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ABSTRACT The recent development of modern intelligent transport systems has caused a major
innovation in the organization and management of traffic and enabled a pronounced integra-
tion of new data on the transport phenomena and processes. The goal of the study is to analyse
the daily mobility rhythms in an urban environment through data from intelligent transport
systems. To study daily mobility rhythms, we make use of hitherto unutilized data from in-
ductive loops and strategic traffic detectors (parts of the ITS) within the urban area of Ceské
Budéjovice, Czechia. We particularly focus on the assessment of overall daily mobility rhythms
and the daily rhythms of individual locations within the urban area with a goal to reveal the main
conformities and differences. The research has attained two key results. It was discovered that
daily mobility rhythms differ especially in individual types of vehicles (cars, medium vehicles,
and long vehicles). In the assessment of spatial differences in the daily rhythms of individual
locations significant differences were revealed in the courses of daily mobility rhythms in the
city centre, residential areas, and shopping areas.
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1. Introduction

The recent rapid development and spread out of intelligent transport systems
(ITS) has brought substantial changes in the organization and management of
all kinds of transport over the world (e.g. Zhang et al. 2011, Zhu et al. 2018).
Intelligent transport systems belong to the modern information and commu-
nication technologies designed for monitoring, analysing, and management of
traffic. Due to the implementation of ITS transport is safer, more effective, and
more environment-friendly. The main advantage of ITS is their integration of
a number of real-time data on the character of traffic, and enabling transport
planning and urban management (Qureshi, Abdullah 2013). The secondary
benefit of ITS implementation is a continuous detection of a vast volume of traf-
fic data that have not been available at all not too long ago. In relation to the
gradual ITS implementation researchers are receiving important information
on a multitude of transport phenomena and processes, additionally in a great
detail, and from various regions of the world. Specifically, this applies to cities,
where ITS often function in interconnected systems. Showing a high dynamics of
transport phenomena, particularly due to the concentration of urban functions
(housing, trade, work, free time, and other activities), urban space is utilised
for many reasons and by various groups of inhabitants. It is also crucial that
the utilisation of urban space has its distinct temporal component, since vari-
ous activities are pursued at different parts of day, week, or an entire year. On
that basis, we can refer to the movements of people within the urban space as
showing various spatial and temporal patterns, generally designated as daily
mobility rhythms (Schénfelder, Axhausen 2016). Many scientific disciplines deal
with the study of daily mobility rhythms. The knowledge of differences of daily
rhythms is important especially in the sphere of research but also in practice
(particularly urban or transport planning). Therefore, knowledge of space-time
routines of urban mobility is the key aspect in comprehension of the quality of
urban life (Weber, Kwan 2002; Ahas et al. 2010), its structure as a whole, and
the individual locations.

However, until recently the study of urban rhythms has been limited to small
population samples or small areas within cities (see e.g., Axhausen et al. 2002 or
Roy, Tubbs, Burton 2005). It was traditional to utilise travel diaries as a main re-
search method. Over time, however, researchers started to use more extensive data
files on the daily mobility rhythms. For example, Muli¢ek, Osman, Seidenglanz
(2016) or Osman, Ira, Trojan (2020) studied transformations of daily mobility
rhythms in industrial and post-industrial city through the changing public trans-
port timetables. A great challenge for the study of daily mobility rhythms are
location data of mobile phones (e.g., Krygsman, De Jong 2007; Ahas et al. 2010 or
Oufednicek et al. 2018). It was precisely due to the use of mobile positioning data
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that the knowledge of daily mobility rhythms became markedly enhanced. The
advantage is the opportunity to acquire data for vast territories or large population
samples. Nevertheless, these data exhibit some limitations caused, for instance,
by their complicated accessibility, higher costs, or ethical issues concerning the
protection of privacy of individual respondents (see discussion in Steenbruggen,
Tranos, Nijkamp 2015). A new direction in the research of daily mobility rhythms
is also their study through the data from ITS. Among other things, implementation
of ITS in urban regions brought availability of a large quantity of continuously
recorded data on the movement of people and vehicles in cities and utilisation
of urban space. At the same time, their indisputable advantage is availability of
the data since these are of a non-commercial character. Ironically, the data from
ITS have been used truly little for the study of daily mobility rhythms as yet,
especially in geographical research. ITS data are quite commonly used, especially
in transport planning, as they provide essential information on the spatial mobility
of the population, its variability and differentiation (see e.g. Thomas, Weijermars,
Van Berkum 2008; Kaparias et al. 2012).

The purpose of this article is to introduce ITS data into geographical research on
urban rhythms. Therefore, the aim of this paper is to study the differences of urban
rhythms through ITS data. Our research relies mainly on information from two
data sources - the primary source of information are the data from strategic traffic
detectors that are complemented by a secondary source in the form of inductive
loops. The paper has the character of a causal study on the example of studying
urban rhythms at selected intersections in the city of Ceské Bud&jovice. The city
is the regional capital of South Bohemia and has nearly 100 thousand inhabitants.
University students, tourists, and other groups of inhabitants form an integral
part of the city’s population. In general terms, each individual and every group of
inhabitants show different demands for and possibilities to use the urban space,
and this is manifested in different daily rhythms of the individual locations (see
e.g., Kraft et al. 2020). Although we are aware that data on traffic volumes at
individual intersections reflect urban rhythms rather indirectly, we consider this
data source interesting and useful for geographical analysis. It is the concept of
rhythmicity of place that we consider important, as crossroads can be seen as key
points enabling the spatial mobility of the urban population.

The paper is structured as follows. The introductory part is followed by the
theoretical embedding of the issue of intelligent transport systems, includ-
ing the description of their working and the use of the system, and a broadly
conceived concept of daily mobility rhythms that belong to significant topics of
contemporary urban studies. The main attention is focused on analyses of daily
mobility rhythms through the data from ITS. The final summary contains the
conceptualisation of the entire subject matter, inclusive of further perspectives
of the research.
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2. Theoretical background

Mobility rhythms are an essential part of the geographical space. Rhythms are
typical for individuals, groups of inhabitants, or citizens of entire states (Novék,
Sykora 2007; Gonzalez, Hidalgo, Barabasi 2008; Taylor, J6zefowicz 2012; Schneider
etal. 2013). An inspirational platform for the research of daily mobility rhythms
are primarily the approaches of time geography, which are directed towards
the research into time-space mobility and geography of everyday life (Ellegard,
Vilhelmson 2004; Paiva, Cachinho, Bararta-Salgueiro 2017). Especially the geo-
graphic study of human activities in time facilitated the development of the study
of time-space rhythms. The crucial concepts (path, project, station, bundle etc.)
associated with time-space rhythms emerged within the time geography. An exam-
ple can be primarily stations, which can be perceived as the crossroads of the daily
trajectories of individuals and whole groups (Edensor 2011; Smith, Hetherington
2013). It relates to space, time, and energy. He says that through the rhythms we
can investigate partial places in cities. Through daily mobility rhythms, we can
explore particularlocations within space, and thereby understand the differences
of individual locations (Lefevbre 2004). They allow us to understand differences,
dynamics, and organization of cities and their parts.

An essential innovation in the study of daily mobility rhythms has been primar-
ily the development of modern geoinformation technologies. They enabled the
researchers to process larger population samples within a relatively short time
and visualize these samples by time-space aquariums (Kwan, Schwanen 2016). The
development of GIS and GPS facilities has contributed to a major enhancing of the
knowledge on time-space rhythms of our society because it enabled ascertaining
of the movement trajectories of a great quantity of people in real time. Especially
the studies based on analyses of mobile positioning data proved most useful in the
study of mobility rhythms (e.g., Fekih et al. 2020 or Sveda et al. 2020). Despite
that, some limitations ensuing from the financial demand of the research (high
acquisition costs), the localization precision of recorded data (depending on the
quality of signal and density of stations) or limited possibilities to acquire the
structure of individual users (e.g., age, sex, income etc.) can be perceived. For
many scientific disciplines (including geography, sociology, economy, etc.) big
data present several challenges but also risks. We can see a great benefit of big
data primarily in a detailed capturing of mobility of persons, both from the view-
point of time and that of space, and also the analysis at linking with other data,
e.g., on demographic characteristics of the respondent sample or accompanying
phenomena relating to the time-space mobility of persons, like the traffic situa-
tion at a given time or weather conditions (Kwan, Schwanen 2016). Currently, we
may consider e.g. the context of Covid-19 epidemic situation at various levels of
lock-down (see e.g. Arimura et al. 2020).
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Without a doubt, intelligent transport systems belong to the rapidly evolving
spheres of transport planning and management in many states. In the context
of the growing problems relating to transport, especially in urban regions (rush
hours connected with congestions, planning, and organization of transport ter-
minals, optimization in the use of transport infrastructure, car parking, etc.) ITS
represent a suitable solution to mitigate the negative environmental impacts of
high-intensity traffic. In general, implementation of ITS is linked with an effort
to achieve higher coordination of transport, better comfort for travellers and
drivers, higher safety and awareness of the travellers, and other aspects (Zhang
etal. 2011). Therefore, during the last three decades, new technologies have seen
arapid expansion, and they facilitate transport processes of all transport modes.
However, the fullest use of ITS is made especially in car transport (e.g., Ambak,
Atiq, Ismail 2009), which is most burdened by the negative consequences of high-
intensity traffic. As a rule, data collection from intelligent transport systems is
carried out automatically. Autonomous devices mostly communicate by means
of a satellite signal, sending important information on the status and position of
a certain vehicle or equipment into a control unit, or to an operator. By means
of aggregation of individual items of information data from traffic flows are col-
lected, and the traffic flows feed information back into traffic control devices
(e.g. telematics, traffic lights etc.). Navigation systems working with informa-
tion from real traffic (e.g. Google Maps) or systems of public transport priority
in cities operate on a similar principle (Gentile, Noekel 2016; Nuzzolo, Comi
2016). As their distinct advantage, ITS gather large amount of information in
real time, with a great geographical precision, and store such information for
an extended period of time giving rise to entire terabytes of traffic data, thereby
enabling a construction of long and exceptionally precise time series of traffic
data. Through these data, it is possible to analyse and comprehend a multitude
of hitherto little explored aspects of human mobility. Due to the vast scope of the
data, their topicality, and an option of linking to the other types of localization
data, we can consider the data from ITS to be the so-called big data (a more general
discussion e.g. in Kitchin 2013).

The data originating from ITS have a large number of practical use. Additionally,
to direct use of the ITS geolocation data for planning and management of traffic it
is possible to mention for instance a wide usage for the study of time accessibility
in cities in various parts of the day (Juan, Wu, McDonald 2006), estimates of an
average speed of public transport (Vanajakshi, Subramanian, Sivanandan 2009;
Oskarbski et al. 2015), or a prediction of transport intensities for the purposes of
land-use planning and transportation engineering (e.g. Meiying, Hainana, Led
2015). Because of the rapid spreading of these systems, we can assume growth in
ubiquitously ascertained information about traffic. A great challenge is also the
possibility of integrating transport data with other indicators.
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3. Data and methods

For the analysis of daily mobility rhythms in the city we use data on the intensity of
road transport. The data come from inductive loops and strategic traffic detectors.
Both of these devices are part of urban ITS and serve primarily as instruments
for information gathering and traffic management. The data from inductive loops
record mainly information on the number of passing vehicles in individual traffic
lanes (Mazaré et al. 2012; Cohen, Christoforou 2015). Based on this, it is possible
to study the daily mobility rhythms at the individual crossroads. Strategic traffic
detectors provide more complex data (Li et al. 2019), recording not only the data on
traffic intensity, but additionally many other important indicators of the character
of traffic (vehicle speed, occupancy of lanes, vehicle length or an average time
gap between vehicles etc.). Strategic traffic detectors are usually placed at the
individual road sections in the vicinity of individual crossroads.

However, data on the number of vehicles passing at individual intersections
does not necessarily reflect local mobility rhythms. In many cases, they may be
the result of various pacemakers arising in more distant areas within and outside
the city (e.g. traffic volume in the central part of the city is influenced by various
factors). This limitation should therefore be taken into account. On the other hand,
the traffic volume at each intersection is a reflection of the rhythmicity of the place
(intersection) in which the temporal and spatial aspects of traffic are accumulated.
We study the daily mobility rhythms within the city of Ceské Budé&jovice in the
southern part of the Czechia. It is the regional capital of South Bohemia with
a population over 94 thousand inhabitants; however, the built-up area including
the large suburban settlements has more than 120 thousand inhabitants (see e.g.
Sykora, Muli¢ek 2009). Especially those living in the suburban areas form a sig-
nificant part of daily city users with specific daily rhythms of various activities
(ensuring the transport of children into schools and kindergartens in the morning
hours, commuting to work, picking up children and their transport to places of
after-school activities, and other afternoon activities etc.).

The data from inductive loops and strategic traffic detectors evenly cover the
entire city area. The mentioned items of information (the number and types of
vehicles, temporal distribution of traffic etc.) are provided by altogether 114 stra-
tegic traffic detectors at 44 profiles. These profiles cover the entire city area in an
even manner. We have data from the period of November 4™ to 17, 2019 available.
This is a period covering the days of usual traffic (standard weekdays, standard
days of weekend). Additionally, this is a period prior to the onset of the worldwide
Covid-19 pandemic that has had a marked impact on an overall decrease in popula-
tion mobility.

For our study of the daily mobility rhythms, we mainly focus on the differ-
ences in daily mobility rhythms in the individual parts of the city. The data are
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analysed by the basic statistic methods (average, mean, standard deviation etc.),
and by visualisation of the overall course of the daily mobility rhythms. The main
purpose of this approach is the detection of differences in the mobility rhythms
at individual crossroads. For the ease of interpretation, we aggregate the data
for individual transport modes. In search of spatial differences in the mobility
rhythms we make use of a relativised value suitable for comparing various cross-
roads and their values. Due to the fact that the induction loop data are affected by
some degree of error in data collection (e.g., imperfect detection of the number
of passing vehicles on rainy days), we used the Grubbs test to eliminate extreme
values in each data set. The resulting typology of daily urban rhythms is analysed
by means of the statistical instruments of skewness and kurtosis, which accentu-
ate the more significant differences of the individual rhythms.

4. Results
4.1. Overall daily rhythms

Daily mobility rhythms are significantly influenced by a number of factors of
a general and specific nature. General factors include the opening hours of shops,
schools and nurseries, banks and offices. Specific factors include, for example, the
location of employers, the function of different parts of the city or the specifics of
the urban road network. The basic results of the dataset correspond to this. During
the reference period 1,484,815 cars, 214,048 medium-sized vehicles, and 79,226
long vehicles (of which 12,592 vehicles with a length in excess of 21 metres) were
recorded in all profiles. Temporal and spatial distribution of the vehicles is crucial
for us from the viewpoint of an overall comparison. Out of the overall traffic flows
cars account for nearly 84 percent of all vehicles; conversely, the share of large
vehicles is around 4.5%. While the dominant representation of cars is apparent at
all of the analysed crossroads, large vehicles show an increased concentration at
the busiest crossroads in the city, through which especially the transit transport
passes through the city (see Fig. 1). This is due to the fact that the city of Ceské
Budéjovice has not yet built a bypass road, so all transit traffic passes through the
city. This naturally affects mobility rhythms in the city, especially at key transit
crossroads in the city.

The overall course of the mobility rhythms in the city corresponds to a normal
course of transport in the city (see Thomas et al. 2008). During weekdays, the
rhythm shows identical characteristics with the existence of two maximums (the
morning and the afternoon rush hours). While the morning rush hour is usually
concentrated between 6 a.m. and 9 a.m., the afternoon peak extends from 2 p.m. to
6 p.m. We can also confirm that at some crossroads both rush hours are equal, but
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Fig. 1 - Locations of inductive loops and strategic traffic detectors and the structure of transport
volumes

at some crossroads the intensity of traffic during the afternoon rush hour is mark-
edly higher (see below). This confirms, among other things, that the rush hour
with maximum traffic is shifting from the morning to the afternoon. Such changes
are particularly typical of post-industrial mobility rhythms (see Oakil, Nijland,
Dijst 2016). During weekend days the traffic decreases roughly by one third and
its structuring in the form of peaks and troughs is less conspicuous. Interestingly,
at the individual crossroads the scatter of relativised values of traffic intensity is
higher during weekends than on weekdays. This indicates that on weekdays at the
reference crossroads the mobility rhythms are relatively homogenous, whereas
especially on Saturdays the differentiation of the mobility rhythms is obviously
higher (Fig. 2).

The obvious differentiation of the mobility rhythms in the city is typical for
individual types of vehicles. At all crossroads cars show a distinct temporal vari-
ability of traffic in correspondence to the course of normal weekdays. These can be
characterized by a period of minimum traffic intensity from midnight till 5 a.m.
followed by a steep increase in traffic till the morning rush hour with its maximum
value between 7:00 and 7:59. On weekdays in the hours that follow the character of
traffic shows a decrease to the local minimum in the form of a mid-morning trough
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Fig. 2 - Relativised daily mobility rhythms during weekdays (red), Saturdays (green), and Sundays
(blue), the bold line shows the average value
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Fig. 3 - Daily mobility rhythms during one week according to types of vehicles

between 11 a.m. and noon. The maximum traffic value is usually reached during
the afternoon rush hour between 3 p.m. and 5 p.m. This maximum demonstrates
itself most markedly on Fridays. After this the traffic intensity diminishes again
to finally reach the minimum values at night (after 10 p.m.). During weekend days
the traffic peaks are not so marked, and the temporal scatter of the traffic is higher
(similarly e.g. Borowska-Stefafiska, Kowalski, Wisniewski 2020). Other transport
modes (medium and large vehicles) exhibit a lesser temporal variability of traffic
within the city’s transport system. The highest values of traffic during morning
hours (with a maximum between 8 a.m. and 9 a.m.) are typical for medium ve-
hicles. This is probably related to meeting the customer-supplier relationships
within the city organism (Furmankiewicz, Burylo, Dolzblasz 2020). Especially
in medium vehicles the mobility rhythms are likely to be influenced by the early
opening hours of shops and other services (Kérrholm 2009). During weekend the
traffic of long vehicles is minimal (Fig. 3).

4.2. Spatial differences

It is evident from the above overview that the time-space mobility rhythms of
the individual crossroads are more or less similar; however, in some cases great
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differences occur, nonetheless. These are mainly subject to the function of the
individual crossroads within the city’s transport system, or their location within
the city’s structure. Therefore, in the next phase we observe the spatial differ-
ences in the individual mobility rhythms of the city because it can be assumed
that various types of urban structures (residential areas, commercial districts,
city centre etc.) will show different daily mobility rhythms. With regard to the
different transport intensity values at various crossroads we study the mobility
rhythms through relativised values. For these purposes, the city has been divided
into the following structures (city centre, residential areas, shopping areas, other
areas), to which individual crossroads were assigned.

Figure 4 illustrates the differentiation of skewness and kurtosis of the transport
intensity values between the individual crossroads. It is apparent that within simi-
lar urban structures some crossroads show similar characteristics of the traffic.
For example, the crossroads in the city centre show specific features displaying
(with one exception) identical characteristics of skewness and kurtosis. Therefore,
we can confirm these crossroads have an identical character of traffic ensuing
from the existence of smaller differences between maximum and minimum values
during the day. On the contrary, the skewness around zero values suggests that
the traffic is not markedly concentrated either in the morning or in the afternoon
hours (Mareggi 2013), so we find a relatively stable utilisation of the crossroads
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throughout the day. The group of crossroads near the shopping areas again shows
relatively similar values characterized by somewhat more marked fluctuations
between maximum and minimum values. A great increase in traffic intensity in
the afternoon hours of Thursdays and Fridays is of interest as well; the assump-
tion is that a distinct rhythmisation factor will be exactly the daily and weekly
rhythms in shopping and the opening hours of individual services (see e.g. Sun
et al. 2017 or Muli¢ek, Osman 2018) traditionally located in shopping centres
(shops, restaurants, multiscreen cinemas etc.). Negative values of skewness are
also in correspondence with the more marked afternoon load. Crossroads in the
residential areas form a relatively heterogeneous group. These are characterised by
a generally lower traffic intensity, a more distinct polarisation between maximum
and minimum values, which is in conformity with the normal daily rhythms of
urban population (compare with Kang et al. 2012; Noulas at al. 2012; Nemeskal,
Outednitek, Pospigilovd 2020). Because of the prevailing negative values of skew-
ness, the afternoon rush hour is more conspicuous than the morning one in most
crossroads. The crossroads situated on other areas (mainly on the transit routes
within the city) present the most heterogeneous group, which usually contains re-
markably busy crossroads, where the normal inner-city traffic becomes saturated
exactly by transit transport. While the crossroads at the city entries are primarily
concentrated in the right part of the plot (a more marked morning rush hour than
the afternoon one), the crossroads on the intra-urban circle are concentrated in
the left part of the plot (a more marked afternoon rush hour). This is in conform-
ity with the fact that the intra-urban circle transfers also the transport links of
shopping centres located on the outskirts as well as the relations within the city
and its suburban hinterland.
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On the grounds of the previous analysis, it is possible to render a model of the
typical course of daily rhythms at the crossroads in particular urban structures.
Figure 5 illustrates the relativized values of transport intensity during weekdays
as averages for the whole monitored period. Certain differences existing between
crossroads within specific urban structures are obvious. Typically, this relates to
the crossroads situated within the city centre, which are characterized especially
by a relatively homogenous distribution of traffic intensity during the day (from
7a.m. till 7 p.m.). Of all assessed categories, these crossroads also show the highest
intensity of traffic during night hours, which corresponds to the concentration of
services and entertainment in the city centre. The crossroads at shopping areas
show somewhat more polarised rhythms with morning and afternoon rush hours.
In these places also an increased intensity of traffic becomes distinctive around
noon and in the afternoon (typical mainly for Thursdays and Fridays); during
night hours the traffic is negligible. The crossroads in residential areas show more
irregular rhythms (cf. e.g., Edensor 2011) with a typically high intensity of traffic
in the morning and afternoon (return) peak hour traffic (7a.m. to 9 a.m.; 3 p.m. to
6 p.m.) and a marked mid-morning trough (10 a.m. - 2 p.m.). On the contrary, the
crossroads at transit roads (other areas) display the most heterogeneous rhythms.
Apparently, the considerable mix of various transport rhythms at these crossroads
ensues from their situation and the function of the individual crossroads in the
city transport system. This is where intra-city and suburban transport typically
blend with the transit transport. Therefore, a certain kind of rhythm created by the
mix of various kinds of traffic (morning and afternoon rush hours, less conspicu-
ous morning trough etc.) manifests itself at these crossroads as well.

5. Discussion and conclusion

Utilisation of the data from intelligent transport systems is an emerging field. In
the last decade, great possibilities to analyse transport data of a large scope, for
long periods of time, and in a great spatial detail open up for researchers. One of
the options in the new approaches to the assessment is the study of daily mobility
rhythms through the data from intelligent transport systems. These systems pro-
vide interesting and hitherto little used data on a multitude of traffic phenomena
and processes.

The results obtained in the study illustrate the differentiation of the daily mo-
bility rhythms studied through the data from inductive loops and strategic traffic
detectors. These instruments are located close to the important crossroads to serve
especially for the coordination of traffic. On comparing absolute and relative val-
ues of traffic intensity and the applied statistic indicators we concluded that the
overall mobility rhythms are relatively similar with some exceptions. Out of the
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most significant results we must mention the findings of considerable differences
in the overall daily rhythms expressed through individual kinds of vehicles. While
passenger cars tend to create clear rhythms corresponding to the normal needs of
the inhabitants, lorries show a more marked concentration especially in morning
hours of weekdays. From the spatial point of view association of the crossroads’
rhythms with the situation of the crossroad within the city transport system and
in various types of urban organism from the point of view of their prevailing func-
tion is of interest. It is apparent that the crossroads’ rhythm becomes saturated by
the position of the crossroad within the hierarchy of transport networks (transit
roads against local ones) on one hand, and the rhythm ensuing from the function
of the given urban structure (residential areas against shopping zones etc.) on the
other hand. The final rhythm of a crossroad it the outcome of synchronization of
both partial rhythms.

The ascertained results are of importance both for research and practice. In
the first place, it is necessary to point out the findings of differences in the daily
rhythms between the individual urban structures (city centre, shopping areas,
residential areas, and others). Apparently, there are certain differences in the
mobility rhythms of these urban structures; however, in comparison to other
studies (e.g. Calabrese et al. 2013; Smith, Hetherington 2013; Paiva, Cachinho,
Bararta-Salgueiro 2017; Kraft et al. 2020) these differences are not so marked.
This is caused primarily by the specific approach to the study of the daily rhythms,
namely by means of the data from strategic traffic detectors. It is obvious that the
crossroads within the transport organism of the city cater for a wide spectrum of
transport needs, and this causes a partial equalizing of the individual transport
rhythms without giving rise to markedly different mobility rhythms.

Despite the mentioned limitations we consider the approaches to the study of
daily city rhythms based on the data from intelligent transport systems to be very
valuable. Their indisputable advantage is the fact that these systems continuously
record a large amount of information in a great territorial detail, and - in con-
trast to the data of mobile phone operators - with a great precision. This enables
a long-term study of a number of transport phenomena and processes (including
the study of daily city rhythms), which is of a great relevance for a multitude
of disciplines (economy, transport sciences, geography, sociology etc.). A great
advantage is the application of these data in transport planning (for example
planning the city transport etc.). In our opinion, the future research into these
phenomena should also focus on the integration of the data from ITS with other
socioeconomic indicators.



EXPLORING THE DAILY MOBILITY RHYTHMS IN AN URBAN ENVIRONMENT... 141

References

AHAS, R., AASA, A., SILM, S., TIRU, M. (2010): Daily rhythms of suburban commuters’
movements in the Tallinn metropolitan area: Case study with mobile positioning data.
Transportation Research Part C: Emerging Technologies, 18, 1, 45-54.

AMBAK, K., ATIQ, R., ISMAIL, R. (2009): Intelligent transport system for motorcycle safety
and issues. European Journal of Scientific Research, 28, 4, 600-611.

ARIMURA, M., VIN HA, T., OKUMURA, K., ASADA, T. (2020): Changes in urban mobility in
Sapporo city, Japan due to the Covid-19 emergency declarations. Transportation Research
Interdisciplinary Perspectives.

AXHAUSEN, KW., ZIMMERMANN, A., SCHONFELDER, S., RINDSFUSER, G., HAUPT,
T. (2002): Observing the rhythms of daily life: A six-week travel diary. Transportation, 29,
95-124.

BOROWSKA-STEFANSKA, M., KOWALSKI, M., WISNIEWSKI, S. (2020). Changes in ur-
ban transport behaviours and spatial mobility resulting from the introduction of statutory
Sunday retail restrictions: A case study of Lodz, Poland. Moravian Geographical Reports,
28,1,29-47.

CALABRESE, F., DIAO, M., LORENZO, G.D., FERREIRA, J., RATTI, C. (2013): Understanding
individual mobility patterns from urban sensing data: A mobile phone trace example.
Transportation Research Part C: Emerging Technologies, 26, 301-313.

COHEN, S., CHRISTOFOROU, Z. (2015): Travel Time Estimation Between Loop Detectors and
Fed: A Compatibility Study on the Lille Network, France. Transportation Research Procedia,
10, 245-255.

EDENSOR, T. (2011): Commuter: Mobility, Rhythm and Commuting. In: Cresswell, T., Merriman,
P. (eds.): Geographies of Mobilities: Practices, Spaces, Subjects. Routledge, London, 189-204.

ELLEGARD, K., VILHELMSON, B. (2004). Home as a Pocket of Local Order: Everyday Activities
and The Friction of Distance. Geografiska Annaler: Series B, Human Geography, 86, 4, 281-296.

FEKIH, M., BELLEMANS, T., SMOREDA, Z., BONNEL, P., FURNO, A., GALLAND, S. (2020):
A data-driven approach for origin-destination matrix construction from cellular network
signalling data: a case study of Lyon region (France). Transportation.

FURMANKIEWICZ, M., BURYLO, K., DOLZBLASZ S. (2020): From service areas to empty
transport corridors? The impact of border openings on service and retail facilities at Polish-
Czech border crossings. Moravian Geographical Reports, 28, 2, 136-151.

GENTILE, G., NOEKEL, K. (2016): Modelling public transport passenger flows in the era of
intelligent transport systems. Springer.

GONZALEZ, M.C., HIDALGO, C.A, BARABASI A. (2008): Understanding individual human
mobility patterns. Nature, 453, 779-782

JUAN, Z., WU, J., MCDONALD, M. (2006): Socio-economic impact assessment of intelligent
transport systems. Tsinghua Science & Technology, 11, 3, 339-350.

KANG, C.,LIU, Y., MA, X., WU, L. (2012): Towards Estimating Urban Population Distributions
from Mobile Call Data. Journal of Urban Technology, 19, 4, 3-21.

KARRHOLM, M. (2009): To the rhythm of shopping - on synchronisation in urban landscapes
of consumption. Social & Cultural Geography, 10, 4, 421-440.

KAPARIAS, 1., EDEN, N., TSAKARESTOS, A., GAL-TZUR, A., GERSTENBERGER, M,,
HOADLEY, S., LEFEBVRE, LEDOUX, J., BELL, M. (2012): Development and Application of
an Evaluation Framework for Urban Traffic Management and Intelligent Transport Systems.
Procedia - Social and Behavioral Sciences, 48, 3102-3112.



142 GEOGRAFIE 127/2 (2022) / S. KRAFT, V. BLAZEK, M. MARADA

KITCHIN, R. (2013): Big data and human geography: Opportunities, challenges and risks.
Dialogues in Human Geography, 3, 262-267.

KRAFT, S., KVETON, T., BLAZEK, V., POJSL, L., RYPL, J. (2020): Travel diaries, GPS loggers
and Smartphone applications in mapping the daily mobility patterns of students in an urban
environment. Moravian Geographical Reports, 28, 4, 259-268.

KRYGSMAN, S., DEJONG, T. (2007): Capturing daily urban rhythms: the use of location aware
technologies. Computers in urban planning and urban management, 10? International
Conference; Iguassu Falls, Brazil, 11-14.

KWAN, M.P,, SCHWANEN, T. (2016): Geographies of Mobility. Annals of the American
Association of Geographers, 106, 2, 243-256.

LEFEVBRE, H. (2004). Rhythmanalysis: Space, time and everyday life. Continuum, London.

LI, L., QU, X., ZHANG, J.,, WANG, Y., RAN, B. (2019): Traffic speed prediction for intel-
ligent transportation system based on a deep feature fusion model. Journal of Intelligent
Transportation Systems, 23, 6, 605-616.

MAREGGI, M. (2013): Urban Rhythms in the Contemporary City. In: Henckel, D., Thomaier, S.,
Kénecke, B., Zedda, R., Stabilini, S. (eds.): Space-Time Design of the Public City. Springer,
Heidelberg, 3-20.

MAZARE, P.E., TOSSAVAINEN, O.P.,, BAYEN, A.M., WORK, D.B. (2012): Trade-offs between
inductive loops and GPS probe vehicles for travel time estimation: A Mobile Century case
study. TRB 2012 Annual Meeting, 1-20.

MEIYING, J., HAINANA, L., LED, N. (2015): The Evaluation Studies of Regional Transportation
Accessibility Based on Intelligent Transportation System: Take the Example in Yunnan
Province of China. International Conference on Intelligent Transportation, Big Data and
Smart City, Halong Bay, 862-865.

MULICEK, O., OSMAN, R., SEIDENGLANZ, D. (2016): Time-space rhythms of the city - The
industrial and postindustrial Brno. Environment and Planning A: Economy and Space, 48,
1,115-131.

MULICEK, 0., OSMAN, R. (2018). Rhythm of urban retail landscapes: Shopping hours and the
urban chronotopes. Moravian Geographical Reports, 26, 1, 2-13.

NEMESKAL, J.,, OUREDNICEK, M., POSPISILOVA, L. (2020): Temporality of urban space:
daily rhythms of a typical week day in the Prague metropolitan area. Journal of Maps, 16,
1,30-39.

NOULAS, A., SCELLATO, S., LAMBIOTTE, R., PONTIL, M., MASCOLO, C. (2012): A Tale of
Many Cities: Universal Patterns in Human Urban Mobility. PLoS One, 7, 5, e37027.

NOVAK, J., SYKORA, L. (2007): A city in motion: time-space activity and mobility patterns
of suburban inhabitants and the structuration of the spatial organization of the Prague
metropolitan area. Geografiska Annaler: Series B, Human Geography, 89, 2, 147-168.

NUZZOLO, A., COMI, A. (2016): Advanced public transport and intelligent transport systems:
new modelling challenges. Transportmetrica A: Transport Science, 12, 8, 674-699.

OAKIL, A., NIJLAND, L., DIJST, M. (2016): Rush hour commuting in the Netherlands: Gender-
specific household activities and personal attitudes towards responsibility sharing. Travel
Behaviour and Society, 4, 79-87.

OSKARBSK], J., BIRR, K., MISZEWSKI, M., ZARSKI, K. (2015): Estimating the average speed
of public transport vehicles based on traffic control system data. International Conference
on Models and Technologies for Intelligent Transportation Systems (MT-ITS), Budapest,
287-293.



EXPLORING THE DAILY MOBILITY RHYTHMS IN AN URBAN ENVIRONMENT... 143

OSMAN, R., IRA, V., TROJAN, J. (2020): A tale of two cities: The comparative chrono-urbanism
of Brno and Bratislava public transport systems. Moravian Geographical Reports, 28, 4,
269-282.

OUREDNICEK, M., NEMESKAL, J., SPACKOVA, P., HAMPL, M., NOVAK, J. (2018): A syn-
thetic approach to the delimitation of the Prague Metropolitan Area. Journal of Maps, 14,
1,26-33.

QURESHI, K.N,, ABDULLAH, A.H. (2013): A survey on intelligent transportation systems.
Middle-East Journal of Scientific Research, 15, 5, 629-642.

PAIVA, D., CACHINHO, H., BARARTA-SALGUEIRO, T. (2017): The pace of life and temporal
resources in a neighborhood of an edge city. Time & Society, 26, 1, 28-51.

ROY, K.M., TUBBS, C.Y., BURTON, L.M. (2005): Don’t have no time: Daily rhythms and the
organization of time for low-income families. Family Relations, 53, 2, 168-178.

SCHNEIDER, C., BELIK, V., COURONNE, T., SMOREDA, Z., GONZALEZ, M. (2013):
Unravelling daily human mobility motifs. Journal of the Royal Society Interface, 84, 10.

SCHONFELDER, S., AXHAUSEN, K.W. (2016): Urban Rhythms and Travel Behaviour. Spatial
and Temporal Phenomena of Daily Travel. Routledge, New York.

SMITH, R.J., HETHERINGTON, K. (2013): Urban Rhythms: Mobilities, Space and Interaction
in the Contemporary City. The Sociological Review, 61, 1, 4-16.

STEENBRUGGEN, J., TRANOS, E., NIJKAMP, P. (2015): Data from mobile phone operators:
A tool for smarter cities? Telecommunications Policy, 39, 3-4, 335-346.

SUN, Y., TARIGAN, A., WAYGOOD, O., WANG, D. (2017): Diversity in diversification: an analysis
of shopping trips in six-week travel diary data. Journal of Zhejiang University-SCIENCE A,
18, 3, 234-244.

SYKORA, L., MULICEK, O. (2009): The micro-regional nature of functional urban areas (FUAs):
lessons from the analysis of Czech urban and regional system. Urban Research & Practice,
2, 3,287-307.

SVEDA, M., SLADEKOVA MADAJOVA, M., BARLIK, P., KRIZAN, F., SUSKA, P. (2020):
Mobile phone data in studying urban rhythms: Towards an analytical framework. Moravian
Geographical Reports, 28, 4, 248-258.

TAYLOR, Z., JOZEFOWICZ, I. (2012): Intra-urban daily mobility of disabled people for recrea-
tional and leisure purposes. Journal of Transport Geography, 24, 155-172.

THOMAS, T., WEIJERMARS, W., VAN BERKUM, E. (2008): Variations in urban traffic vol-
umes. European Journal of Transport and Infrastructure Research, 8, 3, 251-263.

VANAJAKSHI, L., SUBRAMANIAN, S.C., SIVANANDAN, R. (2009): Travel time prediction
under heterogeneous traffic conditions using global positioning system data from buses. IET
Intelligent Transport Systems, 3, 1, 1-9.

WEBER, J.,, KWAN, M.P. (2002): Bringing time back in: A study on the influence of travel
time variations and facility opening hours on individual accessibility. The Professional
Geographer, 54, 2, 226-240.

ZHANG, J.,, WANG, FY.,, WANG, K., LIN, W.H., XU, X., CHEN, C. (2011): Data-driven intelligent
transportation systems: A survey. IEEE Transactions on Intelligent Transportation Systems,
12, 4, 1624-1639.

ZHU, L., YU, F.R,, WANG, Y., NING, B., TANG, T. (2018): Big data analytics in intelligent trans-
portation systems: A survey. IEEE Transactions on Intelligent Transportation Systems, 20,
1, 383-398.



144 GEOGRAFIE 127/2 (2022) / S. KRAFT, V. BLAZEK, M. MARADA

ACKNOWLEDGEMENTS

This article results from the project: “New Mobility - High-Speed Transport Systems and
Transport-Related Human Behaviour”; Reg. No. CZ.02.1.01/0.0/0.0/16_026/0008430, co-
financed by the Operational Programme Research, Development and Education and Ministry
of Education, Youth and Sports of the Czech Republic.

ORCID

STANISLAV KRAFT
https://orcid.org/0000-0002-9672-274X

VOJTECH BLAZEK
https://orcid.org/0000-0002-3499-5232

MIROSLAV MARADA
https://orcid.org/0000-0001-7779-1136


https://orcid.org/0000-0002-9672-274X
https://orcid.org/0000-0002-3499-5232
https://orcid.org/0000-0001-7779-1136

	KRAFT, S., BLAŽEK, V., MARADA, M. (2022): Exploring the daily mobility rhythms in an urban
environment: using the data from intelligent transport systems.
	1. Introduction
	2. Theoretical background
	3. Data and methods
	4. Results
	5. Discussion and conclusion
	References
	Acknowledgements

	ORCID


