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Abstract: The qualiy aspects oOpenStreetMagOSM), as theglobal representation of
crowd-sourced mappinghave always beeaf priomary concern to academid&’hile the
methodologies for checkinigs quality againsthe national map have beenimplemented
by a number ofstudies thereare minimal works on how to practically improve the quality
of OSM towardsbeing anauthoritativemap sourceThis paper presents a method for
conflating road attribtes namely thename and reference cqdef OSM with the Open
Data provided by Ordnance Survéihe British national mapping agercyl he added
values in theoroposed methodology includlee daily updates and servirgf the conflated
maps via open Web Seces More importantly,the OSM crowd corrections facilitated
by frequentlyhighlightingand webserving the individual difference$here arecurrently
over 5800 differences in matching road names and referene®geen the two datasets
In additionto describing the conflation methodology, the differgabgraphidistribution
patternsof theidentified differencesare discussedd negativeeffect of the roadlensityon
the ratio of the mismatched features between the two datasets is observable;ezi/ioy
their different geographical distributiorover the map It is shown that the best
correspondence between attribuésssts in the very dense areéd|owed bythe very low
density areas, and lastly in the middle to large sized cities.
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1. Introduction

Trust in a geographic dataset is based upon a sense of autmutitye belief that the data are
accurate As interest in and usage of OpenStreetMap (OSM) has expanded, discussidh MG ©
accuracy and fitness for purpose has lar@pelgnfocused on the geometric accuracy and completeness
of road networks rather than the quality of attribution. The release of OS OpenDataByxitdim has
provided an openreference dataset against whithe attribution of OSM can be calibrated and
subsequently enhanced to produce a potentially more complete and accurateVihiisseetaining the
unique thematic content of OSkhe datat nher it some authority from
OpenDda products. This paper sets out the methodology used to conflate OSM and OS VectorMap
District (VMD) and provides an analysis of the distribution of differences between the two datasets.

This enhanced OSM product (available as raw data or as OGC webesgrvas been one of the
outputs of the OSMGB project[1] within the Nottingham Geospatial Institu®ne of the primary
objectivesof this project is to identify quality improvements for the OSM and to encourage their
incorporation into the main OSM datt. The methodology of this researtidrms an integrapart of
the development of the OSMB project, whichaims atpromotingthe potential usability of the OSM
in authoritative context®y making the OSM moretrustworthy for professionalsThe OSMGB
ardhitectureis designed to perform the following tasks:

(a) Making a local mirror of OSM that is updated daily

(b) Serving the OSM contents (raster and vector) through standard Web Services

(c) Checking data quality by identifying autodetectable and refereebased errorsin a
Arul ebaseidoerngi neo

(d) Fixing the errors in the local OSM mirror wherever possible

(e) Visualizing and serving thmdividual quality check results through standard Web Services for
the purpose of actual error coetions by tle community

In this paperour analysis has been based upon conflating OS Open@sdanetworkinto OSM to
increase the authority of OSM. However the same methodology can be applied in the opposite
direction to potentially enhance an authoritative datagét some of the rich thematic content
(footpaths, cycleways, points of interest, building footprints and detailed attribution) from OSM to
create new datasets combining authoritative and crowd sourced data.

2.Background

In this section the characterrsdi of the two source datasets will be brig#yiewed This review
will be used to design the conflation scenario and the methodology in the next sections.

2.1. OpenStreetMap

OpenStreetMajs a collaborative world mapping project. Theets can freely maany area of the
world in a Web 2.0 manner, and the resatimaps become instantly available for free public access
across the globe. s¢rsmap the world using GPS traceserial imagery or their local knowledge.
Moreover, the unrestrictedse of key-value pairs for taggingll the features provides an excellent
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means of customized annotatiomkich is an approachuitable for thematic applications. OSM which
wasstarted in 2004 as a project and in 2006 as a founddtamattracted over a million usdhas

far [2]. The annual growth rate of OSM worldwifleased on the number of point, lines and polygons)
was approximately5% in 2011 3].

The simplicity ofthe OSM data structure originates from its integrated approacimddeling
geographical featuresavell asbeingresolutiorindependent. Features are divided into nodes, ways
and relations. A node is any cdemensional featureuch as public ameniy or aroad verex Ways
are any twedimensional featursuch adine boundaris (roads, coastlinesivers, etc) or polygons
(lakes, farms, building®tc). Finally a relation is a group of features of any type assatigith each
otherin a defined relationshigeach feature has a unique identification number within its feature group.
Nodes are the dy features that have independent geometries (Latitude and Longitude) while the
geometries ofvays or relations are buiftomt he nodesd geometri es. For
consistently have an unlimited number of kealue pairswhich are called tags. Some of the
key-value pairsthat have been agredaoly the OSM community (documented itthe OSM Wiki[2])
have certain meanings for common OSM rendering tools (like Mdghik Thesecommunity agreed
tagsare the mostvidely used althouththe use bnon-standard tagging is also permitted.

Focusing on theoad network, OSM roads and their attributere a subset of th@ SM A way s o
The fAhighwayo dethg mastindportart ad attilbutior, though the ndimtei g hwa y o
is not always relevat. According tothe OSM Wiki (at the time of writing more than 40 standard
values can be set far h déighWway keyt o def i ne t, vaying foom détrsvays tp p e
expresswaysSome examplevaluesincludei mot or way o0 ,fr éir d enatr iy @ kbna , i f
Acycl ewayo. Anot her u saethnddrdvakid saentd)a r ids kierye f(owi w h
reference number or codesednationally toidentify aroad €.g.,fiM10). The name of the road &so
stored in the Anameod key.

In this research, the ad networkis defined as he combi nati on of al |
nonnull Ahighwayo key. The A hi ghwayo, A r ethreemaimatdribufiesusethim this a r e
researchalongside thgeometries of the roads themselves

2.2 OS Open Data

Since Aprl 2010, Ordnance Survey has freely released to the public a set of raster and vector maps
called OS OpenDatb]. This product set currently consiststbfeeraster map products (MiniScile
1:250,000 Scale Raster and OS StreetV)eandeightvector mapproducts (OS LocatdY, 1:50,000
Scale Gazetteer, Boundakjne™, LandForm PANORAMA®, CodePoinf® Open, Strate§i
Meridian™-2 andOS VectorMaf§ District). For conflating purposes, vector maa® requiredas
these retain the featudetails

Meridian™-2 and OS VectorMap District (called VMD hereafter) are the only two sets of
thematic shape files that are relatively comparablheir detailwith OSM. In general OSM is more
comparable to VMD than to the Meridiavith reference to conflating purpasé& hus in this research,
VMD is the main data set used among the OS OpenData productsverlay of the Meridian and
VMD roads datasets on top of an OSM background can be seen in Figure 1.
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Figure 1. Comparing the roads in VectorMap Distr(®MD) (blue) and Meridian (red) on

an OpenStreetMagOSM) background. The two overlay maps are different in terms of
completeness and accuracy.
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In VMD, each road is defined by its geometry (in British National @rigjectior), an ID number,
classification (e.g.Primary Road or Local Street), DFNumber @n alphanumericatodedetermined
by the Department for Transport wheneplicable e.g.,M1 or A6514 and finally the road name.

2.3. Characteristics of OSMs. VMD

Table 1 is a summary of characteristic differem@nd matching challenges between OSM and
VMD, particularly when the road networks from the two datasets are going to be conflated.

Table 1.Comparing the characteristics of OMsl VMD.

OSM VMD
Completeness Generally higher details in Lower details in urban
urban areas. OSM has areas butiniformly distributed

many more features than VMD  (as a reference map)
(e.g.,Footpathsetc)

Quality GeometridAttribute  Lower, since it is not More accuratehowever

Metrics Accuracy made professionally. different OS products have
different positional accuraes
(as exemplified ifFigurel)

Temporal Accuracy  Instantlyupdated Long updating intervals

(6 months or more)
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Table 1.Cont
OSM VMD

Reference System EPSG:4326 EPSG:27700
(this mayalso lead to
anextra positional
drift after transformation
from one toanothey
Road Geometry Structure Continuously mapped Segmented between junctions
Road Classification Freestyle: the road Fixed schema: stored in a single

classification shall be field using a defined vocabulary

extracted from a number of

Matching )
Challenges free text attributes
° (OSM tags).
Blank Road Names There are some Aeame roads It is a part othe VMD

in OSM particularly in rural  specficationsthat some minor
areas wheréhe user did not  road names have been

find theroad name deliberately left blank.
File Format A single XML file including 56 shape Files (for each Natione
all the thematic layers Grid Reference square).
(to be distinguished by Eachshape file las
the attributes) 22 thematic sutbayers.

3. Related Studies

The relatedstudiescan be divided into OSM quality resear@hdthe studies regardingonflating
geographical dataset&fter reviewing the relatedtudies the position of this paper among them wiill
be desdbed.

3.1. OSM Quality

While the volunteersf OSMare highly motivated to generate geospatial contents for setsaéd
reasons[6] and crowd contributiorcan become acredibles our ce by-ey@de0 Amainyc
the credibility of VGI in generalhasbeen one of the main concerns for authoritative use ¢&@es
The success, openness and freedom of OSM has made it a very good examination ground for
researchers to study different collaborative mapping characteristics, such as the comparative accurac
and completeness analysis. A statistical comparison of an OSM snapshot in time with official maps
was carried out by Haklay if8]. This study reveals OSMOs rel af
(also followed up and extended [8,10]). That research shaahat by 2010, 29% of Englangas
covered by OSM, and that 80% of the motorways were mapped within 6 meter accuracy compared to
Ordnance Surveyob6s dataset. A dynamic analysis
evaluationof OSM data has atsbeenperformedin [11], where the datdor England have been
comparedamongthree different instances during 2008.Ireland, the accuracy of OSM in a number
of locations has been manually compared with Google and Bing fd&psand many obvious
example of inconsistencies in the three studied sounae found
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According to 1SG19157 (Geographic informatidnData quality[13]) the geospatial data quality
elements are categorized as Completeness, Logical Consistency, Positional Accuracy, Usability,
Themdic Accuracy and Temporal AccuracVhis paper does not focus describing the concept of
geospatial data quality, #sis has been discussed in many other resources. Examples are the geospatial
data quality reviews ifl14,15], particularly the OSMspecifc quality analysis that has been provided
in [16]. The focused quality measure in this paper is the thematic acc(fradyng the missing
attributesland completenegénding the mismatched attributes)thin the road network theme.

Inthe contextofii s paper twhlée usedfor d differencegbe@tween OS and OSM road
attribution. This word has been defined in the context of the @&\Vproject as any deviation from
the defined quality assurance rul@fe authorsacknowledge that in some ainmstances these may
not be errorsTheaim is for bugs to be fed back to the OSM community for humans to check and fix
as appropriate, in I'ine with the OSM community

3.2. Spatial DataMatching andConflating

Conflating geographical datasessa challengingtask owing tothe data used being fromiifferent
domains, standards and schemas. Howele, tothe increasing number of spatial data providers
conflation has becomean unavoidable task. Thepplicationareasinclude dataintegration, change
detection, enhancement and updatingook datasetbased on the information contained ather
dataset$17]. The data sources can be either raster or vegtbreach camlsobe in different formats
and/or delivery standasdi.e., Grid or GeoTiff for raser, and Shapefile or GML for vector)

The work in[17] presents a servieariented conflation approach that adds the missing features
from OSM to a reference map in Germany. The worKLB} also presents a vectadjustment method
for enhancing the OSMbositional accuracy othe road networkoy comparing it with referenced
satellite imagery inthe US The method has showan 86% improvement inpositional accuracy
between the pre and pestnflation dataset

Feature matching ia primary taskn which gemetry and attribution matchirtgchniqguesan both
be employed.The complexity of feature matching is not onbue to geometrical or attribution
inaccuracy, but also because a single object may be represented differently in different d&iasets
A method of matching the OSM road network wahcommercial map source the US (NavTeq is
presented if20] which is mostly designed for business purpogesethod of featurdased matching
between OSM roads and ITNn{egrated Transport Network layer of BtarMap from OS, as an
example of a Reference datadetsalsobeen provided ifi21]. This method has been used to evaluate
the statistics of road network completes in urban and rural areas based on the lengths of the matching
line featuresBesides th geometrical feate matching, another approachasusethe ontology-based
methods €.g.,in [22]) for merging features from crowgburced and authoritative domains.

3.3. The Position of This Paper

The position of this paper within tlresearch domaiwill now be highlightedThe relatedstudies
have mainly focused on the positional accuracy or the completeness of the geometries whHagM
compared to qualified references. Moreotreresearch outcomes such studiekaveprovidedeither
the conflation methodologies othe statistical resultsThe main observable research gap is how the
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developed methodologies can potentiadlgt towards an authoritative OSM. Thus tlpeimary
contribution of this paper is to integrate th# data sharing within theonflation methodology.

In other words, a more open approactalenhere To further elaborate on the opennassyill be
highlighted thathe presented methotbgy is used to openlgharethe full details of thelaily-updated
mismatches as well as thenflated mapsvithin the OSM communityThis is partly because both map
sources are open, and partly because open web services are uliizedesult, the community is
assistedo makng a more authoritative OSMror example, an OSM user can seeOSM, VMD and
the individual mismatche features in a single GIS applicatioa.d.,QGIS) andthen easily apply the
desired changes their area of interestOn theother handthe detailed output can be used to facilitate
future researche.g., examining ad analyzing the geographical patterns of OSM shortcomings.
In a wider context, the dynamic patterns of all detected bugs in OSM can be analgzad[R3)]).

In addition to the primary contribution, a number of secondary contributions also Firsty,
while therelated studies have mainly focusadthe geometrical accuracy and completertéssstudy
presented heréocuse on the attributional aspects. Secondhilizing a programmable rule/action
engine has madthe conflation methodlynamicand tunable Finally, the results of the conflation
processes reveabme specific geographical patterns as will be discussgédation?.

4. Conflating Scenarios

In general, both OSM and VMD can be enriched usiaghother.While VMD can potentially be
enriched by conflating with OSM, the focus of this research is on enriching OSM with .VMD
The reason for this direction of enrichment is ttia¢ enrichedOSM can be instantly and freely
digested by the public in ordes modify the current OSM data store

The key OSM/VMD differences and conflation issues have already been summarizabler.

Figure 2 showsin example othe relative completeness level of the road networks in urban and rural
areas. It is noticeable that in both cases, elth sourcean potentially bemprovedusing data from

the other Roadssuch ascycle paths or footpathsvhich are extensively mapped in OSkre by
productdefinition not mapped in VMD. On the other hand, there are some VMD roads that are still
unmapped in OSM. Anber issue in comparing the two data sources is the updating issue. An example
of such issues is shown kigure3.

Different scenarios can be designed for enriching OSM. Such scenarios should be designed to have
both OSM and VMD details and capacities imdh Since the focus in this study has been on the road
features, the selected scenarios are defined as follows:

(a) Adding/correcting the OSM road names from the VMD road names;
(o) Adding/ correcting the OSMO6és-Nuntbargy r ef er ences
(c) Flagging the unmapped roads in OSM which exist in VMD.

In scenario (c) above, an extension could be to add the unmapped roads from VMD to OSM, but the
action i s curr e net sigply bighlightihgathe rfmbappey goadhbgtnot adding it to
OSM. This can be particularly useful in rural areas where OSM is not rich enough compared to the
urban areas. However adding the unmapped roads has been reserved for future work, due to a numbe
of extra challenges involved:
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(a) Adding a feature to OSM isormally carried out by OSM users within the central OSM data
infrastructure. If a new feature is added to the conflated database, there will be some
concurrency issues since a number of attributes including the identification number and the
user informatn will not match between the two datasets.

(b) As with any other geometry conflation, applying this scenario may need many other
adjustments on the existing geometries (including road anerosxh features). A common
adjustment is to snap the newly ceshtroads to those already present. However, when this
process has been initially attempted, the geometrical adjustments have generated a number o
false geometries.

Figure 2. Comparing the completeness level of the road network in VectorMap District
(brown) and OpenStreetMap (background) in an urban area (Nottingharalziyg) and a
rural area (around Lincoltelow).
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Figure 3. The problems associated with the VMD update cycle: The new road layout
(of the A52 byBingham, Nottingham) that is well ppped in OSM (background) has not
yet been updated in VMD (brown).
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Another challenge is the trust level to the national mapthatthere are cases where the OSM
contributors do not believe in the correctness of the national maps. In those casestitie gilebe
how to perform the conflatior he current mechanism allou®SM userdo tag a specific road to be
ignored in conflation procedur e ( tthegarticidayDSMi OS MC
road). The tagged road will not b#ered thoughit is flagged as being mismatched.

5. Methodology

In this section, the details of the methods developed for the conflation scenarios described in the
previous section will be presented. The position of this method within a wider project exteratathe d
managemertiechniqguesnd the developed rules/actions for each scenari@lsdlbe described.

5.1. The Integrated Approach

As mentioned beforethe methodology used in this reseafohms part of an integrated quality
processing frameworkOSM-GB) in which a set of rules/actions are developed to chechliigs
found in the OSM datarl' he rules/actions in this particular case are designed for comparing OSM and
VMD. Once the specialized rules and actions are developed, the rest of the project congrenents
able to apply the rules/actions on the local OSM mirror and serve the results back to she user
The geographical featuresored within OSMare checked against each rule. If a feature fails
comply with the rulethe associated action is appltedhe feature. For exampla rulemaydefine the
criteriato identify whether a feature matched between VMD and OSM. Thesociatedction will
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thendefine how a missing road is added to OSM when the rule is not satisfied. The software used for
this pupose is Radius Studio developed by 1Spdt2#l]. The rulefactions are defined using a
graphicaluserinterface and/othe specific formal languagéesigned foRadius Studio.

5.2. Data Management

TheRadius Studisoftwarerequires thathe data souesarein anOracle Spatial database. It also
writes the outpubackto the Oracle Spatial tables. Comtimg the OSM data intéhe Oracle Spatial
database is done in two stepise OSM2PGSQL too[?2] is used tdoadthe OSMXML daily backups
(provided byGeofabrik[25]) into a PostGIS databasand OGR20GR26] is used to conveit from
PostGIS to Oracle Spatidlhe main reason behind the implementation of such an indirect conversion
process is that theest of thesystem in general relies on the Post@abaseT herehascurrently not
yet been identified a different approachigihis as efficient as this imect solution.

To load VMD into Oracle Spatiala number of additionasteps areequired Ordnance Survey
allows users to download (or ordeiCD copy of) VMD, which is a series of shape files for each of the
56 Ordnance Survey National Grid til&l00 x 100 km per tile) The road network iencoded in one
of the 22 subayers of each tile, thus completaoad network can be achieved by mergitgshape
files. SHP2PGSQI(an opersource tooln the Quantum GIS package distributi@Y]), can be used to
both merg andloadthe shape files into PostGIS. VMdiatais neededo bestoredin PostGlSdue to
the system database integration. ithenconwerted to Oracle Spatial in the same manner described for
the OSM conversionOnce both OSM and VMD areonverted toOracle Spatial, Radius Studio
applies the developed rulastions and outputs the results iateecondaryOracle Spatial tableshich
contans the mismatches detail$hese tablesare converted back to PostGIS usitige OGR20GR
tool. A scheduledscript appilesthe corrections to the original data in PostGIS, whiéeking upthe
corrected andincorrected data for analysis purposes.

Having bdh corrected and uncorrected datasets on the PostGIS, the conflapsiand the
individual differencesare then served to the public via stand@@C Web Servicege.g., WMS and
WEFS). GeoServer is used to provide the data stored in the database as WM#&8nd different
coordinate reference systentor example, a WFS is designed to server the conflated maps while
another WFS is designed to serve the detils of the mismatched feMuresver, the original OSM
and VMD are also served as WMS and WB8ause of thalescribed web service integritgll the
served maps can be accessed consistently on the clientesgleuging a single desktop GIS
application), making the crowcbrrection facilitatedMore details on the utilizedpensourcesolution
canbe found in[2§].

The daily data transformation cycle discussed does not have any effect on the quality of the OSM
data unless the developed actions are invoKatb actionis applied, the daily cycle preserves all the
original geometries and attributeonsistently. On the other hana rule thatoverwrites the
mismatched geometry or attribukéll not alterany other geometry or attribute the dataset
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5.3. RulesActionsfor Adding/Correctinghe Road Names/References

The rules developed fathe scerarios relating to correcting the presence of road names and
referencedirstly detect all the OSM roads that have an equivalent road in VU@lecksare then
performedagainst the values stored:

(a) Ifthe VMD road has a name, the OSM radwuldhave the ame name
(b) If the VMD road has a DFNumber, the OSM roashouldhave the same reference

If an OSM roaddoes not meeatne of the above rules, the following actiam$i be applied:

(a) If failed byrule (a), the name of OSM roadll be replaced by theame of the VMD road

(b) If failed by rule (b), the OSM road referene®ll be replaced by the DFNumber of the
VMD road.

(c) In both cases, the detected esrand the changeasa the name or reference values are noted in
two separate attributes callédo u g 0  arasgectivelyi x 0

In total, 4 rule/action couples aneededo allow for the correction of road names and references
For example, the following shows the formal language implementation of the rule for adding the
missing road names in Radi8sudio:

Check for OSM_LINE objects that

if OSM_LINE.name equals null

and OSM_LINE.highway does not equal null

and OSM_LINE.highway does not equal "cycleway"

and OSM_LINE.highway does not equal "pathway"

and (there is at least 1 VMD_ROAD object for which
(VMD_ROAD.geometry is contained within buffer (OSM_LINE.geometry,0.0001)
Or OSM_LINE.geometry is contained within buffer (VMD_ROAD.geometry,0.0001))
and VMD_ROAD.name does not equal null

then

to_lowercase(VMD_ROAD.name) equals to_lowercase(OSM_LINE.nam e)

The rule detects the OSM lines whi¢gh) haven o name and =ncoy cii Riwglywa

Ahi ghkway hvwggng,(b) havea geonetrically matched road from VMDPand (c) the VMD
matchedroad has a name. The value of 0.0001 in lin@n7degreepsis roughly about 7 m in the
projected mapThis means that the two roads are matched if the VMD road is insida auffer of

the OSM roadThis distance is a heuristic value that has shown an optimized effectiveness of the rule

based on the OSM and VMD chatadstics.However, futurevork may benecessaryo further refine

this distance for an optimized algorithm. Cycle routes and pathways are excluded from the algorithm

because firstly these road types do not exist in VMD and secondly they can be too dite types
of roads thus their name can be changed by mistake.

The followingsource codshows the implementation of the action associated with the thatt¥o
not meethe above rulg in Radius Studio
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For OSM_LINE objects

for the first VMD_ROAD o bject for which
(VMD_ROAD.geometry is contained within buffer (OSM_LINE.geometry,0.0001)
Or OSM_LINE.geometry is contained within buffer (VMD_ROAD.geometry,0.0001))
and VMD_ROAD.name does not equal null
and to_lowercase(VMD_ROAD.name) does not equal to_| owercase(OSM_LINE:A.name)

Create an object of class OSM_LINE_CORRECTED and

{let OSM_LINE_CORRECTED.{all common attributes} = OSM_LINE.{all common attributes}

let OSM_LINE_CORRECTED.name = VMD_ROAD.name

let OSM_LINE_CORRECTED.BUG = "Null road nhame"

let OSM _LINE_CORRECTED.FIX = "Name changed to " + VMD_ROAD.name}

The object class of OSM_LINE_CORRECTED (line 6 above)nsatensiorto the OSM_LINE
classwitht wo extra attri butes called Abugd and Af i X
are stoed ina separate database table called OSM_LINE_CORRECTIHR.detected errors can be
managedand served independemtf the original dataisingthis tablebefore applying the changes to
the original datavhen needed

5.4.Dealing withthe Unmapped Roads1 OSMWhich Exisin VMD

The rule for detecting road features that are present in the VMD but not in the OSM is very similar
to the rule implemented for the identification of features that need correction of names or references.
The first stage is to dete¢he roads in the VMD which do have geometrically matched roads
within OSM:

Check for VMD_ROAD objects that
there is at least 1 OSM_LINE object for which
OSM_LINE.highway does not equal null
and OSM_LINE.highway does not equal "cycleway"
and OSM_LINE. highway does not equal "pathway"
and (VMD_ROAD.geometry is contained within buffer (OSM_LINE.geometry,0.0001)
Or OSM_LINE.geometry is contained within buffer (VMD_ROAD.geometry,0.0001))

Roads that are present in VMD but not in the OSM can then be deerfieisasm®. As described
in the conflation scenarios, an action can be designed to actually add the missing road to OSM.
This actionwas found to bechallenging since it produced some false geometriesnly because of
the unpredictable positional diflences between the two datasettowever a partial adjustment
solutionis providedhere butit requiresfurther developmentthe currently implemented action is just
to flag it as a missing road)
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For VMD_ROAD objects:
if (there are no PLANET_OSM_LINE ob jects for which
OSM_LINE.highway does not equal null
and OSM_LINE.highway does not equal "cycleway"
and OSM_LINE.highway does not equal "pathway"
and (VMD_ROAD.geometry is contained within buffer (OSM_LINE.geometry,0.0001)
Or OSM_LINE.geometry is contain ed within buffer (VMD_ROAD.geometry,0.0001))
then create an object of class OSM_LINE_CORRECTED and
let OSM_LINE_CORRECTED.BUG = "Unmapped road"
let OSM_LINE_CORRECTED.FIX = VMD_ROAD.name
let OSM_LINE_CORRECTED.geometry = VMD_ROAD.geometry
for all OSM_LINE objects for which
(start_of(OSM_LINE_CORRECTED.geometry) is within a distance of 0.0001 of
OSM_LINE.geometry
and it is not the case that OSM_LINE_CORRECTED.geometry equals
OSM_LINE.geometry)
let OSM_LINE_CORRECTED.geometry =
move_vertex(OSM_LINE_CORREC TED.geometry,start_of(OSM_LINE_CORRECT
ED.geometry),nearest_point(start_of(OSM_LINE_CORRECTED.geometry),
OSM_LINE.geometry,true))
for all OSM_LINE objects for which
(end_of(OSM_LINE_CORRECTED.geometry) is within a distance of 0.0001 of
OSM_LINE.geometry
and it is not the case that (LINE_CORRECTED.geometry equals
OSM_LINE.geometry))
let OSM_LINE_CORRECTED.geometry =
move_vertex(OSM_LINE_CORRECTED.geometry,end_of(OSM_LINE_CORRECTED
.geometry),nearest_point(end_of(OSM_LINE_CORRECTED.geometry),
OSM_LINE.geometry,true))

Once the unmapped road is added from VMD, the main issue is snapping the added geometry to the
existing road networkif this is not performedhe added road may not be geometrically connected to
the rest of the roadetwork This isimplementedn the above action after adding the unmapped road
usinga number of irbuilt functions includingnove_vertex(), nearest_point(), start_of() and end_of().

6. Results
6.1. Correcting the Mismatched Road Names

2,471 OSM roads are currently foumdthe O SMof Britain whosnames do not matokith VMD.
Those OSM road names have been replacatiddyMD road names. A sampleonflationis shown in
Figure4.
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Figure 4. A sample of matched road names (Long road should be Canvey Road, near
London). (Top): origind OSM; (Middle): OS Open Data map of the same area;

(Below): updated in OSMGB.
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6.2. Correcting the Mismatched Road References

Currently there are 377 road reference®SM that are different fronthe matched roads in VMD
Figure5 shows an examplef those nismatches.

Figure 5. A case of mismatched road references: Druid Street (near Tower Bridge,
London) referenced as A2207 in OSIVbp) reads A200 in VMD Middle) andupdatedn
OSM-GB (Below)d However it is not clear why a parallel street above iBisalso
referenced as A200 in VMD (middle)
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