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Abstract - Intersections, lane assignment and care of
pedestrians are some of basic challenges of road traffic in and
around the big cities. Classic solutions, made a many decades
ago, based on priority right rules and time-managed schedule
using traffic lights, are not enough satisfying, and quantity of
vehicles is faster than development of road infrastructure. In
order to decrease air pollution, traffic congestion and
number of cars in the cities, there is necessary to invent and
implement new approach to passenger-car interaction.
Internet of Things and intelligent traffic solutions are trying
to solve these problems using new smart technologies in
autonomous driving, such a Vehicle-to-Vehicle (V2V) and
Vehicle-to-Infrastructure (V2I) technologies and protocols
based on fast communication using DSRC (Dedicated ShortRange Communication) or 5G, within AI (Artificial
intelligence) in the background. Number of these solutions
were researched, simulated, presented, published, or even
patented in last 10-15 years. Goal of this paper is to make
review of relevant research works – architectures,
requirements, challenges, solutions, but also proposal for the
improvements or for new development in direction of
optimizing traffic efficiency and safety.
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I.

INTRODUCTION

Main problems of modern urban mobility are noise, air
pollution, loss of time of traffic participants and car
accidents. These problems are direct affecting to ecology
and economy of the society, as well as to the health of the
people. Development of the physical infrastructure in last
few decades cannot follow growth of number of vehicles
on streets, in urban areas but also in between urban areas.
New lanes in the streets are not possible everywhere,
optimisation of the traffic lights and roundabouts instead of
intersections can barely mitigate problem of traffic jams,
especially in large and mega cities 1 , e.g., New York,
Bucharest, Bogota, Mumbai, Moscow, Rio de Janeiro,
Shanghai etc.
According to TomTom Traffic Index [1], which offers
detailed analysis of traffic congestion in 400 cities around
the globe, based on data uploaded from over 600 million
devices - even the impact of COVID-19 to the traffic
congestion decrease was positive just during few months of
2020 in, compared to previous year (Fig.1). Comparing two

graphs – first from 2019 and second from 2020, impact of
COVID-19 on traffic congestion is clearly visible in most
of the cities in the world, but just for a few months, at the
beginning of the pandemic. End of the year, as well as 2021,
shows growth of traffic and traffic jams.
INRIX 2021 Global Traffic Scorecard [2] shows that
average driver in the USA lost 36 hours per year in traffic
jams – cities with most of lost hours in traffic jams are
Chicago (104), New York (102) and Philadelphia (90). In
Europe and Asia, the worst are London (148), Paris (140),
Brussels (134), Palermo (109), Moscow (108), Rome
(107), Lyon (102), Bucharest (98), Turin (93), Dublin (89),
München (79), Barcelona (48). Regarding INRIX study [3],
traffic jams just in German cities caused costs of 2.8 billion
euros in 2019. Traffic with so many traffic jams is not
sustainable anymore.
One of biggest reasons for increasing traffic in the
cities, from year to year, is increase of number of
commuters [4] – people who travels to the work every day
and spend minimum 45 minutes in one direction.
Commuting has also a direct impact on the level of
commuter stress, as shown by numerous researchers in last
50 years [4][5][6][7]. And from year to year, commuting
distances and commuting times are increasing. Particular
challenge are private motorised vehicles with just one
passenger.
Bottlenecks are city entrances and intersections in the
cities, but also motorways and city bypasses, mainly twothree times per day, in particular times – before and after
working hours. Because of that, in the past numerous
solutions were introduced to increase traffic flow and
decrease number of car accidents on main roads inside the
cities. One of them is especially fine-tuned synchronised
traffic lights on main directions inside the cities [8]. A
successful solution for intersections without traffic lights,
where occurs about 40% of road accidents [9], are
roundabouts instead of intersections – study review [10]
shows positive results comparing number of traffic
accidents before-and-after roundabouts. Other solution,
applicable just on roads with more lanes, is traffic lane
reserved to particular categories of vehicles, e.g., buses and
taxi cars, electric vehicles or vehicles with more than one

City Size by population: Large city: > 800.000,
Megacity; > 8.000.000; source:
https://www.tomtom.com/en_gb/traffic-index/ranking/
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Fig. 1: Traffic congestion in the world cities in 2019 (graph above) and 2020 (graph below)
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passenger, or bi-directional lane – e.g., in the morning are
more cars arriving to the city, so this direction has three
lanes, and opposite directions just two. At the afternoon,
after work, most of these vehicles are going out of the city,
and this time is the situation inverted – direction from the
city has three lanes, and into the city just two. One well
known example of such traffic solution is Golden Gate in
San Francisco.
These old-school solutions for the congestion problems
are though physically slightly limited and don’t
comprehend demands of increased number of vehicles on
the roads. It is necessary to have intelligent transportation
systems to cover basic topics in the mobility of future:
electric, connected, and autonomous vehicles, on efficient,
sustainable, and safe way for all traffic participants:
-

cars and vans,

-

trams, buses, and trucks,

-

bicycles, scooters, and motorcycles,

-

pedestrians.

confront the climate crisis and keep global heating
below 1.5oC [11]. This network supports ZEV Alliance
(ZEV – Zero Emission Vehicles) - group of world-wide
cities, provinces, or countries – in activities to improve
air quality and increase low-carbon development [12].
There is less and less people in urban areas, who
have own car. Because of a problem with traffic jams
and parking slots in big cities, but with good mobile
infrastructure and alternative possibilities, it is much
easier, cheaper, and more convenient to use public
transportation or some way of shared mobility:
car/bike/scooter sharing, ride sharing or ride hailing.
How car ownership uneconomical is, it is easy to
compute. Average person in Germany drove 14.610
km/year in 2019 [13], and some more in the USA –
22.954 [14]. Per day, it is 40 km in Germany or 62.88
km in the USA, or about 1 hour by average speed of 50
km/h. Other 23 hours per day, an average car is unused.
This computation legitimates completely different look
on the car ownership problematic and offers shared
mobility as a solution.

New, intelligent models of transportation are needed to be
proposed in order to decrease number of cars on roads, to
increase fluctuation and mobility of traffic participants, to
free more space and to reduce air pollution in big cities,
using data driven artifical intelligence in cloud for traffic
prediction and traffic fluidity optimisation.

In the suburban areas, this is often not an option,
because public transportation infrastructure is so wellbuilt and mobile networks are not available everywhere,
as well as shared car mobility, so people need to have
their own car, especially if they need to commute to
work.

This paper is organized as follows. Section II covers
theoretical background of the topic. Section III describes
used methodology. Results are shown in Section IV, and
Discussion in Section V. Finally, Section VI gives
Conclusion of the paper, and proposes direction of future
research.

Autonomous taxies and shuttles are solution for
gaps between urban and suburban areas, as well as
between public transportation nodes, for example
between distant bus and railway stations. Autonomous
driving is most exciting challenge for the future
transportation. Autonomous vehicles have to combine
classic vehicular sensors, such a radar, lidar and camera,
with vehicular interconnectivity (V2V), connectivity to
the environment (V2X) and artificial intelligence (AI),
in order to reliability and safety of all traffic
participants.

II.

ROAD TRAFFIC CHALLENGES AND SOLUTIONS

Old-school solutions for traffic problems – building
new roads with more lanes, or adding a new lane on
existing road, is not enough and does not solve the
congestion problems. Number of vehicles in the cities is
not just a problem during the moving, but also in the
time these vehicles are not moving. There are not
enough parking slots, and drivers spend a lot of time not
just driving to the destination, but also trying to find
propriate parking slot. And this situation is just getting
worse with the time.
In order to solve the problem of air pollution and
traffic congestion, it is necessary to change the
paradigm of mobility in these directions:
1.
2.
3.

from combustion to electric engines,
from individual to shared mobility,
from manual to autonomous driving.

Many city governments want to get rid of
combustion-engine passenger cars, especially with
diesel motors, and already have a plan to ban access of
these cars to the city centres within a few next years. A
good example of Zero-Emission politics is C40 network
of mayors of about 100 world-leading cities,
representing more than 700 million people and one
quarter of the global economy who are trying to
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In order to implement these changes in the real
world, it will be necessary to have fully support from
the infrastructure side – intelligent transportation
systems and traffic infrastructure, with fast and reliable
connectivity between all participants – vehicles and
roadside units. These participants have to be intelligent
– to be able to collect, process and exchange data, in
order to make traffic safer and more fluid; to analyse the
data, predict traffic jams and optimize routes. A good
example, already implemented in 15 cities in China and
in Kuala Lumpur, is Alibaba’s City Brain [15].
III. METHODS AND MATERIALS
The scope of this review is to give an overview of a
research field, and will be focused to intelligent traffic
solutions, especially regarding shared mobility and
autonomous driving. Main research questions are:
RQ1. Which areas contain the most of papers?
RQ2. Which papers with this topic are the most cited?
RQ3. Which solutions are reviewed in these papers?
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A basic source for research is citation database Scopus,
with the term „intelligent traffic”. Because in scope of
interest are just IoT (Internet of Things) and VANET
(Vehicular Ad Hoc Networks) technologies, which are
existing since middle of 2000s, papers before 2010 are
excluded from search, as well as all paper types except final
articles and conference papers written in English language
and published in journals or conference proceedings. If
abstract of paper does not have any connection with
research topics, the paper will not be included in research.
Duplicated papers or papers reported the same finding, will
be included just once, with the newest paper.
RQ1 covers subject areas with more than 100 papers,
relevant for topic of this review, as well as best 10 countries
with papers in this scope of interest. The most cited papers,
as an answer to RQ2, includes just first papers with relevant
findings, cited more than 100 times. RQ3 covers first 100
most cited papers, and group them to next solution groups.
IV.

RESULTS

The term „intelligent traffic” without any limits gets
2420 results, beginning with the year 1975, and after
excluding all papers until year 2010, there left 2040 papers.
Further limitation to final articles and conference papers
written in English language, published in journals and
conference proceedings, gives 1539 papers.
RQ1: First six subject areas with most papers are
Computer Science (1.104), Engineering (798),
Mathematics (320), Social Sciences (206), Physics and
Astronomy (158) and Decision Science (145). All other
subject areas contain less than 100 papers each. The most
papers have: China (676), India (209) and USA (127). Next
are UK (55), South Korea (52), Germany (37), Canada (31),
Taiwan (29), Australia (25) and Iran (24).
RQ2: The 20 most cited papers, which have relevant
abstract and findings for the topic of this review, have more
than 50 citations, and are listed in the Table 1:
Ind.

8

P9

On Removing Routing Protocol from Future
Wireless Networks: A Real-time Deep
Learning Approach for Intelligent Traffic
Control [24]

2018

137

P10

Implementing intelligent traffic control
system for congestion control, ambulance
clearance and stolen vehicle detection [25]

2015

134

P11

An
intelligent
V2I-based
management system [26]

traffic

2012

132

P12

Intelligent traffic light flow control system
using wireless sensors networks [27]

2010

117

P13

Vehicle detection and recognition for
intelligent traffic surveillance system [28]

2017

93

P14

Autonomous intersection management:
Multi-intersection optimization [29]

2011

93

P15

Traffic accident detection using random
forest classifier [30]

2018

92

P16

Secure intelligent traffic light control using
fog computing [31]

2018

86

P17

Deep Transfer Learning for Intelligent
Vehicular Traffic Prediction Based on
Cross-Domain Big Data [32]

2019

83

P18

Ant colony optimization algorithm with
Internet of Vehicles for intelligent traffic
control system [33]

2018

83

P19

Intelligent Traffic Light Controlling
Algorithms Using Vehicular Networks [34]

2016

78

P20

Smart Traffic lights switching and traffic
density calc. using video processing [35]

2014

72

Table 1: Most cited papers from review on the topic
„intelligent traffic” from the Scopus database
RQ3: Papers from the list of 20 most cited are grouped
by solution proposed or reviewed in the paper (see. Table
2). These are:
-

Traffic prediction – solution for predicting traffic
jams using deep learning, neural networks, and AI,

-

Intersection management – solutions for intelligent
management of traffic lights,

-

Connected vehicles – solution which uses
vehicular networks such V2V, V2I, V2X protocols
to exchange the data,

-

Intelligent traffic control – solutions oriented not
just to intersections and traffic lights, but traffic
control in general.

Title

Year

Cited

P1

T-GCN: A Temporal Graph Convolutional
Network for Traffic Prediction [16]

2021

301

P2

Cooperative Intersection Management: A
Survey [17]

2016

235

P3

IntelliLight: A reinforc. learning approach
for intelligent traffic light control [18]

2018

164

P4

An Intelligent Traffic Load PredictionBased Adaptive Channel Assignment
Algorithm in SDN-IoT: A Deep Learning
Approach [19]

2018

146

P5

Optimized Structure of the Traffic Flow
Forecasting Model with a Deep Learning
Approach [20]

2017

146

Traffic prediction

P1, P4, P5, P10, P17

P6

Platoon based cooperative driving model
with consideration of realistic intervehicle
communication [21]

2016

144

Intersection management

P2, P3, P7, P8, P12, P14,
P16, P19, P20

P7

A multiclass cell transmission model for
shared human and auton. vehicle road [22]

2016

144

Connected Vehicles

P6, P18

P8

Smart city for VANETs using warning
messages, traffic statistics and intelligent
traffic lights [23]

2018

138

Intelligent traffic control

P9, P10, P11, P13, P15

Solution

Paper

Table 2: Reviewed problems and solution in papers
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V.

DISCUSSION

Intelligent traffic control is wide and multidisciplinary
problem, and progression in solving this problem is slower
than rising of the problem itself. This is so, because
implementation of each solution for this problem demands
huge investments and lot of time. There are many solutions,
who are technically ready to be implemented, but they are
not standardized and in compliance with each other, and
with many fields of public life: there are many questions
regarding safety, legal and ethics.
The technologies reviewed in the papers from Table 2
are grouped into four groups, as shown in the Chapter IV.
First group of papers used deep learning, neural
networks, and artificial intelligence to predict traffic
problems, and to propose optimisation in advance, to avoid
traffic jams and increase fluctuation. This cloud solution
can be used in vehicles and mobile devices together with
GPS applications to make better route optimisation.
Second group is focused on optimization of
intersections with intelligent traffic lights, exchanging data
using VANET network of vehicles and roadside units, as
well as statistic based on data stored in cloud. But there is
just few number of intersections equipped with traffic lights
– in the USA less than 1% (260.000 traffic lights on
50.000.000 intersections) [36], and most of them are not
intelligent, even not connected. Problem with this solution
is relativ big cost of building/upgrading and maintaining of
infrastructure per unit. Alternative to physical traffic light
could be VTL – Virtual Traffic Lights [37], an
infrastructure free traffic control technology, with
communication devices installed in cars, which
communicates to other cars in the intersection and ad-hoc
prioritises the traffic.
Third group are papers focused just to intervehicular
communication, in order to manage autonomous or semiautonomous drive of more one-behind-another vehicles,
where first vehicle is leader, and all other follow its
behaviour,
through
V2V
(Vehicle-To-Vehicle)
communication such a DSRC (Dedicated Short-Range
Communication), so called Platooning [38]. This solution
is also just particular solution for a specific purpose, but
could be a part of one integral solution, together with other
solutions mentioned in this paper.
Fourth group are papers focused to integral solution of
intelligent traffic management, using V2X (Vehicle-ToEverything) communications, as known as Car2X (Car-ToEverything). Such a solutions, combined with solutions
from other three groups, with AI based backend in the cloud
for prediction and statistical analytics, should be used in
smart cities to make an improvement in traffic
management, in order to decrease air pollution and traffic
congestion, and increase reliability and quality of life in the
cities.
Regarding [39][40], already with 10% of connected
autonomous vehicles, there is improvement in traffic
conditions. In this moment, penetration of 10%
autonomous vehicles on the roads is still not realistic in real
environment. Because of that, many of these solutions and
proposals are possible just in theory, in strong controlled
test areas or in the simulations. But things will be changed,
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with other changes which are coming – digitization, electric
mobility and connectivity. In near future, all vehicles will
be connected to each other, as well as with the environment.
VI.

CONCLUSION

Intelligent road traffic in the cities is still the question
of future, and there is still lot of space for scientific
research. Most of research is focused to implement small
and particular solutions to existing infrastructure, and there
are lot of similar solutions. It will be necessary to make
standardization, through consortiums between science and
automotive industry and city governments. And things are
moving towards this direction.
Proposal for future research is integrated mobility
architecture for smart vehicles and smart cities using fast
network connections, probably 5G, with AI and Big Data
analytics in cloud for analyse and predictions, but also
intelligent infrastructure points and intelligent connected
cars, for optimized traffic.
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