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Abstract Emergency management,leakagehandlingandmaintenanceof distributionnet-
worksareamongthemostessentialtasksapublicutility faces.Geoinformation
systemsarefrequentlyemployed to documentthestateof thenetwork andthe
locationof leaksandline failures. We proposeto make the transitionfrom the
essentiallydocumentarycharacterof existingsystemsto a decisionsupportper-
spective. This will give additionaluseandutility to informationalreadystored
andprovide for moreef�cient decisionmaking.
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1. Intr oduction

Up to the year1998,Germanlegislationprovided utility companiesof all
sortswith a statesanctionedmonopolywithin its alotteddistribution region.
Competitionwasregardedjeopardizingthe reliability of supplyratherthana
meansof ef�cient resourceallocation.

Issuedin compliancewith EU requirements,new legislationasof 1998and
1999hascompletelychangedthis situation. As a steptowardsan openEU-
wide energy market for electricityandnaturalgas,accessto distribution net-
works andto theenduserhasbeenalmostcompletelyliberalized. A market
wascreatedalmostovernight.

Theselegal stepshave - upon�rst sight- not changedthemarket structure
substantially. Only � ve percentof all customershave in factswitchedto new
providers,but it mustbeseenthat thosehave beenthe large consumerswith-
in theproductionindustryandrelatedsectors.Also, theeffect upontheprice
structurehasbeenaprofoundone:marginsandROI havebeendiminishingon
a broadscaleasnew supplierskeepenteringthemarket andanEU wide spot
marketfor productioncapacityhasformed.Risingcostof energy andpollution
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taxeswill probablymake consumersevenmorepricesensitive andvolatile in
thefuture.

Taking it all together, utility companiesof all sortsarerequiredto tightly
control their costsof operation.With no chanceof quality differentiationin
theeyeof thecustomerandnosubstantialdifferenceswith respectto theprice
of primaryenergy bought,constructionandoperationof distribution networks
becomesoneof thekey sourcesof operationalpro�t.

With customersgiving primeimportanceto thereliability of supply, mainte-
nanceof distribution networksbecomesoneof thekey sourcesof competitive
advantageandoperationalpro�t andis no longera secondaryactivity (Asel-
mann[2]).

Electricutilities have beenamongthe forerunnersof GIS implementation.
Most of themhave usedGIS for yearsto documentline andtransformerlo-
cations. Despitetheir substantialcosts,mostGIS have donelittle morethan
replacetheink-drawn mapsof pastcenturies.It is our tenetthatutilizing what
dataarestoredin a GIS for planningpurposescanunleasha largecostsaving
potentialwithouteveninterferingwith everydayoperations.

The ultimategoal of our researchwill be a toolbox of analytical,spatial-
orientedmethodsthat is closely linked to existing, query orientedmethods
via a commonuserinterface. State-of-the-artGIS are typically basedupon
(object-)relationaldatabasesystemsandfeaturean openarchitecture,which
makesour taska lot easier. Spatialdatacanberetrieved from suchdatabases
throughwell documentedandreliableSQLextensionssuchasSQL/MM. Re-
sults can in turn be displayedwithin the mapsprovided by the GIS. Large
databasesupplieshavecoinedthenotionof a"datacartridge"or a"datablade"
for asetof methodsspeci�cally gearedtowardssupportingspeci�c application
domains.

Commerciallyavailablecartridgesarenormallyrestrictedto ratherlow level,
utility-lik e functions,suchascalculationdistancebetweengeometricalshapes.
We areproposingto extendthis architecturalmodelto build decisionsupport
systemsthatare�e xible, easilyadaptedto company-speci�c requirementsand
canbeintroduced"on-the-�y", e.g.without interferingwith day-to-dayopera-
tions.

In this article,we illustratethis approachwith a cartidgefor leakmanage-
ment in the naturalgasdistribution network. The extensionto power line
failure managementseemsstraightforeward, but is far from trivial dueto the
more complicatedstructureof electricity distribution: Different voltagere-
gimes, transformerlocation and characteristics,operatingcharacteristicsof
power plantsandquestionsof stateestimationarejust someof the morese-
rious problems. Otherapplicationsof the cartridgeconceptincludelocation
planningfor transformers/ pressureregulatorsor emergency managementdur-
ing naturalcatastrophes.



A Roadmapto ExtendingGISfor Public Utility Companies 3

Theremainderof this article is organizedasfollows: In section2 we shall
give anoverview of how maintenancemanagementin gasnetworks is carried
out. A prototypicalsoftwaretool to supportthoseactivites is outlinedin Sec-
tion 3 togetherwith its underlyingalgorithms.Section4 is devotedto thesoft-
warearchitectureof our prototype.Extensionsto theconceptswill bebrie�y
coveredin 5, andwe shallclosewith asummaryin Section6.

2. Maintenanceof gaspipelines

Reliability of supply and low operatingcost are the two prime targetsof
pipelineoperations.Preventive maintenancetypically forms the lion's share
of all costcomponents.Suddenlyarising, large anddangerousleaksdo oc-
cur andmustbe treatedimmediatelythroughemergency action. They do not
accountfor asubstantialpartof thecost,though,andcannotbeplannedin ad-
vance.They do not form our focus. It is however not uncommonto combine
emergency andpreventive measuresfor reasonof costsaving.

2.1 Maintenanceprocedures

Inspectionandleakagecheckfor a gasnetwork is doneon a regular, sche-
duledbasisby trainedandproperlyequippedstaff. Additional leaksaredisco-
veredthroughunsystematicdetectionby thepublic. Leaksarecausedmainly
throughcorrosionof metallic pipes,faulty junctions(especiallycorrosionof
sockets), improperexcavation activiy or heavy traf�c load. Incorrectproce-
duresduring the initial laying of thepipesis theothermainreason.(seeFig.
1, (VNG [10])

Figure1. Leaksperyearandcausefor VNG'snetwork

Oncedetected,leaksareassignedoneof 4 classesaccordingto theamount
of leakageand their building proximity (seeDVGW [5] for details). Only
classA leakscall for immediateemergency action.All otherleakspresentcost
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problemsratherthanimmediatedangerandcanin principle be dealtwith in
conjunctionwith preventive maintenance.

To avoid thecostandlaborintensive processof earthworksanda complete
re-layingof pipes,several in-situ techniqueshave beendeveloped,which,de-
pendingon characteristicssuchasa pipe's ageandoverall conditionandthe
numberof stublinesmay or may not be applicablefor a particularcase(see
3.2for details).Thesetechniquesoffer theadditionalbene�t of keepingtraf�c
andneighbordisturbanceto aminimum.

2.2 Maintenancecost

Only about1/8 of the total repair cost is on accountof materialand on
immediatelaborfor pipelinereplacementrespectively. Anotherquarterisspent
for earthworks, while - at leastin built-up areas- a surprising50% goesto
reconstructionof the road surface(for the classicdig-and-re-lay-technique).
This clearly advocatesall pipe and line replacementwithin one road to be
donesimultaneously. Consideringthe whole bunchof measures,preventive
replacementof a line may becomeeconomicallyfeasibleyearsbeforeit has
reachedthe endof its useful life, as calculatedfor the line in isolation (see
section3.1).

Thisobservationopensup largesavingspotentialandcallsfor closecoope-
ration betweendifferentutility companies(electricity, gas,phone). Reaping
thosebene�tsis primarily aproblemof processorganisationandcross-organi-
zationalcoordinationandshallnot beconsideredfurther in this article,but is
certainlypartof active researchatour institute.

All costelementsmustbesplit up by �x edandvariablecomponents.Con-
structionsitesetupcostsareto a largeextentsizeindependentandholda sub-
stantialshareof total maintenancecosts.By poolingseveralactivities within
local proximity, degressionof total costpersitecanbeachieved. Considering
thelongbacklistof existingleaks,whichcanamountto severalhundredwithin
a large city, andthe still longerlist of preventive replacementmeasures,this
callsfor acomputerizeddecisionsupportsystem.Weshallconcentrateon this
problemin thesequel.

3. DecisionSupport Systemfor maintenenance
management

Fig. 2 illustratesthe overall structure. In a �rst step,eachline segment
and known leak is classi�ed for its urgency of refurbishingand assigneda
respective score.Technicalconsiderationssuchaspipeconditionandmaterial
will suggesttheoptimaltechnique(werethissegmenttreatedin isolation)and
renderotherrefurbishingtechniquesinfeasiblealtogether.
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Figure 2. Conceptof theTool

Segmentsareclusterednext anda joint technologyfor thewholeclusteris
determined.Clustersareformedwhereoverall savings canbe realized. For
reasonsof traf�c obstructionandsitemanageability, we do not allow clusters
to grow beyonda certainsize.

A teamis assignedto thesiteby matchingtechnologyandsizeof sitewith
teamquali�cation.

Immediateactionleaksarehandledasspecialcases.If suchleaksarefound
within the centerof an alreadyidenti�ed cluster, the whole clusteris given
immediatetreatment.Otherwiseanemergency teamis assignedto copewith
theproblemin isolation.Figure3 illustratessuchanaturalclusterof leaks.

3.1 Scoringof line segments

Priority scoringfor preventivemaintenancehasbeenwell researchedwithin
civil engineeringcontext. Mostly only factors"on �le" areconsideredduring
calculationsandno on-siteinspectionis required.(DVGW [3]). Typical in�u-
encefactorsfrom thetechnicalsideinclude:

pipediameter

leaksperkm for this line versusaveragevaluefor wholecity

distanceto buildings

unfavourable,high-stressroutingof segment

unfavourablesoil conditions

economicfactors
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Figure 3. An examplewhereleaksform a naturalcluster

outdatedmaterial

outdateddiameters

andamongexternalin�uences

traf�c load(which maychangesubstantiallyduring thefrequentlyover
70 yearsof lifespan)

unapproved / illegal treecover (a problemthat is very importantwith
sewer pipes)

Normal, linear scoringsystemsare basedon a catalogof citeria that are
givenanindividual scoreandafterthataggregatedto aweightedsumto arrive
ata total score.See�g. 4 for a typical, reallife example(graypig iron pipes)

3.2 Selectionof maintenancetechnique

Maintenancetechniquesareclassi�ed asrepair, reconditioningor replace-
mentmeasures.Repairis concentrateduponthe point of failure, mostoften
leaky junctionsandbushings. Typical reconditioningtechniquestry to re�t
existing pipeswith a new, tight andsmoothinner lining, eitherthroughliquid
resinsprayingor plastichoserelining. If thepipeis in overall goodcondition,
sprayingmaybeconcentratedon junctions.

Replacementcanalsobedonethroughmethodsotherthanthe"dig atrench"
technique.Socalledtrench-lesstechniqueswill dig only two smallpitsateach
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Figure 4. Scorefor theline segments(DVGW [3])

endof the pipe andeitherdestroy the old pipe undergroundby a bursterto
createspacefor anew pipeof samediameteror usetheold pipeasaductfor a
new oneof lessdiameter. As thegas�o wsfasterwithin plasticpipeswith their
smoothsurfacethanit doeswithin old iron pipes,diameterreductionis often
tolerable.

Line segmentswith many T-crossingsor consumerconnectionsareconsi-
deredunattractive for inlining, aseachsuchspurneedsmanualtreatmentand
its own pit.

Dependingonsoil conditionandmaterialof theold pipe,burstingmaycarry
high risk. The debisof a burstedpig iron pipe displaysharpedgesthat may
seriouslyscrapor evenpuncturethenew placticpipeasit is drawn along.

All trenchlesstechniquescanonly beappliedwherelinesrun straightor at
mostverysmoothlybent.

Thosearejusta few examplesof themany boundaryconditionsto consider
duringtechnologychoice.Most of thedatarequiredcanberetrievedfrom the
GIS andits associatednon-geographically orienteddatabases,though. Mate-
rial, ageanddiameterof pipescanbe retrieved in a straightforward fashion.
Parameterssuchasbuilding proximity andnumberof consumerconnections
perkm call for standardspatialextensionsto regularSQLbut still areretrieval
tasks,aroad's traf�c loadcanberetrievedfrom theGISoperatedin thedepart-
mentof roadworks. Ambient conditionssuchassoil or treecover will have
to be enteredinto the GIS after on-siteinspectionor can be retrieved from
ordinancesurvey data.
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Technicalrequirementsfor thenew pipe(especiallyitscapacity)will depend
uponnetwork extensionplanningandfuturedemandalongtherenovatedline.
Wheredemandis dominatedby few large consumers,thereis no alternative
to personalcontacts,but whereconsumptionis througha suf�cient numberof
smallcustomersto warrantstatisticaltreatment,automateddemandforecasting
maytake place.Puttingthepiecestogether, we arefacedwith a complicated,
but ratherwell structureddecisionproblem.Consideringthetaskat theutility
company level, thedataloadis heavy, but canto a largeextentbeful�lled from
existingsystems.

line segment
scoring

non�feasable 

Cost

techniques

techniques

scoring of 
feasable 

selection
technology

priority score
eq. (1)

Figure 5. DecisionSupportSystem

TheDecisionSupportSystemweproposeis outlinedin �gure 5. Giventhe
characteristicsof theline segment,infeasiblerefurbishingactivitiesare�ltered
out in step1. Theremainingalternativesaresubjectedto costcalculation(see
section3.3). They cannow be presentedto eitherthe decisionmaker or the
clusteringalgorithmsortedon costor otheruser-speci�ed criteria. For each
maintenanceactivity andtechnology, wemayalsocalculatethemetric

Maintenance Productivity MP:=

"urgency Scorepoints remedied"

(as calculated in 3.1) =
Cost incurred

(1)

which can guide the priorization and budgetallocationprocessby showing
wheremoney is spentin themostef�cient manner.

As for theinternalDSSoperation,a "classic"rule basedexpertsystemor a
decisiontreeseemto bethetwo mostapttechnologiesfor the�ltering process
of step1. Suchrulescanbe derived semi-automaticallyfrom theanalysisof
pastmaintenancerecords.A typical rulewouldbe:

diameter < 100

^ pipe material = 'gray pig iron'

^ distance to other pipes > 1m

^ number of consumer connections
< 0.03 per meter
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^ higher capacity needed ='yes'

^ straight routing

� ! burstlining technique

3.3 Costcalculation

Costcaluculationis amongthe standardtasksof controlling. It is impor-
tant to realizethatmaincostdriversaredifferentfor differentreconditioning
techniques.

Traf�c intensityandunusuallynarrow roadsareheavy costdriversfor trench-
ing technologies,wherepitsmustbesecuredandtraf�c diverted,but losemuch
of their importancewith othertechniques,while thepictureis completelyre-
versedconsidering"consumerconnectiondensityalong the line" as a cost
driver.

Nevertheless,mostof thecostin�uence for all technologiesis capturedby
nomorethanadozenof sitecharacteristics,mostof themcanbetakendirectly
from the GIS. This is patentlyproven by public tenderprocesseswherecivil
engineeringtaksaredescribedby justa few parametersto basequotationson.

Pricelevelswill of coursebedependentupontheregionconsideredandlevel
of competitionamongresidentconstruction�rms. Thoseare non-universal
parametersthatmustbeenteredinto thesystemby hand.Yet they arefew in
numberandcanberecoveredfrom theanalysisof pastquotationsshoulddirect
datacollectionnotbepossible.

Shoulda line bereplacedbeforetheendof its usefullife, its currentvalue
is lost andmustbeseenasanadditionalcostcomponent.This is aneasytask
for lines whereconstructioncost, ageanddepreciationareon �le, elsethis
numbersmustbeestimated.Theestimatefor usefullife will usuallybebased
uponwell known parameterssuchasmaterial,diameter, age,soil conditions
andtraf�c load. If original constructioncostsarenot availableor completely
outdateddueto in�ation or technologicalprogress,takinganopportunitycost
perspective seemsperfectly appropriate. This amountsto taking for yearly
depreciationswhat value we would have if we had currentpipe technology
installedtoday. (see�gure 6).

If thenew pipe is going to replacea leaky one,we mustalsotake into ac-
countavoidanceof gaslossesasa costcomponent.We suggestsubtracting
avoided lossfrom the costof eachconstructionproject (alsowithin formula
(1)). Regardingthe time frame: shouldmaintenanceplanningbe doneon a
monthlybasis,wewouldof coursehaveto subtractmonthlylosses,etc.Losses
im m3 canbe estimatedfrom leak classi�cation (seesection2.1), to get the
monetaryvalue,we multiply by ourcostprice.

While thiswholeproceduremayseemroughandready, it is suf�ciently pre-
cisefor our taskof priorizationandamalgamationof mainatiananceactivities.
It is not intendedto generate�gures for �nancial accounting.
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A

C

2500 20 1999

lifetime (C) estimated from material = 12 years

deprec. per year if newly built today = 20
depreciation (C) = ?

��>  current value (C) = 12 years * 20 

unknown unknown unknown

remaining
lifetimeCost of productionSegment is layed

Figure 6. Calculationof currentvalueof a segement

3.4 Clustering: generalconsiderations

Pooling of maintenancesites is attractive form the cost perspective as it
helpsreduce�x edcost,but standardoff-the-shelfclusteringfor localproximity
will notdo thejob dueto severalreasons:

1 Poolingshowsits maximumbene�ts,whenall refurbishingisdoneusing
the sametechnology. The mostcostef�cient technologyfor A andB
togethermaybeneitheroptimalfor A norB in isolation.In otherwords:
Technologychoiceand cost calculationmust be redoneeachtime an
amalgamationis considered.

2 With total costbeingdominatedby earthworksandsurfacereconstruc-
tion (in openpit technologies,seesection2.2),poolingactivitiesmaybe
bene�cialevenwhenultimatepiperepairsaretechnologicallyunrelated.
Oncedugout, work on thehigh pressuredistribution netmustbedone
by speciallytrainedandlicensedpersonnel.Evenso,jointly maintaining
low andhighpressurepipescanreapmostof thepoolingbene�ts.

3 Chainingis a phenomenonwell known within clusteranalysis,which
canhave detrimentaleffectson the quality of automaticallygenerated
clustersolutions.Line segmentB is pooledwith A for its poolingbene-
�ts (not somuchfor its own urgency), now C becomesattractive for its
poolingbene�ts with neighboringB andsoon. Thesolutionis eventu-
ally dominatedby few, very largeconstructionsites.This is anundesir-
ablephenomenonbecause(a) large sitescreatedisproportionatetraf�c
obstructionandput unduestresson the residentpopulationand(b) the
assumptionof saving �x edcostthroughpoolingbreaksdown whentotal
constructionsiteexceedsacertainthresholdand(c) citizensareeagerto
ascertainanequalmaintenancequalityof linesacrossa city.

Wehavesolvedproblem(3)by requiringtotalconstructionsitesizetobebelow
a certainthresholdasmeasuredby (weighted)line lengthundermaintenance.
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Openpit stretchesaregivena weightof 1, while tuberelining for exampleis
givenoneof .3 dueto thelessobstructive natureof thetechnique.

As a �rst stepto tackleproblem(1) and(2) a savingsmatrix is derivedand
storedwhich gives rules for calculatingwhat cost componentsa pooling of
site1 (usingtechnologyA) with site2 (technologyB) creates.(seeFig. 7 for
an example). The most favorabletechnology(or technologymix) to handle
A andB jointly (problem1) cannow be easilyderived throughenumeration
of all technologicallyviable alternatives. Note that the matrix is technology
dependentonly andthusmoderatein sizeandmustbederivedonly onceto be
storedin theGISdatabasefor retrieval.

Tech Site A Inlining open pit low
pressure

Inlining

open pit high 

open pit low (2) (1)

...

...

typical rules

for element (1)  savings = 1 * construction site setup cost 

+ earthworks¹

+ roadworks¹

for element (2) savings = 0.3 * construction site setup cost²

¹   for the shared lenght of the trenches as taken from GIS

²  savings downweighted due to different equipment requirement 
of both technologies

Tech Site B

pressure

pressure
open pit high 

pressure

Figure7. Savingsmatrix prototype

Not withstandingtherestrictionsimposedby problem(3), thepoolingpro-
cessshouldbeguidedby thequestto eithermaximizecostsavingsdirectlyor
alternatively thederivedmetric(Eq. 1), asMaintenanceProductivity increases
from

MP1= (scoreSite1 + scoreSite2) /

(costSite1 + costSite2)

to
MP2= (scoreSite1 + scoreSite2) /

(costSite1 + costSite2 - savings)

In any case,our objective function is certainlysubstantiallydifferentfrom
typical clusteringproblemswherethemajority of popularobjective functions
arebasedon proximity of pointsasmeasuredby Euclidiandistance.

Wehave scannedtheliteratureto proposesolutionsto thisproblem.
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3.5 Cluster algorithm GDBScan

DBSCAN (DensityBasedSpatialClusteringof Applicationswith Noise)
hasbeenproposedby (Ester[6]) asa powerful densitybasedclusteringalgo-
rithm. In its basicversion,pointsareseenasspreadout in Euclidiann-dimen-
sionalspace.Clusternucleiareformedby regionsof highdensityasmeasured
by theconceptof an"-neighborhood.Every point thathasmorethanMinPts
otherpointswithin adistancethresholdof " is considereddense1 and(together
with its MinPts(ormore)"-neighbors)formsthecenterof a new cluster. This
clustergrows asthe"-neighborsarein turn checked for beingdensepointsas
well by examiningtheir respective " -neighborhoods,andsoon. Oncea clus-
ter hasstoppedgrowing, anarbitraryhithertounassignedpoint is chosenand
testedascandidatenucleusof a new cluster. Uponterminationof this brie�y
sketchedalgorithm,eachpoint is either(see�g. 8 for illustration):

aninnerclusterpointwith MinPtsor morein its "-neighborhood(A)

a point at the boundaryof the cluster(e.g. a point which lies in the
"-neighborhoodof aninnerpoint (B)

asingleton(neitherof theabove, lying in a low densityregion) (C)

Figure 8. DBScanCluster

DBSCANhasdisplayedsuperiorperformancein �nding clustersof all shapes2

aslong asthe underlyingspaceis 2- or 3-dimensional(JosigerandKirchner
[7]) andscaleswell with N, thenumberof points.Runningtime is O(N logN)
whenef�cient spatialaccessmethodssuchasR-Treesareemployed.Thenum-
berof clustersis determinedthroughthealgorithm.

GDBSCAN (GeneralizedDBSCAN) as introducedby (Sander[9]) gene-
ralizesthe conceptof an "-neighborhoodby replacingthe Euclidianwith an
arbitraryquasi-distancefunction3 betweentwo objects. Furthermore,points

1MinPtsand" areuserspeci�c parameters.
2As gaspipesnormallyfollow theroadgrid, wecannotexpectto getcircularclustersfrom pooling.
3As triangularinequalityis not requiredto hold,thisfunctionneednotbeadistancein thetopologicalsense
of theword.
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within this "-neighborhoodare not simply countedand checked againstthe
MinPts threshold,but they areassignedunequalweightaccordingto a "simi-
larity function"measuringtheir similarity to thecorepoint. This functionmay
dependuponspatialandnon-spatialcharacteristicsof thetwo objects.Sander
givesthedetailsdown to thepseudocodelevel.

We have usedtravel distancealongthe pipe network asa pseudo-distance
functionbetweentwo constructionsites(closelyrelatedto well-known Man-
hattandistance)andhave set " to 1 km, which is indeeda typical threshold
for poolingof directly neighboringsites. Monetarysavings or Maintenance-
Productivity increasescan- aftersuitablenormalization- serve asa similarity
function.

Preliminaryresultswith smallnetworksshow verypromisingandplausible
results,yet somework remainsto bedoneasthechoiceof " andMinPtswill
seriouslyaffect thesolutionandis nota trivial task.

4. Tool prototype

In the vein of a classicdecisionsupporttool, all informationgeneratedis
meantto easehumandecisionthroughsensibleproposals,not to replaceit.
Intuitivenessof the user interfaceand easeof manualintervention are core
componentsof thesystem.Fig. 9 shows how ourprototypeis structured.Ora-
cle Spatial9i hasbeenchosenasanobjectrelationaldatabasesystem.Spatial
extensionsto standardSQL allow for directstoringandretrieval of spatialob-
jects.As to thelist of spatialobjecttypesandtheir respectiveaccessfunctions,
Oracleadheresrather tightly to OpenGISand SQL/MM standards,making
portingtheprototypeto otherplatformsaneasytask.Typical functionalityal-

Figure 9. Structureof Prototype

lows for de�ning elementarygeometricshapessuchaslines,multi-lines(built
from straightsegments)or polygons.An objectmaycarrybothgeometricand
non geometricproperties.A gaspipe might thusbe modeledasa multi-line
with diameter, materialand ageas non-geometricattributes. Adjacentpipe
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segmentscanbemodeledthrougha relationto their representingmulti-lines.
Typical query functionsallow for areacalculation,adjacency queriesor dis-
tancecalculationbetweenspatialobjects. To calculatethe distancebetween
two streetsonewould for instanceusethe functionSDODISTANCEandwrite
(Oracle[8])

SELECTSDO_GEOM.SDO_DISTANCE
(a.shape, b.shape, 0.005)

FROMstreet a, street b
WHEREa.name='main street' AND

b.name='zeiss road';

To our experienceSQL/MM doesto our GIS/DSSwhatnormalSQL doesto
standarddatabaseapplications:it relievesthe programmerfrom the choreof
programmingandoptimizinglow level accessfunctions.

Building thewholesystemon SQL/MM andOraclesproceduralextensions
is not anoption thoughdueto severely limited semanticpower and3rd party
toolbox support. Realizingwhat hasbeendescribedin Section3 of this pa-
per in a generalpurposeobjectorientedlanguageseemsa lot easier. We have
chosenVisual C++ for the languageand usedMicrosoft foundationclasses
to provide non-geographicGUI andwindows functionality. SQL/MM com-
mandscan be sentto the databasevia a standardembeddedSQL interface.
Beinga researchprototype,we areusingArcView asa geographicvisualiza-
tion tool. ArcView usesa proprietarydatamodelandis basedon a �le- rather
thana databasestoragemodel. Interfacesto ArcView arewell documented,
though,andthe softwareboastseaseof operation,a powerful userinterface
andwidespreadacceptance.Wehavefoundits functionto overlaytopographic
or thematiccity mapsor orthophotosespeciallyuseful.A commercialsystem
would probablywrite resultsto theOracledatabaseanddraw all visualization
informationform there.

Fig. 10shows a typical screenshot.

5. Functionality extensions

Gasleakandmaintenancemanagementarejustthe�rst stepstowardsafully
�edgedtoolboxfor publicutilities. Next stepplannedis amaintenancetoolbox
for waterandelectricutilities. While waterneedsonly minimal adaptation,
electricityis morecomplicated:

1 Faultylinesarenormallynotdetectedthroughvisualinspectionbut through
analysisof continuousmeasurementof electricparameters(voltage,cur-
rent,phase)at certainspotsin thenetwork. Goal is to pinpointthefault
locationwith a minimumof additionalmeasurement.This calls for ex-
tensionsto an engineeringdisciplinethat hasbecomeknown as"state
estimation",seee.g.(Abur [1]).
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Figure 10. TypicalScreenshot

2 Maintenancetechniquesaretotally different.

3 We have to deal with at least three voltage regimes (high, medium,
low) andtheir correspondingnetworks,theinterconnectingnodesbeing
markedby transformerstations.

4 Transformerstationsandmeasuringdevicescanbe faulty too. This is
especiallyproblematic,whendefective equipmenterroneouslyindicates
line failuresthroughstateestimation.

A totally differentline of functionalityextensionsis catastrophemanagement.
Recently, �oods have posedseriousproblemsto severalcitiesof WesternEu-
rope. GISsthathave storeda digital terrainmodelcanautomaticallyidentify
endangeredregionsshouldtheriver riseto acertainlevel (see�g. 11).

6. Summary and outlook

ExtendingGISfunctionalitythroughthetoolsdescribedwill make thetran-
sition from amereinformationto adecisionsupportsystem.

MostcurrentGISsarebasedonobjectrelationaldatabasesystems.Thissys-
tems,whenequippedwith extendedgeo-spatialfunctionality, provide astrong
andperformantintegrationplatform. Displayingresultsin windows GUI and
GISmapsis achievedwithout seriousdif�culty .

Maintenanceandleak handlingin gasnetworks hasbeenusedasa proto-
type. This is an applicationof mediumcomplexity with immediateutility to
theenduser. It hasbeenrealizedthatthisproblemcanonly besolvedthrough
closeinteractionwith quite disparate�elds of research:the technicalitiesof



16

Figure 11. Floodsimulationwith GIS

piperefurbishing,economicconsiderationsto identify key costdriversandthe
algorithmicside,wherenew clusteringalgorithmshadto bedevelopedandde-
ployed. This interconnectionof different �elds makesresearchattractive. It
mayon theothersidehave hamperedwidespreadcommercialdeployment.As
we have found,this effort needsbemadeonly within thedevelopmentphase.
Everydayuseof thesystemis easyandfully integratedwith standardGIS op-
eration.Altogether, GIS/DSSarecommerciallyviableprojects.
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