
ABSTRACT
Road transport plays an essential role in freight trans-

port throughout Europe, therefore, conditions that may 
hinder seamless operations in this sector require thor-
ough consideration for evidence-based action. Critical 
amongst these key conditions is how, when, and where 
truck drivers stop, as a common set of rules strictly reg-
ulates their driving times and rest periods, which causes 
mandatory interruptions in the supply chains. However, 
approximating reliable estimations of freight traffic flows 
and road infrastructure usage constitutes a considerable 
challenge for researchers. This paper presents a robust 
data processing approach to designate rest area stops 
and to calculate the pertaining driving and rest times. 
Drawing on the abundance of navigation information 
provided by private fleet toll registration services, a com-
prehensive spatial-temporal truck stop database on all 
major rest areas along the toll road network in Hungary 
has been compiled. Based on the assessment and com-
parison of driving and rest times, driving and parking 
times have been analysed, including micro-scale analysis 
of particular rest areas. Both the methods applied and 
the results achieved can be of strategic interest to better 
understand truck driving patterns, as well as to develop 
targeted and cost-effective measures to streamline freight 
transport operations in other contexts. 

KEYWORDS
GNSS tracking; truck rest areas; mandatory rest time;  
truck traffic regulations; truck driving patterns; road  
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1. INTRODUCTION
In Hungary, an EU member state with a surface 

area of 93,030 km2 and 9.8 million inhabitants, road 
transport is the dominant mode in moving freight: 3.7 
times more cargo was transported on road than by rail 
in 2020 [1]. A total of 1,738 km of highways (motor-
ways and expressways) and 7,017 km of main roads 
serve road traffic as of 2020, and a distance-based 
electronic toll system of heavy vehicles is in place 
across approximately 6,500 km of this network.

The key roads belong to the Mediterranean, Ori-
ent/East-Med and Rhine-Danube corridors crossing 
Hungary, forming part of the TEN-T network at a 
length of 1,474 km. They also function as the main 
arteries of national and international freight trans-
port in the country. Along 1,319 km of this network, 
there are 184 rest stops with facilities for truck driv-
ers. The Annual Average Daily Traffic Flow (AADT, 
2019) is higher than 40,000 vehicles on 30% of the 
TEN-T network, and the proportion of total traffic 
comprising HGVs is more than 20% on 42% of the 
TEN-T network [2]. With regards to traffic compo-
sition, in the Hungarian sections of the Orient/East-
Med route Vienna (AT)–Budapest (HU)–Belgrade 
(RS), the average ratio of trucks was 21% in number 
of vehicles and 39% in PCU (passenger car unit) 
in 2019, while the capacity utilisation on some sec-
tions – mainly close to the capital city of Budapest 
– exceeds 100% of the tolerable traffic volume [3].
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is to ensure efficient use of resources while adher-
ing to applicable rules and regulations. In order to 
keep up with schedules, logistics service providers 
and truck drivers need to be sure that they will be 
able to stop and park the vehicle and cargo safely 
in a designated parking place or area. Overdriving 
(to find a rest location or any other reasons) is not 
only monitored and strictly sanctioned by the trans-
port authorities but also imposes safety risks and 
health implications in relation to stress and fatigue. 
Stopping earlier in order to ensure timely access to 
an adequate rest location increases also the risk of 
transport delays and reduces competitiveness of ser-
vice providers. For the above reasons, a well-man-
aged, safe, and secure truck parking network along 
main (particularly TEN-T) road corridors is of stra-
tegic importance for the competitiveness of the EU 
road freight transport sector.

Identifying the characteristics of the rest areas 
within Central Europe for an infrastructure that 
supports hours-of-service compliance and seamless 
freight flow requires substantially more research. 
The present research aims to reveal driving and rest-
ing patterns of truck drivers, to map the use of rest 
areas along road networks, and analyse the use of 
the dedicated infrastructure on micro level, i.e., at 
specific rest areas. This is presented in the form of a 
case study in Hungary applying a GNSS-data-based 
approach to investigate the routing of heavy goods 
vehicles (HGVs) in the specific context of highways 
and main roads in Hungary. It is expected that the 
outcomes will contribute to the better understanding 
of spatial and temporal distribution of parking de-
mand, characteristics of journeys of critical length, 
as well as the actual use of rest areas beyond the 
case of a particular country.

The above mentioned general research aims are 
translated into the following specific research ques-
tions to guide the analysis:
RQ1: How can fleet tracking data reflect the tempo-
ral driving patterns and rest area usage?
RQ2: What are the spatial characteristics of rest 
area utilisation?
RQ3: How can spatial temporal data support an in-
frastructural (qualitative) analysis of highway rest 
areas?

This paper is organised as follows: first, a brief 
review of truck parking related literature is pre-
sented. This is followed by an overview of the case 
study. In the methodology section, data as well as 
approaches and main challenges of data processing  

The regulatory framework in the European 
Union, completely integrated into the Hungarian 
law, specifies the driving time, break, and rest peri-
od rules for drivers engaged in national and interna-
tional road transport. These regulations have essen-
tial influence on the use of parking lots designated 
to heavy vehicles. The most relevant regulations in 
the European Union are about the harmonisation of 
certain pieces of social legislation relating to road 
transport [4] and about the maximum daily and 
weekly driving times, minimum breaks, and daily 
and weekly rest periods [5]. As a general rule, the 
critical driving time is 4.5 hours, i.e., drivers are 
required to take a break of at least 45 minutes be-
fore this time limit; however, this short break may 
be divided into two sections, one being at least 15 
minutes and the other 30 minutes. The drivers must 
not drive more than 9 hours a day in total (still re-
specting the aforementioned 4.5 hours limit, which 
is a hard constraint), which may be extended under 
specific circumstances, to a maximum of 10 hours, 
not more than twice a week. Furthermore, as of 
2021, Hungary is one of those 14 EU member states 
where traffic bans (truckstop) restrict the traffic of 
trucks on weekends and during national holidays. 
During traffic bans, drivers have to stop irrespective 
of their driving time (with some exceptions, e.g. the 
transport of live animals).

In light of the importance of the transport of 
goods for citizens, businesses, and manufacturing in-
dustries, current EU policies, particularly the recent 
Sustainable and Smart Mobility Strategy [6], aim to 
ensure uninterrupted freight transport operations. 
This may refer to a variety of aspects of how the 
EU’s single market is expected to operate, including 
– among others – interoperability between modes, 
inter- and multimodality, integrated digital services, 
and paperless procedures. Road transport plays an 
essential role in freight transport throughout Europe 
[7]. Therefore, conditions that may hinder seamless 
operation in this sector require thorough consider-
ation for evidence-based action. Critical amongst 
these key conditions is how, when, and where truck 
drivers rest, as a common set of EU rules (with 
some exceptions and national derogations) strictly 
regulate their driving times and rest periods, caus-
ing mandatory interruptions in the transport flow 
in the supply chains. Bearing in mind the rationale 
behind this measure (particularly health and safety 
of the personnel, road safety, as well as fair com-
petition), one of the main challenges of this sector 
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pancy rates with possible influencing factors, such 
as commercial vehicle flow, average speed, number 
of lanes, time of day, and usage of shoulders and 
ramps of rest areas in Tennessee, USA [17]. The au-
thors demonstrated that studies performed on GPS 
data are significantly more cost-effective than field 
studies and are also more informative at the same 
time, as a continuous and large-scale data stream 
can be analysed. Moreover, with the truck IDs, 
movements and behavioural patterns can be traced 
accurately and, most of all, they can be processed 
with GIS applications.

Nevland et. al [18] created a classification 
scheme that highlights a set of HGV parking places 
that were virtually invisible to researchers as they 
did not fall in the categories of authorised parking 
places (such as public rest areas and fuel stations, 
weigh stations, open access HGV parking, limited 
access HGV parking, authorised roadside parking), 
rather being unauthorised spots (unauthorised road-
side parking, unauthorised highway ramp parking, 
unauthorised parking on public property, unautho-
rised parking on private property). Analysing the 
GPS data of commercial vehicles in their study set-
ting, the latter collection of parking places even sur-
passed the area of the authorised property parcels, 
proving that traditional data collection methods 
could not capture a massive portion of parking spots 
in use. As Karam et al. [19] stated, European studies 
are missing in the field, and they also acknowledge 
the difficulty of acquiring fleet tracking data. Ac-
cording to them, this is likely due to the reluctance 
of logistics companies to share sensitive data re-
garding their operations, as their performance met-
rics, the extent of their capabilities, or even location 
of their business partners could be assumed. 

3. METHODOLOGY
In order to reveal driving and rest patterns, two 

databases have been created. Figure 1 illustrates the 
methodology, including the data analysis steps and 
the connection of the individual data sources.

3.1 Processing of the GNSS tracking 
dataset

Before 2016, traffic surveys in Hungary main-
ly operated with data sampling techniques and in-
terviews. Since then, owing to the electronic fleet 
tracking and toll calculation methods, there is the 
possibility to draw on the potential of GNSS data. 

are introduced. Results and key findings of the spa-
tio-temporal analyses are broken down into sub-
chapters answering the research questions. Finally, 
findings are summarised and the potential fields of 
further application are presented in the Conclusion.

2. LITERATURE REVIEW
Truck parking studies in North America and Eu-

rope usually investigate the use and occupancy rates 
of rest areas; many of them indicate that the num-
ber of designated parking places are insufficient and 
that it is often difficult for drivers to find a place 
to rest in compliance with pertinent regulations 
[8–10]. In spite of the relevance of understanding 
patterns in driving and rest times, along with the use 
of rest areas, the topic has remained rather under-
researched in Europe [11]. In terms of methodolo-
gy, the earliest studies in the field are the so-called 
overnight studies, which are essentially field stud-
ies: researchers spent a day and a night in the rest 
areas (every year on specific days) registering the 
arrival of trucks and the time spent, while also in-
terviewing the commercial vehicle drivers [12, 13]. 
To eliminate the bias caused by depending on the 
memory of the respondents, a 14-day truck parking 
travel diary was created [14], and provided better 
insights into aspects that overnight studies could 
not explore, such as number of locations searched, 
frequency of resting at unauthorised spots, total 
non-productive time spent searching for parking 
and factors influencing stop location choice. From 
the drivers’ perspective, finding a safe and adequate 
parking area was surveyed in the Pacific Northwest 
of the USA by Anderson et al. [15], indicating that 
more than half of the truck drivers occasionally de-
cide to park at highway ramps and shoulders due to 
lack of available parking or infrastructural features 
that make it difficult to manoeuvre an HGV.

The scientific interest increased in light of the 
large amounts of digital traffic data generated on 
itineraries of heavy vehicles. With the spreading of 
GNSS (Global Navigation Satellite Systems) tech-
nology researchers started to incorporate navigation 
and fleet tracking data into their studies, in combi-
nation with the results of the overnight studies [8] 
and WIM (weight-in-motion) sensors [16]. These 
studies established an expansion factor to their re-
spective study area, which estimates and attempts to 
mitigate the deviation coming from the different data 
collection methods. Another GPS-based approach 
applied econometric methods to link rest area occu-
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 – In the third step, journey data were processed: 
timestamps, vehicle ID numbers (of different 
types), coordinates, and other journey descrip-
tion data have been stored in comma-separated 
value tables (CSV) to minimise the size of the 
files. As part of this process, all journey records 
have been labelled with a unique ID number. 
(Although identical numbers were assigned to 
each vehicle in the phase of separating journeys 
from GNSS tracks, it was essential to differen-
tiate between all journeys of a truck with a sep-
arate code, so that the pertaining geometrical, 
temporal, and distance values could be calculat-
ed for the different vehicle movements.)

 – A significant amount (about 50%) of the data-
set contained interrupted journey tracks which 
were mainly caused by the irregular switching 
of the OBUs, as many of the drivers turned the 
device off after leaving the Hungarian toll roads, 
but switched it on again before arriving at their 
final destination or entering Hungarian territory. 
Therefore, in the fourth step, these incomplete 
journey records have been removed from the da-
tabase using a filtering algorithm that compares 
the ending coordinates of the previous journey 
with the starting coordinates of the subsequent 
trip and designate it as discontinued if the dis-
tance is higher than 0.1 geographical degree 
(around 10 kilometres).

 – In the fifth step, driving and rest periods as well 
as travel times and rest times have been identi-
fied and calculated. 

3.2 Building the rest area database
For this study, all rest areas along toll roads in 

Hungary, as well as rest areas in the border area, 
i.e., those located within a 200-metre distance from 
the border with Hungary, have been considered. In 
total, 434 rest areas have been listed, including 5 
in Austria, Slovakia, and Slovenia. The elements 

The precision and representativeness of the tracking 
dataset renders it a powerful tool for the characteri-
sation of the most popular destinations, routes, and 
other driving patterns. Most of the vehicles above 
3.5 tonnes running on the toll roads in Hungary have 
been using OBUs (On-Board Units) since 2013. 

The databases of three of the largest fleet track-
ing service providers, which cover about half of the 
entire Hungarian toll-paying HGV fleet, have been 
used for the first time in 2016 for the national truck 
origin/destination matrix analysis [20, 21]. The ac-
quired geopositioning data which covers October 
and November 2015 also contains timestamps and 
anonymised vehicle ID codes [22]. The extraction 
of spatial and temporal journey parameters required 
further data processing; however, the dataset can 
be regarded as representative information on ve-
hicles weighing above 3.5 tonnes and suitable for 
the production of reliable and undistorted statistical 
estimations. For the present study, data of 100,000 
randomly selected routes from the three service pro-
viders have been processed, as follows:

 – In the first step, pre-processing of the GNSS 
tracks, interim stops – such as stop-and-go sit-
uations and manoeuvres at traffic obstacles (e.g. 
traffic light locations) – have been filtered using 
an idle time threshold of 10 minutes and through 
identification of changes in the angle of the vehi-
cles’ driving direction, derived from the tracked 
position points. As a heuristic approach, it was 
assumed that vehicle stops where the direction 
of the journey has not altered by more than 20 
degrees does not qualify as a destination of the 
truck journey, instead we interpreted them as 
stops due to certain traffic conditions [22]. 

 – In the second step, the pre-filtered stop locations 
have been compared against the subsequent de-
parture points of the same vehicle, and thus the 
discontinued tracks were also removed from the 
dataset. 

Preprocessing
Removal of
discontinued

tracks

Criteria
definition

Selection
of rest areas

Buffer zone
mapping

Connection of the
rest area and

journey databases
Characterization

of rest areas

Processing
of

journey data

Removal of 
incomplete

records

Identification
of driving

and rest times

Processing of the GNSS tracking databse

Building the rest area database

Assigment of rest periods to rest areas

Figure 1 – Data processing steps of the analysis
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3.3 Assignment of rest periods to rest areas
As driving and rest periods, rest areas have also 

been identified by the above steps, assignment 
of rest periods to rest areas requires integration 
of the two databases. For this, buffer zones with 
a 200-metre radius have been drawn around each 
rest area so that all the possibly related truck stops 
could be assigned to the facilities, taking into ac-
count the inaccuracy of GNSS measurements. All 
the truck stop points falling within the 400-metres 
diameter circle have been linked to the given rest 
area. Although using this radius could potentially 
involve some overlapping between the zones and 
the inclusion of unrelated nearby truck stops (and 
thus it may require further filtering), the use of uni-
form buffer circles substantially decreases the data 
preparation time and are also more effective to 
compute than individual polygons with more com-
plex geometry. Furthermore, parking outside the 
designated spots is also common around some of 
the crowded rest areas, thus buffer zones allow the 
identification of such driving behaviour in order to 
provide infrastructure managers with this relevant 
information.

4. RESULTS AND DISCUSSION
In this chapter, we present a general overview 

of rest time patterns, spatial distribution of stops 
by truck drivers, as well as a micro-scale analysis 
of a rest area. Some of the results provide insights 
into driving times, rest locations, and their spatial 
characteristics, illustrating how processed GNSS 
data may be applied for the analysis of road freight 
transport patterns.

4.1 Rest time pattern analysis
A general idea on the rest area usage of Hun-

garian roads may be given through the comparison 
of the lengths of driving and rest period. Figure 3 
shows all temporal data of every journey that end-
ed in one of the 434 identified rest areas. The sam-
ple – created from the aforementioned data pro-
cessing – contains 4,813 journeys that have been 

of the rest area database have been gathered from 
open online sources (IRU [23], DKV-Euroservice 
[24], and Truck Parking Europe [25]). The rest area 
parameters of the different sources have been cross-
checked and confirmed based on on-site inspections 
to check and refine the capacity and the exact loca-
tion of the facilities. The database includes motor-
way rest areas that are usually accessible from one 
direction only, parking lots at gas station, and other 
larger designated truck parking areas. The capacity 
of rest areas shows a variety from small stations of 
5–10 spots up to the largest at border crossings, rest 
areas that usually boast over 100 places. 

Toll road rest areas in Hungary are generally 
more frequent around the capital city of Budapest 
and along the main international transit corridors 
(Figure 2), where the facilities with more than 10 
places are distributed rather evenly (10–20 kilome-
tres from each other), while in the rest of the coun-
try rest areas may be 30–50 kilometres apart. (Let 
us note that double rest areas overlap on the maps 
in this paper, visualisation of rest areas with larger 
capacity is always prioritised.) 

 

Slovakia
Ukraine

Romania

Serbia
Croatia

Slovenia

Austria

0 50 100 km

Number of truck parking spots
< 10
10–49
50 ≤
Main roads
Highways (2015)

Figure 2 – Capacity of rest areas

Some of the highways have unique characteris-
tics in terms of rest area capacities, some of them 
have a higher number of relatively smaller rest ar-
eas, while other sections host fewer facilities with 
a higher average of parking capacity. About half of 
the analysed rest areas have a capacity below 10 
places, and about one tenth of them have a capacity 
equal to or over 50 places – however, these large 
facilities host the majority of trucks along the main 
traffic corridors of Hungary (Table 1).

Table 1 – No. of rest areas by capacity groups

Capacity <10 10–49 50≤ 

No. of rest areas 257 139 38
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The usage patterns tell a different story when the 
distribution of rest periods is plotted by the time of 
day. Based on Corro et. al. (2019) [8], it was expected 
to observe a higher number of trucks parked during 
the night with longer average rest periods. Instead, 
the highest number of trucks parked is associated 
with the hours around noon (10 a.m. to 3 p.m.); the 
elongation of rest periods starts already at 4 p.m., 
and after midnight these periods get shorter again 
(Figure 4). This phenomenon is explained by the fact 
that this database contains both national and interna-
tional routes, and in domestic transport trucks most 
likely return to the company base, therefore their 
number is not adding to the truck count at rest areas 
at night.

Comparing the length of driving times and rest 
times, the balanced nature of regular stops is visible. 
Around every 2 hours on average the drivers stop for 
a break, but the length of rests is much more depen-
dent on the time of day as seen in Figure 5. One pos-
sible explanation to the declining number of drivers 
stopping for longer rest periods or even departing 
from the rest area in the middle of the night may be 
the fact that night driving is generally less stressful 
and more predictable due to lower congestion (e.g. 
close to the capital city of Budapest or before cross-
ings of Schengen borders) and that there are fewer 
factors that would result in delays. In light of the dai-
ly cycles observed within this dataset, further inves-
tigation is recommended as it may provide valuable 
insights for the infrastructural planning of a greener 
road freight network: for instance, for the usage of 
electric trucks, these patterns should be well under-
stood and the electric network optimally prepared for 
the charging needs.

filtered for the regulatory criteria, as driving times 
of less than 15 minutes and over 4.5 hours, and also 
breaks under 15 minutes and rest times of more than 
24 hours have been excluded. 
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Figure 3 – Driving times and rest periods at rest areas

A concentration of rest periods is discernible 
around 0 to 1.5 hours and 8 to 10 hours. It is in 
line with the regulations for breaks and rests, thus 
seems to be an expectable and reasonable outcome. 
However, driving times tend to be evenly distribut-
ed along the horizontal axis, therefore, there is no 
indication of drivers attempting to exploit the max-
imum allowed driving time. Moreover, there is no 
correlation between the length of driving and rest-
ing periods: drivers may stop for a longer rest after 
a short drive just as easily as stopping for short rest 
after a longer drive. This may be explained by the 
fact that the daily driving limit is 9 hours (10 hours 
maximum twice a week) and this analysis contains 
only the sections ending at a rest area (and not for 
instance at the final destination), so daily driving 
patterns here cannot be considered as longitudinal 
examination.
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4.4 Parking times
Special attention has been paid to those rest ar-

eas where drivers spend longer time, supposedly 
their rest period. Stops above 45 minutes (Figure 8) 
and 9 hours (Figure 9) have been considered here. 
The proportion of rest times of the entire sample 
over 45 minutes were grouped into 5 categories: 
0–20%, 20–40%, 40–60%, 60–80%, and 80–100%. 
Apparently and logically, most of the rest areas had 
a higher proportion of rest periods over 45 minutes 
and their spatial distribution is quite uniform. Rest 
areas with low proportion of stops above 45 minutes 
are mostly in services areas with limited capacity 
and thus fewer services where most drivers usual-
ly take short breaks. Notwithstanding, truck drivers 
spending their daily rest (longer than 9 hours) in rest 
areas tend to use the ones in inner parts of the coun-
try, more likely at high-capacity rest or service areas 
where more services are available

4.5 Rest area analysis
The exact locations of parked trucks provide rel-

evant information about rest area usage, especially 
when parking takes place outside the designated lots 
(at the shoulders of the ramps, for instance), which 
can possibly indicate the saturation of the facility, 
particularly in the case of larger and busier rest areas.

One of the largest rest areas in Hungary, located 
along a TEN-T corridor, is presented in Figures 10a 
and 10b. The figures show both the driving times pri-
or to arrival and resting times spent at the facility. 
The exact locations where trucks were parking are 
indicated. A vast majority of vehicles arrived at the 
rest area after a driving time of between 1 and 2 

4.2 Traffic volumes in rest areas
 Parking spots have been classified into ten 

deciles comprising equal number of rest areas, cate-
gorised according to the journey endpoints assigned, 
from the busiest to those witnessing the fewest stops 
by truck drivers (Figure 6). 

The spatial distribution of the ten categories of 
the rest areas along the main transit routes reflects 
the capacity of these parking spots, as the heavier 
traffic can be observed at rest areas having more 
space. Busy rest areas marked with darker colours 
correlate with the main international traffic corri-
dors of Hungary, they indicate more stops close to 
the capital city of Budapest (along the ring motor-
way M0 around Budapest), close to the city of Győr 
(the only large city towards Western Europe along 
TEN-T corridors), as well as at the state borders.

4.3 Truck journeys of critical length
As mentioned above, common European rules 

require that drivers stop after 4.5 hours of driving. 
To identify rest areas where more journeys of critical 
length end, driving times have been studied prior to 
the breaks. Figure 7 shows the distribution (deciles) 
of journeys above 3.5 hours in the 434 rest areas 
(considering this the minimum threshold of driving 
times turning into critical if there is no designated 
rest area or available parking). Darker colours indi-
cate rest areas where these journeys are concentrat-
ed: particularly near the state borders with Austria, 
Romania, Slovakia, Slovenia, Serbia, and Ukraine, 
as well as in some further points of TEN-T corridors 
and close to the capital city of Budapest.
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Figure 5 – Average length of truck drivers' driving and rest periods (authors’ edition)
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Figure 7 – Journeys above 3.5 hours of driving time at the rest areas of arrival (deciles)
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Figure 8 – Proportion of trucks stopping for more than 45 minutes (from all stops at the rest area)
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Figure 6 – Traffic volumes in truck rest areas (deciles)
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eration, such as for the implementation of measures 
for better infrastructure management or enhanced 
traffic safety.

5. CONCLUSION
The maximum allowed driving time and the man-

datory rest time is stipulated by European and na-
tional regulations. The strict norms require that truck 
drivers stop for a break or rest in clearly defined in-
tervals, due to which rest areas along the main trans-
port corridors may lack sufficient capacity to accom-
modate the needs of the mostly international freight 
traffic. Thus, predictability and prudent planning of 

hours, or after shorter journeys. The calculation of 
rest times for arriving trucks indicates that short 
breaks (under 15 minutes) and short-stay parking 
(under 45 minutes) prevail. With regard to the spa-
tial distribution, drivers apparently prefer parking 
spots close to the facility buildings, however, some 
of the shorter stops took place outside the designat-
ed parking area, along the entrance and exit ramps, 
suggesting that during certain rush periods drivers 
prefer to park their trucks outside the presumably 
crowded parking lots. Although this is only a brief 
insight into how rest areas are used, identification of 
both regular and unauthorised stops may be relevant 
for the reconsideration of the facilities and their op-
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Figure 9 – Proportion of trucks stopping for more than 9 hours (from all stops at the rest area)
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Figure 10 – Trucks at a rest area
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the analysis of rest area infrastructures (RQ3) by a 
detailed study of a specific rest area or a compre-
hensive review of facilities along a corridor. This 
method would support researchers, road engineers, 
and traffic managers in understanding parking pat-
terns and subsequently deciding on a revision of 
traffic management at rest areas (e.g. reorganisa-
tion of parking spots, increase of parking capaci-
ties, enhancement of road safety, particularly for 
vulnerable road users) or reconsider the design of 
road infrastructures in rest areas (e.g. distribution 
of parking places, access routes by vehicles and on 
foot). Findings are expected to contribute to poli-
cy-making as well, especially in terms of achieving 
aims related to priority actions of the EU directive 
on the deployment of Intelligent Transport Systems 
in the field of road transport, namely the provision 
of reservation services for safe and secure parking 
places for trucks and commercial vehicles [26].

There are many ways to extend the analysis of 
GNSS datasets for road freight traffic optimisation, 
but for the present study two key future research 
directions are of paramount importance. First, on-
site validation of similar GNSS tracking data could 
improve the reliability of the presented method. It 
could be a useful technique to also gather auxiliary 
data (such as freight category, nationality, and other 
characteristics). However, this may be time-consum-
ing and costly, taking into account that relevant in-
formation could have been gathered by applying the 
above methods without on-site surveys. It is worth 
noting that a significant barrier for further analyses 
of the present dataset is posed by the lack of vehicle 
category attributes in the dataset, which could facil-
itate the assessment of the vehicle size and hence 
the parking spot size needed for the different trucks. 
This kind of additional information would increase 
the opportunity to carry out more detailed analyses 
and find tailor-made solutions for specific rest ar-
eas. Second, another possible future direction of the 
research is to perform reliable calculations on the 
number of trucks simultaneously using the rest area; 
however, this would require significant computing 
capacities to jointly process the timestamps and the 
GNSS coordinates. The synchronised spatial-tem-
poral data-gathering could also allow data users to 
analyse the correlation between the saturation of the 
rest areas and the use of the unauthorised parking 
spots and certain short-stop facilities such as truck 
wash or gas stations.

the transports may be jeopardised, resulting in ex-
cessive stress and consequent risks of accidents, and 
potentially in exceeding driving times and the use of 
unauthorised parking spots.

In this article, GNSS tracking data from three 
leading Hungarian fleet management providers 
were analysed to assess driving and rest times. In 
this state-of-the-art study, derivatives of the raw 
GNSS tracking database have been used to estimate 
the different spatial and temporal mobility patterns 
of trucks using the main road network in Hungary. 
With the above presented processing methodology 
of tracking data (locations and timestamps), it was 
possible to reveal the daily course of driving and 
rest times, as well as the number of trucks parking 
in the studied rest areas, thus characterising the tem-
poral driving patterns and rest area usage on the do-
mestic main road network (RQ1). A key advantage 
of this method is that it provides relevant informa-
tion about road freight traffic flows without any ad-
ditional on-site surveys.

In the spatial analysis, truck stops of 434 rest 
areas in Hungary (including a handful of facilities 
right across the border in Austria, Slovakia, and Slo-
venia) have been examined, providing statistics not 
only about the traffic volume but also both the time 
spent at the parking facilities and the driving time 
prior reaching the designated spots. In terms of the 
spatial characteristics of rest area utilisation (RQ2), 
facilities hosting the highest number of truck stops 
along the main transport corridors are concentrat-
ed in close proximity of the economic centre of the 
country (the capital city of Budapest) and the park-
ing facilities with the highest rate of longer waiting 
times and longer previous journeys are situated at 
the busiest border crossings. Comprehensive re-
al-time rest area capacity monitoring systems and 
applications (e.g. for mobile devices) could provide 
a solution, on the basis of reliable GNSS informa-
tion gathered by fleet toll service providers (and this 
data could also be utilised by other stakeholders 
within the traffic domain for development purpos-
es).

A micro-scale analysis demonstrated that at busy 
rest areas trucks may systemically tend to park out-
side the designated spots along both the entry and 
the exit ramps, indicating the saturation of the rest 
area and also posing road safety risks for other ve-
hicles and people (including passengers in cars and 
motorcyclists) using the exit lanes. In light of these 
first insights, this approach can be applied to extend 
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AHOL A TEHERGÉPKOCSI-VEZETŐK 
MEGÁLLNAK: FLOTTAKÖVETÉSI ADATOK 
ALKALMAZÁSA A PIHENŐHELY-HASZNÁLATI  
ÉS VEZETÉSI MINTÁZATOK VIZSGÁLATÁRA

KIVONAT
A közúti közlekedés alapvető szerepet játszik az eu-

rópai árufuvarozásban, ezért az áruforgalmat akadályo-
zó tényezőket érdemes megvizsgálni és a zavartalan 
működést célzó lehetséges jövőbeli beavatkozásokat 
valós adatokra támaszkodva előkészíteni. A közúti áru-
fuvarozás kapcsán az egyik ilyen kritikus szempont a te-
hergépjárművek kötelező megállása, annak helyszíne és 
időtartama. Előfordul, hogy a jogszabályok által előírt 
pihenőidők betartása nehézségekbe ütközik, ami fenn-
akadást okozhat az ellátási láncban. A tehergépkocsi- 
forgalom volumenének és a közúti infrastruktúra ki-
használtságának becslése kihívás elé állítja a kutatókat, 
a műholdas nyomkövetési adatok megjelenése azonban 
nagy mennyiségű adatot biztosít az elemzésekhez. Jelen 
tanulmányban olyan új módszert mutatunk be, amely al-
kalmas a vezetési és a pihenési mintázatok vizsgálatára. 
Az adatállományból a földrajzi pozíciók és a hozzájuk 
tartozó időbélyegek egymáshoz rendelésével elvégeztük 
az egyes pihenőhelyek használatának térbeli és időbe-
li vizsgálatát. Az eredmények alapján következtetések 
vonhatók le a tehergépkocsik magyarországi úthálóza-
ton és pihenőhelyein eltöltött idejének napi lefutására; 
az egyes pihenőhelyek látogatottságának gyakoriságára 
és időtartamára; valamint a pihenőhelyek mikroszinten 
értelmezett használati szokásaira vonatkozóan. Az ilyen 
vizsgálatok az árufuvarozás költséghatékonyságának 
növelését szolgáló fejlesztések mellett az infrastruk-
túra optimális használatát elősegítő beavatkozások 
előkészítését is támogathatják.

KULCSSZAVAK
GNSS nyomkövetés; tehergépjármű-pihenőhelyek; 
kötelező pihenési idő; tehergépjármű-szabályozás; 
tehergépjármű-vezetési szokások; közúti teherszállítás.
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