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Abstract

This paper intends to give a short review of the state of the art on the use of floating car data concerning the management of
traffic flow at signalized intersections. New technologies such as connected and autonomous vehicles and Co-operative
Intelligent Transportation Systems (C-ITS) are going to change the future of traffic control and management. Traffic signal
control systems can be reorganized by using Floating Car Data (FCD), yet the concept of floating car data (FCD) has been
mainly studied to gain traffic information and/or signal information. Only recent works have been focalizing on the potential
application of FCD for traffic signal real-time control. This paper aims to evidence the most important concepts that can be
extracted from the literature on this important topic.
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1. Main text

New technologies such as connected and autonomous vehicles and Co-operative Intelligent Transportation
Systems (C-ITS) are going to change the future of traffic control and management. Co-operative Intelligent
Transportation Systems (C-ITS) are based on the sharing of information between drivers and road management.
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Connected vehicles will be able to share speeds and positions among many other various useful data. Vehicle speeds
and positions can be used to better manage traffic signals in real-time. Connected vehicles can become an important
part of new C-ITS systems. Some of these ideas have been explored in some European funded projects such as
SAFESPOT [1], EuroFOT [2] and DRIVE C2X [3].

One of the main tasks that road managers have to deal with in traffic control is the management of signalized
intersections. Control operations, unfortunately, very often are not real-time adjusted and sometimes are
implemented with out-of-date fixed time traffic signal settings. Traffic congestion, which can be caused also by
traffic signals, is a serious problem in cities and also a great cause of air pollution. For this reason, efforts to solve
congestion problems were centered on attempts to shift demand on transit systems [4] and on better road traffic
control, by adopting tools such as traffic simulation [5-10] dynamic network loading equilibrium and dynamic
models [11-14] and the study and attempt to affect user route choice [15-19].

Many large scale deployments of systems based on Floating Car Data (FCD) are already showing the use of
mobile phones [9,10,11,12] and wireless communications [13,14] combined with GNSS technologies. Cooperative
systems based on smartphones are spontaneously spreading in ordinary use (BlaBla Car, Uber, etc.). Cooperative
systems based on smart-phones have also been proposed for pedestrians and bicycles [26].

Smart-phones (and connected vehicles) can obtain localization and speed information from GNSS systems such
as Galileo, GPS, and Glonass. GPS embedded in smart-phones produces an economic method to obtain vehicular
travel time [27] and to evaluate traffic scenarios [16,17]. Smart-phones also allow the estimation of traffic safety
parameters [30] and path choice [31]. Mobile devices have also been used to assess safety and risks by insurance
companies [32] and for traffic safety [21,22] and fuel consumption estimation [35].

All these concepts have been applied also in the management of signalized intersections: GNSS data coming from
private vehicles were useful in the evaluation of adaptive traffic signal systems in [36], smartphones were useful to
gather information on traffic signal timings [37-39], the use of FCD in C-ITS systems is discussed in [40] where
traffic signal regulation from FCD is achieved. The term Floating Car Data Adaptive Traffic Lights (FCDATL or
Traffic Signals FCDATS) was introduced in [41]. The specific use of FCD data coming from smartphones to
regulate in real-time adaptive traffic signals was investigated also in: [42—46]. In some cases, the adaptive traffic
signal system is used in combination with driver assistance, so that both driver behavior and traffic signals are real-
time adjusted.

Projects such as Colombo [42,43], have been presented in which the general potential of Vehicle communication
to other vehicles or infrastructures (V2X) for traffic management are investigated. Some works have also been
presented on traffic signal regulation presenting algorithms without a clear definition of the underlying
communication and control systems. Among them [47-49] propose the use of game theory in traffic signal
regulation implicitly assuming that information on all vehicle positions is available.

2. Systematic bibliometric analysis
In this section a systematic literature review based on a keyword search is presented.
2.1. Review Methodology

The structure of a systematic literature review about FCD adaptive traffic signal is presented in this section. The
procedure which has been applied is based on the seven steps showed in Fig. 1. Similar procedures are frequently
used in literature [50,51].
2.2. Database Selection and Keywords Selection

In this work the Scopus database was used. Keyword selection is the most important step in this procedure; the
keyword choice can include or exclude different scientific works. The objective is that of creating a list of scientific
works which contains the more important and influential works in the sector while at the same time avoiding the

insertion of documents which are off topic. To create a thorough list of documents in this sector, the authors did
perform a manual trial and error iterative procedure represented by the backward pointing arrow between the third
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and second step of the procedure in Fig.1. At the end of this procedure the choice was that of including in the search
all documents that contains in the title: "traffic signal" or "traffic light" and that also contain one of the following
keywords in the title, keywords or abstract: "Floating car data" or "v2x" or "smartphone" or "connected vehicle" or
"car communication" or "v2I" or "vehicle infrastructure" or "sensor" or "vanet". This search has brought a list "A" of
698 documents (in the list "A" 425 documents have been published between 2015 and 2020).

DATABASE KEYWORDS COLLECTION OF I?X%&JSSIIOO'\:\I/
SELECTION SELECTION DOCUMENTS CRITERIA
BIBLIOMETRIC
FU;-EJRRSEF‘EE'?‘IE\;\ERSCH DISCUSSION AND DOCUMENT
ANALYSIS

Fig. 1. Seven-steps procedure for systematic literature review.

Possibly many influential and pertaining documents at this stage may have been excluded since they might have
left out from the title "traffic signal" or "traffic light".

With the above results and without manually excluding documents that are not pertinent to the field it was
possible to elaborate the distribution in time for the documents of list "A" (up to 2019) that is presented in the
following Fig. 2 and that shows an increasing number of published documents for year (it must be noted that also
the general number of all indexed documents in Scopus has been growing year by year so a more detailed analysis
would be necessary to establish if there is a growing scientific attention to this sector) :
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Fig. 2. Number of documents in list "A" for each year.
2.3. Collection of Documents and Filtering (Inclusion/Exclusion)

It must be noted that some previous attempted searches with different choices of keywords and logical operators
either did bring a lot of documents not pertinent to the problem of floating car data and traffic signal regulations or
did bring too few documents. In an attempt to establish the 20 most influential papers and to include in the list all
important documents the list has been manually extended by the following procedure:

-manual selection of the first 20 documents in order of received citations creating a list "A20" of influential
documents;
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- to extend the list "A20" with important documents that might have left out, the procedure was repeated creating
an analogous list "A20-restricted-to-2015-2020" of influential documents limited only to documents published
between 2015 and 2020.

- all documents cited by the 20 documents in the list " A20-restricted-to-2015-2020" were added to a list "C"
consisting of 736 documents. The list C was then ordered by citations and all documents were manually examined
reading the title, abstract, and in some cases, the full paper, pertaining papers with a number of citations higher than
71 were added to the list "A20". The number 71 was used as a reference since it was the number of citations of the
less cited document in the list "A20".

With this procedure, a list "A31" was created containing 31 documents that can be considered among the most
influential in the sector. It must be noted that some general scope papers have been left in the list since they have
been considered relevant and also papers on the following topics have been left inside the list:

-the use of floating car data as a means to establish traffic signal timings

-the use of Green Light Optimized Speed Advisory (GLOSA).

The list "A31" comprehends the following papers: [46,52—81] that have been published between 2008 and 2016.

3. Conclusion

The objective of this short review was that of extracting the most influential papers in the sector. The database of
documents directly known to the authors (all the documents referenced in the introduction) has been extended by a
systematic bibliometric analysis reaching a total of more than 700 documents. A detailed analysis of the contents of
the extracted database has been performed and presented in the Workshop. Given editorial limitations in this
document only the list of 31 most influential papers [46,52—81] in terms of received citation has been presented in
the hope that this can be useful to readers. A lot of information, unfortunately, had to be left out. In most all the
examined documents the evaluation of control systems has been performed in a simulation environment without a
real implementation in the field. Exceptions are all methods were information is extracted and eventually fed to
vehicles. In the domain of FCDATS, we are aware of only one experiment in the field [82] (using real vehicles in a
controlled environment).
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