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Outlook

= Bridging 3D city modelling & simulation domains (reprise)
= Refer to previous presentation of Edmund Widl on the "Simulation Package"

= The Scenario ADE
= Definition and properties
= UML Diagram
= 3DCityDB

= Conclusions
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Real city

Image source:
https://cdn.austria.info/media/17083/thumbnails/stadtansicht-wien--
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PROBLEM:

Which set of results is
"better"?

Storing "just” the results
may not be enough!
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Deriving new city models

A city is a "living" system which continuously changes over time

A virtual city model is a snapshot at a certain moment
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Deriving new city models

= Acityis a "living" system which continuously changes over time

= A virtual city model is a snapshot at a certain moment

Real changes over time Real changes over time

| City model 2050

L City model 2035 )
These progressive time-dependent changes can be taken care of by means of versioning

| City model 2015 |
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Deriving new city models

= Acityis a "living" system which continuously changes over time
= A virtual city model is a snapshot at a certain moment

= But, as digital twin, it can be also manipulated at will! ©
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Deriving "new" city models: basic operations
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Deriving "new" city models: basic operations
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Deriving "new" city models: basic operations
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(Some) related work

Chaturvedi K. et al. (2015), “Managing versions and history within semantic 3D
city mode for the next generation of CityGML”

= Oriented at CityGML 3.0

= A rather profound change/addition to the current CityGML model

= http://mediatum.ub.tum.de/doc/1276238/1276238.pdf

= Sindram M. (PhD in preparation) "Modeling of Urban Planning Actions by
Complex Transactions on Semantic 3D City Models"
=  Work in progress paper (2014):
http://www.iemss.org/sites/iemss2014/papers/iemss2014_submission_225.pdf

= Benner J. (2017) "Proposal to Store Energy Simulation results / inputs in the
Energy ADE" (Presentation at Energy ADE Workshop)

= http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf

= Several bilateral discussions with colleagues
= |F any, then home-made, specific solutions
= No detailed information, documentation, code, etc.


http://mediatum.ub.tum.de/doc/1276238/1276238.pdf
http://mediatum.ub.tum.de/doc/1276238/1276238.pdf
http://www.iemss.org/sites/iemss2014/papers/iemss2014_submission_225.pdf
http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf
http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf
http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf
http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf
http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf
http://en.wiki.energy.sig3d.org/images/upload/KIT-Proposals-EnergyADE.pdf
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Scenario ADE: Rationale

= In the Scenario ADE, a scenario is defined as a unigue combination of:

A city model (a building, a district, ..., the whole city)
 Information about how the city model (virtual or real) was obtained
— Description of changes from city model A to city model B

= A simulation tool/model characterised by a set of conditions:
» Specific assumptions
» Specific constraints

= The set of results, (KPls, time series, ...)
« possibly having different spatial and temporal resolutions
« possibly linked to specific entities (CityObjects)

= A scenario is the connection point between the Simulation Package
and the/a city model.
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Scenario ADE: UML Diagram

«featureType»
CityGML_Core::_CityObject
ufeatureTypen» L\+Cl't‘r'0bj ectMember | + creationDate: Date [0..1]
CityGML_Core:: + externalReference: ExternalReference [0..*]
CityModel L.*|4+  genericAttribute: AbstractGenericAttribute [0..*]
\ + relativeToTerrain: RelativeToTerrain [0..1]
0.1 + relativeToWater: RelativeToWater [0..1]
+refersTo + terminationDate: Date [0..1]
\ 0.1 0.1 /
«featureTypen +refersTo +refersTo
TimeResource
«featuraType»
afeatureType» ufeatureTypen e wunions
EnergyResource OtherResource + class: CharacterString [0..1] TemporalReference

+ creationDate: Date [0..1] + instant: TM Eostiorn

+ creatorMame: CharacterString [0..1] + period: TM _Pe riotd

+ temporalReference: TemporalReference [0..1] =

wfeatureTypen wfeatureType»
MaterialResource MoneyResource / \ 1.*
+belongsTo
+outputScenarioParameter
v +inputScenarioParameter
«featureType» \J/O.. * a.*
Resource +requires
— «dataType»
*
isRenewable: boolean [0..1] 0.. ScenarioParameter

quantity: Measure

+
+
+ totalCost: Currency [0..1] + aggregationType: AgregationTypeValue [0..1]
+ type: CharacterString [0..1] + class: CharacterString [0..1]
+ unitaryCost: Currency [0..1] + constraintType: ConstraintValue [0..1]
+ description: CharacterString [0..1]
+requires 0.* . + mame: CharacterString
+ tsOf
con5|i : + parameterValue: GenericAttribute
I_g" d + simulationProperties: SimulationProperties [0..1]
{ordered} + temporalaggregation: TemporalaggregationValue [0..1]
«featureTypen
_ Operation

+ class: CharactersString [0..1]
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Scenario ADE: UML Diagram
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ufeatureType»
CityGML_Core::
CityModel

«featureType»
CityGML_Core:: CityObject

+cityObjectMember
T

1.*

O R T

creationDate: Date [0..1]

externalReference: ExternalReference [0..7%]
genericAttribute: AbstractGenericAttribute [0..%]
relativeToTerrain: RelativeToTerrain [0..1]

+ + + +

0.1 relativeToWater: RelativeToWater [0..1]
+refersTo terminationDate: Date [0..1]
:." :D..l
+refersTo
ufeatureType»
Scenario «union»
TemporalReference

class: CharacterString [0..1]
creationDate: Date [0..1]
creatorName: CharacterString [0..1]

temporalReference: TemporalReference [0..1]

+ instant: TM_Position
+ period: TM_Period




«featureTypex»
CityGML_Core:: CityObject

wfeatureType» +cityObjectMember | + creationDate: Date [0..1]
CityGML_Core:: > = + externalReference: ExternalReference [0..*]
CityModel L.* | + genericAttribute: AbstractGenericAttribute [0..*]
/-\ _ + relativeToTerrain: RelativeToTerrain [0..1]
<> 0.1 + relativeToWater: RelativeToWater [0..1]
+refersTo + terminationDate: Date [0..1]

+ o+ o+ *

A 0..1 i

+refersTo

wfeatureTypen

Scenario @union»

class: CharacterString [0..1] TemporalReference

creationDate: Date [0..1]
creatorMame: CharacterString [0..1]
temporalReference: TemporalReference [0..1]

| e | i

+ instant: TM_Position
+ period: TM_Period



«featureTypex»
CityGML_Core:: CityObject

wfeatureType» +cityObjectMember | + creationDate: Date [0..1]

CityGML_Core:: > = + externalReference: ExternalReference [0..*]
CityModel 1.*

+ genericAttribute: AbstractGenericAttribute [0..%]
<~> /-\ + relativeToTerrain: RelativeToTerrain [0..1]
0.1 + relativeToWater: RelativeToWater [0..1]
+refersTo + terminationDate: Date [0..1]
A 0..1
+refersTo
wfeatureTypen
Scenario aunionm
+ class: CharacterString [0..1] TempariiEiSEe
1]

+ instant: TM_Position

rerstring [0..1] + period: TM_Period

emporalReference [0..1]




«featureTypex»
CityGML_Core:: CityObject

wfeatureType» +cityObjectMember | + creationDate: Date [0..1]
CityGML_Core:: > = + externalReference: ExternalReference [0..*]
CityModel L.* | + genericAttribute: AbstractGenericAttribute [0..*]
/-\ _ + relativeToTerrain: RelativeToTerrain [0..1]
<> 0.1 + relativeToWater: RelativeToWater [0..1]
+refersTo + terminationDate: Date [0..1]

A 0..1 i

+refersTo

wfeatureTypen
Scenario

+ class: CharacterString [0..1]

1]

rerString [0..1]
emporalReference [0..1]

Source of Lego Images: http::/www.lego.com
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Scenario ADE: UML Diagram

+consistsOf

D. , *
{ordered}

ufeatureTypen
_ Operation

+ class: CharacterString [0..1]

+consistsOf
1..*
{ordered}

afeatureTypen
_SimpleOperation

ufeatureTypen
ComplexOperation

afeatureTypen»

ChangeFeatureAttribute
+ attributeRef: URI
+ newhAttributeValue: GenericAttribute

AddFeature

+ newFeature: AbstractFeature

+ parentFeatureRef: URI [0..1]

ufeatureTypen

RemoveFeature

+

FeatureRef: URI
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+consistsOf
Scenario ADE: UML Diagram (orderea)

ufeatureTypen
4 _ Operation

+ class: CharacterString [0..1]

+consistsOf
1..*
{ordered}

afeatureTypen
_SimpleOperation

ufeatureTypen
ComplexOperation

Image source:
http::/www.lego.com

ChangeFeatureAttribute «featureTypex»
AddFeature

+ attributeRef: URI

+ newAttributeValue: GenericAttribute + newFeature: AbstractFeature
+ parentFeatureRef: URI [0..1]

«featureType»
RemoveFeature

4+ FeatureRef: URI




ufeatureTypen
CityGML_Core::

+cityObjectMember
T

ufeatureType»
CityGML_Core::_CityObject

creationDate: Date [0..1]

CityModel

externalReference: ExternalReference [0..%]
genericAttribute: AbstractGenericAttribute [0..*]
relativeToTerrain: RelativeToTerrain [0..1]

1.®

+ o+ o+

0.1 relativeToWater: RelativeToWater [0..1]
+refersTo terminationDate: Date [0..1]
0.1 0.1
+refersTo +refersTo
ufeatureTypen
Scenario wunions

+ class: CharacterString [0..1] TemporalReference

+ creationDate: Date [D..1] 1 instant: IRIRESSIEE

+ creatorName: CharacterString [0..1] + period: TM _Periud

+ temporalReference: TemporalReference [0..1] e ——

+outputScenarioParameter
+inputScenarioParameter
WO" * \[/o-*

udataType»
ScenarioParameter

aggregationType: AgregationTypeValue [0..1]

aunion»
GenericAttribute

booleanvalue: boolean
dateValue: Date
doubleValue: double
geometry: GM_Object
integerVaue: int
measureValue: Measure
stringValue: CharacterString
timeSeriesValue: _TimeSeries
URIValue: URI

+ o+ + + 4+ + o+ o+

«dataTypen
SimulationProperties

+ simulationDescription: CharacterString [0..1]
+ simulationMame: CharacterString [0..1]
+ simulationRef: URI [0..1]

«enumeration»
AggregationTypeValue

sum
average
max
min
other

senumeration»

class: CharacterString [0..1]
constraintType: ConstraintValue [0..1]

ConstraintTypeValue

«enumeration:»
TemporalAggregationvValue D

description: CharacterString [0..1]

name: CharacterString

parameterValue: GenericAttribute
simulationProperties: SimulationProperties [0..1]
temporalAggregation: TemporalAggregationValue [0..1]

+ + + + o+ o+ o+

<=
hour >
day =
week <
month =
year o

other -
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«featureType»
TimeResource

«featureType»
Scenario

«featureType» «featureType»
EnergyResource OtherResource

class: CharacterString [0..1]

creationDate: Date [0..1]

creatorName: CharacterString [0..1]
temporalReference: TemporalReference [0..1]

+ + + +

«featureType» «featureType»
MaterialResource MoneyResource Mg
+belongsTo
v +inpu
«featureType» )
_Resource +requires
isRenewable: boolean [0..1] 0.*

quantity: Measure
totalCost: Currency [0..1]
type: CharacterString [0..1]
unitaryCost: Currency [0..1]

+ + 4+ + +

+requires Q..*

+consistsOf
0.
v {ordered}

«featureType»
_Operation

+ class: CharacterString [0..1]
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Scenario ADE & 3DCityDB

testreTypes
Timehesoorce

“estureTypes
Jr— deatureTypes Seanaio sunione
EnerpyRescurce Otheriasource. Temporait

+ wtant T4_pontion

- +parkd; M pusod

seaureTyors P T
reralResoure - {—— MoneyResource
“beonssTo
RS —
steonretyges fo.0 o
Besource rewee 5 >

e bockean(0.3] [0

= Already implemented as database :

+ ntieyCost:Curruney 0.4

schema and included in the =
extended 3DCityDB "plus" -

iesreTypes “fesreTypes
SinpleOperation | ComplexOparation

= |mplementation rules are exactl — | = =
the same as for Energy ADE and T =] E -
Utility Network ADE = e P

i
=
=

= gmiid: varchar
= gmid_codespace: varchar
5 name: varchar
= name_codespace: varchar

- See next presentation

s
5 unitary_cost_unit: vz
5 is_rencwable: numeric(1)

scn2_scen_omid_inx
scn2_scen_objelass_id_fioc

% scn2_resourca_scenario_;
% scn2_resourca_type_fior

[EE_citydb.scn2_operation

7 scn2_scnpar_type_flx

»
| sen2 scen_to_oper_pos_floc

% sen2_scen_to_oper_scen_id_floc

[ citydh scna_time_seres [ citydh scnz_time_seres_fie
5 i el 5 ic:inager
8 objectclass_ics inager 2 obecrclass._ic ineeger
P =cquisition_mathod: varchar = fle_path: varchar
2 imerpolation_type: varchar = fle_name: varchar
&5 omiic: varchar eansion: varchr
e e 5 omid_codespace: varchar 5 nb_hesder_lines: integer
N 5 name: varchr har
archar 5 name_codespace: varchar archr
5 strval: varchar 5 descrption: texe _symbol: varchar
= booleanval: numeric(1) 5 quality_description: texe 5 time_col_nbr: integer
vl eger 5 source: varchar 5 value_col_nbr integer
el 5 time_srrays tmestamp with time = 5 is_comprazsad: numeric(1)
h = numeric(] 5 zcn2_time_series_fle_pkey
= o = archar % scnz_eseries_fle sbiclass.id_fec
= inceger
5 tamporsl_extent._begin: timestam
5 cemporal_excent_end: timestamp
5 time_inerval: numeric
5 time_inerval_unt: varcher
5 zen2_tims_sares o
2 scna_tseries_scq_methad_fio
iy ei 7 zen2 eseries_omid inx
iegenigri vy 7 zen2 eseries_interp_type_flx
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Scenario ADE & 3DCityDB

Basic idea: avoid "cloning"” objects used in multiple city models
= Store (City)Objects only once in one db instance, and use different grouping rules
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Scenario ADE & 3DCityDB
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= Basic idea: avoid "cloning" objects used in multiple city models
= Store (City)Objects only once in one db instance, and use different grouping rules
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Scenario ADE & 3DCityDB

= Basic idea: avoid "cloning" objects used in multiple city models
= Store (City)Objects only once, and use different grouping rules

= The GOOD NEWS:
= The 3DCityDB already has tables allowing it
« CITYMODEL table
 CITYOBJECT_MEMBER table

= Currently unused (for a number of reasons) by the Importer/Exporter, but they
can be used by interacting directly with the 3DCityDB
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Scenario ADE & 3DCityDB

= Basic idea: avoid "cloning" objects used in multiple city models

Store (City)Objects only once, and use different grouping rules

= The GOOD NEWS:

The 3DCityDB already has tables allowing it
« CITYMODEL table

« CITYOBJECT_MEMBER table

Currently unused (for a number of reasons) by the Importer/Exporter, but they
can be used by interacting directly with the 3DCityDB

= BUT:

The Importer/Exporter tools does not support handling of multiple city models in
the same database instance

Some workarounds are necessary to import and export (e.g. "ab"using a bit the
concept of CityObjectGroup)
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Conclusions

= The current Scenario ADE (v. 0.2!!)

= gives a (relatively simple and lightweight) answer to the general need of scenario
management within virtual city models

= Contributes to bridging the "city modelling" and "simulation" worlds

* The link is the Scenario, not the CityModel itself
It allows for documentation of "how a city model was obtained"
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Conclusions

= The current Scenario ADE (v. 0.2!!)

It is compatible with the current CityGML 2.0

It exploits already existing objects of the 3DCityDB
* Already implemented for the 3DCityDB
« BUT some limitations in terms of Importer/Exporter

Already being used and tested within project IntegrCiTy
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Conclusions

= The current Scenario ADE (v. 0.2!!)

Is still work in progress: Nothing is set in stone!
» Are you interested at deeper look?
»  Willing to use it? Willing to contribute?
» Interested in finding resources to "push" the changes also to the Importer/exporter?
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Conclusions

= The current Scenario ADE (v. 0.2!!)

gives a (relatively simple and lightweight) answer to the general need of scenario
management within virtual city models

Contributes to bridging the "city modelling" and "simulation" worlds
» The link is the Scenario, not the CityModel itself
It allows for documentation of "how a city model was obtained"
It is compatible with the current CityGML 2.0
It exploits already existing objects of the 3DCityDB
* Already implemented for the 3DCityDB
« BUT some limitations in terms of Importer/Exporter
Already being used and tested within project IntegrCiTy
Is still work in progress: Nothing is set in stone!
» Are you interested at deeper look?
»  Willing to use it? Willing to contribute?
» Interested in finding resources to "push" the changes also to the Importer/exporter?

CONTACT US!!
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Ltype®
RegularTime5eries

+ temporalExtent: TM_Period
+ timelnterval: TM_Intervallength
+ values: Measurelist

atypes
TimeSeries

+ wariableProperties: TimeValuesProperties

tdataType®
TimeValuesProperties

acquisitionMethod: AcquisitionMethodValue
interpolationType: InterpolationTypeValue
qualityDescription: CharacterString [0..1]
spurce: CharacterString [0..1]
thematicDescription: CharacterString [0..1]

+ ok o+

Htypes
IrregularTimeSeries

+ uom: UnitOfMeasure

#dataType®
MeasurementPoint

+ time: TM_Position
+ wvalue: Decimal

ttypes
RegularTime5eriesFile

“rypes
IrregularTime5eriesFile

F

decimalSymbol: Character [0..1] = .
fieldSeparator: CharacterString

file: URI

numberOfHeaderLines: Integer [0.1] =0
recordSeparator: CharacterString [0..1] = \n
temporalExtent: TM_Period

timelnterval: TM_IntervalLlength

uom: UnitOfMeasure
valueColumnMumber: Integer [0.1] =1

decimalSymbol: Character [0..1] = .
fieldSeparator: CharacterString

file: URI

numberOfHeaderLines: Imteger [0..1] =0
record3eparator: CharacterString [0..1] = \n
timeColumnMumber: Integer [0..1] =1
uom: UnitOfieasure
valueColumnNumber: Integer [0.1] = 2

+ 4+ + + + + 4+ o+

MaximumInPrecedinglnterval
MaximuminSucceedinginterval
MinimuminPrecedinginteral
MinimuminSucceedinginterval
PrecedingTotal
SucceedingTotal

Henumeration® “enumeration®

InterpolationTypeValue AcquisitionMethodValue
AveragelnPrecedinginterval Measurement
AveragelnSucceadinginterval Simulation
ConstantinPrecedingInterval CalibratedSimulation
ConstantinSucceedinglnterval Estimation
Continuous Unknown
Discontinuous
InstantaneousTotal
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