
sustainability

Article

Comparative Analysis of Intelligent Transportation
Systems for Sustainable Environment in Smart Cities

Anandkumar Balasubramaniam 1, Anand Paul 1,*, Won-Hwa Hong 2,*, HyunCheol Seo 2

and Jeong Hong Kim 1

1 Department of Computer Science and Engineering, Kyungpook National University, Daegu 702701, Korea;
bsanandkumar@gmail.com (A.B.); jhk@knu.ac.kr (J.H.K.)

2 School of Architectural, Civil, Environmental and Energy Engineering, Kyungpook National University,
Daegu 702701, Korea; notsools@gmail.com

* Correspondence: paul.editor@gmail.com (A.P.); hongwh@knu.ac.kr (W.-H.H.); Tel.: +82-10-7930-9696 (A.P.)

Received: 30 April 2017; Accepted: 26 June 2017; Published: 28 June 2017

Abstract: In recent works on the Internet of Vehicles (IoV), “intelligent” and “sustainable” have
been the buzzwords in the context of transportation. Maintaining sustainability in IoV is always
a challenge. Sustainability in IoV can be achieved not only by the use of pollution-free vehicular
systems, but also by maintenance of road traffic safety or prevention of accidents or collisions.
With the aim of establishing an effective sustainable transportation planning system, this study
performs a short analysis of existing sustainable transportation methods in the IoV. This study
also analyzes various characteristics of sustainability and the advantages and disadvantages of
existing transportation systems. Toward the end, this study provides a clear suggestion for effective
sustainable transportation planning aimed at the maintenance of an eco-friendly environment and
road traffic safety, which, in turn, would lead to a sustainable transportation system.

Keywords: intelligent transportation system; sustainable transportation; IoV

1. Introduction

In recent years, tremendous development has occurred in the transportation field, specifically
in vehicular transportation [1]. The term “transportation system” has been reformed to
“intelligent transportation system” (ITS) owing to rapid developments of, and advancements
in, recent transportation technologies [2,3]. The vehicular ad hoc network (VANET), which is
a conventional technology that modifies each and every vehicle to a wireless router to enable
inter-vehicular communication, has been extended to the concept of Internet of Vehicles (IoV)
for ITSes; the IoV includes vehicular networking, as well as vehicular intelligence [4]. The IoV
is an intelligent communication link between vehicles and public networks, for example, for
vehicle-to-vehicle, vehicle-to-road, and vehicle-to-human communications, in the IoV, the systems
are connected electronically and they communicate via the mobile Internet. Dedicated short-range
communication (DSRC) devices, which operate in the 5.9 GHz band, are implemented in the IoV [5,6];
the communication range between the devices is approximately 1000 m.

The main objectives of the IoV are the collection or sharing of information about the vehicle,
road infrastructure, or vehicle user, and processing of this information to guide or supervise vehicles
efficiently in order to prevent accidents and/or road traffic congestion, and thereby make the driving
experience safe and enjoyable for the drivers/passengers.

Despite the advancements in vehicular transportation, maintenance of transportation
sustainability is perpetually an essential and challenging task. Sustainability of transportation involves
not only managing go-green transportation, but also establishing effective transportation planning
systems for ensuring road traffic safety. Statistical analysis [7] has shown that the usage of vehicles,
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especially cars, has been on the rise since 2006. Figure 1 shows a graphical representation of the global
usage of passenger cars and commercial vehicles in the period of 2006–2014. The graph clearly reveals
a consistent growth in vehicle usage.
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Figure 1. Global usage of passenger cars and commercial vehicles in the 2006–2014 period.

An increase in vehicular usage has been found to be accompanied by a considerable increase in
the total number of road accidents. From existing data [8], the number of deaths caused by unnecessary
or careless accidents in 2013 in Asia is estimated to be more than 50,000.

There are many reasons for the occurrence of road accidents, such as distracted driving,
environmental disasters, unsafe lane changes, collisions due to congestion, improper turning, and
animal or pedestrian crossing. In order to ensure the sustainability of vehicular transportation, it is
necessary to implement an effective intelligent transportation planning system that will improve road
traffic safety and create a more eco-friendly environment. This paper presents a short analysis of green
transportation, collision avoidance in transportation, electric cars, and autonomous cars, and provides
a suggestion toward the end for developing an effective and efficient sustainable transportation
planning system.

2. Literature Survey

2.1. Green Transportation

An increase in vehicle usage has led to the utilization of vast quantities of fossil fuels. Such a high
consumption of fossil fuels for vehicles leads to carbon emissions, which, in turn, cause environmental
pollution. Several research works have been conducted to enable the transition toward a sustainable
world economy via the manufacture of non-polluting, environmentally-friendly vehicles. An analysis
of some existing methods is presented herein.

In 2009, Grob and Iseo [9] addressed the dilemma of energy consumption in the transportation
sector. The extensive utilization of nonrenewable energy resources leads to an increased demand
for fuels and creates various health-related problems on account of pollution effects. The authors
proposed the concept of electrically-driven transport, where electricity is generated from a vast number
of renewable energy sources. An electricity network is implemented using a smart grid that acts as an
intelligent interconnection between various sectors, such as the industry and the transportation sector
and controls the demand and supply of power. Implementation of this electrically-driven transport
will result in a considerable reduction of environmental pollution and provide a clean and efficient
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mode of transportation. Use of advanced batteries and credit card plug-in battery stations for electric
vehicles will also pave the way for clean and efficient transportation systems. The authors concluded
with recommendations to implement a smart electric grid, an electric rapid transit system, and remote
metered recharging plugs at all parking lots in order to establish a clean and efficient sustainable
transportation system. The advantages of this approach are a reduction in the use of nonrenewable
resources, reduction of environmental pollution, and a lowered demand for the production of fuel
combustion engines. The main disadvantage of this approach is the very large implementation cost for
the electric battery charging system and credit card plug-in battery stations.

In 2015, Mehar et al. [10] proposed an integrated architecture for a future sustainable
transportation system with a focus on electric vehicles in order to reduce pollution and greenhouse
gas emissions. In this architecture, electric vehicles are deployed with various sensors to monitor
engine performance, braking, and passenger safety, and energy-consumption-related information is
simultaneously collected and processed to enable the driver to overcome the limitations of electric
vehicles. The authors made a recommendation of increasing the amount of battery charge while
reducing the charging duration in order to enable electric vehicles to be driven for long distances. They
also recommended a common standard to support charging of electric vehicles of any make at different
charging stations. In addition, the authors recommended the use of an efficient smart grid—given that
electric vehicles consume enormous amounts of electricity—while also guaranteeing security of data
transmissions in various fleet management systems.

In 2015, Iturrate et al. [11] undertook an investigation project for sustainable transportation,
in which the University of the Basque Country and OSALAN also participated. The project
focused mainly on the mobility patterns of the students of these two organizations, parking policies,
and innovative mobility alternatives, such as car sharing. A large dataset of students using different
modes of transportation was analyzed based on individual preferences for transportation modes. Even
though the authors did not propose a definite mode of transportation, they offered alternative modes
of mobility, such as public transportation and car sharing, and proposed measures to combine the
implementation of the mobility modes.

In 2016, Harilakshmi and Rani [12] addressed the problem of traffic-induced air pollution, which
adversely affects the environment; they proposed an intelligent vehicle counter for detecting and
counting dynamic vehicles, which would aid the concerned pollution control board to take suitable
action for mitigating the effects of traffic-induced air pollution. Various other vehicular pollution
control measures can be implemented by analyzing the traffic flow; this aids in prevention of problems
due to traffic-induced air pollution and, consequently, paves the way for sustainable transportation
and pollution prevention.

In 2016, Fabbri et al. [13] implemented the K-bus project, in which ultracapacitor batteries are
utilized in public transportation. In the K-bus project, a charging station is provided at each bus
stop, and by the utilization of efficient energy storage and transfer systems, the bus is charged using
conducting plates installed in the charging stations; the time taken for charging is shorter than that
taken by passengers to exit and enter the bus. The authors performed simulations and various tests
such as a bus system test, a ground station system charging test, and an integration test. The advantages
of this project include a lower cost of implementation, reduced carbon emissions, and adaptability and
applicability to various kinds of vehicles.

2.2. Collision Avoidance

There has been an increase in road traffic accidents in recent times. As mentioned earlier, there
are several reasons for the occurrence of road accidents. One of the main reasons is the occurrence of
unnecessary collisions between vehicles. Numerous collision avoidance methods have been proposed
in recent years in order to prevent or reduce the occurrence of such unnecessary collisions.

In 2005, Abdalla and Abaker [14] conducted a short survey on existing collision avoidance
systems, such as an alcohol detection system, automatic window opening system, blind-spot accident
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prevention system, long-range detection for frontal collision avoidance system, MobilEye-vision-based
frontal collision warning system, and automatic speed control system. After analyzing the existing
collision avoidance systems, the authors suggested implementation of ultrasonic sensors and laser
sensors in smart vehicles, along with camera image processing to prevent accidents.

In 2011, Abid et al. [15] proposed V-Cloud architecture, which includes a vehicular cyber-physical
system and a cloud-computing-enabled system that collect data on the primary vehicle, other vehicles
inside the network, environmental surroundings, and road infrastructure, and sends these data to the
cloud via a communication networks, e.g., DSRC, Wi-Fi, and various other cellular networks, by means
of a smartphone deployed inside the primary vehicle. Additionally, in this architecture, the mood
conditions of drivers are monitored using the smartphone and the monitored data are stored in the
cloud to predict the mood of the driver; this leads to an improvement in driver safety through the
provision of real-time services to a driver when he/she is unwell or in discomfort. This approach
has disadvantages pertaining to security and privacy; to overcome these disadvantages, the authors
implemented security modules, such as a smart author in the architecture.

In 2014, Mbachu and Onuora [16] addressed the issue of road traffic accidents and proposed
the use of a vehicular accident detection and avoidance system as a solution. Ultrasonic sensors are
installed in the front end of the vehicle and an automatic brake system is incorporated in the design of
the accident detection and avoidance system. Two parameters—time of arrival of the reflected signal
and angle of arrival of the reflected signal—are used to determine the position of the receivers, thereby
providing optimal system performance. Thus, a warning alarm is sounded and the automatic brake
system is activated when the distance of an obstacle to the vehicle is less than 7 m. The advantages of
this approach are a low implementation cost, reliability of accidental detection, and collision avoidance.

In 2016, Jurecki [17] investigated driver behaviors and parameters such as driver response time to
braking and steering response time, which are important parameters for prevention of road accidents.
The author performed additional investigations and tests of driver behavior under various conditions
and situations. Based on the obtained results, an appropriate driver response time was assumed and
the intensity of collision avoidance maneuvers undertaken by a driver in a collision-imminent situation
was determined.

In 2016, Hamid et al. [18] analyzed various collision mitigation technologies for existing advanced
driver assistance systems (ADASes) such as automatic cruise control (ACC), automatic parking,
collision avoidance, and lane departure warning systems. An ACC system enables maintenance of a
safe distance between the primary vehicle and the vehicle in front of it by the use of environmental
information collected by sensors installed in moving vehicles. Automatic parking technology enables
parallel or perpendicular parking of a vehicle, thereby reducing driver stress. Collision avoidance
systems are incorporated with collision avoidance algorithms, which possess threat assessment, path
planning, and path tracking strategies. The lane departure warning system provides visual, audible,
or haptic warning signals to the driver in the case of lane departure, and automatically controls the
vehicle when no action is taken upon lane departure.

In an intelligent transportation system (ITS), a large amount of data collected from various
sensors is distributed among connected vehicles and roadside units. These data need to be handled
in real-time by means of effective data classification methods [19]; effective data analysis enables
effective road traffic predictions, and so on. If the connected devices are handling cellular data,
then the interference graph construction protocol is used for device-to-device communication [20].
Centralized and distributed cooperative vehicular communication in an ITS provides safety measures
and also paves the way for improving the road traffic safety, while reducing the constraints on vehicular
communication and optimizing energy consumption [21]. In addition, cooperative centralized and
distributed spectrum-sensing techniques need to be utilized to minimize unnecessary spectral scarcity
and mobility issues, efficiently manage the spectrum in vehicular communication, and minimize
interference [22]. Frontal and side collisions of vehicles are common collision scenarios in road accidents.
Utilization of a swarm intelligence approach and swarm-inspired models aids in prevention of frontal
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and side collisions and control of vehicles moving at different speeds; this is made possible through the
initiation of lane changes in the swarm-inspired models [23] and solving of vehicle routing problems
via effective utilization and implementation of particle swarm optimization [24]. Most road accidents
are caused by human behavioral errors during driving. Therefore, analysis of human behaviors is much
more crucial in the IoV environment. In 2016, Paul et al. [25] effectively analyzed human behaviors and
human dynamics in real-time by utilizing the concept of SmartBuddy. Based on the analysis results,
appropriate feedback is given to the user/driver to enable him/her to take appropriate measures
depending on the situation; this is accompanied by continuous monitoring and improvisation of human
behavior, as well as human dynamics, which aids in the prevention of vehicle collisions.

2.3. Electric Vehicles

In present times, a key cause of environmental pollution is carbon emissions due to the usage of
fossil-fuel-based transportation. The perfect solution to minimizing these carbon emissions is the use
of electric vehicles; their use would also lead to maintenance of transportation sustainability.

In 2014, Costa and Seixas [26] addressed carbon emission issues and developed a futuristic
concept of replacing gasoline-powered vehicles with battery electric cars to reduce the impact of
carbon emissions. The proposed scenario of replacing gasoline vehicles with electric vehicles was
shown to reduce the gasoline consumption to 7% in 2020 and 13% in 2030.

In 2016, Zhang et al. [27] investigated a driving cycle for electric vehicles such as electric cars in
Beijing, where a driving cycle determines the emissions and fuel/battery consumption of a vehicle.
They implemented a data acquisition and management system for data collection and analyzed various
characteristic parameters of driving to build a representative driving cycle.

In 2016, Sriwilai et al. [28] proposed the use of electric vehicles in view of reducing the gasoline
consumption and carbon-based emissions. They implemented an adaptive neuro-fuzzy inference system
to effectively analyze the energy consumptions in various sectors, such as the agriculture, commercial,
residential, industrial, and transportation sectors. From the analysis, the authors found that the use of
electric vehicles leads to a reduction in both gasoline consumption and carbon-based emissions.

2.4. Autonomous Vehicles

Autonomous transportation, also referred to as self-driving cars, has recently been emerging as an
upcoming technology that will be a replacement for driver-based vehicles or human-operable electric
vehicles. Many research works have been conducted for implementing autonomous transportation
with the aim of developing a smart community that would, in turn, lead to a smart city and sustainable
transportation. The first autonomous car system [29] was implemented in 1997 at Schiphol airport.
In 2008, an advanced autonomous cyber-car system was introduced at Heathrow airport in London.

In 2015, Khan et al. [30] addressed the challenges faced in road marking detection and proposed a
road marking detection system to overcome these challenges; in this system, a graph cut segmentation
method is used for detection of road markings and an inverse perspective transform method is used
for the generation of a bird’s-eye view image from images captured from various cameras. However,
true detection rates achieved using this method for images with and without a background are 80%
and 91%, respectively.

In 2016, Li et al. [31] presented a driver model for autonomous cars based on human behavioral
dynamics, which was established through an analysis of various driver properties, such as age, gender,
and emotion. The proposed driver model for autonomous cars was useful for preventing collisions,
improvising driver preferences, and creating a safe driving experience; the model also eliminated human
errors. The overall driving characteristics, i.e., speed, direction, and lane and traffic light changes, were
simulated in the driver model, and the simulated human behavioral dynamics data were analyzed to
establish an effective driver model that characterized human dynamics for autonomous cars.

In 2016, D. Kamran et al. [32] addressed navigation issues of autonomous cars in outdoor
environments. The authors proposed the use of a novel online visual gyroscope, wherein images captured
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by a monocular camera deployed in a moving autonomous car are analyzed to estimate the car’s rotation
to ensure its efficient navigation. The proposed real-time online visual gyroscope estimated the yaw degree
of a moving car in various datasets at a rate of 10 fps and with an average drift of 0.08◦ per frame.

In 2016, V. D. Nguyen et al. [33] addressed issues pertaining to travel time and carbon emissions.
They proposed a reliable green light optimal speed advisory system, in which the autonomous
car communicates with traffic lights and roadside units or road infrastructure to arrive at the
intersection when the traffic light is green; this system also optimizes the car speed on the basis
of data collected from the roadside in order to reduce the waiting time at intersections. The authors’
analysis revealed that implementation of the proposed methodology reduced carbon emissions and
improved the fuel efficiency based on the vehicle density. Power management and machine-to-machine
(M2M) optimization [34–36] are essential tasks for battery-powered wireless sensor network systems.
The autonomous operation time of battery-powered systems can be increased through utilization of
reinforcement learning in intelligent dynamic power management systems [37]. Autonomous vehicles
are expected to play a major role in the future transportation market. In some largely populated cities,
a futuristic approach is to use autonomous vehicles along with implementation of time-of-day pricing
schemes [38]; this approach is beneficial for passengers owing to minimal trip costs in peak hours,
and it also promotes the growth of the taxi market.

2.5. Summary

Although the use of nonrenewable resources is reduced in green transportation, a few factors
remain to be considered, such as electric battery charging systems and prepaid plug-in charging
stations. Novel standard charging stations need to be developed as a common base for vehicles
manufactured by various companies. The use of electric vehicles needs to be accompanied by an
analysis of the traffic flow of various kinds of vehicles in order to ensure pollution-free transportation.
From another perspective, collision avoidance technologies in connected vehicles play a key role
in maintaining the safety of passengers/drivers during travel. Various other technologies, such as
image processing, prediction of driver behaviors, implementation of sensors, analysis of human
behaviors/dynamics and driver response time, ACC, and swarm-inspired models are used to prevent
unnecessary collisions between connected vehicles. Another futuristic approach is the introduction
of autonomous vehicles, which are electric vehicles equipped with artificial intelligence. Although
autonomous vehicles are the most suitable vehicles for green transportation, several factors, such as
power management, battery consumption, artificial intelligence, and M2M optimization, need to be
considered as being crucial for improvising the utilization of these vehicles in day-to-day transportation
in order to achieve smart transportation.

3. Results

3.1. Road Traffic Accident Data Analysis

Various datasets of road traffic accidents in different places were analyzed; the results are
discussed here. Figure 2 shows a graph of road traffic accident data, which were collected by the
Maryland police department in the year 2012. The graph was prepared from an analysis of the accident
dataset [39], which was downloaded from the US government’s data catalog. The graph shows that a
higher number of road accidents, i.e., vehicle collisions, occurred during the weekends—from Friday
to Sunday—in various counties of the US state of Maryland. These graph results will be applicable to
most places in various countries, since road traffic flow is generally more on weekends. Hence, more
attention should be paid to road traffic flow on weekends in order to prevent unnecessary road traffic
accidents caused by factors such as vehicle collisions. Figure 3 shows the number of driver/passenger
injuries caused by vehicle collisions or road traffic accidents. This graph was also prepared from an
analysis of the accident dataset [39].
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Figure 3. Data on injuries caused by road traffic accidents.

Figure 4 shows accident data for the three-year period of 2012–2014 in New York state [40];
the accident data are plotted according to the vehicle body type. From the graph, it is obvious that
four-door sedans were involved in more accidents than were other vehicle body types.
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Figure 4. Accident data for three-year period in New York state.

Figures 5 and 6 show analysis results of accident data [41] for the city of Leeds for the period
of 2009–2015. This accident dataset includes the number of people, the number of vehicles involved,
the road surface conditions, the weather conditions, the severity of casualties, and so on. Figure 5 shows
the number of accidents as a function of weather conditions; this figure reveals that more accidents
occurred in fine weather without high winds and during rains without high winds. Furthermore,
the number of accidents in these two scenarios was almost consistent in all years from 2009–2015.
Figure 6 shows the number of accidents as a function of the road surface conditions; this figure reveals
that more accidents occurred on dry road surfaces and wet/damp road surfaces. In this case, too,
the number of accidents under these two road surface conditions was almost consistent in all years
from 2009 to 2015. Road traffic accidents can be reduced to a moderate extent by taking appropriate
precautionary steps based on the analysis reports of the weather-based and road-surface-based accident
data. Such a moderate reduction in accidents, in turn, would lead to the development of effective
transportation systems, which would further pave the way for sustainable transportation.
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3.2. Comparative Analysis of Existing Methodologies

From Table 1, it is evident that the various existing methodologies are focused on
sustainable transportation in terms of achieving various sustainability characteristics. For example,
the methodologies that address pollution control, carbon emission control, and energy consumption
do not focus on road traffic safety, and, conversely, methodologies that address road traffic safety
and driver/passenger safety do not focus on pollution control, carbon emission control, and energy
consumption. However, all of the above-listed sustainability characteristics need to be achieved in
order to develop an efficient transportation planning system, which would lead to sustainability in the
transportation sector. In the following tables

√
means ‘yes’ and ‘×’ means ‘no’.

Table 1. Comparative analysis of various existing methodologies.

Sr. No. Publication Year Methodology Pollution-Free 1
Carbon

Emission
Control 1

Efficient Energy
Consumption 1

Road Traffic
Safety 1

Driver/Passenger
Safety 1

1 [9] 2009 Green
Transportation

√ √ √
× ×

2 [10] 2015 Green
Transportation

√ √ √
× ×

3 [11] 2015 Green
Transportation

√ √ √
× ×

4 [12] 2016 Green
Transportation

√
× × × ×

5 [13] 2016 Green
Transportation

√ √ √
Weak focus Weak focus

6 [14] 2005 Collision
Avoidance × × ×

√ √

7 [15] 2011 Collision
Avoidance × × ×

√ √

8 [16] 2014 Collison
Avoidance × × ×

√ √

9 [17] 2016 Collision
Avoidance × × ×

√ √

10 [18] 2016 Collision
Avoidance Weak focus × Weak focus

√ √

11 [26] 2014 Electric Vehicle
√ √ √

× ×
12 [27] 2016 Electric Vehicle

√
Weak focus ×

√
×
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Table 1. Cont.

Sr. No. Publication Year Methodology Pollution-Free 1
Carbon

Emission
Control 1

Efficient Energy
Consumption 1

Road Traffic
Safety 1

Driver/Passenger
Safety 1

13 [28] 2016 Electric Vehicle
√ √ √

× ×

14 [30] 2015 Autonomous
Vehicle

√
× × Weak focus ×

15 [31] 2016 Autonomous
Vehicle

√
× × Weak focus ×

16 [32] 2016 Autonomous
Vehicle

√
× × Weak focus ×

17 [33] 2016 Autonomous
Vehicle

√
Weak focus Weak focus Weak focus Weak focus

1 Sustainability characteristics.

4. Discussion

The emergence of smart technologies in present times has led people to expect the implementation
of smart transportation to meet their day-to-day travel needs. The authors of the present study suggest
development of an autonomous smart vehicle or autonomous smart car that incorporates all the
above-mentioned methodologies, along with weather- and road-surface-assistance technologies and
achieves the above-listed sustainability characteristics. The above-described accident data analysis
report based on weather conditions and road surface conditions would aid in taking necessary
precautionary measures to prevent vehicle collisions. Autonomous vehicles are expected to be the
next-generation vehicles in the transportation sector; hence, smarter utilization of autonomous vehicles
in various ways, for example, in the form of autonomous taxis, will potentially enhance transportation
to make it smarter. The realization of this futuristic suggestion will require considerable effort; however,
development of such futuristic technology will pave the way for easier, smarter, safer, and more
sustainable transportation.
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