
María Poveda Villalón
Raúl García Castro

Ontology Engineering Group
Universidad Politécnica de Madrid, Spain

Extending the SAREF 
ontology for building
devices and topology

mpoveda@fi.upm.es
@MariaPovedaV

20th June 2018
LDAC2018, London

This work has been supported by the ETSI Specialist Task Force 513



Extending the SAREF ontology for building devices and topology – LDAC2018

Licence
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§ This work is licensed under Creative Commons 
Attribution – Non Commercial – Share Alike License

§ You are free:
o to Share — to copy, distribute and transmit the work
o to Remix — to adapt the work

§ Under the following conditionss
o Attribution — You must attribute the work by inserting

• “[source http://www.oeg-upm.net/]” at every reused slide
• A slide declaring: “This material is partially based on 

“Extending the SAREF ontology for building devices and 
topology” by María Poveda Villalón and Raúl García 
Castro”

o Non-commercial
o Share-Alike
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About María and a bit of OEG
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Directors: Asunción  Gómez-Pérez,  Oscar Corcho
Position: 8º ranking UPM (200 groups)

Research group (30 people)
o 3 Full Professors
o 5 Associate Professors
o 3 Assistant Professors
o 7 Senior Postdocs
o 6 PhD Students
o 2 MSc and BSc Students
o 2 software engineers
o 1 system administrator
o 2 project managers

170+ Collaborations
50+ Visitors

http://www.oeg-upm.net/

https://github.com/oeg-upm

@oeg-upm

Post doc, Ontological Engineering, ontology
development, evaluation, linked (open) data

https://github.com/mariapoveda

@MaríaPovedaV
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The SAREF ontology context
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SMART	2013/0077	Standardization	Initiative
European	Commission	 &	ETSI	EC	SmartM2M
• Agreed	semantics	for	smart	appliances
• Build	a	reference	ontology
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SAREF	Study
Publication
SAREF	Ontology
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STF513
3	SAREF	extensions	+	SAREF	v2
• SAREF4ENER
• SAREF4ENVI
• SAREF4BLDG

3	new
Extensions
Publication

20
19

New	STF534
• SAREF4CITY
• SAREF4INMA
• SAREF4AGRI
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past ongoing
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The SAREF ontology context
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§ SAREF is not intended to replace existing standards, its intention is 
to link information coming from different smart appliances, based 
on different standards

§ SAREF is the core model to connect smart appliances from all 
domains

§ As different domains have different information needs, extensions
of SAREF will be defined to tune the standard for a domain
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SAREF family of ontologies
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http://saref.linkeddata.es/ Catalogue (UPM’s	site,	not	official)

Includes:
• SAREF	ontology
• SAREF4ENVI
• SAREF4BLDG
• SAREF4ENER

To	be	included	 (when	available):
• SAREF4CITY
• SAREF4INMA
• SAREF4AGRI Powered by
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SAREF4BLDG - Problems and goal
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§ Problems
o No clear taxonomy of devices in IFC

• Concepts in IFC organized by architectural views 
• Different devices in different views 

o No direct mapping from saref:Device to a concept in ifcOWL
• i.e., there is no ifcowl:Device

§ Goal: To extend SAREF to cover building devices and 
appliances from IFC (and their properties)
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In IFC Devices appear in different “views”
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Core (transport element)

Shared (shading device)

Domain specific

Controls

(actuator, alarm, 
controller, etc.)

Electrical

(audio visual 
appliance, lamp, 

electric motor, etc.)

HVAC

(burner, chiller, boiler, 
etc.)

Plumbing fire 
protection

(interceptor, sanitary 
terminal, etc.)

Structural analysis

(energy conversion 
device, flow storage 

device, etc.)
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Which device types are defined in ifcOWL?
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• Difficult	to	find	all	the	devices	
manually	
- Massive	ontology

• Impossible	to	do	so	automatically
- No	hierarchy	for	“Device”	in	ifcOWL
- No	documentation	for	terms	(could	

detect	mappings	using	NLP)

• Common	ancestor	for	devices	is	
ifcElement:
- “Elements	are	physically	existent	objects,	

although	 they	might	be	void	elements,	
such	as	holes… Examples	of	elements	in	a	
building	 construction	context	are	walls,	
floors,	 windows	and	recesses”
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Building devices in SAREF and IFC
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SAREF IFC OWL
✓

✓

✓
✓

✓

✓

✓

…

Common 
ancestor. 

Too broad.

One mapping is not enough.

Many ”subclassOf” 
mappings needed or the 

implementation of a specific 
hierarchy
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SAREF4BLDG - Extracting requirements from IFC
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• Approach	followed:
1. Identify	devices:

• Review	all	IFC	terms
• Check	their	descriptions:	Do	they	
include	 the	term	“device”?
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SAREF4BLDG - Extracting requirements from IFC
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• Approach	followed:
1. Identify	devices:

• Review	all	IFC	terms
• Check	their	descriptions:	Do	they	
include	 the	term	“device”?

• If	no	“device”,	check	with	thesaurus	
(WordNet)

• Lamp:	A	lamp	is	an	artificial	light	
source	such	as	a	light	bulb	or	tube	
(from	the	IFC	definition)

2. Extend	with	devices’	properties

✓
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Requirements formalization
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Development process
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IFC datatype Transformation to OWL
logical datatype property with range xsd:boolean
boolean datatype property with range xsd:boolean
natural datatype property with range xsd:nonNegativeInteger
integer datatype property with range xsd:integer
string datatype property with range xsd:string
{string} datatype property with range xsd:string
Real (associated to a
P_SINGLEVALUE)

object property that would be used to link to an instance of
saref:Measurement

real (associated to a
P_BOUNDEDVALUE)

two object properties (one for maximum value and another for
minimum value) that would be used to link to an instance of
saref:Measurement

ratio object property that would be used to link to an instance of
saref:Measurement

real ratio object property that would be used to link to an instance of
saref:Measurement

normalised ratio object property that would be used to link to an instance of
saref:Measurement

positive ratio object property that would be used to link to an instance of
saref:Measurement

complex objectproperty with open range

Transformation patterns
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Development process
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### Class definition

s4bldg:Compressor rdf:type owl:Class ;

rdfs:label "Compressor"@en ;

rdfs:subClassOf s4bldg:FlowMovingDevice ;

rdfs:comment "A compressor is a device that compresses a fluid typically used in a refrigeration circuit."@en
;

### Provenance information for class definition

prov:hadPrimarySource <http://www.buildingsmart-tech.org/ifc/IFC4/Add1/html/
schema/ifchvacdomain/lexical/ifccompressor.htm> ;

### Provenance information for class properties

prov:hadPrimarySource <http://www.buildingsmart-tech.org/ifc/IFC4/Add1/html/
schema/ifchvacdomain/pset/pset_compressortypecommon.htm> ;

### Mapping to ifcOWL classes

rdfs:seeAlso<https://w3id.org/ifc/IFC4_ADD1#IfcCompressor> .
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Development process
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### Class definition

:Condenser	 rdf:type	owl:Class ;
rdfs:subClassOf	:EnergyConversionDevice ,

[	rdf:type	owl:Restriction ;
owl:onProperty :externalSurfaceArea ;
owl:allValuesFrom saref:Measurement
]	,
[	rdf:type	owl:Restriction ;
owl:onProperty :internalRefrigerantVolume ;
owl:allValuesFrom saref:Measurement
]	,
[	rdf:type	owl:Restriction ;
owl:onProperty :internalWaterVolume ;
owl:allValuesFrom saref:Measurement
]	,
[	rdf:type	owl:Restriction ;
owl:onProperty :refrigerantClass ;
owl:allValuesFrom xsd:string
]…

saref:hasTimeStamp:: dateTime (F)
(1..1) saref:hasValue

saref:Measurement

saref:relatesToProperty

saref:isMeasuredIn

saref:UnifOfMeasure

saref:Property

saref:Device

saref:makes
Measurement

saref:measures
Property
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Model
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https://w3id.org/def/saref4bldg

Legend:

rdfs:subClassOfClass Reused Class

<<stereotype>>
object property 
applicable to the 
attached classes

BuildingSpace

hasSpace

saref:Device

BuildingDevice

BuildingObject

Building

geo:SpatialThinggeo:location

PhysicalObjectisSpaceOf

contains

isContainedIn

<<owl:inverseOf>> <<owl:inverseOf>>

geo:location

isSpaceOf

hasSpace

Powered by
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Model
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https://w3id.org/def/saref4bldg
saref:Device

BuildingDevice

TransportElement

VibrationIsolator

DistributionDevice

ShadingDevice

DistributionControlDevice

DistributionFlowDevice

Actuator

Alarm

Controller

Flowinstrument

Sensor saref:Sensor

UnitaryControlElement

EnergyConversionDevice

FlowController

FlowMovingDevice

FlowStorageDevice

FlowTerminal

FlowTreatmentDevice

BuildingObject

saref:Actuator

ProtectiveDeviceTrippingUnit

DistributionFlowDevice

EnergyConversionDevice FlowController

FlowMovingDevice

FlowStorageDevice

FlowTerminal

FlowTreatmentDevice

AirToAirHeat
Recovery

Boiler

Burner

Chiller

Coil

Condenser

CooledBeam

CoolingTower

ElectricGenerator

ElectricMotor

Engine

HeatExchanger

Transformer

SolarDevice

Humidifier

Evaporator

EvaporativeCooler

TubeBundle

Damper

ElectricTime
Control

FlowMeter

ProtectiveDevice

SwitchingDevice

Valve

Communication
Appliance

SanitaryTerminal

Outlet

MedicalDevice

Lamp

SpaceHeater

Compressor

Fan

Pump

ElectricFlow
StorageDevice

Tank

AudioVisual
Appliance

Electric
Appliance

FireSuppression
Terminal

DuctSilencer

Filter

Interceptor
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Model
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Modelling Measurements
Aligned with SAREF4ENVI 
àAdopted in SAREF v2
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It ended up in...
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• Based	on	IFC	standard
- ISO	16739:2013	Industry	Foundation	Classes	(IFC)	for	data	sharing	in	the	

construction	and	facility	management	industries

- Buildingsmart	IFC4	http://www.buildingsmart-tech.org/ifc/IFC4/Add1/html/

• 98	ontological	requirements
- Devices	in	buildings

• Extension:
- 72	classes	(67	defined	in	SAREF4BLDG	and	5	reused	from	the	SAREF	and	geo	

ontologies)

- 179	object	properties	(177	defined	in	SAREF4BLDG	and	2	reused	from	the	
SAREF	and	geo	ontologies)

- 83	data	type	properties	(82	defined	in	SAREF4BLDG	and	1	reused	from	the	
SAREF	ontology)
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Available resources
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• Technical	report:	ETSI	TR	103	411	“SmartM2M	Smart	Appliances	
SAREF	extension	investigation”
- Use	cases

- Requirements

• SAREF4BLDG	specification:	ETSI	TS	103	410-3	“SmartM2M;	Smart	
Appliances	Extension	to	SAREF;	Part	3:	Building	Domain”
- URI:	https://w3id.org/def/saref4bldg

• GitHub	repository:

• https://github.com/mariapoveda/saref-ext
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Conclusions & Next Steps

§ Balance of domains experts and ontology engineers
o Enumeration types
o Missing domain knowledge? Probably

§ Impact on SAREF à SAREF v2
§ Mechanisms for updates

o SOSA/SSN
o LBD ontologies
o Custom datatypes
o Etc.

§ Guidelines and technological support for extensions
o Schema.org, SPAR ontologies, etc.
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Questions?

Thanks for your attention :)
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Some technologies used
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§ Ontology evaluation
o OOPS!  OntOlogy Pitfall Scanner 

http://oops.linkeddata.es/

§ Vocabulary documentation
o HTML: Widoco

https://github.com/dgarijo/Widoco/

o Vocabulary registry
• OEG vocabularies

http://vocab.linkeddata.es/
• Smart Cities http://smartcity.linkeddata.es/

o Vocabulary distributed development
o OnToology http://ontoology.linkeddata.es/
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