement is
assessed to give some proportion of its "fitness." another populace is then shaped by choosing the
fitter people. A few individuals from this new population go through changes by methods for
genetic activities (regularly referred to as hybrid and transformation tasks) to frame new
arrangements. This cycle of assessment, determination, and adjustment is rehashed for various
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iterations (generations in GA wording). After some number of generations, it is normal that the
algorithm "converges" to a close ideal arrangement.

Notwithstanding the previously mentioned by Donepudi (2015), Al strategies, there has as
of late been a premium in another demonstrating worldview known as Agent-Based Modeling
(ABM). This modeling approach emerged from research work in Al just as in complex frameworks
investigation. The thought behind ABM is to depict a framework from the viewpoint of its
constituent units. The methodology is accordingly very proper for demonstrating complex
frameworks whose conduct arises because of associations among the segments making up the
framework. Since transportation frameworks display practically all the attributes of complex
frameworks, ABM has been pulling in a ton of consideration inside the transportation research
network.

Artificial
Intelligence
Techniques
1
1 | 1 1
Artificial Neural Genetic
Fuzzy Logic Expert Systems

Networks Algorithms L BerL

Figure 1: Al techniques/methods used in ITS

3. APPLICATIONS OF ARTIFICIAL INTELLIGENCE IN TRANSPORTATION

As arule, it is difficult to completely comprehend the connections between the qualities of
the transportation framework; accordingly, Al techniques can be introduced as a smart answer for
such complex frameworks that can't be monitored utilizing conventional strategies. Numerous
scientists have shown the upsides of Al in transport (Tobias, R., and C. Hofmann, 2003; Hidas,
2002). A case of that incorporates changing the traffic sensors out and about into a smart agent
that identifies accidents consequently and predicts future traffic conditions. Additionally, there are
numerous Al techniques utilized in transport, for example, ANNs. ANNs can be utilized for street
planning, public transport. It is classified into supervised and unsupervised learning techniques.
Supervised techniques incorporate Support Vector Machine (SVM), Probabilistic Neural Network
(PNN), Radial Basis Network (RBN), K-Nearest Neighbors, and Decision Tree, and so forth while
unsupervised NNs incorporate greedy layer-wise and cluster analysis.

To break down the most habitually Artificial Intelligence procedures utilized in Intelligent
Transportation Systems (ITS), this paper made an intensive list of the current papers in the writing
that consolidate those fields, (i.e., Al and ITS). As recently remarked, this paper assembled Al
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methods into four distinct classes (i.e., Artificial Neural Networks, Genetic Algorithms, Fuzzy
Logic, and Expert Systems).

Table | sums up all the recommendations concentrated in this work. Specifically, the
current study represented that incorporate any Al strategy while proposing new applications and
administrations in the transportation climate. As appeared, the most utilized procedure in ITS-
related methodologies is ANNSs (24 times), firmly followed by the utilization of FL (21 times), and
GAs (18 times). It is noticeable that Expert Systems are the least strategy actualized in ITS (solitary
utilized in 6 of the proposition), despite speaking to one of the most united Al methods in different
fields, for example, medication or accounting.

Al Techniques
ITS Areas ANNs | GAs | FL | ESs
Vehicle control 6 9 6 2
Traffic control and prediction 12 5 8 1
Road safety and accident prediction 6 - 7 3
Total 24 18 21 6

Figure 2: Summary of Al Techniques used in different applications

a. Vehicle Control Systems

Over the most recent couple of years, car manufactures have been dealing with adding
many cutting-edge innovations to lift existing vehicle control frameworks. Essentially, they are
mainly centered on advancing security, eco-friendliness, as well as driver and travelers' comfort
(Veres, 2007; Qianchuan & Krogh, 2006).

Figure 2 shows that 39% of the recommendations with respect to vehicle control systems
depended on GAs. These methodologies contain various administrations and applications, for
example, reducing fuel or energy utilization, improving self-ruling driving, or progressed braking
mechanisms. Two of the strategies (i.e., ANNs and FL) are utilized in 26%, and Expert Systems
are just utilized in 9% of the proposition.

The current study consider that GAs are a reasonable arrangement because of the limit of
this sort of calculations to tackle issues where the concurrent advancement of a few contending
destinations is required. For instance, a genetic calculation-based charging control framework was
introduced for Electric Vehicles, uncommonly intended to accomplish more prominent proficiency
during the charging cycle. The proposition can represent power constraints, subsequently
proficiently dealing with the charging cycle.

Identified with the use of Artificial Neural Networks, a local Recurrent Neural Network
was utilized to control the directions of a Remotely Operated Vehicle (ROV). Concerning the
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utilization of Fuzzy Logic, a Global Positioning System with remote LAN support and artificial
vision was developed. They utilized FL for controlling the vehicle and incorporated human
knowledge into the algorithms to control both its course and speed. At long last, with respect to
Expert Systems, an ES was applied in a conveyed Vehicle Driving Simulator (VDS), where the
users can encounter the sentiment of driving while at the same time updating the knowledge base.

Figure 2: Al Applications in Vehicle Control Systems

b. Traffic Control & Prediction Systems

Concerning traffic control and prediction systems, numerous investigations have been
performed, up until this point. Those frameworks are mainly given to predicting traffic stream on
account of the traffic data gathered by the foundation or the vehicles themselves.

Albeit distinctive Al methods have been utilized, the utilization of Artificial Neural
Networks has been shown as one of the most much of time utilized option for traffic controlling
and foreseeing mobility designs. All the more explicitly, 46% of the proposition actualized this
method (see Figure 2).

With respect to the use of GAs, another cooperative control was designed to lessen the time
that vehicles are typically halted at intersections. The framework gets the time scope of showing
up at the interaction from the vehicles because of their vehicle-to-infrastructure (V2I)
communication abilities, and a genetic algorithm decides the time that every vehicle must be
postponed to show up at the crossing point. Thusly, the framework sends this data to every vehicle
separately, and afterward, every vehicle can design its speed profile. Concerning the use of FL in
the traffic light, vehicle-to-vehicle (V2V) was utilized to appraise vehicles area and speed at
crossing points. At that point, a fluffy regulator alters the speed of the vehicles to improve the
number of vehicles passing through intersections, and hence reducing gridlock in metropolitan
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conditions. At last, with respect to the utilization of ESs, a Belief Rule-Based Expert System
(BRBES) was intended to deal with uncertainty in traffic light signals.

319% ANNs
GAs
FL

- A . e

46%

Figure 3: Al applications in Traffic Control & Prediction Systems

c. Road Safety & Accident Prediction Systems

The third ITS area incorporates all the frameworks identified with road safety and accident
prediction, i.e., the recommendations that: (I) aim at preventing traffic, (ii) examine and measure
the conditions that cause vehicle accidents, or (iii) moderate the seriousness of accidents,
subsequently expanding the odds of drivers and travelers' endurance (Fogue et al., 2015). Mishaps
can be caused by drivers' conduct, traffic conditions, natural elements, or road state.
Notwithstanding, to stay away from them, it is urgent that vehicles can deal with all information
gathered by in-vehicle sensors and concentrate helpful data to evade, alleviate, and even anticipate
traffic accidents.

Figure 3 shows that, here, FL and ANNs are the most now and again utilized procedures.
Specifically, 35% and 30%, separately, of the proposition included them. Note that this ITS
territory is by a wide margin the one where the diverse Al procedures have been utilized in a more
adjusted way since the 30% of the methodologies depended on ANNSs and the 15% on Expert
Systems. Identified with ANNs, ANNs were applied to speak to the potential connections between
the seriousness of the drivers and travelers' injuries with the outer variables identified with the
accidents.

With respect to the utilization of GAs, a few multi-objective genetic algorithms were
proposed to decide the ideal sanitary resource sets once the accident has happened. All the more
explicitly, the main goal was to adjust existing resources to the particular necessities, as well as to
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decrease the seriousness of the injuries. With respect to Fuzzy Logic, an automated braking
mechanism dependent on a Fuzzy Logic Controller (FLC) was introduced to consequently stop
the vehicle when moving toward an obstacle and hence staying away from crashes. At long last,
with respect to the utilization of ESs, an online advisory Expert System was created to limit the
danger of crashes among vehicles and individuals.

ANNs

Figure 4: Al applications in Roady Safety & Accident Prediction Systems
4. OPPORTUNITIES FOR ARTIFICIAL INTELLIGENCE INTERVENTIONS

Even though self-sufficient vehicles, or AVs, get much media consideration, Al
applications in transport go a long way past driverless vehicles and are now having sway. On a lot
more extensive scale, Al can help take care of a variety of issues in transport identified with safety,
reliability, and predictability, as well as efficiency and sustainability.

a. Safety

Road safety for both drivers and walkers is a significant general problem. The vast majority
of those deaths happened in low-income nations. While insufficient framework—specifically, poor
roads and vehicles without current safety gear—assumes a function in the high loss of life, the
human blunder is a significant contributor. Human error (speeding, distraction, and drunk driving)
influences 90% of accidents on roads. Specialists acknowledge that AVs could reduce traffic
fatalities by up to 90 percent by 2050 in some developed countries. Tesla's first endeavor at an AV
decreased accident rates by 40% when self-driving advances were initiated. While AVs may not
be prepared for mass deployment in developing business sectors, for the time being, a few aspiring
evaluations venture there will be 10 million AVs out and about by 2021, with 1 of 4 vehicles being
driverless in 2030.
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b. Reliability & Predictability

As an empowering influence of the development of individuals and products, transport is
subject to reliable performance and the capacity to forecast appearance and departure times. In
public transport, giving timely and exact travel time data can pull in ridership and increment the
fulfillment of travelers. The World Bank's Logistics Performance Index (LPI) incorporates
timelessness as one of its six components of exchange to build up a pointer for a nation's gracefully
chain management. Uncertain and problematic foundation, as well as blockage, affect reliability
and consistency. Metropolitan mobility solution providers, for example, Uber and Lyft, use Al in
various approaches to give solid pickup and drop-off services for their courses, and such
innovations can be loaded to improve the nature of public transport solutions internationally.

c. Efficiency

Non-industrial nations regularly rank low on the LPI because logistics uses as a level of
GDP are generally higher, incompletely because of an absence of efficiency brought about by
lacking framework and poor traditions methodology. While developed nations, as a rule, spend
somewhere in the range of 6 and 8 percent of GDP on logistics, these expenses can go from 15 to
25 percent in some agricultural nations. Al can help upgrade developments to expand effectiveness
(Donepudi, 2018). Specifically, the field of e-logistics—in which Internet-related innovations are
applied to the flexibly and request chain—additionally joins Al in a few different ways, for
example, matching transporters with delivery service networks.

d. Environmental

The transport sector overall is liable for 23 percent of complete energy-related CO2
emissions. Without sustained relief arrangements, discharges from the area could twofold by 2050.
Al innovation that reduces the number of wasteful excursions free and out and about by enhancing
courses can improve eco-friendliness and decrease greenhouse gas (GHG) emissions. One eco-
friendly Al application is truck platooning, a method that connects a few trucks remotely to a lead
truck, allowing them to work a lot nearer to one another securely, acknowledging fuel efficiencies.

5. CHALLENGES & RISKS IN Al INTERVENTIONS

Al can improve profitability and productivity, however, it might likewise have critical
financial impacts that must be discussed. Probably the main impacts are outlined underneath:

a. Loss of jobs

More than 4,000,000 positions will probably be lost in a speedy change to AVs in the
United States, as per a report by the Center for Global Policy Solutions. These positions would
include delivery and hefty transporters, transport drivers, cabbies, and escorts. Al is probably going
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to quicken the progress toward a helpful economy, overturning set up financial advancement
models by accelerating job losses for low-skilled laborers in numerous fields, including transport.

b. Cost

A significant constraint on the development and advancement of Al in the transport sector
is the possibly significant expense of some Al frameworks, including equipment and
programming. What's more, limitations on unfamiliar trade and complex import systems for
computing equipment can represent extra boundaries.

¢c. Poor and immature framework

Low-income and fragile nations face a huge challenge in using Al-based vehicle
applications, as their foundation isn't prepared for execution and is unequipped for giving
maintenance and repairs. An absence of solid force sources and weak broadcast communications
networks is essential for this interruption. Nations that make not many interests in innovation
research and hard framework as a level of GDP may make some harder memories bridling the
intensity of Al.

d. Absence of aptitudes and training

Demand for Al experts has developed in the course of the most recent couple of years in
developed nations and EMs where Al technology is expanding. An absence of skilled Al ability
has been generally referred to as the biggest obstruction to Al adoption in developed countries.
The basic lack is significantly more prominent in EMs (except for China). It requires some
investment for a nation to adequately join innovations, especially complex ones with economy-
wide effects, for example, Al. This implies it requires some investment to assemble a huge enough
capital stock to have a total impact and for the corresponding ventures expected to exploit Al
techniques, including access to talented individuals and strategic approaches.

e. Security concerns

Asking clients to select in and give more close public information to machine learning
requires strong security laws. These laws must be adjusted against the advantage of having more
information in a media communications organization.

6. CONCLUSION

In this paper, we discussed a thorough analysis of existing works where Atrtificial
Intelligence methods were applied to propose new applications and benefits, or moderate issues in
the Transport Sector. Specifically, this paper focused our examination on ITS territories, for
example, vehicle control, traffic control and prediction, and road safety. The current research study
saw how some Al strategies have arisen over the others to address some particular issues.

As illustrated, the utilization of Expert Systems in ITS-related methodologies is very
negligible, contrasted with the use of ANNSs, FL, or GAs. Notwithstanding, they are joined with
another 1A-based strategy. This sort of couplings appears to be encouraging in complex conditions,
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for example, the transportation frameworks. It is very normal to locate that Neural Networks are
trained by utilizing Genetic Algorithms, or that they have been planned through Fuzzy Logic.
Besides, Genetic Algorithms can be utilized to enhance fuzzy standard based frameworks. At long
last, our examination features that the execution of ANNS, exclusively or joined, is compelling,
particularly to make exact predictions dependent on big data analytics. Thusly, the current study
consider that they could be applied to different fields of vehicular conditions (e.g., vehicle
predictive maintenance, prediction of driving conduct, and so forth).

Future Recommendation

With the extraordinary potential to build productivity and sustainability, among different
advantages, comes a large group of financial, institutional, and political difficulties that must be
tended to guarantee that the country and its residents would all be able to tackle the intensity of Al
for economic development and shared growth.
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