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ABSTRACT The industry is providing vehicles with advanced features and technologies that allows

vehicles to connect and communicate with their nearby environment. These technologies’ umbrella term,
Cooperative Intelligent Transportation Systems (C-ITS) are aimed to enhance road traffic efficiency, safety
and assist the drivers in multiple ways. The C-ITS communication system should be able to offer the
functional benefits to different sets of use-cases, each having a particular sub-set of requirements. In this
paper some of the relevant use-case scenarios utilizing road weather and traffic information are studied in
terms of communication technology. The key requirements for C-ITS use-case scenarios are analyzed and
an evaluation of the ITS-G5 protocol stack is performed. The performance of ITS-G5 in use-case scenarios
is considered testing messages (alerts) on road weather and traffic information in realistic environments.
The results indicate that the performance of ITS-G5 in tested use-case scenarios offers 90-98% success
rate in the delivery of safety messages at a transmission frequency of 10Hz. Also, ITS-G5 delivers safety
alerts with a minimum delay so that it satisfies the C-ITS use-case requirements in real environments.
The C-ITS pilot platform also performs efficiently in terms of transmitting packets from a safe distance
with minimum network latency and packet loss between vehicles and infrastructure. C-ITS pilot use-cases
were tested on the platform developed and tailored by the Finnish Meteorological Institute (FMI).
INDEX TERMS Cooperative intelligent transport system, ITS-G5, vehicular network, road weather station,

roadside unit, Finnish Meteorological Institute.

I. INTRODUCTION

T

HE DEVELOPMENT and deployment of C-ITS
(Cooperative Intelligent Transport Systems) is aimed
to enhance road safety, traffic efficiency and assist drivers.
A C-ITS platform is supported by ICT (Information
and Communication Technologies), i.e., telecommunication,
information control, data processing and sensor technologies.
In a C-ITS system various technology can be integrated by
using techniques to build a cooperative system (C-V2X) and
The review of this article was arranged by Associate Editor Jiaqi Ma.

in vehicle systems. In integrating C-ITS provides a platform
for vehicles and roadside infrastructure (traffic light controllers, Road Weather Stations etc.) by using different wireless technologies. The C-ITS system is also recognized as
vehicle-to-infrastructure (V2I) and vehicle-to-vehicle (V2V)
networking platform and provides a communication platform
between road users and other roadside infrastructure [1].
C-ITS helps to increase the road safety, by assisting the
driver during a trip to take a right route and adapting to
the road traffic environment and avoiding possible accident.
For example, the communication between vehicles and
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FIGURE 2. Logical framework of C-ITS services.

FIGURE 1. C-ITS System architecture.

II. AIMS, SCOPE, EXPECTED OUTCOME, AND
STRUCTURE

road-side-infrastructure by conveying real-time information,
e.g., speed and position of the vehicle, would help to increase
awareness of the driver concerning potential hazards and
increases the accident avoidance. This factor helps to reduce
the road accidents and severe injuries. With the use of C-V2X
technologies, it is possible to decrease the road congestion
by generating alerts for potential traffic jams and proposing substitute itineraries and making the vehicle driving less
resilient. Lastly, C-ITS technologies also helps to enhance the
driving of environment friendly vehicles equipped with the
in-vehicle technologies, sensors, and management of smart
transport at the network level.
In a C-ITS framework the vehicles and the road-sideinfrastructure should be equipped with intelligent devices
and a reliable communication link between them. Hence,
it is worthwhile to analyze the communication technologies used for different C-ITS services. For both
the safety-critical and not-safety-critical C-ITS services
an appropriate communication technology needs to be
adopted, such as ITS-G5. The IEEE-802.11 protocol
is defined as ITS-G5 standardized protocol in Europe
that normally uses channel bandwidth of 10 MHz in
the 5.9 GHz band. ITS-G5 standard is defined by the
European Telecommunications Standards Institute (ETSI)
group for Intelligent Transport Systems (ITS). It supports the Geo-Networking protocol for V2V and V2I
networking [2]–[4]. It is also important to note that
the communication between vehicles and infrastructure
are essential for the safe use of future AutomatedVehicles (AVs).
The Finnish Meteorological Institute (FMI) has developed
and tailored C-ITS pilot use-case scenarios using road traffic
and weather and information collected from Road weather
stations (RWS) and vehicle sensors. In the conducted field
test, the use of ITS-G5 was piloted. The testing of use
cases was done on Sodankylä 1.7 km test track in northern
Finland.

It is important that any C-ITS pilot system functionalities are verified in real-world conditions. In this study, the
verification was done by considering numerous points of
view, e.g., task specific testing, impact assessment, useracceptance and specially the technical evaluation. This paper
also discusses the functionalities in the presence of different constraints, i.e., speed, latency, throughput, location
etc. The aim of this article is to report field testing of
some crucial C-ITS services, namely road weather warnings, emergency vehicle warnings, road works warning, and
general hazard warnings. These are tested in V2V and V2I
scenarios.
Fig. 2 illustrates the logical framework of C-ITS service
alerts. It is expected that the quality of information collected during pilot measurements using different sensors and
exchanged data between vehicles, is enough to make decisions. These decisions would assist the drivers to choose the
optimal route, and also assist in traffic management functions, performed, e.g., by traffic management centers. This
logical framework would help to validate that whether the
C-ITS pilot platform performs as expected and is capable to
provide the safety-critical data effectively. In sum, the tested
pilot C-ITS platform and use-case scenarios help to enhance
road traffic safety, road network service performance and
ultimately pave the way for automated transport. Last but
not least, the results help the automobile industry’s product
development of C-ITS solutions.
The paper is structured as follows, from hereon: Section III
introduces the C-ITS protocol based mainly on ETSI ITSG5 standard. This protocol was followed and applied
throughout the testing. Section IV provides the European
C-ITS perspective identifying the most prominent services
as well as challenges constraining the deployment and penetration of C-ITS. Section V describes the testing and piloting,
giving details of the test site, procedure, and measurements. Also, the testing architecture is elaborated. Section VI
concludes this paper with some remaining open questions,
evaluation of the consequences of results, and suggestions
for further research needs.
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III. C-ITS PROTOCOL

The performance assessment of the medium-access techniques in Vehicular Networks (VNs) has been a hot topic
discussion for years. In 2007 the author in [3] found out the
issues with an initial version of Wireless Access in Vehicular
Environments (WAVE) and established that the probability
of collision is slightly high for access data group with high
priority [3].
The author in [4] also identified that the periodic switching between channels in dense scenarios can lead to high
delays due to long message queues. Nevertheless, the node
movement in real-time and topologies for roads were not
considered and there was no more study on packet errorrates relying on the distance between two nodes. The other
researchers in [4], [5] validated these outcomes, providing
further insights on the reception possibilities considering the
physical distance between nodes [6]. However, the physical
layer configuration was simplified (i.e., transmission power,
fading, sensitivity) but do not depend on real-time measurements or hardware. They highlighted the key problems
that originated with the IEEE-1609.4 standard. The author
in [7] indicated the dependency on the beacon frequency
and updated the latency (the latency between two decodable
messages from the same source) that can increase the values
where the operational functionality of safety applications is
not available. Although their study was established on ITSG5 Medium Access Control (MAC) layers. It also discussed
the broadcast of Cooperative-Awareness-Messages (CAMs)
timely, but it could not contain the Decentralized Congestion
Control (DCC) state machine at this point. The delay
between transmission and receiving of messages depends
on the load on channel, size of message, data-rate, traffic
density and other aspects. More details can be found in
the study [8] in which the acceptable latency for road traffic
safety applications was established to 100ms that follows the
measurement frequency of 10Hz. We use a resulting metric
of their latency update in order to enumerate the scope to
which operational safety functionality that is affected by the
loss of packet.
The CAM messages are crucial for the safety of VNs
with less packet loss. For example, the systems such as
intersection points or traffic accidents or long queues can be
notified by using CAM messages in vehicular networking.
The author in [8], [9] made a comparison between ITS-G5
and WAVE and provide valued contribution for the improvement of channel access in VNs. The carrier frequency for
of ITS-G5 and WAVE standard is 5.9GHz with few channels operate at slightly high or low frequencies. The channel
bandwidth is 10MHz. The Fig. 3 presents the different bands
of the ETSI based ITS-G5 standard, which are dedicated
to different tasks. ITS-G5 uses the transmission power of
25dB, and the receiver’s sensitivity of 95dB. ITS-G5 permits
the exchange of messages between vehicles and infrastructure on different channels (e.g., Service Channel (SCH) and
Control Channel (CCH)). ITS-G5 do not requires a dualistic transceiver structure by using an access technique with
142

FIGURE 3. Alternate channel access of ETSI ITS-G5 standardization.

alternating channels having a guard band of 4ms as shown
in Fig. 3.
We have confirmed few of literature conclusions based
on our results but not completely. This is because of our
physical channel parameter settings that is close to real-time
hardware, when it comes to communication ranges, carrier
sense thresh-holds and fading. Similarly, the configuration
of the DCC state machine looks to differ from the current
values suggested by the standard. In summary, although various performance evaluations of IEEE 802.11p based systems
exist and we are unaware of a study of same depth as this
work, meanwhile it concentrates on the comparison of the
distributed standardized protocols and commissioning realistic mobility techniques and parameter settings of wireless
channel.
IV. C-ITS EUROPEAN FRAMEWORK

The C-ITS communication is supported by the European
Commission (EC) in Europe, and they are working significantly to design and develop a reference framework to assist
Cooperative-Connected and Automated Mobility (CCAM)
program [1]. It is quite difficult issue since it can also
show many side-effects that needs to be considered as
well. The Fig. 4 summaries the framework defined by EU
that supports the development of C-ITS service platform.
Particularly, the EC C-ITS proposed framework aimed to
develop a mutual platform in European Union (EU). It
helps to make a collective effort platform with different
stakeholders.
In 2014, the EC proposed a C-ITS platform, considered
as a framework for cooperative and automated vehicles to
be deployed in EU. In 2016, the EU member states designed
and developed a platform “C-Roads” to connect and communicate C-ITS events in the whole EU. Table 1 is showing
the C-ITS functionality constraints to deal with the challenges for use-case scenarios. This Table 1 would help to
identify the challenges and effectiveness of the C- ITS pilot
scenarios.
Nonetheless, this paper concentrates on the technical and
functional characteristics of the matter that are crucial for
C-ITS services utilizing road weather and traffic information
and implemented communication technologies. Hence, it is
VOLUME 2, 2021

TABLE 2. EU defined C-ITS services.

FIGURE 4. C-ITS European Framework [13].
TABLE 1. C-ITS functionality constraints.

important to describe EU group defining the C-ITS services.
Here are the C-ITS services:
A more detailed description of the features and applications of the above-mentioned C-ITS services can be found
in [10]–[17].
V. C-ITS EVALUATION FRAMEWORK

In this section the evaluation framework of C-ITS pilot platform is discussed that is, how the technical performance,
possible impact, advantages, and user-acceptance can be
achieved. The evaluation of C-ITS service alerts was done
by following the guidelines mentioned in [18]. This assessment methodology is illustrated in Fig. 5 and the key points
of the assessment are the following:
1) C-ITS services technical performance
2) C-ITS services impact
3) C-ITS services user-acceptance
4) C-ITS-services demographic performance.
5) C-ITS services financial performance
This assessment process would successively demonstrate the problem investigation and requirement evaluation,
designing of assessment procedure, development of an evaluation strategy, data collection procedures, implementation of
VOLUME 2, 2021

field tests and information gathering, analysis and description
of C-ITS service contents.
This evaluation strategy would integrate the quantitative
and qualitative data collection techniques. The qualitative
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FIGURE 5. C-ITS structural evaluation framework.

FIGURE 7. RWS-RSU communication process for C-ITS alerts.

FIGURE 6. C-ITS reference architecture for pilot use-case scenarios.

FIGURE 8. Test track and test infrastructure for C-ITS service alerts.

technique will be useful to identify the adaptations and
effects owing the C-ITS service alerts. The quantitative strategy will provide a proof of concept on the significance and
trust assessments of the impacts in pilot system performance.

save the information distribution between vehicles and RWS
and FMI local test site, while collecting and updating the
local C-ITS service data of RWS–RSU.
The advance C-ITS services are designed, developed, and
tailored on FMI test track (1.7 km) in Sodankylä Finland
and distributed back to the RWS–RSU for further transfer
of the warning messages to vehicles. The development of
C-ITS pilot system architecture is to design, develop and
assess performance of C-ITS-assisted road weather and traffic service alerts and the service alerts exchange between
vehicles and RWS [18]. The collected data from vehicles
and RWS are managed or saved directly in RWS-RSU before
the further transmission.
The designed and developed C-ITS services are tested on
Sod5g test-track constructed by FMI to evaluate and validate the performance of C-ITS service alerts in Vehicular
Networks (VNs). Table 3 presented the technical specifications for our ITS-G5 measurements. The test location is
featured with different sensors and RWSs, cameras etc. as
presented in Fig. 8.
The Fig. 8 and Fig. 9 illustrates the test track with the
deployed equipment and facilities and their connection set-up

VI. C-ITS PILOT SYSTEM ARCHITECTURE AND TEST
LOCATIONS

In this section we are discussing the pilot system architecture
and test location for C-ITS scenarios utilizing road weather
and traffic data to provide warning messages to vehicles.
The C-ITS pilot system is built by using the ETSI, ISO,
IEEE jointly proposed reference architecture. The reference
architecture presented in Fig. 6 is the starting point of
our filed measurements. This reference architecture helps
to enhance the vehicular communications, the integration
of different components in the three-plane model shown in
Figure 1 have been proposed.
By using aforementioned C-ITS reference architecture we
have built a state-of-the-art joint RWS–RSU platform for CITS services in Sodankylä Finland. The Fig. 7 presents the
communication system and operational process of RWS-RSU
with vehicles using ITS-G5. The similar software entities
144

VOLUME 2, 2021

TABLE 3. ITS-G5 parameter settings for pilot scenarios.

TABLE 4. C-ITS pilot field measurement results.

FIGURE 9. Connecting devices using wireless networking technologies.

in C-ITS scenarios. The Fig. 9 also presents the operational procedure for the communication in C-ITS scenarios.
We have used the python program in Sunit vehicle PC,
and all programs are started simultaneously in vehicle and
RWS. The Devices are connected according to Fig. 9. Vehicle
radios are constantly searching for nearby ITS-G5/Wi-Fi
networks to make a connection for real-time C-ITS service
alerts.
The C-ITS services are conducted on a test track by using
different devices to deliver message alerts. We have used
Cohda MK5 radio transceiver, laptop, or Android tablet. For
User-Interface (UI) we used SUNIT F-series vehicle PC as an
On-board Units (OBU). OBU provides the relevant message
alerts to the driver. The data collection and transmission
of message alerts is performed by the transfer layer that
ensures the communication between the FMI local server,
OBUs and RWSs-RSUs. OBU is to collect data using cellular
network but, in this article, we are only considering ITS-G5.
The combination of networks also ensures the seamless connection between RWS-RSU and OBU in situations without
ITS-G5 coverage.
C-ITS Pilot service Results and discussion: In this section we will discuss the C-ITS pilot measurement results.
These pilot measurements have been conducted to fulfil the
requirement of C-ITS warning alerts by using the vehicles
and RWSs collected data. This data has been exploited by the
vehicles for the road safety applications. In the pilot measurements, the collected data is used to generate the emergency
VOLUME 2, 2021

FIGURE 10. Comparison of throughput during C-ITS warning alerts generation.

vehicle warning, road works warning, road weather warning
and hazard warning. Table 4 presents the collected data for
the generation of warnings during pilot measurements. As
shown in Table 4, these different C-ITS warnings were analyzed by considering the vehicle average speed, lost packet
(%), throughput, latency, and communication range. The
C-ITS warnings have been delivered in a systematic way
with the help of different sensors in vehicle and RWSs. The
warnings are simply initiated by our python program in our
vehicle Sunit PC by sensing the dangerous situations while
driving on the test track.
The data in Table 4 shows that we have received the warnings timely without any extra delay that makes the driving
safer in dangerous situations.
The data packet transmission is one of the important elements that affects the throughput of the network in vehicular
networking. Fig. 10 illustrates the maximum throughput in
our pilot measurements on the test track, the estimation of
data throughput measurements piloted between combined
RSU/RWS and passing nearby vehicle are presented in
Fig. 10.
The throughput comparison shows that the hazard warning
presents the highest throughput, and the road works warning has the least throughput during pilot measurements. The
difference between hazard warning and road works warning
145
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FIGURE 11. End-to-End latency of C-ITS pilot use-case scenarios.

throughput is because of haphazard nature of our test track
with thick forest. The second reason is the location of warning alert generation, because the warnings are generated at
different places of test track with different distances between
vehicle and hazard/road work warning. If the message transmission would have been increased, then the throughput
would have also been increased dynamically according to
the available safety-critical data.
Normally, the network throughput of a particular network
decreases considerably due to the interference of another
network, i.e., Wi-Fi on test track etc. But in our pilot scenarios the main goal was to exchange the emergency messages
more reliably with low latency. We have used small size
packets to transfer only the warning information to the
driver. That is the one of the reasons for low throughput
in all filed measurements. In our previous measurements we
have achieved almost 2-3 Mbps situation specific average
throughput using ITS-G5.
The latency is another key element to warn and assist the
vehicle drivers with minimum delay. So, in our pilot measurements, we have also analyzed the latency during C-ITS
scenarios. In Fig. 11 we can see the end-to-end latency in
C-ITS scenarios. The End-to-End latency is slightly long in
some C-ITS scenarios specially during the connection establishment. We can also notice that after the connection has
been established the latency is stable except some places
where the latency goes high. For connection establishment
146

the sending device and the receiver need some time to handshake and make a connection. The end-to-end latency in
C-ITS scenarios is stable and fulfils the minimum requirement (< 100ms) to generate real-time C-ITS service alerts.
It can also be seen in the collected results in aforementioned
Table 4 and Fig. 12 that we have achieved minimum required
latency successfully for C-ITS scenarios. The latency d(a,b)
is calculated as:
d(a,b) = T + L/g(a,b)

(1)

where L is the data length in bytes and g(a,b) is the
transmission rate
T = x/y

(2)

where x is the distance between vehicle a and the RWSRSU b at a vehicle speed y.
In our C-ITS pilot service alerts, we have also calculated
the packet loss and we realized that the lost packets percentage is odd in V2V scenarios. The potential reason can
be that when the connection has been established between
vehicles, the connection has not been dropped since the vehicles have gone out of range. In Table 4 and Fig. 12 we can
illustrate the packet loss in different C-ITS scenarios. The
highest packet loss in Fig. 12 is road works warning V2I
and the lowest packet loss is in the road works warning
I2V/V2I scenario. The packet loss in C-ITS scenarios is due
to the correlation between closely located transmitters and
VOLUME 2, 2021

[2]

[3]

[4]

[5]

[6]
FIGURE 12. Packet loss percentage in C-ITS pilot scenarios.

receivers and the correlation is low in a closely connected
vehicles/RWSs that indicates the significant part of packet
loss is because of the localized errors in C-ITS scenarios.

[7]

[8]

VII. CONCLUSION

The opportunity and challenge for C-ITS services is to offer
working methods in different scenarios for the real-time dissemination of road weather and traffic data. Such methods,
once operational, will not only justify the costs and efforts
required by C-ITS, but also show to a wider stakeholder
community that C-ITS can be made operational and is worth
investing in. In this paper we have presented some C-ITS usecase scenarios in the provision of safety alerts, contributing
to the common objective of interoperable and synchronized
deployment of C-ITS. We have also considered to ensure
that the generated data in the road traffic system is beneficial
for all stakeholders and road users. We selected the C-ITS
communication technologies depending on different parameters, i.e., performance, costs etc. This is the reason why
we deployed ITS-G5 for pilot C-ITS scenarios - it is appropriate for applications with safety-critical nature sharing the
spectrum of 5.9GHz assigned for C-ITS.
The main goal of this paper is to contribute to the deployment of overall C-ITS location-based services. The aim of
the testing was to enhance the levels of technology maturity,
so that the critical performance indicators fulfil functional
requirements. We tested and demonstrated C-ITS use-cases
in real environment. The tested use cases were emergency
vehicles approaching, emergency vehicle approaching, road
works, road weather and hazard warning. We showed that
the cooperation between vehicles and RWSs fulfills the maximum of the system requirements to generate the C-ITS
service alerts. The service alerts were demonstrated on a test
track. The next steps would entail expanding the testing and
analysis public road networks.
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