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Abstract: This article contains results of studies on the applicability of data from Intelligent Transportation Systems (ITS) for 
the purposes of geographical studies regarding the spatial mobility of inhabitants within a big city. The article focuses on the 
option of applying two types of sub-systems – induction loops and automatic number-plate recognition (ANPR) – and includes 
examples of analyses based on the resulting data, which can serve as a basis for mobility studies. The area on the example of 
which the capabilities of application of ITS data have been presented is Lodz – a large city in central Poland. The conducted 
research shows that ITS systems offer an enormous potential in providing data for spatial mobility studies. In order to fully 
exploit its worth, however, it is imperative to expand the research procedure by including, for instance, the results of qualitative 
research. Also, the interpretation of results obtained on the basis of ITS data ought to be performed with an awareness of 
numerous significant preliminary and simplifying assumptions.
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1. Introduction

Travelling is a significant part of our life. Every day 
we move from one location to another in order to 
complete our goals and perform our duties related to 
work, education, and social and cultural matters, and 
by doing so, we generate traffic. ‘Mobility is defined as 
a set of activities related to the movement of people 
and all other actions necessary to make this movement 
possible’ (Nosal, Starowicz, 2010, p. 26). Mobility hap-
pens to be the subject of research within numerous 
branches of science. In geography, i.e. a science that 
is thoroughly spatial, research on mobility is, for the 
most part, aimed at analysing processes of territorial 
mobility in specific geographical conditions (Nutley, 
Thomas, 1995; Kraft, 2014). Kaufmann (Kaufmann et 
al., 2004, p. 746) notices that ‘spatial mobility tradi-
tionally refers to geographic displacement, i.e. the 
movement of entities from an origin to a destination 
along a specific trajectory that can be described in 
terms of space and time. Entities can be concrete 
(e.g. consumables, machinery or people) or abstract 
(e.g. information, ideas or norms). During this journey, 
entities may not only experience a change in status 
(e.g. value or importance), but the spatial mobility of 
entities may also influence the points of departure, 
traversal or destination’. Analyses regarding mobility 
involve studies on migration, tourism, and residential 
and daily mobility within cities (Jirón, 2009).

As Zmuda-Trzebiatowski (2016) points out, in the 
assessment of transport systems, the following five 
components should be taken into account: transport, 
space, time, user and the ability of people to interact 
with the transport system. These components should 
be interconnected so that the system functions as 
optimally as possible. Therefore, without identify-
ing and taking into account the transport behavior 
of people during the study, mobility will constitute 
a research gap. The study of human transport behavior 
is a complex and difficult issue, which, as Sołtyszek 
(2011) emphasizes, human behavior is a coordinated 
action in relation to a given environment, which 
is to lead to the achievement of the chosen goal. 
Moreover, this behavior is the result of the influence 
of external stimuli to which each person will react  
differently.

Nowadays, a large number of modern metropo-
lises face challenges related to the reduction of the 
negative effects of human activity, including the con-
sequences directly connected with mobility, which is 
mainly conducted by means of private car transport. 
Not only do modes of road transport generate noise 
and pollute the air, but also their movement results 
in congestion, parking difficulties, as well as collisions 
and accidents (Pucher et al., 2005; Hagman, 2006; 

Shawe-Taylor et al., 2006; Costabile, Allegrini, 2008; 
Nosal, Starowicz, 2010; Dąbrowska-Loranc, Leśniowska-
Matusiak, 2011; Kochanowska, 2011; Nosal, 2011; Rastogi, 
2011; Sierpiński, 2012; Ciastoń-Ciulkin, 2014; Garcia et 
al., 2016). In order to alleviate such mobility-related 
consequences and to introduce systems of sustainable 
transportation, a number of miscellaneous instruments, 
tools, methods and strategies are applied in what is 
known as mobility management. This encompasses 
all the measures regarding the planning, organisa-
tion, co-ordination and control of the movement of 
people and cargos. One such measure is Intelligent 
Transportation Systems (ITS) (Bazzan, Klügl, 2014; 
Nosal, Starowicz, 2010).

Intelligent Transportation Systems are often dis-
cussed in the context of the function and influence 
of transport (Ambak et al., 2009; Marczak, Kozłowski, 
2014). Intelligent Transportation Systems offer an ex-
tremely wide scope of miscellaneous tools based on IT, 
wireless communications, and automotive electronics. 
They allow for effective and efficient management of 
transport infrastructure and public transport provision. 
Within such systems, the functioning of transport is, 
to a great extent, supported by integrated measuring 
(sensors, detectors), telecommunication, IT, and in-
formative and automated solutions (Anagnostopoulos 
et al., 2006; Koźlak, 2008; Filjar et al., 2009). The main 
purpose of such systems is to manage vehicles, cargos 
and routes, which results in increased road safety, 
reduced congestion and travel times, and improved 
fuel efficiency (Proper, 2001; Litwin, 2003; Costabile, 
Allegrini, 2008; Koźlak, 2008; Ambak et al., 2009; Toral 
et al., 2010; Pauer, 2017). ‘Intelligent technologies and 
services are considered to have great potential, but 
on the other hand, e.g. due to reasons of privacy, se-
curity or public-private role divisions, they also pose 
great challenges to the transport system’ (Tuominen, 
Ahlqvist, 2010, p.121). Intelligent Transportation Sys-
tems are also one of the key constituents of urban 
development based on the concept of the Smart City 
(Xiong et al., 2012; Sikora-Fernandez, 2013; Stawasz, 
Sikora-Fernandez, 2015).

The functioning of Intelligent Transportation Sys-
tems is also crucial in the context of implementing 
systems of autonomous vehicles (Campbell et al., 
2010), which one day may themselves be capable of 
detecting ITS systems (Gerla et al., 2014), since these 
systems can serve as a platform for such communica-
tion models as vehicle-to-infrastructure (V2I) (Milanes 
et al., 2012), vehicle-to-vehicle (V2V) (Biswas et al., 2006), 
and inter-vehicles-to-infrastructure (V2V2I) (Miller, 
2008). An efficient ITS system within the urban area 
undoubtedly gives a city a competitive advantage in 
implementing systems of autonomous vehicles, e.g. 
with regard to servicing public transport. 
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Numerous publications have been devoted to the 
debate about the technological value of Intelligent 
Transportation Systems and their role in creating 
urban mobility, including articles on IT (Santa et al., 
2008; Xiong et al., 2012), transport engineering (Slinn 
et al., 2006), and transport telematics (Barceló et al., 
1999; Wang, 2005; Mikulski, 2010; Buch et al., 2011).

Bearing in mind the aforementioned properties 
of Intelligent Transportation Systems, one must also 
emphasise their considerable role as a source of geo-
graphical data. At each stage of its operation, such 
a system is concurrently a provider and a user of vast 
resources of data. When a system is being built, or 
more precisely when its variant adjusted to any given 
transport system is being developed (individual manu-
facturers have a basic version which they only adjust 
to the needs of the city where it will operate), the ITS 
remains operational and relies on diagnostic data. 
Once the system has been implemented – both the 
software and the hardware (devices in the command 
centre and within the transport network of the city, 
e.g. induction loops, and ANPR and CCTV cameras) – it 
requires calibration, the purpose of which is, first of all, 
to prepare the system for the specific working condi-
tions of any given city, and secondly, to make it meet 
the requirements of the applied transportation policy 
(e.g. in the form of priorities for individual means of 
transport). During this phase, the system ‘learns’ the 
transportation behaviours of local residents, which 
requires the widest available data resources. Having 
been utilised by the system, the data is stored on the 
servers of the system provider or the client (e.g. city hall 
authorities), depending on the conditions stipulated 
by the parties in the agreement. The calibration phase 
is followed by a period of regular system operation, 
involving a continuous collection of data on vehicle 
flows within the monitored area, which enables an 
evaluation of the efficiency of the implemented solu-
tions within the applied transport policy, recognition 
of emergency situations (e.g. transport behaviour 
following a collision or a road accident, closures of 
network segments due to maintenance works or mass 
public events), and the assessment of how effectively 
the employees of the command centre make interven-
tions within the system.

From the research perspective of transport geog-
raphy, the aforementioned data resources constitute 
an invaluable base of information on the functioning 
of transport in any given area. Its value stems, in the 
first place, from the spatial range of the research 
and the sheer number of measuring points, which 
would otherwise be unattainable in purely scientific 
or academic studies. Secondly, an ITS system provides 
precise data which is exceptionally accurate in terms 
of timing and frequency of measurement (continuous 

measuring, aggregation of data from inductive loops 
every 15 minutes).

The purpose of this article is to present how the data 
obtained from an Intelligent Transportation System 
might be applied in analyses of human spatial mobility. 
The data for the study was derived from a Regional 
Traffic Control System (RTCS) which was implemented 
in 2015 in Lodz, one of Poland’s largest cities. Examples 
of the application of ITS data refer, in particular, to the 
subsystem related to induction loops and automatic 
number-plate recognition (ANPR) cameras.

2.	 Properties of the system

The data presented in this article comes from the 
Regional Traffic Control System operating in the city 
of Lodz, which is a large urban agglomeration with 
a total area of 293 square kilometres and a population of 
nearly 700,000 located in central Poland, at the intersec-
tion of the main north-south and east-west transport 
routes. In the last few years, the city – just like the rest 
of the country – has undergone a number of signifi-
cant transformations both in transport infrastructure 
(Nowak, Sikora, 2005; Dudek, Ochelska-Mierzejewska, 
2016) and the operation of the entire transportation 
system (Barwiński, Kotas, 2015a; 2015b). One of the key 
investments in the area was the implementation of 
an ITS system intended to solve the transport issues 
the city faced (e.g. congestion, unreliability of public 
transport), and to implement solutions concordant 
with sustainable transport, and – more generally 
speaking – with sustainable mobility. The system 
was implemented on December 1, 2015 (it was opera-
tional, though a large number of intersections were 
still not connected to the system) (Barwiński, Kotas, 
2015a, Wiśniewski, 2016). The implemented software 
of choice was the Sydney Coordinated Adaptive Traf-
fic System (SCATS), which is a system managing the 
timing of signal phases at traffic lights. SCATS was 
developed in the 1970s as a tool used by Sydney traffic 
engineers. ‘The SCATS system monitors the traffic in 
a network and controls the signals – based on volumes 
and occupancy – and imposes coordination control 
strategy between neighbouring intersections based 
on certain criteria. Traffic volumes and occupancies, 
essential inputs to the SCATS system, are measured 
by loop detectors located on a short distance before 
the stop lines’ (Li et al., 2014). In order to implement 
the system, old traffic signals were modernised, and 
new traffic lights were installed at 234 intersections, 
and connected to the Lodz Regional Tram system 
(a rapid tramway connection between Lodz and its 
satellite towns). During this stage, a network of induc-
tion loops was also installed.
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What is more, the system was expanded with a GIS 
application (geographic information system), which 
allows basic spatial operations on transportation 
system data (e.g. visualisation on background maps). 
Crucial to the effective operation of the ITS system is 
a connectivity subsystem, which is responsible for 
the information flow between individual participants 
in the process of transport management within the 
city (e.g. driver notification systems such as variable-
message signs). Another significant element of the 
system is the use of ANPR cameras for intelligent 
number plate recognition. In Lodz, there are currently 
125 such cameras installed at 23 intersections. Driv-
ers are also informed about the current capacity of 
the city’s road network by variable-message signs, 
deployed at critical locations within the network, i.e. 
spots where extra-urban traffic joins the intra-urban 
system, and displaying current travel times between 
specified locations. An important constituent of the 
Lodz transportation system is the road stretching 
across the city centre from east to west, which – in its 
central section – passes through the tunnel serviced by 
the Supervisory control and data acquisition (SCADA) 
system. Naturally, this ITS system also incorporates 
the city’s public transport.  In that matter, one of the 
implemented solutions is the Dynamic At-Stop Real-
Time Information Display System managed by the 
Public Transportation Management System. What is 
more, a properly equipped Traffic Control Centre was 
also opened in the city. Additionally, the ITS system is 
supported by a CCTV network of 88 cameras mounted 
at 82 intersections, but the recorded footage does not 
constitute a potential source of data for the analysis of 
vehicle flows. The quality of the picture may be high, 
but any further processing is ruled out due to such 
properties as the different distances from recorded 
vehicles, the various filming angles, and the lack of 
a lighting system which could be activated for record-
ing at night. While searching for possibly the broadest 
application of the ITS-derived data for geographical 
analyses, it was initially assumed that the CCTV footage 
would be re-analysed by the ANPR software, and thus 
it would supplement the material obtained from ANPR 
cameras. Unfortunately, due to the aforementioned 
reasons, this was impossible with the software and 
devices currently available on the market.

The whole system is complemented by a website 
for travellers and public transport drivers, created in 
order to visualise the public transport and road traffic 
situation within the ITS system (Barwiński, Kotas, 2015a).

Therefore, it must be emphasised that only the data 
from induction loops and ANPR cameras was of value 
for the research of human spatial mobility. Though it 
could be assumed that special attention ought to be 
paid to the public transportation subsystem, it does 

not register passenger flow, concentrating exclusively 
on the movement of vehicles, and thus duplicates, to 
a great extent, the information listed in timetables (only 
adding data on possible discrepancies in the network 
of connections). Furthermore, it is also included by 
induction loops and ANPR cameras (naturally, within 
the area of the city covered). Therefore, this data 
source has not been included in the considerations 
elaborated on in this article.

As far as the general deployment of the system 
measuring devices (induction loops and ANPR cam-
eras) is concerned, it must be indicated that they are 
mostly concentrated in the city centre, and if they are 
found outside its perimeter, they tend to be along key 
arterial thoroughfares running along the north-south 
and east-west axes (Fig. 1). Such deployment has 
a great impact on subsequent conclusions, drawn on 
the basis of the results returned in the course of the 
research performed on the indicated data. Obviously, 
the denser the measuring network in any given area 
is, the more accurate and true-to-life the conclusions 
will be. There are also numerous problematic issues 
the solution of which cannot be based on sui generis 
interpolations and extrapolations of the data obtained 
from the ITS measuring devices. Such limitations are 
discussed later in this article.

When analysing ITS-derived data, one must also 
be aware that the spatial mobility ‘recorded within 
it’ – i.e. people’s communication behaviours – is not 
entirely ‘natural’, since the ITS system itself influences 
flows by privileging trams and the duration of traf-
fic signal phases, for example. What is more, some 
temporary interventions, taken at the level of the 
Traffic Control Centre, do happen within the system. 
Obviously, although this is a natural part of an urban 
transportation system, one must be aware that the 
picture emerging from the analysis of the ITS-derived 
data does not stem exclusively from the decisions 
taken by road users. Thus, it would be extremely 
valuable to juxtapose the results of analyses based on 
the data derived from ITS measuring devices prior to 
the activation of the system with the data following 
the implementation of the target solutions. Then it 
would be possible to draw conclusions on the influ-
ence that the manner in which the ITS system operates 
has upon the shaping of communication behaviours 
(on the assumption that other factors are invariable).

3.	I nduction loops

An inductive loop sensor, commonly known as an 
induction loop, is one of the most popular detectors 
applied in the measurement of road traffic parameters. 
The device owes its popularity to its adequate per-
formance and metrological characteristics (Gajda et al.,  
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Fig. 1. The deployment of RTCS inductive loops and ANPR cameras in Lodz.

Source: authors’ own elaboration.

2001). Inductive loop sensors used for the measure-
ment of road traffic parameters usually take the form 
of rectangular loops, ranging from 1 m x 1 m to 3 m x 
3 m. Sizes of any given sensors are determined by their 
projected duties (measuring various parameters of the 
travelling vehicle, managing traffic lights, activating 
other systems, e.g. cameras) and the expertise of the 
system designers (Burnos et al., 2007). The operation 
of an inductive loop is based on the phenomenon of 
eddy currents, which occurs whenever a metal object 
can be found within the area influenced by a chang-
ing magnetic field. The magnetic field penetrates the 
encountered metal object, inducing a flow of electric 
current (Burnos et al., 2011).
The functioning of induction loops can be impeded 
by various types of errors and failures, resulting for 
example in faulty vehicle count results (Li et al., 2014). 
Such errors may concern the loop itself as well as 
other devices by means of which the data recorded 

by the loop is sent to the Traffic Control Centre. What 
obstructs the optimum operation of the ITS system in 
respect of managing and servicing induction loops 
is a situation when one of the installed loops is not 
connected to the global system. An example of an 
error which can be very damaging to the analysis of 
the data from induction loops with regard to spatial 
mobility is ‘freezing’ or the wrong calibration of the 
device, which – systematically and at a set time interval 
– displays the same and often inflated result, or – in 
more favourable circumstances – returns warnings 
about a measurement error (depending on the type 
of error, a BAD or DA message is displayed within 
the SCATS system). This may lead to an upward or 
downward bias regarding the load of any given spot 
within the road network, and dramatically impact the 
research results. Therefore, it is imperative to verify 
data upon its retrieval from the ITS system, since the 
system itself does not detect such errors. While in the 

Application of Intelligent Transportation Systems in Analyses of Human Spatial Mobility in Cities



12

case of microscale studies this issue can be solved 
through meticulous verification of the network load 
in a specified period of time and within a limited 
area, e.g. by comparing measurement results from 
neighbouring sets of independent detectors (Kow-
alski, Wiśniewski, 2017b), on a district, whole city or 
even agglomeration scale, it is necessary to conduct 
statistical analyses which, in the initial phase, allow the 
deletion of extreme measurement values (including 
faulty and extremely high results), and then, depend-
ing on the needs, the process of their averaging, etc.

A crucial stage of working on data from the ITS 
system is the very instant when it is collected from 
the source base and then prepared for an analysis in 
the environment of Geographical Information Sys-
tems and spreadsheet programs. This is the phase 
which, first of all, will determine the size of the error 
that the whole research will be skewed by, and also 

the level of difficulty of any further work on the data. 
Naturally, it is possible to acquire a complete database 
for any given time interval, but it will be next to use-
less for the purposes of spatial analysis. In order to 
fully exploit the potential of this research material, 
it is necessary to derive the data and simultaneously 
view the construction of any given intersection that is 
equipped with specific induction loops. This allows the 
researcher to describe each of them with an attribute 
of a specific lane and direction of traffic flow. In further 
analysis, this information is crucial in evaluating the 
number of vehicles for individual sections of the road 
network. The source data takes the form of a text file 
and is aggregated for individual loops at every single 
intersection. Therefore, in order to perform holistic 
research, the data must be converted into a numeric 
format (e.g. CSV files) and then merged into a single 
database (Fig. 2). 

Fig. 2. An illustrative base of data derived from the SCATS system containing the distribution of the numbers of vehicles 
for individual time intervals on a single day at one of the detectors (top), and an example of the .awk script processing 
it into a database which can be interpreted by statistical software and GIS (bottom).

Source: SCATS (top); authors’ own elaboration (bottom).

converted into a numeric format (e.g. CSV files) and then merged into a single database (Fig. 
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The row in the resultant database corresponds with the instant (date and hour) at which the 

system obtained information about a cumulated number of vehicles for the latest measurement 

period (which, in the case of the analysed ITS system, equals 15 minutes). Thus, each row 

contains information on the number of vehicles, the ID number of the induction loops, the ID 

of the intersection within which the loop is installed, the direction of traffic flow for the lane, 

and the direction of traffic flow available upon exiting the intersection. The aforementioned 

conversion is based on a relatively simple script, written in an interpreted programming 

language, for example. After identifying the right pattern in the initial tables, one must use it 

to process these tables into the targeted database format (Fig. 2). A correctly prepared 

database (Tab. 1) makes it possible, through such simple features as sorting, filtering and 

aggregation, to generate the desired reports or tables, which are compatible with GIS. 
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The row in the resultant database corresponds 
with the instant (date and hour) at which the 
system obtained information about a cumulated 
number of vehicles for the latest measurement 
period (which, in the case of the analysed ITS 
system, equals 15 minutes). Thus, each row con-
tains information on the number of vehicles, the 
ID number of the induction loops, the ID of the 
intersection within which the loop is installed, 
the direction of traffic flow for the lane, and the 
direction of traffic flow available upon exiting 
the intersection. The aforementioned conversion 
is based on a relatively simple script, written in 
an interpreted programming language, for ex-
ample. After identifying the right pattern in the 
initial tables, one must use it to process these 
tables into the targeted database format (Fig. 2). 
A correctly prepared database (Tab. 1) makes it 
possible, through such simple features as sorting, 
filtering and aggregation, to generate the desired 
reports or tables, which are compatible with GIS.

Regardless of the fact that the presented data 
contains information which is rather simple to 
interpret, its completeness as well as its time 
and spatial range allow us to perform numerous 
analyses and draw conclusions in the course of 
completing various cognitive goals. Basic analy-
ses based on the data from induction loops may 
regard time and spatial differences in vehicle 
traffic load (Fig. 3) for individual lanes or inter-
sections (upon aggregation by an intersection  
ID number).

Tab. 1. An extract (several selected rows) of the base of data from the SCATS system upon its processing for the purposes 
of GIS.

Crossroads_id Detector_ID Direction_from_to Day_date Time Number_of_cars

8244 3 S-N 01-01 16:45 40

8244 4 S-N 01-01 16:45 21

8244 5 S-NE 01-01 16:45 21

8244 6 N-NE 01-01 16:45 3

8244 7 N-S 01-01 16:45 13

8244 8 N-S 01-01 16:45 66

8244 9 N-W 01-01 16:45 2

8244 10 N-W 01-01 16:45 1

8244 12 W-N 01-01 16:45 1

8244 13 W-N 01-01 16:45 0

8244 14 W-NE 01-01 16:45 0

8244 15 W-S 01-01 16:45 0

Source: authors’ own elaboration.

Fig. 3. Number of vehicles during a morning rush hour in Lodz.

Source: authors’ own elaboration, based on Kowalski, Wiśniewski, 
2017a.

Application of Intelligent Transportation Systems in Analyses of Human Spatial Mobility in Cities
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Another basic analysable variable is the spatial 
diversity of vehicle numbers with regard to directions 
of traffic flow (Fig. 4).

This basic information on people’s spatial mobility 
makes it possible to conduct numerous problem-
related analytical studies, one thematic group of which 
is the identification of how infrastructural investments 

or any other types of traffic generators (attractors) 
influence people’s transport behaviours. An example 
which could be used to illustrate this is an analysis of 
the impact a shopping centre exerts upon the city’s 
transportation system. The data obtained from the 

municipal system renders it possible to determine 
the actual traffic generation, and also to perform 
studies on, for instance, the parking occupancy rate, 
the average daily vehicle traffic load, and directions 
from which vehicles arrive. This type of research also 
allows the traffic generated by the shopping mall 
in time intervals within the total traffic in any given 

sector of the road network to be determined (Fig. 5) 
(Kowalski, Wiśniewski, 2017b).

This basic information on people’s spatial mobility 
makes it possible to conduct numerous problem-
related analytical studies, one thematic group of which 

Fig. 4. Driving direction and number of vehicles in the city centre of Lodz during a morning rush hour.

Source: authors’ own elaboration, based on Kowalski, Wiśniewski, 2017a.
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2013; Lechowski, 2016), socio-economic development 
(Munnell, Cook, 1990; Eisner, 1991; Singletary et al., 
1995; Boarnet, 1996; Harmatuck, 1996; Lobo, Rantisi, 
1999; Preston, 2001; Givoni, 2006; Li, Li, 2008; Snieska, 
Simkunaite, 2009; Rosik, Komornicki, 2013) and trans-
portation behaviours (Jones et al., 1983; Kitamura et 
al., 1997; Kockelman, 1997; Boarnet, Sarmiento, 1998; 
Elhorst, Oosterhaven, 2002; Maat et al., 2005; Albert, 
Mahalel, 2006; Gadziński, Radzimski, 2016). The pre-
sented group of analyses fits squarely into the stream 
of research that combines issues related to manage-
ment and transportation, and yet the perspective at 
which these issues are examined is quite different and 
closer to mobility studies (Vilhelmson, 1999; Bronk, 
2009; Kraft, 2014) and research on traffic generation of 

is the identification of how infrastructural investments 
or any other types of traffic generators (attractors) 
influence people’s transport behaviours. An example 
which could be used to illustrate this is an analysis of 
the impact a shopping centre exerts upon the city’s 
transportation system. The data obtained from the 
municipal system renders it possible to determine 
the actual traffic generation, and also to perform 
studies on, for instance, the parking occupancy rate, 
the average daily vehicle traffic load, and directions 
from which vehicles arrive. This type of research also 
allows the traffic generated by the shopping mall 
in time intervals within the total traffic in any given 
sector of the road network to be determined (Fig. 5) 
(Kowalski, Wiśniewski, 2017b).

Fig. 5. The application of ITS data (induction loops) in a study on traffic generation caused by facilities and their impact 
on the load of the local road network. The spatial deployment of detectors (left), daily traffic load in the shopping centre 
and car park load (top right), and traffic load in the vicinity of the shopping centre (bottom right).

Source: Kowalski, Wiśniewski, 2017b.

Another thematic group of problem-related analy-
ses based on the data from induction loops is com-
bined research on traffic load and spatial management 
(Fig. 6). Within the science of geography, studies that 
combine management and components of transporta-
tion have been developed for numerous aspects such 
as research on accessibility (Halden, 2002; Geurs, Van 
Wee, 2004; Bertolini et al., 2005; Du, Mulley, 2006; Heath 
et al., 2006; Yigitcanlar et al., 2007; Majewski, Beim, 
2008; Radzimski, 2009; Gadziński, 2010; Wiśniewski, 
2016), and the influence of transport infrastructure 
on spatial management (Newman, Kenworthy, 1996; 
Wegener, Fürst, 1999; Badoe, Miller, 2000; Van Wee, 
2002; Giuliano, 2004; Schmeidler, 2008; Adamiak et al., 

various facilities (Rudnicki, Wojnar, 2009; Kim, Susilo, 
2013; Romanowska, Jamroz, 2013; Szarata, 2013). By 
adapting the local mobility determinants – such as 
the road and street network, the level of motorisation, 
and the local functional and spatial infrastructure – as 
‘the background’ of the analysis, one can show the 
volume of trips taken by vehicles using this part of 
the urban road network which is monitored in the 
areas where selected elements of the city’s spatial 
structure are present.

The data used in the research does not substitute 
information on travel motivation, starting points and 
destinations, collected directly from road users. It 
only presents the load of the network which is – to 

Application of Intelligent Transportation Systems in Analyses of Human Spatial Mobility in Cities
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a certain extent – a snapshot of the choices made by 
road users at any given time. Thus, this research is of 
a general nature – i.e. holistic – since it incorporates 
all movement without discussing individual dimen-
sions of mobility. Therefore, any conclusions should 
not be treated as accurate indications, but as certain 
issues which ought to be perceived as a contribution 
to and incentive for further sectoral analyses related 
to traffic generation of individual elements within the 
functional and spatial structure, and mobility in urban 
networks (Kowalski, Wiśniewski, 2017a).

Regardless of the difficulties mentioned above, the 
data from the RTCS system, based on measurements 
of road traffic loads taken by means of induction 

loops, is quite valuable. The analyses conducted on 
its basis and related to the comparison of traffic load 
in the space characterised by a diverse functional 
and spatial structure make it possible to draw general 
conclusions. Traffic volume within the structure of 
a big city is – to a certain extent (depending on the 
local characteristics of the transport network, with 
particular focus on its internal elements of systems 
of intra- and extra-urban transit) – conditioned by 
the deployment of inhabitants and spheres of various 
functionalities (Fig. 7), and the elements of transporta-
tion systems that link them (including the availability 
of substitutive means of transport to the car, and the 
vicinity of transit arteries) and the factors that stem 

Fig. 6. Spatial management in Lodz around intersections with RTCS induction loops. 

Source: authors’ own elaboration, Kowalski M., Wiśniewski S., 2017a.

Marta Borowska-Stefańska, Michał Kowalski, Paulina Kurzyk, Miroslava Mikušová, Szymon Wiśniewski
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from road users’ transport behaviours and the level 
of motorisation.

Therefore, without the possibility of separating the 
traffic flows which are connected with transit (includ-
ing extra-urban transit), it is impossible to present 
the traffic generation of facilities on the scale of the 
whole city. In this context, the most crucial value 

4.	 Automatic Number Plate Recognition 
Cameras

Enabling the optical recognition of characters, this 
technology is used for the automatic reading of number 
plates in order to generate data on the location of 
any given vehicle (Patel et al., 2013). It may be based 
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Fig. 7. Traffic density versus population within five-minute isochrones from monitored intersections (top) and in the 
vicinity of selected public facilities (bottom).

Source: authors’ own elaboration, Kowalski M., Wiśniewski S., 2017a.

of the presented research is the representation, on 
a local scale, of the travel volume in the areas where 
any given type of management or functionality is 
present, and linking it to its deployment within the 
urban transportation network.

on existing CCTV, surveillance cameras or devices 
which have been designed specifically for this pur-
pose (Kulkarni et al., 2009). The ANPR system is used 
by various services to execute the law, e.g. to verify 
if any given vehicle is legally registered. It is also 

 

 

Fig. 7. Traffic density versus population within five-minute isochrones from monitored intersections (top) and in 

the vicinity of selected public facilities (bottom). 

Source: authors’ own elaboration, Kowalski M., Wiśniewski S., 2017a. 

Therefore, without the possibility of separating the traffic flows which are connected 

with transit (including extra-urban transit), it is impossible to present the traffic generation of 

facilities on the scale of the whole city. In this context, the most crucial value of the presented 

research is the representation, on a local scale, of the travel volume in the areas where any 

given type of management or functionality is present, and linking it to its deployment within 

the urban transportation network. 

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 
0 

20000 

40000 

60000 

80000 

100000 

120000 

140000 

160000 

180000 

Number of inhabitants in the five-minute isochrone from intersections 

Th
e 

nu
m

be
r o

f v
eh

ic
le

s a
t t

he
 in

te
rs

ec
tio

n 

00
:0

0 

00
:4

5 

01
:3

0 

02
:1

5 

03
:0

0 

03
:4

5 

04
:3

0 

05
:1

5 

06
:0

0 

06
:4

5 

07
:3

0 

08
:1

5 

09
:0

0 

09
:4

5 

10
:3

0 

11
:1

5 

12
:0

0 

12
:4

5 

13
:3

0 

14
:1

5 

15
:0

0 

15
:4

5 

16
:3

0 

17
:1

5 

18
:0

0 

18
:4

5 

19
:3

0 

20
:1

5 

21
:0

0 

21
:4

5 

22
:3

0 

23
:1

5 

0 

20 

40 

60 

80 

100 

120 

140 

time 

av
er

ag
e 

nu
m

be
r o

f v
eh

ic
le

s a
t t

he
 in

te
rs

ec
tio

n  

urban mobility cultural and religious education and science sport office blocks hotels trade and services 

Application of Intelligent Transportation Systems in Analyses of Human Spatial Mobility in Cities



18

used for electronic toll collection and as a method 
of cataloguing movements of vehicles, their routes 
and travel times (Rhead et al., 2012). The functioning 
of ANPR analyses is the subject of studies conducted 
by representatives of numerous branches, including 
transport engineers (Bodger et al., 2005; Dix, Firth, 2005; 
Slinn et al., 2006; Matysiak et al., 2013; Robinson, 2014; 
Robinson, Van Niekerk, 2014), electronic engineers 
(Kulkarni et al., 2009; Qadri, Asif, 2009; Gaikwad, Borole, 
2014; Kumar et al., 2017), and experts in image analysis 
and recognition (Anagnostopoulos et al., 2008; Patel 
et al., 2013; Janowski et al., 2014; Kaur, Kaur, 2014). And 
since there are still relatively few geographical stud-
ies derived from the area of ANPR, it seems justified 
to emphasise the potential of data provided by this 
constituent of the ITS system.

The system saves and stores information from 
ANPR cameras in the form of a database, where each 
row refers to a single registration of a number plate 
by any given camera. Having formulated a query to 
the database (e.g. selecting those rows which were 
saved within a specified period of time), the researcher 
is returned with a source file in a text format. Once it 
has been converted into a table within a spreadsheet 
(Tab. 2), further analyses are possible, based on data 
aggregation or sorting. The researcher is presented 
with the data on a record number, a precise date and 
time when any given photo was taken by the camera, 
the ID number of the camera and the intersection 
where it is installed, geographic coordinates of the 
camera, the country in which any given vehicle is 
registered, and its number plate. Here, it becomes 
imperative to discuss the issue of privacy law related 
to the acquisition of this type of data for scientific and 
research purposes. This issue primarily depends on 
the statutory interpretation in this regard, but also 
on the interpretation – individual for each case – ap-
plied by civil servants who are the legal custodians 
of ANPR data. In this particular case, the number 
plate was considered to be sensitive information (in 
the light of the Personal Data Protection Act), and 
thus, it was encrypted by means of a string of several 
dozen characters. Fortunately, each number plate is 
coded with a unique, permanently ascribed string 
of characters, and thus it is still possible to ‘track’ the  
vehicle.

Although the initial format of the database is clearly 
extremely valuable research material, its worth is even 
greater once it has been formatted into a database that 
demonstrates vehicle movement. In its initial form, the 
identification of this phenomenon is stymied mainly 

due to its volume (in the case of the discussed example, 
it contains approximately 6 million photographs for 
a period of one week), but also due to the necessity 
of simultaneous data sorting and aggregation with 
regard to two features: the registration number and 
the accruing time. Therefore, it becomes imperative to 
prepare a simple tool (in any programming language), 
which will automatize the processing of the source 
database into a relational one (Tab. 3).

The key data within the generated table is the 
information on the spots where all subsequent pho-
tographs of the same vehicle were taken and the time 
that passed between taking them. Thus it is possible 
to track the route taken by each vehicle individually, 
though only, of course, within the range of the area 
covered by ANPR cameras. It must, however, be re-
membered that travelling between cameras does not 
necessarily entail direct movement between these 
spots within the city space. These may be points lying 
along the route of two completely different vehicles. 
Therefore, it is not inconceivable either that a vehicle 
may be recorded by the system only on January 1 and 
December 31 of the same year, and thus its record in 
the database will show a transit across the city that 
lasted approximately 31 million seconds. Though this 
case requires a careful interpretation of the results, use 
of this kind of data does open new fields of exploita-
tion and reasoning. What again manifests itself here 
is the lack of qualitative travel data, e.g. information 
on destinations. One may only attempt to obtain this 
type of data in an indirect manner, e.g. by analysing the 
vicinity of ANPR cameras. With so few research spots, 
however, drawing any conclusions is very risky. In the 
relational database, there are also rows which show 
a single registration of a vehicle within the system 
(the starting point and destination are the same and 
the travel time equals zero). These are vehicles which 
were recorded by only one camera within the system 
(Fig. 8). Together with an increase in the range of time 
of the database, the relative number of such cases 
should decrease, since – in the course of time – the 
probability of another registration by other cameras 
of the ITS system grows. There are also instances when 
a record in the relational database indicates a com-
plete lack of movement in space (the same starting 
and finishing point), but there is movement in time. 
This can happen when the daily movement of any 
given vehicle user is performed within the borders of 
the same district which is covered by a single ANPR 
camera. Even though there is a series of movements, 
they are all recorded by only one device.

Marta Borowska-Stefańska, Michał Kowalski, Paulina Kurzyk, Miroslava Mikušová, Szymon Wiśniewski
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Just as in the case of the aforementioned data from 
induction loops, the material generated by the ANPR 
system may be used directly – as purely informative 
data – or for the purposes of problem analyses. The 
former involves the indication of basic characteris-
tics of a group of vehicles registered by the system 
(Fig. 9) in the form of, for instance, spatial and time 
differentiation of the number of vehicles registered 
by cameras (or aggregated to intersections) (Fig. 10).

Working on relational data renders it possible to 
generate a map of traffic structure, where individual 
ANPR cameras are taken as starting points and destina-
tions (Fig. 11). It also enables us to track and present the 

Fig. 8. The number of individual vehicles registered by ANPR cameras within the RTCS system in Lodz during a 24-hour 
period.

Source: authors’ own elaboration.

travel path of any given vehicle (Fig. 12). Other valuable 
data which can be useful to analyse the efficiency of 
an urban transportation system is information on the 
number of vehicles travelling between cameras within 
one intersection and their travel times in the said area. 
This will make it possible, for instance, to determine 
whether the applied timing of signal phases at traffic 
lights corresponds with the traffic density occurring at 
any exit and the vehicle flows that are actually served 
by any given intersection. Such analyses are of invalu-
able importance to transport engineers.
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Fig. 9. The number of vehicles registered by the ANPR system within the RTCS system in Lodz during a 24 - hour period.

Source: authors’ own elaboration. 
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Fig. 10. The number of vehicles registered by the ANPR system within the RTCS system in Lodz during a morning rush 
hour.

Source: authors’ own elaboration.
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Fig. 11. The number of transits registered by ANPR cameras within the RTCS system in Lodz during a morning rush 
hour.

Source: authors’ own elaboration.
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Fig. 12. The traffic structure for one of the vehicles registered by ANPR cameras within the RTCS system in Lodz during 
one day. 

Source: authors’ own elaboration.

The data from the ANPR system possesses, above 
all, great potential as research material for the purposes 
of a broad spectrum of problem analyses related to 
the urban subsystem of road transportation. It allows 
studies aimed at the identification of the city’s internal 
transit, i.e. determining the features of the movement of 
vehicles which only pass through a selected area within 
the city (e.g. the city centre). Naturally, the possibility 
of conducting this type of analysis is determined by 
the appropriate deployment of registration devices. In 
the light of the global trend to decrease the density of 
traffic related to private car use in city centres (Szendro, 

2011), it is possible to analyse numerous phenomena 
which may greatly facilitate the implementation of 
such policies. It is possible to identify the significance 
of the city centre in transits between specified areas 
of the city by researching how often it becomes an 
intermediate point on the route taken to reach any 
given destination. A detailed analysis of ANPR data 
also gives grounds for reasoning on the issue of halt 
time, and more generally, on the time vehicles spend 
in any given part of the city, which is a crucial indica-
tor in planning an effective parking policy within the 
city or designing tariff systems for public transport.
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Analysing the database of flows with an appropri-
ately broad time range makes it possible to identify 
various types of shuttle trips, such as commuting. 
A longer analytical period also reveals transit traffic in 
the whole city. And this is extremely valuable data for 
the process of evaluating infrastructural investments 
in progress, studies on changes in communication be-
haviours related to, for example, restrictions in trade, 
and analyses of the influence of changes in traffic 
organisation and management (related to sporting 
events, concerts, etc.), since it offers accurate com-
parative material for the situation before and after 
the implementation of the research subject.

The data generated by an ANPR system is also 
indispensable material for studies devoted to the 
comparison of theoretical (i.e. concordant with traffic 
laws and regulations) and actual travel time on various 
segments of the urban network of roads and streets 
(Fig. 13). It is a valuable alternative to travel times 
(applied, for instance, in methodology of accessibility 
analyses) and historical and real-time data provided 
by different types of online navigation services (e.g. 
Google Maps’ Google Traffic).

The presented data can also be part of the process 
of traffic modelling for a city’s road network (Fig. 14). 
Traffic modelling and forecasting is a relatively new 

Fig. 13. Shorter (A) and longer (B) transits during a morning rush hour in Lodz, when compared to a theoretical travel 
time.

Source: authors’ own elaboration.

but dynamically developing branch of science, closely 
related to the issue of planning transportation systems 
(Dybicz, 2009). Over the years, miscellaneous meth-
odological approaches have been taken, but recently 
researchers are more and more likely to apply models 
which substitute the first three stages of the classical 
traffic model. These are models based on the inhabit-
ants’ travel activity. Unfortunately, their application 
is connected with a drastic increase in expenditure 
on research of communication behaviours and pref-
erences, which, however, can be solved by the use 
of data obtained from an ITS system (naturally, with 
all the aforementioned simplifying assumptions in 
mind). The generation of traffic models for cities and 
larger agglomerations allows numerous analyses to 
be conducted, which are crucial for the assessment 
of the existing state of affairs and future planning, 
including analyses of traffic conditions, transport 
intensity and infrastructural needs, analyses of the 
environment, noise, emissions, the impact of changes 
in spatial management upon the transportation sys-
tem, and the influence of demographic and eco-
nomic changes, transportation policy and efficiency 
of projects for infrastructural development (Dybicz,  
2009).
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5.	C onclusions

Research on human spatial mobility in a city is a pre-
requisite of any transportation and spatial policy if it 
is to be appropriately implemented by local authori-
ties. Since such studies are very expensive and time-
consuming, their frequency does not correspond 
with the revolutionary and radical transformations 
in people’s mobility. Thus, there is a natural need for 
alternative data sources with a similar profile, one of 
which is the Intelligent Transportation System with 
the data it collects and generates, and which should 
no longer remain unused. Although the deficiency 
of this data in mobility studies is rather obvious and 
has been clearly presented in this article, it still offers 
a series of properties that a researcher cannot obtain 
from any other source. Nevertheless, any work on the 

Fig. 14. Distribution of vehicle traffic registered by ANPR cameras within the RTCS in Lodz during a morning rush hour 
across the road network.

Source: authors’ own elaboration.

presented data must be conducted with the utmost 
care, especially as far as conclusions are concerned. 
An optimum solution would be to combine this data 
with results of standard research on spatial mobility. 
Firstly, it would allow us to verify the accuracy of the 
data and to determine the level of importance for 
the sample covered by the ITS system, but – above 
all – it would expand the holistic picture of data with 
features that are crucial for mobility studies but are 
not provided by the ITS system alone, i.e. reasons for 
travelling. Work on the data retrieved from induction 
loops and ANPR cameras must also be performed by 
a researcher who is well aware of the unique nature 
of the urban transportation system in question and 
the principles of how these measuring devices work, 
since an uncritical approach may result in a significantly 
distorted image of reality. Another major issue in this 
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matter is the structure of the ITS system itself, and more 
precisely, the number and deployment of measuring 
devices in relation to the spatial management of the 
city. Naturally, a small number of devices deployed 
over a relatively small area still allows research, but the 
decision to refer the returned results to the whole area 
of the city must not be made without a prior and thor-
ough consideration, since transportation behaviours 
typical in the city centre are unlikely to be reflected 
in the suburbs. What is more, the lack of coverage of 
certain regions within the city renders it impossible 
to perform certain types of problem analyses.

The result of the shown research, apart from pre-
senting some aspect of mobility, also demonstrates 
that ITS data can be used in geographical studies, 
with an indication that it is imperfect in the context 
of a more global study on mobility in the relatively 
complex structure of a big city.
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