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Today, traffic management is based on traffic data, which must be high quality and reliable. The article deals with a new data
source that is available in the Czech Republic. Thanks to this dataset, it is possible to get an overview of a wide road network
throughout the whole area of the country. The authors use a broader view of the road network to study the behavior of drivers
of floating vehicles in an accident on the main road. The high data coverage promises the ability to monitor traffic spills in the
event of an emergency. These data can be used in the future to improve the overview of the current state of traffic and road
management.
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1 INTRODUCTION

With the growing number of vehicles on the road network, there is a growing need to optimize and control traffic
flow in real-time. This requires a considerable amount of information and traffic data, which serves as a basis
for strategic decisions. In general, data is the golden grail for any traffic management. This article offers an
insight into a new data source in the Czech Republic, which is linked to floating vehicles.

Floating car data (sometimes also known as floating probes) is time-stamped traffic data that contains time-
stamped geolocation and velocity information. Data is collected directly from the road network without the need
for additional installation of technology along the road. Each vehicle must have location equipment.

In the case of the Czech Republic, so-called GPS-based FCDs are used. This means data obtained from
vehicles equipped with a GPS receiver. The GPS unit is activated automatically when the vehicle is started
moving, collects data (GPS position, the direction of travel, speed, ...) while driving, and switches off again when
the engine is switched off. The data is sent at a certain interval to the server, where it is processed and stored.
Therefore, there is a need for hardware in the vehicle and a server for data storage.

This paper is structured as follows. After the literature overview, the dataset and its basic characteristics are
described in section 3. Section 4 treats the question of whether a traffic jam or accident can be detected from
the data source. A model and the result of the analysis are presented. Finally, a conclusion and an outlook on
further research are given.



2 STATE OF THE ART

As mentioned in the introduction, the collection and use of traffic data is a key role in modern transport concepts.
It is well known that traffic data is used not only for traffic monitoring, management, and prediction, but some
research also deals with crisis management, such as [1], where data is undoubtedly also a key component.

In general, several researchers, but also entities from the private sector deal with the issue of data from
floating vehicles. Very often, projects focus on data obtained from the taxi fleet, such as [2] or [3]. These
researches focus on the use of data for urban areas. However, there are not many papers to obtain data from
the suburbs. An example is [4], which deals with data from the motorway in Germany.

The initial analysis, which was carried out as part of this project, addresses, and controls the quality of the
transmitted data. Several studies are examining how accurate traffic information is compared to the real
situation on the roads. For example, article [5] examines traffic messages broadcast in Austria via a designated
channel, where they have an average delay of about 10 minutes.

Paper [6] compares different methods of traffic data management and discusses the quality of traffic
information. The basic idea is to understand quality as a level of similarity between the actual traffic situation
and the transmitted data. One of the methods is based on tracking test vehicles, while another uses data from
stationary detectors to reconstruct the traffic flow. These methods compare sources directly, without one of the
sources being considered accurate.

Today, FCD-based technologies are used by almost all providers of traffic information such as TomTom,
Google, Inrix, etc. As a result, they can provide real-time information. Article [7] Today, FCD-based technologies
are used by almost all providers of traffic information such as TomTom, Google, Inrix, etc. As a result, they can
provide real-time information. Article [8] works on the data from taxi vehicles in the urban area. Based on the
model, they estimate the average speed and propose a method for identifying traffic congestion with an average
speed.

After verifying and validating the model and its parameters, the described data could also be used for traffic
modeling and management. Congestion prediction, which may be another output of these data in the future, is
also addressed in the paper [9], which works on the data from taxi vehicles in the urban area. Based on the
model, they estimate the average speed and propose a method for identifying traffic congestion with an average
speed.

So far, there are not many papers dealing specifically with this data source. The authors [10] focused mainly
on the initial design and implementation in the Czech Republic. Furthermore, the report [11] describes in more
detail the calibration of the model as such and the debugging of errors. The last update and debugging of the
computational algorithm were done by data from April 2021.

3 DATASET

For the third year, data from floating vehicles have been available in the Czech Republic through the interface
of the Directorate of Roads and Motorways (hereinafter RSD). This data source is publicly funded and still in
pilot operation and is suitable for further investigation. Sustainable transport is a big topic today, and this data
source can contribute to more detailed or complementary information from road traffic.

This data is collected through a fleet of floating vehicles, which are mainly fleet vehicles of commercial and
state entities, vehicles of public transport and other entities (such as emergency and safety services etc.)
involved. In total, there are about 150,000 vehicles [12] on the road network in the Czech Republic.



This method requires a large penetration of vehicles in the network. Therefore, this method used to be
prevalent in urban areas, where there is a high incidence of public transport vehicles and taxis. For motorways
and highways, the floating vehicles must be detected at least 15 minutes intervals.

3.1 Spatial display of data on the network

The location on the road network is connected with the data. For this task, it is possible to use two networks,
Global Network or TMC segment network (their comparison can be seen in Figure 1). The figure shows the
coverage of both networks over the Czech Republic. However, for the purposes of analysis on motorways and
1st class roads, the network of TMC segments, which is shown on the right side of the figure, is sufficient. This
network contains almost 30,000 sections of roads in the Czech Republic. In the case of TMC segments, these
are defined sections The QGIS geographic information software is used for its sections due to its free version
and wide user support.

Figure 1: Comparison of Global Network (left part) and Network of TMC segment (right part)

When locating individual data on the spatial network, critical events will be searched. It is precisely these events
that lead to the disruption of the free traffic flow. Already in the previous project, events leading to the complete
closure of the main road were monitored and the diversion and change in behavior in this situation were
monitored. Currently, the project deals with only a partial reduction of traffic flow. During these events, the
diversion of the main road to detours will be further monitored. The user's behavior will also be monitored.

3.2 Monitored situations

For the analysis of the accident on the main road, the events listed in Table 1 were monitored. For these events,
data from floating vehicles were examined, and especially the behavior of drivers in these events was examined.
The events were selected based on subjective evaluation and general knowledge of the road network in the
Czech Republic. In general, it should be recalled that during the period under review (the year 2020 and 2021),
traffic was affected by the consequences of the COVID19 pandemics. Some accidents may have been distorted
by a lower number of vehicles, including floating ones. At a critical time, the movement on the Czech roads
decreased, so it is necessary to consider the possible distortion.



Table 1: List of monitored events

Date Location Excess Note
12.1.2020 D5, 142.5km direction Rozvadov, several traffic accidents The motorway is closed at one time
1pm (approximately 2 hours)
26.6.2020 D1, 188km direction Brno, 5am Traffic jam 6km long Drivers take detours on road no. 602
9.11.2020 D8, 24km direction Usti n.Labem, the motorway is closed at  Traffic jams also on detours
lam one time
8.2.2021 D1, 80-100km both directions Traffic jam several km long Icing on the territory of the whole
Czech Republic
17.2.2021 Whole country Several traffic accidents Icing
1.4.2021 D1, 11km direction Brno Variable traffic jams Easter, an extended weekend
24.8.2021 D1, 81-92km, both directions Traffic jam up to 10km Traffic is diverted to only one lane in
each direction
8.9.2021 D8, 38km direction Prague, 6am accident in the repaired Traffic jams also on detours
section
31.10.2021 D1, 209.5km, direction Brno,2pm mass accident (6 vehicles) Accidents also on detours, traffic

jam till the evening on all roads
Vy$kov — Brno

3.3 Data pre-processing

The data needs to be pre-processed before examining the situations themselves. For this purpose, the work
with the pgAdmin database together with the SQL language was used. After uploading the data, it was
necessary to check how many TMC segments were detected in a given period, but also to check whether data
errors were occurring. For example, it was checked whether the bidirectional sections showed two directions.
Furthermore, a time base was created in the database. That could help to examine the data for a specific time
across the entire road network in the Czech Republic.

An important step was the calculation of penetration Pc, which describes the occupancy, resp. the speed of
specific TMC segments during the period under review. The Pc can be obtained as follows

X
Pc = Z_tz

where x represents the number of vehicles for a given section or the average vehicle speed for a given
section. The sum then indicates the total number of time records.
It is also possible to calculate the penetration of vehicles only for peak periods when we can focus only on the
periods of morning and afternoon traffic peaks. According to the knowledge of the area in our case we are
talking about the period 7-11 am and 2-6 pm.

4 ANALYSIS AND EVALUATION

Two situations that occurred on the highway network of the Czech Republic were selected to demonstrate the
results. The first event is from November 2020, when transport has not yet been hit hard by the pandemic
COVID19. The second event was selected from the beginning of 2021, specifically from February 2021.

As the article describes the beginning of the research, the data were examined only in terms of penetration,
coverage of TMC segments, and especially the speed and use of various routes for detours. The aim was to
find out whether the selected accidents are recorded in the data, whether the traffic flow is obvious, and



therefore whether it would be possible to automatically detect or predict these accidents, congestion and other
emergencies in the data in the future.

4.1 Situation A

The first situation follows a special event on the D8 motorway, which leads to the north of the republic. At the
observed time, an accident occurred on the road. According to official traffic information (provided by the Police
of the Czech Republic), this caused a slowdown in traffic and diversion of traffic to secondary roads.

The aim of this event was to monitor the behavior of drivers of floating vehicles, whether the reported
behavior is transcribed into the examined data, and whether it is possible to monitor other peculiarities.

The observed event took place on Monday and the dates were compared with the surrounding days and the
following Monday. The penetration Pc for the whole monitored period (November 2020) was on average 14%
if we monitored only the peak period (7-11 am and 2-6 pm) we are talking about a value of 22.5%. Thus, the
data can be considered relevant and it can be assumed that it should characterize the traffic flow.

The data from the floating cars are shown in red in figure 2. The rule is that the darker the color, the faster
the traffic flow. If there is no red line on the road, data from floating vehicles was not captured for this road at
the time (no floating vehicle was driving there). The pictures show when the accident occurred (picture on the
left) and the course of the accident, when no vehicles drove along with the main traffic (picture on the right). It
should be noted that, compared to similar times, the motorway is very sparsely occupied by floating vehicles,
but relatively covered.

Q o

Figure 2: The course of the described situation A - creation of the accident (map on the left), the course of the accident (map
on the right) on the D8 highway in the direction of Usti nad Labem

It was also clear from the analysis that traffic limited the main road for about an hour (interruptions can be
observed between 1:25 am and 2:45 am). This is different from the official reports reported by the police of the
Czech Republic, which stated a longer closure of the highway and detours. However, this statement cannot be
confirmed from the data.

This is the result for further discussion. The data raises the question of whether the given event can be
monitored in the data (this was not confirmed by the initial analysis). However, it should be noted that the
accident occurred at night when vehicle penetration is significantly lower than during the day. In this case, it
would be appropriate to supplement the floating car data, such as data from toll gates, stationary detectors, or
CCTV to validate this claim. In this case, the authors do not consider only data from floating vehicles as a
relevant source.



4.2 Situation B

The second situation occurred in February 2021. Ice was detected throughout the whole country during the day,
which significantly limited traffic locally. In this case, the project deals not only with a specific location, but in
general with the entire road network and monitors whether the icing phenomenon is transcribed into data for
the entire road network.

Locally, the project also focused on monitoring a specific locality, namely the D1 highway in both directions
(highlighted in orange on figures below). This is the main highway that connects the three largest cities in the
Czech Republic. The intensities and speeds on this road are traditionally higher than on other highways in the
Czech Republic.

It is therefore a different situation than the first one, where one specific accident is not monitored. In this
case, the behavior of drivers of floating vehicles was monitored for a defined area. Also, the penetration of
vehicles was compared at the beginning, the penetration for specific days was solved, namely for the day
measured by ice and the same day for the next week. The resulting total penetration was 17.3%, resp. 12.6%.
In general, penetration values are lower than in the case of the November event. It can be assumed that the
covid situation worsened the penetration.

The following behaviors can be observed in documented images. Already during the night hours, a noticeable
decrease in speed was observed on the main highway. This could have been caused by a drop in vehicle
penetration at night. However, even from the previous analyzes, the highway network is successfully being filled
with a sufficient number of floating vehicles after about 5 am. Here it is clear that even after 6:30 am the speed
of floating vehicles is around 50kmph.

The situation is described in figure 3 and 4. In figure 3, it can be seen the situation in the morning. Normally,
the highway is full at this time. But in the first map, there is no clear difference in speed on highways and other
roads. This can be observed by all being the same shade of red. This situation is settling to around 11 am,
which also corresponds to official reports from the Police of the Czech Republic. Until the normal traffic flow (ie
to a state where the highway is recognizable in the data from other roads), the situation on the D1 highway
arrives in the afternoon, specifically after 5 pm (see figure 4, where the difference is clear, the dark red is for
speed high way). This can again be compared with other days of the month.

Figure 3: The situation on the D1 highway in the morning with congestion



Figure 4: The situation on the D1 highway in late afternoon without the congestion

The event described above was also clearly reflected in the data. Surprisingly, not much traffic has moved to
other surrounding roads. Official reports did not mention it either, but from the subjective knowledge of the
territory, it was expected. This may be caused by meteorological conditions throughout the day when the icing
formed on the territory of the entire Czech Republic. Another explanation may be the transfer of traffic to the
second highway connecting these 3 cities, which runs north to our territory. To declare this, it is necessary to
further examine the data from a global perspective.

5 CONCLUSION AND FUTURE WORK

The paper summarizes the initial processing and analysis of a new data source available in the Czech Republic.
Since this is a free data source, guaranteed by the state, it is appropriate to further investigate it. The authors
aim to verify whether the data can be used to clean up extraordinary events and driver behavior on detour
routes. This has not been fully confirmed.

Data from 2020 and 2021 were processed, for which several events were selected. An initial analysis,
including penetration values, was presented on the example of two events. Prior to the impact of the pandemic
COVID19, the total vehicle penetration per month averaged over 20%, which is a quite good result. According
to data, the value of the pandemic has fallen slightly.

In the future, it is necessary to further focus on whether the accommodation of the supplied data really
occurred. It would also be appropriate to further link the data, for example, with meteorological data, which
greatly affects traffic. If necessary, verify individual events based on data from stationary detectors so that
results are conclusive and relevant.

In the future, it would be the combination of telematics systems and data from floating vehicles that it would
be possible to monitor, for example, the quality of the road surface or even plan their partial closure in less
frequented hours. Thanks to data from floating vehicles, it is also possible to solve telematics systems that warn
drivers of an obstacle on the road. The premise of the idea is that telecommunications are equipped with variable
traffic signs or the use of cooperative systems.

In general, it can be argued that the penetration of floating vehicles should increase in the future. This is also
connected with the expected development of connected vehicles, ie vehicles that will have a GPS transmitter
and a SIM card or other data connection, for example to the car manufacturer. Then it will be possible to use



this data as well. However, there is still a need to investigate the sufficient vehicle penetration that may have
been affected by the COVID19 pandemic in terms of future driver behavior.
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