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Use case 1 — maintenance operations

= Notify residents about scheduled or unscheduled maintenance that will cause an
outage of service

= Contact only the affected people, not the entire building
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Use Case 1

» The navigation will require detailed identification and
Information about the spaces representing walls and all
objects attached to them. This case will require 3D space
and corresponding semantics.

» Shape and size of the room (walls, windows) becomes of
critical importance in three directions:

e for calculating needed materials in case of cleaning, painting after
repair and

e for transporting necessary equipment (e.g. ladders).

e isolating the parts that could be affected from maintenance - by
cover of some thing similar

e subdivision of rooms/halls to be possible to accurately locate the
area of interest
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Use case 2 — city inspection — clean water act

» Inspect the city to ensure that the drainage network is
not wasting drains

» Utilities lead to space inside buildings
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Use case 4 - Emergency response - flood

» To expedite the process of response to residents either
In the case of emergency or when providing information;
an application that will help the district to respond to
their residents needs in a rapid and cost effective
fashion will be developed.
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Use case 5 —relation to building elements

In case of an operation in a storey slab,

Which network elements from other systems can be affected?
Which points can be used to shutdown the utility network, to avoid further damage?

Which spaces can be affected?

Bauteil Ost

rooms with no service )
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Comments on the Use Case
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Built up area utility

» Itis path goes through structural elements e.g. ceilings and walls, part of it
contained in spaces

» Less urbanized areas referenced to road or railroad network vs. Built up utilities
Interior utilities referenced to building structures.

» All use cases operation are directly connected to city objects, integration of
indoor and out door utilities — specifically 3d city objects
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NIBU
Network for Interior building utilities
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Network classes

= NetworkSystem is aggregation of Dist_NetworElement e.g. pipes, cables.

* 1

Dist_NetworkElement <> NetworkSystem

ﬁ Segment Fitting

» Logical graph attached to network object “Modern Edge”

| o

'S

Network-GRAP

From: 1 To: 3 In:2 Out: 4,5




% v Lehrstuhl fiir Geoinformatik Technische Universitat Miinchen TI-ITI

NIBU - relation to building

= Represent network object relation to building structure
= Proper building hierarchy

Building structure

O
— . \7?\
¢) —e “/‘
Section View \

Waste water network Water network
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NIBU-relation to buildin
Consider water network elements lCOnSder building elements as
as nodes nodes

er electrical network
ments as nodes

15
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NIBU-relation to buildin

. o (o=
Electrical system

Water system Building elements

Gas system
A

Undirected edge represents existence of network element within building element based on

Egenhofer relations of "contains", "overlap®, "equals "and “meet” .

16



% V Lehrstuhl fiir Geoinformatik Technische Universitat Miinchen TI-ITI

IFC hierarchy

Site ->Building ->Buildingstory-> ->

Whole building slab- considered one element
Whole wall considered one building element
Large hall considered one building element

IfcProject
- OptionalLevel -
fcSite
Sutiang
' IfcSlab IfcWall
IfcBuilding |
IfcBuildingStorey IfcElement
Allow Comnection to building T
eloment such as wall and slab IfcSpace IfcSpaceBoundary IfcOpeningElement
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NIBU-relation to building

= Provide proper hierarchy relevant to interior utilities

@
. ... wansurrace N &V 00
@
e ®e®° | =
®@ O .. <
CityGML
IFC Building -> ->Room->Surrounding boundary
Site -> Building ->Building storey-> ->
NIBU
. s - '
Boundary Storey Building
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Further Extension ...
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v

Primal Space Dual Space

__— Fitting Space

SDooK.k ] S| | g Space %’
pace

Segment Space

A

\

Room Free Space

Main Topographic Space (Normally utility systems are represented in as contains
relationship with topographic space but in reality they have their own space and
they need to be represented as topographic space for their accessibility)
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Future work

» Proof that the model support these three different level of
Intervention — so we support utilities operation in building

» Space Sub Division and future development regarding
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BIM/IFC - CityGML

» BIM integration Through harmonized semantics

» A pragmatic approach by means of a manual
Inspection of both schemas to see which entities

and attributes correspond.

N
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Utl|lty in IFC — Standard

= All building service elements exchanged by subtypes inherited from

IfcDistributionElement

= semantics and logical structuring of the model.

»  connectivity using two
methods, logical and
physical connectivity.

» the real 3D shape; such as
CSG, Sweeping, or
SolidModel.

IfcProject

IfcObject

HeProperty

L5

fcProductRepresentation

IfcEnergyConversionDevice

Iﬁ:Bu“Il:lingsl'clre:;cI

HeProduct

lfcLocalPlacement

HcFlowFittings

7

IfcFlowTerminals

IfcSpace

IfcSpatialStructure Element

—

HeSpaceBoundary

IfcFlowController

HeDistributionChamperElement

lcElement

» concept of
system,;

IfcSlab

fcSystem

lfcFlowTretmentDevice

IfcWall

HcFlowMovingDevice

IfcBuildingElemment

IfcDistribuationElement

IfcDistribuationFlowElement

HcFlowStorageDevice

IfcFlowSegment
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Mapping IFC to CityGML

<=Feature=>
core::_CityObject

<<Feature=>
gmi:_Feature

<=Feature=>=

gmi::_FeatureColies

<<Feature>>
_NetworkFeature

component

IfcEnergyConversionDevice

WeFlowFittings

IfcFlowTerminals

feDistributionChamperEleme!

= >

NodeType

+exterior
+interior

=<Enumeration=>
InterFeatureLinkType

<<=Feature=:>
MNods

+connects
+contains

=<Feature=>
NetworkGraph

| *#type : ModeType
+connectionSignature : _Signature [0..1]
+inkControl : _LinkControl [0..1]

start 1 1/ nend
0.7 o.."

owStorageDevice

cSystem

WoFlowTretmentDevice

IfeFlowSegment

<<Fea
e atization Edge
= | #direstion : gmi=:SignType [0..11 linkMermber
- +inkControl - _LinkControl [0..1]
| o - o - linkMember
eature=> <<Feature=> <<Feature=>
SeatureLink InterFeatureLink NetworkLink
+type : InterFeaturalink Type
H v
L 1
onstraints: Constraints.

Each node must belong to a different FeatureGraph
Each node type must be exterior

IfcFlowMovwving Device

IfcDistribuationElement

IfcDistribuationFlowElement

The iy sre of both nodes must be
compatible J identical
Both nodes must belong to the same  Menwork

1. Each node must belong to a different FeatureGraph
2. Each node type must be exterior

4. Each node must belong to a different
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Network Class

lfcSystem

<<Feature=>
core::_CityObject

|

<<Feature=>

<“<Enumeration==

gmi::_Feature

NodeType

+esxterior
+interior

IfcEnergyConversionDevice

IfcFlowTerminals

eDistribufionChamperEle

IfcSystem

Fa

IfcDistribuationElement

owMovingDevice

<<Feature=>
gmi:_FeatureCollection
==Enumeration==
InterFeatureLinkType
+connects
<<Feature>> 0.~ <<Feature=>
NetworkFeature Network . Heantains
- component T
"
1 .- S = 1
topaGraphy |, o 4 sonsE ) _
<<DataType=>
<<Feature>> o <<Feature>> PR —
FeatureGraph NetworkGraph -
1 1 ]
<<Feature>>
Node
+type : NodeType
+connectionSignature - _Signature [0_1]
+inkControl : _LinkControl [0..1]
— =ant T 4/ send
IfcFlowFitting
o [
<<Feature>>
Edge
+direction : gml:SignType [0..1] linkMember
+HinkControl - _LinkControl [0..1]
| | o~ o linkhMember
<<Feature=>> <<Feature>> <<Feature>>
InteriorFeaturelink InterFeatureLink MNetworkLink
+ype : InterFeatureLinkType
H I
1 1
Gonstraints:

feFlowStorageDevice

HcFlowSegment

IfcDistribuationFlowElement

Gonstraints:

compatible /identical

1. Each node must belong to a different FeatureGraph
2. Each node type must be exterior
3. The connectionSignature of both nodes must be

4. Both nodes must belong to the same  MNetwork

1. Each node must belong toa  different FeatureGraph

2 Each node type must be exterior

3. The connection Signature of both nodes must be
compatible / identical

4. Each node must belong to a different

MNetwark:

Thematic Classes




% V Lehrstuhl fiir Geoinformatik Technische Universitat Miinchen TI-ITI

Water heater

 Element definitions */f

Hot water sub-
#1001 =IFCFLOWSESGMEMNT (]; =y stem
HF1002=IFCFLOWFITTING ( 3;

#1004=IFCFLOWHITTIMNG (]

R

Cold Water
sub-swystem I

#1014=IFCFLOWTERMIMALL J;

,.(....—7..
V

)

J

U

1
CityGML

 System definitior
targetCityObject

H2001=IFCSYSTE

= Water Heater

HZO00Z2=|IFCSYSTE E
HZ003=IFCSYSTE Clean Water Network _g

. o
 Assignment of B f 9
HA0DD1=IFCRELAS %
HA00Z2=IFCRELAS o
#3003=IFCRELAS ColdWater =

 Mesting of subsy Referencing
#4001 =IFCRELMNE start ' yhe targetCityObject: WaterHeater end

IntBuildinglnstallation
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_NetworkFeature

IfcDistribuationFlowElement

<=<Feature>>

core::_CityObject

|

<<Feature>>
gmi::_Feature

<=<Enumeration==

<<Feature==
gmi::_FeatureColiection

NodeType

+esxterior
+interior

<<Feature>>
_NetworkFeature

- ==Feature=>
Network !

=
/l\consistsof

component|

1
subMNetwork /l\ o-- !

<=Enumeration==
InterFeatureLinkType

+connects
+contains

1 <<Feature=>

featureGraphhlember

NetworkGraph

=<Feature>>
MNode

IfcEnergyConversionDevice

IfcFlowTerminals

HeDistributionChamperElement

fcSystem

HocFlowTretmentDevice

IfeDistribuationElement

HcFlowMowving Dew

+type : NodeType

+connectionSignature - _Signature [0_1]
+inkControl : _LinkControl [0..1]

ry== | realization

start [ve 1/ nend
0" 0.

<<Feature>>

Edge

e [555

P

+direction : gml:SignType [0..1] linkMember
+HinkControl - _LinkControl [0..1]

75

| | o~ o linkhMember
=<Feature>> =<Feature>>
interiorFeaturelink InterFeaturel ink MNetworkLink
+type : InterFeatureLinkType
pntroller -
H
1 1
Constraints: Constraints:
1. Each mode must belong to a different FeatureGraph 1. Each node must belong to a different FeatureGraph
2. Each node type must be exterior 2 Each node type must be exterior

3. The connectionSignature of both nodes must be
compatible /identical
4. Both nodes must belong to the same  MNetwork

compatible [ identical

4. Each node must belong to a different

3. The connectionSignature of both nodes must be

MNetwark

owStorageDevice

HeFlowSegment

<

IfcDistribuationFlowElement

Thematic Classes
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IfcFlowStorageDevice IfcFlowFitting Distribution

S LR, ¥ Flow Element

Bdd% P>
° - » 7

L_\\'.‘v S0

Semantic categorization

lfcFlowTerminals IfcFlowController IfcFlowSegment

YV
ma
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IfeFlowTerminal: |FC

part of the electrical system (terminus), cold water
system (tarminus) and hot water system (baginning)

CityGML

=<Feaiure==>
Core:: CityObject

<<Feature>=

L _MNetworkFeature
IfcFlowFlowFittings

IfcFlowF itting IfcFlowSegment IfcFlowTerminal

IfcFlowSeg gment

| IfeFlowTerminal

|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 .
1 Sub-classes derived from the _MetworkFeature class
1
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Graph Structure
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<<Feature==
core:_CityObjesct

Technische Universitat Miinchen

<<Feature==
gmi::_Feature
AN

<=Feature==
_ NetworkFeature

=<Feature=>=
gmil-_FeatureCollection
component

==Feature=>

Network -1

1 o.-
consistsOf

W OT

<<Feature=>>

0"

FeatureGraph

featureGraphMember

1 .
|subNetwork /l\ o-- ! -
.

<<Feature>>

NetworkGraph

<<Feature=>
MNode

+type : NodeType
+connectionSignaturs -
Hink Control -

_Signature [D__1]
_LinkControl [0..1]

0.1 =tart /na a/nend
=<=Geometry=>
gmi:-Point L] L
<<Feature=>=
- - - - < <A Edge
eometny=:>
gmi::_Curve [ S [Fdlirection : gml::SignTyes [0..1] linkMernber
= HinkControl : _LinkControl [0..1]
[ | o o linkMenhber
<<Feature>> <<Feature=>> <<Feature=>>
0.7 InteriorFeaturelink InterFeatureLink NetworkLink
linkMembar +type - InterFeatureLinkType
SWiItCT A : p—— !
P -—-\" r 'a\l belong to a different FeatureGraph 1. Each node must belong to a  differs
i i i i ust be exterior 2. Each node type must be exterior
i, IfcFlowContreoller J % IfcSwitchingDeviceType | e T 3. The connectionSignature of both nods
e — - — itical compatible [ identical

CIfcREI

I:IEIEInEI'ID

(D onPort
| IfcDistributionPort /:'
o

+

(I‘lcRelCl:llIl‘lEl:‘tsPorlS

, v

I—b—[_’ IfeDistributionPo
e

(Ifcﬂl!l

I:IEIernEl‘I_‘D

\—b'/ IfeFlowTerminal
~

Light Fixture B

T, o T,
‘.' IfcLightFixtureType
_ S 4

impled cable making the physical
oonnecr.ron from switch to .’.rghr fixture

IchIowSegment "|

tional attribute -

mnstance of
IfeRelDefinesBy Type

e ThA™ Fafmes rised i indiieAal coPRRaSrTtiviny WiIirkh noiims

belong to the same  Network

4. Each node must belong to a different
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Graph structure in CityGML

Alternative B:

i [
Ik o — ) 0
FeatureGraph FeatureGraph
MNetworkGraph

ﬂ Legend

¢ < —o —6

FeatureGraph

Node (type: exterior)
Node (type: interior)
InteriorFeaturelLink

FeatureGraph InterFeatureLink

JIee

MNetworkFeature

MNetworkGraph
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Logical and physical Connectivity

—

\ —CGNFQH EI‘ICF
ROOM 3

I B134 |

-IfcRelConnectsPortToElement
-IfcRelConnectsPorts

UUDD
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IFCFlowSegment- Connectivity entities

Featuregraph
— IfcFlowSegment ., — InteriorFeatureLink
—-— IfcDistributionPort O Node (type: exterior)
IfcRelConnectsPortToElement —

#240=IFCFLOWSEGMENT (' AECDEFGHIJKLMNOPOOOO40 , #9, 'C', "', §,5,4,8)
#242=TFCDISTRIEUTIONPORT (' ABCDEFGHIJELMNOPQOODEZ ' , #9,'CO', ' ', 3,4, %, .SOURCE. ) ;
#243=IFCRELCONNECTSPORTTOELEMENT (' ABCDEFGHIJELMNOPQOOO4S ' , #9, 8, §, #242, #240) ;
#244=TFCDISTRIEUTIONPORT (' ABCDEFGHIJELMNOPQOOO24 , #9,'C1', ' ', 3$,4,%, .SINE.) ;
#245=IFCRELCONNECTSPORTTOELEMENT (' ABCDEFGHIJELMNOPQOOO4S" , #9, 8, §, #2444, #240) ;
#246=IFCRELDEF INESEYPROPERTIES (' AECDEFGHIJELMNOPQOOO26" , #9, 5,5, (#240) ,#247) ;
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IFCFlowFitting- Connectivity entities

(/6> >® Featuregraph
O

E— InteriorFeatureLink
- IfcFitting > - o
— IfcDistributionPort Node (type: interior)
lfcRelConnectsPortToElement—— Node (type: exterior)

#310=IFCFLOWFITTING (' ABCDEFGHIJELMNORQOOOTS ,#9,'T', "', $,3, 43,481
#312=IFCDISTRIBUTICHNPCRT (' ABCDEFGHIJELMNOPQOOOT7S , #9,'T0',' ', $,4%,5%, .SOURCE. ) ;
#315=IFCRELCONNECTSPORTTOELEMENT (' ABCDEFGHIJELMNOPQOOO7G" , #9, 5, §, #312, #310) ;
#315=IFCRELCONNECTSPORTTOELEMENT (' ABCDEFGHIJELMNOPQOOOTS' , #9, 5, §, #3144, #310) ;
#317=IFCRELCONNECTSPORTTOELEMENT (' ABCDEFGHIJELMNOPQOOOSO' , #9, 5, §, #316, #310) ;
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Network

Physical connectivity in IFC

NetworkGraph

InterFeatureLink

e

\ o

IfcRelConnectsPorts

v

D

HA4O05=IFCRELCCHMNMECTSPORTS (' ABCDEFGHIJELMMOPQOOOS S  #9, 5, 5, #3122, #2249, 3] »
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Logical connectivity, no-ports

Potable water supply

(dia = d5)
Inlet pipe AL Overflow pipe
(dia=d1) IfcDistributionPort (dia = d2)

== 150mm
¥ 3

waterfine

Warning pipe
(dia = d3)

Front Elevation i
Qutlet pipe

(dia = d4)

InterFeatureLinks

undesirable since it could break the useful concept that unfulfilled port describes
an open end in pipe.
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Findings

» UtiltiyNetworkADE provides the primary classes to model IFC interior
building utilities

» IfcFlowsegment - a straight element in IFC - therefore it represent an
Interfeaturelink, it is ports an exterior nodes.

» Not all IFC entities are implemented or can be converted by IFC editors
(e.g. AutoCAD MEP, or ArchiCAD MEP)

the current work - unidirectional i.e. from a BIM to CityGML.

» Bidirectional transformation - support urban upgrading and renovation
related tasks where an information model of a building usually does not exit.

v




