A 3D data modeling approach for integrated
management of below and above ground utility
network features

Xander den Duijn

1st mentor: Sisi Zlatanova
2"d mentor: Wilko Quak

% Co-reader: Alexander Wand|

Gemeente Rotterdam

Mentor Gemeente Rotterdam: Edo Roldan Sanchez

]
TUDelft




Content

Title explanation
Problem statement and motivation
Research question and scope

Background
—  Utility networks
— Existing data models

5. The data modeling approach
— Data
— Preprocessing
—  Utility network data modeling
— Derivation of a relational database
— Inserting the data

6. Testing and validation
7. Conclusion
8. Future work

(; -ﬁ
TUDelft

Gemeente Rotterdam

> w N



A 3D data modeling approach for integrated management of below
ground utility network features and related above ground city objects
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A 3D data modeling approach
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A way of handling/storing three-dimensional data




iIntegrated management

°d gbovey

Management of different data in a (cooperative) system/environment

Asset management
[as-et man-ij-muh nt]

noun

1. Anintegrated framework for the maintenance of the assets, above and below ground, in public space. In order to spend the

maintenance budget as wisely as possible and better decision making an optimum balance is needed between costs,
performance and risk.
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below
ground utility network features related above ground city objects

Any components that are part of the below ground utility network e.g. a pipe or cable.

City objects that are visible above ground and have a relationship or dependency with
the below ground utility network e.g. a streetlight
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Problem statement and motivation

Substantial work has already been done in the modelling and representation of above ground features in the context of
3D city modelling

BUT the below ground part of the real world, of which utility networks form a big part, is often neglected in 3D city models
At the same time...

Several utility network data models exist.

BUT these are commonly tailored to a specific domain

A comprehensive 3D standard data model which provides a common basis for the integration of the different utility
networks and 3D city objects in order to facilitate analyses, visualization and management tasks, lacks.
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Research question and Scope

How to efficiently model below ground utility networks and related above ground 3D city objects in order to
facilitate integrated asset management?

Sub-research questions:

What dependencies and relations between below and above ground utility network features are of importance for the municipality of
Rotterdam in order to facilitate asset management?

To what extent can the current state of an existing utility network data model such as the CityGML Utility Network ADE fulfil the needs
of the municipality of Rotterdam?

Is the proposed data modeling approach suitable for implementation of existing utility network data and city objects in 3D city models?
Which mapping methods are required to derive a relational database from the designed data model?

Can the designed relational database be used to perform essential (spatial) operations?

How to visualize the modeled data and (spatial) operations on the designed relational database?

Scope:

Two different types of utility networks and related city objects
Only actual physical relationship (nothing like proximity)
Representation in a low LoD

Other types of data, e.g. financial data, will not be considered
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Background: Electricity network

Most above ground city objects relate to the Low-Voltage Grid, e.g. streetlights
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Background: Sewer network

In a standard sewer system, water is transported from higher to lower elevation due gravity

Manholes are mainly used for inspection and put at points of intersection or change of direction/material
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Background: Existing utility network data models

Why the CityGML Utility Network ADE?

Data model 2D/3D  Scale Topological relationships  Utility type

network network features
features  and city objects

INSPIRE Utility Networks 2D Urban Yes No Any

IFC Utility model 2D+3D Building Yes Yes* Any

ESRI Utility Network 2D Urban Yes No Any
PipelineML 2D Urban Yes No Oil and gas
CIM - Urban Yes No Electricity
IMKL 2D+3D  Urban Yes No Any
CityGML Utility Network ADE  2D+3D  Urban Yes Yes Any**

Table 3.1: A comparison between the different utility network data models
*Only inside a building

**Only in 3D for just pure visualization purposes
***A single model is used for any type of utility network

The CityGML Utility Network ADE is capable of:

« Relating utility network features as well as utility network features and above ground city objects

* Modeling relationships and dependencies between network features of different types of networks
«  Embedding into 3D urban space (since it is part of the matured CityGML standard)
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CityGML Utility Network ADE

«featureTypen
CityGML_Core::_CityObject

2

*  Currently consisting of:
— the Core module
! — — — 5 additional modules to add more detail
N kFeatur < Network

= e e - Feature Material
TO pog ra p h 9 : fun:lrt\:n :FunctionValue [0..1] : cl‘ins:y)..Cude [0..1] +superOrdinateNetwork : . . .
; o : * Functional Characteristics

connectedCityObject :URI [0..1] FsubNetwork 0.7 |+ sage :Code [0..7)
yearOfConstruction :Date [0..1]
status :StatusValue [0..1] ?

locationQuality :SpatialQualityValue [0..1] +subOrdinateNetwork

elevationQuality :SpatialQualityValue [0..1]

+ 4+

usage :FunctionValue [0..7] + function :Code [0..7]
* Hollow Space

ettt *  Network Components

__________________________________________________________

*  Network Properties
«FeatureType» +featureGraphMember «FeatureTypen
o) *  This data model is continuously under development!
+nodelviember «FeatureTypen
g Node . ) .
GV Primitive ¢ bpe NodsVake ekl N InteriorFeatureLinks InterFeatureLinks
«typen» + linkControl :AbstractLinkControl [0..1] i (_1‘13‘ [ ]

GM_OrientableCurve | o i7ation e E;_Q 3
«typex AbstractLink & 2
Geometric primitive:: | g 1 (€
M _Curve § i Sl < Nodes FeatureGraphs
+ linkControl :AbstractLinkControl [0..1] ‘é'
wo
113 & id geom id
l 0.4 \|/ +inkMember 1 000 1
0.* «FeatureTypen «FeatureTypen «FeatureType» 1 2 2 3 1 2
InteriorFeatureLink NetworkLink InterFeatureLink .% 2 3 1
+inkMember + type :InterFeatureLinkValue .
+networkLinkMember /P 0.* 4 5 5 2

i Geom;:l‘icgii;r;iﬁve:: o i \}){e 4 id start end geom id start end
: i +start 1 +end 1 : Qe’%/ 1 1 2 0 0 0. 2 3 1 1 2 3
Graph =2 | 2 23 4 231552

Figure 4.7: Utility Network ADE topology principle
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Conceptual design
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at are we working witn* AU N
\ \“,::fa’*\fj}i1< \,j - »*;"'\\{\\\:"T':::_h\
TN SN o

* Lines representing a pipe or cable AT N

. : . : TN \
Depending on the use, different types of utility networks are measured differently. A
For example, the inner bottom of standard sewer pipes is measured. \‘/ |

For other types mostly the outer top is measured.

.......

.......

« Points representing the location of a city object, e.g. a streetlight
Often these are in 2D

Both lines and points are in ESRI Shapefile format!

- A 3D model of the city of Rotterdam

The 3D model includes buildings, trees, ground level, design and building
information. Pipes and cables are modeled as generic city objects.

The 3D model is in CityGML format
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Preprocessing

Problem

The connection line to streetlights is not registered
—> it is unknown how the streetlights are connected to the below
ground electricity lines.

Commected through an as

sisting wire?

Solution

An algorithm that computes a best estimate of what streetlights are
connected to what streetlights and what streetlights are connected

to what electricity line

Yes No
Connect streetlight to nearest electricity line
{OV or LS cable) i
o)
No Yes\ y
' Find nearest streetlight connect streetlight to nearest OV cable ' (o]
e

/

Add sireetlight to group

Isstreetlight already ina group of streetlights?

Gemeente Rotterdam
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Isneareststreetlight already in 2 group of streetlights?

No
X

Create group and add streeflight
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Utility network data mapping

Electricity network

]
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xGeometrys

gml:_Geometry

+lod 1 Geometny

«Features
CityModel

+cityObjectMember -

«Featurex
CityObject

o+

oeationDate Date [0..1]

relativeToTemain :RelativeToTemainType [0..1]
relativaToWater Relstive ToWaterTye [0..1]
terminationDate :Date [0..1]

A

«Features
AbstractMetworkFeature

aPropertys

function :FunctionValue [0..1]

L

usage :FunctionWalue [0..7]
connectedCityObject :URI [D..%]

status :Status\alue [0..%]

+oonsistof

+
+

+

+ yearOfConstruction :Date [0..%]

+

+ locationQuality :SpatialQualityWValue [0..%]
+

elevationQuality :SpatialQualityValue [0..7]

A

«Featurex
Network

E + t -
Componen e o

+ cass :Code [D..1]
+ function :Code [0.*]
+ usage Code [0..%]

+superOrdinateNetwork
a.-

o

+subCrdinateNetwork

«Features
TerminalElement

«Features
AbstractDistributionElement

+ class :TerminalValue [D..1]

class :LineValue [D..1)
functicnOfLine :LineMeaningWalue [0..1]

“the end point of the electricity network”

R-
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«Featurex
Cable

+ +

+

isTransmissicn :Boolean [0..1]
isCommunication :Boolean [D..1]
orossSection :Lenth [0..1]
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Utility network data modelling

Electricity network

Topography Graph

[ ) Node

------ InterFeatureLink

InteriorFeatureLink

CityFurniture
Above ground Above ground
‘ V4
- \emeﬂt ' Below ground
) Te‘fmma
Cable Feawfeﬁfaph FeatureGraph of Cable
[ -®
Cable Cable FeatureGraph of Cable FeatureGraph of Cable
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Utility network data modelling

Sewer network

«Features
CityModel

O -

+cityObjectMember \[; =

«Features
CityDbject

R

ae=stionDate :Dats [0..1]
relativeToTemain :RelativeTaTemainTyps [0..1]
relativeToWater :RelativeToWaterTye [0..1]
terminationDate :Date [0..1]

A

«Featurex
AbstractNetworkFeature

“A manhole is a vertical pipe, usually made of concrete, that
connects the below ground sewer network to the surface”

«Festures
«Propertys Network
ladd + function FunctionValue [0..1] +eomponent
5 + usage :FunctionValue [0..%] =< «Froperys _
ot Geomalll ™~ | + connectedCityObject URI[0..%] 0. 0.+ |* das= Code0.1] +superOrdinateNetwork
+ yearOfConstruction :Date [0..7] : + function 'Code[0..7] 0.
+ status :StatusValue [0..7] + usage :Code [0..7]
+ Quality :Spatial alue [0..7]
" + Quality :Spatial alue [0.. -
FoonsistOf i o= 0 +subOrdinateNetwork
A 0
«Festures «Features
SimpleFunctionalElement AbstractDistributionElement
+ class :SimplefuncticnalValue [0..1] + class :LineValue [0..1]
+ ionOfLine :LineMeaningValue [0..1]
_,—"” «Featurexs
e AbstractPipe
= ————{=|+ isGravity :Boclean [0..1] =1—
+ exteriorWidth :Length [0..1]
“ H H H ” + exteriorHeight :Length [0..1]
a manhole is a point of connection 7 Stenoeom Lenom
«Features
RectangularPipe «Features
RoundPipe «Faatures
+ interiorWidth :Length [0..1] —— Ofher ShapeEaps
+ exterionidth :Length[0.1]| |+ interioiameter :Length [0..1]
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Utility network data modeling

Sewer network

Topography Graph

[ ) Node

"""" InterFeatureLink

InteriorFeatureLink

Above ground

Above ground
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Linking below and above ground utility network features

«Features

A directional one-to-one relationship!

+cityObjectMember =

«Features

CityObject
creationDate :Date [0..1]
relative ToTemain RelativeToTemainTyps [0..1]
relative ToWater RelativeToWaterTye [0..1]
terminationDate :Date [0..1]

+ o

Abowve ground festures Below ground features

«Features

= AbstractNetworkFeature

CityFurniture

«Featurex
«Propertys Network
+ function :FunctionValue [0..1]

+component
+ usage :Function\Value [0.. -%PDO «Property:

=
|

|

|

|

|

|

|

|

|

|

|

|

tm———— [Z_=enneci=aCity Cojea URI 0. a- g.- |+ clss Code(0.1] *superCrdinateNetwar
! .
|

|

|

|

|

|

|

|

|

|

«Fropertys

+ class :Code[0..1]

+ funcltion :Code [0..7] .|
|
|

+ :Cod . ... . -

== =[0.7] + yearOfConstruction :Date [0..%] + function :Code [0.7] 0.
+ status :Stetus\aslue [0..7%] + usage :Code[0.7]
+ locationQuality SpatialCuslityValue [0..%] +subMNetwork

- + elevationQuality :SpatialQualityValue [0..7] 0.-
Foonsistor +subOrdinateNetwork

0. T ﬁ 0.
for the sewer network
forthe electiciy newvork | «Features A ennac -

TerminalElement SimpleFunctional Element

+ class TerminalValue [0..1] + class :SimpleFuncticnValue [0..1]
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This is completely done in FME!

This is a complex translation (over a 100 transformers are used and lots of relationships)
The workspace is particularly designed for the Rotterdam data in vector file format

Building the topology is an important step. Its success relies on the type and quality of the input data

- a .gml file is output

And can be visualized in the FZKViewer or the FME Data Inspector

BUT the support and possibilities are limited
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Derivation of the relational database

Why?
+  CityGML datasets may become very large and objects may be arbitrarily nested leading to complex
data structures

- Efficient storage and management of CityGML data requires carefully optimized database schemas
«  To ensure interoperable data access and detailed (network) operations

How?
*  Mapping the CityGML Core
+  Extend the database by mapping the CityGML Utility Network ADE

All by means of 3DCityDB! ,
—
e )

3DCityDB can be used to store, represent, and manage virtual 3D city models in a relational database that
implements the CityGML standard.
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Derivation of the relational database

Mapping the relevant classes of the CityGML Core - 5 tables

citymodel

mapped to ctymode DT CityModel i integer (P}

gmlid: varchar

gdescnpbon: varchar

napped W0 -:_mnjec;_memt.elﬁ - creenon_dete: dete
T R termination_date- data

cityobjsctmamber

+oityDbjectidember - .
= objsclclass
«Featun: -
CityObjeot L integar (PH)

clessname: varchar

estionDate ‘Dake [0, 1]
ralativaTaTerzin BelativaTaTamsminTypa [0.1] superclass_id imeger (FH)
ralativaToWater :RelativaToWetarTya j0..1] — tablename: varchar

temminationDats Date [0.1]

LU T

ts_goe_class numenc

baseclass Wt inmteger [FK)

citymodel_id. integer {FK)
cityobyect_id: imeger (PR

1

cityobjact

meapped to city_fu I'I'I"t.la mapped tuul:ﬂtl:t:hsﬁ‘ =4

T
-

xFesatures
CityFurniture
“GEDW -I-I-u-diE-"u:rrm'h]l
gml_Geometry [S wPropestys
0.1 |+ class :Cod=[D.1)
+ funciion GCode 0.7
+ usEQe "Code[D 7]

(a)

(‘ ~ ﬁ
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(b)

it integar [PK)
ohjecicia=s_id: intsger (FK)
gmlid: varchar

dezcripbion: varchar
creation_dste: dete
termination_date- dete
ralanvie_to_tamain: varchar

relabve_to_waler varchar

1

0.1

ity_furniture

Wl inbeger (PR
class: varchar
Tumction. varchar
usa0s. varchar

led 1_othar_geom: gesmelry

< What kind of cityobject

23



Derivation of the relational database

Mapping the relevant classes of the CityGML Utility Network ADE - 5 more tables!

mapped to ctymodel

BN
- ....| mepped to cityobject member

+cityObjectMember \|/ =

«Features

CityObject

D

oestionDate :Dste [0..1]
relativeToTarsin RelativeToTemainType
relstiveToWster ‘RelativeToWstarTye [0.1
terminationDate ‘Date [0..1]

0.1
1

i)

BN
_ - -+~ mapped to city

mapped to
utnd_network_to_network_festure

«Features
AbstractNetworkFeature

«Property»

function :FunctionValue [0..1)

«Geor +lod1Geometry
gmi:_Geometry =

]
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ussge o

connectedCityObject :URI [0.7]

yesrOfConstruction :Date [0..7]

status :StatusValue [0.7]
Qual

+cansistOf

R

0.1
elevationQuality :SpetialQualityValue [0.7]

+component J—
+ class ‘Code[0..1]
+ function ‘Code [0.°]
+ usage :Code [0.7]

[

Ji

h «Features
Network

- 0.

+superOrdinateNetwork

o ? ’F-vsummmaleugmut
oL

«Features
TerminalElement

+ dass TerminalValue [0.1]

«Features
AbstractDistributionElement

+ class LineValus [0.1]
+ functionOfLine L

[0..1]

LN
mapped to utng_network festure
mzpped to utnd_distrib_clement

Generally, most abstract classes are mapped to a single table with an additional field used to specify the object class.
Additional tables had to be created for establishing the one-to-many, many-to-one or many-to-many relationships.

i

«Features
Cable

+ isTransmission :Boolesn [0.1]
+ isCommunication :Boclean [0..1]
+ cosSedion :Lenth [0..1

Gemeente Rotterdam

AN
mapped to UtnS_network_to_netwark

utn8_network_to_network

citymodel

cityobjectmember

superordinate_network_id: integer (PK)

subordinate_network_id: integer (PK)

1

id: integer (PK)
gmlid: varchar
description: varchar
creation_date: date

termination_date” date

citymodel_id: integer (PK)

cityobject_id: integer (PK)

1

cityobject

utn9_network

id- integer (PK)

objectclass_id: integer (FK)
network_parent_id: integer (FK)
network_root_id: integer (FK)
commedity_id: integer (FK)
class: varchar

function: varchar

usage: varchar

1

utnd_network_to_network_feature

network_id: integer (PK) 1

network_feature_id: integer (PK)

utn§_distrib_element

id: integer (PK)
objectclass_id: integer (FK)

function_of_line: varchar

is_gravity: numeric —
011

ext_width: numeric
ext_height: numeric
ext_diameter: numeric
int_width: numeric

int_diameter. numeric

— tablename: varchar

objectclass

id: integer (PK)
classname: varchar

superclass_id integer (FK)

is_ade_class: numeric
baseclaszs_id: integer (FK)
1

id: integer (PK)
objectclass_id: integer (FK)
gmlid: varchar

description: varchar
creation_date: date
termination_date: date
relative_to_terrain: varchar

relative_to_water varchar

utnd_network_feature

1

0.1

>

id: integer (PK)

objectclass_id: integer (FK)
ntw_feature_parent_id: integer (FK)
nitw_feature_root_id: integer (FK)
cityobject_id: integer (FK)

class: varchar

function: varchar

usage: varchar
year_of_construction: dale

status: varchar

geom: geometry

city_furniture

id: integer (PK)
class: varchar
function: varchar
usage: varchar

lod1_other_geom: geomeiry

< What kind of cityobject



Importing the CityGML data

« Importing the data is a task that must be handled with
care

« Parallel importing of all feature types into the tables in
a single workspace might cause an error due to
referencing to not existing id’s

*Depending on the utility network type, the features differ
slightly

R-
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Feature

Table

| Iy

cityobject

SimpIeFunctinnalEIemenlJ f >
CityFurniture >

Pipe

MWetwork

MNetworkGraph

FeatureGraph

Node

InterFeatureLink

InteriorFeatureLink

city_furniture

utng_network_feature

utng_distrib_element

uing_network

utn9_network_graph

utng_feature_graph

utn9_node

h

utng_link

Order of importing
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Importing the CityGML data

The inserting of the CityGML Utility Network ADE data is done in FME (again)

A command line batch file is created that runs the different workspaces, used to populate the different tables with the CityGML data,

after each other

And connecting to a GIS e. g ArcGIlS
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Testing and Validation; querying the database

SQL scripts are written in order to conduct (network) analyses on the spatial data in the relational database

Scenario: What streetlights are affected in case of a utility strike?
1.

2.
3.
4

]
TUDelft

Knowing the location, what geometries are affected?

What FeatureGraphs and corresponding nodes are affected?
What nodes can (not) be reached? (PgRouting)

What city furniture objects (streetlights) are affected?

id classname cityobject_id lodi_other_geom
142 TerminalElement 1560 01020000A040. ..
151 TerminalElement 1569 01020000A040. ..
159 TerminalElement 1577 01020000A040. ..
1037 Cable null null
1038 Cable null null
1039 Cable null null
1235 Cable null null
1291 Cable null null
1326 Cable null null

SELECT ntw_feature.id , classname, cityobject_id , lodi_other_geom
FROM(
SELECT ntw_features.id as ntw_feature_id, classname, cityobject_id
FROM(
SELECT id, objectclass_id, cityobject_id
FROM(
SELECT utng_feature_graph.ntw_feature_id
FROM(
SELECT feat_graph_id
FROM(
SELECT sum(cost) AS sum_cost, end_vid as node_id
HROM pgr_dijkstra(
"SELECT id, start_node.id::int4 AS source,
end_node_id::int4 AS target, cost::double precision
FROM utng_link
WHERE id != 2440,
1647, array[1,2,3...], false)
GROUP BY node_id
ORDER BY sum_cost ASC) as nodes_in_reach
JOIN utng_node ON nodes_in_reach.node_id = utng_node.id
GROUP BY feat_graph_id) as feat_graph.ids
JOIN utng_feature_graph ON feat_graph_ids. feat_graph_id =
utng_feature_graph.ntw_feature_id) as ntw_feature_ids
JOIN utng_network_feature ON ntw_feature_ids.ntw_feature_id =
utng_network_feature.id) as ntw_features
JOIN objectclass ON ntw_features. objectclass_id = objectclass.id)
as terminalelement_ids
LEFT OUTER JOIN city_furniture ON terminalelement_ids. cityobject_id =
city _furniture.id

R-
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A tabular output is not so sexy
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Affected streetlights in ArcGIS
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Conclusion

How to efficiently model below ground utility networks and related above ground 3D city objects in order to facilitate integrated asset
management?

This research has shown the suitability of the CityGML Utility Network ADE by the implementation of two types of below ground utility
networks (viz. Low-Voltage electricity and standard sewer)

And is successfully examined by implementing relationships between:
1) the below ground electricity network and above ground streetlights and
2) between the sewer network and the above ground manhole covers

The object-oriented CityGML model is successfully mapped to a relational database which has proven to be efficient for storing,
management and analyses by means of the performed (network) operations.

(; -ﬁ
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Future work

« Implementation of more different utility networks and city objects
* Modeling in a higher Level of Detail (LoD)

«  Detailing the CityGML Utility Network ADE classes and use

- Better investigating on more types of analyses

« Implementing larger datasets

* Implementing datasets with a different accuracy

«  Exporting a CityGML file from the relational database

- Better investigating on visualization of the data

* Investigation on how to model different types of relationships

(; -ﬁ
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Thank you!
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10:01 Levenswerk modelbouwers verhui

09:27 College: doorgaan met plannen v.

volop lekkages aan waterleidingen 18-01 Man uit Emmerik (59) dood door

Stroomstoring Rotterdam-Noord na

18-01 Oud-medewerkers Tuunte bij rech.
anderhalf uur voorb“ na Storm 18-01 Opnieuw oppassen op de weg: nu
Door een grote ing is het pl in grote delen van UPDATE | SILVOLDE - Leerlingen van het Almende College in Silvolde mochten 1801 Alle Berkellandse ambtenaren 'vo

Rotterdam-Noord. In onder meer Bergpolder, Blijdorp en het Oude Noorden zaten
29.645 huishoudens anderhalf uur zonder stroom.

vandaag eerder naar huis. De reden: door een storing komt er geen water meer uit
de kraan. Dat blijkt op een heleboel plaatsen het geval.

‘ = woostesRasr |
Elke daa op de hooate van

18-01 Groot deel Achterhoek zonder wa

]
TUDelft
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