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ABSTRACT:

INSPIREIs a given so attentionturns to implementation.Of particular interestis the creation of Spatial DataInfrastructures
(SDIs).In GreatBritain (GB) we have beenattempting to createa SDI for over 20 years.Thesetrials have beendriven by the

needto co-ordinateactivities around the maintenanceof undergroundassetsand the damagethat occursto plant and more

importantly over the last decadecommunicationsdisruptions.This paperreviews those experiencesThe review considers
datathat havebeencollectedby variousdepartmentsvithin organisationsand the use of topographic basemap dataagainst
the currentneedto disseminatedatato third party stakeholdersby the internet. We consider the masterdata referencing
neededo managereusein the new internetparadigm.Basedon our experiencesve proposea seriesof mechanismghat allow

sensiblereuseof the spatial dataagainstfitness-for-purposeriteria.

INTRODUCTION

At presentall of the GB utilities possessa considerable
amountof detailed dataon their assets,usually in the form

of lines on maps.This statementhas beenmodified from a

publication over two decadesold (Evins, Thomson &

Ainsworth, 1984). In the regulatedenvironmentthat exists
today the main benefit from organising information is be

able to report on the asset base. Operational activities,

rehabilitation planning and communication with other
parties are value added benefits (ibid, 1984).
Interoperabilityis thereforenot the main businessdriver for

assetintensive businessesThe demandfor the exchangeof

information driven by street works still requires seed
funding (http://www.eswrac.or The DTl and UK Water
Industry Researchare supportingassociatedesearchin the

UK

(http://www.ukwir.org/site/web/content/programme/current-

programme?Catld=71#Project371

Much work hasbeenundertakenon SDIsin Europeover the
last 5 years (Fullerton & Toth, 2006). The aggregationof
local and regional datasetswill becomea key INSPIRE
activity. Significantwork has beenundertakenon standards
sincethe middle 1990s. The Open GeospatialConsortium
hasled to the specificationof a Web FeatureServerstandard
giving rise to a capability of viewing other organisationOs
data. The challengeis now to be able to reusethesedatato
make decisionsin areasthat the data were not originally
collectedfor. In otherwordsthe datahaveto be assesse@nd
guantified as to their fitness-for-purpose.This paper
describeswork relatedto the logical consistencyof data
sets.Mattersrelatedto assessinglataas fit for purposein
the context consistency with real world objects are
discussedn (Buschet al, 2004).

SDI work in the UK hasbeengoingon in excessof 20 years.
Original work was carriedout by the utilities at a number of
trail sites.Thetrial siteshaveallowed somemomentumto be
maintainedduring changesto the topographicmap base of
GreatBritain (Higgs & Malcolmson,2005). For land parcel
applicationstwo basic Master Datd (McGuffog, 2004)
componentsexist in the TOID® and the municipalityOs

! The basicpremisebehinda MasterDataidentity is that a de
facto numberingsystemexistswhich guaranteesuniqueness
and the numberinghasno inbuilt meaning.

property referencenumber (the LLPG; see Figure 1). The
changes in the topographic map base evident in
MasterMap? (GB), TOP10NL (The Netherlands)and AAA
(Germany)have createdmuch larger databasesn which the
ability to load changegas opposedreloadingthe entire map
base) is a prerequisite for effective data management.
Although there are similarities betweentopographicand
linear masterdatabasedon the streetworks initiatives cited
above it is believed that there has been little work
undertakenon the interoperability of utility assetdata as
partof anSDI.
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MAIN BODY

In the GB regulatedutility businessesthe upgradeto the
large-scaletopographicmap base has coincided with a
positional accuracyimprovementprogramme.The utilities

are contentwith a point and line topographic approachas
they can asserttheir data to be logically consistentin

relationpavementgkerb edges). The exact position in three
dimensionsis in any event largely unrecorded.The asset
baseis howeverused by the regulatorto assesscharging
regimes.n other words, lengths of main or cable cannotbe
altered by more than a certain percentageas a result of

positional changes;otherwise the charging formulae are
impacted.In addition the cost of the original collection
(PIRA, 2000) andthe positionalcorrectionrun into millions

of eurosfor eachutility. It follows thereforethat additional
businessbenefits must be delivered as the assetdata are
reusedagainstthe new topographic map base.Otherwisethe
utilities are contentto use a frozen temporalversion of the
map base.The first major challengeis therefore not a
technical challengebut an institutional one. This may be
addressedy identifying benefits. Suggesteenefitsare:

¥ the data cannotbe changedmaterially such that
thereis an effect on the regulatoryframework

¥ abacklogof OaduiltOrecordscannotbe allowed to
accumulatgin otherwordsthe data must remainin
situ; some data are commercially sensitive and are
not allowed offsite in any event)

¥ someaspectsof dataquality improvementas part
of the re-alignmentprocessshould be delivered
(the most obvious being relatedto connectivity)

¥ an ability to communicatethe position of the
assets with other utilities and the highways
authority who may or may not have repurposed
their data.

In orderto reusethe assetdata,correctionmustbe automated
in orderto avoid excessivecosts. The issuesthat needto be
addressedre both geometricand alphanumeric.ln addition
the problem spacegets more difficult as the assetdata
almost certainly haveto be transformedfrom their original
GIS toolsetto another.Thesebenefits are associatedwith
network connectivity and ontologies (defined in Genesereth
& Nilsson, 1987). The ontologiescan be usedin corrective
actions on the data and also used in conjunction with
externalapplicationsthat describewhat is representedas an
exampleto billing applications.The reuseof spatial data
within the positionalchangespacethereforerequiresa more
comprehensiveapproachthen just using shift vectors to
move the assetdata. The challengeswe investigated are
describedbelow.

The first challengeis to identify the ontologies and the
businessules. It is often difficult to obtainthis information
from the user.The original data model specificationis often
unavailableor hasnObeenupdatedsince inception. Rather
than start from a blank piece of papera potential source of
rulesis the data.Rulesmay be discoveredusing an analysis
of dominant statistical patternsin the data. This was
accomplished by using a variation of an artificial
intelligence boosting algorithm adaptedto spatial data
mining. It works by initially consideringa small sampleof
objectstaken at randomfrom the data store and then works
outwardsfrom theseobjects,consideringnearby objects. An
initial set of spatial rules are proposedand subsequently
enhancedo include non-spatialelementssuch as attribute
joins, equalities and inequalities, correlatedto the spatial
relationshipsbetweenthe objectssampled.The final set of

rulesis convertedto a form thatallows themto be storedin a

rulesrepository.In orderto addresghe secondchallenge,we

have chosento storethe rules, not as XML or as program
code, but as a commonlanguageinterfacethat incorporates
OGC spatialoperatorqseeFigure 2).
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Figure 2. CommonlanguageRule Definition
Geometric Checks

A numberof geometriccheckscan be run on the sourcedata
to identify where digitising errors have been introduced.
Such errors as spikes and kick-backs can be readily
identified using standardGIS functions. Simply, a spike is
definedto be 3 consecutivepoints (A, B, C) suchthat:

1) The distance AB is less than the distance BC
2) Thesineof the angle ABC is less than a maximumvalue,
which may be specifiedby the secondparameter.
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3) (Optionally) the distanceAB is lessthan a maximum
"length"” value specified by the third parameter.

Onceidentified a spike is removedbasedon a number of
parameters:

Parameterl: Theinputgeometry.

Parameter2: (Optional) The maximum value for the sine of
the anglein the spike.If omitted,this defaultsto the sine of
1 degree.

Parameter3: (Optional) The maximumlengthof the spike.
Returnvalue: The resultinggeometrywith spikesremoved.

Connectivity Checks

A sampleof fixed-line telecommunicationglatacan be used
to explainthe approachadopted.The following assumption
was made:that all cable featuresshould be connectedto at
least one other cable feature and that terminal features
should be connecteda cable feature. Rules can then be
implemented(as shown in Figure 2). Once implemented
breachescan be examined and rectified. Improving the
connectivity yields an improved shifting capability and
enhanceghe datafor network modelling purposes.

Asset Length Checks

Giventhata businessbenefit is to minimize changesin the
overall assetvalue, it is necessaryto establish the
correspondencef alphanumericdata to geometric data
before any shifting is undertakenThe following rules were
appliedto the telephonydataset:

Rule: Check that the CABLE_LENG attribute for a Cable
feature is within 10% of the calculated length of the
digitized cable.

#
District TR Rule # % % . F ef.ltures
Id Check Checked Pass | Fail Failed
Rule D
AN_ID Cable b 3447 31.0 | 68.9 | 2378
2154 Cable 1 9
length

Table 1. Resultsof CableRule

From the results above, we can seethat the stored length
attribute for cable features does not match the actual
geometriclengthfor nearly 70% of the data.

Similarly missing valuesmay occur which will distort the

assetlength and a rule may be put in place to check for

missing values or arbitrary values assignedto indicate that
the length is missing. Theseare part of the fundamental
guantitative assessment@and measuresfor spatial data
quality. Such statementsare required to successfully
implement Spatial Data Infrastructuresirrespective of the

domain

The use of ontologies

If we wantedto check for spikesin the linear features,a
"check for spikes" rule could be written for each linear
feature(cables,fiber cables,air pipes).This is not efficient.
However, using the ontology support a logical model is
createdthat groups featurestogether: Thus a class called
linear assetsis developedencapsulatingcables,air pipes,
cables,mains, sewers.This adds significant value when a
mutli-utility operationowns more thanone assetin a region.

The spikerule is thenapplied to the linear assetclasswhere
the linear assefclassis the route nodeof therule.

Sinceall of the datastoreswe have beeninvestigating are
external data stores we sought to provide support for
externally defined ontologies,which describethe structure
of the data.in a specific data store. This was achievedby
interfacing with the open sourceJenaontology library (see
http://jena.sourceforge.net/allowing ontologiesin various
formatssuchasRDF andOWL to beread.

Shifting

Where shift vectors are supplied we have found that a
Delaunay triangulation algorithm is the best approach.It
allows for real world changeand copesbetter whereground
features are sparse. It has the advantage of being
computationallylight and so allows fast processing.The
more interestingcaseis where shift vectorsdo not exist in
moving from one topographicmap baseto another.On the
assumptionthat the new map baseis more up to date and
moreaccurate then a suitable methodology, which startsto
build an SDI for utility data can be developedfrom the
following steps:

For the assetbase,topology is createdon the original map
base.Tolerancesof 1m were utilised. Topology is also
createdon the newmapbase All the nodesin eachtopology
setthatareconnectedo 3 or moreedgesweregivena unique
identifier. For eachqualifying nodein the new map basethe
nearestqualifying nodein the old map basewas selectedto
createa node pair. A restriction of 75m radius was put on
this nearestneighbour search. Specialist routines were
written to copewith denselypackednodes.

For eachpair of matching intersectionsa shift vector was
createdstartingat the old map baseintersectionand ending
at the new map baseintersection. This network of vectors
becamethe initial surfacefor shifting the assets.The first
resultswere not very good becausenot enough points were
captured.Additional shift vectorswere addedbetweenroad
elementsb basedon the positionswhere vectors had already
beencreated.

Post Migration Checks

The connectivity checksare re-run. In addition geometric
checksarerun to ensurethat linear featurescrossing (or not
crossingstreets)in the old map basebehavein the same
manner againstthe new road network. Other additional
checksto ensurethat assetsdo not cross water features
(unlessvia a bridge) canbe added.After manualalteration of
the remainingthe unique identifiers from the assetbasecan
be indexedto the streetintersections.

CONCLUSION

Typically 90% of the repurposingcan be carried out
automatically.The metrics derived during the experiments
showedthat approximately14 featuresper hour could be
shifted manually. Once the rules base had been created
14,000featuresan hour can be repurposed.Thereis a set-up
task to createthe rules base. The work highlights the
challengeto quantitatively assesdogical consistency(data
quality) before trying to establishSDIs in this domainand
otherswheregeometricconsistencyand dataintegrity, such
as connectivity are important. The benefitfrom developing
the ontology goesbeyond the shifting exercise.This is the
areawhere more work is requiredto determinewhere else



The InternationalArchives of the PhotogrammetryRemoteSensingand SpatiallInformation SciencesyVol. 34, Part XXX

theserules can be used inter-enterpriseto createfurther
value. The rules can then stand-alonefrom the shifting
exerciseand be used for guaranteeingdata quality over a
longer time horizon than the migration exercisedemands.
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