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Motorway network depiction from OpenStreetMap data in accordance
with cartographic demands

by Sigita GRINFELDE

Roads account for a large and by far one of the most important parts of
a map. Main roads, such as motorways, are of a special significance as they
represent city and country arteries, as well as connect major locations across
countries. Final map products go above exploitation of static base maps
and limited map extents. As data amounts and number of representations
within a single application grow, so does the difficulty to maintain a neat
visualization at all times.

Crowd-sourced projects such as OpenStreetMap (OSM) often offer an
up-to-date, easy to access base map in areas that are not covered by author-
itative data at the level of detail necessary. The world-wide collaboration
of OSM users is powerful, yet OSM faces issues regarding data quality and
consistency due to the large amount of contributors and vague guidelines
of data annotation.

In this thesis efforts to answer the question, how to improve depiction
of motorways when using OSM map, are made. The result is achieved
through coping with challenges and empowering the benefits of OSM data
characteristics.

This research, firstly, defines cartographic demands regarding motor-
way depiction, and examines how well OSM major roads comply with the
demands. Finally, it offers a few methods for improvements of motorway
identification attribute accuracy and extraction of motorway topological re-
lation knowledge. Further these techniques are adapted to motorway net-
work in Austria, tested and the results discussed.

Keywords: Road depiction, Motorway network, Cartographic demands,
OpenStreetMap highways, Attribute accuracy, Attribute completeness, Topo-
logical integrity
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Chapter 1

Introduction

1.1 Introduction and Motivation

Road networks have a significant role in maps and their applications, such
as, motorway maps, spatial analysis and routing. Before creating a high
quality map or using it to perform tasks, the uttermost important thoughts
should be focused on the source of the data. Questions, such as, is the re-
quired data accessible, what are the expenses to obtain the data, what is its
quality, is the level of detail sufficient for the purpose, what preprocessing
and cleaning tasks will it require, must be considered. This list can continue
much further, since the underlying data is the crucial foundation to deter-
mine the development and usability of any application that is build on top
of it.

A decade ago, a volunteered geographic information community started
its work by creating a free editable map of the world, OpenStreetMap (OSM).
By now over 2 million of registered users can enrich the geographic data
in OSM with their local knowledge ( OpenStreetMap Wiki, 2015¢). OSM
is widely used and applicable as a base map for variety of purposes as a
result of its high level of detail, free accessibility and easy integrity with
processing tools.

On the downside, OSM can at times expose to issues, such as incor-
rect topology, inconsistent data description, varying coverage and level of
detail. Consequently, OSM is not in a ready-to-use state and may require
substantial amount of data cleaning and generalization. To this point there
are several efforts made to asses the data quality and automatically detect
errors. However, there is yet not much done in order to tackle the issues the
nature of OSM road data introduce.

This work is rooted in the idea of creating maps, that depict visually
appealing, high quality motorway networks. Based on this vision, the nec-
essary data qualities to achieve it are examined. More specifically, the main
focus is concentrated on determining, whether OSM motorway data has
a potential to produce maps, that are in line with a set of required car-
tographic demands. Additionally, it is directed to addressing techniques
to improve the output where issues arise. Methods developed within this
work are first fine-tuned using motorway data in Vienna and later tested
on the entire Austrian motorway network.
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1.2 Research question and objectives

Primary, this thesis will answer the question - what is the relation between
cartographic demands and OpenStreetMap motorway data? In order to
outline an answer, following partial questions need to be considered - what
are the cartographic demands of road depiction, what is the potential of
OSM motorway data deriving maps, that are in conformity with these de-
mands. Finally, what methods could improve the result. As a result the
identified objectives are:

o To define a list of cartographic demands regarding road depiction,

o To examine if OpenStreetMap motorway data have a potential to de-
rive maps that are in line with cartographic demands,

e To explore methods for improving OpenStreetMap motorway data
compliance with cartographic demands;

1.3 Structure of the thesis

The rest of this thesis is structured as following: In Chapter 2 the neces-
sary background on important aspects regarding road visualization are ex-
plained. A special focus is pointed towards road depiction and use at dif-
ferent scale. As a result cartographic demands for road depiction at large
and medium/small scales are defined. In chapter 3 the OpenStreetMap
data model is explained with the focus on motorway relevant elements and
attributes. In Chapter 4 OpenStreetMap conformity to the cartographic de-
mands, using specific examples, is discussed. In Chapter 5 efforts to tackle
issues complicating OpenStreetMap motorway depiction are made. Several
methods to improve the attribute accuracy and topological descriptiveness
are developed, tested and results discussed. In Chapter 6 conclusions and
suggestions for further improvements are given.



Chapter 2

Cartographic demands

The end goal of a map from users’ perspective is to provide the necessary
information. Therefore, a map should transfer a trustworthy, correct knowl-
edge that can be read in an effortless manner. Cartographers, on the other
hand, are concerned with the best methods to formulate and present this
information. There are many questions to be considered when creating a
map: What is the topic and purpose of the map? What is the best way to
present this information? The physical world is very complex and detailed,
however, drawing the reality on a map is possible only in an abstract man-
ner due to the constraints of map media. Examples of such constraints are
the limitation of space, the limitation of the chosen scale and the human
perception abilities of abstracted objects.

To maintain a good readability at different scales, a map cannot be scaled
down or up by simply reducing or increasing the zoom level, without chang-
ing the level of detail (LoD) (Cecconi and Galanda, 2002). As a result it
would be either too detailed and unreadable or too abstract and missing
details. Therefore, it is very important to apply generalization on a map.
This means that at different scale levels, the map will have different carto-
graphic demands to reach a good representation of reality.

First, this chapter attempts to classify generalization constraints based
on previous literature. Next, map use at large and medium/small scales
have been collected and road symbolization at various scales analyzed us-
ing gathered examples. Finally, based on all the previously discussed top-
ics, cartographic demands for motorway topic have been grounded.

2.1 Classification based on previous literature

Wolf, 2009 defined constraints in two groups. Constraints in one group are
limitations of the map display device (paper, digital) characteristics, while
constraints in the other group come from human perception abilities of ab-
stracted data. A similar classification from a different perspective is based
on the idea of geometry and semantics, two fundamental aspects of carto-
graphic generalization (Pearson and Janodet, 2009). Geometric generaliza-
tion draws parallels with limitations of the map display device. The deci-
sions to modify map, for example perform elimination, are based solely on
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feature size or proximity to others features. Semantic generalization, on the
other hand, is based on human perception. Using the example of road elim-
ination, the process looks at the importance of features. Thus, at a certain
scale only major road classes may be preserved.

Using generalization constraints as a reference, it is possible to define
the respective cartographic demands. In general words, cartographic de-
mands are map requirements directed towards successful representation
that are scale and topic dependent. However, we can go deeper in these
concepts and give a more specific categorization. Classification of the con-
straints extracted from map generalization literature, allows defining car-
tographic demands on top of this formal knowledge and further list their
properties.

Two essential categories where cartographic generalization splits are ge-
ometric and semantic constraints(Wolf, 2009; Zhang, 2012). Furthermore,
several authors have named readability (legibility) and preservation as ex-
amples of the major generalization constraints” types (Zhang, 2012; Stoter
et al., 2009, Stoter et al., 2009). Apart from readability and preservation,
another category of frequently explained constraints is representation con-
straints, or in other terms, constraints of different representation levels (Zhang,
2012; Harrie and Weibel, 2007; Duchéne, Barrault, and Haire, 2001). Further
each of them is explained in more detail.

Semantic constraints

Cartographic generalization can be divided into two fundamental parts,
that are modification of objects based on geometry and modification of ob-
jects based on semantics (Wolf, 2009). Constraints of the transformation do
not solely depend on object’s size or shape, but mainly on its importance in
the context of the map and surrounding features. For example, aggregation
operator can be executed on two adjacent objects if the attributes of both
are same or similar (Liu et al., 2003).

Geometric characteristics of objects are usually explicitly known. Higher
order phenomena such as semantics and patterns, that are traditionally in-
terpreted by cartographers, need to be obtained when generalization is han-
dled by computers. If this information is not know, it can be acquired using
external data sources or by data enrichment techniques (Zhang, 2012).

Additionally, importance of semantics can be seen in multi-scale databases.
Maintaining relationships between representations of the same real word
object at different scales is crucial to keep consistency, propagate updates,
perform analysis of data and other tasks. (Devogele, Trevisan, and Raynal,
1996). An illustrative example of influence of semantics at scale transition
is building amalgamation resulting in a settlement area.

Readability and preservation constraints

Readability constraints, as the name suggests, are there to improve the
readability of the map and determine topology, position, orientation, shape,
and distribution (Stoter et al., 2009). On the other hand, the preservation
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constraint takes care that important objects, relationships and patterns are
kept in the map. Preservation constraints are satisfied before generaliza-
tion but are violated when readability constraints are being solved and vice
versa. This means, both constraints will never be completely satisfied at the
same time and an optimal solution should be always found (Zhang, 2012),
(Stoter et al., 2009).

Within the topic of road maps, common readability constraints are min-
imum distance between segments of a single road or different roads, width
of a road symbol, topology of a road network. Preservation constraints de-
pending on the scale could determine that, for instance, all streets with traf-
fic intensity over a certain threshold should be preserved or all highways
starting with secondary class should be preserved.

By the few examples it can be argued that aforementioned constraints
are dependent on, firstly, the map topic and, secondly, the scale. Conse-
quently, the next paragraphs describe the representation constraints.

Representation constraints

In previous literature representation constraints have been assigned also
with other names, such as, different levels of analysis (Duchéne, Barrault,
and Haire, 2001) or different granualities (Zhang, 2012). No matter the
name chosen, a common terminology is used to describe the constraints:
the concept of -micro, -meso and -macro level. The different levels within
the representation constraint mean the different levels at which for instance
a road topic is analyzed. Consequently, at micro level cartographic conflicts
within an object are analyzed, at meso and macro level groups and feature
classes are considered (Zhang, 2012, Duchéne, Barrault, and Haire, 2001).
Respectively we define demands at these levels - demands within individ-
ual road, demands between 2 roads or even the whole network.

Individual road cartographic constraints

According to (Duchéne, Barrault, and Haire, 2001) the two main sym-
bolization conflicts regarding scale, that occur within one road are coales-
cence and granularity conflict. Duchéne, Barrault, and Haire, 2001 was con-
cerned with the fact that even within a single road there are heterogeneous
parts that would need a different treatment. A single road can have sec-
tions that carry no conflict or have either of the major conflicts. The first
conflict, coalescence conflict occurs during scale transition, when the road
symbol has become too thick for the new scale and overlaps itself. This is a
very common situation within mountains where roads contain very sharp
curves (Figure 2.1). The second conflict, granularity conflict, happens when
the road is too detailed for the scale.

Additionally to the aforementioned micro level conflicts, Duchéne, Bar-
rault, and Haire, 2001 name issues regarding positional accuracy, internal
topology and "holes" in the road symbol.
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FIGURE 2.1: Self overlapping secondary highway in moun-
tainous area. With the decrease of scale self overlapping
increases.

Road network constraints

The main concerns within meso level, are overlaps between close by
roads that visually result in misleading topological connections not only
seemingly connecting roads that are not connected in reality (Figure 2.2),
but also reducing clarity at junctions (Duchéne, Barrault, and Haire, 2001)
(Figure 2.3). Similarly like with individual roads, the overlap issue occurs
when road symbols are increased at scale transitions, with absence of min-
imal distance requirement.

FIGURE 2.2: False connection when the scale is reduced -
road symbols overlap
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FIGURE 2.3: Reduced clarity at junction when scale is re-

duced - a segment of a link overlaps another segment while

in a larger scale it is visible that these segments have a dis-
tance in between.

2.2 Scale dependent road depiction

The need for scale comes due to the limited size of map display. Wherefore,
cartographers have to spend time to understand the human perception abil-
ities and, based on that, define appearance of the desired map. Scale tran-
sition also exposes to possible conflicts between objects and thus guides
development of the cartographic demands.

Figure 2.4 indicates how important it is to adopt a map to its target scale
in order to reach a good understanding of the scene depicted. Simple scal-
ing of the map, without adaption of symbolization, result in a weak repre-
sentation. Wolf, 2009 writes about division of map generalization in struc-
tural or quantitative and conceptual or qualitative generalization. Quan-
titative generalization here is context unaware reduction of map content
with scale change, while qualitative is transforming map from elementary
to more abstract elements. The bigger the scale the closer to reality sym-
bols can look, the more separate objects per area can be shown. The smaller
the scale, the more abstract becomes symbolization and the more limited
the number of objects. It is necessary to identify in the jungle of real life
objects those elements, that should be eliminated from the map after scale
transition, and how to symbolize the rest.

When we talk about depiction of objects based on the map scale, it is im-
portant to specify the feature class (points, lines, areas) and the features in
question (for example, line features - motorway or river), as the treatment
of those objects will depend on their semantics. For example, the width of
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FIGURE 2.4: Three maps of the same area; (a) at a scale of

1:10 000, (b) same map scaled down to 1:50 000, and (c) gen-

eralised from (a), but for presentation at a scale of 1:50 000.

(© Lantmaiteriverket, Sweden (2005/4413). Source: Harrie
and Weibel, 2007

a river will be reduced with reduction of the scale, until it will not be pos-
sible to depict its width on a map proportionally to its width in real life.
At that moment it will be symbolized by a single line and eventually on an
even smaller scale map, possibly deleted. A fjord, on the other hand, will
be reduced in width until it is not sufficient to represent it as two lines any-
more. Then it will get deleted as it is not depicted by a single line based on
cartographic convention (Buttenfield, 1991). Road symbols are treated even
differently than rivers and fjords. When the scale becomes small enough,
road symbol will become proportionally larger than it is in reality. Some
displacements of nearby roads will be performed to avoid overlap or roads
with lower importance will get deleted.

2.2.1 Map use

There is an enormous number of different use cases for maps that are some-
what related to road topic. All of these use cases have the optimal scale at
which they can be represented the best. Efforts to classify rather common
use cases for various scales have been made.

Scale Use case

< 1: 1000 Planning and maintenance of utility lines in the sur-
rounding of streets and other roads

1: 2000 Topographic maps for cities and other dense settlements
for real estate management needs, area planning, detail
planning, utility line maintenance

1: 5000 Topographic maps for planning purposes, detail plan-
ning, utility maps

1: 10 000 Topographic maps including roads, orienteering maps,
access maps
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1: 12 000 Military city maps
1: 25 000 Mountain navigation, walking maps, access maps
1: 50 000 Mountain navigation, cycling and mountain-biking

maps, military land navigation maps, city maps, road
maps, utility maps (high-voltage power lines, oil, gas
pipelines), national parks, reservoirs

1: 100 000 Topographic maps of a city and its surroundings, cycling
and mountain-biking maps

1: 250 000 Road atlases, general purpose maps, rural areas, admin-
istrative borders, tourist road maps, motorcycle maps

1:1000 000 Maps depicting motorway and primary route network,
cities and major towns, administrative borders

>1:15000 000 | Main road arteries connecting countries

TABLE 2.1: Example map use cases based on scale

The example use cases mentioned in the table 2.1 are dependent on the
source data. For example, utility maps can be created only if the data is
at the necessary detail and contain the expected object information. In this
thesis focus is directed to VGI, more specifically OSM map, which is a gen-
eral use map. Based on the list of OSM based services! top 3 service cat-
egories are 67 general purpose maps (such us, showing points of interest
and routs), 35 sports related maps (such as, hiking and biking maps) and 29
maps offering services ( examples include very specific information search,
such as, vegan restaurants or playground spots). Apart from the previously
mentioned services built on top of OSM, the OSM base map is often used in
order to navigate in the city and areas with active rural tourism using the
plain OSM map or such applications as MAPS.ME?. One of the reasons is
that OSM offers, for example, very detailed information on points of inter-
est in cities and paths in popular urban areas within Europe (Neis, Zielstra,
and Zipf, 2013). It can be said that the overall application of OSM map is
different types of navigation. For this reason, areas at different scales from
OSM map are presented and potential use cases discussed.

"http://wiki.openstreetmap.org/wiki/List_of_OSM-based_services
http://maps.me
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FIGURE 2.5: Cycling track in Vienna at scale 1:4100. Source:
http:/ /hikebikemap.org/

FIGURE 2.6: Mountainous cycling track in a rural area in
Austria at scale 1:41 000. Source: http:/ /hikebikemap.org/

Figure 2.5 and figure 2.6, both depict cycling tracks, one in urban but
the other figure in rural area. The optimal scale at which to display naviga-
tion map depends on factors such as the complexity of the scene, meaning
density of a road and path network, if there are any landmarks and the
speed at which the map reader is moving. Thus, cycling through a complex
junction, might require detailed large scale view on the scene, while mov-
ing along a mostly straight path along valley, might only need the general
direction and major turns. A clear example can be observed between the
automatically set scale in Google Maps app preview for navigation going
with different means of transportation and thus speed - on foot and by car
(figure 2.7). In the first case the scale is set to a scale around 1:2000, while
for cars the scale is decreased to 1:7000.
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FIGURE 2.7: Image (a) - preview of navigation on foot in
scale around 1:2000, image (b) - preview of navigation by
car in scale around 1:7000. Source: Google Maps app.

For maps based on another line feature type that falls under transporta-
tion, national railway maps, an obvious indicator for scale change is the
transition in the level of rail displacement and the number of displayed sta-
tions. For example, the large scale National Rail network map® of UK could
be used to plan a trip to one of the minor importance stations, while the
small scale map” gives a better overview when planning a route between
major cities (figure 2.8 and figure 2.9). In the small scale map most of the
in-between stations are omitted and the rail representative line geometry
simplified. Additionally, city names in the small scale map are depicted
more clearly by omitting the different stations within one city and replac-
ing them with a single city name.

OpenStreetMap Wiki page lists 20 OSM-based routing services. Even
tough not all of them are intended for car navigation, it is undoubtedly one
of the most common use of maps. Based on the scale in which the map
reader asks the question, depends the scale of the map in which the answer
can be found. Thus different scale is needed to answer a question such as
how to reach the tanking station from this motorway, than the scale needed
to present a major connection between two cities. This statement relates to
previously in this chapter discussed scale dependency on the scene com-
plexity. This is because the scene complexity grows, on one hand, with
aspects, such as the density of the road network and landmark presence,
on the other hand, with the scale of the asked question. Table 2.2 lists

*http://www.nationalrail.co.uk/static/images/structure/css/
OfficialNationalRailmaplarge.pdf

‘nhttp://www.nationalrail.co.uk/static/images/structure/css/
OfficialNationalRailmapsmall.pdf


http://www.nationalrail.co.uk/static/images/structure/css/OfficialNationalRailmaplarge.pdf
http://www.nationalrail.co.uk/static/images/structure/css/OfficialNationalRailmaplarge.pdf
http://www.nationalrail.co.uk/static/images/structure/css/OfficialNationalRailmapsmall.pdf
http://www.nationalrail.co.uk/static/images/structure/css/OfficialNationalRailmapsmall.pdf
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FIGURE 2.8: Cutout of UK Na-
tional Rail network at large scale.
Source: National Rail

FIGURE 2.9: Cutout of UK Na-
tional Rail network at small
scale. Source: National Rail

some possible map tasks for large scale and medium/small scale motor-
way maps.

Large Scale Medium/Small Scale

Navigation through complex junc-
tions

Navigation along a long straight
motorway

Navigation in a city

Answering question:"Where are the
slip roads on the route connecting to
towns?"

Answering question:"Where on my
route there are rest stops?"

Navigation in rural areas

Answering question:"Which mo-
torways connect these 7 cities?"

Answering question:"What is the
traffic situation on the alternative

routes?"

TABLE 2.2: Required map scale for motorway map use-case
examples

2.2.2 Symbolization

Symbolization for the map objects assigns visual variables, such as the color,
size, shape, according to the map scale and the object semantics (Cecconi
and Galanda, 2002). Appropriate symbolization at each scale is part of en-
suring readability of the map. The color choice and size of the symbols
should unambiguously imply the hierarchy of the road classes. A couple of
examples of main road symbols, such as motorway, primary and secondary
road symbols, from different map legends at several scales have been col-
lected. Changes in symbols over scale transition in the given examples have
been analyzed.
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Example legends for scale 1 : 10 000

Autobahn mit mehr als 4/
mit 4 Fahrstreifen

Bundesstralle mit/
ohne Fahrbahntrennung

Schnellverkehrsstralie )
Eﬂa‘ (mindestens vier Fahrstreifen) Staats- bzw. Landesstralle mit/
mit Kilometerangabe ohne Fahrbahntrennung
Hauptstrale (Breite mindestens 6 m)
HauptstraBe (Breite unter § m}
HauptstraBe mit Fahrbahnbreite,

Kreis-, Gemeindestrale mit /

5(7)A Gesamtbreite, StraBendeckenmaterial ohne Fahrbahntrennung
FIGURE 2.10: Legend cutout FIGURE 2.11: Legend cutout
of topographic map. Source: of digital topographic map.
Landesvermessung und Source: Landesamt fiir Ver-
Geobasisinformation Branden- messung und Geoinformation

burg’ Sachsen-Anhalt®

An example legend for scale 1 : 25 000

Autobahn (richtungsgetrennt)
Verzweigung Autobahn im Bau ==

Autobahn /in Bau
BundesstraBBe mit/ ohne

Raststatte

Parkplatz = T Fahrhahntrennung
Autostrasse (nicht richtungsgetrennt) im Bau _A — —— Staa ts-, Landesstrafe mit/
Ausfahrt/ Einfaht ohne Fahrbahntrennung
Durchgangsstrasse Verbindungsstrasse Kreis_ Gemeindest r-ﬂﬂlen mit/
1. KL Strasse (mind. 6 m breit Auffillige Briicke = ohne Fahrbahntrennung
2. KI.-Strasse (mind. 4 m breit) Auffallige Bricke ~——==—=
FIGURE 2.13: Legend cutout
FIGURE 2.12: Legend cutout of digital topographic map.
of topographic map. Source: Source: Landesamt fiir Ver-
Bundesamt fiir Landesto- messung und Geoinformation
pografie swisstopo’ Sachsen-Anhalt®

*http://www.geobasis-bb.de/pdf-Dateien/TK10-V.pdf
®http://www.geoportal-th.de/Portals/0/Downloads/Geoproxy/
Legende_GeoClient_DTKcol.pdf


http://www.geobasis-bb.de/pdf-Dateien/TK10-V.pdf
http://www.geoportal-th.de/Portals/0/Downloads/Geoproxy/Legende_GeoClient_DTKcol.pdf
http://www.geoportal-th.de/Portals/0/Downloads/Geoproxy/Legende_GeoClient_DTKcol.pdf
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Example legends for scale 1: 50 000

Adorf
Autobahn (richtungsgetrennt) Autobahn im Bau $;1=

Verzweigung

Raststatte
Parkplatz

Autos(rasse'(nich( richtungsgetrennt) Autostrasse im Bau A ==
Ausfahrt / Einfahrt

Durchgangsstrasse Verbindungsstrasse =
1. Kl.-Strasse (mind. 6 m breit) Auffallige Briicke

2.Kl.-Strasse (mind. 4 m breit) Auffallige Briicke

FIGURE 2.14: Legend cutout of country map Switzerland.
Source: Bundesamt fiir Landestopografie swisstopo’

Ausbauzustand

Cehnall

kehr Re: mind
2x8B——— vier Fahrstreifen; 8 = Fahrbahnbreite
je Richtung, B = Deckenmaterial

619A———= Hauptstralie: mindestens & m Breite
NebenstraBe: mindestens 4 m Breite;
(6 = Fahrbahnbreite, (6) = Gesamt-
breite, P = Deckenmaterial
— jo—  Hauptweg: befestigt; —=———==="SchnellverkehrsstraRe, im Bau
6= Gesamtbreite
_____ Nebenwege: bofestipt unbelusty ——————————— HauptstraRe
----- FuBweg, Radfahrweg
. NebenstraBe
Gesetzliche Klassifizierung
Hauptweg
A9 Bundesautabahn ——  Nebenweg
B6 Bundesstrae e FuBweg; Schneise
L 315 Landesstrake E 35 Europastralie
K1127 KreisstraBe A3 Bundesautobahn
E 51 Europastraiie B18 Bundesstrale
Verkehrsbed L 457 LandesstraRe
ar
enrsbedeutung K124 KreisstraRe
Bundesautobahn, Bundesstralle Fernverkehr
Landesstralie Regionalverkehr
FIGURE 2.15: Map. Source: FIGURE 2.16: Legend cutout
Landesamt fiir Vermessung of a topographic map. Source:
und Geoinformation Sachsen- Landesamt fiir Geoinforma-
Anhalt® tion und Landentwicklung®

"http://www.swisstopo.admin.ch/
Shttps://www.lgl-bw.de/lgl-internet/web/sites/default/de/07_
Produkte_und_Dienstleistungen/Galerien/Dokumente/Legende_TK50.pdf


http://www.swisstopo.admin.ch/
https://www.lgl-bw.de/lgl-internet/web/sites/default/de/07_Produkte_und_Dienstleistungen/Galerien/Dokumente/Legende_TK50.pdf
https://www.lgl-bw.de/lgl-internet/web/sites/default/de/07_Produkte_und_Dienstleistungen/Galerien/Dokumente/Legende_TK50.pdf
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Example legends for scale 1: 100 000

Ausbauzustand

SchnellverkehrsstraBe mindestens

=——28B=——= vier Fahrstreifen; 8 = Fahrbahnbreite
|e Richtung, B = Deckenmaterial
=T—=6(9A: HauptstraBe: mindestens 6 m Breite

NebenstraBe: mindestens 4 m Breite;
———15(6P——— 5= Fahrbahnbreite, {6} = Gesamt-
breite, P = Deckenmaterial

Hauptweg: befestigt
———————  Nebenwege: befestigt; unbefestigt

Gesetzliche Klassifizierung

A9 Bundesautobahn
B6 BundesstraBe
L 3‘5 La ﬂd!SSITaGE Autobahn (richtungsgetrennt)
Verzweigung Autobahn im Bau
E 51 EuropastraBe
Raststatte ___
Parkplatz
Verkehrsbedeutung o Vi
Autostrasse (nicht richtungsgetrennt) A
Farnverkehr Ausfahrt / Einfahrt im Bau
) Durchgangsstrasse Verbindungsstrasse {{=- ==
Rﬂuiﬂﬂﬂl\fﬂfkﬂhl 1. KI.-Strasse (mind. 6 m breit) Auffallige Briicke s
2. Kl.-Strasse (mind. 4 m breit) Auffallige Briicke ===
FIGURE 2.17: Map. Source:
Landesamt fiir Vermessung FIGURE 2.18: Map. Source:
und Geoinformation Sachsen- Bundesamt fiir Landesto-
Anhalt® pografie swisstopo’

An example legend for scale 1: 250 000

Awobahn baw, Schisllverkehrsstrale
Autobahnkreuz, Autobahnadreiack;

P Sckbatioer Ko Anschlusssialle

Zweibahnige Bundes- bzw. Haupisirafe
Eirgahnige Bundes- brw. Hauptstaliie
Mebensirale; Fahrweg

Murmmer der Europaatralie, Autobahn
L Nurmmer der Bundessialie

il

FIGURE 2.19: Topographic overview map. Source: Lan-
desamt fiir Vermessung und Geoinformation Sachsen-
Anbhalt®

An example legend for scale 1: 600 000

Autobahnen StraBennummern
I 4-streifig (2+2) Autobahn
B 5-streifig (3+2) BundesstraBe
I G-streifig (3+3) LandesstraBe
I 7-streifig (4+3) [S12008] [5238]  StaatsstraBen
e 7-streifig (5+2) KreisstraBen
N 8-streifig (4+4)

EEE  Tempordre Seitenstreifenfreigabe (bei 4-streifig / bei 6-streifig)
———

Erste Fahrbahn in Betrieb (2-streifig / 3-streifig)

FIGURE 2.20: Motorway map of Germany. Source: Patrick
Scholl’(need to check if I can use this image)

‘http://autobahnatlas-online.de/


http://autobahnatlas-online.de/
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Road class decrease in all examples above is indicated by reduction of
the symbol width, line thickness, color change and line style change. Color
choice within the collected examples can be observed to be fairly similar.
Motorway color is either orange, red, or another reddish dark tone. Subse-
quent road classes obtain an increasingly lighter color, such as yellow and
at last black and white. Commonly interstate and regional highways are
colored, while other roads may have no color assigned. Also geometry pat-
tern of each road class is repeating. Motorway symbol consists of two outer
lines and a thinner center line. Subsequent major roads that are at least
4m wide, are represented with two outer lines that enclose an increasingly
thinner area as the importance of a road decreases. In some cases an indi-
cation of number of lanes is added to the major road symbols ( figure 2.15
and figure 2.17).

The most distinctive legend is in figure 2.20. This legend is part of a
German motorway map and has a large color variation added to symbols
in order to describe in details the number of lanes for each motorway. Swis-
stopo map legends additionally demonstrate the symbolization of motor-
way junctions, exits and entrances ( figure 2.12, 2.14 and 2.18 ). Over scale
change a rather little transition in these symbol details can be observed. The
most noticeable symbol transition over scale within maps from the same
source, can be seen between legend cutout for a Saxony-Anhalt Office for
Surveying and Geographic Information map of scale 1 : 100 000 ( figure 2.17
) and 1 : 250 000 ( figure 2.19 ). In the scale 1 : 250 000 only the color red
is assigned to all important roads, the additional information, such as the
number of lanes and road width indications, have been omitted. Never-
theless, it is important to note that here presented collection of legends is
sourced from maps of European areas. The patterns of road symbol appear-
ance may be different in maps made in other parts of the world.

Overall, only small variations in symbology over scale can be observed
- such as, eliminating the number display of county roads ( Kreisstrafle ) at
the scale 1: 100 000 ( figure 2.17 ) that is visible in scale 1: 50 000 ( figure 2.15
), or the previously discussed color scheme change between maps in scale
1: 100 000 ( figure 2.17 ) and 1 : 250 000 ( figure 2.19 ). When depicting a
major road on various scales, the main transitions come down to, firstly, the
change in proportion between width of the symbol and width of the road
in reality, secondly, elimination of less important roads.

2.2.3 Demand definition

Based on the use-cases listed in the table 2.2 and review of related litera-
ture, certain demands that can be used to guide evaluation of motorway
depiction suitability to the scale, have been extracted in the table 2.3. The
selected demands have been chosen as the most significant aspects in mo-
torway depiction.
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Large Scale Demands

Medium/Small Scale Demands

1. Sufficient level of detail

At large scale maps are commonly
used for navigation. It is impor-
tant to depict all parts of motorways
(road, tunnels, bridges), all lanes
and turns, etc.

1. Generalization level suiting the
scale

At medium and small scale not
all map objects can be represented
proportionally to their real life size,
therefore, symbolization or elimi-
nation is necessary.

2. Detailed and correct labeling

Labels indicate the current location
and way to the destination. Accu-
rate motorway names and numbers,
as well as motorway link direction
information can be crucial for map
use.

2. Appropriate symbolization

At these scales roads are not any-
more represented proportionally to
their real life width. This brings a
need for a good symbolization, that
in a well readable manner depicts
the road class (such as, motorway
or secondary highway) and impor-
tance within the network.

3. Topologically descriptive

In order to satisfy many tasks per-
formed on a map, junctions, con-
nections to different POIs and popu-
lated places should be accurate and
clearly legible.

3. Solved generalization conflicts

As described in the section 2.1
the main concerns regarding gen-
eralized map are readability and
preservation aspects. Thus de-
mands, such as minimum distance
between road segments, geome-
try (size, orientation, etc.), junction
clarity should be respected. Also
topology should be preserved after
generalization tasks are performed.

4. Geometrically close to reality

Map may be frequently compared
to the real life scene in front of the
map reader. Thus depicting simi-
lar shaped, sized and oriented road
parts, such as curves, is of a high im-
portance.

TABLE 2.3: Motorway map demands based on scale

Table 2.3 consists of demands separated by two categories - large scale
maps and medium/small scale maps. All the listed demands to some level
have to be respected in map off any scale. However, here demands have
been grouped by the importance for the scale. For instance, labeling of
roads is necessary for any scale, however, it is very important when navi-
gating using a large scale map, to have a detailed labeling, to take the cor-
rect turn and to be surrounded by enough references. On the other hand,
also appropriate symbolization is required in any case. Using medium and
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small scale maps the need for a good symbolization only grows as the num-
ber of elementary objects decreases and objects on the map become more
and more abstracted.

Table 2.3 is made with an assumption that the necessary data for all
scale maps is available and complete. The demands regarding data amount
put forward are either sufficient level of detail of the data at large scales, or
suitable generalization level at medium and small scales.
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Chapter 3

OpenStreetMap data model
and quality aspects

In 2006 a volunteered geographic information community started its work
on creating a free, editable map of the world, OpenStreetMap (OSM). The
ever growing number of active users, that last year alone reached the 160
000 mark, ensures a wide community behind enriching the geographic data
in OSM with their local knowledge ( OpenStreetMap Wiki, 2015e). OSM is
broadly used and applicable as a base map for variety of purposes as a
result of its high level of detail, free accessibility and easy integration with
processing tools.

Apart from separate user contributions, OSM have experienced a num-
ber of valuable imports from other sources, that have helped greatly to im-
prove the data amount and quality. Examples of such imports are: aerial
photography provided by Bing, MapBox, entire Automotive Navigation
Data (AND) street data of the Netherlands, as well as AND road networks
of China and India and more (OpenStreetMap Wiki, 2016j, OpenStreetMap
Wiki, 2014a).

Data, edited by separate users or imported from external sources, have
to follow a certain data model. Understanding its structure is a base knowl-
edge for working with the data. More about the data model, challenges in-
troduced by characteristics of data collection and structure, as well as data
quality aspects can be found in the next sections.

3.1 OSM data model

3.1.1 General Concepts

The elementary object of OpenStreetMap conceptual data model is called
element. This abstract concept is further divided in more specific ones -
nodes, ways and relations. All of the elements can have assigned tags
that describe some significant characteristic of the element (OpenStreetMap
Wiki, 2015a).
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Nodes

Nodes are points in space that are defined by coordinates and an id
value. However, they can contain additional information and tags. Often-
times nodes will build up ways, for instance, by being part of a road or
building. However, they can exist on their own, representing a point fea-
ture, such as a bench.

Ways

Ways are always constructed by at minimum two nodes. They can be
either open, closed or called areas. Open ways are simple polylines, of-
ten observed as roads and railways, and their starting point and end point
do not match. Closed ways, on the other hand, always have a matching
starting and end point. A well representative example of a closed way is
a roundabout. Area is a filled section defined by a closed way. Typically,
those are parking areas, parks, buildings and similar objects. In most cases,
specifying the kind of an object, implies that it is an area. In some cases, a
dedicated attribute area is necessary to be marked with a yes value (Open-
StreetMap Wiki, 2015c).

Relations

Relations can contain an ordered list of both, nodes and ways, as well
as other relations. Its primary goal is to describe either logical or geograph-
ical relationship between objects. Any of these objects can also have an
assigned role that determines what meaning this element has in the rela-
tion. For example, relation route can be assigned to several values, such as
hiking, bus and bicycle. In case of the value bus and bicycle, a way that is a
member of this relation can have a role forward or backward. A point being
part of the bus relation can have a role stop. To this moment according to the
OSM Wiki page, there are fifteen established relation types (OpenStreetMap
Wiki, 2015f).

Tags

A tag describes an important semantic characteristic of an element by
using a key-value pair. Usually elements have more than one tag. For ex-
ample, building of the Vienna University of Technology has tags, such as
building = yes, amenity = university, name = TU Wien, Hauptgebiude, and a
few more.

By default some tags may be implied using others. For instance, to de-
fine a bicycle path, one can specify tags:

highway=path;
bicycle=designated;
foot=no;

surface=paved;
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However, it is possible to use cycleway value that already implies bicycle
path and a paved surface:

highway=cycleway;

foot=no;

The general term for such a social tagging system is folksonomy'. A pecu-
liar feature of folksonomy and tags is their free format definition, meaning
that users can create new tags themselves. Nevertheless, the OSM commu-
nity has approved a set of commonly used tags, ensuring a certain level
of consistency. New tags are proposed, discussed and may result in being
widely used or not. However, this process does not stop anyone from using
their own tags (Zhang and Tinghua, 2015).

Free tagging causes positive consequences as well as negative. On one
hand, better, more descriptive tags can be found over time, on the other
hand, not all users use the tags in a consistent manner. Free tagging allows
to harmonize differences across countries - OSM is used world wide and,
while certain attributes are valid in Europe, they might not be fitting to
describe the same features in Asia. However, a number of confusing tags
and tag combinations with similar meaning may be introduced. This is
disadvantageous when one is querying data. In the best case scenario, the
tags, involved in the query, are common and well established tags within
the OSM community. If it is not the case, all the possible tags should be
found and accounted for. To draw an example of the variety in tagging, the
previously mentioned university building has six different name keys, each
with its own purpose - name, alt_name, int_name, loc_name, name:de, name:en
(OpenStreetMap Wiki, 2016g).

When creating maps based on OSM data, tags are used for many tasks
starting from extracting the information you need from a map, such as mo-
torway network within a certain region, to applying algorithms to the data,
such as generalization algorithms. Thus tags can be used to build queries,
extract the necessary or remove the unnecessary data, classify, symbolize,
be used in algorithms, etc.

3.1.2 Motorways

Motorway in the context of OSM data model is a tag value of a key highway
(Tng: highway = motorway). Motorway is the single chosen term by OSM
representing, in the context of physical world, a controlled-access highway,
in other English speaking parts of the world also called expressway and
freeway (OpenStreetMap Wiki, 2016d).

Nodes construct ways that serve as motorway segments. A way can
contain a maximum of 2000 nodes but normally in case of motorways this

Vander Wal, 2007
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number is much smaller (OpenStreetMap Wiki, 2016k). Motorways are con-
ventionally represented by two parallel carriageways, each pointing in the
direction of traffic (OpenStreetMap Wiki, 2016i). The separate motorway
segments are part of a motorway relation. For example, all motorway West
Autobahn segments should belong to a relation that identify them with the
particular motorway, such as relation West Autobahn or a possible relation
reflecting the national motorway code A1. However, the same segments
can be part of several relationships classifying them in certain groups. For
example, it is common in Germany to create a motorway relation based on
its national highway code and European road code, and a relation as roads
between certain cities by each direction ( eg. relation A 9 Halle/Leipzig -
Berlin [positive]).

Motorways belong to the most significant highway class. Other high
importance highways are trunks (most important roads that are not motor-
ways), primary (commonly connecting larger towns) and secondary (com-
monly connecting towns) roads. While many basic attributes of these high-
way classes are the same, there are differences in some of the attributes
and implications that come along with the road class. For example, high-
way=motorway and the later explained tag highway=motorway_link are the
only ways that imply the road quality. Ways that are not paved should
never use these tags (OpenStreetMap Wiki, 2015d).

For the case of motorways, there are two tags that contribute to the iden-
tification of a specific motorway. They are name for the motorway name
and ref for the motorway national code. In some countries the name value
is documented identically to the ref value in case motorways do not have
specific names. Other tags in the tagging scheme give information about the
number of lanes, maximum and minimum speed, destination, carriageway
reference number for motorways in United Kingdom, etc. (OpenStreetMap
Wiki, 20161).

Motorway class implies few tag key and value pairs. One of the im-
plied tags is access=no, that denies access for general public. This means
that additional tags to indicate allowed vehicle types, are necessary. In case
of motorways the next implied tag explains exactly that. motor_vehicle=yes
specifies that the allowed transportation mode is restricted to all motor ve-
hicles. Next key value pair that should always be present for motorways
is oneway=yes, that denotes - each way can be used only in one direction
(OpenStreetMap Wiki, 2016e).

3.1.2.1 Special sections and objects of motorways

highway=motorway is not the only tag that is crucial for motorways. Link
roads, that are used to access or exit a motorway, are tagged with high-
way=motorway_link. motorway_junction is a point feature designated to be
placed at motorway exits ( between motorway carriageway and motorway
link) to hold the exit number or name depending on each country specifics.
Furthermore, the first motorway_link following the motorway_junction node
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should hold a tag destination:ref to indicate the reference number of a mo-
torway this exit leads to.

There are two more essential and common parts of a motorway that
have to be taken into account - bridges and tunnels. In the simplest cases,
their segments are tagged with bridge=yes and tunnel=yes, respectively. To
identify to which motorway a bridge or a tunnel belongs, is not always
a trivial task. Despite the fact that tunnels and bridges have a dedicated
name key tunnel:name= and bridge:name=, in countries such as Austria and
Germany, the motorway name attribute is commonly occupied by the name
of the tunnel or bridge.

In more complex scenarios when several roads represent a bridge, the
bridge carries additional features or it has multiple levels there are alterna-
tive tagging methods. One way is to create a separate bridge outline de-
fined as man_made=bridge. The other option and the only in case of bridges
with several levels, is creation of a bridge relation (OpenStreetMap Wiki,
2016f).

Following table 3.1 summarizes the most important objects and their
attributes regarding motorway networks.

Object Attribute Use Example
motorway name name of a motorway, | Ost  Auto-
motorway bridge, | bahn
tunnel or another
object
ref reference number A4
bridge indicates a bridgeon a | yes
motorway
tunnel indicates a tunnel ona | yes
motorway
motorway_link ref reference number of | A23
motorway the link is
exiting
destination:ref| reference number of | A23
destination motorway
motorway_junction name junction name speci- | Knoten
fied on the sign Schwechat
ref exit number specified | 16
on the sign

TABLE 3.1: Summary of the most important objects and at-
tributes regarding motorway networks
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Other objects that are often found along motorways are roads and ar-
eas for rest and service stations. highway=service specifies a service to ac-
cess a fuel station or a service way on a parking lot. A very similar tag
highway=services is used for areas along a road with a fuel station and com-
monly also other services such as food. rest_area, on the hand, is dedicated
for rest areas along a road without any services.

A couple of tags are defined to indicate security objects. escape is used to
specify an emergency lane for trucks in case of a braking failure. Emergency
phones that are often located on motorways should be tagged with emer-
gency=phone specifying also its number to mark the location of the caller.

3.1.2.2 Road restrictions

There is a high usage of navigation applications nowadays, and many rout-
ing services choose OSM to build their applications. With this use case in
mind, OSM is adapting the data, especially attributes concerning roads.

The simplest specified features are maximum and minimum speed, num-
ber of lanes, surface and obstacles, such as, crossings. Few more crucial
attributes regarding navigation are turn restriction tags, indications of one
way streets, documented forward and backward lanes. Restrictions can be
indicated by turn restrictions using Relation:restriction or @ sign to add a
certain condition. Restriction relation can reveal which turns are allowed
and which not, for what vehicle type the restriction is applied, exceptions
and time when it applies. The latter restriction attribute can be mapped also
by using the conditional restrictions with @ sign. This sign allows to indi-
cate the vehicle type and time of the restriction as well as road condition
dependent restrictions, allowed vehicle attributes and other rules (Open-
StreetMap Wiki, 2016c).

As a conclusion, it is evident that motorways as well as other highway
types can potentially contain a large amount of additional information. This
information, only if filled out consistently and is present for all highways,
can greatly contribute to road related data analysis and navigation services.

3.2 OSM data challenges

OpenStreetMap is a Volunteered Geographic Information System, that ex-
poses to a number of unique challenges compared to commercial map data.
Starting from the way the data is collected to how it is structured and main-
tained, needs new methods and creativity in solving issues.

Unlike any commercial data provider, behind OSM stands an enormous
number of mapmakers. To this moment there are over 160 000 active con-
tributors (OpenStreetMap Wiki, 2015e). This is seemingly positive fact, as
all of them coming from different areas of the world can share their local
knowledge by using the map. However, this fact also brings several issues
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regarding consistency, completeness, level of detail and accuracy. The high
number of contributors is not the problem itself, it rather comes in combi-
nation with the difficult management of such a high number of people from
different backgrounds.

The OSM Wiki is offering a broad documentation of how to map and
attribute objects. Moreover, Wikipedia contains a number of WikiProjects -
collaborative projects carried out by groups of people interested in a specific
topic, location or task. Some countries have a motorway related WikiPro-
ject that can give suggestions on what is the correct way to map and tag
motorway related objects, for example, motorways and motorway bridges.
Examples of WikiProjects are projects for motorways in Germany? and Aus-
tria®, projects for Austrian Schnellstrafie* and motorway bridges’, as well
as European E-road network®. The listed motorway WikiProjects contain
a complete list of the elements and the current mapping state (complete-
ness, errors) for each of them. Following these country specific guidelines
can notably improve the consistency and quality of the motorways. On
one hand, users can see which motorways need some improvements, on
the other hand, they serve as guidelines, for example, WikiProject Aus-
tria/Schnellstraf$e gives directions on when to tag the so called Schnellstrafie
(road of a similar category as motorway, translated "motorway") as motor-
way and when as trunk.

Apart from the documentation, also many tutorials and answers to ques-
tions within the wide OSM community can be found. However, to reach a
high quality mapping style and routine, time and effort to study the doc-
umentation and gain experience are needed. The diversity in amounts of
skills and energy contributors are willing to input, as well as the varying
number of active users in different areas, result in issues, such as inconsis-
tency and various levels of accuracy.

As already described in the section 3.1.1, OSM maintains a free tagging
system that only suggests the use of certain tags and allows creating new
ones. While this freedom can bring benefits as the model is adaptable to
user needs over time, it can be problematic for many applications - for nav-
igation purposes or querying certain kind of data using tag information
(Zhang and Tinghua, 2015).

Senaratne et al., 2016 discusses additional reasons of the different data
quality. Some examples of the causes are usage of various technologies and
tools, map serving heterogeneous purposes, heterogeneity in coverage due
to vague concepts, lack of standardization that results in quality variations
across different data sources, such as text, image and map. One of the con-
sequences Senaratne et al., 2016 notes is different level of detail in different

http://wiki.openstreetmap.org/wiki/WikiProject_Germany/Autobahn

*http://wiki.openstreetmap.org/wiki/WikiProject_Austria/
Autobahnen

*http://wiki.openstreetmap.org/wiki/WikiProject_Austria/
Schnellstra%C3%9Fen

5http://wiki.openstreetmap.org/wiki/WikiProject_Austria/
Autobahnbr%C3%BCcken

®http://wiki.openstreetmap.org/wiki/WikiProject_Europe/E-road_
network
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areas. Some of the most detailed areas, have been mapped to distinction of
separate trees and benches. As the map can be used for various purposes,
this level of detail can be valuable for some applications, while unneces-
sary for others. This means that most applications will require querying
the data to extract what is really needed. That process, though, asks for
attribute consistently and completeness.

Finally, Senaratne et al., 2016 mentions lack of gatekeepers. This sug-
gests that there should be more experienced OSM contributors that per-
form quality checks on existing data. There is a hope for it to improve in
the future, since in many areas the tendency of OSM contributions changes
from creating more new data towards improving quality of the existing
data (Hashemi and Ali Abbaspour, 2015, Sehra, Singh, and Rai, 2014).

Quality assessment is for the largest part dependent on contributor vi-
sual inspection. This method has many downsides, for instance, it is in-
effective and in many cases cannot be carried out by remote contributors,
as the local knowledge is necessary to spot many of the errors. Moreover,
issues with wrong or missing data that is needed for specific applications,
such as navigation purposes, can hardly be found with visual map exam-
ination. These problems can be spotted during the actual development or
usage of an application (Zhang and Tinghua, 2015). With this said, it is clear
that after defining and documenting the application specific needs, auto-
mated checks could significantly reduce the efforts and give more reliable
results.

There are many existing error detection tools. These tools support auto-
mated or manual error recognition and relay on other contributor manual
fixes. Automated edits should be done only by experienced users through
consultation with the rest of the community and following Automated Edits
code of conduct in order to protect the OSM data base (OpenStreetMap Wiki,
2015b, OpenStreetMap Wiki, 2016b).

3.3 Aspects of data quality

In the chapter 2 focus was on answering questions - how to depict roads on
a map, what should be considered when depicting roads. Based on these
questions it was possible to extract and summarize cartographic demands
for road depiction at different scale levels. In this chapter, on the other
hand, specifically road depiction in OSM is discussed. Furthermore, in this
sub-chapter the attention is shifted towards another view on road depiction
- from how to depict roads to is the depiction successful.

3.3.1 C(lassification

Many studies concerning VGI data quality assessment point to five main
data quality aspects. Completeness, positional accuracy, temporal accuracy,
logical accuracy and attribute/semantic accuracy (Haklay, 2010; Barron,
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Neis, and Zipf, 2013; Sehra, 2014; Sehra, Singh, and Rai, 2014; Arsanjani
et al., 2013; Hashemi and Ali Abbaspour, 2015).

e Completeness - The measure that indicates the sufficiency of data ob-
jects and attributes available as well as the level of excess data (Sehra,
Singh, and Rai, 2014). Incomplete map data leads to a wrong per-
ception of the scene represented via map. At smaller scale it would
be imprecise understanding of object distribution patterns. At larger
scale incomplete map data can complicate the orientation using the
map. If landmarks, streets, street names and other objects or object
attributes are missing, the scene in the map differs from the actual
scene, giving a misleading information.

e Positional accuracy - A degree to which coordinates of an object in
map differs from the object in reality. (Sehra, Singh, and Rai, 2014;
Haklay, 2010).Violations of positional accuracy may lead to relatively
wrongly positioned objects or object groups, such as overlaps and
false connections.

e Temporal accuracy - The level to which map data is up-to-date. Ad-
ditionally, it can be defined as a ratio to which changes in data cor-
respond to the changes in real life (Haklay, 2010). Similarly to com-
pleteness aspect, unsatisfactory temporal accuracy, results in a wrong
scene representation. Objects and attributes that are missing, changed
or do not exist anymore violate map temporal accuracy.

e Logical accuracy - Accuracy of internal data logical relationships. The
component of logical accuracy, that is of special importance in VGI,
is topological consistency. Unconnected roads, undershoots, over-
shoots, duplicated lines are few of very common issues (Hashemi and
Ali Abbaspour, 2015). While there are tools to detect possible topol-
ogy issues, before fixing an issue, the editor has to be sure that, for
instance, certain roads meet in reality. In some cases one of the roads
can be with its end point very closely located to another road, but in
map as well as in reality not connected. Also a road can seem to have
a mistakenly dangled endpoint, that in fact is a road with a dead end.

e Semantic accuracy - The measure of how well data attributes repre-
sent the meaning of the data in the real world. In case of OSM, to
evaluate semantic accuracy, it is necessary to closely look at the used
tagging system and how well objects are tagged. The two important
parts of semantic accuracy regarding roads are road type and road at-
tributes (Arsanjani et al., 2013). From a visual perspective, violations
of semantic accuracy lead to inappropriately symbolized or wrongly
labeled objects.

3.3.2 Quality assessment methods

Quality assessment can be carried out using two main approaches, external
or extrinsic and internal or intrinsic. The first one uses reference data, that
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is considered as the "correct" data to compare the map in question with. The
latter method does not use any third party data but either specifications or
internal data (Zhang and Tinghua, 2015).

The downside of external evaluation is the need for external data source.
Example of external method is buffer growing, where the distance between
a line feature in one data set and the same line in another is compared.
Completeness can be evaluated using grid based method, detecting the dis-
crepancy between data sets within a certain sized grid cell (Sehra, Singh,
and Rai, 2014). First, it cannot be guaranteed that the authoritative reference
data is correct itself or even of a higher quality and, second, official data in
many cases associates with high expenses. Another argument is that maps
may be created for various purposes, thus, not adequate to be compared
(Loidl and Keller, 2015). Additionally, if there is too high disagreement be-
tween the two data sets, this method is not sufficient and other techniques
have to be applied (Zhang and Tinghua, 2015).

Internal evaluation, on the other hand, is a data-centered approach.
Loidl and Keller, 2015 explains that, for example, in context of attribute
consistency, internal approach is based on the redundancy and inherit logic.

3.3.3 Reference data

Extrinsic techniques using reference data are rather common in research
quality assessment and data enrichment tasks. When a high quality exter-
nal data is available, the process can be made fairly easier. Typically data
sources are commercial or governmental, that can be closed, requiring ac-
cess in return for money, or open. The reference data, depending on the
task, can be either textual or non-textual data, such as maps.

In case of this thesis textual data is used as the reference for some meth-
ods in order to improve the given OSM motorway data of Austria. The
considered sources are following. ASFiINAG is the Austrian state-owned
company that plans, finances, builds, maintains, operates and collects tolls
on the primary road network. They offer various information on motorway
planning, construction” and operating, as well as reports® that can possibly
be useful for this work. The other very important source is bmvit - the Aus-
trian Ministry for Transport, Innovation and Technology. In their website
under transportation section they offer statistics and other information on
all kinds of transportation, including motorways ?, tunnels'’and planned
projects. The third potential data source is OAMTC, the Austrian Automo-
bile, Motorcycle and Touring Club. This association covers topics regarding
traffic, mobility and safety on Austrian roads.

7https ://www.asfinag.at/unterwegs/bauen
Shttps://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+
ASFINAG.pdf/8afla7eb-9bda-4f3c-86a9-81181d4bacb9
‘https://www.bmvit.gv.at/verkehr/strasse/autostrasse/index.html
Oyttps://www.bmvit.gv.at/verkehr/strasse/tunnel/index.html
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3.3.4 Existing quality assurance tools

There is a long list of error detection and bug reporting tools, also called
quality assurance tools, for OSM data error reporting, checking and editing.
These tools vary in their focus and, therefore, identify a different range of
errors.

Examining the cartographic demands derived in the chapter 2, demands
that to some extent could potentially be checked for their validity using an
error detection tool, are the ones directed towards sufficient level of map
detail, topology and detailed labeling. Further in the text three applications
that include information on highway issues, mainly tag based problems,
are shortly discussed.

The first tool is Qa.poole.ch'!. Its NoName map layer, as the title suggests,
shows location on road segments with a missing name or reference value.
Also it highlights segments with the tag access=yes, that is considered harm-
ful due to undefined semantics in access tagging. The last layer this tool
provides shows buildings that have no house number, name or other alter-
native identification.

layers.openstreetmap.fr'? is a quality assurance tool that provides a num-
ber of different layers each marking several errors. The most remarkable
regarding motorways in the structure layer are detection of sudden high-
way type change, broken highway level continuity, big relation, duplicate
geometry and unconnected way. There are also several checks for name tag
- missing values, highway reference value written in the name tag, name
value containing two names and, finally, given language specific name while
no default name is filled out.

OSM_Inspector'® offers a number of different layers structured in views.
The geometry view highlights long ways that are constructed from more
than 19000 nodes, a number that comes close to the maximum, 2000 nodes.
Also ways consisting of only one node or a duplicate node are marked.
Further self-intersecting roads and the nodes at which they self-intersect
are detected. Highway view additionally to missing name or reference
value, looks for unknown highway types, ways tagged with oneway, lanes,
maxspeed and maxheight speed but missing values. Routing view displays
issues crucial for routing purposes, for example, unconnected, duplicate
roads and road islands (Figure 3.1).

Uyttp://qga.poole.ch/
2http://osmose.openstreetmap. fr/en/map/
Bypttp://tools.geofabrik.de/osmi/
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FIGURE 3.1: Error detection with OSM Inspector. In purple
- road island (road that is not reachable), in red - uncon-
nected highways with distance between them up to Im

3.3.5 Conclusion

As a crowd-sourced project with a large community of contributors, Open-
StreetMap exposes to a different set of data challenges compared to com-
mercial data. Therefore, also another set of quality aspects deserve the
highest attention. Completeness, semantic accuracy, logical accuracy are
few priority points in quality assessment. While a number of quality as-
surance tools for OSM are developed, they are detecting mainly data errors
and missing attribute values, where only manual fixes can be applied.
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Chapter 4

OpenStreetMap data
compliance with cartographic
demands

In chapter 2 road depiction has been discussed and, based on the conclu-
sions, in sub-chapter 2.2.3 scale dependent cartographic demands for mo-
torway topic have been extracted. The aim of this section is to conclude if
OSM data have a potential to derive maps, that are in line with the defined
cartographic demands for highway depiction. With the focus on motor-
ways and major highways, various aspects of highway data characteristics,
illegible visual examples and motorway related objects are extracted and
studied in order to test OSM data compliance with previously proposed
demands.

4.1 Completeness

The table 2.3 summarizing cartographic demands, displayed in the previ-
ous chapter, assumes that the available data is complete. This is a crucial
precondition for most map use cases. However, OSM data, as discussed
earlier in 3.2, is a product of volunteer collaboration all over the world.
This results in a map that has various data completeness between differ-
ent regions, countries, cities, rural and urban areas, etc. For this reason,
additionally to the defined demands of road depiction, completeness is dis-
cussed.

Generally, Europe is one of the worlds regions where contributor activ-
ity and number of contributors is comparatively high both per area and per
number of population (OSMstats, 2016, Pascal Neis, 2012). Numbers re-
garding official road length data in Austria in comparison with the length
of mapped roads by OSM contributors are used to derive a conclusion of
road data completeness in Austria. The source of the official road length is
based on combination of bmvit (Austrian Ministry for Transport, Innovation
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and Technology) data for years 2011' and 20122

Motorway length (m)

bmuvit Doubled OSM + Links
All motorways with 1719000 3438000 3408794 3512574
reference A#
All motorways (refer- 2182000 4364000 4073918 5005633
ence A# and S#)

TABLE 4.1: Motorway length comparison between official
data and motorways mapped in OSM (Austria)
All road length (m)
bmuvit Doubled OSM

All roads + links 124510000 126692000 210465432
All roads - group 1* 124510000 126692000 27830879
All roads - group 2* 124510000 126692000 27754273
All roads - group 3* 124510000 126692000 29053692

TABLE 4.2: All road length comparison between official
data and roads mapped in OSM (Austria)

group 1* = ways tagged as highway = motorway_link, trunk_link, pri-
mary_link, secondary_link, tertiary_link, raceway, steps, path

group 2* = group 1 - cycleway

group 3* = group 2 + all links (motorway_link, trunk_link, primary_link,
secondary_link, tertiary_link)

Both, table 4.1 and table 4.2, include the road length in meters given
by bmvit data and roads mapped by OSM users. The length calculation in
OSM data was done by exploiting PostGIS ST_Length function, that returns
length of LineString® geometry. The queries using ST_Length were applied
on the road segments with tags and tag values of the particular interest.

As the highest road classes with reference values A# and S# (# stands
for any number, such as, A21) in OSM are depicted using 2 lines (for each
direction), also in the table columns called Doubled calculation of highway

1https ://www.bmvit.gv.at/verkehr/gesamtverkehr/statistik/
downloads/viz_2011_gesamtbericht_270613.pdf

nttps://www.bmvit.gv.at/verkehr/gesamtverkehr/gvp/
faktenblaetter/umwelt/fb_strasse_schiene_netz.pdf

®LineString - an object built from sequence of points and segments connecting them.
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official length multiplied by two is shown. Table 4.2, compared to table 4.1,
additionally includes lower class roads that are drawn in OSM using only
one line and links that are mostly single direction. For this reason column
Doubled in this particular table is a sum of the doubled motorway length
from table 4.1 and all other segment length, that are not roads marked with
either reference A# or S#, counted only one time. This is necessary so that
the official road length would be comparable to the mapped one. There is
still a risk of mistakenly duplicated ways in OSM, that would be included
in this comparison.

Based on the data in table 4.1, it is visible that the official motorway
A# length is very close to the mapped - difference is only around 700 me-
ters, that could be considered negligible on the background of total length.
However, when roads with reference A# are added to motorways with ref-
erence S#, the difference between mapped road length and the given one,
significantly grows to around 29 kilometers. That could indicate that, since
motorway A# class has a higher priority than S#, also in mapping it has
received more attention. Also missing reference values could have caused
this discrepancy. Another possibility is that some segments at the beginning
and end of links in OSM are considered in bmvit data as parts of motorways.

Since it is not known how the official data of motorway length is mea-
sured, it is not clear if motorway links are included in the length calcula-
tion or not. For this reason, link length is added to calculation of the OSM
mapped motorways for comparison with the ground truth. In the result
it can be observed that in both cases mapped roads are significantly longer
than the number in comparison, therefore, most likely, links are not counted
as parts of motorways in the official data. Nevertheless, it should be noted
that the reference data available is from year 2013, while length of the roads
mapped in OSM is from the year 2016. Furthermore, OSM users are known
for being very quick in mapping changes, hence, OSM data is more up to
date (Arsanjani et al., 2013).

In the conclusion, it can be said, that OSM is very close to the official
data in completeness of motorways marked with A#. Motorway counter-
part, roads marked with S# are not as close to the ground truth data. How-
ever, as discussed in previous paragraphs, it is difficult to definitely state
that it is incompleteness in sense of unmapped ways because the calcula-
tion of the mapped road length is not clear. This calculation solely relays
on the road reference value A# or S#. The possible issue may be rooted in
the way elements are tagged. It can be the fault of missing reference val-
ues or segments tagged as links instead of roads. Also other structures like
tunnels and bridges can be labeled using their name without adding the
reference of motorway they are a part of, thus, being left out of the calcu-
lation of mapped roads. This dependency on the correctness and style of
element tagging, clearly indicates a correlation between the completeness
measure and semantic accuracy. The major topics in semantic accuracy re-
garding OSM data are the road type and attributes (Arsanjani et al., 2013).
Any imperfections in both of the two can lead to gaps in completeness.
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4.2 Sufficient level of detail

Data sets with high level of road network detail can be beneficially used for
traffic planning, geographical analysis, LBS, emergency evacuation as well
as simply navigating through a city (Li et al., 2014).

Looking at the world map, it can be said with confidence that the mapped
detail level is not sufficient. It varies across areas with different population
density - urban and rural areas, as well as across countries (comparison
United Kingdom and Iraq) (Senaratne et al., 2016, Al-Bakri, 2015).

The idea of sufficient level of detail collides with the completeness, ana-
lyzed in this chapter earlier, and one of the following points discussed later
in the chapter - detailed and correct labeling demand. Apart from attributes
analyzed under completeness and detailed labeling factors, there is a num-
ber of other attributes, such as maximum speed, one way indication and
motorway bridges and tunnels, that are important details of motorways.
Further these are analyzed.

Attributes regarding motorway maximum speed and one way indica-
tion are maxspeed and oneway. Both of them show good results for Austrian
motorways - out of 11824 motorway segments, 10389 segments have infor-
mation on the maximum driving speed and only one segment is missing
the oneway tag.

Important parts of motorways that are not the roads themselves, are
bridges and tunnels. Unfortunately, bridge names from the ASFiNAG (cor-
poration of Austrian motorway maintenance) list of bridges (OpenStreetMap
Wiki, 2014b), after a close inspection, appear to be unclear. Many of those
names include some description of their location and, therefore, the infor-
mation is insufficient to be thoroughly checked against OSM data. How-
ever, Austrian motorway tunnel names from bmvit tunnel list* have been
extracted and compared with OSM data. bmuvit provides a record of 161
motorway tunnels in utilization while, after querying OSM motorway data,
148 distinct tunnel names in the area of Austria were found.

Analyzing OSM data, it was found that despite the dedicated tunnel
name key tunnel:name, only a small part of the motorway segments tagged
with tunnel=yes actually holds the tunnel name in tunnel:name, majority use
the motorway name key instead. 140 distinct tunnel names are found in
name tag versus 28 are found in tunnel:name. However, 20 of all tunnel
segments have their names indicated in both tags. Independently from the
key used for tunnel name value, all motorway segments with tunnel=yes
and bridge=yes are further referred to as tunnels and bridges.

114 of the tunnels mapped in OSM match approximately to some tun-
nel name in the bmvit tunnel list. 27 out of the 55 tunnels in OSM, that did
not find any matching name, are holding in the name field either solely mo-
torway name or motorway name in combination with a tunnel name that

‘nttp://www.bmvit.gv.at/verkehr/strasse/tunnel/downloads/
tunnelliste2016.pdf
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could not be found in the official data. Comparison of the two lists was
not trivial due to the different way of writing the same name. While bmuvit
data is using shortened names, OSM mostly contain full names and some-
times redundant information, commonly a motorway name. Examples of
matching entries from both lists are shown in table 4.3.

bmvit name OSM name

Farchern West UT Siid Autobahn Unterflurtrasse Farchern-West
Ofenauer Ofenauer Tunnel

Gschwendnerberg Pyhrn Autobahn Gschwendnerbergtunnel
Bruck Tunnel Bruck

TABLE 4.3: Few examples of matched tunnel name entries
between bmvit and OSM data. Difference in writing the
sames in different data sets is noticeable.

4.3 Detailed and correct labeling

Detailed and correct labeling demand in its root requires attribute accuracy
and completeness. On the surface it is important, when talking about road
depiction, to display correct and consistent labels on roads in a map. On
a deeper level, attribute accuracy and completeness ensures that each road
can be recognized as a whole - it can be identified. This aspect is necessary
for tasks, such as visualization (for example, the previously mentioned la-
beling), descriptive statistics (for example, classification) and spatial analy-
sis (for example, routing) (Loidl and Keller, 2015). Also some generalization
algorithms, such as selection, may need to exploit data attributes.

Figure 4.1 shows an example of a secondary road segment in Austria
missing its name. This way it becomes unidentifiable without further in-
spection. Next figure 4.2 is a cut out of a layer generated on top of OSM by
a quality assurance site Qa.poole.ch®, where red segments indicate an area
of road segments missing names. This particular scale was chosen to better
illustrate the differences between rural and urban areas. The pieces of map
with almost completely named roads are surroundings of two cities Linz
and Wels, while the more red sections are rural areas.

The following tables and figures are unfolding the results of identifi-
cation key, name and reference, value completeness assessment within two
areas - Vienna and Austria. First, the number of segments with and without
reference value is compared for two groups of roads - only motorways and
group of roads that consist of motorways, trunk roads and primary roads
(table 4.4 and table 4.7). In Austria reference value is relevant only for these
types of roads. This is because lower class roads may have an official ref-
erence value, however, they are expected to be commonly used with their

Shttp://ga.poole.ch/
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FIGURE 4.1: Secondary road segment missing any identifi-

cation attribute

name, while reference value serves administrative purposes. Secondary
roads in Austria are equivalent to road class called Landesstrafle. Second,
the number of segments with and without name is compared for motor-
ways and a wider group that consists of motorways, trunk roads, primary
and also secondary and tertiary roads as all of them should be named (ta-
ble 4.5 and table 4.8). The same two road groups are used for the check of
combined name and reference value existence in table 4.6 and table 4.9. The
purpose of the latter figures is to answer the question - how many impor-
tant roads are missing their identification attributes at all.

Test area: Vienna

Tag:ref="*

Road class Value exists Missing value
Motorways 1743 8

Major roads (from primary) 5672 134

TABLE 4.4: Number of segments of different types of roads,
that are missing reference values within Vienna
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FIGURE 4.2: Overview of roads with no name. Source:
http://ga.poole.ch/ (an experimental quality assur-

ance tool)
Tag:name="*
Road class Value exists Missing value
Motorways 1673 78
Important roads (from tertiary) 4405 1478

TABLE 4.5: Number of segments of different types of roads,
that are missing name values within Vienna

Tag:ref=* and Tag:name="*

Road class Values exist Missing values
Motorways 1665 0
Important roads (from tertiary) 4257 54

TABLE 4.6: Number of segments of different types of roads,
that are simultaneously missing reference and name values
within Vienna

The map in figure 4.3 give an overview of missing name and reference
values of motorway segments in Vienna.


http://qa.poole.ch/
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FIGURE 4.3: Map of Vienna motorway network represent-
ing segments with missing attribute values. In purple - seg-
ments missing name value, in dark blue - segments missing
reference value. Other segments have both attribute values.

Test area: Austria

Tag:ref="*

Road class Value exists Missing value
Motorways 11808 16

Major roads (from primary) 46634 1438

TABLE 4.7: Number of segments of different types of roads,
that are missing reference values within Austria

Tag:name=*

Road class Value exists Missing value
Motorways 11519 305
Important roads (from tertiary) 58014 22842

TABLE 4.8: Number of segments of different types of roads,
that are missing name values within Austria
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Tag:ref=* and Tag:name="*

Road class Value exists Missing value
Motorways 11514 11
Important roads (from tertiary) 51757 1223

TABLE 4.9: Number of segments of different types of roads,
that are simultaneously missing reference and name values
within Austria

The numbers were retrieved using simple SQL queries, that checked if
segments of specific highway types hold values of reference or name keys.
The number of rows, where values are not equal to null and where values
are equal to null, gave the answers. In case of table 4.6 and table 4.9, it was
checked if values of both keys are not null, as well as if both are null, to
detect entirely unidentifiable segments.

Regarding the results, in table 4.4 it is visible that motorways in Vienna
are well referenced, only a small portion constituting 0,5% are missing. Be-
tween major roads the completeness decreases to 2,3% of missing values.
With names, as the table 4.5 shows, the numbers are worse - 4,5% and
25,1% of motorway segments and important road segments respectively are
missing name. It can be speculated that few of those roads may, in fact, be
unnamed roads, however, it is rather unlikely in these road classes. Look-
ing at the next table, it can be seen that there is no unidentifiable motorway
- there exists either a name or reference value for all motorway segments.
Also in case of 98,7% important roads, there exist at least one identification
attribute.

Looking at data of the entire Austria results stay very close to the ex-
tracted results of Vienna. A fairly similar portion, 0,1%, of motorways and
3% of major roads have a missing reference value. A slightly smaller per-
centage of motorways have a missing reference number in whole Austria
compared with Vienna - 2,6%. On the other hand, missing names appear in
moderately bigger percentage of cases, 28,3%, between important road seg-
ments. While the area of entire Austria, unlike Vienna does not have 100%
of marked motorways, just eleven segments with no name and reference
value leave the number as high as 99,9%. 4,6% of important roads have no
identification attribute.

To visually compare the amount of missing identification tags per each
road type in Austria as a whole, figure 4.4 was drawn. Purple bars represent
the length of segments without name and reference value as percentage of
the road type in question. The red bars show the portion each road type fill
out of the total length of all motorways, trunk roads, primary, secondary
and tertiary roads.
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FIGURE 4.4: Bar plot using purple color represents percent-

age of road length that is missing identification attributes -

name and reference value - from the total length of that par-

ticular road type. Bars in red display the road length per

road type in percentage from total length of all here men-
tioned road types. Extent: Austria.

Whilst analyzing the results, it should be kept in mind that these num-
bers do not prove that, for example, in Vienna 98.7% of important road seg-
ments are named correctly or 100% of motorway segments are identifiable.
Instead, it just means that some name or some reference is assigned and
1,3% of important road segments in Vienna are certainly unnamed. The
numbers of problematic segments are expected to be higher if typos and
wrong or inconsistent names and reference values would be considered. A
necessity for correct road name and reference value detection can be clearly
observed, specially within the important road classes. Chapter 5.1 further
assesses attribute accuracy of motorways - correctness of names and con-
sistency between name and reference value combinations.

4.4 Topologically descriptive

Motorway connections to other motorways or lower class roads are de-
scribed by map objects - motorway links and motorway junctions. Using
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just the available attribute information, topological descriptiveness can be
analyzed based on presence of certain key and value pairs. Results are

shown in the following tables.

Test area: Vienna

Motorway link
Sum Tag:ref="* Tag:destination:ref=*  Both tags
1399 112 234 15

TABLE 4.10: Number of motorway_link segments with ref-

erence value or/and destination reference value in area of

Vienna

Junctions
Sum Tag:name=* Tag:ref=* Both tags
239 238 110

TABLE 4.11: Number of motorway_junction nodes with

name and reference values in area of Vienna
Test area: Austria

Motorway link
Sum Tag:ref="* Tag:destination:ref=*  Both tags
6056 792 1031 94

TABLE 4.12: Number of motorway_link segments with ref-

erence value or/and destination reference value in area of

Austria

Junctions
Sum Tag:name=* Tag:ref=* Both tags
1091 1075 618

TABLE 4.13: Number of motorway_junction nodes with
name and reference values in area of Austria

In order to retrieve the numbers regarding motorway_link tag, SQL queries
checking nodes, where reference value is not null, where destination refer-
ence value is not null and where values of both keys are simultaneously not
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null, were applied. Only those ref values are considered as valid, that follow
the motorway reference number convention A# or S#. Similarly to motor-
way_link, nodes with the tag motorway_junction were checked by querying
values of each key, name and ref, individually and, finally, selecting rows,
where values of both keys are not null.

Reference value on a link segment should serve as an indicator of the
motorway identity that the link road exits. Table 4.10 shows that only
9% of all motorway links in Vienna have a reference value specified. The
same phenomenon can be observed for area of entire Austria - just 13%
of referenced motorway links (table 4.12). The tag destination:ref is dedi-
cated to specify the reference value of motorway the link leads to. Number
of segments with the tag destination:ref increased compared to segments
with the tag ref in both areas. If values ref and destination:ref are present
then the linked motorways are known. Indications of both, source and
target motorway identities are negligibly low - under a 2% mark in both
areas. This means that the rest of motorway link segments cannot be asso-
ciated with any particular motorway or indicate particular motorway con-
nections. Also these separate link segments cannot be recognized as parts
of any united link based on the attribute information and without making
use of OSM defined relations.

Motorway junction is a point feature that can be well exploited to recog-
nize motorway topology. These points should be placed at motorway link
road start point, where motorway exits to another motorway or lower class
road. Motorway junctions give valuable information especially to routing
maps. In tables 4.11 and 4.13 it can be clearly seen that in Austria names
of these junctions are more important than the reference value. Out of 239
junctions in Vienna and 1091 in Austria, 99,6% and 98,5% junctions respec-
tively have an existing name. Junction reference values are junction num-
bers and do not imply any identification of a motorway. However, mo-
torways in Austria can be recognized through junction names using third
party data, such as ASFINAG®.

Additionally, there are known topology issues that are not related to
the attributes but geometry itself (figure 3.1). Problems, such as duplicate
features, undershoots and overshoots occur in the OSM data (Senaratne et
al., 2016, Hashemi and Ali Abbaspour, 2015).

The analysis shows that most of the motorway link segments cannot
indicate particular motorway connections. In order to extract connected
motorway information it is necessary to, firstly, recognize the separate link
segments in groups. Then it is potentially possible to make use of the exist-
ing attribute information each link group holds, the information on motor-
ways these link groups intersect or examine OSM defined relations.

To make the extraction of connection information easier, two options
of OSM model improvement can be proposed: (a) introducing relation that

®https://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+
ASFINAG.pdf/8afla7eb-9bda-4f3c-86a9-81181d4bacb9


https://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+ASFINAG.pdf/8af1a7eb-9bda-4f3c-86a9-81181d4bacb9
https://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+ASFINAG.pdf/8af1a7eb-9bda-4f3c-86a9-81181d4bacb9
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groups link segments between two motorways in each direction, (b) encour-
aging in a more obvious manner ref and destination:ref key usage on each
link segment. The issue with (a) is, that relation creation is an advanced
editing and requires a certain level of expertise. The suggestion (b) is more
pragmatic. At the moment using OSM in-browser editors, ref is one of the
default keys that shows up in user interface during the editing process of
major road related elements. destination:ref, on the other hand, belongs to
the tags that should be specifically added by the user. Adding keys, that
enhance information on topological relations, to the default tag list during
the editing process, would encourage users to fill in values of those keys.
This would allow grouping of links that use the same ref and destination:ref
values, as well as easier extraction of connected motorways and other major
highways.

4.5 Geometrical closeness to reality

OSM map consists of two types of inputs - imports of external data from
open-licensed sources and contributions mainly done on the basis of areal
imagery and by collecting GPS tracks ( OpenSteetMap Wiki, 2016). Areal
imagery with global coverage, that can be used for OSM tracing purposes,
is provided by such services as Bing and MapBox (OpenStreetMap Wiki,
2016a). Apart from these sources, there is a number of country wide areal
imagery sources, not limited to only satellite images but also orthophotos
(OpenStreetMap Wiki, 2016a). In the area of Austria such a source is pro-
vided by Geolmage.at. These images are gathered by professionals of the
federal governments, therefore, are assumed to be georeferenced at precise
locations (OpenStreetMap Wiki, 2015g). Since big part of data edits is done
on basis of areal imagery, it can be also assumed that, although errors in dig-
itization exist, the result is geometrically close to the scene in life and the
provided imagery. Detailed inspection of this aspect is beyond the scope of
this work.

4.6 Generalization conflicts

Even though, two separate demands were proposed, generalization level
suiting scale and a demand regarding solved generalization conflicts, here
they both are combined examined within the same sub-chapter. The first
demand is concerned with objects being appropriately symbolized or elim-
inated when representation proportional to their real size is not possible.
The other demand looks at cases exposing generalization conflicts, such
as violation of minimum distance between two roads and self-intersecting
roads. In the end, most of the generalization problems are caused by vio-
lating one of these demands.

Examples illustrating few problems regarding OSM major road network
generalization have been presented already in figure 2.2 and figure 2.3. In
these figures roads overlap either giving impression of connection between
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them or reducing clarity at a junction. Both of these problems could be
solved by generalizing the scene or introducing a constraint of minimum
distance between road segments.

To illustrate also other type of problems that occur within road network,
figure 4.5 and figure 4.6 are presented.
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FIGURE 4.5: Various generalization issues - overlapping
ways and visually inconsistent road levels over scale tran-

sition

FIGURE 4.6: Reduced clarity at junction when scale is re-
duced - a segment of a link overlaps another segment while
in a larger scale it is visible that these segments have a dis-

tance in between.

Examining figure 4.5 at least two issues can be observed over scale tran-
sition. First, on the top part of the map cut-out are several parallel roads
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within a city. These roads during a transition to smaller scale form a struc-
ture, that resemble an area instead of lines. On the lower part of the image
a runabout (in yellow color) and a motorway (in red color) are located at
the same two dimensional coordinates but on different levels. However,
changing the map zoom, it becomes unclear which of the two roads passes
through the bottom level and which through the top. On the most left map
cut-out it seems that the motorway is higher, possibly due to the label that
covers the roundabout, as well it looks to be the same case in the most right
image. However, analyzing the image in the middle, it is very clear that
roundabout is located on a higher level. Such a situation causes unclear
junctions and deceptive conclusions. Figure 4.6 presents a consequence of
collision of many parallel ways. As a result these parallel segments display
highway name labels that also collide with each other, thus making this
part of map illegible.

Nevertheless, the classical OpenStreetMap layer style considers differ-
ent representations of road classes at major scale changes. Figure 4.7 shows
secondary highway symbol change and elimination over the transition of
zoom level.
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FIGURE 4.7: Secondary highway symbol change over three
zoom levels - zoom 8 (not visible), zoom 11 (gray, thin line)
and zoom 12 (yellow fill with gray case).

Even though some level of control using symbol elimination and style
change is present, violations of constraints, such as maintaining minimum
distance, can be found in OSM rendering. More efforts should be focused in
the direction of generalization to attain well readable map representations
at all scales.
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4.7 Appropriate symbolization

From the data point of view, in order to satisfy the demand of appropriate
symbolization, requirements go hand in hand with detailed and correct la-
beling demand. The uttermost important preconditions to symbolize roads
according to their class and to adjust them to the scale are completeness and
attribute accuracy, discussed in the previous points of this sub-chapter.

From the perspective of visual map rendering, the options are limitless.
OSM community offers a number of rendering software with the ability to
add custom style-sheets and control the symbol visual characteristics at any
scale (OpenStreetMap Wiki, 2016h).

4.8 Conclusion

According to the methods used in this analysis, OSM data compliance with
cartographic demands vary from demand to demand. Good results were
found in motorway completeness based on the length of mapped roads
and occurrence of motorway identification attributes - name and reference
number value. However, the correctness of these identification attributes
has not been assessed and needs to be examined further.

The biggest issues were found in topological descriptiveness. No suffi-
cient method to extract knowledge of motorway connections solely based
on attribute information was found. To test the given topological informa-
tion two objects were chosen - motorway links and motorway junctions.
The result showed that motorway links are poorly attributed and cannot
be used to describe motorway interconnections. Most of the link segments
hold no reference value of the motorway they exit, nor the destination mo-
torway. Motorway junctions, on the other hand, are well attributed with
their name. This information can further indicate motorway mutual con-
nections, using external data on specific motorway junction locations.

During evaluation, assessment of several demands was found to be in-
terdependent. For instance, imperfections in semantic accuracy, such as
wrongly assigned road type, lead to gaps in completeness. Assessment of
sufficient level of detail demand found certain objects, bridges and tunnels,
to be important parts of motorways. Missing the attribute indications of
these objects, impacts the level of detail.

To analyze OSM motorway network conformity to cartographic demands,
each of the demands was assessed individually using OSM element and tag
information for quantitative measures, where possible. In general, results
showed high completeness of mapped motorways and data model, that
encourages rich data description. However, inconsistency of tag usage,
missing information on name accuracy and poor topological descriptive-
ness motivate further inspection and problem assessment.
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Chapter 5

Improvements in attribute
accuracy and topology
extraction

The cartographic demands for depicting motorways determine the usabil-
ity of data for different applications. Analysis of OSM data compliance with
these demands indicated the strengths and weaknesses within the data. In
this chapter a further look into two issues is carried out - correct and de-
tailed labeling and topological descriptiveness.

Roads in maps are expected to be easily recognized by their name label
or reference number. To be able to show these features on a map correctly
and consistently, to be able to define a certain road as a whole, high attribute
accuracy is necessary. Tasks, such as visualization, descriptive statistics and
spatial analysis, benefit from consistent and accurate attributes (Loidl and
Keller, 2015). Even though during assessment of OSM data in chapter 4.3
completeness of identification attributes in case of motorways was found to
be good, the result did not imply any information about the correctness of
those attributes. In order to group highway segments by the road identity,
an ideal attribute accuracy is necessary.

Another expected road characteristic in a map is to represent clear junc-
tions and connections between locations. Also some algorithms such as
generalization using graphs, require clear knowledge of linked roads. These
goals become more complicated when major roads that do not intersect di-
rectly but interconnect using link roads, are involved. In these cases, meth-
ods to extract the topology information should be found. In this regard,
OSM data assessment in chapter 4.4 was done. As a result it was con-
cluded, that there are great difficulties to detect which motorways are in-
terconnected. No obvious way to obtain this information was found, there-
fore, topological descriptiveness was also selected as a subject of further
inspection.

Since OSM as a crowd-sourced data source is very different from con-
ventionally created maps, the issues regarding its incompleteness have to
be approached using methods specifically fitting the nature of OSM data.
Solutions for addressing the lack of fulfillment of the two demands are pro-
posed and tested.
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The basic setup for tests is following;:

Test area: Method development and parameter values are set based on
tests for area of Vienna; Further tests of the developed methods carried out
for area of entire Austria.

Data source and tools:

e OSM data of Vienna and area of Austria were extracted using Geo-
fabrik! download server.

e To query and change data attributes PostgreSQL was used.

e To visualize and edit spatial data mainly QGIS in combination with
Python was used.

e Reference data of motorway names and reference numbers taken
from bmvit, Austrian Ministry for Transport, Innovation and Tech-
nology.

Tasks:

e Improvement of motorway identification attributes - name and refer-
ence number - completeness and correctness using intrinsic and ex-
trinsic methods;

e Exploitation of OSM data characteristics in order to retrieve knowl-
edge of motorway topology;

5.1 Attribute accuracy

Quality of applications, such as navigation and spatial analysis, depend
on geometric and semantic modeling of the underlying road network data
(Zhang and Tinghua, 2015). As it was examined in the previous chapter,
a high heterogeneity in the data creation, require an automated procedure
not only for detecting issues but also helping to solve them.

In the chapter 3 motorway name and reference number existence was
examined. However, the measurement still does not say anything about
the correctness of the existent names. In this sub-chapter important anal-
ysis points of OSM motorway data are discussed and an automated pro-
cedure for detecting and fixing inconsistent and missing motorway names
and reference numbers is proposed.

Few of the main name tagging issues also recognized in Zhang and
Tinghua, 2015 are:

Mttp://download.geofabrik.de/
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e Missing name - as already analyzed in chapter 3, there are cases of
missing motorway segment names. The proposed solution here in-
volves finding names based on the given motorway reference number
or neighboring segment attribute information.

e Incorrect name - some contributors have used motorway reference
number or direction of the highway, or even all of this information
combined in the motorway name field. Additionally, typos can be
found.

¢ Inconsistent name - there are many language specifics that have to be
accounted for, when analyzing name errors. For example, common
inconsistency in German language is writing names as compound
words or separate words. This fact brings in additional issues with
name consistency that would not occur otherwise.

51.1 Methodology

Firstly, rules that should be followed by the used methods, based on the
expected outcome, are defined. Then the procedure of the method imple-
mentation is established. Sub-chapter 3.3.2 discussed the two categories
of quality assessment - extrinsic and intrinsic. In order to improve the at-
tribute accuracy, both of these methods are used. Further, consequential re-
sults, advantages and disadvantages of each method are discussed. Within
a country there is a high number of motorway segments, therefore, in order
to avoid necessity for manual checks, the procedures are automated. The
steps are worked out by analyzing the nature of data and then adapting the
tasks for area of Vienna. Next, the resulting procedure is tested on entire
Austria and outcome discussed.

Rules

Following two rules present the reference number and name interde-
pendence on which decisions to rename segments or add missing values
are based.

1.) Every distinct motorway name, that already includes the word Auto-
bahn or SchnellstrafSe, should have only one corresponding reference value.
Example — segments of Nord Autobahn either have reference value A5 or it
is missing for some segments. Assumption is made that A5 is the correct
reference value and is added, where reference value for Nord Autobahn is
missing.

2.) Each distinct motorway reference value should have a single corre-
sponding motorway name. Example — all motorway segments that hold the
reference value A5 should also be named as Nord Autobahn.
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Characteristics of Austrian motorway data

When analyzing names and especially, when trying to match similar
names, the language specific system of how they are built within a particu-
lar context is important.

In German motorway is called Autobahn and this string is expected to be
part of motorway names. In Austria there are highways that in most aspects
are equivalent to motorways, as well as they are tagged highway=motorway
within OSM data. These highways are called Schnellstrafle and they are con-
sidered within this thesis on the motorway level. The language and coun-
try specific knowledge influences the choice of a later discussed technique,
fuzzy string matching, parameters. If two names, for instance, Nord Au-
tobahn and Ost Autobahn are compared, depending on the parameters, the
result can give a high matching score, since the sub-string Autobahn is al-
ready a perfect match. Language specifics are also to be considered when
building look-up lists of motorway names contained in OSM data.

Compound words are a common practice in German language. For this
reason, many inconsistencies in OSM motorway names can be found - part
of segments are named as, for example, Ost Autobahn and another part
Ostautobahn. In order to bring consistency within the data, as a reference
an official list of motorway names should be used when possible. For this
project information from two sources was gathered and compared. One of
them is bmvit?, the Austrian Ministry for Transport, Innovation and Tech-
nology and the other is ASFINAG?, the Austrian state-owned company that
plans, finances, builds, maintains, operates and collects tolls on the primary
road network. However, even between these two sources inconsistencies in
names were found. Differences were observed in names, such as Pyhrn Au-
tobahn and Siid Autobahn. It was discovered that the same names can be
inconsistent even within a single ASFINAG document - at times written as
compound words, at times separately. This means, that inconsistencies in
writing names is not only crowd-sourced information issue but can be even
caused by the varying information from official sources. Due to the con-
tradictions found in ASFINAG and the fact that motorway names gener-
ally are more often found to be written as separate words, bmvit document
is used as a reference for the correct motorway names and their reference
numbers.

It is worth noting that in not all countries motorways hold names, in-
stead only reference numbers are used. The presence of motorway names
in Austrian network, can be seen as an advantage, since each of the two can
be corrected or filled using the knowledge of the other attribute.

http://www.bmvit.gv.at/verkehr/strasse/autostrasse/planung/
downloads/kategorisierung.pdf

*https://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+
ASFINAG.pdf/8afla7eb-9bda-4f3c-86a9-81181d4bacb?


http://www.bmvit.gv.at/verkehr/strasse/autostrasse/planung/downloads/kategorisierung.pdf
http://www.bmvit.gv.at/verkehr/strasse/autostrasse/planung/downloads/kategorisierung.pdf
https://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+ASFINAG.pdf/8af1a7eb-9bda-4f3c-86a9-81181d4bacb9
https://www.asfinag.at/documents/10180/13369/de_Buch+30+Jahre+ASFINAG.pdf/8af1a7eb-9bda-4f3c-86a9-81181d4bacb9
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5.1.2 Methods and results
5.1.2.1 Intrinsic methods

Intrinsic methods allow to perform tasks independently from other data
sources. This is crucial when no reliable third party data is available or
easy to access. Therefore, in order to improve attribute accuracy, first, two
intrinsic techniques, using only the available information within OSM data,
are carried out. Motorway names or reference values are corrected based
on other segments that have either one matching attribute (name or refer-
ence value) or, when matching is not possible, based on the neighboring
segment attributes. Each of the methods have their own strength as well as
imperfections, therefore, it is suggested to combine them.

a) Attribute based method
Description and initial test on area of Vienna

Due to the use of solely inherent data, a reliable look-up list of correct
name and reference number pairs from given data is extracted. The primary
idea of this method is, using the entries of the look-up list, to replace wrong
or missing names and reference numbers. Further the process sequence is
shortly described.

1.) Creating a look-up list. The first step of the look-up list creation is
based on an SQL query stating a couple of conditions. Using regular expres-
sions, all motorway names and reference values are selected, where motor-
way name consisted of a case insensitive sub-string Autobahn or Schnell-
strafle. Additionally, in this selection the reference value is not allowed
to be null since such a case would not contribute to the look-up list. Dis-
tinct pairs of name and reference number are filtered and entries, where a
single reference number within the list appears more then once, analyzed.
These entries cannot be used in a look-up list without inspection, since they
contain an error or a special case. It was found that selecting the shortest
motorway name from all variations corresponding to each reference num-
ber, gives the best result. This is because OSM contributors in many of the
wrong entries have added additional information to the actual name, such
as direction, reference number etc., that results in a wrong name value.

For the look-up list strictly motorways with strings Autobahn or Schnell-
strafle in their name are used. This is done in order to filter and exclude
different motorway objects, for instance, bridges and tunnels.

2.) Assigning reference value when missing or different than in look-
up table. Finding all the motorway segments, whose names match the
names from the look-up table. When a match has been found, assigning
reference value from the look-up table. This adds reference value where it
was missing and corrects it where it was wrong.

3.) Assigning name when missing or different than in look-up ta-
ble. Finding all the motorway segments, whose reference value match the
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reference value from the look-up table. When a match has been found, as-
signing name from the look-up table. This adds name where it was missing
and corrects it where it was wrong.

This step also includes exchanging bridge and tunnel names for motor-
way names. 80% of all tunnels in Austria exploit the motorway name key
for the name value, instead of dedicated tag tunnel:name (chapter 4.2). Sim-
ilar tendency can be observed with bridges. However, these names should
be replaced with the motorway names on which they lay. Depending on
the application, it might be necessary to keep information on bridge and
tunnel names. In these cases they should be moved to their specific tag.

These steps were first applied on motorway network of Vienna. As a re-
sult all segments received their missing names and reference values, except
for 8 segments that required location based fixing (figure 5.4). Further, the
method is tested on motorway network of entire Austria.

Results after application on Austria

The intrinsic technique used in this thesis can find and solve some of
the issues without the use of ground truth data. It can detect errors, such
as missing data, point out to complex cases, when name or reference value
cannot be guessed and give suggestions based on the information accessible
in OSM data. Results of method application are further described step-by-
step.

1.) Creating a look-up list. The extracted look-up list of Austrian mo-
torways contains 29 rows.

2.) Assigning reference value when missing or different than in look-
up table.

This step exposed the incompleteness of the look-up table. There are
two cases when a motorway was not added to the look-up list. Both of
those had no segment with a reference value, nor were they tagged as a
motorway.

Completeness of reference values in Austria is substantial (sub-chapter 4.1)
- only 16 segments were missing their reference value initially. After appli-
cation of the function two segments found their reference value.

3.) Assigning name when missing or different than in look-up table.

After this function was applied, 1328 segments were renamed constitut-
ing 163 distinct road name entries from the wrong data set, 117 segments or
12 distinct roads obtained a missing name. Yet 7 motorways are still miss-
ing a name. It is necessary to note, that in this test also motorway objects,
such as tunnels and bridges, got renamed. Excluding changes regarding
these objects, 1050 actual motorway segments were renamed, constituting
44 distinct incorrect road name entries.

For the largest part of the roads that stayed unnamed, reference value
is not consisting of the pattern A# or S#. This means, these segments have
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been mistakenly tagged as motorways but belong to a lower class roads.

Figure 5.1 presents a result of step-by-step name finding. A cutout of the
initial motorway name list can bee seen in the image (a). Next image shows
existing name correction - for the most part compound names were split in
two parts. In the final image the result, where empty rows are filled based
on given reference numbers, can be observed. One can notice, that because
Siidosttangente in OSM data was consistently called with this exact name,
and no external data was used, it did not get renamed like it is found in
official Austrian motorway list (Autobahn Siidosttangente Wien). Further im-
provements using third party data and fuzzy string matching can be done.

name

taxt

Weatautobahn

504 Aurobahn

Sid Autobahn

Wiener RuBenring Autcbahn
Slidoscrangence
Qatautcbahn
Donaupferautobahn

Wiener Rufenring Autobahn
Donaucferautobahn
Sidoatautobahn
Oatautobahn

Oatautobahn

Denauafer Autobahn

Westautobahn
Taliberaans Wolfsaraben
Wescautobahn
Taliberaang Welfagraben
Westautobahn
Westautobahn

Sidosttanaente
Sidostranasnce
Donaunferautobahn
Sid Aurobahn
S04 Autobahn
26d Rutobahn
Sid Autobahn
5id Autobahn
S0d Aurcobshn
50d Autobahn
28d Rutobahn
Sid Autobahn
Sidosttanaente
Laasrbergounnel
Sidoattangente
Laaerbergtunnel

(a)

name

text

West RAutckahn

5id Autobsahn

Sid Autobahn

Wiener RuBenring Autobahn
Sfdosttangence

Cat Rutobahn

Donauufer Autobahn

Wiener Avfenring Autobahn
Donaunfer Autcbahn
Sidoatautcbahn

Oat Autobahn

Qat Autobahn

Denauufer Rutobahn

Weat Rutckahn
Taldbergang Wolfsgraben
West Aucckahn
Taliberaang Wolfsgraben
West Aucchkahn
Weat Rutckahn

Sldoattangente
Sldoattangentce
Denauufer Rutobahn
504 Aurtobahn
Sid Rutobahn
S0d Autcbahn
5id Autobahn
20d Autcbahn
Sid Aucobahn
Sid Rutobahn
50d Aurobahn
Sid Autobahn
Sldoattangentce
Laasrbergtunnel
Sldesttangente
Laserpergrunnel

(b)

name
text

Weat Autcbahn

50d Aucobahn

5id Autckahn
Wiener RuBenring Rutobahn
Slidoscrangentce

Qat Rutckahn
Donaunfer Autobahn
Wiener RuBenring Autcbahn
Donauufer Autobahn
Slidostantcbahn

Qat Rucobahn

Ost Rutobahn
Donauafer Autcbahn
Donauufer Autobahn
Donauufer Autcbahn
Weat Autcbahn

West Autobahn
Wast Autcbahn

West Autobahn

West Autobahn

Weat Autcbahn
Donauufer Autobahn
Donaunfer Autobahn
Sldosttangente
Sldostrangente
Donauufer Autcbahn
50d Ruarobahn

50d Aucokahn

50d Rutckahn

Std Aucobahn

5iid Rutobahn

5id Macobahn

50d Aucockahn

50d Rutckahn

Std Aucobahn
Slidosttangente
Laacrbergoannel
Shdosttangente
Laaesrbergtunnel

fc)

FIGURE 5.1: Step-by-step motorway name finding. (a) - a
cutout of the initial motorway list, (b) - existing name cor-
rection, (c) - empty cell filling.

In conclusion, the attribute based intrinsic method can find missing and
correct wrong segment name and reference values solely based on existing
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attribute information. The necessary extraction of look-up list allows all the
renamed segments of each highway hold consistent new attribute values.

As a disadvantage can be named the required analysis of the context
and name characteristics in order to extract the look-up list. Names can be
inconsistent and hold additional or wrong information, that can complicate
the creation of the look-up list. The major disadvantage is that each segment
needs some identifying attribute. Either name or reference value can be
missing but not both. If this requirement is not met, the attribute values
cannot be assigned. It should be also mentioned, that in case a segment is
by mistake not tagged as motorway, it will not be checked and stay in its
current state.

b) Location based method

There can be cases, when segments have neither name, nor reference
number, or a single motorway name correspond to more than one reference
value in the OSM data. Additionally, when tunnel and bridge names are
wrongly added in motorway name tag, it would still be possible to retrieve
the reference value of those motorway segments. It can happen, that differ-
ent bridges or tunnels have the same name, even though they are located
on different motorways (figure 5.2). Thus, if there are segments of those
bridges without a given reference value, it cannot be fixed solely based on
attribute information. A possible solution for these problem cases would
be a location based renaming, where the neighbors of the segment in ques-
tion can be checked. If both neighbors have the same name and reference
value, their attribute information can be used to rename or assign a new ref-
erence value to the problem segment. A function to check for names with
more than one possible reference value in the data, as well as location based
renaming process was created an applied.

ref old_name NEW_name
character varvina character varyina character varyving

1 |&as Absberatunnel Hord Aucobahn

2 R2 Absbergtunnel Sid Autobahn

3 |n2z2 Abshergtunnel Donauufer Auccbahn

4 h2l Ababergtunnel Wiener hufenring Autobahn
5 |A4 Absbergtunnel Oat Autobahn

6 |Rl Absbergtunnel West Autcbahn

T R4 Erdherger Briicke 0=t Autobahn

a A2l Erxdberger Bricke Wiener RuBenring Audtobahn
9 RS Erdberger Bricke Herd Rutcbahn

1D Raz Erdbharager Briicke Donaunfer Antobahn

11 a2 Erdberger Bricke S8d Rutcbahn

12 a1 Erdberger Bricke West Autcbahn

13 a2 Griinbricke Wiener AuBenring Actobahn
14 a1 Griinbricie West Rucobahn

15 a4 Griinbricke QOat Autocbahn

16 &5 Grinbriiciks Hord Auntobahn

17 A2 Grinbricke Std Autcbahn

18 |R2z Griinbricie Donauufer Autcbahn

FIGURE 5.2: A piece of a table showing one tunnel or bridge

name corresponding to several reference values. This par-

ticular table is a result of renaming motorway objects to

motorway names. Some Griinbriicke segments were miss-

ing reference value - their reference number could not be
filled without inspecting segment location.
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Using the data of Vienna, there was a case found of two motorway
bridges having the same name Griinbriicke and some segments of one or
the other bridge having no reference value detected (figure 5.3). An as-
sumption is made, that a segment between other segments with consistent
name or reference value belongs to the same road. Therefore, a missing
name or reference value can be obtained based on the neighboring seg-
ments. Such a method was found to be used also by Funke, Schirrmeister,
and Storandt, 2015 in solving cases when street segments are missing name
in OSM data. Here author goes one step further and considers more as-
pects, such as, whether unnamed edge is on the shortest path between two
disconnected name components with the same name, the number of close-
by named components, shortest path to the closest name component and
other factors that are more relevant for street networks where data nature
differentiates from motorways.

FIGURE 5.3: Location based renaming - case of Griinbriicke
on motorway Ab. In blue are marked segments with no ref-
erence value and name Griinbriicke.

The test area Vienna exposed 8 segments that did not have assigned ref-
erence value yet. Figure 5.4 shows the result before (a) and after (b) apply-
ing the script for neighbor check and updating the values. The rule is that
only in case both neighboring segments have the same reference value, it
would be assigned to the segment with missing value. This can be adopted
to be more flexible in case there are too many segments missing reference
number. For example, instead of checking only the direct neighbors, the
new reference value can be retrieved from the two closest segments with an
existing reference value. Vienna data is complete enough and all segments
were updated with their new reference value based on direct neighbor at-
tribute information.
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ref  name
taxt baxct

Grilnbri
Grinbricke
Hord Aucobahn

Hord Autobahn

cle

Grinbricke
Grinbricke

Herd Auccbahn

0N A W N e

Herd Autcbahn

(a)

@ (s @ s W N

ref  name
text| text

AS |Grunbrucke
AS |Grinbricke
AS Herd Aurtobahn
AS Nord Autckahn
A5 |Grinbriicke
A5 |Granbriicke
AS Rord Autckbahn
A5 NHord Autobahn

(b)

FIGURE 5.4: Location based renaming - all missing refer-
ence numbers in Vienna are filled

Results after application on Austria

In figure 5.5 image (a) the motorway rows missing reference value are
shown. Image (b) presents the output after applying the script for neighbor
dependent value filling. As it can be seen, the result is not as promising as
it was for Vienna data tested previously - only four segments found their
reference value. This indicates that several segments in a row have been
missing reference number and it is necessary to adjust the script to look
for the closest neighbors with an existing value, instead of solely the direct
neighbors.

ref name ref name
text text text | text
1 Rheintal/Walgau Autobahn 1
2 2
3 3
4 4
5 5
6 6 -y
7 A7 7 A7
8 A7 8
9 A7 9
10 10
11 11
12 12
13 12 |Al4 Rheintal/Walgau Autobahn
14 14 A1 A7
15 15 |A2Z
16 Semmering-Schnellstrafe 16 |56 |Semmering-SchnellsatrafBe
(@) (b)

FIGURE 5.5: The result of location based renaming applied
on entire Austria. Image a - before, image b - after applica-
tion of the script.

This same script was applied for segments with missing name value.
The result reduced the number from 305 unnamed motorway segments to
276 unnamed segments, thus, consequently 24 segment names were found
using their direct neighbor information.
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The advantage of location based method compared to the attribute based
intrinsic technique is that segments without both, name and reference value,
can be identified. Furthermore, the procedure can be applied also for other
highway classes. However, potentially more successful results can be achieved
on long distance highways where the chance of finding a number of well
attributed segments is higher. The method can search also for other at-
tributes than name and reference value. Examples are pavement type and
maximum speed tags. Nevertheless, the procedure should be applied with
caution in order to limit the amount of assumptions, when applying new
values to the attributes.

On the downside, this method compared to the attribute based intrinsic
method cannot ensure attribute consistency within one road. Here it is not
necessary to extract a look-up list, that, on one hand, speeds up the proce-
dure, on the other had, looks at the attribute issue locally, ignoring the rest
of the highway segments.

Judging from the results of the investigation, use of direct neighbor at-
tributes is sufficient only when the data is close to fully complete. Besides,
it is not the only precondition - result is better also if faulty segments are
located disperse. On the contrary, if there are many segments in a row
without attribute information, they cannot be fixed. The direct neighbor
rule was found too strict for an optimal solution. This can be well observed
when comparing results for reference value search and name search in Aus-
tria. Completeness of reference values is higher, yet the result of fixed at-
tributes is better for names because of the different distribution of faulty
segments. An improvement of the algorithm would be necessary, allow-
ing to check not only the direct neighbors of each segment but instead the
closest segments with an existing attribute value.

5.1.2.2 Extrinsic method

Intrinsic method is the only possibility when there is no external data avail-
able. However, extrinsic method can significantly improve the results and
also increase the reliability of the outcome. For the extrinsic method addi-
tionally a list of official Austrian motorways and their reference numbers,
provided by bmvit (Austrian Ministry for Transport, Innovation and Tech-
nology), is used. Attribute accuracy enhancement is based on fuzzy string
matching, where similar word patterns are searched for. If the difference
between strings is small enough according to a defined rule-set, and it is
the best match found in the reference list of names, it is assumed to be the
correct name.

Fuzzy string matching
Description and Vienna test area

Fuzzy string matching is a procedure of comparing two strings and
searching for an approximate pattern match. The closeness of a match is
called edit distance or Levenshtein distance. It is the minimum number of
edit operations, such as insertion, deletion and substitution of a character,



58 Chapter 5. Improvements in attribute accuracy and topology extraction

that would be needed to convert one string to be equal to the other (Onifade
and Osofisan, 2011; Rodriguez, Kandel, and Bunke, 1997).

PostgreSQL offers its own fuzzy string matching module - fuzzystrmatch*.

It contains several functions to measure distance between strings, and one
of them also Levenshtein distance function. It is possible to define a specific
cost parameter for every type of difference between strings (character inser-
tion, deletion, substitution) in order to control the algorithm and fit it to the
characteristics of the specific data. On the other hand, a Python package
called FuzzyWuzzy® offers an easy interface with four possible Levenshtein
based functions, where parameters are preset. This is the approach, that
was chosen for matching similar OSM motorway name strings within this
thesis. Next, each of the FuzzyWuzzy functions are shortly described.

1.) String Similarity (Ratio) - calculates the edit distance.

2.) Partial String Similarity (Partial Ratio) - ignores if the two strings in
comparison have different length. If the shorter string is 4 and the longer
string is b, this algorithm searches for the best matching sub-string of length
a within string b. For example, two motorway names Siidosttangente and
Autobahn Siidosttangente Wien would be a good match.

3.) Token Sort (Token Sort Ratio) - order of words in the two strings
in comparison does not matter for the result (example, West Autobahn and
Autobahn West).

4.) Token Set (Token Set Ratio) - first, words that are common in both
strings are detected and then the reminder, in case one of the strings was
longer than other, evaluated.

In order to find the best fitting function to match motorway names, ex-
periments on data of Vienna were made (figure 5.6, 5.7, 5.8 and 5.9). Based
on the result, the optimal method was chosen and applied on the data of
entire Austria.

First the four functions described above were tested using given motor-
way names. Various cases were given to all of the functions - comparison
of similar but different names (for example, Ost Autobahn and Nordost Au-
tobahn), comparison of different length strings where first string is a sub-
string of the other (Siidosttangente, Autobahn Siidosttangente Wien), compar-
ison of similar strings when one of them has a typo, comparison of com-
pound strings and single word strings, etc. A piece of experiment output is
shown in figure 5.6 and figure 5.7.

*https:/ /www.postgresql.org/docs /9.1 /static /fuzzystrmatch.html
5 http:/ /chairnerd.seatgeek.com/fuzzywuzzy-fuzzy-string-matching-in-python/
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> fuzz.token_sort_ratio('Nordost Autobahn', 'Ost Autobahn')

> fuzz.ratio{'Ost Autobahn’, 'Ostautobahn’) 86

87 >>> fuzz.token_set_ratio('Nordost Autobahn', 'Ost Autobahn')
>>> fuzz.partial_ratio('Ost Autobahn', 'Ostautobahn') 86

82 >>> fuzz.partial_ratio{'Nordost Autobahn', 'Ost Autobahn')

92
> fuzz.ratio{'Nordost Autobahn', 'Ost Autobahn')
79

>>> fuzz.token_sort_ratio('Ost Autobahn', 'Ostautobahn")
70

>>> fuzz.token_set_ratio('Ost Autobahn', 'Ostautobahn’)
70

FIGURE 5.7: Resulting score

FIGURE 5.6: Resulting score of comparison between similar

of comparison between com- motorway names, where one

pound and separately written of them is a sub-string of the
motorway name. other.

After the experiments, certain rules were defined to determine, whether
a motorway name match to any name from a look-up list.

for name in OSM motorways do
for lookupName in lookup list do
if fuzz.ratio(name, lookupName) = 100 and
fuzz.token_set_ratio(name, lookupName) = 100 then
This is an absolute match
else if fuzz.ratio(name,lookupName) > 90 and
fuzz.token_set_ratio(name,lookupName) > 50 then
This is 90 50 match
else if fuzz.ratio(name,lookupName) > 80 and
fuzz.token_set_ratio(name,lookupName) > 60 then
This is 80 60 match
else if fuzz.ratio(name,lookupName) > 70 and
fuzz.token_set_ratio(name, lookupName) > 90 then
This is 70 90 match
else if fuzz.ratio(name,lookupName) > 60 and
fuzz.token_set_ratio(name, lookupName) = 100 then
This is 60 100 match
else
This is not a match

As it can be seen in pseudo-code, a combination of the two functions
Ratio and Token Set Ratio were chosen to decide whether a match has been
found. In figure 5.8 a part of the initial test results can be seen. The col-
ored rows are matched names based on the defined rules. After a visual
inspection the results were marked: in green — a valid match, in yellow — an
invalid match where names are fairly similar, in red — a clear false positive.
This mismatch can be observed with rather short names where the edit dis-
tance is small. For this reason, the search was adjusted to always give only
the best match found.

As no official list of tunnel and bridge names is used, segments, that
hold names of these objects in motorway name tag instead of dedicated
name tag, are excluded from the string matching. Therefore, the sum of
motorway segments here is different from the sum indicated in previous
methods.
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Figure 5.9 shows results of the best match search. Within Vienna 5 dis-
tinct motorway names have found absolute matches (when the name was
already initially correctly written, such as Wiener Nordrand Schnellstrafie)
and 7 wrongly written motorway names have found their best match from
the look-up list. Altogether those are 697 perfectly matched and 880 ap-
proximately matched segments respectively. Thus, out of 1577 motorway
segments, that have an assigned name in the name field, all 1577 have found
their best match from the look-up list.

Compared name Reference name Ratic Token Sat Ratic (TSR]
Wiener AuBnring Autobahn ‘Wiener AuBenring Autobahn a8 98
Weindertel Schnellstrafie Weinviertler Schnellstraie 94 94
Donauuferautobahn Donauufer Autobahn 91 51
Sudastautobahn Suodost Autobahn i ] 59
Sud Autobahn Sodost Autobahn H% 24
Ostautobahn 0=t Autobahin 87 i
50d Autobahn Nord Autobahn B0 B4
Sddasttangente Autobahn Sddosttangente Wien 67 100
Absbergtunnel Sodost Autobahn 29 i)
Absbergtunnel Ost Autobahn 32 32
Absbergtunnel Neord Autobahn 23 31
Absbergtunnel MNerdost Autobahn 28 28
Absbergtunnel Muhlkreis Autabahn 19 27
Absbergtunnel Innkreis Autobahn 1] i3
Absbergtunnel Pyhrn Autobahn 22 30
Absbergtunnel Tauenn Autobahn 29 £l
Absbergtunnel Karawanken Autobahn 19 il
Absbergtunnel Inntal Autobahn 21 6

FIGURE 5.8: Fuzzy string matching between given OSM

motorway names in Vienna and reference data of correct

names. Rows colored in green show a valid match, other
colors - an invalid match.
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Final pseudo-code with the search for the best match:

for name in OSM motorways do
best_ratio =0
for lookupName in lookup list do
if fuzz.ratio(name,lookupName) = 100 and
fuzz.token_set_ratio(name, lookupName) = 100 then
This is an absolute match
else if fuzz.ratio(name,lookupName) > 90 and
fuzz.token_set_ratio(name,lookupName) > 50 then
This is 90 50 match
else if fuzz.ratio(name,lookupName) > 80 and
fuzz.token_set_ratio(name, lookupName) > 60 then
This is 80 60 match
else if fuzz.ratio(name,lookupName) > 70 and
fuzz.token_set_ratio(name,lookupName) > 90 then
This is 70 90 match
else if fuzz.ratio(name,lookupName) > 60 and
fuzz.token_set_ratio(name,lookupName) = 100 then
This is 60 100 match
else
This is not a match
ratio_sum = best_ratio + best_token_set_ratio
if ratio_sum > best_ratio then
best_ratio = ratio_sum
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Wrong Name Matched Refrence Name Ratio Token Set Ratio
Sudosttangente Autobahn Sidosttangente Wien 67 100
Donauuferautobahn Donauufer Autobahn 91 51
Absbergtunnel Mo match -1 -1
Erdberger Briicke Mo match -1 -1
Grinbricke No match -1 -1
Griinbriicke Mo match -1 -1
Grinbricke No match -1 -1
HochstraBe Inzersdorf Mo match -1 -1
Hochstralle Kaiserebersdorf ~ No match -1 -1
Laaerbergtunnel No match -1 -1
Praterbriicke Mo match -1 -1
Prater HochstraRe Mo match -1 -1
Schragseilbricke No match -1 -1
Taliibergang Brentenmais Mo match -1 -1
Talibergang Wolfsgraben Mo match -1 -1
Tunnel Eibesbrunn Mo match -1 -1
Tunnel Kreuzenstein Mo match -1 -1
Tunnel Rannersdorf Mo match -1 -1
Tunnel Rustenfeld Mo match -1 -1
Tunnel Schwechat Neo match -1 -1
Tunnel Stetten Mo match -1 -1
Tunnel Tradenberg Neo match -1 -1
Tunnel Vosendorf Mo match -1 -1
Ostautobahn Ost Autobahn 87 70
Sadostautobahn Sidost Autobahn 90 50
Weinviertel SchnellstraRe Weinviertler SchnellstraRBe 94 a4
Westautobahn West Autobahn 83 64
Wiener AuBnring Autobahn Wiener AuRenring Autobahn 98 98

FIGURE 5.9: Fuzzy string matching between given OSM

motorway names in Vienna and reference data of correct

names in order to find the best match. Rows colored in
green show a valid match.

Results after application on Austria

After fuzzy string matching parameter adaption to the characteristics
of motorway names in Austria and performed tests within Vienna motor-
way network, the same functions are applied to motorways in entire Aus-
tria. Absolute match was observed for 21 and approximate match for 10
distinct motorway names. That accounts for 7907 perfectly matched mo-
torway segments and 2956 approximately matched segments. This makes
it 10863 matched segments out of 11208 with existent name value. The re-
sult is shown in figure 5.10. The best match was determined by the sum of
resulting points in functions Ratio and Token Set Ratio.

The existence of name in data does not indicate the correctness of the
name value. Following table 5.1 presents comparison of the name correct-
ness based on the official motorway names in Austria and the name value
presence analyzed in sub-chapter 4. Tunnels and bridges in this analysis are
excluded, however, it is not known if the segments missing names belong
to any of these objects.
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Compared name Best match Ratio Sum |Compared name Perfect match Ratio Sum
Donauuferautcbahn Donauufer Autcbahn 142( Brenner Autcbahn Brenner Autobahn 200
Karawankenautobahn Karawanken Autobahn 146/ Brucker SchnellstraRe Brucker Schnellstrale 200
Ostautobahn Ost Autobahn 157| Burgenland Schnellstrale Burgenland Schnellstrae 200
Semmering-SchnellstraRe Semmering SchnellstralRe 196| Donauufer Autobahn Donauufer Autobahn 200
Siidostautobahn Stidost Autobahn 149( Innkreis Autobahn Innkreis Autobahn 200
Stdosttangente Autobahn Sidosttangente Wien 167| Inntal Autobahn Inntal Autobahn 200
Tauern Autobahn - A10 Tauern Autobahn 183| Kremser Schnellstralle Kremser SchnellstraBe 200
Weinviertel SchnellstralRe Weinviertler SchnellstralRe 188| Mattersburger Schnellstrale Mattersburger SchnellstralRe 200
Westautobahn West Autobahn 152 Miihlviertler SchnellstralRe Miihlviertler SchnellstraRe 200
Wiener AuRenring Autobahn Wiener AuRnring Autobahn 196| Murtal SchnellstraRe Murtal SchnellstraRe 200
Nordost Autobahn Nordost Autobahn 200
Pyhrn Autobahn Pyhrn Autobahn 200
Rheintal/Walgau Autobahn Rheintal/Walgau Autobahn 200
Semmering SchnellstraRe Semmering SchnellstraRe 200
Stockerauer Schnellstrale Stockerauer Schnellstrale 200
Siid Autobahn Siid Autobahn 200
Tauern Autobahn Tauern Autobahn 200
Welser Autobahn Welser Autobahn 200
West Autobahn West Autobahn 200
Wiener AuBenring Schnellstrale Wiener AuRenring SchnellstralRe 200
Wiener Nordrand SchnellstraBe Wiener Nordrand Schnellstrae 200

FIGURE 5.10: Fuzzy string matching results for Austrian

motorway network. On the left side are shown distinct mo-

torway names that have been corrected as they found their

best match from an official motorway name table. On the

right side are motorway names that found a perfect match,
thus, were initially correctly written.

Name value

Area All segments  Have aname  Originally Match found
Correct

Vienna 1655 1577 697 1577

Austria 11513 11208 7907 10863

TABLE 5.1: Comparison of number of segments with
present and originally correct names, as well as names that
have found either perfect or approximate match.

Many of the segments for which a match could not be found, are either
containing their reference value in the cell which is supposed to hold the
name, or the direction of the road (figure 5.11).

The main strength of the fuzzy string matching is its ability to find ty-
pos and correct wrongly written names. To do so, the method does not
require additional knowledge of segment identity, such as reference num-
ber, compared to attribute based intrinsic method discussed earlier. Fuzzy
string matching can be applied also on other highway classes, however, dif-
ficulties can arise with street names where many closely similar names are
possible.

The disadvantage of the method are parameter settings. Parameters
need to be tested and fine-tuned to fit the characteristics if the data. Further-
more, fuzzy string matching does not deal with missing names, therefore,
additional methods are necessary.
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FIGURE 5.11: Segments that failed to be matched to any
name from the look-up list

5.1.3 Conclusion

Undoubtedly, the way towards semantic homogeneity in OSM data is labo-
rious. Motorways, as the most important roads within any country, repre-
sent only 1,8% © of the whole Austrian road network data. Characteristics
of each highway class have to be analyzed separately in order to create ap-
propriate methods for automatic error detection and attribute information
improvements for the entire road network.

Similarly like Zhang and Tinghua, 2015 have acknowledged, also this
thesis concludes that the collaborative nature of OSM data collection in-
evitably leads to tag inconsistencies. Compared to the bmuvit reference data,
around 33% of all motorway segments were either incorrectly written or
missing. Automated error detection tools are a huge help in the improve-
ment of data. However, there are tasks when clean data is necessary all
at once and needs to be manipulated before any further task can be per-
formed. In these cases, automated methods, such as the ones described
in this chapter, can be applied. Advantages and disadvantages of each of
the proposed methods in their respective sections are discussed. The in-
trinsic methods are able to assign a reference value or name to a segment
missing those attributes, without the need for ground truth data. Specially
outshines the location based method that can assign missing values to seg-
ments with no attributes but they highway class. On the other hand, the ex-
trinsic method, fuzzy string matching, can correct wrongly written name at-
tributes without the knowledge of their reference number and information
on neighboring segments. Potentially, one of the optimal solutions would
be based on the combination of all here described techniques.

6https://www.bmvit.gv.at/verkehr/gesamtverkehr/gvp/
faktenblaetter/umwelt/fb_strasse_schiene_netz.pdf


https://www.bmvit.gv.at/verkehr/gesamtverkehr/gvp/faktenblaetter/umwelt/fb_strasse_schiene_netz.pdf
https://www.bmvit.gv.at/verkehr/gesamtverkehr/gvp/faktenblaetter/umwelt/fb_strasse_schiene_netz.pdf

5.2. Topological data structure 65

5.2 Topological data structure

In chapter 2 one of the cartographic demands stated that, in order to satisfy
many tasks performed on a map, junctions, connections to different points
of interest and populated places should be accurate and clearly legible. An-
other demand expressed that generalization of the map should be suiting
the scale and generalization conflicts should be solved. To achieve all these
goals in an automated way, it is necessary to know the underlying topology.

Theobald, 2001 refers to topological data structure as data structure
in which the inherent spatial connectivity and adjacency relationships of
features are explicitly stored. Maintaining a topological structure offers a
number of benefits. Few of the advantages, that relate to road network,
are explicit neighborhood relations and a possibility to apply automated
methods dealing with self intersections, overshoots, undershoots and gaps
(Theobald, 2001).

Topology describes how the features can be spatially related. Therefore,
it can be used to analyze spatial relationships to, for example, dissolve road
segments based on a common attribute value (ESRI, 2016). It also can be
used to enforce integrity rules (no disconnected graph parts, gaps between
two highways with the same name, etc.), support topological relationship
queries and edits based on these relationships (for example, select all link
roads between motorway A23 and A21 and dissolve) (ESRI, 2016).

In the past three decades extensive efforts towards development of var-
ious automatic generalization methods have been made. Selection operator
by various attributes, such as road length, importance, connectivity, den-
sity, is widely used within road networks. In medium to small scale mo-
torway maps selection operator becomes the handiest in harmonizing the
motorway density between rural and urban areas in country wide maps
(Chaudhry and Mackaness, 2005). A wide number of studies concerning
this topic exist. Commonly, algorithms are based on graph theory forming
edges and vertices to assure a connected graph — topologically connected
road network - after use of selection operator (Mackaness and Mackech-
nie, 1999). These are just a few use cases that stress out the importance of
topological descriptiveness of road networks within the underlying data to
support visualization tasks.

OSM offers a data model element - relations. As described in chapter 2,
relations model logical or geographic relationships between objects. Use of
relations can have a significant role in describing topology. However, it can
be often observed that gaps in relations, overlapping relations, relations
with questionable importance and incomplete relations exist in the data (
figure 5.12). Therefore, alternative solutions to extract topology information
should be examined. In this thesis topological descriptiveness of the OSM
motorway network is viewed from a perspective of two questions - if it is
possible to detect which motorways connect to each other and how to do it.
This information can be crucial for tasks like use of generalization selection
operator or spatial analysis on motorways.
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FIGURE 5.12: A hole in a relation in Austria, Tirol. Dark
orange - the relation, orange - the primary highway

5.2.1 Methodology

Detection of “linking areas” of motorways

As discussed in chapter 3, link roads tagged with highway=motorway_link
indicate an exit to surface streets (motorway to non-motorway) or an exit
to an interchange (motorway to other motorway). For most tasks on motor-
way data, such as motorway generalization, it is necessary to identify the
latter ones. Based on the analysis done in chapter 3, it is known that only
13% of all motorway links have a reference value that indicates which mo-
torway the link is exiting. The dedicated tag destination:ref that specifies the
reference number of motorway the link leads to, is used only in few cases.

Depending on the goal of the map, these areas can serve various pur-
poses. For instance, when creating car navigation maps, it is possible to
extract information on which motorways are supposed to be linked in par-
ticular linking areas and thus either broken motorway topology can be rec-
ognized and fixed, or complex junctions simplified. Another use case is
representing road network connections for network generalization. This is
especially useful in cases when one motorway merges into another. Here
one motorway segments do not geometrically intersect the other motorway
segments as they are separated by motorway links (figure 5.13). Therefore,
detecting linking areas using the motorway links is crucial, in order to ob-
tain the information on topology between the motorways.
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FIGURE 5.13: Motorways are linked with each other using
segments tagged as highway = motorway_link. These seg-
ments almost never hold information on which highways
they exit and enter. In blue and orange - two different mo-
torways, in black - motorway link segments.

Finding linking areas consists of several steps. First issue is that mo-
torway exits in OSM data consist of many separate segments that do not
have any common attribute to identify them in groups. To detect which
highways should be connected, highway links should be grouped based on
their segment intersection with each other.

Step 1 — Collecting all link segments that intersect/ touch one another
in sets. If a set of such link segments intersects at least two different motor-
ways, it is considered as a significant set (figure 5.14). Significant sets serve
as proofs for certain highway connectivity in certain area. The differentia-
tion between significant and insignificant link segment sets is due to com-
plex junctions, where many segment sets either do not touch a motorway
or touch only one of them. In these cases they do not carry the important
information of connectivity, or they connect a motorway with a lower class
road. Apart from that, also links that connect a motorway to a lower class
road, are tagged highway=motorway_link. These links are not added to the
significant link sets.

1.) Collect all the links that intersect some motorway in a list.

for link ¢ in motorway links do
for motorway m in motorways do
if 7 intersects m then
Add i, m to intersectingLinks list

2.) Collect all the links that intersect one another in pairs.
for link ¢, j in distinct combinations of ¢ and j in motorway links do

if ¢ intersects j then
Add pair i and j to an array in intersectingLinkPairs list

3.) Group together all link segments that intersect one another.
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for pair ¢ in motorway intersectingLinkPairs do
for group in intersectingLinkGroups do
if ¢ intersects group then
update group with 7
else
append group ¢ to intersectingLinkGroups

4.) For each link that intersects some motorway, count how many times that
happens: if more than once, add its whole group to significant link list, if once,
add it to potentially significant links.

for link 7 in motorway intersectingLinks do
count how many times link 7 intersects some motorway
if count of motorways i intersects > 1 then
append group in intersectingLinkGroups with i to significantLinks
else if count of motorways 7 intersects = 1 then
append group in intersectingLinkGroups with i to potentialSignif-
icantLinks

5.) Check if in a potentially significant link group there are at least two link
segments each intersecting some motorway. If such a group is found, add the
whole group to significant links.

for link group in potentialSignificantLinks do
count how many links in group intersect motorway and how many
different ones
if count of intersected motorways > 1 then
append group in potentialSignificantLinks to significantLinks

FIGURE 5.14: The result after analysis of significant link de-
tection in Vienna. In red - nodes of significant links, in white
with black outline - nodes of insignificant links
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Step2 — Defining the “linking area”. If a particular task goes beyond
the observation of which motorways are connected to each other but also
the location where linking happens matters, these areas have to be iden-
tified (figure 5.15 ). This can be done by creating an appropriately sized
buffer around grouped links and giving each separate buffer an identifica-
tion. Identification of separate buffers is necessary since each motorway
can have several junctions.

FIGURE 5.15: Motorway linking area

Step3 — Performing further actions with linking areas. Below are exam-
ples of detecting road dangles and calculating centroid of linking area.

(a) (b)

FIGURE 5.16: Further actions on motorway linking areas.
Image (a) shows detection of motorway dangle within a
linking area. Image (b) shows detection of centroid of link-
ing area - a point feature representing two motorway inter-
section. In red - centroid, in light red - link segment vertices.

5.2.2 Method and Results

The outcome of the detection of linking areas can be seen in figure 5.17.
Result consisted of 24 correctly identified linking areas, 2 false positives
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and 2 false negatives. However, it is worth mentioning that one of the false
negatives was not supposed to be identified as junction using this method.

0 300
r 1 km

FIGURE 5.17: Overview of detected motorway linking areas
in Austria. Areas in orange - linking areas, color-coded lines
- motorways.

False positive linking areas (figure 5.18) appear due to various reasons.
Image (1) contains some motorway segments for which no fitting reference
value was found (in lighter green color). From a visual inspection, this row
of segments seem to be not belong to motorways and most probably should
be removed. Since this group of segments was connected to the motorway
links, it was mistakenly identified as motorway junction. In image (b), on
the other hand, motorway (A2) connects to itself. The orange motorway
segments are representing a short motorway (A2) extension towards North,
that was tagged with a non-existent reference value (A2z).

“&

(a) (b)

FIGURE 5.18: Detected false positive linking areas. In or-
ange - linking areas, in dark green - significant links, in
black - links that were not found significant.

Figure 5.19 image (a), is falsely not detected as motorway junction. Here
seemingly the issue is with link segments that do not actually connect to
each other, thus they were not added to a group of links that intersect more
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than one motorway. Image (b) represents a case when motorways are con-
nected without use of links. This situation points out that, firstly, all motor-
way junctions, where motorways intersect directly, should be detected.

-H_"\-\_-__‘-‘-_________,_ﬂ'

—

¥

\\\ _~
1

(a) (b)

FIGURE 5.19: Detected false negative linking areas. In black

- linking areas, that were found insignificant. Image (a) -

junction not found due to not existent link intersection, im-

age (b) - junction not found due to motorway connection
without a use of link segments.

5.2.3 Conclusion

Obtaining information on topological relationships between motorways is
not a trivial task using OSM data. Junctions in this highway class are com-
monly complex structures that use link road segments, such as, ramps to
connect motorways. Also on the level of data, two motorways are rarely
directly intersecting, thus, unless link segments are well attributed, motor-
way intersection information is not maintained.

The introduced technique, to cope with the issue, was found to work
successfully, identifying almost all junctions and connected motorways.
The method was tested only on the motorway network. However, this
method is useful also for other highway classes that use link roads to con-
nect to other roads. Such highways are trunks, primary, secondary and
tertiary roads. Furthermore, as an additional outcome of the procedure all
link segments are identified in specific link roads and junctions. Therefore,
further tasks such as link simplification can be performed.

On the drawback, the approach heavily relays on OSM contributor pre-
cise link segment depiction, that ensures segment connection to each other
as well as to the motorways. Also gaps in link roads and cases, where link
segment is not defined as motorway_link, would break the chain of intersect-
ing link segments. If this kind of an issue would occur at several instances
within one junction, a connection might not be recognized.
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Chapter 6

Conclusion

OpenStreetMap was a groundbreaking VGI project when it started off a
decade ago and still keeps on gaining popularity. It is an impressive geo-
data collection, visualization and sharing tool, which is used in a variety
of business and scientific applications. Yet, it is questionable how straight-
forward it is to derive cartographically pleasing map visualizations using
OSM data. Picking roads as an example of fundamental map elements,
there is a set of rules, such as clear junctions, accurate labels and class de-
pendent symbolization, that have to be followed so as to result in a func-
tional and readable depiction. In this regard, the main aim of this thesis was
to answer the question: What is the relation between cartographic demands
and OpenStreetMap motorway data?

In order to find that out, first, a list of cartographic demands regarding
road depiction was defined. The final list was based on researched road
generalization constraint classification, common generalization pitfalls and
examination of scale dependent map use.

Next, it was studied whether OpenStreetMap motorway data has a po-
tential to produce maps, that are in agreement with the cartographic de-
mands. Examination was based on two areas of different extents - Vienna
and Austria. Major results were obtained in points regarding complete-
ness, detailed and correct labeling and topological descriptiveness. Finally,
methods for improving OpenStreetMap motorway data were developed,
tested and results discussed.

OSM offers its users raw data, that has a considerable amount of adjust-
ments necessary to result in a high quality map. Removing the redundant
data to suit the target scale, preserving and emphasizing the important fea-
tures to fit the intended topic are just few generalization and enhancement
tasks that might be necessary. However, to perform those tasks, the im-
perfections of the underlying data have to be resolved. Thus, for instance,
gaps in attribute information influence the result of semantic generaliza-
tion. Similarly, vague topological information complicate junction simplifi-
cation.

This work has found that OSM data based motorway map generation
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encounters difficulties to align with cartographic demands, if the underly-
ing data is not enriched. Two of the defined demands drew a special atten-
tion - detailed and correct labeling and topological descriptiveness. Cor-
rectness of motorway identification attributes was found to be low. How-
ever, it is an important aspect to recognize separate road segments as parts
of a certain motorway and perform a good quality road labeling. Regard-
ing the second demand, no obvious way to extract knowledge of intercon-
nected motorways was detected. Yet, to depict clear junctions or perform
tasks on a road graph, topological relations should be known.

The described methods to improve OSM data and, thus, depict high
quality highway maps, have successfully indicated a good potential. They
have shown, that OSM data, in countries with similar major road complete-
ness to Austrian network, is in a sufficient level to use automated data en-
hancement methods. The results have presented that the procedures de-
scribed in this work are appropriate for OSM data characteristics and can
fix a significant amount of errors

The techniques are applicable also to other elements and tags. Besides
using the attribute accuracy improvement methods for motorway name
and reference number, they can be applied to other tags, such as maxi-
mum speed and road pavement type. Fuzzy string matching can correct
any name attributes, if reference data is available. The method for extract-
ing motorway topological information can be additionally used with other
major road classes than motorways.

Regarding the research question, what is the relation between carto-
graphic demands and OpenStreetMap motorway data, it has been shown
that after just a few surgical changes OSM data has a great potential to be
used as a basis for neat motorway network depictions. A number of issues,
based on visual observations and underlying data, after the analysis were
evident. However, the results of developed methods have demonstrated,
that the state of the data is sufficient to cope with the assessed problems.

6.1 Open discussion and future work

Keeping in mind the weaknesses and strengths, derived from OSM data
model, the following three aspects may be considered:

e Automated methods, such as those described in this thesis, could be
developed further in order to cope with OSM data imperfections.

e Rigorous checks could prevent incomplete or wrong data from being
inserted into OSM.

e The OSM data model and the way data is inserted might need im-
provements.

It is clear that development of perfect, automated methods, that detect
and fix data without any manual interference, is unfeasible. Likewise, since
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the OSM project is highly dependent on contributor motivation, creating a
strict data insertion procedure that allows only high quality data imports,
might result in a decreased number of volunteers and, thus, OSM popular-

ity.

The future suggestion is to create a system where data insertion is not
made more difficult but instead guides the user, that restricts the actions
of contributors to a higher level than it is currently but keeps their moti-
vation. Introducing system where users with certain expertise have access
to certain actions, such as adding new tags, additionally, cross-referencing
existing tags with similar meaning, regulating the creation of new highway
relations and similar limitations could possibly improve the quality of data.
Better guided and more consistent data import would potentially lessen the
necessity for error correction method development and make further work
with OpenStreetMap easier.

Moreover, data enhancement methods, such as the ones described in
this thesis, cannot make logical assumptions and enrich data without a suf-
ficient amount of already existing data or third party sources. Currently
there is a number of quality assurance (QA) tools detecting anomalies and
errors in OSM. More active editing of the detected errors, would improve
the results of the automated methods. However, users are expected to have
their own initiative to use these tools and choose the tasks.

In order to improve the speed of data fixing, the small tasks from the
QA tools could be assigned to contributors based on their current location,
district or city in a question form. That question could ask to approve or
decline correctness of some information in the map and invite to fix it. The
more correct data will be contributed to OSM, the easier it will be to tackle
the imperfections and, thus, satisfy a number of cartographic demands.

In further research, the rules and parameters of the methods presented
in this work can be adapted. Particularly, in case of location based attribute
accuracy improvement method, specifying defined rules more thoroughly,
would lead to more intelligent decisions. Furthermore, none of the meth-
ods individually is able to address all cases of attribute issues. However,
a combination of these techniques working together would possibly give
impressive results. Enhancing the individual methods and developing a
certain work-flow to address the issue as a whole, would be a further chal-
lenge to tackle.
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