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MANAGEMENT AND VISUALISATIONOF UTILITY NETWORKSFOR
LOCAL AUTORITIES:. A 3D APPROACH

Ssi Zlatanova?, Fatih Doner? and Peter van Oosterom'

Management and visualization of underground utilities have been always of a
great concern in many countries. Insufficient, inaccurate and unclear information
about the location and depth of cables and pipelines may cause various problems
and may even result in tragic accidents. In this paper we argue that 3D
management and visualization of pipelinesisof a critical importance for efficient
maintenance (in the office and on the field), providing a better perception and
under standing of the complexity of the underground networks. Thisissueis of
critical importance for local governments or institutions responsible for utility
registration, which make no use of specialised AM/FM software packages. This
paper presents our approach for 3D management and visualization of pipelines
using a DBMS and frontend systems (ArcGIS and BentleyMap). Additional
parameters indicating diameter, height, radius, etc. are organized as attributes to
the utilities. The 3D geometry for visualisation is created on the fly using the line
geometry and the attributes. Various tests are performed on several case study
areas.).

1. Utility management in progress

Pipelines such as water supply, sewage, power ywuppht supply, industrial pipelines and commutdcat
lines, are essential infrastructures in cities. yTpeovide substantial material basis for cities ttgnsporting

water, energy and information. Being an importaatt pof daily rhythm of a city, management of uilit
networks has always been challenging. Often ingefit documents are available describing previoasigting

pipelines or some of those documents are not aecamr@ough. This tendency has been increased ifashe
decade while rebuilding and substituting existimgpgipal pipelines to fit in with increased demamd<itizens

and industrial development. Moreover, newly designaderground pipelines for different purposes hasen

built along with various engineering projects.

A large number local governments is still not atdecontrol completely this economical booming aaduire
new tools and approaches for management and coroatiom ([5], [17). Responsible construction compani
within engineering projects hardly wait for a coetpl documentation from management agencies retated
existing pipelines before they start engineeringjgmts. Insufficiently trained workers are regujaréported
injured for their wrong operations during constiaict Many serious accidents such as the cut-offasf, water
and heat supplies, communication lines and evemvkeflow of sewage were caused by blind-cuttindaodt
damaging. Investigations in different countriesart@n economic loss of up to million US dollars pear (e.g.
[3], [22], [29], [25]). The increased utilizatiorf onderground space by utility companies requiresenextended
knowledge about the position of underground utitigtworks than ever before. The intensive expanaimh
modernization of cities (involving re-constructiand re-building of streets, buildings etc.) neelds acliable
information about existing infrastructures ([13]32]). Many governments consider that a ‘centralized
management’ of utilities will greatly improve thedwledge on the underground infrastructure ([64][]26]).
Many technical aspects related to a centralizedstragjon of utilities have to be considered, esgstem
architecture, ownership, type of information tosbered, data model and visualisation ([9]).
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Nowadays more and more applications such as urlaammipg ([15]), cadastre ([20], [8]), disaster mgement
([18], [19]), noise mapping ([31]), visualizatiofB], [21]) and utility management ([12], [3], [34)epend on
three-dimensional (3D) data. A crucial elementtility management is visualisation. The visualieatdf utility
networks has always been problematic. Utility nekgoare usually represented as lines (segmenthieof t
networks) and points (connections, valves, etejipminantly with their x,y coordinates. Dependimgtloe type
of the utility networks (water, swage, telecom, etihe depth or (more rarely) the z coordinategyiven points)
might be registered. The software (GIS, CAD, AM/FKby utility maintenance is typically 2D, i.e. the
visualisation of all the elements of the networksmn 2D maps (Figure 1). Such a visualisation lgsalves the
needs of a company (or state authority) that ipaesible for the particular network, but can resalt
misinterpretation when provided to third partiesridus factors contribute to confusion and misprtetation of
the information on 2D maps:

e The major trace of pipelines or cables per netvirkostly the same, i.e. under the streets, whashlts in
overlapping lines. To avoid this overlap, many camips offset the multiple pipelines to increase the
readability of the map. Such an approach, howend mislead unfamiliar users.

* The trace of the different utility networks alsoedaps. Colour and depth (depicted near a segnoérat)
particular pipe or cable are often the only paramseto distinguish between different networks. gnading
several networks on one map is almost an impostible

* Alarge number of important elements of the netwdqduch as valves, connections) are given with sysnb
which might be challenging for interpretation fraran-specialist and even from some of the less-figehli
field workers.

« Some of the networks (e.g. sewage) contain a langeunt of vertical elements, which visualisationtioa
2D maps is only as points. Explanations about #réical elements is often not included in the miahging
on the on-site experience of field workers

Figure 1. Visualization of utilitieson a 2D map

In the last years, the need for real 3D manageraedt visualisation of utilities is rapidly emergingD
visualization of utilities is expected to solve maof the drawbacks mentioned above ([34], [11].[&P
visualisation allows for better representation lu¢ tibsolute and relative (with respect to buildingstreets)
position and better understanding of mutual refestiops between different networks ([12],[38]). Resé on
3D management and visualisation, however is sidlfficient. [29] suggest an augmented realityeaystor 3D
visualization of utilities (showing their positian the surface with attached depth informatiorf4] [discuss
profile creation from a utility model to maintainet pipes and the lines with their 3D coordinatd3] proposed
projection of utility networks on geo-referencedhpaamic images. [34] have reported a 3D serviceahaws
3D visualisation of pipes on request of a user. §ysem however is not intended for registratiod does not
allow for integrated management of utility netwqrkadastral data and 3D topographic data (3D Cigets).
The new ADE for utilities of CityGML proposes a mador integrated management of utility networkat b
does not discuss explicitly 3D visualisation. Giv@ityGML is a 3D model, the extension should beable to
support 3D.

This paper presents our approach for 3D manageamehtisualization of pipelines, which is aimed tpgort
local authorities and institutions responsible diditity registration. The goal was to keep as mashpossible
original data sets unchanged. The pipes and cabdemaintained with their centrelines in DBMS aigliglized

in different software for inspection (in 3D) andtady (in 2D). The implementation is realized fora@le Spatial
11g, BentleyMap and ArcGIS. The following sectioprgsents an information model for managementitifyut
networks. Section 3 presents the selected datatsteu Section 4 discusses the possibilities fdityudata
organization and querying in Oracle Spatial togethéh other data sets. Section 5 elaborates on the
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visualization approach considering cylindrical aadtangular pipelines and construction of speaalnections
at 3D symbols. Last section summarizes the restittse tests and addresses further research.

2. Registration of utilities

In current practice, two kinds of registration qaovide information on utilities although therenis direct link
between them: technical and legal registration. 6frthe aims of the technical registration is totpct utilities
from damage in case of works by third parties. Hyal registration, on the other hand, providesstegtion of
rights, restriction and responsibilities relatedthese objects. In some countries, legal regismmatan also
include geometric descriptions of under and abawairgd networks when these networks intersect veitids
owned by another. This paper concentrates on teigal registration, but the approach used prev/abasis
for legal registration (as it will be discussedtffigr).

In the Netherlands, KLIC (Cable and Pipeline Infatimn Centre) was established for technical regfistn of
utilities. The KLIC does not register the netwotkemselves, but maintain a grid covering the Nddinels. The
grid cells are 500m by 1 km and the KLIC's regidtes network operators who have cables and pipelima
specific cell to get easy access to the relevants ph network maps kept and maintained by the atpes. In the
system, contractor contacts the center, providireg éxact location of the works. The KLIC notifiel the
known network operators in this area, and operatdissend their own (paper or digital) map of treevant
part of the network directly to the applicant. Adtatively a network operator may also choose ta sesurveyor
to the location to indicate to the contractor theation of their infrastructure. The KLIC systemcigrrently
upgrading to a web-based, open-standard systemr uthge management of the Dutch cadastre. Only
municipality Rotterdam has a centralised regigiratbf utility networks, which is caused by the drea
importance of Port Rotterdam ([27]).

The management of utilities in Turkey is maintaifed similar way to the Netherlands. The diffeemthat it

is not organized at national level. Infrastruct@eordination Centre (AYKOME) has provided coordioat
between different network operators within 500.0@fties since 1984. The centre determines how spmace
occupied by public infrastructure objects such asew electricity, gas, telecommunication etc. Whenrequest
for excavation arrives to AYKOME, area of interéstmarked on a map to determine existing undergftoun
structures. In addition, depending of existencelaf, depth information can be supplied to excavapart
from organizing information in dedicated informaticentres, cadastres in some countries can preygdgal
information for utility networks. In short, this ppens as follows: when owner of the utility netwislentitled
to use the space above or below the surface paticeited rights such as superficies and easenights are
established on the intersecting parcels. If thieges are not applied to the full parcel, 2D draygirtan be added
to the deeds to describe the location of the nétsvdvlain characteristics of the information aret ttheawings
are only available as separate documents and sedairc part of the network. Geometric descriptiérwbole
network can not be obtained from cadastre. In Twrkewever, there is an exemption in case of higlage
power lines. Cadastral database can include wremengtry of the high voltage power line (see Figd)re
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Figure2: A cadastre map with high voltage power line (from [7])
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A resent study on technical registration of ugktiin China, Slovenia and Sweden ([3]) has showmilasi

tendencies for management of utilities. Dependimgiae of the country the registration can be eitleatralised
(Slovenia) or local, organised in urban officesif@hand Sweden). Each country recognises the rfegdnore
elaborated digital system and several prototypeslieady available, e.g. ArcMAP/Oracle Spatiakasystem
in Slovenia and China.

All the countries consider 3D management and visaibn as a very important issue, but the avditgbof
utilities in 3D is the major drawback. Generallye information needed for registration is much seanthan the
one needed utility companies to perform their dattivities. Compared to other topographic datpelmes and
cables are relatively simple types of data:

« Pipelines are generally represented by the x,ydioates of their central lines. Depth or z-coorténare

not compulsory parameter for all networks. An appmate depth (e.g. 100 cm for water and 40cm for
telecommunication) is either ‘known’ or recorded as attribute. For example, the water company
Waterleidingbedrijf Amsterdam responsible for drimiater in Amsterdam, the Netherlands does not

maintain any of them. In contrast, the urban offizeChina have records for both depth and z-coatdi

* Pipelines are mostly straight lines with relativetyiall number of turns. Very often the turns of piyges are
represented in 2D maps with one point. Relativahgé turns are currently presented using shorigbtra
lines connecting successive interpolation pointge interpolation points of arc are required to lihiw a
certain precision.

e The accuracy of points within the pipeline netwoikselatively high, although it may happen thamnso
utility companies maintain the location of pipesdarables with relative coordinates, i.e. indicatiag
distance to topographic objects (streets or hou3és) tendency is however towards upgrading to ggod
coordinates.

e Shape and size of pipelines are relatively consisend materials of pipelines are rather limitéoints of
pipelines are almost the same for a single pipeliine shape of the most pipelines is cylinder thosigme
of them are ditch.

* As already mentioned above the vertical segmemsedher not represented or indicated implicitlythwi
symbols and textual information. Accesses fromsildace are also defined only by symbols.

The first four properties of pipelines make theuaiization of pipes in 3D quire straightforward azeby. Long

straight lines can be replaced with tiny cylindemnsidering the diameter of the pipe and conseguent

visualized as 3D objects. The real challenge islssing information:

e absence of vertical segments,
e visualization of turns and intersection of cyliidd pipes,
e creation of rectangular pipes,

< 3D symbols to replace the 2D symbols.
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Figure 3: Conversion from a) 2D datato b) 3D (segment 2 and 4 are new)

Figure 3 illustrates the transformation from thiagimal data to the needed representation in 3DitiSgafrom 3
segments in the 2D case the pipe is upgraded ¢égfents. Indeed, it should be carefully considerkeidh and
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how many segments have to be organized. Practisatfynents 1-5 can be represented as one, but vagy |
lines might result in a weak and inefficient indexin databases.

In the following sections we assume that the finsiblem (i.e. missing vertical segments) is resdblaad we
concentrate on organisation of the 3D data in DBaf8 the 3D visualisation in different front-endsheT
database approach (versus management in GIS/CADated systems) is preferred by many local autiesrit
since it allows flexibility for different internalnd external users. The information about utilitas be accessed
and used by specialised packages need for thefispeork of departments or the clients. Speciag¢mtion is
given to Oracle Spatial since it is currently thBNDS providing the largest variation of spatial misgevhich
could be of interest for utility management.

3. Management of utility data in Oracle Spatial

Spatial objects can be currently managed in Or&gatial using four different models namedgometry,
topology, Linear Referencing System (LRS) andNetwork ([23]). Besides the data types, an extended sepatfal
function and operations is attributed to each dadalel. The models are not equally appropriate fodetling
utility networks. The topology model hasde, edge andface data types organised in a structure similar to the
well-know wheel-chain data structure ([25]). The major disadvantageheftbpology model is that it needs area
objects (i.e. faces), which are commonly not awddlan utility networks. The network model and LR&
typical graph data structures and conceptually \aggropriate for maintenance of utility networkoweéver,
there are few practical drawbacks. For example, ISR#®t supported by any front-end application.bEcable to
visualize spatial objects managed as LRS data tymshave to be converted to the data types of¢oenetry
model (using Oracle Spatial function). The netwarkdel avoids this obstacle by maintaining the geome
within network data types (i.eode, link and patch) and, therefore, it is readily accessible for aigation.
Though very attractive, the model requires develepinof user-defined scripts for populating the ¢aband
checking the consistency, which was outside th@esad this research. Therefore we have concentiatettie
geometry model. The geometry model (i.e. SDO_GEOREJ has several simple geometry types (and
collections of them) such @sint, point cluster, line string, polygon, arc line string, arc polygon, compound line
string, compound polygon, circle, optimized rectangle, and even optionally, it can be indicated thategtasn
geometry isunknown.

One option to maintain cylinders and rectangulaepiwith existing data types would be to simulatnt as
reported in [35]. The basic idea is that a cylindan be defined as a group of flat quadranglesexiad each
other. The quadrangles are in 3D and 3D vertexgesent them. Based on this idea, a rectangleipgsetan
be exactly expressed with four polygons, but ancyical pipeline will be described with much mohan four
polygons. Indeed, it is quite unrealistic and ifwééht to store all these polygons into Oracle Bpat

In this paper we follow an approach, which consdbe mathematical definition of cylinder, i.e. thdinders
spatial shape is only described by a centrelineaadimeter. This allows us to consider that andg@r can be
created in Microstation using these two paramet@ss.for rectangle pipeline, it can be describedhwat
centreline and its size considering height and lwift a ditch. In this way, pipelines can be sorte®racle
Spatial using the supported 3D line data type. ddwantages of this approach are:

« [Easyto manage. Line is a simple geometric tygenfiut, edit and update are easy.

« Easy to implement. Create, modify, validate andrgef lines are a trivial operation. Moreover sphti
functions such as length, overlap, intersect,ate readily available.

» Easyto index. Several spatial indexes are alseiged by Oracle Spatial.
* Space saving. Simplified pipelines occupy less nrgrapace, i.e. little redundant information is edrt

The data sets used were prepared to include theaténe with its x,y,z - coordinates, terrain gkf (or depth),
diameter of pipe, width and height of ditch. Theat@tion of a pipe network can be therefore sexea function
of six parameters per pipe segment:

P = F(x,y,z,zt,d,h)
Since SDO_GEOMETRY supports only 4D coordinatesjdes the coordinate (x,y,z), only one more paramet

can be included in the SDO_GEOMETRY object. Sifmeterrain height is the most important value ttawb
the depth, we have included it into SDO_GEOMETRVttes fourth coordinate. It is used also for premgri
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vertical profile and calculating insertion pointithin pipelines. The advantage of this represeomati.e. terrain
height instead of depth value, is that pipes alibgegground can be also incorporated in the moaelekample,
a pipeline is under ground if (zt-z) is positivéherwise, the pipeline is above ground.

3.1 Organization of Data

Two different types of data set were organized dtabase for spatial query and visualisationt Eiasa set is
associated to underground utilities (pipelines aables) while the second is related to above grquowler
lines. Table 1, data sets used in this study aoeimed into underground and aboveground. First gneap
provided by Municipality of Rotterdam while the sed is from cadastral database of Turkey. All data
represented with their 3D coordinates.

Table 1: Data setsused in the study

Underground Aboveground
Pipelines Power lines
Cables Buildings
Buildings Cadastral parcels
Cadastral parcels

Geometry model (SDO_GEOMETRY) of Oracle Spatial weed to manage these spatial objects. The
information of underground networks for pipelineslaables was stored in different tables in spatahbase.
The content of Pipeline table in Oracle Spatiaii®n in Table 2 as example. In addition to tabhestadata was
maintained in Oracle Spatial by describing the disien, lower and upper bounds and tolerance in each
dimension. Finally, spatial indexes (3D R-tree) avereated on the tables to speed up spatial qu€neation of
spatial index is necessary for efficient accestata after the data has been loaded into spabieista

Table 2: Description of Pipelinetablein Oracle Spatial

Column Name Datatype esEription

mslink NUMBER(8) PRIMARY KEY

start_id NUMBER(8) Start Node

end_id NUMBER(8) End Node

MATERIAL  VARCHAR(8) Material

diameter NUMBER(6,3) Diameter (thiabf ditch)
tall NUMBER(6,3) Heigbt Ditch (null cylinder)
* Pressure VARCHAR(8) pressure (gdsctricity)

* Cabnum NUMBER Cable numfenly electricity)
* Sumhole NUMBER Total holes (only tedenmunication)
* Usedhole NUMBER Used holesly telecommunication
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bdate VARCHAR(7) Build date
Ishape SDO_GEOMETRY Gtype = 4Qpipeline segment,
4D)

Asterisk (*) refer to special information for indiwal type of pipeline

Clearly, the data contained in the line table iffigent to visualize the pipelines in 3D and regeat their
location (both with respect to other networks amhé terrain). However, some points contain attribute
information, which cannot be assigned to the pibiihiis not a separate SDO_GEOMETRY data type.réfare
those points that have specific attribute infororatare organized in a separate table (Table 3ytiPadly, all

the end points of a pipeline are represented by aydnbol and therefore the coordinates (x,y,z)stitesorted

in point table. Additional information that helps treate the 3D symbol can be height of groundghiesf
pipelines bottom and azimuth is also included.

Table 3: Description of Point tablein Oracle Spatial

Column Name Datatype Dgx@n

Mslink Number ID of point

Component Varchar2(6) Attachment odbl

Top_h NUMBER(8,3) Height/deptitwrespect to the groung
Bot_h NUMBER(8,3) Bottom depthpipeline

Azimuth number(8,6) Dirextiof symbol

Pshape SDO_Geometry X,¥,z coordinates

3.2 Spatial Queriesin Database

One of the benefits of using spatial data typesh&é a quite extensive number of spatial queries loa
performed at database level. Some of the suppéutedions such as SDO_RELATE, SDO_FILTER, SDO_NN
and SDO_WITHIN_DISTANCE also support 3D queriest Egample, the SDO_RELATE identifies either the
spatial objects that have a particular spatialrattgon with a given object, the SDO_WITHIN_DISTARC
operator determines if two spatial objects are iwithspecified distance of each other and the SOXDopkrator
identifies the nearest neighbours for a spatiakctbf[16]). Using this mechanism, queries which ¢an
formulated as “what is the vertical distance bedwea parcel and pipeline” or “is a pipeline afparticular
distance from a cadastral parcel” can be perfornf®dO_GEOM.SDO_DISTANCE function was used in
following SQL-statement to compute the distancenvken a parcel and a specific pipeline goes undar th
parcel. Figure 4 shows underground pipelines angeabituate surface parcels and buildings.
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Figure 4: Underground pipeline used in the query together with surface parcels and buildings

In most application scenarios for utilities, spatielationships of geometries such as nearest ntayithin a
specified radius from are needed. The next SQL shin syntax for a query ‘find the nearest buildimmnd
their distance to a specific pipeline’ SDO_NN operaf the OS was used to perform this query. Nunatbehe
geometries returned was limited to no more thabyl0sing the ROWNUM pseudocolumn:

SELECT b.id Building_ID,

SDO_GEOM.SDO_DISTANCE(b.geom, pi.geom,0.5,'UNIT=Mi¥tance
FROM building b, pipeline Pi

WHERE pi.idbuis='73570'

AND SDO_NN(b.geom, pi.geom)="TRUE'

AND rownum<=10 ORDER BY Distance;

In a similar way several other important questioas be executed: ‘find all buildings within a 25+{aredistance
of a specific pipeline’, ‘find all underground neivks in a given region’ (see also Figure 4), ‘fiall the
buildings above a given pipeline’, etc. These mseare performed on underground utilities. Sim#patial
queries based on distance and topological reldtipasof geometries are also able to be performealiove
ground power lines.

The following example shows how to create a budferund a pipeline representing a kind of restnc{e.g. on
have buildings in the area or other utility line&)typical example are the high-voltage power lin€sarrently,

only projection of the line on surface is represdndn the cadastre map. The owners of interestincets still

own the land under the wire, but they are restlidte the remaining use of this land. This restoictiis

determined by other legislation. The legislatiorfimks minimum vertical and horizontal distancesnirthe

centre power line which imply a volumetric restioct on surface parcels. Any construction or vegatat
intersecting the volume is not permitted. Figughbws volumetric restriction of a high-voltage povire.
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Figure5: Volumetric restriction of power line
To construct the volumetric restriction (solid datpe) in Oracle Spatial, a buffer around the polivex has to
be created first. The following SQL statement shdws/ to generate a buffer polygon with 5-meteratise
around the geometry of the power line and to dteednformation in table.
CREATE TABLE testbaf AS
select h.hat_id,
SDO_GEOM.SDO_BUFFER(h.geom, 5, 0.5,"arc_toleran@3®unit=M") geom
FROM hat_gms3b h WHERE h.hat_id="1";
By using the polygon geometry as input, next steiinsert to solid defined with its ground heighd height
value in table. The following SQL statement retuthe three-dimensional solid geometry represenéing
extrusion (using SDO_UTIL_EXTRUDE) from the two-démsional buffer polygon geometry.
INSERT into he select id,
SDO_UTIL.EXTRUDE (geom,
SDO_NUMBER_ARRAY(1263),
SDO_NUMBER_ARRAY(1269),
'TRUE', 0.05) from testbaf
WHERE id ='1";
The last step is to check whether the buffer oparlaith existing buildings of to check the distanaét. If the

3D geometries of the buildings do not exist, theOSDTIL.EXTRUDE function can also be used to erect
buildings from two-dimensional footprints.

4. 3D visualization

Once data has been stored in a spatial DBMS, nrany-énd applications (GIS/CAD) can be used to s&esnd
to visualize the data. In this stage, we used tworoercial mainstream software packages, one ofwki€AD
and the other is a GIS application. The solutiomafessing data with a CAD system offers many piiisis
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such as flexible tools for 3D editing, user-frigndraphic user interfaces, and exporting data noua formats
as well as 3D visualisation ([4]). The GIS applicat on the other hand, provides tools for 2D quefr\y8D
spatial data ([37]).

4.1 3D Visualisation in BentleyM ap

BentleyMap provides means to retrieve and visudliee data types from SDO_GEOMETRY. However, this
program visualizes the pipes as they are reconddte database, i.e. as point and lines ([2]). display of
cylinder and rectangular pipelines requires thesttigwment of new programs within Microstation pragraing
environments. There are several development enwieots, such as MDL (Microstation Development
Language), JMDL (Java edition of MDL), VBA(VisuabBic for Applications). Below is presentation of DM
and 3D visualization’s procedures based on JMDle (gkso [28]). Three programs for visualization @ 3
pipelines are developed : 1) circular pipelineréjtangular pipeline, and 3) 3D symbols. The follgyvtext
presents the algorithms.

3D Visualization of cylindrical pipelines is relegily simple. A cylindrical pipeline is composed wfany

cylinders, which can be constructed with coneElenotass in JMDL according to the value of diameted

coordinates obtained from Oracle Spatial tablegs€hcylinders are all straight cylinders, therefgiagps and
superimposition exist at the joint between two segtis (Figure 6).The size of gap may change withaetsto

the diameter and the turn angle of centerline. mbet elegant way to solve this problem would berag joint,

however, this shape is not available in JMDL. Amotbption could be a B-spline Surface ([28]). Hoere\B-

spline Surface is a rather complex shape to be asbdfor visualization improvements. The simplesty to

close the gaps is to display a sphere at the joingsy successive segments. Sphere is the sinplésice and
does not depend on the rotation matrix in 3D spaceur approach we use a Microstation shape (ssHEnt

class in JMDL). The radius of the sphere is equahat of joining cylinders.

S —

Figure 6: Gaps and superimposition at joins

Thus the 3D visualization procedure for cylindripgelines includes the following steps: 1) buildannection
with JDBC, 2) get the diameter and coordinatesevalfia pipeline, 3) construct a segment (coneEl&méhn
construct a sphere joint (Figure 7) and 5) disptathe view windows in Microstation. The steps 243and 5
are the repeated for every line.

F —
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Figure7: Creating spherical joins at the connections (from Du, 2005)
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Figure 8: Rectangular pipelinesas MBC of cable groups (from [11])

Rectangular pipes mainly include ditches (with ¢pwver the Minimum Bounding Cuboid (MBC), which
minimally encloses the cables and groups of teleaath electricity, as shown in Figure 8. 3D visuatiian of
rectangular pipelines is carried out by simulatingexahedron which is constructed by eight vertexesfour
polygons. In order to reflect the visualization megsion, the polygons are restricted to be plabansidering
the rectangular pipelines in the reality, the twadygons in the right- and left-hand are requiredéovertical.

Figure9: Section of arectangular pipeline

The computation of vertexes of the hexahedron éscifitical step of visualization of rectangular glipes. A
mathematically correct computation is quite complext not necessary. In this paper we follow an
approximated, simplified approach. The coordinatbshe vertexes are determined by the coordinatebeo
centreline and the size of the pipeline. Firstlyeatical section is made through the centrelimethie vertical
section, two lines parallel with the central lime anade by two sides, respectively. The distantk thie central
line is half of pipelines size (Figure 9). The @@mints of parallel lines with the transects & tivo ends in AB
segment are presented as point al, a2, b3 and ldreds, there may be 4 points in about one ceutrat of
pipeline, i.e. bl, b2, b3 and b4 in point B. Therinates of X, Y of the four points are the samighw
corresponding central point B, and Z coordinatescaiculated with the help of the heights hl andih@ the
direction angles m and n. Detailed descriptiorhef ¢alculation steps is given in (Du, 2005 and Dai € 2006).
The result of the computation can be seen in Fig0re



Page 12 Error! Reference source not found.

—r

Beginning(Ending) Vertical Ending

Vertical Change Other Change

Figure 10: Rectangular pipesin 3D (from [11])

All the information required for symbolization cée drawn from the point table. The only elemetitit tet be
constructed is the 3D symbol itself. A symbol isdmaip of series of graphic elements and can beecres any
other geometry in Microstation. Each symbol hasw@gin, which is defined when the cell is creatétk created
several basic 3D symbols, i.e. valve, hydrant, vielicheck, manhole, hand hole and control boxshaswvn in
Figurell. One can update and append a symbol atimey In order to conveniently use symbols in the
program all symbols are organised into a uniformisgi library.

Hydrant

Water Well

Figure 11: 3D symbolsdesigned ascellsin Microstation (from [11])

The approach was tested with data from P.R. Chith the Netherlands ([6]). The utility networks were
organised together (in one DBMS) with other 3D dateh as terrain surface (TIN), 3D city model aadastral
parcels. These data were organised in separaestabldescribed by [37]. Their 3D visualisatioMinrostation
was completed with standard means (e.g. Spatiak&fieto access and retrieve data from Oracle Spatiee
different data sets could be successfully integratéth the 3D representations of the pipelines #meir
connections. Figure 12 illustrates some of theltgesu
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Figure 12: Snapshots of 3D visualisation of pipelinesin urban environment (BentleyM ap)

4.2 3D Visualisation in ArcGIS

ArcGIS is able to access data that is stored aB@ SEOMETRY type in Oracle with ArcSDE. ArcSDE is
middleware that facilitates managing spatial data iDBMS. Originally ArcSDE was developed for thBES
binary format, which is a format for spatial dagpéds in the DBMS (stored as BLOBs) developed by ESR

Two steps must be completed to visualize data azgdnn Oracle with ArcGIS:

« Register the DBMS tables to SDE system tables
« Register the GeoDatabase to define the DBMS coiumect

In the first step geometry column, primary key e fgeometry column, element type, dimension aretdote
of the layer are defined by registering as sderlalyethe second step, spatial database conneistiadded by
defining the name of the machine on which the detalis stored, the name of the database, the ndaha
password of the user ([30]). After these stepscarapleted 2D/3D data can be obtained in ArcGIShaugh
3D solids were created in Oracle Spatial to reprebeaildings and restrictions of power line, thiad of 3D

data types are not yet supported by the GIS apjalital o get volumetric representation of dataestion Oracle
Spatial, an option can be to access the data s&x@&D polygons and lines and use the extrusiosilpitiy of

the application ([1]). Figure 13 shows examplesistfialisation underground and aboveground 3D datad in
database together with other cadastral data seltsesubuildings and parcels.

=iz

FeE |t BASBDN|[F-ReAeAAEE SR ON

File Edit view Se
DER&|) PeX |+ HA@sa0K|[¢-~-A0a4eaQEEOOELon|
D nelyst = |sterl—;l’ﬁc%»\

=7 Scene layers
£ ¥ FATIHPIPELINES

window Help

b 2 O FATIH.CABLEZ
N - B W FATIHPARCELZ
= [ s

= B FATIH.BLILDINGS

5 Display [Bounee ]
7 57

Figure 13 Snapshots of 3D visualization under and above ground utility data together with other data sets
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5. Conclusion and further research

This paper reported our approach for creating 3istc visualization utility networks for local thorities. The
utility networks are stored as simple line dataetypn DBMS, as quite often used in registratiorice§ or
municipalities. The experiments and test have bjesttown that 3D visualization reveals better fielathips
between pipes and other objects (buildings, road:ain). Visual inspection is easier and the chaate
misunderstanding is reduced to minimum. The inolusdf 3D symbols to show pipeline attachments (e.qg.
valves, hydrants, wells) helps to provide additlonéormation regarding a particular pipeline, iading its
function, direction of flow, connectivity etc.

Besides the improved visualisation, the presenpgdcach has the following advantages:

e The existing pipelines and cable data sets do eetino be changed besides for the creation ofceérti
segments (which can be automated and checked faistency). Clearly, if existing pipeline networtts
not have z coordinate, additional measurementstierchine z-coordinate (depth) are unavoidable.

« Having preserved the original centre lines (staneBDO_Geometry), editing of pipelines remainsshme.
If one or more segments have to be modified, tler gan extract from DBMS only the centre lines and
apply the usual procedure for editing using thégured software, i.e. CAD or GIS.

« The DBMS storage of pipelines allows for performisfgspatial analysis, within the network and betwee
other data sets (e.g. cadastre parcels), suppostltly data sets are also available in the DBMS. As
mentioned elsewhere, the spatial functions and atioeis in Oracle Spatial are currently only 2D but
operations accept the 3D/4D coordinates. This mehas a large number of queries such as ‘which
pipelines go under parcel 11’ or ‘which telecomleabare within 100 meter from my house’, still daa
performed.

e The use of Oracle Spatial data type LINE has |ead teduction of the number records compared to the
original data sets.

< Although the implementation is completed for OraSjgatial and Microstation, the developed algorithms
can be easily adapted for any front-end and thezefeadily used for other combinations of DBMS and
CAD software.

e The selected system architecture, i.e. DBMS foragf® of utility networks and front-end (CAD or GIifey
visualisation and editing, can be considered byymacal and national authorities as a promisingapfor
a centralised registering. The spatial schemaenmiBMS can be tuned with respect to the legislatiba
particular country.

Utility networks are main objects in land admirasgion systems with a 3D characteristic. These ¢bj@e often
located under lands and can cross several privateels in many situations. Therefore, legal regi&in of
utility networks in current practice can be impraugy adopting the 3D approach presented here.igisthge,
however, it is important to discern between thesaoha technical (space of the physical network) ardegal
(space of legal representation of physical netwoekjjstrations. It is not cable or pipeline reprasd in legal
registration, it is legal aspect of this. Therefadjustments can be necessary and legal aspet basfurther
investigated to apply this solution. In some coiestrit is already legally possible to registelitytinetworks as
distinct real property even with their own 3D gedmpeThe solution of 3D management and visualisatid
utility networks is best suitable for these cougi¢hat legal (possibility of registering utilityetworks as
separate real property) and organizational (refgulatfor defining 3D information required to regisutilities)
issues have already been addressed to registeonkstw

In our approach, information of utility networksdsganized into one database together with oth#asteal data
sets such as parcels and buildings. Another appnosy be to keep information of utility networksdgmarcels
at database of organizations (e.g. network opevadmd cadastre) responsible for them and referthi® t
information when needed. The second approach esjdiurther studies on organisational aspect ofi&pat
Information Infrastructure as well as technicalextp

Further investigations are needed to specify whidfty functions are worth implementing at databdsvel. A
special attention should be given to the networldehcsince it can add value in the organization afad
Appropriate tests have to be set up to investitfagecorrelation between length of pipeline segmants the
building of the spatial index.
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We firmly believe 3D visualization of pipelines mecessary tendency of utility public informationsm
development and can greatly contribute to the eegoment. It can clearly express the position aratiaip
relationship of all pipelines, and implement aduiyr displays of pipelines from any view and/or framy place.
3D visualisation can significantly reduce blindtmg and fault damaging of pipelines. This kindvidualisation
can be used successfully to communicate informatiarone specialists and citizens.
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