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Abstract

Over the last few years technological developments have contributed to the
increase of onlimaapping. Along with that, free and ogenrce websites began

to appear such as OpenSteetMap; a esoweted created world map. In relation

to the crowesourced data there is a concern about their quality because the
volunteers that contribute the datk e sufficient cartographic training and the
guality cannot be guaranteed. An assessment of the data quality has already been
carried out in the UK focusing on the positional accuracy of the OSM data.

In this dissertation a more generic quality amabgsi carried out that aimed to

include In addition to the positional accuracy, the completeness and the thematic
accuracy of the OSM road network. The positional accuracy assessment has the
same met hodol ogy as the pr esadscategoryst udi e
Furthermore, the studyds objective is t
outside the UK thus revealing any differences to the previous studies that were
carried out mainly in the London area.

The analysis compared the OSM déita the HMGS data, which is the official
cartographic service in Greece. The results showed that in general most of the
guality elements of the tested data source were very good in comparison to the
reference data source. More specifically, the lemgiteteness was found 88%,

the name accuracy more than 87% and the average percentage of overlap between
the two datasets was more than 89%. The name completeness and the type

accuracy had the lowest results; 26% and 33% respectively.
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Keywords

GeoWeb

oThe GeoWeb or Geospatial Web refers to the ability to locally/globally integrate
and share geospatial information vidriteznetd .GeoWelh(2009

Neogeography

oONeogeography means oOoOnew geographydé and
tools that fall outside the realm of traditional GIS, Geographic Information
Systems. Where historically a professional cartographer might use ArcGlIS, talk of
Mercator versus Mollweide projections, and resolve land area disputes, a
neogeographer uses a mapping API like Google Maps, talks about GPX versus
KML, and geotags his photos to make a map of his summer va¢atiamer

2006, page 2)



Tiles

oDynamic,or slippy maps, are composed of a set of individual square images.
Each image is a tile. Together, these tiles are placed next to one another, or
stitched, to give the impression of a large, sliding Ghamer 2006, page 4)

PS

0Global Positioning Stemreally refers to the U.S. military owned and operated
satellite network that provides thdgmensional location. GPS is also sometimes
used to refer to any means of geolocation that provides geographic coorlinates
(Turner 2006, page 4)

Mashups

0 Mshupsare wekbased maps that intermix useyated data with information
gat heredfrom multiple online sources.
technologies, mashups represent a shift toward distributed authoring and sharing
of Internet content, compli@ag traditional modes of knowledge produddion.
(McConchie2008, page 2)

VGI

OVGI is a special case of the larger Web phenomenon knosergenerated
conteno ( Goodchild 2007, page 1)



Introduction

These days geographical data is available to the public through increasingly
dynamic geographical websites. At the same as the Geoweb becomes more and
more popular a new movement is developing, the -samwded movement. This
movement refers to users tipatrticipate to develop a new technology or carry

out tasks that they may not be qualified for and became more popular for the
applications related to the WEB 2.0 technologies (Wikipedia is an excellent
example of that movement). With regards to the géucahdata the crowd

sourced movement is known as VGI (volunteered geographic information); it is a
special case of this WEB phenomenon and has been applied in many popular
websites such as : Wikimapia , OpenStreetMap, Google MyMaps, Flickr.

Furthermore there are several websites that are built upon thesauoved
movement and are also free and egmemced. The advantages of these websites

are that they can update existing mapping databases and also enable the mapping
of the developing wit that is not complete so far. One such example is
OpenStreetMap; a free editable map of the world made by volunteers. The OSM
project has many pros such as: anyone can easily obtain vector data for free, users
can improve and update the map and tharisuseful especially for the case of
poorly mapped regions and also users can create speciality maps or make other

innovative uses.

However there is a concern about the quality of VGI data because the volunteers
that contribute lack sufficient cartogmaptraining needed to create a good
representation of geospatial information. Also the quality of the data cannot be
precisely evaluated. Dobson (2009) writes that there are three categories of spatial
data: controlled data like OS and TeleAtlas, hydmadike Google and Yahoo,

and finally crowgourced data like OSM and Flickr. Though it is possible to



ensure controlled data quality and it is possible to manage hybrid data quality to
meet specific requirements that is not the case for-somnekd dta that cannot

be evaluated on a reliable basis. Finally the major concern for the VGI data is
whether they are used in applications inappropriate considering their quality.

What a user needs from a map so as to be reliable and useful is to be complete,
have known accuracy and currerityhese aspects are identified on OSM then

the fitness of use and the quality of the-giseerated project can be evaluated.

Previous research on OSM project have been done by Haklay (2008), Ather (2009)

and Zulfigar (208) and was mainly focused on the positional accuracy and
completeness of the data in the UK. The objectives of this study are to extend and
continue the previous studies for more quality elements and to an area outside the

UK. The study area is Athens dapital of Greece and the OSM data for this area

will be compared with the HMGS data which is the official mapping agency in
Greece. Also, the quality analysis will include the following quality elements:
length completeness, name completeness, typacgcauame accuracy and

positional accuracy. The idea to explore the thematic accuracy of the OSM data
was driven because of the conclusions ¢
buffer analysis, a few issues with the OSM dataset became clear venitgj prep

the datasets for the buffer overlap pr ¢
(Page 67).

The first chapter of the study is a literature review where the Geoweb, the quality
of the VGI data and the previous research on OSM are discussed. fithe seco
chapter describes briefly the methodology that will be carried out so as to evaluate
the OSM data quality. The next chapters 3 and 4 refer to the study area and the
data that will be used in the study. Then, in chapter 5 the implementation of the
methoalogy is described in detail. Chapter 6 and 7 are the outcome of the study;
the results and the discussion about them. The 8th and final chapter provides the

conclusions that came out throughout the project.
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1. Literature Review

1.1. Geographical Data on the Web

Recent technological developments have changed the traditional mapping field.
The radical increase in online mapping has made geographical data available to the
public, data that was previously only available tobmgeent. Also, numbers
provethatonline maps are an important theaseording to Peterso2q03 the

second most common search on the internet is for map informEtisrsection

of the literature review provides an overview of the cstegrtofthe Geoweb.

This sectiordemonstratethe most common web mapping sitebat kind of

datathey providewho are the potential users and what their utility is.

McConchie(2008)states thathe bestknown of the early mashupss Pau

~

Rademacher 6s HouwdrngWMamHo.l oovmt g6d Chi cac

firstis a combinatioof apartment rentals and houses for sale extracted from the
online classifieds site craigslist.org, and displayed on Googhedify@ssecond

displays crimeerport s from a feed availabl e on
web page and geocoded the reports onto a Google Map.

Some reasons that make online maps so popular is that they are interactive (place
location or find directions), #pdthedminute maps (wdeger maps), animated

maps for weather patterns, and that for the commercial producers they are

f ocusi ng o n Thahiewhyutsedesbkaowmieteradtive web mapping
sites are from commercial producang not from and government mdjne
numbersof users accessing maps online in A¥&:MapQuest 43.7 million

users per month, Yahoo! Maps 20.2 million users Google Maps 6.1 million users,
Microsoft MapPoint 4.68 million users (ComScore Networks E@06yving the

trends of the commercial prodigzgemany government organizations created

online geospatial programs. One example is the Cagadginment with the

9
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programoworldwind (Worldwind 2009)Another example is that dfet New
Zealan@ governmentvith theLand Information New Zealand (LINgyoduct

Without doubt the possibilities and applications of the Geoweblnaost
unlimited. According to interMAp6 the favorite utilities and main possibilities
online are: making maps, integrating location to your web site, locating your
photographs,giving directions to your locations, tracking your stk
mapping your genealogne web site for making maps GgpenStreetMap
(OpenStreetldp 2009. This project aims to create a free and open geographic
database of the world using usdlected dataAmateur or professional users
travel with their GPS and cameras, recording geographical features and then
upload their GPX files to the central OSM servers. Wileading has finished

the users can use any of the available applications, to dahaGRi¢ track data

with actual geographical features. It is also possible to create and print free and
open source mappenLaye(®©penlayer2009 is a free and open source
JavaScript mapping library that provides developers with a large toolkit, allows
use&s put a dyamic map in any web page aad display map tiles and markers
loaded from any source. Another free and -sparce web site d/orldKit
(Worldkit 2009 by Mikel MaronWorldKiis a free and open source Faabked

map that enables the user to easilylowgions and feeds. Other web sites for
making maps arélapstractiqiMapstraction2009, Ning (Ning 2009, Platial

(Platial) 2009 Another very useful application is to use tools and techfimues
geospatial web sites to integrate location to your weBesitiees lik&eoURL

(Geourl 2009 A2B (a2b 200p andGeoTagThin@eoTagThing2009 have a
directory of web sites basedtbair specified location. Then users can find any
web site based on geographic location. Web sites sRadb@SE@RoboGeo

2009, Goo gl e {Gxo 0 B Piea@@09 GPSPhotoLinke€GPSPhotoLinker

2009, SmugMu®mugMug009)RanoramiBanorami 200MappMappr2009,

and ZooomZooomr 2009 allow users to locate their photographs most

popular of the websites that allow users to geotag photographs is pilabably
(Flickr 2009, which allows users to directly enter geographic coordinates for

photographs or geotag photos after setting up the configuration opifions.

10



someone wasto see the tracks ofyasport activity or upload his own tracking

he can find a plethora of related web sites suchla@snBasédotionBased

2009, GPSVisualize(GPSVisualizer2009, GeoTracin¢GeoTrang 2009

MTBGuru (MTBGuru 2009 GoFlying (GoFlying 2009, GPSSledMaps
(GPSSledMap2009 and OpenStreetM@penStreetMa@009) Finally the last

popular utility of the Geoweb is for mappmenealgy. Programs such as:
WikipediaGenealogyVikipedia Genealogy 200%rapmpgGramps 2009,
phpmyfam{ighpmyfamy 2009, and The Next Generatibne Next Generation

2009dare frequently used to document peopl

So far we have seen that the Geoweb has a varfetyctodns such as map
browsers, mapping libraries, geoblogs, interactive webmapping platforms,
geotagging and many more. These sites may provide topographic or thematic
maps depending on the users negdctly what this spatial data is and the quality

of eachneed to be investigatedDobson (2008)identifies three categories of
spatial data on the web: controlled data (for example OS, Navteq, TeleAtlas,
Hybrid), a mix of controlled and uncontrollecad@ike Google, Yahoo, MSN)

and Crowekourced or uncontrolled data (for example GSigkr). Coote and
Rackham (2008 describet h e characteristics apf neog
creation has been stimulated by lack of available data or by frustrationstsyit
restrictions and limitations of existing conventional data sources, b) collaborative:
involving the capture, processing and dissemination of geographic information
provided voluntarily by individuals c)approaches to creation and management are
intuitive and not necessarily tied to accepted standards or methodologies, d)Data
Is licensed using some open source approach, which allows for users to consume
the data without charge provided the original creator is acknowledged and any

other user can dodlsmme wi t h anything. you producebo

Another topic of high importance for many academics in relatits tata

sources s t h e iThe resultehhsibéen an ingrease in the quantity of maps

and geographical information on the web, butlsays t | e of t he 0ql
I nformation and wunderstandi (Mgnmanleout t he

11



20035. With regards to the commercial companies Broderson (2003) states that

the world of geo communication, the possibility of making a proirecsiyd

linked to the user quality at the -eisérs end, with the implication tidati s e r

qgual ityd i s t h eCoote and Rwokban®D@ adeaptthatl | vy ,
neogeographic data is a significant resource but suggests to focus on four main
concerns about hei r g angpletenes®: the peackption that data is
universally aoplete for the area of coverage, disestency the lack of fixed

specification for capture and encoding, whilst mipgrficially attractive by

giving freedom of expression|lwonstain use for analysis jeadjty control

how to assess repeat ably theadwiaddesmobo
uni ntentional or otherwise ddEmductnot wund
d)quality Assurana®the lack of clear anerifiabé statements relating to quality,

and themethods used to assess it, will be serious impediments to widespread
adoptiono(page 11)

In relation to the users, Tsou (2088yshat omost internetnapping users may

lack sufficient cartographic training to manage or interpret the dynamic
representai on of g € 0 s p &doie aahd Rackhb2®(0g mtaytta o n O
categorize the users into four groups:

1) Consumersanyonavho purchases any producservice for personal use.

2) Special Interest Groups (Si@g¢oplewho try collaborativelyo achieve some

sharedjoal.

3) Local Communitiespeople who have a commamterestto protect and

improve their local area.

4) Professionalsisers who are employeddrganizationghat usespatiadata to
perform their business activitidse data are used analyze, report, navigate

otherwise maintain systems.

Coote and Rackha®®0§ also discuss about the needs of each group and which

aspect of quality is important to each group.

12



At the end of this section we will examine the availability of free geographical data

on the web.The need for free geographical data is due to the extassiof

online maps and peopledbs wish for mor e
provided by organizations Government Departments, by commercial companies

or voluntary organizations. These datasets are created by professionals, amateurs

or volunteersFinally which of those are totally free? Free or free and open

sourced?

Many times the licensing or terms of service of the data are not very clear to the
usersoln the case of mashups and the Geoweb we begin to see services that are
costfree to use [fat is, no monetary cost) but which the user does not have the
freedom to use as they wishis distinction between monetarily free and free as

in freedom comes up often in the open source software movepemtsource

software is freefree to copy, butlso fee to modify and use dgsired
McConchie (2008)An example of free geographical data is thathef
TIGER/Line datgTiger 2009)Topologically Integrated Geographic Encoding

and Referencing systemhe datais released under very open terms but refer

only to U.S States. Google maps and Yahoo maps are available for use but under
copyright restriction8y comparisqrweb sites such &8GC(Open Geospatial
Consortiim 2009 ,Open layerspen layers 20p@&nd OpenStreetMajproject
(OpenStreetMa2009 are free and open source web sifes.quote from
OpenStreetMapeb site 0 The project was started be
of as free actually have legal or technical restrictions on their use, holding back
peopl e from usi ng t hem i n creative,

(http://wiki.openstreetmap.org/wiki/Main_Page).

The open source software movement is mainly <owded. However,
academickave disagreements and concerns over the quality of thisemovem
According toMcConchie(2008)0 [Bspite the greater economic resources of
proprietary software, open source software is often comparable or superior in

quality, due to its openness. Because the code to the software can be seen and

13



modified by allevery user is empowered to participate in fixing bugs and adding
featured page2p On the other handMummidi and Krumm (200&yguethat

0 pe of the potential problems of volunteered geographic information (VGI) is
ensuring its quality. Innocent mistaked intentional falsehoods can reduce not

only the quality of the information, b
legitimatesource of data(page 1).

1.2 Quality of Geographical Data

As mentioned aboweodata othe web may lack information about their quality

or their quality may not be very accurate. Especially for the caseFtdn&gIn,

and Metzer (2008 write t h a't oal t hough volunteer e
fundamentally enhanced geographic data, it has aisptqaroconcerns with

regard to its qualjtyeliability and overall valjpage 1)This section explains why

guality is important, the definitions of geographical quality are and the methods of
assessing it.

Tveite (2009pives two reasons of why ithgghly important to have quality

i nformation associ at ed theindrdasing ecgnonica | Spa
and legal importance of spatial data and informata@tision making presses,

such as the AM/FM sectoand?2) the possibility of conming multiple spatial

data setspossibly developed falifferent purposes, inoghisticated analyses

us i n g.ThGuglSgmalitycouldbe describedn a number of waySoote and

Rackham (2008)rite thath e mo st common defini,tion 1is
that is to sajhow suitable is this data for my fegment in solving some

problem. More specificaliypote and Rackham (208&)te that quality depends

mainly on the user requiremehgir expectatiorandthe benefits the user wants

to derive

Fisher (1999)describes theéhree forms of uncertainty thatcur when we

illustratethe real world in a spatial data eebr, vagueness and ambiguity:

14



-Erroris the diference between the value of an attribfiten object measured
with unknown epr and the true value of the saat&ibuteof the same object
measured without errdrhatcan be measured if a clear definwibtne attribute
characteristids available;

-Vaguenesdatedo poor definitionsMaybe caused by poor documentation, or if
objects are fuzzy;

-Ambiguitis due to disagreement on the definitiofeafuresn a spatial data set.

Based on the ISO standards for the quality principles of Geographic information
(1SO 19113: 2003 Geographmormation - Quality principleés Coote and
Rackham (2008scribe how subjective and quantitative quality elements can be
assessed.

Subjective elements

- Purpose: thegtional for creating the dataset

- Usage: thapplication tavhich the dataset has been put
- Lineage: thhistory ofthe dataset.

Quantitative elements
-Positional accuracthe accuracy of the position of features or geographic

objectswhether in two or three dimensions.

-Temporal accuracgiccuray of the temporal attributes (dates and times) and

temporal relationships (e.g. later or earlier than) of features.

-Thematic accuragyccuracy of quantitative attributes and the correctness of non

guantitativettributes and of classifications.

-Non-quartitative attribute correctnessrrectness aion-quantitative attributes

e.g.geographic or other names.

15



-Completenesqresence and absence of objects in a dataset (by inference at a
particular point in time) their attributes and relationships.

-Logical consistendyte degree of adherence tadabrules of data structure
attribution and relationships.

In order to evaluate the accuracy of spatial data a range of measures and methods
are usedSome of them are stricttpantitativeor statisticalypased measures
while other are based on visual observati@ogdchild (1993)suggestsome
modelsfor describing and measuring exrty the accuracy dhe location of a
single point?) the accuracy of a single measured attr}®)ukes probability that a
point at a randomly chosen location anywhere on a map has been misd)assified
the effects of digitizing error on measures of length and)aitea propagation

of errors in rastdsased area class maps through GIS operai)otie error
associated with measures of area derived from dot co@umigrly Hunter
(1999)demonstrates techniquesata quality thathand his team developed the
past few years. Some examples are: ttatckeng of feature coordinate edits and
their reporting in the form o¥isual data quality statements, 2) testiy
reporting the positional accuracy of linear features of unknown, liBgage
simulatingoutput uncertainty in products derived from Digital Elevation Models
4) uncertaintynodelingin vector point, line and polygon datahaSeseporting

data quality information at different levels of database structure.

Methods of assessing linear geographical data

This study will first examine techniques to assess linear geographical data in more
detail. Tveite (2009)definestw aspect s of | i ne@ant accur a
accuracy: positional accuracy can easily be given for well defined points on the line

(eg. the engboints). For the rest of the line, it is difficult to say anything about

16



positional accuracy and to quantify it, b) shape fidelity: to be able to say something
about the accuracy of a line, it is useful to talk about its shape fidelity asdcompar
to another line. The shape fidelity should indicate to what extent #tareun¥

two lines are similar.

Point measures

The point measures method is to determiooeresponding pointén two
comparable datasets. The comparison is madsebes ofpoint comparisons
and then tacalculate the geometric accuracy at these poingse that there is
no matchingof points, itis possibléo sample points along the tested source and
in each case measure the distance to the closest point on the rsfereece
GoodchildandHunter(1997)

The epsilon band

According toTveite (2009the epsilon error band has been a popular caiecept
represent positional uncertainty of linear geographical features resulting from the
geocoding and digitising procétsveverGoodchildandHunter (1997)saythat

it 0 ivery sensitive toutliers This dependence of the mewit outliers and

sample size makes it less than ideally robust, and lessattemnddguality control

me a s (page 300

Thebuffeoverlagtatistics (BJO8ethod

This method is proposed byeite (2009)and the outcome of the method is to
find approximatins for the epsilon error barektimateaverage displacement,
estimate generaltion level and completeness for a line data set of unknown
quality relative to another data $&e BOS method uses a dataset of unknown
guality and compares it with a dataset of high quality (redetat®et) requiring
homogeneity of the dataset$he application of e methodis to establish a

17



number of buffers of various sizes around the lines in both data sets and
comparing them

Positional accuracy of digitized linearGeatdcbddgnd Hunter (1997)

The following method is the one tall be applied in this studys Goodchild

and Hunter (1997%yrite in their paper the advantages of the method are: a) it is
statistically based, i) relativelynsensitive to extreme outliensd, c) does not
require matching of points between reptaiens. Another advantage of this
method is that is based on a simple overlay process that could be done in most
vector GIS programs. The idea is to define the difference between the apparent
location of the object as recorded in a database and ibsatienl The accuracy

of the reference data (with high quality) is accepted as leeingdthh go it ish &
possible tagnore the difference between it and the .tlatipracticetie method
identifiesthe percentage of the total length oftdsted objedhat lies within a
specified distance of the higher accushgct The figurel shows that in this
technique a buffer of widthx is createdor the referencéeature socas to
calculate the proportionf the tested featurthat lies within the buffeif

different buffer sizes are applied the accuracy of the tested source can be
identified.

Coastline to
be tested

\ -—— 'True' coastline
X [ x

Buffer zone

/ of width x

Figure 1 - Goodchild & Hunter buffer comparison technique (source: Goodchild & Hunter 1997)
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1.3. Previous Research of OpenStreetMap data guality

As ateady mentioned, OpenStreetMap and other VGI data have raised concerns

with regards to their qualiBrevious work on OSM map quality has been carried

by out primarilyby Haklay (2008h his papeo How good i s OpensSt
i nf or mandtheo byRtider 009 as part of his M.Eng. project under the
title OA Quality Analysis of OpenStreet

Hakl ay6s (2008) research examined the
accuracy, completeness, number of users per area and the equality in which the
data was collected. To assess these quality elements a comparison between
Meridian2 (reference dagsand OSM (test dataset) was carried out. The study

area covered five OS tiles at 1:10,000 resolution, covering 11Rilsquetres

across England. England was considered the most appropriated study area due to
the fact that OSM started there.

The positional accuracy of OSM was done by a statistical and a visual comparison.
The statistical comparison was performeduifigar (2008)for her M.Eng.
project.The Meridian dataset was used as the reference source and OSM data as
the tested source Githe comparison was performed on a sample of motorway
segments. Based on the technique developed by Goodchild and Hunter (1997)
(already mentioned in sectib® Zulfigar (2008kreated an algorithm using a
program developed an algorithm to calculateotkdap between lines. The
results showed that an average of 80% OSM lines overlap with Meridian2 lines.
The visual comparison of the positional accuracy was carried out using 100
samples in the five OS tiles. The total average distance from the 1&9wsaspl

found to be approximately 6 meters.

The evaluatiomf completeness was undertaken for the whole of England. The
results showed th&SM data cove29% of Englandndapproximately 4%f

these data ladomplete set of attributéSenerallymajor ¢tiesarewell covered
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but that is not the caseya®su move from the centers to tnaskirts .Hence the
inconsistency of OSM data means thabtsyetsuitablefor more sophisticated
GIS analysis

Furthermorethe research showdtke number of usegstterns across the study

area The user analysis showed that 80% ofvekdadigitizedby 90 participants
andhundred<ontributed with onlg few nodeslhe last assessme&rds madéeo

show theequality in which the data was colledted that comparisothhe UK
governmentds I ndex of DepThersltsifoond 2007
thatthe level of coverageasfar lowerfor marginal placeshereashere was a

bias of data capture towards more affluent areas.

The study carried out b&ther Q009 amed to provide a more detailed
investigatiorior the quality of the datandalso to determine thditness for use.
The primaryobjectiveof the project was te@xtend thepreviouslyresearch that
carried out on motorwags as to cover th&-roads and Boadsas well. Also, by
using a higher level dataset for comparison; the OS MasterMap ITidelayer
results would have been more accufdie secondamgbjectivewas to carry out
further map quality analysis on the datasetis as the relation betwebe
number of users per aigad the qualitgnd rad name attribute completeness.

The study area coveredif test regions around Londoin25 km2 grid eacfihe

OSM datasetvasedited so that matched exactly in terms of spatial extent and
road name attributiowith thelTN datasetAther 009 suggest it would have

been better OSM datasets in other areas of England were sampled. &kawell

is becausall these datasets wemvered by kgh numbers of users and also
positional accuracy analysis from that project and the previous Meridian2 project

have been carried out in or around London.

The results of this positional accuracy analysis showed that OpenStreetMap data is
very good in congrison to OSMasterMap. More specifically, the buffer overlap

analysis performed on these datasets showed that the average percentage overlap
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was greater than 80% for all the test regions. At the editing of the data before the
buffer analysis, a few probtemith OSM data became clearer such as that the
data were incorrectly classified in terms of road type.

Apart from the positional accurasther 009 conductedquality testsor the

road name attributiooompletenesand for thenumber of users per ar§he

results showed that the areas witiher percentage overlap results also had

greater levels of road name completehlesas suggested that analgsiother
attribute i nf or manouldoba ysefd sincehit wassnoticed ma d t vy
be let blank in many cas&¥ith regards to the user analysésresultshoweda

positive correlation between road name attribute completeness and number of
users per are®©n the other handthe number of userand the positional

accuracy did not appearhave any correlation at all.
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2. Methodology

The following methodology aims to assess the quality elements of OSM road
network (tested dataset) against the HMGS dataset (reference dataset). The
methodology focuses on the analysis of each element and on the comparison
between the results of those. Témggth completanagssis was conducted for all

the road network of the dataset but the rest analysis was carried out only for the
A0, BoO and Co road types due to ti me
demonstrate summarized results for the whotly @rea and a more detailed
investigation, where the datasets were broken down in subareas of 1km squares
.The steps of the methodology are outlined in the next figure and then a brief
description of each step is followed. Further details of eachadltée sxplained

in section 5.

1.Prepare the
Datasets

2.Completeness |
Analysis

4

SAhematic
Accuracy

A

Detailed
Results of
1km?
subareas

4.Positional

Accuracy
Analysis

Figure 26 The steps of the Methodology



Preparation of the datasets

The preparation of the datasets has two objectives. Firstly, the datasets need to
match each other so as to be able to contipame .Secondly to edit the datasets

in a way that they will contain similar information so as to facilitate the analysis
procedureT he f i r st step was to transform th
reference dataset 0s eddata te match therrefaaemad t h e n
dataexter. By doing that, both datasets could be overlaid haviegrtieeextent.

The next step was to edit ithetasets to match exactly in terms of name and type
attributes because that would be needed later to peHertouffer analysis.
Considering that the HMGS data is the higher level dataset the road type and road
name attributes of OSM features were edited to the correct attributes. To do that

each OSM line was compared to corresponding HMGS line and the name and

type information was added to the attribute table of theTthatdast step of the

preparation of the data would help the presentation and the analysis of the results.

The OSM and HMGS datasets were clipped in into 1km grid squares because the
guality angbis was carried out for the 25km? study area and for every 1kmz2 grids
square for a more detailed investigation. Then a new polygon shapefile was
created where each feature represented the extension of each grid square. The
polygon shapefile was used twessummarized results of the quality elements for

each grid square.

Completeness

The length and name completeness were calculated as the percentage of the length
or the number of names of the tested dataset to the length or the number of
names of theeference dataset. The calculations were carried out for the study
area and for each grid square. Due to the fact that road names appear in more
than one feature, the features needed to be grouped by their name to calculate the

count of names.

Thematic éaracy
In order to evaluate the thematic accuracy of the data all features had to be

checked to ensure whether the attribute
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attributes. The name and classification accuracy was then calculated, for the study
area aa for each grid square, as the percentage of the road length with correct
name or type attribute to the total road length.

Positional Accuracy

The positional accuracy analysis was carried out using the buffer analysis program
that was written in MapBasic and was developed by Zulfigar(2008). The program

is based on the Goodchild and Hunter (1997) method for assessing the positional
accuracy oflmar features. The programds wutil:i
the tested line that overlaps with reference line. The percentage overlap attribute
was calculated for the road network of each grid square and was then analyzed as

a measure to assess positional accuracy of the roads. Also, the analysis aimed

to reveal the relationship between the positional accuracy and the road type, road
length and the differences between the subareas of 1km? within the study area.

3. Area of Study

The chosen area of study is Athens, Greece. Athens is the Greek capital and has a
land area of 412 km2. The reason why this city was selected to perform the quality
analysis of OSM databiscause all ¢hprevious research of OSM data was carried

out within the UK. AccordingtAther (2008) all positional accuracy analysis has
been carried out in or around London so it would have been better if OSM
datasets were assessed in other areas of EnglandTastivigl.outside the UK

will also reveal the differences between London (where there are high levels of
participation) and another city, and whether the VGI can be considered reliable in

a global context.

The area of Athens chosen for this project iskai2%egion. The region covers a
big part of the municipality of Athens (including the whole city centre) and smaller
parts of other municipalities such as: Kallithea, Dafni, Byronas, Ymitos, Kaisariani

and Zographou. The study area was chosen becaokelés the city centre and
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some suburbs as well. Hence, we can compare the results between areas that have
dense road network with high mobility and other areas. The following figure
illustrates the study area.

| JNEd 100N1d N
9/ g /N—KQ Map

filadelfeia -
/ M 4

J i

Nez

TN L
A 5 s
Chaidari 1 A
AgiaVaZvara}/A/“g 0 74\ [
1aas Po=35

| A 1675 |
7\

w

lioypoli

N

) N\
/'- 105 Arq) roupoli

’

/i
&

&

|

©2009 Yahoo! Inc."

Figure 3 8 The Study Area, Athens, Greece. Source: Yahoo Local Maps (2009)
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4. Data

4.1. OSM

The OSM data has been collected and uploaded by users as already mentioned in
the literature review. Anyone who has registerédde OSM website can upload

data and contribute to the OSM project. The layers availabl®©BNheebsite

are the following: highway, barrier, cycleway, track type, waterway, railway, airway
,aerial way ,power, man made, leisure, amenity, shom,tbigieri¢ landuse,

military, natural, route, boundary, sport, abutters, accessories, properties,
restrictions, name, references, places, addresses and annotation .The geographic
datum used in OSM OpenStreetMap is the \845I8t/long datum, all the track

and edits should be in the same projection as this is the default datum for GPS
receivers (OSM 2009).

In order for a user to make a map the website describes the procedure the must
be followed and it can be summarized in five stgpsllect data2)upload data
3)creating data 4)label data 5)render and use the maps. The ways of collecting the
data are by GPS tracks, by digitally gamarial images such as Land$RE

maps and Yahoo! Imagery, or by gathering data from other free sources, personal
photography or maps . Also, there are some contributors that provide OSM with
geographic data (TIGER data for the US, Automotive Navigation Data for the
Netherlands and GeoBase data from the Canadian government.

When the data is collected, it is theited using the available editors (Potlatch,
JOSM , Mercaator) to create the geographical data and label them. Though there
are specific guidelines about how the data must be edited, the users may not
follow these guidelines and produce inconsistentsresiglb, human errors can

occur while the map is being created. Another factor that makes the OSM
inconsistent is that users may collect the data from different sources; hence the
measurements are of different levels of accuracy. For example, the @ccuracy

digitizing aerial images is different to digitizing GPS tracks. Even more, GPS
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tracks have different levels of accuracy depending on the specific device or the
frequency that the points are collected. Therefore, the accuracy of OSM data
cannot be evaluated precisely due to the nature of the mapping methods. The only
ways to assessthjuality of these VGI data is by doing further research on them

or compare them with higher level datasets.

4.2. HMGS

The dataset used as the reference dataset was from the Hellinic Military
Geographic Service (HMGS). HMGS produces, manages and provides the
cartographic products for the use of the Hellenic Armed Forces and other
geographic products for the needs of thenitg and of the general public
(HMGS 2009).

HMGS work includes the following projects: geo@etgieophysical products,
aerial photographs, cartographic products, boundary surveying, digital
geographical data, support to the Hellenic Armed Forceseséovthe public
organisations and the citizens.

The dataset was used in this study is one category of the cartographic products of
HMGS. Morespecifically it is a City Plan map of scale 1:10,000. The map was
created using topographic maps at 1:5,00 and was later updated using
photogrammetric methods with aerial images. The following layers are illustrated
on the map: main road network, other road network, railway, municipality
boundaries, private and public buildings, woodland, coastline imwed bl

meters.

The projection of the dataset is the Greek Grid projected projection (EGSA).The
Greek Geodetic Projection System was defined in 1987. The position of the
replaced geocentre has been calculated in order that the surface of thésellipsoid

optimisedor Greece.
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5. Implementation of the methodology

This section describes in more detail the process carried out for the quality
analysis based on the methodology mentiorsedtion2. Firstly, the preparation

of the data is desbed. The preparation is essential because in order to compare
the two datasets both datasets need to be edited so that they match in coverage,
road type and in road name attribution. Then we demonstrate the tools and
methods that have being impliedssdo evaluate the quality elements. The GIS
software being used for the analysis was: ArcGIS, Manifold GIS and Maplnfo.

5.1. Preparation of the datasets

5.1.1. HMGS dataset

The dataset was obtained from Harokopeio University of Athens, Department of

Geography. The dataset was a georeferenced raster grid tile of 1:10,000 scale that
covers a 33.8m” area around the centre of Athens. In order to simplify the
procedure of the alysis a squared area ofkB$ was selected. A polygon
shapefile was created and then digitized to cové&mé 2Buared area within the

raster grid tile; this polygon represented the extent of the study area. Then all the
road network of the rastaletthat was within the polygon shapefile was digitised

in a new polyline shapefile. The lines were digitized at the centerline of the roads
andata consistent resolution. Also, information about the type and the name of
the road were edited at the samme.t The next figure shows the raster tile, the

extent of the study area and the editing of the roads.
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Figure 4 0 The raster grid tile, The Study Area and the Editing process

The roads in the raster tile are classifiaglarcategories; A roads and the rest of

the net wor k. Nevertheless, though there
the width of the roads was bigger than for the residential roads. In order to add

the extra informati on apsowas uBed toomtlte ty@2 r oad s

attribution.

29



