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Cooperative Intelligent Transport Systems (C-ITS) have emerged to provide a range of intelligent

transport services that optimize traffic management, improve the travel experience of road users, increase
road safety and security, and reduce the negative environmental impacts of transport. C-ITS, which aim
to ensure that intelligent transport services function effectively and efficiently, communicate and ex-
change data with vehicles, road users, traffic control centers, and road infrastructure as well. In this study,
an overview of C-ITS related activities in the world and in Tiirkiye are discussed. C-ITS studies in liter-
ature and the objectives and benefits of C-ITS, its stakeholders, its relationship with ITS, its components
and services are examined. After summarizing C-ITS studies in the world, policies and strategies in Eu-
rope, USA and Asian countries, and the current situation in Tiirkiye is provided. In addition, since there
are limited studies on C-ITS in Tiirkiye, where ITS is still in its development stage, it is aimed to contrib-
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1. Introduction

With the rapid increase in urbanization in the world and in our
country day by day, traffic congestion has become a problem for
which solutions are sought for cities and which is also constantly
changing and gaining momentum. For the solution of this problem,
Intelligent Transportation Systems (ITS), consisting of many com-
munications and information technology applications for the effi-
ciency, durability and safety of transportation, which emerged as a
product of social, economic and technological development, have
gained a great importance.

Within the framework of many problems, such as accidents re-
sulting in loss of life in crowded cities and air pollution caused by
the increase in greenhouse gases, research on smart urbanism so-
lutions focus on the concept of Cooperative Intelligent Transport
Systems (C-ITS), which is seen as a step beyond ITS.

All over the world, digital and innovative technologies and sys-
tems relying on them are being used effectively in all activities in
different modes of transportation. Cooperative Intelligent Trans-
portation Systems (C-ITS), mostly used in road transportation, are
within these improvements. These systems include technologies
that enable communication between different types of vehicles,

smart roads, road users, roadside units, control centers and other
elements. By improving the reliability and quality of road data, C-
ITS ensures traffic efficiency, road safety and security within the
framework of cyber security and data protection. It also helps re-
duce transportation-related energy consumption and emissions.
Furthermore, an unprecedented level of cooperation across multi-
ple sectors is needed for C- ITS deployment to succeed. In this
context, roles and responsibilities in the value chain should be de-
fined and existing concepts should be clarified. Today, it is essen-
tial to incorporate autonomous, connected and cooperative vehi-
cles within sustainable and impact mobility planning, including ap-
proaches to active travel types such as public transport, walking
and cycling. Citizen engagement is also crucial to ensure that C-
ITS technologies are widely accepted, including all stakeholders,
while maximizing their economic and social impact. In addition,
the activities related to the deployment and creation of C-ITS
should be completely user-oriented.

A digital transportation system will be more efficient if it creates
solutions in horizontal layers that intersect different industries and
transportation modes, rather than a structure that includes vertical
sectors like telecommunications, energy or transportation. In to-
day's world where technology is rapidly differentiating, changing
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and evolving, it has become a necessity to move towards con-
nected, co-operative and autonomous solutions rather than solu-
tions that focus only on infrastructure components such as roads
and vehicles.

C-ITS will provide users, decision makers, road administrations
and all developers in this field with a test environment where dig-
ital processes in transportation can be observed in the best way.
This will positively affect the lives of local people in many ways,
and will also provide an attractive urban environment for many
public and private institutions operating in different sectors. Thus,
the digitalization of cities will be supported and they will become
smarter.

In this study, the status of C-ITS and test corridors in the World
and in Turkiye is discussed. In this context, firstly, the definition
of ITS and its relationship with C-ITS is analyzed, its place in the
literature is evaluated and C-ITS policies and strategies, studies
and developments in our country are examined. Within the frame-
work of the results obtained, evaluations and recommendations for
Tiirkiye are given.

2. Cooperative Intelligent Transport Systems (C-1TS)

C-ITS, which enables vehicles to interact directly with each other
and with the surrounding road infrastructure, is an innovative tech-
nology that aims to improve the efficiency, safety, security, com-
fort and environmental performance of road freight and passenger
transport. It basically involves communication and information ex-
change between vehicle-infrastructure (V2l), infrastructure-infra-
structure (I121), vehicle-vehicle (V2V) and vehicle-everything
(V2X) such as vehicles, pedestrians, and cyclists. In short, C-ITS
are technologies that can receive information about various inci-
dents occurring on the road by communicating with in-vehicle,
roadside and on-road communication devices [1]. (Fig.1)

V2K Vehicle-to-nfrastructurs)
Communication

Fig. 1. Cooperative Intelligent Transport Systems [1]

C-ITS enables vehicles to communicate with each other and
with infrastructure [2], which potentially improves road safety, op-
timises traffic management, improves end-user experiences, in-
creases energy efficiency, and reduces traffic emissions and con-
gestion, especially in urban areas [3; 4]. C-ITS can be described as
the ITS services that offer cooperation between two or more Intel-
ligent Transport Systems (ITS) sub-components (pedestrian, vehi-
cle, roadside and hubs) with a higher quality and improved service
level aiming to increase the efficiency, safety and environmentally

sensitive performance of transport systems on the highway [5].
The most important aspect of C-ITS is that it relies on real-time
data during the communication between two or more ITS compo-
nents. Wireless technology is used to provide real-time communi-
cation [6]. Thus, better coordination between road users can be
achieved and safer and more efficient traffic flows can be possible

(Fig. 2).
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Fig. 2. C-ITS conceptual structure

The first phase of C-ITS is about warning systems, the second
phase is about the sensory phase where vehicles collect data from
different signals and read the traffic situation, and the last phase is
about the co-operation between vehicles [6]. C-ITS is even more
broadly defined in ISO and CEN standards, in particular as so-
called "ITS stations", i.e. hardware and software units mounted on
the vehicle or a roadside unit on the road that perform various tasks
in the whole network of co-operative systems [7].

By focusing on the communication between all kinds of road
users, including pedestrians, and ITS components in elements such
as vehicles, infrastructure, roads, centers, etc., it will be possible to
express the innovative transportation technology concept applica-
tion as C-ITS, which provides safe and efficient cooperation at an
advanced service level, thus defining the technology and standards
that will be needed.

C-ITS covers a wide range of applications that aim to increase
travel safety, minimize negative environmental impacts, improve
traffic management, and maximize the benefits of transportation
for all road users. In general, C-ITS aims to achieve the benefits of
ITS and beyond.

C-ITS will first help improve road safety by extending the vision
of vehicles beyond the drivers' line of sight or the vehicle's sensors.
It will improve traffic efficiency by coordinating the actions of
road users improving road capacity, which will indirectly reduce
the negative external impacts of congestion, such as inefficient fuel
use and increased emissions, and the negative environmental im-
pact of driving. It will also help drivers’ decision-making ability
and improve driving comfort by providing information about the
traffic situation [8].

ITS is an advanced method that supports innovative services to
be implemented in transportation and traffic management by using
the data obtained through the transportation network in an intelli-
gent and coordinated manner [9]. C-ITS, on the other hand,
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emerges as a concept that deals with the communication between
the components within ITS. Reviewing the literature on C-ITS, it
is seen that theses heavily focus on the development of technolo-
gies used in C-ITS and the impact of C-ITS on traffic, while arti-
cles and papers generally cover topics such as the development of
communication technologies, approaches to security, infrastruc-
ture technologies, test corridors, cyber security, traffic impact and
management as well as environmental impact and social impact.
From a global perspective, it is seen that various projects have been
put forward for the deployment of test corridors and the develop-
ment of connected vehicle technologies for the spread of C-ITS.

2.1 C-ITS Objectives and Benefits

C-ITS has a positive impact on road safety as it enables sensitive
information to be sent directly to drivers as warnings quickly and
efficiently. Road safety is improved through the rapid detection of
traffic problems (at C-ITS stations) and by providing related warn-
ings to all drivers who are approaching a dangerous situation. The
extent to which ITS contributes to the reduction in accidents has
not yet been quantitively determined. This is because there are cur-
rently not enough installations and tools to assess this for an entire
infrastructure network. Depending on the type of accident, it is cur-
rently estimated that if all vehicles were equipped with C-ITS sys-
tems, their use could lead to a reduction in accidents between 8%
(in a highway environment) and 60-80% (in crashes at intersec-
tions in urban areas) [7]. C-ITS is an important approach to provide
what vehicles need to know about the road at the right time and in
the right place.

The seven main functions and advantages of C-ITS can be listed
as follows [10]:

- Collection of driving data,

- Real-time exchange of information about traffic,

- Real-time information exchange about road hazards,

- Real-time information exchange about vehicle hazards,
- Directing traffic at intersections,

- Toll collection,

- Pedestrian protection.

C-ITS is an innovative and promising technology that is ex-
pected to provide safer, faster and more environmentally friendly
transportation. It is based on communication between vehicles
equipped with radio frequency communication technologies and
roadside infrastructure. However, transportation-related applica-
tions must ensure maximum safety and reliability to avoid danger-
ous situations and possible injuries to passengers [11].

Vehicles and infrastructure equipped with C-ITS can send an
alert to each other, after which drivers are timely informed about
the upcoming traffic situation in order to take the necessary
measures to avoid potential harm. Other potential benefits of C-
ITS include reducing traffic congestion and improving driver com-
fort [12]. C-ITS platforms can provide all road network users and
authorities with instant access to data such as road conditions, traf-
fic conditions, route information, while also maximising traffic
safety and security.

The main benefits of C-ITS services for mobility can be sum-
marised as follows: i) reduction of accidents and their negative
consequences for safety and security; ii) improvement in manage-
rial issues such as traffic congestion, waiting times, transportation
planning for operational efficiency; iii) ensuring transportation ac-
cessibility, sustainability and equity for mobility and comfort; iv)
reducing energy and fuel consumption to eliminate the negative
environmental impacts of transportation. In addition, the possible
benefits of C-ITS for road users can be listed as follows [13], Fig
3:

- Warn about dangerous situations such as road works, stopped
vehicles, traffic jams, queuing,

- Providing information about open and closed lanes and the
speed at which they can travel,

- Providing information about the duration of traffic lights
(how long they turn red or green),

- The ability to display the appropriate maximum speed limit
for each section of road and advise drivers on the speed they
can travel,

- Providing information on the condition of bridges and parking
spaces,

- Warning about objects they may encounter on the road,

- Providing prioritization in traffic so that ambulances, fire-
fighters and police vehicles can move more quickly, smoothly
and safely in an emergency.
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Fig. 3. The possible benefits of C-ITS

C-ITS will first help to improve road safety by extending the
visibility of vehicles further beyond the drivers' field of vision or
the detection angle of the vehicle's sensors. This will improve traf-
fic efficiency by improving road capacity and coordinating the ac-
tivities of road users. This will indirectly reduce the negative ex-
ternal impacts of congestion and the negative environmental im-
pact of driving, such as inefficient fuel use and increased emissions.
It will also help the driver to make decisions and improve driving
comfort by providing information about the traffic situation [8].
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2.2 ITS and C- ITS Relationship and Stakeholders

ITS components need dynamic data exchange to interact and
fulfill their functions. It is important to understand that C-ITS is
not an end in itself, but a combination of techniques, protocols,
systems and subsystems to enable collaborative and cooperative
service delivery. Ina C-ITS world, vehicles can exchange data and
even control mechanisms with other vehicles [14].

While ITS focuses on digital technologies that provide infor-
mation placed on the roadside or in vehicles, C-ITS focuses on the
communication between the subcomponents of ITS. Based on the
results of various studies and projects, it can be said that the ITS
platform helps the vehicle user to adapt to the traffic situation and
make the right decisions during the journey. As a result, it is con-
cluded that the cooperation between intelligent systems has the po-
tential to significantly improve road safety [12].
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Fig. 4. ITS C-ITS differences [15]

ITS can be seen as a system for collecting information based on
transportation information and making it available to all road users,
while C-ITS can be seen as an approach based on real-time data to
prevent unexpected situations. A system stakeholder is an individ-
ual, team or organization, or their associations, that has interests or
concerns related to a system. C-ITS stakeholders cover the entire
transportation environment, including users, operators, distributors
and maintainers of roads, devices and vehicles [14].

Often, drivers are expected to adapt to C-ITS applications, but
this may not always be possible. For this reason, as a result of the
developments in innovative technologies, new features added to
vehicles may require new regulations and adaptations regarding
the training of drivers, measurement and certification of their com-
petencies. It is also important that drivers are familiar with road
and vehicle safety equipment components. In addition, it is known
that there are efforts to develop C-1TS solutions for vulnerable road
users [12].

A system stakeholder is a person, group or organization that has
interests or concerns about a system. Accordingly, C-ITS stake-
holders cover a wide range of the transportation environment, in-
cluding users, operators, distributors and maintainers of roads, de-
vices and vehicles. C-ITS stakeholders include transportation users

and operators, public safety providers, information service provid-
ers, environmental managers including emission and air quality
monitors, vehicle equipment manufacturers (OEMS), in-vehicle
device manufacturers, communication service providers including
cellular networking, software and application developers, and reg-
ulatory, supervisory and policy-making bodies [14].

One of the priorities for the realization of activities in accord-
ance with the definition of C-ITS, which is the provision of more
effective and efficient service in transportation with the coopera-
tion of more than one ITS component, is the establishment of an
ITS architecture. Thus, it will be possible to gather and integrate
systems under a single roof, determine communication protocols,
and ensure data integrity [16]. From this point of view, it can be
said that the spread and development of C-ITS is directly con-
nected and interconnected with the field of intelligent transporta-
tion.

Like ITS, C-ITS is a multi-stakeholder approach consisting of
road user individuals, central government, local governments, uni-
versities, NGOs and private sector organizations. C-ITS is seen to
serve different groups of road users and passengers, public
transport users, local communities, transport professionals and pol-
icy makers, road network operators and vulnerable road users such
as the elderly, children, those with physical disabilities and those
with limited mobility.

2.3 C- ITS Components and Services

C-ITS has significant potential to improve the transportation
network. What underpins the initial deployment and emergence of
C-ITS is the research conducted within the scope of ITS. ITS con-
cepts such as probe data generation and collection, the Pub/Sub
solution and the 5.8 GHz Dedicated Short-Range Communications
(DSRC) architecture are largely the basis for C-ITS. ITS does not
aim to replace or mandate existing transportation equipment tech-
nology or transportation hubs [14].

Regarding C-ITS, there are four types of subsystems that make
up the communication architecture. These are [8]:

- In-vehicle ITS Subsystem or On-Board Unit (OBU), which is
installed or retrofitted to the vehicle by the manufacturer. These
technologies enable V2V and V2l communications.

- Personal ITS subsystems, which are formed by portable de-
vices that are not connected to the information path of a vehicle,
such as individual navigation applications, tablets, cell phones,
etc. These technologies allow V21 communication and are ex-
pected to allow V2V communication in the future when tech-
nical barriers such as transmission delay and message overflow
need to be overcome.

- Infrastructure ITS subsystems are roadside units (RSUs) and
sensors that can be deployed along the road. They form the ba-
sis for V21 communication and need to be deployed and sub-
sequently maintained by their respective departments.

- Equipment operated by organizations responsible for multiple
ITS applications form the central ITS subsystem. The central-
ized system can be used to deliver, monitor, maintain and track
services and many processes.
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In this direction, it can be said that on-board units (OBU), road-
side units (RSU), smart toll collection systems, automatic incident
detection systems, pedestrian detection systems, road weather in-
formation systems, traffic signal control systems, traffic manage-
ment centers are among the most important components of C-ITS,
which come into the scene mostly with connected vehicle technol-
ogies.

The ITS architecture provides a multi-perspective, or specifica-
tion, of the rules and structural features necessary to focus on spe-
cific areas that are closely related to the system. In other words, it
defines the stakeholders of a system's architecture and their con-
cerns, demands and interests. The architecture describes in detail
five key elements, chosen to meet the demands and address the
concerns of stakeholders: organizational, functional, connectivity,
communication and information [14].

Looking at examples, the literature, projects, legislation, etc. for
the implementation of C-ITS components and architecture in the
field, it is seen that the first step is to define Day 1 services. These
services include safety and security related warnings that should
be prioritized and implemented in the first stage. (Fig 5)

Day 1 Services

Signage applications
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¥ Park and ride information
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mile, parking, route advice, coordinated traffic lights)

¥ Traffic information and smart routing
Fig. 5. C-ITS Day 1 and 1.5 Services [8;17]

Among the C-ITS services, those related to weather conditions
or roadwork alerts are considered particularly useful for road trans-
portation, while those related to priority requests such as GLOSA
or dynamic parking and traffic lights are most suitable for urban
services. In urban areas, there is a large component related to
traffic lights, emergency vehicles and public transportation, which
would be beneficial for a smoother flow in crowded city traffic [8].

Public transport optimization by understanding the competen-
cies required for C-ITS and efforts to reach the highest level of
maturity at the institutional level allow the improvement of safe
and clean mobility by reducing traffic congestion and carbon emis-
sions while reducing accident rates. C-1TS can make fully autono-
mous and collaborative decisions under real-world (stress) condi-
tions using prediction, forecasting, simulation, rules, optimization,
and artificial intelligence methods. It can also be adapted and

resized in real time according to load monitoring or passenger de-
mands, while becoming operational, efficient, proactive and flexi-
ble [18].

Elements such as vehicles, roadside components, passengers,
drivers, road operators, organizations responsible for managing the
road and the road itself may differ in each C-ITS design to be put
forward as a solution. These designs may vary according to the
structural characteristics of each city and the planned framework.
This design plan, in which vehicles and all other entities related to
the highway will share data in order to cooperate, is principally
based on data to be obtained from many different environments.
The approach is based on collecting driving and road data, ex-
changing real-time information about traffic and dangerous situa-
tions involving roads and vehicles, directing traffic at intersections,
collecting tolls, and supporting driver, pedestrian and passenger
safety.

With the emergence of the smart city concept and the in-crease
in initiatives and developments in this direction, it is aimed to min-
imize and eliminate accidents at intersections on intersecting roads,
delay times in journeys, traffic congestion and traffic chaos thanks
to intelligent transportation and advanced traffic systems, one of
the most important components of these [19]. Data exchange in-
terfaces such as V2V and V2l can further increase security risks
by greatly expanding the potential cyber-attack surface and vectors
[20], which can lead to information about a city's transportation
infrastructure being used by malicious actors to commit various
crimes. The digitalization of assets within the usual structure of the
smart city phenomenon, along with many benefits, also contains a
very serious potential for cyber security vulnerability [21], and for
C-ITS applications, which is an issue that requires serious
measures to be taken.

3. C-ITS Policies and Strategies

It is argued that one of the most important data sources in smart
cities is built on the information and communication technologies
involved in ITS and subsequently in C-ITS applications. These
sources of information can be collected and processed, and can
support services that can be integrated into transportation infra-
structure and then create applications that can influence traffic,
thereby opening up new opportunities for city authorities. Re-
search shows that the responsibility for smart mobility initiatives
often rests on the shoulders of city authorities. This is because au-
thorities need good solutions to achieve the goals they have set for
their region. This is why many cities want to guide the develop-
ment of C-ITS and other smart mobility technologies [8].

Looking at European C-ITS policy initiatives, the studies per-
taining to 2010-2017 timeframe are [2]:

- European Commission (EC) Directive 2010/40/EU

- EC, White Paper on "Roadmap for a Single European
Transport Area - Towards a competitive and resource efficient
transport system" dated 2011

- Roadmap for infrastructure and the automotive industry on the
initial establishment of Cooperative ITS in Europe, prepared
by Amsterdam Group dated 2013
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- EC, List of Day 1 Services dated 2016

- Amsterdam Group White Paper

- Final Report of the C-ITS Platform Phase 1 document, January
2016

- Roadmap prepared by The European Commission in 2016 "A
Master Plan for Building Interoperable Collaborative ITS in
the EU", ITS Master Plan

- "Declaration on Cooperation in the Field of Connected and Au-
tonomous Driving", adopted by the EC in 2016, Amsterdam
Declaration

- EC, C-ITS Certification Policy about the Deployment and Op-
eration of the European C-ITS dated 2017
U.S. C-ITS, policy initiatives in the period 1996-2017, [2]:

- National ITS Architecture (U.S. Department of Transportation,
2019)

- Turbo Architecture (U.S. Department of Transportation - U,
2019)

- Standards that will enable the creation of Connected Vehicle
(CV) technologies that the U.S. Department of Transportation's
ITS Joint Program Office (USDOT ITS JPO) is evaluating

- "EU-US Joint Declaration of Intent on Research Cooperation
in Cooperative Systems”, dated 2009

- "2015 FHWA (Federal Highway Administration) Vehicle-to-
Infrastructure Deployment Guidance and Products” from the
U.S. Department of Transportation, 2014

- U.S. Department of Transportation’s 2017, system architecture
framework document, "Connected Vehicle Reference Appli-
cation Architecture (CVRIA)"

- U.S. Department of Transportation's 2017, “Architectural Ref-
erence for Cooperative and Intelligent Transportation (ARC-
IT)”

- U.S. Department of Transportation's 2017, “Regional Archi-
tecture Development for Intelligent Transportation (RAD-IT)
“and “Systems Engineering Tool for Intelligent Transportation
(SET-IT)”

The EC has outlined a strategy summarizing the roadmap to the
establishment of C-ITS in the aspect of commercialization in the
EU by 2019 in order to protect the integrity of the market and
maintain the competitiveness of the EU. The key steps set out in
this strategy can be summarized as follows: (i) adopting a legal
framework to provide infrastructure for investors; (ii) providing
EU funds to finance these projects; and (iii) establishing and main-
taining cooperation between all stakeholders internationally and
within the EU. The strategy also addresses key issues like technical
specifications, data protection, cybersecurity and systems interop-
erability. At the same time, pilot continuing projects are improving
the sharing of experience and knowledge for those who are indi-
rectly active in this field. Some of the actions identified by the EU
Commission for the deployment of C-ITS [17] are as follows:

- Ensuring the implementation of C-ITS, by road operators, ve-
hicle manufacturers, local authorities, member states and the
ITS industry, at least fully supporting the list of scenarios for
C-ITS Day 1 services

- The Commission to support the subject sector and Member

States through the European Fund for Strategic Investments,
the European Structural and Investment Funds and the Con-
necting Europe Facility to roll out C-ITS Day 1 services

- Commission to fund R&D for innovative technologies for C-
ITS Day 1.5 services and beyond through H2020 and possibly
through the European Structural and Investment Funds

- The Commission to update the 1.5 Day services and future ser-
vice lists within the C-ITS framework, ensuring continuity of
the C-ITS Platform processes

The main objectives for Day 1 Services are presented in [7], the
C-ITS Strategy of Austria, which is a member state of the Euro-
pean Union. These objectives include ensuring the most optimal
level of data exchange between transportation infrastructure and
vehicles, and good management of coordination between public
and private stakeholders in the C-ITS deployment phase and pro-
cesses. These are necessary for the deployment of C-ITS for an
enhanced cooperation between all parties involved in Austria. The
use of C-ITS affects the entire transportation system, from the road
and motorway network and interfaces to the secondary road net-
works in the street area, thereby affecting the entire urban and in-
tercity road network [7].

By definition, C-ITS is seen as a fiction built on highway infra-
structure. With the dissemination of these systems in the future, it
will be possible for innovative approaches to emerge by thinking
together with different modes of transportation such as rail systems,
airways and maritime routes in order to improve traffic flow and
safety. For example, in railways, drivers will be able to be in-
formed about an approaching train in advance with real-time data
from the center thanks to a device inside their vehicles, thus reduc-
ing the loss of life at level crossings.

3.1 C-ITS Studies

C-ITS projects continue to be developed in all countries and are
of particular interest in the U.S., E.U. and Japan. In the E.U., the
European Commission has played an important role in the devel-
opment of C-ITS, by launching supportive projects for cooperative
systems in 2005, which have continued to expand and focus on
E.U. countries. As a result, countries such as the U.S., Australia,
China, Korea and Japan have started this digitalization, while the
European Commission established a European strategy on C-1TS
in 2016. The main objective of this strategy is to accelerate the de-
velopment of C-ITS and ensure coordination at European level,
creating synergies between projects and developing an interopera-
ble system. Importantly, the directive established a legal frame-
work that makes these objectives possible for C-ITS projects
across Europe. The ultimate focus of this strategy is to make
transport systems smart and expand the context of C-ITS to enable
collaborative, connected and automated mobility (CCAM). C-ITS
can be seen as a vital jumping-off point for autonomous vehicles,
as research has shown that without connectivity, autonomous mo-
bility can worsen rather than improve traffic conditions. Further-
more, the C-ITS platform and C-Road initiatives have been estab-
lished to develop a common vision within Europe and implement
large-scale projects in various countries. These initiatives encour-
age the gathering of experience and knowledge sharing between
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pilot sites and pioneer cross-border deployment.

The main objective of C-ITS projects involving a test and de-

ployment corridor is to test and validate C-ITS units and compo-
nents. It is expected to help ensure the same functionality every-
where along this corridor and for all vehicle brands to guarantee
full interoperability.

Table 1. C-ITS Project [9]

Project Name Period

FleetNet 2000-2003
OKI 2004

Watch over 2006-2008
Com2React 2006-2007
CVIS 2006-2010
SAFESPOT 2006-2010
COMEeSAFETY 2006-2009
I-WAY 2006-2009
COOPERS 2006-2010
DRIVE C2X 2011-2013
COMEeSAFETY2 2011-2013
FOTsis 2010-2014
Ko-Fas 2009-2013

Apart from the ones shown in Table 1, Europe also has projects

directly or indirectly related to C-ITS; such as SAFERIDER, eu-
roFOT, SISCOGA (FOT-NET DATA), PRESERVE, ITSSv6,
MOBINET, P4ITS, VRUITS, COMPANION, HeRO, HeERO?2,
TeleFOT, DRIVE C2X, eCoMove, interactlVe, OVERSEE,
FREILOT, COSMO, PROSPECT, CODECS, XCYCLE,
COBRA, CoCarX, SPITS, DITCM, ECo-AT [2]. (Fig. 6)
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Fig. 6. Overview of ITS Europe activities [2]

USA, C-ITS Activities [2]:
A pilot project, "Arizona Emergency Vehicle Infrastructure In-
tegration (E-VII)", was developed in collaboration with Mich-
igan and Maricopa County DOT and Arizona State University,
Avrizona Transportation Research Center In 2008.
The Michigan DOT, the Information Industry Institute and the

University of Michigan Transportation Research Institute
(UMTRI) the "Multipath Signal Phase and Timing (SpaT)
Broadcast project" in 2009.

In cooperation with USDOT and UMTRI, the "Connected Ve-
hicle Safety Pilot Model Deployment (SPMD)" project started
in 2011. Michigan and the U.S. DOT and Federal Highway
Administration (FHWA) sponsored the "Integrated Mobile
Observations 2.0 (IMO)" project in 2011.  Auburn University
and FHWA sponsored the "Heavy Truck Cooperative Adap-
tive Cruise Control (CACC)" project.

The project "Enhancing Safe Traffic Operations Using Con-
nected Vehicle Data" was coordinated by the University of
Washington in 2015. The "Connected Vehicle Pilot Installation
Program™ was launched by USDOT in an effort to mainstream
connected vehicle technology. Another project called "Smart
City Challenge" was launched by USDOT in December 2015
in mid-sized American cities to build a new intelligent trans-
portation system. Here, the "Columbus Smart City Demonstra-
tion" project, which includes an integrated data platform for the
deployment and development of connected vehicle infrastruc-
ture, was successful.

The "Truck Park Information Management Systems-TPIMS"
project was supported by the Federal Tiger Grant in 2016.
The "5.9 GHz Dedicated Short Range Communication Vehi-
cle-Based Road and Weather Application™ project, which aims
to obtain road and weather information, was started in 2017.

Table 2. Connected vehicle activities for Asia [9]

Country Project

Republic of Korea

ITS 21 plan, Ubiquitous city, C-ITS project

Autonomous vehicle activities, autonomous new
energy vehicle partnership, connected taxi use,
General Motors and Shanghai Automotive Industry
Company autonomous vehicle activities, real-time
data, star wings, traffic data control structure model

China

Vehicle data and communications service, ITS Ja-
pan, Electronic Toll Collection, ITS point service,
driving safety control structure, advanced safety ve-
hicle and smart road, start ITS from Kanagawa and
Yokohama project, energy management of ITS
project, Nissan autonomous vehicle public road
evaluation

Japan

Real-time information, autonomous electric vehi-
cles partnership, Singapore MIT alliance for re-
search and technology, One North public roads au-
tonomous vehicle deployment

Singapore

Automotive research and evaluation program, in-

Taiwan dustrial technology research program

5.9 GHz bandwidth provision for ITS, smart speed
control trial, Cohda wireless program, C-ITS initi-
ative, smart access assessment, autonomous vehi-
cles partnership

Australia

New Zealand National ITS architecture

As seen in many good practice examples around the world, traf-
fic management activities have become easier and more effective
after the beginning of ITS implementation. In addition, with ITS
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applications using innovative approaches and technologies, trans-
portation has become safer, more convenient, comfortable and ef-
ficient for all road users, including drivers. With urbanization, the
demand for road transportation has increased, resulting in traffic
congestion. This has made it necessary to focus on ITS and mobil-
ity related efforts in Tiirkiye.

Since September 2012, the Ministry of Transport and Infrastruc-
ture (MoTI) has been a member of ERTICO (European Road
Transport Telematics Implementation Coordination), the common
civil platform of ITS stakeholders of European countries and has
been closely following the work done by ERTICO. At the end of
2019, MoT | became an "Associated Member" of the C-Roads Plat-
form, which coordinates pilot studies for C-ITS with the financial
support of the European Commission [22].

The National ITS Strategy Document and 2020-2023 Action
Plan, which were prepared by the Ministry of Transport and Infra-
structure and came into force in August 2020, contains short-, me-
dium- and long-term targets that are a roadmap within the frame-
work of digitalization of transportation and promotion of mobility
in Tiirkiye. The National Intelligent Transportation Systems Strat-
egy Document and 2020-2023 Action Plan prepared by the Minis-
try of Transport and Infrastructure includes the following long-
term targets for C-ITS:

- Carrying out preparatory work to make the existing infra-
structure suitable for connected vehicles and autonomous
driving, and developing and deploying fully autonomous ve-
hicles across transportation modes,

- Carrying out studies for the domestic and national production
of autonomous and connected vehicle technologies, especially
in-vehicle information and communication systems,

- Establishing Autonomous Driving Test and Certification Cen-
ters where functional and operational tests of autonomous ve-
hicles are conducted and certification services are provided,

- Anonymizing the collected transport data and using it for re-
search and development of innovative applications.

Project studies are being carried out by the General Directorate
of Highways, in line with the action aiming to establish a C-ITS
test and application corridor that will contribute to the transfor-
mation of solutions into final products, which is included as a
short-term goal in the aforementioned document [1].

Within the framework of long-term goals, the Ministry of
Transport and Infrastructure is conducting the "Determination of
Driving Architecture for Autonomous Vehicles and Connected
Vehicle Traffic Test Scenarios" project, which is indirectly related
to C-ITS. The Ministry has also initiated a project under the action
of "Determining the Technical Requirements of In-Vehicle Infor-
mation Communication Systems", which is underway. The outputs
of these projects can be considered as the first steps in the deploy-
ment and development of C-ITS in Tiirkiye.

To date, the studies conducted in Tiirkiye within the framework
of connected vehicles are generally considered to be related to C-
ITS. In this respect, the Service and Application Working Group
within the 5GTR Forum, which was established to develop prod-
ucts, technologies and services for next generation communication

systems, and the Tiirkiye Automobile Initiative Group (TOGG) are
carrying out studies on connected vehicles. In addition, the Tiirkiye
Connected and Autonomous Vehicle Cluster (TCAV) was estab-
lished by 62 different organizations, including TOGG, under the
coordination of the Automotive Supply Industry Specialized Or-
ganized Industrial Zone (TOSB) Innovation Center and Istanbul
Technical University Automotive Technologies Research and De-
velopment Center (ITU OTAM) in order to strengthen the cooper-
ation between companies. The 5G-MOBIX project, in which or-
ganizations such as TUBITAK BILGEM (Informatics and Infor-
mation Security Advanced Technologies Research Center), Turk-
cell, Ericsson TR and Ford Otosan from Tiirkiye and Cosmote, Er-
icsson GR and WINGS from Greece are stakeholders, focuses on
autonomous vehicle studies and as a result, these vehicles are de-
signed to move along the Tiirkiye-Greece border crossing corridor
[23].

In addition, individual studies are being carried out by various
institutions in Tiirkiye within the scope of connected and autono-
mous vehicles. For example, the Vehicular Networking and Intel-
ligent Transportation Systems Research Lab (VeNIT Lab) at the
Dragos Campus of Marmara University continues pilot studies on
V2I, V2V, V2P and in-vehicle applications in the field of C-ITS
[23].

Today in Tiirkiye, C-ITS is seen to be much more than just as-
sociated with connected vehicles and this is reflected in the work
of many sectors such as academia, public, private and local gov-
ernments in this field, albeit slowly. The completion of the pilot
project for the deployment of the C-ITS test and application corri-
dor, which is included as an action of the Ministry of Transport and
Infrastructure and is planned to be carried out in a real environment
open to live traffic, will set an example for the studies to be carried
out in this field in Tiirkiye and may increase the awareness and
recognition of this issue. With the progress and completion of the
C-ITS Test and Implementation Corridor project, it is seen as a
possible result that new projects with different needs will emerge
[1].

Also, in order for the projects that are directly or indirectly re-
lated to C-1TS to find financial support, it will be necessary to carry
out some studies in the upcoming periods. Within the scope of this
study, recommendations for Tiirkiye can be summarized as fol-
lows:

- Develop skills and competencies, especially human resources,
related to C-ITS

- Ensure that C-ITS meets information security and privacy re-
quirements

- Conducting studies on the legal framework,

- Creating an implementation guideline for Tiirkiye (This can
be done by referencing best practices in other countries or by
taking into account the experience and know-how gained
from small and medium-sized pilot initiatives in Tiirkiye)

- Trying to find governance and business models for C-ITS op-

eration

Integrate C-ITS services into daily operations
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- Oversee quality aspects related to data and services

- Preparing a roadmap on how C-ITS relates to future develop-
ments

4. Conclusion

When the projects of European, American and Asian countries
are analyzed, it is seen that European member countries use com-
mon standards and legislations in C-ITS projects, while in the USA
and Asia, this situation is carried out individually at the level of
needs. In Europe and the USA, projects related to C-ITS and con-
nected vehicle technologies are generally funded. In this context,
it has been observed that the approach to deploying a C-ITS corri-
dor in Tirkiye is rather new. However, many projects directly or
indirectly related to this issue are being carried out by public insti-
tutions and organizations, private sector organizations and univer-
sities. It is clear that strategic plans and budgets spreading over
years should be created within the scope of C-ITS deployment and
implementation. In this context, considering the intensified studies
in Europe, the USA and Asian countries, more emphasis should be
given to studies on C-ITS, connected vehicles and even autono-
mous mobility.

There are a number of challenges that stand in the way of large-
scale deployment of C-ITS services. First, for C-ITS services to be
sufficiently useful and operational, the road infrastructure and ve-
hicles need to be equipped with the right communication technol-
ogies. However, this can be both time-consuming and costly. In
addition, if C-ITS services are considered in the context of urban
areas, they may require adaptation to specific historical, geograph-
ical, demographic and cultural contexts.

As a solution to all these problems, Tiirkiye needs a legal frame-
work similar to the European directive, but also needs to start
working on clarifying the standards and creating a C-ITS architec-
tural framework. The obstacle in terms of high costs and infrastruc-
ture can be overcome by starting small pilot projects and slowly
expanding them.

With the start of the project for the Deployment of the C-ITS
Test and Implementation Corridor, which is determined by the Na-
tional ITS Strategy Document and 2020-2023 Action Plan, it will
be possible to reveal more requirements. In this direction, there is
a need to determine policies and strategies within the framework
of the expansion of the corridor not only within the country but
also abroad.

As an innovative design of technology, C-ITS aims to improve
the efficiency, safety, security and comfort of freight and passen-
ger transportation by enabling vehicles to interact with each other
and the surrounding road infrastructure. Today's vehicles are rec-
ognized as connected devices in many ways.

In the very near future, these vehicles will appear in projects that
directly cooperate and interact with other vehicles, other road users
and road infrastructure. The subject cooperation and interaction are
related to the concept of C-ITS, i.e., the use of previously unavail-
able information by traffic managers, road users and other inter-
ested parties to coordinate various transportation-related activities.

Many countries in Europe, America and Asia are working, re-
searching and implementing projects on this topic. In particular,
the EC has prepared a strategy document on C-ITS and established
the C-Roads Platform. America and Asia are advancing their ac-
tivities by creating policies at the state, city and country levels.

In Tiirkiye, studies on ITS have started many years ago, but the
transformation of activities into C-ITS projects has only recently
been brought to the agenda.

Acknowledgments

The authors thank Asst. Prof. Dr. Abdurrahman Kara for
checking English grammar and spelling.

Conflict of Interest Statement

The authors declare that there is no conflict of interest in the
study.

CRediT Author Statement

Ozgiir Talih: Project administration, Conceptualization, In-
vestigation, Visualization, Writing - original draft, Writing -
review & editing

Necla Tektas: Supervision, Conceptualization, Writing - re-
view & editing

References

[1] Republic of Tiirkiye Ministry of Transport and Infrastructure. Na-
tional Intelligent Transport Systems Strategy Document and 2020-
2023 Action Plan. Ankara: 2020.

[2] Kotsi A, Mitsakis E, Tzanis D. Overview of C-ITS Deployment Pro-
jects in Europe and USA. 2020.

[3] LiS, Edwards S, Isik MO, Zhang Y, Blythe PT. Qualitative Exami-
nation of Cooperative-Intelligent Transportation Systems in Cities to
Facilitate Large-Scale Future Deployment. Sensors 2022; 22:8423.
https://doi.org/10.3390/s22218423

[4] Botte M, Nicola Bifulco G. C-ITS communication: an insight on the
current research activities in the European Union. 2018.

[5] Alim M, Agca U, Engin T. 2015 Mersin ulagim ana planinin akillt
ulagim stratejileri kapsaminda degerlendirilmesi. 2021;247-60.

[6] Volvo Trucks. Cooperative Intelligent Transport Systems (C-1TS).
2022.

[7] Austria. C-ITS Strategy. 2016.

[8] de Naeyer Schlossplatz S. Implementing Cooperative Intelligent
Transportation Systems: A Maturity Model for Assessing the Readi-
ness of Cities. 2021.

[9] Hong J. Standardization Approaches of Cooperative Intelligent
Transport  System. Indian J Sci  Technol  2016;9.
https://doi.org/10.17485/ijst/2016/v9i35/101779.

[10JAUTOCRYPT. 7 Major Functions of Cooperative Intelligent
Transport Systems 2021.

[11]Petrov T, Dado M, Ambrosch KE. Computer Modelling of Cooper-
ative Intelligent Transportation Systems. Procedia Eng 2017;
192:683-8. https://doi.org/10.1016/J.PROENG.2017.06.118.

[12]European Transport Safety Council. BRIEFING Cooperative Intelli-
gent Transport Systems (C-ITS). 2017.

267


https://doi.org/10.3390/s22218423

Talih and Tektas / International Journal of Automotive Science and Technology 7 (3): 259-268, 2023 ol.vfafﬁﬁﬁrf?é}%’ifm

[13]ERTICO. Cooperative Intelligent Transport Systems: On The Road
To Deployment. 2012.

[14]Sun L, Li Y, Gao J. Architecture and Application Research of Coop-
erative Intelligent Transport Systems. Procedia Eng 2016; 137:747—
53. https://doi.org/10.1016/J.PROENG.2016.01.312.

[15]Republic of Korea Ministry of Land | and T, Korea Expressway Cor-
poration Research Institute. About C-ITS 2016.

[16]Capali B. Intelligent Transportation Systems Architecture: Recom-
mendation for K-AUS. El-Cezeri Fen ve Miihendislik Dergisi 2022.
https://doi.org/10.31202/ecjse.1132804.

[17]European Commission. A European strategy on Cooperative Intelli-
gent Transport Systems, a milestone towards cooperative, connected
and automated mobility 2016.

[18]Visan M, Negrea SL, Mone F. (2022) Towards intelligent public
transport systems in Smart Cities; Collaborative decisions to be made.
Procedia Comput Sci; 199:1221-8.
https://doi.org/10.1016/J.PROCS.2022.01.155.

[19]Ozarpa, C., Avcy, 1., Kinaci, B. F., Arapoglu, S., and Kara, S. A.:
(2021) Cyber-attacks on scada based traffic light control systems in
the smart cities, Int. Arch. Photogramm. Remote Sens. Spatial Inf.
Sci., XLVI-4/W5-2021, 411-415. https://doi.org/10.5194/isprs-ar-
chives-XL VI1-4-W5-2021-411-2021

[20]Avey, 1., Ozarpa, C., Ozdemir, M., Kiaci, B. F. & Kara, S. A. (2022).
Cyber security and multi-layered security measure in intelligent
transportation vehicles. Journal of Intelligent Transportation Systems
and Applications, 5 (1), 22-35. DOI: 10.51513/jitsa.1034370

[21]Ozarpa, C., Avci, 1., Kinaci, B.F. (2023). Cyberattack Measures in
Smart Cities and Grids. In: Marques, G., Gonzalez-Briones, A. (eds)
Internet of Things for Smart Environments. EAI/Springer Innova-
tions in Communication and Computing. Springer, Cham.
https://doi.org/10.1007/978-3-031-09729-4 7

[22]Republic of Tiirkiye Ministry of Transport and Infrastructure. K-
AUS Tiirkiye Mevcut Durum Analiz Raporu. Ankara: 2023.

[23]Erceylan G, Ak¢ayol MA. Development of Connected Vehicle Tech-
nology in Tirkiye. European Journal of Science and Technology
2022. https://doi.org/10.31590/ejosat. 1136901

268


https://doi.org/10.1016/J.PROCS.2022.01.155
https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-411-2021
https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-411-2021
https://doi.org/10.1007/978-3-031-09729-4_7
https://doi.org/10.31590/ejosat.1136901

