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0 pt Project Overview

Context
- Refurbishment projects at District Level

Research topic

- How to provide an optimized building-district retrofitting design through a consistent
integration of geometry and semantic representation of information from:

- (1) IFC
- (2) CityGML files (with different levels of detail)
- (3) other data sources (contextual data)

Important components of the platform
- District Data Model (DDM)
- Energy Conservation Measures Catalogue (ECMs)

- Automated generation of input data for simulation tools
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District Data Model & DPIs

DPIs — District Performance Indicators
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Simulations to calculate the DPIs
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District Data Model & DPIs
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OptEE

“Centralized"” approach “Decentralized” approach
Domain
2
Domain
4
Domain
3
Centralized standard data models Decentralized and ad hoc solutions to
(e.g. CityGML, IFC) interoperability

REPENER 2009-2012 - Control and improvement of energy efficiency in buildings through the use of repositories - http://www.seis-system.org/
SEMANCO 2011-2014 7th Framework Programme - Semantic Tools for Carbon Reduction in Urban Planning - http://www.semanco-project.eu/
OPTIMUS 2013-2016 7th Framework Programme - Optimising the energy use in cities with smart decision support system - http://optimus-smartcity.eu/
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Opt District Data Model & DPIs

Proposed ontologies

ifcOWL - http://www.buildingsmart-tech.org/future/linked-data/ifcowl
- Pauwels & Terkaj 2015, Beetz 2009, and others.
- Is an ontology for IFC supported by BuildingSMART.

- Exploit the benefits of semantic web technologies in terms of data distribution,
extensibility of the data model, querying, and reasoning,

CityGML Owl - http://cui.unige.ch/isi/icle-wiki/ontologies
- Knowledge Engineering @ ISS UoG
- Is the only ontology found for CityGML.

SimModel OWL - http://www.lbl.gov/namespaces/Sim/
- Pauwels, Corry & O’Donnell, 2014

- Itis a data model with a domain that covers the domain of energy simulation of the entire
building.

- Thisis implemented as a data model (.XSD) that is interoperable through XML.

- Is “geometrically compatible” with IFC among other formats.

OptEEmMAL GA no. 680676 | A comprehensive ontologies-based framework to support retrofitting design of energy-efficient districts
ECPPM (European Conference on Product and Process Modelling) - Limassol, 7-9 September 2016


http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://www.buildingsmart-tech.org/future/linked-data/ifcowl
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://cui.unige.ch/isi/icle-wiki/ontologies
http://www.lbl.gov/namespaces/Sim/
http://www.lbl.gov/namespaces/Sim/
http://www.lbl.gov/namespaces/Sim/
http://www.lbl.gov/namespaces/Sim/
http://www.lbl.gov/namespaces/Sim/
http://www.lbl.gov/namespaces/Sim/
http://www.lbl.gov/namespaces/Sim/

Contextual Data

DATA SEMANTIC
MODELS DATA MODELS



DDM

-—
,mT TN

7 S
I/ SimModel *,
"/ \
Y

[ SimModel
\\Extended /

PR

—e
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15t Scenario: General approach

1. Finding relations (alignments)

between ontologies: R
,' SimModel

P L il I
A “\

* Ontology matching:
LogMap, AML...

2. Transforming RDF data according to
the ontologies and their alignments:

* RDF-To-RDF via SPARQL constructs:
Alignment API, R2R, ...

DATA SEMANTIC SIMULATION SIMULATION SIMULATION
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Upt District Data Model & DPIs

FIRST APPROACH

<entity1 rdf:resource="http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#lfcCurtainWallTypeEnum"/>
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#SimCurtainWallType"/>
<measure rdf:datatype="xsd:float">0.34</measure>
<relation>=</relation>

</Cell>

MAPPINGS

<map>

<Cell>
<entity1 rdf:resource="http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#lIfcBuildingElementType"/>
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#SimBuildingType"/> ( R E LATI o N S)
<measure rdf:datatype="xsd:float">0.31</measure>
<relation>=</relation>

s/cel Between

</map>
<map>

<Cell> 'f 0 d S' d I
<entity1 rdf:resource="http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#lfcColumnTypeEnum"/> I c WL a n I m M o e

<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#SimColumnType"/>
<measure rdf:datatype="xsd:float">0.28</measure>
<relation>=</relation> (too|: LogMap)
</Cell>
</map>
<map>
<Cell>
<entity1 rdf:resource="http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#lfcMaterial"/>
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#materials_List"/>
<measure rdf:datatype="xsd:float">0.4</measure>
<relation>=</relation>
</Cell>
</map>
<map>
<Cell>
<entityl rdf:resource="http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#IfcMember"/>
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#SimMember"/>
<measure rdf:datatype="xsd:float">0.32</measure>
<relation>=</relation>




Upt District Data Model & DPIs

FIRST APPROACH

<entity1 rdf:resource="http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#lfcCurtainWallTypeEnum"/>
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#SimCurtainWallType"/>
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<Cell> c d S' d I
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<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#SimColumnType"/>
<measure rdf:datatype="xsd:float">0.28</measure>
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</Cell>
</map>
<map>
<Cell>
<entity1 rdf:resource="http://users.salleurl.edu/~gcosta/if|
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/si

<measure rdf:datatype="xsd:float">0.4</measure> Mappings SimModelOWL ifcOWL
<relation>=</relation> CIaSS: 178 4311 1231 4%

</Cell>

</map> Obj. Prop 3645 1686 1%

<map>
<Cell> DTy. Prop 3709 5 0%
<entityl rdf:resource="http://users.salleurl.edu/~gcosta/if|
<entity2 rdf:resource="http://users.salleurl.edu/~gcosta/simmodel/simbldg#
<measure rdf:datatype="xsd:float">0.32</measure>
<relation>=</relation>

Correspondences between ifcOWL and SimmodelOWL




District Data Model & DPIs
OptEE o

Table 3. Experimental results for compliance measures whelh City GMseadigned with different ontologies (columns) using different techniques (rows)

| IFC | GHXML ‘ DBPedia ‘ LinkedGeoData

Technique |Thr. Prec. Rec. F-m. | Thr.  Prec. Rec. F-m. ‘ Thr.  Prec. Rec. F-m. ‘ Thres.  Prec. Rec. F-m.

P—
{@Emming | o8 @000 0057 Jo108 | 07 0750 0100 01476 | 0.6 0375 0115 0176 0.8 0500 0217 0303
SMoa 0.8 0181 0228 Jo202 | 08 0238 0533 0330 | 09 0375 0115 0.176 1.0 0800 0.074  0.285

Levenshtein 0.5 0141 0371 §0204 g 05 0277 0Oeo6 0392 | 0.6 0277 0192 02277 0.8 0500 0217 0303
Subdistance 0.7 0625 0.142 § 0.232 0267 0347 | 07 0363 0153 0216 0.9 0714 0210 0333
Jaro-Winkler e 1000 0571 § 0.108 0167 0232 | 05 0200 0077 0.111 0.6  0.800 0.173  0.285

N-grams 0.5 0142 0.228 § 0.175 0267 0372 | 06 0333 0192 0244 1.0 0600 0030 0214

0367 0285 | 0.7 0364 0153 0216 0.9 0400 0173 0242
0366 0285 | 10 0333 0038 0.068 1.0 0375 0130 0.193

Synonym 0.7 0416 0.142 § 0.212

E—
PE—
0.212
oS | 10 @00 0028 | 0055
0.000
0.055

Cosynonym 0.0 0,000 0.000 0.033 0064 | L0 0500 0038 0.071 1.0 0B00 0073 0.285
Wu-Palmer L0 100D 0.028 0033 0063 | 10 0333 0384 0.068 1.0 0375 0130 0.193
Gloss 1.0 L.000 0.057 § 0.108 0066 0125 | L0 0500 0038 0.071 1.0 018 0130 0.032
S—
PE—
5-Match 1.0 0.002 0.028 § 0.003 0233 0015 | 00 0000 0000 0.000 0.0 0.000 0.000 0.000
SPSM 1.0 0.035 0.028 § 0.031 0.000  0.000

Delgado, F., Martinez-Gonzdlez, M. M., & Finat, J. (2013). An

0.9 0.057 f o010 | 04 0222 0066 0.102 . . . .
ov— -_ evaluation of ontology matching techniques on geospatial

MAPPSO 0.0 0000 0.000§ 0000 § 0.0 0000 0000 0000

ontologies. International Journal of Geographical Information
Science, 27(12), 2279-2301.

IMulchingS}'Hu:mﬁI I WordNet technigues I I String & chniques I
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Upt District Data Model & DPIs

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX xsd:<http://www.w3.0rg/2001/XMLSchema#>

PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#>
CONSTRUCT {

?s rdf:type nsO:SimFaceBound .

}

WHERE {

?s rdf:type nsl:lfcFaceBound .

}

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX xsd:<http://www.w3.0rg/2001/XMLSchema#>

PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#>
CONSTRUCT {

?s rdf:type nsO:SimShapeRepresentation .

}

WHERE {

?s rdf:type nsl:lfcShapeRepresentation .

}

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX xsd:<http://www.w3.0rg/2001/XMLSchema#>

PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#>
CONSTRUCT {

?s rdf:type nsO:SimGeomCsgPrimative3D .

}

WHERE {

?s rdf:type nsl:lfcCsgPrimitive3D .

}

Alignment API

SPARQL Constructs

(tool: Alignment API)

n2 http://linkedbuildingdata.net/ifc/resources20160520_155948/
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

n3 http://users.salleurl.edu/~gcosta/simmodel/simgeom#
xsdh http://www.w3.0rg/2001/XMLSchema#
n2:IfcShapeRepresentation_10394 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_11543 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1161 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1203 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1241 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1272 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1317 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1356 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1404 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1422 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1457 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1526 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1527 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1630 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1633 rdf:type n3:SimShapeRepresentation
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Upt District Data Model & DPIs

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX xsd:<http://www.w3.0rg/2001/XMLSchematt> S PA RQL co N St ru CtS
PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#>
CONSTRUCT {

?s rdf:type nsO:SimFaceBound . (tOOl' Alignment APl)
} .

WHERE {
?s rdf:type nsl:lfcFaceBound .

}

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX xsd:<http://www.w3.0rg/2001/XMLSchema#>

PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#>

CONSTRUCT { n2 http://linkedbuildingdata.net/ifc/resources20160520_155948/
?s rdf:type ns0:SimShapeRepresentation . rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
} n3 http://users.salleurl.edu/~gcosta/simmodel/simgeom#
WHERE { xsdh http://www.w3.0rg/2001/XMLSchema#
?s rdf:type nsl:lfcShapeRepresentation .
} n2:IfcShapeRepresentation_10394 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_ rdf:type  n3:SimShapeRepresentation
PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#> n2:IfcShapeRepresentation_11 rdf:type n3:SimShapeRepresentation
PREFIX rdf:<htf— . (ot - L=t = — “Stype n3:SimShapeRepresentation
PREFIX xsd:<ht| inst:IfcShapeRepresentation_10394 rdf:type ifc:IfcShapeRepresentation , type n3:SimShapeRepresentation
PREFIX ns0:<ht owl:Namedindividual ; type n3:SimShapeRepresentation
CONSTRUCT { ifc:contextOfltems_IfcRepresentation inst:IfcGeometricRepresentationSubContext_41087 ; type n3:SimShapeRepresentation
?s rdf:type nsd ifc:representationldentifier_IfcRepresentation  inst:IfcLabel_21482; type n3:SimShapeRepresentation
} ifc:representationType_IfcRepresentation inst:IfcLabel_21483; type n3:SimShapeRepresentation
WHERE { ifc:items_IfcRepresentation inst:IfcPolyline_36428 . type n3:SimShapeRepresentation
?s rdf:type ns1:IfcCsgPrimitive3D . n2:IfcShapeRepresentation_1457 rdf:type n3:SimShapeRepresentation
} n2:lfcShapeRepresentation_1526 rdf:type n3:SimShapeRepresentation
AI i n m e nt A P I n2:lfcShapeRepresentation_1527 rdf:type n3:SimShapeRepresentation
g n2:lfcShapeRepresentation_1630 rdf:type n3:SimShapeRepresentation
n2:lfcShapeRepresentation_1633 rdf:type n3:SimShapeRepresentation
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Upt District Data Model & DPIs

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#>

PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX xsd:<http://www.w3.0rg/2001/XMLSchema#> OPTION 2 - R2R Framework

PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#> . . _ . . ;- . .

ORI http://wifo5-03.informatik.uni-mannheim.de/bizer/r2r/
75 relfitype nso:simFaceBound . - Designed to translating RDF data to a target
WHERE {

?s rdf:type nsl:IfcFaceBound . vVoca b u Ia ry.

J - R2R generates SPARQL construct from

PREFIX ns1:<http://users.salleurl.edu/~gcosta/ifc/IFC4_ADD1#> 1

PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> ma p p I ngs *

PREFIX xsd:<http://www.w3.org/2001/XMLSchema#> - The problem is in the difficultv to generate
PREFIX nsO:<http://users.salleurl.edu/~gcosta/simmodel/simgeom#>

CONSTRUCT { 1

?s rdf:type nsO:SimShapeRepresentation . th €s€ mad p p I ngs :

}

mp:DBpediaToFoafPersonMapping
a r2r:ClassMapping ;
r2r:prefixDefinitions "foaf: <http://xmIns.com/foaf/0.1/> . dbpedia: <http://dbpedia.org/ontology/>" ;
r2r:sourcePattern "?SUBJ a dbpedia:Person" ;
r2r:targetPattern "?SUBJ a foaf:Person" .

mp:labelToNameMapping
a r2r:PropertyMapping ;
r2r:sourcePattern  "?SUBJ rdfs:label ?0 . FILTER(lang(?0)='en")" ;
r2r.classMappingRef mp:DBpediaToFoafPersonMapping ; # This is necessary and means that this mapping makes only sense in a "Person context"
r2r:prefixDefinitions "foaf: <http://xmIns.com/foaf/0.1/>" ;
r2r:targetPattern  "?SUBJ foaf:name 70" ;
r2r:itargetPattern  "?SUBJ <http://www.w3.0rg/2006/vcard/ns#n> ?0" .

_m ECPPM (European Conference on Product and Process Modelling) — Limassol, 7-9 September 2016
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Calculation methodologies for the DPIs

OptEEmAL

Example of DPI = Energy Demand
(currently, 19 DPIs are proposed for the case of
Energy Simulations)

Tool 1: EnergyPlus
A

Tool 2: CitySim

DPI Evaluation Scenarios *
Calculation Methodology EP1 | EP2 | EP3 | EP4 | EP5 | EP6 | EP7 | EP8 | EP9 [EP10|EP11|EP12|EP13|EP14|EP15|EP16 | EP17 |EP18! 51| Cs2
. Initial Parameters X X X X X X X X X X X X X X X X X X o x x X
Simulation Parameters
Selected Algorithms x x X X X X X x X X X X X X X X X X X X X X
Building Geometry Description LoD3 x * x x
CityGML LoD4 x| x | x| =
IFC4 [Design Transfer View) x x X o
Thermal conductivity x x X x x x X X x x | x fx
Multi layer/Opaque Density % X x x x x X % x x| x § =
. i Specifi X X x x X X x x x x x
Building Materials Construction c Heat x
Thermal x X X x x x X X x x | x fx
Multi U-factor x * x x X X x x x ® x
layer/Transparent SHGC X X X X X X x x X 3 X
Green Roof Materials o|lo|o|o|o|o|lo|leoe|le|leo|leo|leo|leoe]|]o|o|lo|o|ofo
Phase Change Materials a a ] o [:] [:] o o a a a [:] o o o o o ]
Weather Data Hourl X X X X x x x x x X X X X X x x x X X x x x
Schedules Measurements x | x X | x x | x x | x x X
Internal Gains
Measurements x | x X | x x | x x | x x
\deal Load Sytem Hea’lcin Se Iint Temperature x X X X X X X X X X X X X X x x x X X x x x
Cooing Setpoint Temperature X X X X X X X X X X X X X X x X x x x
Energy Sytems =
Ener data Detailed Description
gy Exterior Lights o |lo|o|o|lo|lo|o|o|o|lo|lo|o|o|o|o|]o|o|ofo
Exterior Energy Use Equi Exterior Fuel Equip it 1] 1] o o o o o o o [+] [+] [+] o o o o [+] [+] o [+] o [+]
m od e I Exterior Water Equipment a a o |o| oo o o o o |o|o]| o o o o o o ] o o o
Photoveltaic Systems 1] 1] ] L] o o o o [+] Q ] ] o o o o [+] 2] ] o o o
& Ene Wind Turbine a a o ] o o o o =] a a a o o o o o o [:] o o o
TEY Y Combined Heat and Power o o o ] o o o o o a a a o o o o o o o o o o
\Gegthermal Heat Pumn P T T P S S S A S
Level of 1|2 |3|4|5 |6 |7 |8 |9 |[10|11[12]|13]|14]|15]| 16| 17 | 18 1|12
X: Mandatory, O: Optional -accuracy Wr—— + accuracy - AP +
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Calculation methodologies for the DPIs
OptEEmAL :

Energy Conservation Measures (ECMs) catalogue

Simulation E
1

Data
models
Economic —
model n model T
LN |
L e ol | N I e
a,
v,
%
L 4
.0
Socio-economic data i’ ’0
" .
.

Contextual data

Weather data

Enhanced
% IFC model

Users’ objectives Select | i
' ’ @ ron e
f Y N
" Insert ""“‘ \ 4
s .
Eneray prices : BIM Authoring

Monitoring data
g IPD Platform Users programs
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* Conclusions
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Conclusi
Upt onclusions

The use/reuse of standardized ontologies is presented as the best approach to provide
interoperability between input data required for the simulations and simulation tools.

* Inthe case of the energy domain, SimModel is a simulation data model which is tailored
towards the energy-related data required by most popular energy simulation tools. In other
domains, such as the ‘economic’ one, it is still not clear that there is such representative
model.

« Even with greater flexibility to generate the simulation models from the data models to perform
simulations for each tools, ad-hoc adapters still need to be developed to provide this
interoperability.

* Next steps: find better methods and tools to facilitate the ‘data mapping’ between input data

sources and simulation data models.
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