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ABSTRACT. New concepts like free data or Volunte€eographic Information (VGI)
recently emerged thanks to new Web 2.0 technolobiesOpenStreetMap project is the most
significant VGI example. It aims at producing frgector geographic databases using
contributions of Internet users. The problem oftgpalata quality is a key question in this

context of freely downloadable geographic databases

This paper studies the quality of French OpenStlaptdata. It is an extension of the work of
Haklay (2008) on the area of France. It also pr@gdextra elements assessments of spatial
data quality (geometric, attribute, semantic andnperal accuracy, logical consistency,
completeness, lineage and usage) and uses differetiiods of quality control. Results raise
problematic aspects of VGI spatial data quality ls@as the heterogeneity of processes and
scales of production, or the respect to standadliaed accepted specifications. In order to
improve data quality, a balance has to be struckwvben the contributors’ freedom and his
respect of specifications. The development of adiapblutions to provide this balance is an

important research issue in the domain of usergegated contents.
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1. Introduction

With the advent of the current Web 2.0, contribsitdo not just look for content but are also
creating it themselves, as showing the succesaogldook, MySpace, YouTube or forums.
This new phenomenon generates new methods of produthat Tapscott and Williams
(2007) describe as tlwowdsourcing which consists in using the expertise of a largeber

of users to perform tasks at a lower cost. At thmes time, the success of open source
software is extended by the emergence of open d@se¢althat can be used more or less freely
depending on the type of license. Thus, some neatiadpdata producers as local
administrations (Touya, 2004) prefer to make amrecbmmunity benefit from the data they
produce rather than keep data for private use. thegewith the democratisation of GPS,
these two phenomena meet up today turning everyote a sensor of geographic
information, able to provide a contributively creditgeographic information &folunteered
Geographic Information(VGI) (Goodchild, 2007). That is what Sui (20083lled the

wikification of geographic information.

In this context, the rapid development of the OpgmeMap project (OSM), born in 2004 in
England, is not surprising (http://www.openstreqgieg). Each project member is invited to
submit data acquired mainly by GPS. It is then laké on the website like in cartography
sites as GoogleMaps or th&eoportals Above all OpenStreetMap data are freely
downloadable in vector format. The project, whicasworiginally limited to English roads,
has spread around the world, and allows contrilsutmicapture topographic databases. Given
the possible applications of spatial vector databasnapping, geographic analysis, urban

planning or risk prevention), the question of thialgy of such data should be asked.



The COGIT Laboratory is historically involved insearch aspects of spatial data quality
(Vauglin, 1997; Bonin, 2000; Olteanu, 2008). Cutrevork deals with the design of an
evaluation model of geometric imprecision in vediatabases. The possibility to evaluate
geometric accuracy of OSM data with recent tocds/ep the way to extend the assessment to
others elements of spatial data quality.

The question of quality assessment also includ@spadson with institutional geographic
databases, as those of the French National Mapgygegcy (Institut Geographique National,
IGN). Haklay (2009) suggested comparing British O8kta with those of the Ordnance
Survey, the English national mapping agency. Is taintext, the objective of this paper is to
extend the work of Haklay to French data, taking iaccount more elements of quality of a

geographic database, and using other quality comethods.

The following part of this paper describes morecig@y the OSM project and its data model.
The third part presents the selected elementsaifatmlata quality and the study areas. The
fourth part proposes an assessment of OSM datatyquagarding the elements of spatial
data quality presented previously. Then, the fd#nt discusses of the place of specifications
in the OSM data production process. Finally, thé&clar ends with a conclusion and

perspectives of further research.

2. What is OpenStreetMap?

2.1. The OpenStreetMap project

OpenStreetMap (OSM) is a collaborative project Mé&ipedia, started in England in 2004



by Steve Coast. The aim of OSM is to create andigeofree geographic data. The project
aims to compensate the lack of free data becausgrajghic data, even freely available, are
provided with licenses restricting the use of infation and the creativity according to
project leaders. The data are distributed undelite@se “Creative Commons Attribution-
ShareAlike 2.0 license”. This license allows usihg data completely freely, in condition to
distribute any derived data under the same licefseinstance, corrected OSM data can not
be sold.

Data stored in OSM by contributors of the projec¢ anodelled and stored in tagged
geometric primitives (see 3.2). For example, a raad polyline with tagshighway =
"primary"”, oneway= "no" andname= "N10". Geometric primitives are of three typpsints,
paths (polylines) and relationships (linking poitisd paths with tags) that are not really
geometricprimitives. The surfaces are represented by clpsgkds. There are quite precise
specifications listing the accepted tags and fi@tlvalues (Figure 1). A contributor can
submit a new tag or a new value that can be adud#utketspecifications after a vote. Even if it
is not advised, the contributor is free to use tags values outside of these specifications. To
facilitate the work of the contributor, there atecainformation files showing how to tag a
given situation: in the Figure 2, the situatiortlué image is modelled by 3 items (2 roads and
a tramway line). Data are available from any angecsied for export in a specific XML

based format. It has to be translated if anyoné&gato use the data in another application.

Data is captured using GIS software adapted to @&M with editing functions to create
OSM geometric primitives and tag them. Differenttware exists to edit and capture OSM
data (Potlatch ®, JOSM ®, Merkaartor ®). In suckivgare, data can be created directly but
come generally from free sources like personal @&ks. Different datasets have been made

available by government agencies for the OSM ptpjée TIGER data of the United States,



Prototype Global Shoreline (NGA) or Landsat 7 dié¢eimagery. In France, the official

authorization to capture geographic objects usaugastral data has been given in 2009.

OSM applications currently aim to foster mappingativity of potential contributors of
geographic data. Thus, there are various sitesopmop OSM data as CloudMade (route
calculation) or GeoFabrik (which provides OSM datshapefile for example). Allan (2008)

offers maps suitable for cyclists.

3.2. Analysis of the OpenStreetMap data model

Institutional geographic databases are structurectlasses, attributes and relationships
(Goodchild, 1992). An object of a geographic dasabaelongs therefore to a class, for
exampleroad segment&and has values for different attributes of theglasich as "Highway"
for the attributenatureand "20m" for the attributevidth. The BD TOPO ® IGN is composed
of thirty classes divided into different themestsas hydrography, buildings or transportation

systems.

As stated previously, OSM data follow a differenbvdel rather used in the management of
Internet resources, the Resource Description Frame(®RDF) defined in Manola and Miller
(2004). Information is modelled as a triplet (res@y property, value). In the case of OSM,
the resource is a geometric primitive with coortiisathe property is a tag and the value is a
value of the tag. The triple follow the form: (pt{xy y); highway; primary). This RDF
information is represented in XML as in Figure ndgpared to a conventional structure in

classes and attributes, RDF allows the easy iniegraf not obvious objects to identify in



classes, but on which we know certain propertiesniens (2006) explains that the RDF is
particularly effective if it is coupled with a RD&Echemamodel that describes resources and
properties with a vocabulary. In the case of OSpkctications are not as structured as in a

RDFS model.

The RDF structure can pose several problems.quie complex to translate data into RDF
classes and attributes. Several solutions are ldest®i switch from one to another, but the
translation into classes inevitably generate logseshe tag information and the number of
classes is not easy to decide. For example, tagschiaracterise highway roads may include
points, lines, or surfaces and the separationalasses is not clear. The reverse transition is
automatic (Lemmens, 2006). Another problem concetestification of real world objects.
The ideal way would be to carry a unique identibarthe real world entities, or on an object.
In the case of OSM, identifiers refer to the geamgirimitives, which generate difficulties to
manage and update databases.

Nevertheless, structuring geographic data in a RBimat can also prove interesting.
Goodwin et al (2008) translated Ordnance Survey iAdhtmative database in RDF to
facilitate interoperability but using ontology tmrialise properties contrary to OSM.
Goodwin et al (2008) also noticed that topologatiehs explicitly stored in RDF allowed

good querying performance.

3. Selections of quality elements and study areas

3.1. Elements of spatial data quality



Several elements (or components) are proposed soride the quality of geographic
databases (Vauglin 1997). Using Guptill and Mons§&tR95) and Kresse and Fadaie (2003),
the following elements are selected to assessuaktyjof OSM data:

- Geometric accuracyassesses the positioning and geometries resolérion the ground
reality.

- Attribute accuracy assesses the accuracy of attributes capturedrdawgoto the
specifications of the database.

- Completenessvaluates if all data are present in the database

- Logical consistencyassesses the degree of internal consistency aelimg rules and
specifications (including respect of integrity ctvasits (Servigne et al, 2000)).

- Semantic accuracyassesses if the semantics carried by the obpectespond to the real
world.

- Temporal accuracyevaluates the actuality of the database relativehanges in the real
world.

- Lineage concerns the lineage of objects, their captucethair evolution.

- Usage evaluates how well the database fits for thethaewill be made.

The assessment of some elements - for instanceegeormr attribute accuracy - involves the
recourse of reference datasets to perform comparida this case, the BD TOPO ® Large

Scale Referential (RGE) from IGN is used to evauhe quality of OSM data.

3.2. Study areas
To complete the assessment of the elements ofbplatia quality evocated above, different
study areas are used, due to several constraimseTareas are presented in this part in order

to justify the failure to conduct a systematic gse on a given and spatially limited area.



The region oHendayewas initially supposed to be the study area. Tégson is composed of

a variety of landscapes (mountains, valley plaind Bttoral) and presents both rural and
urban areas. The availability of reference datasetdso a key asset to conduct analysis in
this area. It is used to assess geometric accyfacyoints and polylines primitives) and
semantic accuracy using the themead networkandcoastline Unfortunately, the waste of
polygonal objects in a critical size on the thdaile - which is the most adapted to perform
this task - obliged to use another study area.

To complete the assessment of geometric accuracgdiggonal objects, the mountainous
region ofl’Alpe d’'Huezappeared to be particularly convenient. Indeedas@nts a sufficient
set of objects on the thenheke to perform comparisons with a reference datases. diso
used for the evaluation of attribute accuracy.

The assessment of logical consistency is realisedo different areas, particularly alohg
SeineandLa Garonnerivers - two of the largest French rivers - in erdo analyse inter-
theme topological consistency between thewaterwaysandadministrative limits

Other elements of spatial data quality, as compéste and temporal accuracy, are performed
on the entire French territory, using all the OSMadavailable. Some focuses on 75 equally
distributed areas are performed, in order to amalyse spatial distribution of contributors’
involvement.

Several illustrations are also proposed in diffeaeas of France, as the departmentseof

CreuseandLa Seine-Maritimeor the towns oParis andToulouse

4. Quality assessment of French Openstreetmap data

4.1. Geometric Accuracy



To estimate geometric accuracy, comparisons areerhativeen the OSM data (data sets to
compare) and BD TOPO ® (reference datasets withe&ienresolution). “Homologous”
objects are selected and matched manually to astoats related to an automatic process.
Differences in position are then computed on eaah @ homologous objects. A specific

application is developed in Java, based on the @géhe library (Bucher et al, 2009).

4.1.1. Points primitives

The comparison test of points is realised on roaersections from road layers of the two
databases in the region of Hendaye. Pre-treatnseng & topological map from GeOxygene
allows generating nodes, corresponding to roadrsaettions. A sample of 207 pairs of
homologous point objects is achieved by manualctelg trying as possible to cover the

entire study area (Figure 4).

For each pair of selected point objects, Eucliddmtance is used to generate a distance
distribution drawn in Figure 5 and summarised irbl€al. The distribution of positional
differences presented in Figure 5 shows a condenirbetween 2.5 and 10 meters. The
average positional difference, computed from thade, is about 6.65 meters. This distance
is close to the average difference of about 6 meatbserved between OSM and Ordnance
Survey datasets according to Haklay (2009). Importefferences - the maximum distance
recorded is 31.58 meters - are relatively margihbey are certainly due to errors of capture
by the operator or by the precision of the GPS s€herrors don’t constitute outliers, because

the matching has been supervised manually. Ths$ fesult shows a classical distribution
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with a concentration of errors between 2 and 10ersetNevertheless, no specifications

guarantee this result, as indicated by large diffees in the distribution.

4.1.2. Linear primitives

To characterise positional differences betweenalingbjects, two distances are used: the
Hausdorff distancand theaverage distance

The Hausdorff distance measures the maximum dewifétween two polylines, as shown in
Figure 6a. The Hausdorff distance dH between pwdgliL1 and L2 is defined as follows:

dH = max (d1, d2)

where dl1 represents the maximum of the shortestamdiess from L1 to L2

and d2 is the maximum of the shortest distancen frd to L1.

The average distance between two polylines, inteduby McMaster (1986), measures a
distance defined by the ratio between the surfasefarating the two polylines L1 and L2
with their average length, as shown in Figure @ie €quation of the average distaddéis
defined as follows:

S
[1+L2
2

dM =

Two tests are performed to characterise the gearagtcuracy of linear objects from OSM
data: using road and coastline layers. For the neadork, a selection of 50 pairs of

homologous linear objects in the region of Hendayesed.

The distribution of Hausdorff distances shown igufe 7, indicates a concentration between
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5 and 15 meters with a peak between 5 and 10 méteesaverage of maximum deviations
(Table 2) reaches 13.57 meters. It is importamtuance the interpretation of extreme values
(beyond 20 meters), which may be biased by thednoirtion of extremities of polylines
(departure and arrival nodes) in the computatioHadsdorff distance.

Distribution of average distances as shown in Edirand Table 2 is fairly spread, but in
relatively small distances (0 to 6 meters), knowthgt in the reality, a road is around 6
meters wide. Nevertheless, nothing indicates if O&gments represent the axis of the road,
as it is clearly specified in the specificationglod BD TOPO®.

The distribution of average distance on road nétwanfirms the observation made by
Haklay (2008) showing differences about 6 meteus tie observation of Hausdorff distances

reveals relatively large local heterogeneitiehm ©SM dataset.

A comparison of the theme coastline is also coretligh the region of Hendaye, after
extraction of three pairs of homologous linear otge(Figure 9). Some portions of the
coastline, with important differences, have notrbken into account. Indeed, the coastline
specified by IGN on the BD TOPO® (level of highestes with a 120 coefficient) can
penetrate deeply inlands in some estuaries. The l@@wever may not be represented in OSM
data, because of the lack of specifications of waptand the subjectivity of the operator in
his perception of the coastline. But before compuutdifferences, a simple observation
reveals the heterogeneity of the OSM coastline yrhdn process. Some portions of the
OSM coastline are perfectly superposed to the asoeiged by the NGA (Prototype Global
Shoreline) and some other not (in estuaries orrudrsaas). This situation well illustrates the
cohabitation of two production process methodsafsame layer (NGA extraction and manual

capture by a contributor) and has a significantaotpn the computation of differences.
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The couple No. 1 (Figure 9), captured in urban greaesents smaller differences than the
two other couples (Hausdorff distance of 25.93 nsetdd average distance of 0.82 meters).
Couples No. 2 and No. 3 (Figure 9), captured irasu@ bays and cliffs, present significant

differences, respectively Hausdorff distances 098.88 meters and 154.56 meters, and
average distances of 32.21 and 26.58 meters. Tivdimear abscise difference between the

two couple’s reaches 11% of the total length ofréference dataset (BD TOPO®).

In this example, it is clearly observed that thkeatmtation of two sources of capture generates
heterogeneities in the differences computed. Thalyais shows that large differences

correspond to the part of coastline extracted fittbe NGA, and small ones to the part

captured manually by a contributor in urban ar&uch results are particularly interesting

because they illustrate the importance of defimrerise specifications of capture.

4.1.3. Polygonal primitives
To characterise differences between polygonal thjethe distance used is the surface
distance, proposed by Vauglin (1997) (Figure 10).

: . S(An B)
The surface distance dS is therefore computed: 11877
S(AOB)

where dS [0, 1]

wheredS=0ifA=BanddS=1ifAB=0

The surface distance is defined in the intervall]p,If the distance is equal to O, the two
polygons are equal, if the distance is equal totle two polygons are disjoint.
The comparison of polygonal objects is carriedlmtheme lakes in the mountainous region

of 'Alpe d'Huez
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A 2500 km2 study zone has been previously delimitedresponding to 106 OSM lakes. In
order to perform comparisons, lakes representgabbygons with holes or multiple polygons

are eliminated. Finally, a sample of 68 pairs ahlbgous surfaces is used (Figure 11).

The distribution of surface distances (Figure Hgves a concentration peak between 0.1 and
0.25, which corresponds to quite low differencesleked, Bel Hadj Ali and Vauglin (1999)
proposed a polygon object matching process paabeth on surface distance and considered
such distribution as showing little difference. Yhaompared buildings from cadastral and
topographic data (considered as quite close intipasaind shape) and noticed that 25% were

under 0.05, which is not the case here, and 70% betwveen 0.15 and 0.45.

However, comparison of polygonal primitives regsit@oth a comparison of positions but

also of shapes. To cope with this requirement, Weaity and compactness measures were
carried out on the same dataset (Table 3). Theutgaty measure used simply returns the
shortest segment of the polygon. It measures regoldifferences and the standard deviation
shows great heterogeneity compared to BD TOPO®.gaainess is computed using Miller's

measure (McEachren, 1985):

_ 2nxarea
perimeter

Compactness differences allow assessing shapeetifies between OSM lakes and BD

TOPO ones. Table 3 show that, here, the differeacesmall.

4.2. Attribute accuracy
Table 4 shows quantitative results on attributeussiy while Figure 12 shows qualitative
assessment on attribute accuracy. Quantitativdtsestuow that the main tag of each type of

objects analysed is mostly informed (except fodeoahere the ratio is only 85%) while the
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secondary attributes are rarely informed. Qualitatesults are based on the same method as
for geometry but using here the Levenstein distahaecompares strings. Qualitative results
show that only 55% of the lake names (of the samplé8 lakes in the region dfAlpes
d’'Hue? are as informed as in the BD TOPO®, but when they, the names are nearly
identical (a distance of Levenstein between 1 agergerally corresponds to simple spelling

mistakes).

4.3. Semantic accuracy

Semantic accuracy assessment is also carried otlheomature or function of 585 roads
represented in the tdgghwayin OSM data that was compared to tieure attribute of BD
TOPO® roads. The main roads, corresponding to "kMwg" and "Primary" values have
semantically correct classification as nearly 100%ve their BD TOPO® homologous
classified the same way. But only 49% of the seaondoads are semantically correct
compared to BD TOPO®. The error made by the comtoils is mainly the underestimation
of road importance: roads considered as "seconderyBD TOPO® are classified as
"Residential" or "Tertiary" in OSM data. The numlaérocal roads in the OSM sample was
to low to do the same comparison. Our interpretatg that when semantic classification
specifications are clear like for main roads, temantic accuracy is good which pleads once
again for better specifications.

Other qualitative remarks can be made on the hggeety of attribute values allowed in
OSM. TheOne Waytag, when filled, contains in the whole Frenchdrdata the values 0, 1, -

1, yes, no, true or false.
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Semantic and attribute accuracy are not guararigedtie specifications which explains the
guantitative and qualitative results. Several is®plain the low accuracy:

- Specifications, by their global reach, are exebgndetailed but don’t cover a classification
commonly accepted by all contributors, who accagdmtheir profiles will be concerned in a
limited part of the semantic possibilities. Thisusas semantic incoherencies depending on
contributors: for example, secondary, tertiary eggldential roads will not be classified in the
same way.

- Even if it is not recommended, you can enter tagd values that are not present in the
specifications.

- There is not a commission for the managementanfies, no more than recommendations
for formatting (capitalisation, prefixes, etc....There is therefore a very high inaccuracy in
the names that are captured in the tag "name'eXample on the same point of interest, we
can have "Eglise Saint Jacques" and "Ecole Sacquis".

As a consequence, standardised specificationsiging/lecommanded to improve semantic

and attribute quality of OSM data.

4.4. Completeness

Goodchild (2009) claims that completeness is onéhefmost significant aspects of VGI
guality. Measures of completeness are presentédbie 5. Regarding the number of objects,
OSM is far from being complete for every theme adeied. Regarding the total length/area
of objects, the difference is less important. Tit@sult means that smaller objects are more
likely to be absent, reflecting the fact that ctimttors are more focused on capturing
attracting objects (the most useful for their int).

It appears that the data density does not depehydoonthe density of information on the

territory but also on the density of OSM contriligtothat clearly excludes a number of
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territories (Figure 13). Thus, territories are bregtresented in rich areas and / or with a young
population as shown by the extracts of the 15thralissement of Paris (Figure 14a) or the
University Paul Sabatier in Toulouse (Figure 14khe middle-size towns remain captured
quite exhaustively. But lacks are observed at lasgales (street level) in some areas (Figure
15a). Completeness becomes very problematic il asran the Creuse (Figure 15a) where
only a public utility mission would require surve¥sven in tourist areas like the Cote d'Azur,
there are empty areas. Our assessment is confiopnadnore systematic analysis performed
on English OSM data from Haklay (2009), who hasnghthat disadvantaged areas were less

well covered.

4.5. Logical consistency

The logical consistency measures the consistenayiffedfrent database objects with other
objects of the same theme (intra-theme consistemicypjects of other themes (inter-theme
consistency). For example, linear roads must b&uoagh in network and must share the same
geometry as the administrative boundaries whers ithe case in the reality. Respect for
logical consistency is generally done by the inicitbn of integrity constraints (Servigne et
al, 2000). However, OSM does not contain any intggronstraints. Respect for logical
consistency depends on the carefulness of eachlmaot during the capture. This results in
many problems of logical consistency. Differentesaare presented below.

Regarding intra-theme consistency, connectivityoafds is relatively assured (approx. 95%)
using the snapping capacity of the capture tooigu(e 16a) while in the BD TOPO ® for
instance, this error is guaranteed at less thamudi®ag auto-correction tools. Furthermore the
structure of the network is not at all guarantdeduyre 16b) while a good model finishes each

line at every intersection (Egenhofer, 1993). Aeotexample, observed on the thelalee
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illustrates the same real world entity represefgadnultiple captures (Figure 17b). In all of
these cases, the bad intra-theme consistency lingtase of data.

Regarding inter-theme consistency, Figure 17a agdr& 18 show how the capture of the
administrative boundary has been carried out indegetly of the roads or the coastline,
which generates strong inconsistencies. Moreovaresstatistics have been computed on
river/administrative limit consistency, along theers “La Garonne” (on 158 km) andLa
Seine” (on 137 km). 68% of the tested administrative sumite not topologically consistent

with rivers with great heterogeneity.

4.6. Temporal accuracy

The process of publication and diffusion of a manar update is fast in OSM, where

contributions are automatically integrated withaubderation. But the management of
updates is not systematic and depends on the stdeoé contributors. Table 6 shows the
evolution of French OSM data in number of objeatsrahree months: a 30% mean increase
for all objects. This evolution illustrates the e¢teity of OSM contributors, but although the

evolutions are mainly completions of new objectheathan updates of existing objects.

4.7. Lineage

A data lineage is provided: a comment about tha diirage is associated to the contributor.
However, we don’'t know how the data were capturecept the software used. Also, the
support used is not informed, as GPS tracks, gateflagery or external datasets. This can be
guite annoying in the case of data for which meshcah be multiple or even illegal. Instead,
in the BD TOPO ®, a source attribute informs thethod used to capture data (photo

restitution, map or field collection...).
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Moreover, the historic of modifications is not kepiaking the integration of institutional data
difficult: if the geometry is changed, it becomespbssible to propagate the official updates.
Goodchild (2008) claims that each contributor cdrb®trusted the same between institutions
gualified asauthoritative and simple contributors that are at masserted Coleman et al
(2009) confirms such confidence differences andp@ses an option of calling upon
moderators like in Wikipedia to control the diffatdypes of contributions. A proper lineage
metadata would allow granting trustful contribugowith rights forbidding less trustworthy

contributions to update them.

4.8. Usage

Following the precedent discussion, we agree whth ¢onclusions of Haklay (2009) that
typical applications of OSM vector data appear ® limited to mapping. Navigation
applications are limited by the problems of logicahsistency: it is necessary to restructure
all data in a GIS to use them for navigation, Whnt the lack of completeness, as attribute
accuracy, would cause errors hardly acceptabled Roa river topological inconsistencies
would also prevent the network from being autonadiycpruned (Touya, 2007) which is
necessary to display it at different scales. Evéassical geo-processing process like
generating administrative polygons from limits masly fails because of low quality logical
consistency. Urban planning applications would beitéd in particular by the strong
heterogeneity of geometric precision. Finally, application based on OSM data would face
major problems of updating management.

The strong heterogeneity of OSM data resolution a@ects their mapping. Ruas (2004)
shows that resolution and scale represent key pté @@ cartographic visualisation linked to
generalisation purposes (Mackaness et al, 2007erBnces in resolution between themes, or

with other themes, severely limit the possibilifyamtomatic generalisation, and therefore, a
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correct representation of data at different scaldss also blocks a real definition of the
reference scale of these data, which correspontfeinptimal scale for mapping (Mackaness

et al, 2007).

5. Specifications to Improve VGI Quality

The evaluation of different aspects of OSM dataliyueeveal the key role of specifications
to ensure quality as several error types come feodack or fuzzy specifications. The
specifications of a geographic database gatherséection and modelling choices of the
database. In OSM, the specifications are rich amdptex but informal, instead of being
recorded in written formalised and well acceptedcdjrations. A contributor is advised to
follow the specification but does not have to. kwstance, the inaccuracy of the coastline
(Figure 9) is due to a lack of capture specifiaaioExpert contributors aware of the
challenges of quality and consistent contributiamk strictly meet the specifications while
novice contributors will probably ignore them. Gobdd (2008) agrees with the idea that
VGI data lack standardised and precise specifioatio be quality geographic data. Indeed,
he claims that although crowdsourcing has provedlitgtive in different domains,
geographic information has particularities thatuiegymodelling and capture agreements.
Gesbert (2005) proposes a formal model for geogeagditabase specifications to allow the
specifications to be machine-interpretable. Aba(@609) extends this formalisation to
propose an XML specification model that helps téede automatically inconsistencies in
data, which could be useful to improve OSM data.

The definition of a reference scale and of a rdagmiu(Ruas, 2004) is also related to the
definition of specifications. The capture of a adnition should be based on a reference

scale, a resolution described in the specificatidasavoid resolution heterogeneity.
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OpenStreetMaps clearly lacks reference scale rawogesured data should be specified to be
used in a specific scale range where its quality @solution is good enough like in the
ScaleMaster(Brewer and Buttenfield, 2007). Actually, each OSbhture has its own
reference scale and resolution (buildings and {mplareas do not have the same resolution
but coexist in OSM) but the information is not dabie in metadata.

However, Coleman et al (2009) show that the mgjaft VGI contributors are occasional
contributors and mostlinterested amateurthat could be afraid of strict specifications for
contributions. The success of VGI lies in the sigipl of contributions and many debates in
the OSM contributor community show that should hettoo restrained, even to improve
quality. We believe that the improvement of OSMadguality requires to find the ideal
balance between specifications and contributioedom. A convenient way to reach such
balance is to use automatic consistency checkitig stict specification. Brando and Bucher
(2010) propose to let contributions be simple aee but to check contribution consistency
with the specifications. The automatic process woptovide corrected and consistent

information to the contributor that would be freeaccept the modifications or not.

The importance of specifications in the qualityesssnent of OSM data highlights the change
of paradigm in the concept of spatial data quatiyised classically between internal quality
(respect of specifications defined by the produeed external quality (fithess for use). In the
case of VGI, the contributor can be a producerander in the same time. He can contribute
for himself but also for the entire community aretetmines himself his level of compliance

of specifications.

6. Conclusion and further work
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In conclusion, this article has presented a qualssessment of the reference site for free and
contributively created data OpenStreetMap. Aftescdbing the project and its data model, an
assessment of OSM data has been performed onediffelements of spatial data quality. It
constitutes an extension to the work of Haklay @08 France, but also proposes a larger set
of quality assessment (points and polygons prim#ifor geometric accuracy, attribute
accuracy...). Results show the advantage of respemssgs and flexibility of OSM, but also
the problematic aspect of heterogeneity in OSM ,dditaiting highly the possible
applications. This heterogeneity is particularhpkned by to the cohabitation of different
data sources, processes of capture, and contréyafiles, highlighting the importance to
follow accepted specifications.

The possibility to find the ideal balance betwepacsfications and contributors freedom has
been raised, opening the way to new research isagdae contributors’ assistance with an
automatic checking of contributions consistencyhgpecifications.

This work also illustrates the difficulty to condua systematic analysis, due to the lack of
OSM data contributions in some areas. Performirgytésk constitutes a further work, as well

as a more precise assessment according to spgedgraphical contexts.
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Rendering

Key Value Element Comment Photo
(osmarender)
Roads
Autoroute
Par défaut : lanes="2", maapeed="130"
Aol
highuway motonway ol PR
+ int_ref="E 30"

+ name="Autoroute du Soleil"
+ lanes="" (s voies > 2)

Bretelle d'accés ou de sorfie d'une autoroute
highuay rmotorway_link @ Par défaut : lanes="1", mazspead=?
= + onenay="yes"
it "motomay_junetion' pour le numéra de sortie

Woie rapide ou woie express, Woie avant les caractéristigues d'une autoroute. En général, ung

2x2 woies avec séparation centrale.
highay trunk @ Par défaut : lanes="2", mawspeed="110" (sauf périph. Paris: 30)
+ et e ou "Dt
+ onenay="yes"
+ ane="! (si voies <= 2)

Vaoie d'accds & une voie rapide ou woie express
H Par défaut : lanes="1", maxspeed="7
+ onenay="yes

highway trunk_link

Figure 1. Preview of the specifications (in Frenchdf the tag "highway".
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highway=primary
lanes=2
OHEVAY=Fes
name=Fheinstrabe
ref=B Z&

railway=tram

highway=primary
lanes=2
Onevay=yes
namne=Fheinstrabe
ref=B 26

Primary with directions separated by tram ling

Figure 2. Preview of an information leaflet to tagsituations. Here, a tramway line.



<node id="25213726" lat="43.3020693" lon="-0.3626" version="3 changeset="52741" user='
uid="43565" visible="true" timestamp="2008-06-04T716:132">

<tag k="name" v="Station Shell"/>

<tag k="postal_code" v="64000"/>

<tag k="created_by" v="Potlatch 0.9¢c"/>

<tag k="amenity" v="fuel"/>

<tag k="fuel_Ipg" v="yes"/>

<tag k="is_in" v="PAU"/>

<tag k="source" v="stations.gpl.online.fr"/>

<tag k="address" v="65, Avenue MarA©chal Leclér
</node:

Figure 3. Example of a geometric primitive (a pointtagged in RDF in the XML export format of OSM.
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Figure 4. Localization (in green) of the 207 pair®f homologous point objects
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Figure 5. Distribution of Euclidean distances fromthe sample of road intersections
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Figure 6. Hausdorff distance (a) and average distae (b) between two polylines
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Figure 7. Distribution of Hausdorff distances fromthe sample of roads
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Figure 8. Distribution of average distances from te sample of roads
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Figure 9. Representation of the 3 sample couples obastlines. The grey area shows the gap betweertlea

couple.
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. s

Figure 10. Surface distance between two polygons.
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Figure 11. Selection of OSM polygonal objects (bljend BD Topo (red) and distribution of surface
distances.
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Levenstein | (35
distance
30
Statistics Value
MMamimum 23 2
— 20 +
Minimum 1]
15 +
Median 2
10 H
Ifean 456
577 { —’>
Standard deviation .90 . | R |_| o |_| | |_| | |
Coefficient of Variation 1,39 2 z j Z i o 5 4 0“0‘ i
= Y S 9 3

Figure 12. Statistics of Levenstein distance betwedake names in OSM and BD TOPO® and distribution
of the distances on the right.



Figure 13.

Heterogeneity of “Administrative Limit” layer completeness
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Figure 14. Extracts of OSM in areas well covered wdre data is quite diverse and complete: (a) in the5th
arrondissement of Paris (b) on the University PauSabatier in Toulouse.



39

Figure 15. Extracts of OSM: (a) the town-center oPau : medium-sized cities are moderately complete:
most buildings and some streets are missing. (b) {breuse: The information is extremely poor (municigl
limits and some main roads).
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Figure 16. Problems of internal consistency in theoad network: (a) roads are not connected at an
intersection, (b) unstructured road network.



(b)

\ 2

Figure 17. (a) The selected administrative limit (lwe) is not at all consistent with the roads (b) Seral

lakes are captured in the same location.
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W,

%wi/ﬂ/u

Figure 18. Example of both types of inconsistenciebetween administrative borders, that are sometime
captured on the coastline and sometimes not, and tweeen coastline and administrative borders that
should share geometry.




A real world lake:
permanent water area

Lakes with area > 50 m2
are represented

« —
Real World —P[Categorisation ]-‘—P[ Selection

Which real world For each type, which
objects are observed? objects are represented?

Which conceptual data model Modelli
to represent the objects? oaetiing

A lake will be a surfacic object
with name and identifier
attributes

g
-

Logical data model

4—[ Capture ]4——[ Implementation

Which logical data model to
implement the objects?

Figure 19. Production process of structured instittional databases (Balley et al, 2006).
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Statistics WValues

Masmimum distance 3158 m
Minimum distance 068 m.
Mean distance 665 m
Standard deviation 454 m.
Coefficient of variation 68.25%

Table 1. Statistics computed from Euclidean distares between crossroads.

Statistics

Hausdorff distance value

5 Average degtaralues

Distance maximum
Minimum distance
Average distance
Standard deviation

Coefficient of variation

38.8m

3.14 m.

13.57 m.

8.32 m.

61.28%

6.07 m.

0.14 m.

2.19 m.

1.69 m.

76.95%

Table 2. Statistics calculated on distances betweenad linear features.

statistics |OSM BD TOPO OSh BD TOPO
granularnty granularity  |aranularity  [compactness  [compactness |compactness
values (m) values [m) differences |values values differences
Maximum |53 gy 33 52,94 0,94 0,91 0,44
Minimum g 21 0,00 0,21 0,04 0,04 0,01
Mean 8,35 0,68 7,72 0,59 0,52 0,09
wtand ard
deviation 1109 091 10,99 0,20 0,21 0,11

Table 3. Granularity and compactness statistical aaysis of lakes in OSM and BD TOPO®.
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Layer Geometry Objects| Field Informed| Non- Ratio
informed | %

France_poi Point 111440« NAME » 111440 | O 100
France_highway Polyline| 886680« TYPE » 756655 | 130025 |85

« NAME » 382896 | 503784 |43

« ONEWAY » 143274 | 743406 | 16
France_coastline Polyline] 1200 « NAME » 47 1153 4
France_administrativePolyline | 51413 | « NAME » 838 50575 2

« ADMIN_LEVEL » | 51352 61 99.9
France_water Polygon| 12507 « NATURAL » 12507 0 100

« NAME » 2041 10466 16
France_natural Polygon| 24756 « NAME » 4505 24333 18

« TYPE » 24756 0 100

Table 4. Quantitative attribute quality assessmentattribute filling of the shapefile layers extractal from
CloudMade (October 2009) covering completely France

Countin |Countin BD|Count Total length/area |Total length/area |Length/area
Layer OSM TOPO completeness |in OSM in BD TOPO completeness
Roads zone 1 585 9785 6% 575457 1283969 45%
Roads zone 2 12645 123398 10% 7158790 19337345 37%
Lakes 1157 5475 21% 24338969 29489931 83%
Rivers 623 26417 2% 897022 11247268 8%

Table 5. Completeness analysis for different objedayers with the BD TOPO® as reference.

Layer Objects — june | Objects — oct | Evolution Evolution (%)
09 09 (objects)
France_poi 76653 111440 34787 45,4%
France_highway 674205 886680 212475 31,5%
France_coastline 1201 1200 -1 0%
France administrative42286 51413 9127 21,5%
France_ water 10531 12507 1976 18,8%
France_natural 20958 24756 3798 18,1%
TOTAL 825834 1087996 262162 31,7%

Table 6. Comparison of “France_shapefile” themes fgracted from CloudMade) between June 2009 and

October 2009.




