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ABSTRACT

The article concerns the application of data, collected by mobile devices, in models road maps needed in virtual

environments. Recently, a system has been developed at UTH Radom, with the aim of tracking wanted vehicles. The

simulation of such vehicles, understood as units with driver or passenger(s), the acquisition and transfer of related
data as well as the processing of information obtained from observation cameras, are subject of ongoing research.
A key component for an effective analysis of trajectories, are detailed digital road maps. Given the lack of access to
commercial geo-information systems, the compilation of customized digital maps for the territory of interest, using

open data collections of geographical data, is essential for research in the public sector. In the present paper, the
adaptation of chosen Openstreetmap data structures to the described purposes is presented.
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1. Introduction

The RETINA system, extensively described in articles i.a. [3-9],
contains three main components: observation centre, observation
points (sensors) and telecommunication network. It's main purpose
is to observe, approximate and then to predict the wanted vehicles
route. Thus a very important element is the possibility to simulate
vehicle’s on a real network of roads.

The subject of observation are mobile objects — road vehicles.
The aim of this article is to describe the area on which these vehicles
can move and which is under the observation.

It is obvious that this domain of interest has to be limited in
practice as well as in theory.

A natural choice may be, for example the area of the state, a
voivodeship or an-urban conglomeration.

At first, considerations may concern some selected experimental
route, i.e. a one-dimentional approach is taken. Next any geometric
area, for example a rectangular map section, may be subject to
analysis. In any case, at the beginning the borders of the area of
interest should be determined. In the case of an administrative
district, the contour is defined by a sequence of corners of a
polygonal domain. Finally, this domain is given internal structure in
the form of a graph, comprising data on vertices (points of interest)
and edges (roads connecting the vertices).

2. Modelling the Area of Interest

The projected usage of the Road Vehicle Tracking System Based
on Given Identification Features — RETINA, concerns the areas with
determined borders, for example specific administration units such



as e.g. Mazovia. So we assume for this article that the considered
objects move and are observed on a flat area of interest Q.

Assuming that the dimension is the number of coordinates
necessary to describe the location of a given point [2], in case of
one-dimension the area could be set as an interval - a section of a
route, with length in meters [m], for example:

0=[0,400000] (1)

while in case of two-dimensional movement the area could be
a rectangle, so it is necessary to define two coordinates:

Q=[0,400000] x [-100000, 150000] (2)
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Fig. 1. Exemplary area in one dimension - Polish highway A2
(Swiecko - Konin) [18]

In the first case we can analize the vehicles movement on
the highway with a length of about 270 km, rejecting the option
of leaving from the established road, shown on Fig. 1. In the
second case the movement and also the observation will consider
a rectangle of size 400km by 250km from the map section. The
searched object’s position is represented as a pair of numbers (x,y),
where the first number is the distance from the left boarder, and
the second number is the position relative to the horizontal axis,
as on Fig. 2. The same method was recently applied in [4].

Fig. 2. Exemplary area Q in two dimensions (Masovian Voivodeship)
[own study]

SI units are accepted — length is measured in meters, time in
seconds. The assumption that the observed object moves freely in

two or three-dimensional area in usage relevant to road transport is
not adequate. It corresponds to the situation for example in aviation,
oceanic shipping or during the biological research — migration of
birds or fish. In the road transport the extreme inhomogeneity
of the area must be taken under consideration [15]. In railway
transport, like [1, 13], case is simpler. But in road transport we
can distinguish roads, roadways, national roads, highways as also
the forest paths. The territory must be classified, distinguished, for
example population density or the nature reserves.

In the description of traffic it is reasonable to limit the position
to the permitted area, which will be the network of roads located
in the previously selected area.
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Fig. 3. Exemplary area Q with rectangular grid (from the left:
Manhattan, Lodz, cartesian coordinate system) [own study]

In theoretical considerations it is convenient to adopt the ideal
rectangular road grid. Sample layout is presented on Fig. 3.

3. Hierarchy of Road Models

With a one-dimensional model, it is sufficient to provide one
number [2], a coordinate, to determine the position of the object
or place of the event. In civil engineering we use marker posts.
They represents the definition of the place on the road by giving
the distance from its beginning. This distance is usually given with
an accuracy of 1 meter in the format (km) xx + yyy or xx, yyy
(km), where: xx - total number of kilometers from the beginning
of the road or railway line, yyy - total number of meters counted
from the last full kilometer. Currently, marker posts are usually
placed every 100 meters, as in Fig. 4.

Fig. 4. Typical Polish marker post (situated near Radom - national
road no. 7) [own study]



In the developed system, in subsequent articles devoted to
vehicle traffic modeling, the marker post will be used to describe
the movement along a real, non-straight path using only one
parameter, i.e. as given in the example below and also in Fig. 1.
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Fig. 5. Example route from Radom to Zakopane [8]

With realistic modeling in two-dimensional areas instead of
the definition of two coordinates, for example GPS data, the use
of the road identifier is often used along with the marker posts
for the conventional beginning of the road, example - Fig. 5. In
theoretical considerations and computer simulations, the roads
can be numbered and identified with their index.

Fig. 6. shows an example of using this method to study road
traffic.

4. Geographic Data Structures

It should be noted that in practical applications, sometimes the
pure graph structure or the oriented graph is insufficient, Extended
data structures are introduced, mainly to increase the efficiency
of calculations. For example, instead of the edge of a graph, it is
possible to assign it to lengths, and vertices to be the coordinates of
the corresponding intersections.

In this way, you can immediately create road elements with a
wider palette of features. Fig. 7 shows the details of the path from
the selected shapefile (*.shp) extracted from the OpenStreetMap.

g4 Variables - shapestruct93, 1)

% shapestruct x| shapestruct@, 1) x |[SHapestruc@3nn «|
shapestruct(93, 1) <1x1 struct>

Field & [value [Min  max |
qoc| Geometry 'Line'

[ BoundingBox [19.0480,50.257... 19.0... 50.2...
HH X [19.0480,19.048... MNaMN  NaM
Y [50.2584,50.258... MNaMN  NaM
HH osm_id 4336338 433... 435..
| name ‘Murckowska'

o ref '86'

fod type ‘primary’

EBoneway 1 1 1

HH bridge 0 0 0
Htunnel 1 1 1

[ maxspeed 100 100 100

Fig. 7. Sample record from the database [own study]

The fields of this type of elements include the name of the road,
category, orientation and the table of items of points marking its
course in the area Q.
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I !

Instead of global assembly, related to the contractual beginning of
the road, in the discussed system it is more convenient to adopt local
marker post, which on each section of the route gives the distance to
its beginning, that is the nearest node in the direction set.

In Fig. 3 the map (right side) contains 16 horizontal and 19
vertical roads. They can be renumbered sequentially, starting
from horizontal. In this case, the position definition may be in the
form (12,137.563), where the first parameter is the road counter
(natural number) and the second parameter is identical to the
x-axis coordinate in the Euclidean system.

In order to describe non-trivial road networks it is necessary
to introduce selected concepts from the graph theory, which will
be presented below.

Fig. 8. Communication matrix (example) [14]

An example of such a matrix is presented in Fig. 8, where the
intersection can be reached on three sides and the same number of
trips. Legal options are marked with ones, for example

C,=1 (3)

means that you can turn off at exit 3 when entering road 1.
On the other hand, the entry

C,=0 @

it is forbidden from taking road no. 2 to road 3.



5. Digital Road Maps

Graph theory is one of the basic tools in traffic modeling, so
elementary terms necessary to describe the road network are vertices
and edges. The tops correspond to points on the map, such as cities,
intersections, entries and trips to / from motorways, petrol stations
or car parks.

In the example from Fig. 3 vertices are all points from the area
Q) defined as a rectangle, which have coordinate values in this case
divisible by 15 (vertical) or 20 (horizontally). It was assumed that
the roads (parallel to the axis) were built regularly at intervals of
20 km, relatively 15 km - similar roads were built, eg Manhattan
[20]. However, the edges are segments connecting two vertices, so
the road is not the same as the edge - it is a series of alternating
vertices and edges. Formally, therefore, the G graph is defined as
an ordered pair of two sets [10]:

G=(V,E) (5)

where Vis the set of all vertices V={v1, v2, ..., vim} and E is the
collection of edges.

Writing (v1, v2) € E is expressed by the fact that the tops v1
and v2 are connected by a stretch of road. Alternatively, the incident
matrix I is used:

Ifij}l=1 & (vl,v2) € E (6)

One of the basic theoretical works in the field of car traffic
simulation is the article by Nagel and Schreckenberg, [15]. As
part of the approach of the authors of this work, sets of data were
created describing road networks, such as the United States, where
an impressive number of 23,947,347 nodes and 58.333.334 road
sections were included. For example, the city of New York has
264,345 points and 733,846 sections, and the above-mentioned
Manbhattan district has about 12,000 nodes [20].

Fig. 9. A graph representing the Mazovian roads [own study]

The road network developed for research purposes in the
Matlab environment, presented in Fig. 9, contains less than 1,500

sections and the same number - the number of nodes. However,
to the purpose of the system being designed - this is to verify the
ability to track vehicles based on visual data obtained from road
cameras - this order of magnitude is appropriate. In this case, the
incident matrix has over 2 million entries, which on the one hand
is comprehensive enough for academic research, and on the other
hand, larger examples are difficult to process on conventional
computer equipment.

The graph in Fig. 9 it contains only sections of the motorway,
national and provincial roads. All roads of this type are passable in
both directions. More advanced modeling requires a distinction
between the way, for example, from the node to, and the way from
to, because with a higher resolution of the map, for example at the
level of the city plan - as in Fig. 10 - one-way streets should also be
included. The following figure was created by extracting only the
necessary information (geographic coordinates) from data obtained
from the OpenStreetMap (OSM) project using the Quantum GIS
geoinformation software (QGIS) [21]. However, this solution is not
optimal - it is very time-consuming and unfortunately the generated
map may contain a large number of errors, types of unfinished
roads / streets or incomplete intersections (which may be visible
with a high resolution of the city plan). Therefore, for the purpose of
further research, the map is used as in Fig. 9.
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Fig. 10. Map of Warsaw roads selected from the OSM project with
the help of QGIS [own study]

This means that there may be a stretch of road from v,tov,, but
there is no connection in the other direction, i.e. way from v, to v,.

An appropriate tool for describing such a state of affairs is then
an oriented graph with directed edges [14]. The collection E is
then a set of ordered pairs (v, v,). At the same time pairs of vectors
(v, v,) and (v, v ) are different from each other, while the sets {v,
v,} = {v, v,}. So an oriented graph is called a pair:

G=(V,E) ?)

where V is the set of all vertices V.= {v, v,..., v } and isa
collection of oriented edges.

It should be noted that in the oriented graph, there may even be
edges of the type (v, v ), i.e. such sections in the network of roads
that connect a given point with itself. One speaks of a loop then,



and such a concept may be useful for describing roundabouts.
Hence, the notion of the apex order is necessary to define.

Let it G = (VE) be a graph describing the road network and
the top. The number of edges E in the outgoing v is called the row
of the top v.

If G it is a graph with orientation (then written in some publications
the output and input rows of vertices are defined analogically [16, 17].

It should be emphasized that the definition of a graph is a very
abstract tool that examines the structure of a road map, such as
properties such as its coherence. On the other hand, in a pure
graph description, vertices do not have, for example, positions in
space, coordinates, and edges have no course or length. Therefore,
in the context of further specification, so-called weights are
assigned to both the tops and edges. These can be, for example,
the length or volume of traffic on a given section. For this reason,
in the work [14] some extensions of the road section and node are
introduced, the use of which in the modeling of the road network
as part of the project of the Road Vehicle Tracking System Based
on Given Identification Features. will be presented in the nearest
publications.

6. Selected Computer
Experiments

In order to perform specific simulation calculations, maps
should be established, i.e. specify areas and road networks, after
which the searched vehicles can virtually move and where they can
be observed.

On the one hand, it is very demonstrative when one chooses
the real: the area and network of roads existing in reality, on the
other hand there is a danger that the selection (and determination)
of one specific area will lead to results that can not be generalized to
any situation. For example, research carried out in the Pomeranian
Voivodeship could be inadequate in the case of Lesser Poland
Voivodeship.

To avoid premature narrowing of the research plane, the method
of generating realistic road grids was introduced. In order to verify
the results, the possibility of generating any number of random areas
and grids has been introduced. An example of a pseudo-realistic
network of roads on a given area is shown in Fig. 11.
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Fig. 11. A synthetic area with a road network [own study]

However, the methodology developed within the framework
of this dissertation is to be applicable within specific territories, eg
voivodships. The general scheme for creating the data structures
necessary to carry out the simulation tests provided for in is also
presented above.

The starting point is a map of the selected area, on the example
of Mazovia, as in Fig. 12.
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Fig. 12.Sector of Mazovia from Google Maps [20]

In the next step, the contour of the area of interest and the
considered road sections are marked. An exemplary result of this
process is presented in Fig. 13.

Fig. 13. Area with road network [own study]

It should be emphasized that the described procedure, in
addition to determining the structure of the grid, will also define
the weights of vertices and edges such as:

« coordinates;
« length of sections.

It should be noted that the creation of more detailed maps
requires the use of open source numeric databases provided for
example by the OpenStreetMap (OSM) project.

The selected example developed in the Matlab environment
during the deliberations under this dissertation is shown in Fig. 14.

Additionally, databases of this type allow you to extract,
among others, information about:

« traffic restrictions (road signs);
« City positions;

« population density;

« land development
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Fig. 14. Selected Mazovian roads generated in the Matlab
environment [own study]

The OSM project is a very convenient source of data, because
it is primarily non-commercial, and at the same time very accurate
and up to date.

Unfortunately, it also has disadvantages. A certain obstacle in
separating only the above-mentioned information, for example, is
the volume of data contained in it (collected by users / creators of
this project).

It is quite easy to get maps in the form of graphic files, while
the selection of vector data describing the route or position of
objects is tedious and multi-stage and hence the objective of clearly
presenting the model in further considerations is the model from
Fig. 13.

7. Conclusion

The work presents the basics of road network modeling, which
constitute an essential component of the described in the series of
articles i. a. [3-9] Road Vehicle Tracking System Based on Given
Identification Features. Systems like this can increase human
safety, other cases, where human is the biggest problem of the
system are described in [11, 12].

The methodology of creating vector data describing the
structure of the graph, whose vertices are intersections and the
edges — road sections, is given. The advantage of the created
data sets is the possibility of using them directly in vehicle traffic
simulations. The scale of the resolution is adapted to the intended
use — traffic simulation of road vehicles moving around the size of a
typical voivodeship, at a speed level around 100km/h. The covered
distances are assumed to be up to 200km, and the observation time
is discretized at steps of one minute.
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