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Abstract Emegeny managementeakagenandlingandmaintenancef distribution net-
worksareamongthemostessentiatasksa public utility faces.Geoinformation
systemsare frequentlyemplo/ed to documenthe stateof the network andthe
locationof leaksandline failures. We proposeto male the transitionfrom the
essentiallyjdocumentargharacteof existing systemdo a decisionsupportper
spectve. Thiswill give additionaluseandutility to informationalreadystored
andprovide for moreef cient decisionmaking.
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1. Intr oduction

Up to the year 1998, Germanlegislation provided utility companiesf all
sortswith a statesanctionednonopolywithin its alotteddistribution region.
Competitionwasregardedjeopardizingthe reliability of supplyratherthana
meansof ef cient resourceallocation.

Issuedn compliancewith EU requirementsnew legislationasof 1998and
1999 hascompletelychangedhis situation. As a steptowardsan openEU-
wide enegy market for electricity andnaturalgas,accesgo distribution net-
works andto the enduserhasbeenalmostcompletelyliberalized. A marlet
wascreatedalmostovernight.

Theselegal stepshave - upon rst sight- not changedhe marlket structure
substantially Only ve percentof all customerdave in factswitchedto new
providers,but it mustbe seenthatthosehave beenthe large consumerswvith-
in the productionindustryandrelatedsectors.Also, the effect uponthe price
structurehasbeena profoundone: maiginsandROI have beendiminishingon
a broadscaleasnew supplierskeepenteringthe market andan EU wide spot
marketfor productioncapacityhasformed. Risingcostof enegy andpollution
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taxeswill probablymale consumergenmoreprice sensitve andvolatile in
thefuture.

Takingit all togethey utility companief all sortsarerequiredto tightly
control their costsof operation. With no chanceof quality differentiationin
theeye of the customerandno substantiadifferenceswith respecto the price
of primaryenegy bought,constructiorandoperationof distribution networks
become®neof thekey sourcef operationapro t.

With customergjiving primeimportanceo thereliability of supply mainte-
nanceof distribution networks become®neof thekey sourcesof competitive
advantageandoperationabpro t andis no longera secondanactvity (Asel-
mann[2]).

Electric utilities have beenamongthe forerunnersof GIS implementation.
Most of themhave usedGIS for yearsto documentine andtransformero-
cations. Despitetheir substantiatosts,mostGIS have donelittle morethan
replacetheink-dravn mapsof pastcenturieslt is ourtenetthatutilizing what
dataarestoredin a GIS for planningpurposexanunleasha large costsaving
potentialwithout eveninterferingwith every day operations.

The ultimate goal of our researchwill be a toolbox of analytical, spatial-
orientedmethodsthat is closely linked to existing, query orientedmethods
via a commonuserinterface. State-of-the-artsIS are typically basedupon
(object-)relationaldatabaseystemsandfeaturean openarchitecturewhich
makesour taska lot easier Spatialdatacanberetrieved from suchdatabases
throughwell documentedndreliable SQL extensionssuchasSQL/MM. Re-
sultscanin turn be displayedwithin the mapsprovided by the GIS. Large
databassupplieshave coinedthenotionof a“datacartridge”or a"datablade”
for asetof methodsspeci cally gearedowardssupportingspeci ¢ application
domains.

Commerciallyavailablecartridgesarenormallyrestrictedo ratherdow level,
utility-lik e functions,suchascalculationdistancebetweergeometricakhapes.
We areproposingto extendthis architecturaimodelto build decisionsupport
systemghatare e xible, easilyadaptedo compary-speci ¢ requirementsand
canbeintroduced'on-the- y", e.g.withoutinterferingwith day-to-dayopera-
tions.

In this article, we illustratethis approachwith a cartidgefor leak manage-
mentin the naturalgasdistribution network. The extensionto power line
failure managemenseemsstraightforgvard, but is far from trivial dueto the
more complicatedstructureof electricity distribution: Differentvoltagere-
gimes, transformerlocation and characteristicspperatingcharacteristicof
power plantsand questionsof stateestimationare just someof the more se-
rious problems. Otherapplicationsof the cartridgeconceptinclude location
planningfor transformerg pressureegulatorsor emegeny managemerdur
ing naturalcatastrophes.
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Theremainderof this articleis organizedasfollows: In section2 we shall
give anovervienv of how maintenancenanagemenin gasnetworksis carried
out. A prototypicalsoftwaretool to supportthoseactiitesis outlinedin Sec-
tion 3 togethemwith its underlyingalgorithms.Sectiord is devotedto the soft-
warearchitectureof our prototype. Extensiongo the conceptswill bebrie y
coveredin 5, andwe shallclosewith asummaryin Section6.

2. Maintenanceof gaspipelines

Reliability of supplyandlow operatingcostare the two prime targets of
pipeline operations. Preventive maintenanceypically forms the lion's share
of all costcomponents.Suddenlyarising, large and dangeroudeaksdo oc-
cur andmustbe treatedimmediatelythroughemegeng action. They do not
accountfor a substantiapartof thecost,though,andcannotbe plannedn ad-
vance.They do not form our focus. It is however not uncommorto combine
emegeny andpreventive measure$or reasorof costsaving.

2.1 Maintenanceprocedures

Inspectionandleakagecheckfor a gasnetwork is doneon aregular, sche-
duledbasisby trainedandproperlyequippedstaf. Additional leaksaredisco-
veredthroughunsystematidetectionby the public. Leaksarecausednainly
throughcorrosionof metallic pipes,faulty junctions(especiallycorrosionof
soclets), improperexcavation activiy or heary trafc load. Incorrectproce-
duresduring the initial laying of the pipesis the othermainreason.(seeFig.
1, (VNG [10])
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Figurel. Leaksperyearandcausefor VNG'snetwork

Oncedetected|eaksareassignedneof 4 classesccordingto theamount
of leakageand their building proximity (seeDVGW [5] for details). Only
classA leakscall for immediateemepgeng action.All otherleakspresentost
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problemsratherthanimmediatedangerand canin principle be dealtwith in
conjunctionwith preventive maintenance.

To avoid the costandlaborintensve procesf earthworks anda complete
re-layingof pipes,severalin-situ techniquesave beendeveloped,which, de-
pendingon characteristicsuchasa pipe’'s ageand overall conditionandthe
numberof stublines may or may not be applicablefor a particularcase(see
3.2for details).Thesetechnique®ffer theadditionalbene t of keepingtraf c
andneighbordisturbanceo a minimum.

2.2 Maintenancecost

Only about1/8 of the total repair costis on accountof materialand on
immediatdaborfor pipelinereplacementespectrely. Anotherquartetis spent
for earthvorks, while - at leastin built-up areas- a surprising50% goesto
reconstructiorof the road surface (for the classicdig-and-re-lay-techique).
This clearly adwocatesall pipe and line replacementvithin one roadto be
donesimultaneously Consideringthe whole bunch of measurespreventve
replacemenbf a line may becomeeconomicallyfeasibleyearsbeforeit has
reachedhe end of its usefullife, as calculatedfor the line in isolation (see
section3.1).

This obserationopensup large savings potentialandcallsfor closecoope-
ration betweendifferentutility companiegelectricity gas,phone). Reaping
thosebene tsis primarily a problemof procesrganisatiorandcross-ogani-
zationalcoordinationandshall not be consideredurtherin this article, but is
certainlypartof active researctat our institute.

All costelementsnustbe split up by x edandvariablecomponentsCon-
structionsite setupcostsareto alarge extentsizeindependenandhold a sub-
stantialshareof total maintenanceosts. By pooling several actiities within
local proximity, degressiorof total costpersite canbe achieved. Considering
thelongbacklistof existingleaks,which canamounto severalhundredwithin
a large city, andthe still longerlist of preventive replacementeasuresthis
callsfor acomputerizedlecisionsupportsystem We shallconcentrat®n this
problemin the sequel.

3. DecisionSupport Systemfor maintenenance
management

Fig. 2 illustratesthe overall structure. In a rst step,eachline sggment
and known leak is classi ed for its urgengy of refurbishingand assigneda
respecire score.Technicalconsiderationsuchaspipe conditionandmaterial
will suggesthe optimaltechniqugwerethis segmenttreatedn isolation)and
renderotherrefurbishingtechniquesnfeasiblealtogether
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Selection
of a team

Sementsareclusteredhext andajoint technologyfor the whole clusteris
determined.Clustersare formedwhereoverall savings canbe realized. For
reason®f trafc obstructionandsite manageabilitywe do not allow clusters
to grow beyonda certainsize.

A teamis assignedo the site by matchingtechnologyandsizeof site with
teamquali cation.

Immediateactionleaksarehandledasspecialcases!f suchleaksarefound
within the centerof an alreadyidenti ed cluster the whole clusteris given
immediatetreatment.Otherwisean emegeng teamis assignedo copewith
the problemin isolation.Figure3 illustratessucha naturalclusterof leaks.

3.1 Scoring of line segments

Priority scoringfor preventive maintenanc@asbeenwell researchedithin
civil engineeringcontext. Mostly only factors"on le" areconsiderediuring
calculationsandno on-siteinspectionis required.(VGW [3]). Typicalin u-
encefactorsfrom thetechnicalsideinclude:

= pipediameter

m |leaksperkm for thisline versusaveragevaluefor wholecity
m distanceo buildings

= unfavourable high-stressouting of sgment

= unfavourablesoil conditions

economidactors



Figure3. An examplewhereleaksform a naturalcluster

= outdatedmnaterial
= outdateddiameters
andamongexternalin uences

s trafc load(which maychangesubstantiallyduringthe frequentlyover
70yearsof lifespan)

= unappreed/ illegal tree cover (a problemthatis very importantwith
sener pipes)

Normal, linear scoring systemsare basedon a catalogof citeria that are
givenanindividual scoreandafterthataggrgatedto aweightedsumto arrive
atatotal score.Seeg. 4 for atypical, reallife example(graypig iron pipes)

3.2 Selectionof maintenancetechnique

Maintenanceechniquesareclassi ed asrepair reconditioningor replace-
mentmeasuresRepairis concentratediponthe point of failure, mostoften
leaky junctionsandbushings. Typical reconditioningtechniquedry to re t
existing pipeswith a new, tight andsmoothinnerlining, eitherthroughliquid
resinsprayingor plastichoserelining. If the pipeis in overallgoodcondition,
sprayingmaybe concentratedn junctions.

Replacementanalsobedonethroughmethodstherthanthe"dig atrench™
technique Socalledtrench-lessechniquesvill dig only two smallpitsateach
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Figure4. Scorefor theline sggments(DVGW [3])

end of the pipe and eitherdestry the old pipe undegroundby a bursterto
createspacdor anew pipeof samediameteror usetheold pipeasaductfor a
new oneof lessdiameter As thegas o wsfastemwithin plasticpipeswith their
smoothsurfacethanit doeswithin old iron pipes,diametereductionis often
tolerable.

Line segmentswith mary T-crossingor consumerconnectionsare consi-
deredunattractie for inlining, aseachsuchspurneedsnanualtreatmentnd
its own pit.

Dependingpnsoil conditionandmaterialof theold pipe,burstingmaycarry
high risk. The debisof a burstedpig iron pipe display sharpedgesthat may
seriouslyscrapor evenpuncturethe new plactic pipeasit is dravn along.

All trenchlesgechniguesanonly be appliedwherelinesrun straightor at
mostvery smoothlybent.

Thosearejust afew examplesof themary boundaryconditionsto consider
duringtechnologychoice.Most of the datarequiredcanberetrieved from the
GIS andits associatechon-geographicall orienteddatabaseghough. Mate-
rial, ageand diameterof pipescanbe retrieved in a straightforvard fashion.
Parametersuchasbuilding proximity and numberof consumeiconnections
perkm call for standardspatialextensiongo regular SQL but still areretrieval
tasksaroadstrafc loadcanberetrievedfromthe GIS operatedn thedepart-
mentof roadworks. Ambient conditionssuchassoil or tree cover will have
to be enteredinto the GIS after on-siteinspectionor can be retrieved from
ordinancesuney data.



Technicarequirement$or thenew pipe(especiallyits capacity)will depend
uponnetwork extensionplanningandfuture demandalongtherenovatedline.
Wheredemandis dominatedby few large consumersthereis no alternatve
to personakontactsput whereconsumptioris througha sufcient numberof
smallcustomerso warrantstatisticatreatmentautomatedlemandorecasting
may take place.Puttingthe piecestogetherwe arefacedwith a complicated,
but ratherwell structureddecisionproblem.Consideringhetaskat the utility
compay level, thedataloads heavy, but canto alarge extentbeful lled from
existing systems.

non feasable

techniques

line segment technology
scoring selection scoring of
feasable

techniques

priority score
eq. (1) H Cost ‘

Figure5. DecisionSupportSystem

TheDecisionSupportSystemwe propossds outlinedin gure 5. Giventhe
characteristicsf theline sggment,infeasiblerefurbishingactvities are Itered
outin stepl. Theremainingalternatvesaresubjectedo costcalculation(see
section3.3). They cannow be presentedo eitherthe decisionmaker or the
clusteringalgorithm sortedon costor otheruserspeci ed criteria. For each
maintenancactiity andtechnologywe mayalsocalculatethe metric

Maintenance Productivity MP:=
"urgency Scorepoints remedied"
(as calculated in 3.1) =

Cost incurred

(1)

which can guide the priorization and budgetallocation processby shaving
wheremoney is spentin themostef cient manner

As for theinternalDSSoperationa "classic"rule basedexpertsystemor a
decisiontreeseemnto bethetwo mostapttechnologiedor the Itering process
of stepl. Suchrulescanbe derved semi-automaticalljrom the analysisof
pastmaintenanceecords A typical rule would be:

diameter < 100
A pipe material = 'gray pig iron'
A distance to other pipes > 1m
A number of consumer connections

< 0.03 per meter
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A higher capacity needed ='yes'
A straight  routing
I burstlining  technique

3.3 Costcalculation

Costcaluculationis amongthe standardasksof controlling. It is impor
tantto realizethat main costdriversaredifferentfor differentreconditioning
techniques.

Traf ¢ intensityandunusuallynarrav roadsareheary costdriversfor trench-
ing technologieswherepits mustbesecuredndtraf ¢ diverted,butlosemuch
of theirimportancewith othertechniqueswhile the pictureis completelyre-
versedconsidering"consumerconnectiondensity along the line" as a cost
driver.

Neverthelessmostof the costin uence for all technologiess capturedoy
no morethanadozenof sitecharacteristicanostof themcanbetakendirectly
from the GIS. This is patentlyproven by public tenderprocessesvherecivil
engineeringaksaredescribedy justafew parameterso basequotationson.

Pricelevelswill of coursebedependentipontheregionconsideredndlevel
of competitionamongresidentconstructionrms. Thoseare hon-unversal
parametershat mustbe enterednto the systemby hand. Yet they arefew in
numberandcanberecoreredfrom theanalysisof pastquotationshoulddirect
datacollectionnotbe possible.

Shoulda line bereplacedeforethe endof its usefullife, its currentvalue
is lostandmustbe seenasanadditionalcostcomponentThis is an easytask
for lines where constructioncost, ageand depreciatiomareon le, elsethis
numberanustbe estimated The estimatefor usefullife will usuallybebased
uponwell knowvn parametersuchas material,diameter age,soil conditions
andtrafc load. If original constructioncostsarenot availableor completely
outdateddueto in ation or technologicaprogresstakinganopportunitycost
perspectie seemsperfectly appropriate. This amountsto taking for yearly
depreciationsvhat value we would have if we had currentpipe technology
installedtoday (see gure 6).

If the new pipeis goingto replacea leaky one,we mustalsotake into ac-
countavoidanceof gaslossesasa costcomponent.We suggessubtracting
avoidedlossfrom the costof eachconstructionproject (alsowithin formula
(1)). Regardingthe time frame: shouldmaintenancelanningbe doneon a
monthlybasiswewould of coursehave to subtracimonthlylossesetc. Losses
im m3 canbe estimatedrom leak classi cation (seesection2.1), to getthe
monetaryalue,we multiply by our costprice.

While thiswholeprocedureanayseenroughandreadyit is sufciently pre-
cisefor ourtaskof priorizationandamalgamatiomf mainatianancactvities.
It is notintendedo generategures for nancial accounting.
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Segment| Cost of production rﬁgﬁmgg is layed
A 2500 20 1999
Cc unknown unknown | unknown

lifetime (C) estimated from material = 12 years
depreciation (C) = ?
deprec. per year if newly built today = 20

> current value (C) = 12 years * 20

Figure6. Calculationof currentvalueof a segement

3.4 Clustering: generalconsiderations

Pooling of maintenancesitesis attractve form the cost perspectie asit
helpsreducex edcost,lut standaraff-the-shelfclusteringfor local proximity
will notdothejob dueto severalreasons:

1 Poolingshavsits maximumbene ts,whenall refurbishings doneusing
the sametechnology The mostcostefcient technologyfor A andB
togethemaybe neitheroptimalfor A nor B in isolation.In otherwords:
Technologychoice and cost calculationmust be redoneeachtime an
amalgamatioris considered.

2 With total costbeingdominatedoy earthworksandsurfacereconstruc-
tion (in openpit technologiesseesection2.2), poolingactvities maybe
bene cialevenwhenultimatepiperepairsaretechnologicallyunrelated.
Oncedugout, work on the high pressurdistribution net mustbe done
by speciallytrainedandlicensedpersonnelEvenso,jointly maintaining
low andhigh pressurgipescanreapmostof the poolingbene ts.

3 Chainingis a phenomenomwell known within clusteranalysis,which
can have detrimentaleffects on the quality of automaticallygenerated
clustersolutions.Line sggmentB is pooledwith A for its poolingbene-

ts (notsomuchfor its own urgeng), now C becomesttractve for its
pooling bene tswith neighboringB andsoon. The solutionis eventu-
ally dominatedby few, very large constructiorsites. This is anundesi¥
able phenomenoibecausda) large sitescreatedisproportionateraf c
obstructionand put unduestresson the residentpopulationand (b) the
assumptiorf saving x edcostthroughpoolingbreaksdovn whentotal
constructiorsite exceedsa certainthresholdand(c) citizensareeageito
ascertairanequalmaintenanceuality of linesacrossa city.

We have solvedproblem(3) by requiringtotal constructiorsitesizeto bebelov
a certainthresholdasmeasuredy (weighted)line lengthundermaintenance.
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Openpit stretchesaregiven a weightof 1, while tuberelining for exampleis
givenoneof .3 dueto thelessobstructve natureof thetechnique.

As a rst stepto tackleproblem(1) and(2) a savings matrix is derved and
storedwhich givesrulesfor calculatingwhat costcomponents pooling of
site1 (usingtechnologyA) with site 2 (technologyB) creates(seeFig. 7 for
an example). The mostfavorabletechnology(or technologymix) to handle
A andB jointly (problem1) cannow be easilyderived throughenumeration
of all technologicallyviable alternatves. Note that the matrix is technology
dependenbnly andthusmoderatén sizeandmustbe derived only onceto be
storedin the GIS databaséor retrieval.

open pit low open pit high
pressure ... | pressure

Tech Site A ™

¥ Tech Site B Inlining

Inlining

open pit low
pressure @ @

open pit high
pressure

typical rules
for element (1) savings = 1 * construction site setup cost
+ earthworks?
+ roadworkst

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

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

2 savings downweighted due to different equipment requiremer
of both technologies

Figure7. Savingsmatrix prototype

Not withstandingthe restrictiongmposedby problem(3), the pooling pro-
cessshouldbe guidedby the questto eithermaximizecostsavingsdirectly or
alternatvely thederved metric (Eq. 1), asMaintenanceProduwity increases
from

MP1= (scoreSitel + scoreSite2) /
(costSitel + costSite2)
to
MP2= (scoreSitel + scoreSite2) /
(costSitel + costSite2 - savings)

In ary case,our objective functionis certainlysubstantiallydifferentfrom
typical clusteringproblemswherethe majority of popularobjective functions
arebasedn proximity of pointsasmeasuredy Euclidiandistance.

We have scannedheliteratureto proposesolutionsto this problem.
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3.5 Cluster algorithm GDBScan

DBSCAN (Density BasedSpatial Clusteringof Applicationswith Noise)
hasbeenproposedyy (Ester[6]) asa powerful densitybasedclusteringalgo-
rithm. In its basicversion,pointsareseenasspreadoutin Euclidiann-dimen-
sionalspace Clusternucleiareformedby regionsof high densityasmeasured
by the conceptof an"-neighborhood Every point thathasmorethanMinPts
otherpointswithin adistancehresholdf " is considerediensé and(together
with its MinPts(ormore)"-neighborsformsthe centerof a new cluster This
clustergrows asthe"-neighborsarein turn checled for beingdensepointsas
well by examiningtheir respeciie " -neighborhoodsandsoon. Oncea clus-
ter hasstoppedgrowing, anarbitrary hithertounassignegboint is chosenand
testedascandidatenucleusof a new cluster Uponterminationof this brie y
sketchedalgorithm,eachpointis either(see g. 8 for illustration):

= aninnerclusterpointwith MinPtsor morein its "-neighborhoodA)

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

= asingleton(neitherof theabove, lying in alow densityregion) (C)

Figure8. DBScanCluster

DBSCAN hasdisplayedsuperioperformancén nding clustersof all shape$
aslong asthe underlyingspaceis 2- or 3-dimensionalJosigerandKirchner
[7]) andscaleswell with N, thenumberof points. Runningtime is O(N logN)
whenef cient spatialaccessnethodsuchasR-Treesareemploed. Thenum-
berof clusterds determinedhroughthealgorithm.

GDBSCAN (GeneralizeddBSCAN) asintroducedby (Sanderf9]) gene-
ralizesthe conceptof an "-neighborhooddy replacingthe Euclidianwith an
arbitrary quasi-distancéunctior® betweentwo objects. Furthermore points

IMinPtsand" areuserspeci c parameters.

2As gaspipesnormallyfollow theroadgrid, we cannotexpectto getcircular clustersirom pooling.

3As triangularinequalityis notrequiredto hold, this functionneednotbea distancen thetopologicalsense
of theword.
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within this "-neighborhoodare not simply countedand checled againstthe
MinPtsthreshold but they areassignedunequaleightaccordingto a "simi-
larity function” measuringheir similarity to the corepoint. Thisfunctionmay
dependuponspatialandnon-spatiatharacteristicef thetwo objects.Sander
givesthedetailsdown to the pseudocodé&vel.

We have usedtravel distancealongthe pipe network asa pseudo-distance
function betweentwo constructiorsites(closelyrelatedto well-knovn Man-
hattandistance)and have set" to 1 km, which is indeeda typical threshold
for pooling of directly neighboringsites. Monetarysavings or Maintenance-
Productvity increasegan- aftersuitablenormalization sene asa similarity
function.

Preliminaryresultswith smallnetworks shawv very promisingandplausible
results,yet somework remainsto be doneasthe choiceof " andMinPts will
seriouslyaffectthe solutionandis not atrivial task.

4. Tool prototype

In the vein of a classicdecisionsupporttool, all informationgenerateds
meantto easehumandecisionthroughsensibleproposalsnot to replaceit.
Intuitivenessof the userinterface and easeof manualintervention are core
component®f thesystem.Fig. 9 shavs how our prototypeis structured Ora-
cle Spatial9i hasbeenchoserasan objectrelationaldatabassystem.Spatial
extensiongo standardsQL allow for directstoringandretrieval of spatialob-
jects.Astothelist of spatialobjecttypesandtheirrespectie accesgunctions,
Oracle adheregathertightly to OpenGISand SQL/MM standardsmaking
portingthe prototypeto otherplatformsaneasytask. Typical functionality al-

Figure9. Structureof Prototype

lows for de ning elementarygeometricshapesuchaslines, multi-lines (built
from straightsegments)or polygons.An objectmay carrybothgeometricand
non geometricproperties.A gaspipe might thus be modeledasa multi-line
with diameter materialand age as non-geometriattributes. Adjacentpipe
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sggmentscanbe modeledthrougha relationto their representingnulti-lines.
Typical queryfunctionsallow for areacalculation,adjaceng queriesor dis-

tancecalculationbetweenspatialobjects. To calculatethe distancebetween
two streetsonewould for instanceusethe function SDCDISTANCEndwrite

(Oracle[8])

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

FROMstreet a, street b

WHERE.name='main street’ AND
b.name='zeiss road’;

To our experienceSQL/MM doesto our GIS/DSSwhatnormal SQL doesto
standarddatabasapplications:it relievesthe programmeifrom the choreof
programmingandoptimizinglow level accessunctions.

Building thewhole systemon SQL/MM andOraclesprocedurakxtensions
is not anoptionthoughdueto se\erely limited semantigpower and 3rd party
toolbox support. Realizingwhat hasbeendescribedn Section3 of this pa-
perin agenerapurposeobjectorientedlanguageseemsa lot easier We have
chosenVisual C++ for the languageand usedMicrosoft foundationclasses
to provide non-geographi€&Ul andwindows functionality SQL/MM com-
mandscan be sentto the databasevia a standardembeddedQL interface.
Being aresearctprototype,we areusingArcView asa geographiovisualiza-
tion tool. ArcView usesa proprietarydatamodelandis basedna le- rather
thana databasestoragemodel. Interfacesto ArcView arewell documented,
though,andthe software boastseaseof operation,a powerful userinterface
andwidespreaacceptancelVe have foundits functionto overlaytopographic
or thematiccity mapsor orthophotosespeciallyuseful. A commerciakystem
would probablywrite resultsto the Oracledatabasenddraw all visualization
informationform there.

Fig. 10 shavs atypical screenshot.

5. Functionality extensions

Gasleakandmaintenancenanagemerdrejustthe rst stepsowardsafully
edgedtoolboxfor public utilities. Next stepplanneds amaintenancéolbox
for waterand electric utilities. While water needsonly minimal adaptation,
electricityis morecomplicated:

1 Faultylinesarenormallynotdetectedhroughvisualinspectiorbut through
analysisof continuousneasuremerdf electricparametergvoltage,cur
rent,phaset certainspotsin the network. Goalis to pinpointthe fault
locationwith a minimum of additionalmeasurementThis callsfor ex-
tensionsto an engineeringdisciplinethat hasbecomeknown as"state
estimation” seee.qg.(Alur [1]).
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Figure10. Typical Screenshot

2 Maintenanceechniquesretotally different.

3 We have to deal with at leastthree voltage regimes (high, medium,
low) andtheir correspondingnetworks, the interconnectinghodesbeing
marked by transformerstations.

4 Transformerstationsand measuringdevices canbe faulty too. This is
especiallyproblematicwhendefectve equipmenerroneouslyndicates
line failuresthroughstateestimation.

A totally differentline of functionality extensionds catastrophenanagement.
Recently oods have posedseriousproblemsto several cities of WesternEu-
rope. GlSsthat have storeda digital terrainmodelcanautomaticallyidentify
endangeredegionsshouldtheriverriseto acertainlevel (seeg. 11).

6. Summary and outlook

ExtendingGIS functionalitythroughthetoolsdescribedwill malke thetran-
sition from a mereinformationto a decisionsupportsystem.

MostcurrentGlSsarebasednobjectrelationaldatabassystemsThissys-
tems,whenequippedvith extendedgeo-spatiafunctionality provide astrong
andperformantintegrationplatform. Displayingresultsin windows GUI and
GIS mapsis achiered without seriousdif culty .

Maintenanceandleak handlingin gasnetworks hasbeenusedasa proto-
type. Thisis anapplicationof mediumcompleity with immediateutility to
theenduser It hasbeenrealizedthatthis problemcanonly be solvedthrough
closeinteractionwith quite disparateelds of research:the technicalitiesof
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Figure11l. Floodsimulationwith GIS

piperefurbishing.economicconsiderationo identify key costdriversandthe

algorithmicside,wherenew clusteringalgorithmshadto be developedandde-

ployed. This interconnectiorof different elds makesresearchattractve. It

mayon the othersidehave hamperedvidespreadcommerciadeployment. As

we have found, this effort needsbe madeonly within the developmentphase.
Everydayuseof the systemis easyandfully integratedwith standards1S op-

eration.Altogether GIS/DSSarecommerciallyviable projects.
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