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ABSTRACT:

For the purpose of facility management it is vanportant to have detailed and up-to-date datalhafsesderground utility lines,
but such data are not always available with adegaeturacy. Hence, the need of collecting and d@gnsuitable information on
underground services is a fundamental issue whalindewith urban data. Besides, by analyzing thegse of designing and laying
new underground infrastructures it is possiblentplement an efficient and cost-effective approachtegrate and update existing
maps by exploiting the surveying required for thetallation of new facilities. It is also importatunderline that collecting all the
data in a unique integrated database (and GIS} ghe possibility to share (at least at a locatllethe cartographic and thematic
information for an optimal management of undergoburetworks. In this paper, a database (DB) modelamhiving the
underground lines data is presented. The struaifitbte DB has been designed by following the steshaaethodology for the
modelling of a relational DB, going through succesgihases and originating the external, conceptodllogical model. Finally,

preliminary tests have been carried on for parthefDB to verify quality parameters.

1. INTRODUCTION

The availability of detailed and up-to-date cartgvic

representations of underground utility lines (agewaupply,
sewage system, electrical grid, gas network, distneating
network, telecommunications and wiring network, mpelines)
is very useful for network facility management, boédr private
companies and for local administrations. The kndgteof the
3D position and of the characteristics of the ugdmind

services is fundamental to be able to maintain ekisting

networks and to plan the installation of new omesit has been
remarked in Blachut et al. (1979). Looking at théerstific

literature, there are some examples of dealing wittherground
networks from the point of view of a DB design;nost cases
the GIS environment is only exploited from the egraphic or
computational point of view (Wang et al., 2012;\v@la et al.,
2006). In Du et al. (2006) a suggestion for 3D |hiEs

visualization in a DBMS environment (Oracle Spatidd)
presented, nevertheless in this case the focus nisthe

management of the geometry: in the proposed appraae

elements are represented as lines and this cheicenipared
with others (e.g. cylindrical or rectangular remsition). A
DB model is presented in Lu (2011) for the Xi‘artycgas
company, where geometric, maintenance and intexféttethe

public aspects are taken into account.

Unluckily, at the moment, the information on undergd

utility lines and of other buried objects is ofterwomplete and
above all has an insufficient accuracy for landigaon of

trenchers, to dig and lay cables. Regarding mapsthef
underground, even nowadays it is not very commoimaee
exhaustive accurate information on position of wgdsind

utilities, and in this respect Italy shows a ret@vgap. In many
cases only maps with qualitative positioning of leaband
pipelines are available. At the European levethim framework
of the INSPIRE directive, the technical specificatidor utility

services have been set in (INSPIRE, 2013). Howewethiis

approach “the level of details [...] is less impottahan

collecting exhaustively the same type of data foe twhole
territory analysed” (ibid., p.22). At the Italiarational level,
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D.P.C.M. 2011 follows the same approach, defining th
contents and models to be adopted in GIS by public
administrations.

To obtain a sufficiently accurate and complete espntation of
the underground, a dedicated and extended survegisred.
Non-invasive surveying can be performed with tiadil
topographic methods or by GPS positioning, by meaguthe
positions of the surface elements of the networlise
manholes, catch basins, transformers, hydrantbaege boxes,
etc., and subsequently inferring the presence ahd t
approximate planar location of the buried lines. other
possibility is the GPR (Ground Penetrating Radarhrigpie
(Metje et al., 2007), which allows reconstructifg tmain 3D
geometry of underground elements. But, despite tlgom
advantage of exploring the underground with treesfilmeans,
there are limitations to the GPR technology linkeddil type
and saturation and to the utility depth; besidesfquming the
survey of a large area is an expensive solution.

By analysing the process of designing and laying new
infrastructures, it is evident that at differenagds updates of
such data are feasible. Hence, an efficient and-eftective
approach could be exploiting the surveying alreadyired for
the installation of new lines, in order to update tEexisting
maps with data regarding both the new and theiegitines.

In this paper a relational DB model is presentedttye and
manage the information related to designing andn¢ayof
underground utility services, taking into accouné texisting
cartography and its update, the excavation planogedations.

2. ANALYSISOF THE PROCESS OF DESIGNING AND
LAYING AN UNDERGROUND UTILITY LINE

The laying of underground utilities is a complexgass which
involves different actors, such as the network awrtbe
company who lays the network, GIS and surveyingratpes.
The input to the process is the initially knownoimhation: the
assignment, the above-ground map and the existiag of
underground, if available.
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This input information is necessary to prepare elipinary
project of the laying that, again, allows to plamceessive
surveying activities, aimed at describing the ugdaund pre-
existing elements, such as topographic or GPS aRPR G
surveying. The acquired information allows the dgesof the
final project. Then, it is possible to obtain thardatory legal
permissions and to plan the digging and laying atans,
including the definition of the excavation path.
During the digging operations, when traditional ntieing
techniques are adopted, also the physical exptoratf the
underground is possible, so in this case the umdengl utility
map can be directly updated. When other typeseoictrers are
used, the laying of the facility lines can be perfed at the
same time of the digging operations, includingfthieg of the
excavation, so in this case the direct observaifathe existing
lines is not possible.
The output of the process is constituted by
e cartographic representation of the new laid elemjent
e up-to-date cartographic representation of the pigtiag
underground services (and often of other burieecib).
While designing the GIS of underground utility netks, it has
been considered a basic issue to adhere to stapdazddures
and formats when collecting data to obtain a coastsdigital
archive and an interoperable GIS. The aim is toehadshared
DB containing all information regarding the undengnd utility
lines, including both geo-referenced data and otttibutes
which are fundamental in the monitoring and mamitaj of
such networks.
An important result is that data of the undergroutilities can
be shared among different companies and collectedunique
integrated DB (and GIS) for the management at ¢ivellof at
least a single Municipality.
As already experienced in previous projects (Carmonal.,
2009), the structure of the DB has been designefbllywing
the standard methodology defined by ANSI (Amerib&tional

Standards Institute) SPARC Committee (Standards Rignni

And Requirements Committee), see also (Jardine, 1977)

A fundamental question concerning the modellingthef DB

regards the level (or levels) at which data shdaddacquired

and archived in the DB. The moments at which ugdafethe
underground services mapping data occur can betddtdy
analysing the process of designing and laying pgmescables.

The data collected at such stages can effectivafyribute to

the information content of the DB. Following thisagegy, the

external model was established. The input and ¢ulpta so
defined are very heterogeneous and can be grougpedaur
categories:

e already existing cartographic data, which are phyti
organized as a DB and partially represented by tgcap
layers without attributes;

e data related to GPR surveys, i.e. raw data botrectelt]

during the survey operations and resulting fromirthe °

processing (3D tomographic images, often geo-reted
in a local frame), in proprietary file format;

e positioning data, not always specifically charaeed as
mapping data and usually stored
(proprietary or standard ASCIl file format),
depending on the used type of instrument;

e data concerning the design phases of the new uruderg
utility elements; different types of data can beoiwed,
since every company may freely choose the formaishw
they consider best fitted for their aims (usually@C#les).

strictl
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in various formats

3. THE CONCEPTUAL MODEL FOR A SHARED DB
OF UNDERGROUND UTILITY NETWORKS

In this phase of the DB modelling, a “bottom-up”aségy has
been followed, identifying four main elements whidan
contribute to the structure of the DB itself: desigurvey,
navigation for digging purposes and final desigthef network.

As a consequence, the ERM (Entity Relationship MotdeB

been designed based on those four elements, whioh teen

later integrated in a unique conceptual schembheoDIB.

Two different types of entities were included ire thRM: non-

geometric and geometric entities, both with attidisu In the

latter case, elements can have point or polylinengsry,
following the guidelines issued by (D.P.C.M. 201Hhwever,
also entities with polygon geometry have been ietlin the

DB design, since the necessity could arise to desabjects

which belong to networks and have not negligiblmetisions,

such as wet ponds or wells. The (D.P.C.M. 2011) |etiguns
have been also taken into account when definingattrbutes
of the elements of underground lines.

The four main elements of the DB model are the fuathg:

¢ Laying design: this part of the DB model is intended
store the data of the project and the informatiseduto
design it, as existing maps and urban plans.

e Survey of the existing network: this part of the NER
regards the data obtained from the GPR: raw da@P& or
topographic instrument used for geo-referencing GRR
and the results of their post-processing (usuadly, a
minimum, positions and mean square errors), andsPR
data (raw data and 3D images). Furthermore, iséful to
define two geometric entities: one with linear getmy and
one with polygonal geometry. In both cases, aribatie
represents the path to the original 3D GPR imageffdm
which the data were extracted, for traceabilitypmses. The
positioning accuracy can be associated to theiestith a
specifically defined attribute. However, since tB€R is
not able to determine the characteristics of thieaied lines
(material, diameter and so on), these two enti&@mot be
classified according to their intended use.

« Navigation for digging and laying purposes: datadesl for
the trencher navigation. In this case, one entitysfined to
store general data regarding the navigation, omengtic
entity (defined in the design phase) representsdhte to
be followed, and one geometric entity contains fsouseful
for security purposes (e.g. start and stop poifgsegl at a
safe distance from other lines). Images (if phapbic
documentation

attribute contains the path to the directory wherages and
navigation data files are stored.

Final design of the network: it regards the actpdrations
realized on the underground networks at the coctsbiu
site. The company must supply the Municipality (NBE,
2013) with the information on what elements haverbe
altered or added to the existing network, and ithed fayout
of the network could result to be different (altijbu
slightly) from the one planned in the design phales
information can be obtained from the real time gatibn
data of the trencher and the design must compli ttie
regulations in force.

is available) and navigation data are
included in the DB in the same way as GPR images: an
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Figure 1. ER Model for a DB of underground informatio

The four elements described above have been inéegra
obtain a unique ER model. For this purpose, it wexessary to
define three suitable relationships to connect tifferent
elements of the conceptual model (see Figure 1).

4. PRELIMINARY TESTSOF THE DB MODEL

To validate the designed DB model, it was decidetest its
compliance with real digging operations for a pipellaying
under some streets of the central area of the Cilfilan. The
considered project, involving the laying of a neustict
heating line (two parallel pipes: one for the feed one for the
return), had been designed and realized by thadtahulti-

Regarding the base maps, the urban area of Milepigsented
in a large scale (1:1000) city map geo-referenoettié national
reference system, and stored in CAD format. An &tk
larger scale (not specified) map representing niterior of the
involved building, also stored in a CAD layer, wased.
Concerning the existing information on the undergobu
infrastructures, officially in the considered zoofeMilan only
the drainage and the water systems are (partidiygcribed
according to the conceptual model of the most reoegional
laws. This information is freely available to angeu as ESRI
2D shapefile. A more detailed description of the existing
surface objects could be gathered from other ssufeq. a
CAD file), or partially inferred (at least in a pkible range) by

utility company A2A S.p.A. The GPR survey has beenconsidering the regulatory requirements.

performed by the DICA Department of Politecnico dildvio.
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To design the laying of the new heating line, thean plans design of the utility lines to their laying. Regargi the
(PGT and PUGSS) were taken into account. Also this geometric entities, it is important to remark tfatall of them
information (represented bymilf file) was stored according to also the positioning precision has been archivdds ts
the proposed DB model, archiving the identifier loé file and  fundamental in order to consistently merge dataiegnfrom
its storage location. The design phase has beeiedan using different sources (and consequently having differen
CAD software and afterwards the information has beeraccuracies). The integration of such different datatill an
structured as required by the ERM; the lines andaitpadf the  open question, which will be investigated in thaufe.

district heating pipes were now stored in two safar3D
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