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Abstrakt: Digitalizace dopravniho prostredi a vyuziti novych datovych zdrojii je v dnesni dobé velmi
diskutované téema. Systémy FCD (Floating Car Data), tzv. plovoucich vozidel, umoznuji ziskavat data
o dopravnich parametrech primo ze silnicni sité bez nutnosti instalace staciondrnich senzorii. Clanek
se zabyva vyuzitim tohoto nového datového zdroje v Ceské republice, financovaného z verejnych
zdrojii a zpiistupnéného Reditelstvim silnic a dalnic. Tato data s vyuZitim geografickych informacnich
programii Ize zobrazit v modelu silnicni site a dale je analyzovat.

Kli¢ova slova: plovouci vozidlo, geografické informacni systémy, data z plovoucich vozidel, analyza
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Abstract: Digitization of the transport environment and the use of new data sources is a much-
discussed topic today. FCD (Floating Car Data) systems, so-called floating vehicles, make it possible
to obtain data of traffic parameters directly from the road network without the need to install
stationary sensors. The article deals with the use of this new data source in the Czech Republic,
financed from public sources, and made available by the Directorate of Roads and Motorways. This
data can be displayed in the road network model using geographic information programs and further
analyzed.
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1. Introduction

The article deals with the use of a new data source, financed from public sources. In the
spring of 2019, the Directorate of Roads and Motorways launched a trial operation of the
interface, where it is possible to request access to the free download of traffic data. These are
traffic data from floating vehicles, ie time-stamped geolocation and speed data with a time
stamp. Data is collected directly by vehicles in the transport network.

The first step was to obtain this data and their subsequent analysis. The author gradually
obtained data from 2020, which he will subsequently process. It is obvious to acquire basic
knowledge of data format and their meaning.

In the following part, the article deals with the definition of the model network. As this is data
only for some vehicles in the road network, it is necessary to analyze their distribution within
the road network, the penetration of this data. Due to the current situation of spread corona
virus in the society, traffic data are highly affected during the year.

In the last part, the article focuses on the subsequent steps that will lead to the possible design
of the model and thus support the further development of the project.
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2. State-of-the-art

Applications using data from floating vehicles are not a phenomenon of recent years. Already
in the last century, efforts have been made to use data on a similar principle to easily inform
drivers.

The use of data from floating vehicles for traffic management at the city level is a relatively
common practice today. Systems based on this data can be found, for example, in New York,
Beijing, or Vienna [1] a [2].

Another example is a study [3], that uses data from floating vehicles for more precise road
weather forecasts. Paper deals with increasing the spatial and temporal resolution of
meteorological observations by integrating floating car data.

A closer look is made in a paper [4], where data from taxi vehicles were tested. The research
examined the choice of route for taxi drivers in Berlin, and it should be noted that this group
is relatively specific in its behavior. Research focuses on driver behavior rather than on
specific data processing from floating vehicles.

Article [5] also deals with the behavior of taxi drivers in the city. Analysis of data from
floating vehicles shows that driving time, travel distance, and road preferences are the main
parameters for route selection. A similar topic is addressed in [6], which deals with vehicles in
the Rome area.

The team at CTU in Prague Faculty of transportation sciences in cooperation with the
Directorate of Roads and Motorways has long been dealing with the possibilities provided by
data from floating vehicles within the road network in the Czech Republic. The first report of
this cooperation was created in 2011 [7]. Cooperation in this field has continued and the
research team is currently working on control and expert activities in the implementation and
operation of the FCD. Their latest report [8] monitors data for January 2020.

Data from toll gates or cameras were already available before the FCD source. This data is
generated on roads where the necessary infrastructure is installed. On the contrary, data from
floating vehicles do not need to install any additional support infrastructure. Thanks to this,
FCD can cover a larger range of the network, as no fixed detectors are needed. In addition,
faster commissioning and lower maintenance are required.

3. Data source

Data from floating vehicles are captured by Lagrangian description of motion, in contrast to
stationary detectors, which are captured by Euler's description. The vehicle behaves like a
moving sensor in the network and its position is recorded using a GNNS receiver. Their
behavior is compared to a fluid flow, where we do not follow every single drop, but only
selected points. Thus, the model will never monitor all vehicles in the network, but only
selected ones, based on which it will predict the state of traffic and create models. This
principle is shown in the figure 1.
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Fig. 1: Scheme of floating car data principle

Last year, the Roads and Motorways Directorate made available an interface for collecting
data from floating vehicles. Floating vehicles are fleet vehicles equipped with a GNNS unit.
The system then calculates the current speed, delay, and column length for each section above
this data. In the initial mode of operation, only vehicles that transmit data are continuously
being used. The fleet of floating vehicles sends data from start to engine shutdown. Therefore,
it is not data from mobile devices located in vehicles. They only send information when the
navigation application is switched on.

The composition of the fleet of floating vehicles in the Czech Republic is largely contained in
passenger cars. This layout is logical so that trucks do not distort the data with their behavior
(above all, it would artificially reduce the speed on the section).

For data collection, it is necessary to register on the interface and conclude a contract with the
FCD interface operator. Based on this contract, it is then possible to collect data. The author
of the article managed to overcome this procedure during the year and it is, therefore, possible
to further describe the format of the sent data.

4. Data analysis

You can choose from two data formats from the Roads and Motorways Directorate
distribution interface - DATEX and native XML. Data collection works based on sending data
from the Roads and Motorways Directorate to the end customer according to predefined
requirements. Based on the specified data subscription request, the author of the article now
subscribes to data that contains the following attributes:

e defined TMC segment

e day (in format YYYY-MM-DD)
e time (in format HH:MM:SS +02:00)

e count (current number of FCD vehicles in the section that was further counted,
represented by an integer)

e speed [km / h] (speed of traffic flow in current condition, represented by an integer)
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e travel time [s] (travel time in current condition, represented by an integer)

e delay [s] (current delay calculated as the difference between the current travel time
and the travel time in free traffic flow, represented by an integer)

o freeflow speed [km / h] (speed of traffic flow in free traffic flow, represented by an
integer)

o freeflow time [s] (travel time in free traffic flow, represented by an integer)

e reliability (a measure of data reliability - characterizes the quality of data, decimal
number in the range 0-1, where 1 means 100% reliable data. Quality is evaluated
according to the number of data, age of input positions used and other parameters.)

e reaction time [s] (system reaction time calculated as the difference between the
availability time of input data and the calculation time, represented by an integer)

o traffic level (traffic parameter marked according to convention level 1 - 5 in the Czech
Republic)

e congestion (information on whether a column exists on the segment, represented by
the binary notation 0/1)

e congestion from (estimation of the beginning of the congestion, defined by the string *
congestion_from = "1534" *)

e congestion length (estimated congestion length in meters, defined by the string *
congestion_length = "103" *)

An example of the transmitted data can be seen in figure 2. The example shows the structure
of the data, a record of individual sections of the road network based on the identification of
the so-called TMC segment, a selected section of road that has its unique ID. Using this
identifier, the data can be assigned to the road network, which is described in the text below.
Data is sent at minute intervals.

d="126" freeflow_time="80" reliability="0.750" reaction_time="30" traffic_level="3" congestion="@" /><tmc id="TS
mestamp="2020-07-01 01:11:01+02:00" count="2" speed="90" travel_time="108" delay="0" freeflow_speed="80" freeflc
liability="0.944" reaction_time="7" traffic_level="3" congestion="0" /><tmc id="TS01257T710378" timestamp="2020-¢
101+02:00" count="6" speed="84" travel_time="49" delay="15" freeflow_speed="128" freeflow_time="34" reliability=
eaction_time="4" traffic_level="3" congestion="0" /><tmc id="TS©1271T23990" timestamp="2020-07-01 01:11:01+02:0¢
" speed="78" travel_time="87" delay="36" freeflow speed="130" freeflow_time="51" reliability="0.500" reaction_ti
raffic_level="3" congestion="0" />ktmc id:"T501279T01280"|timestamp:"2020»07—01 01:11:01+02:00" count="2" speed=
vel time="88" delay="33" freeflow_speed= 130" freeflow_time="55" reliability="0.500" reaction_time="60" traffic_
" congestion="0" /><tmc id="TS@1286T701285" timestamp="2020-07-01 01:11:01+02:00" count="3" speed="113" travel ti
y="26" freeflow_speed="130" freeflow_time="53" reliability="0.750" reaction_time="30" traffic_level="3" congesti
><tme 1d="TS01293T01294" timestamp="2020-07-01 01:07:01+02:00" count="1" speed="136" travel_time="40" delay="0"

Fig. 2: Sample of subscribed data, including the highlighted ID of TMC segment
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Data from floating vehicles were then assigned to individual sections of the road network.
This connection was made using the TMC segment attribute, which contains data from
floating vehicles, and with the help of so-called location tables, which is a database of the
road network with individual TMC sections. Thus, these two values must be the same in the
data and the underlying layer. This achieves the decoding and correct assignment of each
record to a segment within the spatial solution of the network. For this purpose, localization
tables of Central European Data Agency, a.s. (CEDA) were used. The base layer used is
shown in figure 3.

Fig. 3: Location table visualized in GIS

5. Defined model network

Although the project is focused on the whole of the Czech Republic, it was necessary to
define an infrastructure network on which the data can be further examined. There is a
relatively large amount of data from floating vehicles throughout the country, but thanks to
the parameters and origin of floating data, a large part of them are located on the main
transport routes, motorways, high-speed roads, and 1st class roads.

Thanks to the cooperation with the Directorate of Roads and Motorways, sufficient
penetration of data from floating vehicles in the Czech roads network was proved. These
results can be seen in Figure .

As part of the calibration of the computational model for Directorate of Roads and
Motorways [8] data from 2019 and 2020 were examined. The results suggest that data from
floating vehicles can be considered sufficient for further investigation. From this result, the
author's project is further reflected and considers the data source to be suitable for modeling
alternative routes.
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Fig. 4: Comparison of penetration of the floating car data

The subsequent goal of the long-term project is to model data from floating vehicles and
research the creation of alternative routes in the road network. It is therefore necessary to
obtain data both from the main traffic routes and from their surrounding roads. That is a road
to which traffic can move in the event of the closure of major routes. The research will
therefore continue to focus on the main roads, where congestion to the complete closure of the
road will be examined. Subsequently, it will be examined whether it is possible to read from
the data of floating vehicles the behavior of users in such situations, whether they choose the
recommended detour routes, other alternative routes, or remain on the main road.

6. Subsequent steps for model creation

Based on a subjective assessment of the knowledge of drivers' behavior, it is assumed that
there will appear a part of drivers who will choose other alternative routes, that is mean an
alternative to a detour route. Nowadays, it is a common phenomenon to use navigation when
traveling by car. Most navigations try to follow the main routes, but in the case of traffic
excesses, the routes are converted to detours. Then a certain group of drivers often, based on
their knowledge of the surrounding area or based on other navigation applications, choose
other routes, often on lower-class roads or leading through municipalities, not through
municipal bypasses.

These alternative routes may also slow down significantly at some point, for example, due to
lower road capacity, as a result of increasing traffic. In the future, the author of the article
questions whether these alternatives can be monitored and detected based on data from
floating vehicles. Alternatively, whether these alternatives can be displayed to users on time,
including the estimated travel time.

Based on traffic information, specific traffic situations will be selected, where alternative
routes probably occurred when the main traffic route was closed. These situations will be
monitored on the collected data. In the initial phase, it will be addressed how the closure of
the main traffic route will affect the data over time. Furthermore, travel times on a closed
main route and individual alternative routes will be examined and the results will be
compared.

If the previous steps will be confirmed, it would be possible to examine the model, for
example, using Kohonen maps, which is a type of neural network with learning without a
teacher. This mathematical apparatus is suitable for the analysis of time series of traffic flows
in the transport network and supports easy visualization. In the future, with the help of this
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method, it could be possible to analyze and predict traffic flows on multiple links
simultaneously.

7. Conclusion

Sustainable transport is a big phenomenon today and this research can help identify unwanted
crossings not only in municipalities and cities when the main route is closed. Thanks to data
from floating vehicles, we have an up-to-date overview of the traffic situation on the road
network in real-time, and it is, therefore, possible to further investigate whether the data is
reflected in possible alternative routes and their load.

In further research, the authors would like to focus on the emergence of congestion and the
closure of roads after specific situations and further examine how the behavior of the traffic
flow changes, especially with regard to the emergence of alternative routes and possible
alternatives to these detours.

Several studies have already been carried out on how to avoid the detour of paid routes, but
research on the creation of alternative routes for large congestion until the closure of major
roads is still a minimum.

Data from the Transport Portal of the Czech Republic were used for this project (data source:
RSD CR — JSDI — www.dopravniinfo.cz). This research was supported by the Grant Agency
of the Czech Technical University in Prague, grant No. SGS SGS20/082/OHK2/1T/16 -
Research of creation of alternative routes and their impact on road infrastructure in the Czech
Republic.
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