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Intellectual Property Rights

IPRs essential or potentialy essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, ispublicly available for ETSI membersand non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Smart Machine-to-Machine
communications (SmartM2M).

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The result of the European Commission Study Group on Smart Appliances ontologies takes into account al the interest
of the relevant stakeholders. The present document is an adaptation of the reviewed study to the structure of a normative
deliverable. Additionally, it devel ops the mapping to oneM2M. Therefore the present document has two major
objectives:

1) Toprovide astandardized framework for the Reference Ontology derived from the EC Study Group on Smart
Appliances.

2) To map the Reference Ontology onto the elementary oneM2M.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] European Commission and TNO: " Study on Semantic Assets for Smart Appliances
Interoperability”, final report, April 2015.

NOTE: Available at https://sites.google.comV/site/smartappliancesproject/deliverabl es.

[2] European Commission and TNO: "Smart Appliances REFerence ontology (SAREF)", April 2015.

NOTE: Available at http://ontology.tno.nl/saref.

[3] European Commission and TNO: "D-S$4 - SMART 2013-0077 - Smart Appliances - Mapping
SAREF to short list assets.xlsx", February 2015.

NOTE: Available at https://sites.googl e.com/site/smartappliancesproj ect/documents.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] oneM2M TS-0012: "Base Ontology".
NOTE: Available at ftp://ftp.onem2m.org/Work%20Programme/\WI[-0025/.

ETSI


http://docbox.etsi.org/Reference
https://sites.google.com/site/smartappliancesproject/deliverables
http://ontology.tno.nl/saref
https://sites.google.com/site/smartappliancesproject/documents
ftp://ftp.onem2m.org/Work%20Programme/WI-0025/

6 ETSI TS 103 264 V1.1.1 (2015-11)

3 Definitions and abbreviations
3.1

For the purposes of the present document, the following terms and definitions apply:

Definitions

ontology: formal specification of a conceptualization, used to explicitly capture the semantics of a certain reality

smart appliances. devices, which are used in the household, e.g. for performing domestic work, and which have the
ability to communicate with each other and which can be controlled via Internet

NOTE: The following appliances are covered: Home and buildings sensors (temperature, humidity, energy-plugs,
energy clams, energy meters, water-flow, water quality, presence, occupancy, air monitors, environmental
sensors, CO. sensors, weather stations, etc.) and actuators (windows, doors, stores); white goods, as
classified by CECED; HVAC (hesating, ventilation, and air conditioning), classified by Eu.bac; lighting,
with use cases as defined by LightingEurope; micro renewable home solutions (solar panels, solar

heaters, wind, etc.).

3.2

For the purposes of the present document, the following abbreviations apply:

Abbreviations

CECED European Committee of Domestic Equipment Manufacturers

CENELEC European Committee for Electrotechnical Standardization

DUL DOLCE+DnS Ultraite

EC European Commission

eu.bac European building automation controls association

FAN FlexiblePower Alliance Network

FIEMSER Friendly Intelligent Energy Management Systems in Residential Buildings

HVAC Heating, Ventilation, and Air Conditioning

Mirabel Micro-Request-Based Aggregation, Forecasting and Scheduling of Energy Demand, Supply and
Distribution

oM Ontology of units of Measure

oneM2M Partnership Project

OSGi™ DAL  Open Services Gateway initiative Device Abstraction Layer

OwWL Web Ontology Language

SAREF Smart Appliances REFerence ontology

SEP2 Smart Energy Profile 2.0

SSN Semantic Sensor Network

SUMO Suggested Upper Merged Ontology

TNO Netherlands Organisation for Applied Scientific Research

TR Technical Report

TS Technical Specification

UPnP® Universal Plug and Play

URL Uniform Resource L ocator

W3C® World Wide Web Consortium

WGS84 World Geodetic System 1984

4.1

Smart Appliances reference ontology and semantics

Introduction and overview

A study on "Available Semantics Assets for the Interoperability of Smart Appliances. Mapping into a Common
Ontology asaM2M Application Layer Semantics’ had been tendered by the European Commission and was carried out
by TNO. Parts of the final report of this study [1] are copied to clauses 4.1 to 4.4.

The energy utilization of Smart Appliances can be reduced if they are managed and controlled on a system level. The
system needs standardized interfaces to ensure interoperability. Many of the required standards already exist, but a
common architecture does not, resulting in a market which istoo fragmented and powerless. Therefore, areference
ontology of consensus was designed to cover the needs of all appliances relevant for energy efficiency.

ETSI
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The study consisted of three tasks:
e  Task 1: Take stock of existing semantic assets and use case assets.

. Task 2: Perform atranslation exercise of each model (or use case) to a common ontology language and a
mapping or matching exercise between al the models.

e  Task 3: Propose areference ontology and document the ontology into the ETSI M2M architecture.

About 50 different semantic assets had been identified that describe various properties of Smart Appliancesin
residential environments. After translating half of these assetsinto Web Ontology Language (OWL), 20 recurring
concepts were used asinitial building blocks for the Smart Appliances Reference ontology (SAREF). For SAREF in
OWL language, see [2]. The concepts were mapped from the assets to SAREF to alow for trandlations between the
ontologies.

SAREF explicitly specifies the recurring core concepts in the Smart Appliances domain, the main relationships between
these concepts, and axioms to constrain the usage of these concepts and relationships. SAREF is based on the
fundamental principles of reuse and alignment of concepts and relationships that are defined in existing assets,
modularity to allow separation and recombination of different parts of the ontology depending on specific needs,
extensibility to allow further growth of the ontology, and maintainability to facilitate the process of identifying and
correcting defects, accommodate new requirements, and cope with changesin (parts of) SAREF.

Mappings to other concepts used by different assets/standards/models allow trand ation from the reference ontology to
specific assets, reducing the effort of translating from one asset to another, since the reference ontol ogy requires one set
of mappings to each asset, instead of a dedicated set of mappings for each pair of assets. Figure 1 shows the role of the
reference ontology in the mapping by means of sample assets. The mappings of SAREF to various
assets/standards/models are available in [3].

SEpP-2
SEpP-2
UpNp <€ [/ A\ Z-WAVE '*

_» Z-wave

Smart
appliances
reference
ontology

roeronT @

NOTE: UPnP® and Z-Wave® are examples of suitable products available commercially. This information is given
for the convenience of users of the present document and does not constitute an endorsement by ETSI of
these products.

Figure 1: The role of SAREF in the mapping among different assets
SAREF is based on the following main concepts (in alphabetical order):
. Building Object (Door, Window).
. Building Space.

. Command (e.g. OnCommand, OffCommand, PauseCommand, GetCommand, NotifyCommand,
Setl Evel Command).

. Commodity (e.g. Electricity, Gas, Water).
o Device (e.g. Switch, Meter, Sensor, Washing Machine).
. Device Category.

. Duration Description.
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. Function (Actuating Function, EventFunction, Metering Function, Sensing Function).

o Function Category.

. Profile.

. Property (Energy, Humidity, Light, Motion, Occupancy, Power, Pressure, Price, Smoke, Temperature, Time).
J Service.

. State.

e Task (e.g. Cleaning, Safety, Entertainment).

. Temporal Entity.

. UnitOfMeasure (e.g. Currency, EnergyUnit, Power Unit, Temperature Unit).

4.2 Principles

The Smart Appliances REFerence ontology (SAREF) is conceived as a shared model of consensus that facilitates the
matching of existing assets in the smart appliances domain, reducing the effort of translating from one asset to another,
since SAREF requires one set of mappings to each asset, instead of a dedicated set of mappings for each pair of assets.

Different assets share some recurring, core concepts, but they often use different terminologies and adopt different data
model s to represent these concepts. Using SAREF, different assets can keep using their own terminology and data
models, but still can relate to each other through their common semantics. In other words, SAREF enables semantic
interoperability in the smart appliances domain.

SAREF explicitly specifies recurring core concepts in the smart appliances domain, the main relationships between
these concepts, and axioms to constrain the usage of these concepts and rel ationships. SAREF has been created based
on the following fundamental principles:

. Reuse and alignment of concepts and relationships that are defined in existing assets. Since alarge amount of
work was already being done in the smart appliances domain, nothing has been re-invented, but harmonized
and aligned what was already there. SAREF is based on the core concepts that were identified as especially
relevant to describe the existing assets. Despite the heterogeneity of these existing assets, when considering
their semantic coverage, three main trends could be identified with focus on:

1) devices, sensors and their specification in terms of functions, states and services,
2)  energy consumption/production information and profiles to optimize energy efficiency; and
3) building related semantic models.

In SAREF these trends are called, function-related, ener gy-related and building-related, respectively.
SAREF includes not only the necessary concepts and relationships to characterize these trends individually,
but also to link these trends to each other. For example, the concept of building space links function-related
assets to building-related assets, since a device designed to accomplish a certain function islocated in a
specific room of the home or office in abuilding. Another example is the concept of profile that links
function-related assets to energy-related assets, since a device designed to accomplish a certain function can be
associated with a certain energy/power profile that can be used for energy optimization purposes.

ETSI
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. Modularity to allow separation and recombination of different parts of the ontology depending on specific
needs. SAREF provides building blocks that can be combined to accommodate different needs and points of
view. The starting point is the concept of device, which is actually common to all assets considered in the
study, although some assets may refer to it with different names, such asresour ce or product, but mappings
for that are provided. For example, a"switch" isadevice. A deviceis aways designed to accomplish one or
more functions, therefore, SAREF offers alists of basic functions that can be eventually combined in order to
have more complex functionsin asingle device. For example, the switch mentioned above offers an actuating
function of type "switching on/off". Each function has some associated commands, which can also be picked
up as building blocks from alist. For example, the "switching on/off" function is associated with the
commands "switch on", "switch off" and "toggle". Depending on the function(s) it accomplishes, adevice can
be found in some corresponding states that are also listed as building blocks, so that it is easy and intuitive to
combine devices, functions and states. The switch considered in our example can be found in one of the two
states "on" or "off". SAREF also provides alist of propertiesthat can be used to further specialize the
functioning of adevice. For example, a"light switch" specializes the more general "switch" described above
for the purpose of controlling the "light" property. An extensive explanation of SAREF, its classes and
relationshipsis presented in the next clause.

. Extensibility to allow further growth of the ontology. Different stakeholders can specialize the SAREF
concepts according to their needs and points of view, add more specific relationships and axioms to refine the
general (common) semantics expressed in the reference ontology, and create new concepts, aslong as they
explicitly link these extensions to at least one existing concept and/or relationship in SAREF. The minimum
requirement is that any extension/specialization shall comply with SAREF.

. M aintainability to facilitate the process of identifying and correcting defects, accommodate new
reguirements, and cope with changes in (parts of) SAREF. According to the extensibility criterion mentioned
above, a new module/ontology can be created to further extend/specialize concepts of SAREF.

4.3 SAREF

SAREF focuses on the concept of device, which is defined in the context of the Smart Appliances study as "atangible
object designed to accomplish a particular task in households, common public buildings or offices. In order to
accomplish this task, the device performs one or more functions'. Examples of devices are alight switch, atemperature
sensor, an energy meter, a washing machine. A washing machine is designed to wash (task) and to accomplish this task
it performs the start and stop function. The sar ef : Devi ce classand its properties are shown in Figure 2.

saref:Device
[ sarefilsUsedFor : saref:Commodity or saref:Property or saref:BuildingObject
[ sarefiaccomplishes : sarefiTask (min 1 sarefiTask)
[ sareficonsistsOf : saref:Device
[ sarefthasCategory : sarefiDeviceCategory
[ saref:hasFunction : saref:Function (min 1 saref:Function)
[ saref:hasProfile : saref:Profile
[ saref:hasState : saref:State
[ sarefthasTypicalConsumption @ saref:Energy or saref:Power
(M sarefiisLocatedIn : saref:BuildingSpace
[ saref:offers : saref:Service
I sarefthasDescription @ string[0..1]
I sarefthasManufacturer : string[1.1]
I sarefthasModel @ string[1.1]

Figure 2: Device class and its properties

ETSI



10 ETSI TS 103 264 V1.1.1 (2015-11)

A sar ef : Devi ce shal have some properties that uniquely characterize it, namely its model and manufacturer

(sar ef : hasMbdel andsar ef : hasManuf act ur er properties, respectively). Optionally, a description of the
device can also be provided (sar ef : hasDescri pti on property). These properties are depicted in Figure 2 using
green rectangles that represent OWL Datatype properties, which are properties that relate a class (the Devi ce class
here) to data values, namely a string data value in this example. In contrast, OWL Object properties are represented
using blue rectangles and relate a class to another class. For example, the sar ef : i sLocat edl n object property in
Figure 2 relatesthe sar ef : Devi ce classtothesar ef : Bui | di ngSpace class, whereas a building space defines
the physical spaces of the building where adeviceislocated, such as akitchen or aliving room. Figure 3 shows the
sar ef : Bui | di ngSpace class and its properties.

@ geo:SpatialThing
1 geo:alt
1 geo:lat

B geo:long

f

. saref:Device
[ saref:IsUsedFor : saref:Commaodity or saref:Property or saref:BuildingObject
[ saref:accomplishes : saref:Task (min 1 saref:Task)

[ saref:consistsOf : saref:Device

[ saref:hasCategory : saref:DeviceCategory

(M saref:hasFunction : saref:Function (min 1 saref:Function)

[ saref:hasProfile : saref:Profile saref:BuildingSpace - -

(MW saref:hasState : saref:State e .| M saref:contains : saref:Device or saref:BuildingObject 4

(M saref:hasTypicalConsumption : saref:Energy or saref:Power fiisLocat B saref:hasSpaceType : string L 1]

(MW saref:isLocatedIn : saref:BuildingSpace Y R

(M saref:offers : saref:Service N o [ saref:Door | [ saref:Window |
I saref:hasDescription : string[0..1] f:hasSpaceType some xsd:string |

B saref:hasManufacturer : string[1..1]
N saref:hasModel : string[1..1]

Figure 3: Building Space and Building Object classes

A building space contains devices or building objects (the sar ef : Bui | di ngObj ect class), where building objects
are objects in the building that can be controlled by devices, such as doors or windows that can be automatically opened
or closed by an actuator. A building space hasalso asar ef : hasSpaceType property that can be used to specify the
type of space, for example, the living room or the bedroom. The sar ef : Bui | di hgSpace class providesthe link to
the FIEM SER model that describes building related concepts, therefore, there is no need to further elaborate on these
concepts in SAREF since they are covered elsewhere. Moreover, abuilding spaceisageo: Poi nt characterized by a
certain altitude, latitude and longitude, which are provided by the W3C® WGS84 geo positioning vocabulary that have
been imported in SAREF. Note that the W3C® WGS84 geo vocabulary isreferred to using the geo:  prefix, which
distinguish it from the classes and properties of SAREF, which are referred to using the sar ef : prefix.

Thesar ef : hasCat egor y object property in Figure 2 relatesthe sar ef : Devi ce classto the

sar ef : Devi ceCat egory class, which provides away to classify devicesinto certain categories. Note that when
analyzing the semantic assets in task 1 three main trends have been identified in the context of the Smart Appliances
study with focus on:

1) devices, sensors and their specification in terms of functions, states and services;
2)  energy consumption information and profiles to optimize energy efficiency; and
3) building related data models.

Therefore, according to these trends, it is proposed to classify devices in three main categories that are called
saref: Functi onRel at ed, sar ef : Ener gyRel at ed and sar ef : Bui | di ngRel at ed, respectively. These
categories are shown in Figure 4.

ETSI



11 ETSI TS 103 264 V1.1.1 (2015-11)

saref:DeviceCategory

37 LAY

saref:BuildingRelated

saref:FunctionRelated |

sarefiEnergyRelated

saref:Actuator

saref:Appliance

sarefi HVAC

saref:Storage

saref:Multimedia

saref:Load

L] L ]
e Lgping —
,m‘ saref:MicroRenewable

Figure 4. Device Category class

Depending on which trend a certain semantic asset focuses, this asset can be assigned to one of these categories. For
example, Echonet, EnOcean®, OSGi™ DAL, SEP2, and UPnP® could identify their devices with the category

saref: Functi onRel at ed, FAN and Mirabel could be assigned to the category sar ef : Ener gyRel at ed, while
FIEM SER devices would better fit under the category sar ef : Bui | di ngRel at ed. Moreover, some assets can
belong to several categories, for example, PowerOnt and CENELEC could be assigned to both the

saref: Functi onRel at ed and sar ef : Ener gyRel at ed categories. In any case, the assignment of devices
provided by specific assets to a certain category is not mandatory and is completely flexible since the asset's owners are
free to define a new category as asubclass of sar ef : Devi ceCat egor y that suits better to their point of view.

SAREF is conceived in a modular way in order to allow the definition of any device from pre-defined building blocks,
based on the function(s) that the device is designed for and the purpose for which it is used. Therefore, Figure 2 shows
that asar ef : Devi ce shal accomplish at least one function (sar ef : hasFunction mn 1

sar ef : Functi on), and can be used for (sar ef : i sUsedFor property) the purpose of i) offering a commodity,
such assar ef : WAt er or sar ef : Gas; ii) sensing, measuring and notifying a property, such as

saref: Tenperature, saref:Energy andsaref: Snoke, respectively; or iii) controlling a building object,
suchasasar ef : Door orasaref: W ndow. Moreover, adevice may consists of other devices

(saref: consi stsOf property). For example:

3 awashing machine is adevice that has category sar ef : Appl i ance, accomplishesthe task
sar ef : WAshi ng and performs an actuating function of type sar ef : St art PauseFunct i on. Note that
from an energy related perspective, a washing machine also belongs to the category sar ef : Load. This
shows the flexibility of SAREF that trough the sar ef : Devi ceCat egory class allows the same device to
be classified in different ways without creating inconsistencies;

. asensor isadevice that has category sar ef : Sensor and perfformsasar ef : Sensi ngFuncti on;

. atemperature sensor is a device that consists of a sensor, has category sar ef : Sensor, performsthe
sar ef : Sensi ngFuncti on andisused for the purpose of sensing a property of type
sar ef: Tenper at ur e;

. asmoke sensor is adevice that consists of a sensor, has category sar ef : Sensor , performsthe
sar ef : Sensi ngFuncti on andsar ef : Event Functi on, andisused for the purpose of sensing a
property of type sar ef : Snmoke and notifying that a certain threshold has been exceeded;

. aswitch isadevice that has category sar ef : Act uat or and performs an actuating function of type
saref : OnOf f Functi on orsaref: OpenC oseFuncti on;

. adoor switch isadevice that consists of a switch, has category sar ef : Act uat or, performsthe
sar ef : Opend oseFuncti on and is used for the purpose of controlling a building object of type
sar ef : Door ;

. adimmer lamp isadevice that has category sar ef : Li ghti ng andsar ef : Act uat or, performsan
actuating function of typesar ef : Level Cont r ol Functi on andisused for the purpose of controlling a
property of typesar ef : Li ght ;

. ameter isadevice that has category sar ef : Met er and performsasar ef : Met eri ngFunct i on;

ETSI
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. an energy meter isadevice that consists of a meter, has category sar ef : Met er , performsthe
saref : Met eri ngFuncti on andisused for the purpose of measuring the sar ef : Ener gy property.

More types of devices, sensors, actuators, etc. exist and can be defined to extend SAREF. The devices described above
represent some examples that aim at explaining the rationale behind SAREF.

A function isrepresented in SAREF with thesar ef : Functi on and isdefined as "the functionality necessary to
accomplish the task for which a deviceis designed”. Examples of functions arethe sar ef : Act uat i ngFuncti on,
sar ef : Sensi ngFuncti on, saref: Met eri ngFuncti on andsar ef : Event Functi on. The

sar ef : Funct i on classand its properties are shown in Figure 5.

saref:Function
[ sarefthasCategory : saref:FunctionCategory
[ zarefthasCommand: (min 1 saref:Command)

saref:EventFunction

[ saref:hasThreshold: [1..]

P

| sarefiActuatingFunction |

saref:OnOffFunction | |

|
‘ saref:OpenCloseFunction |

saref:LevelControlFunction |

saref:MeteringFunction
[ saref:hasMeterReadingTime: saref:Time (min 1 saref: Time)
[ sarefthasMeterReadingValue : sarefiCommodity or saref:Property
M saref:hasMeterReadingType: {"Water", "Gas", "Pressure”, "Energy”, "Power”, "Other"}

| saref:StartStopFunction |

saref:SensingFunction

[ sarefthasRange
[ saref:hasSensingTime : saref:Time (min 1 sarefTime)
B saref:hasSensorType : {"Temperature”, "Occupancy”, "Humidity”, "Motion”, "Smoke”, "Pressure”, "Other"}

Figure 5: Function class and its properties

A saref: Functi on can belong to afunction category (sar ef : hasCat egor y property). Analogously to the

sar ef : Devi ceCat egor y class, it was decided to leave the sar ef : Funct i onCat egory classopenin order to
grant the asset's owners the flexibility to use their own categories. For example, OSGi™ DAL could map its

osgi dal : Functi onType classto SAREF, defining osgi dal : Funct i onType as asubclass of

sar ef : Functi onCat egor y. Figure 5 further showsthat asar ef : Funct i on shall have at least one command
associated to it (sar ef : hasConmand nin 1 saref: Conmand). Figure 6 showsthe list of commands currently
availablein SAREF. Thislist isused herefor illustration purposes and can be extended with new commands.

saref:Function ) saref:Command
[ saref:hasCategory : saref:FunctionCategory I saref:actsUpon : saref:State

[ saref:hasCommand : (min 1 saref:Command) I saref:isCommandOf J\

I saref:NotifyCommand I

saref:OnCommand

=y

saref:OffCommand

saref:GetCommand |

| saref:ToggleCommand I saref:SetLevelCommand |

I saref:OpenCommand I

saref:StepDownCommand |

3

I saref:CloseCommand I

7

/

saref:StepUpCommand I

| saref:StartCommand | I =) saref:PauseCommand I

l

<3

| saref:StopCommand |

Figure 6: Command class
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For example:

e Thesaref: Actuati ngFuncti on alowsto "transmit datato actuators, such aslevel settings
(e.g. temperature) or binary switching (e.g. open/close, on/off)":

- The actuating function of type sar ef : OnOf f Funct i on in Figure 5 allows to "switch on and off an
actuator”. This function allows the commands sar ef : OnCommand, sar ef : O f Conmrand and
sar ef : Toggl eConmand shown in Figure 6, whereas the sar ef : OnConmand is digoint from the
sar ef : OF f Command.

- The actuating function of type sar ef : Level Cont r ol Functi on inFigure5 alowsto "do level
adjustments of an actuator in a certain range (e.g. 0%-100%), such as dimming a light or set the speed
of an electric motor". Thisfunction allows the commandssar ef : Set Level Cormand ( which can
be of typesar ef : Set Absol ut eLevel orsaref: Set Rel ati velLevel),
sar ef : St epUpConmand and sar ef : St epDownComand shown in Figure 6, whereas the
sar ef : St epUpConmand isdigoint from the St epDownCommand.

. Thesar ef : Sensi ngFuncti on inFigure 5 alowsto "transmit data from sensors, such as measurement
values (e.g. temperature) or sensing data (e.g. occupancy)”. This function allows the command
sar ef : Get Conmand shown in Figure 6.

e Thesaref: Event Functi on inFigure5 alowsto "notify another device that a certain threshold value
has been exceeded". This function allows the command sar ef : Not i f yConmand shown in Figure 6.

Figure 6 further shows that a command can act upon a state (sar ef : act sUpon relation) to represent that the
consequence of a command can be a change of state of the device. Note that acommand may act upon a state, but does
not necessarily act upon a state. For example, the sar ef : OnComrand actsuponthesar ef : OnOf f St at e, but the
sar ef : Get Command does not act upon any state, since it only gives a directive to retrieve a certain value.

Depending on the function(s) it performs, a device can be found in a corresponding sar ef : St at e, asshownin
Figure 7. For example, aswitch can be found inthesar ef : OnOf f St at e, which is characterized by the values ON or
OFF (sar ef : hasVal ue property). Note that SAREF is not restricted to binary states such asthe

saref: OnOf f St at e, but alows to define also n-ary states (see, for example, thesar ef : Mul ti Level State
class).

saref:Device
[ saref:IsUsedFor: saref:Commodity or saref:Property or saref:BuildingObject
[ saref:consistsOf : saref:Device
[ saref:hasCategory : saref:DeviceCategory

[ saref:hasFunction : saref:Function (min 1 saref:Function) saref:Service

[ sarefthasProfile : saref:Profile [ sarefthasInputParameter : sarefiState or saref:Property
[ saref:hasState @ saref:State [ saref:hasOutputParameter : saref:State or saref:Property
[ saref:hasTypicalConsumption: saref:Energy or saref:Power sarefisOfferedBy sarefioffers | (M sarefiisOfferedBy : saref:Device (min 1 saref:Device)

[ sarefiisLocatedIn : saref:BuildingSpace [ sarefirepresents @ sarefiFunction (min 1 sarefiFunction)
[ saref:offers : saref:Service

M saref:hasDescription : string[0.1]
M saref:hasManufacturer : string[1..1]
B saref:hasModel : string[1..1]

sarefiState
B sarefthasValue

W} \\%reﬁhas‘u‘alue some xsd:string

| saref:OpenCloseState |
1 | |

Figure 7: State and Service classes

Figure 7 further shows that a device offersa service (thesar ef : Ser vi ce class), which isarepresentation of a
function to a network that makes this function discoverable, registerable and remotely controllable by other devicesin
the network. A service shall represent at least one function (sar ef : represents mn 1 saref: Function)
and is offered by at |east one device that wants (a certain set of) its function(s) to be discoverable, registerable and
remotely controllable by other devicesin the network (saref : i sOfferedBy min 1 saref: Devi ce). Multiple
devices can offer the same service. A service shall specify the device that is offering the service, the function(s) to be
represented and the input and output parameters necessary to operate the service (sar ef : hasl nput Par anet er

and sar ef : hasQut put Par anet er properties).
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For example, alight switch can offer the service of remotely switching the lights in a home through mobile phone
devices that are connected to the local network. This"remote switching" service represents the

saref: OnOF f Functi on previously described, it shall haveasar ef : St at e asinput parameter, e.g. with value
"ON',andasar ef : St at e has output parameter, namely with value "OFF" in this example since the input state
valuewas"ON".

Moreover, a device in SAREF can be characterized by a profile that can be used to optimize the energy efficiency in the
home or office under consideration. Figure 8 showsthesar ef : Profi | e classand its properties.

saref:Device
[ sarefIsUsedFor : saref:Commodity or saref:Property or saref:BuildingObject
[ saref:consistsOf @ saref:Device saref:Profile
[ saref:hasCategory @ sarefiDeviceCategory [ sareficonsistsOf @ saref:Profile
[ saref:hasFunction : saref:Function (min 1 saref:Function) [ saref:hasConsumption @ sarefiEnergy or saref:Power
[ saref:hasProfile : saref:Profile (M saref:hasPrice: saref:Price
[ saref:hasState : saref:State [ saref:hasProduction : saref:Energy or saref:Power
[ saref:hasTypicalConsumption : saref:Energy or saref:Power sarefthasProfile | M sarefthasTime: sarefiTime
[ sarefiisLocatedln : saref:BuildingSpace W saref:hasTask: string[1.1]
[ sarefioffers: sarefiService M sarefisFlexible : boolean
I saref:hasDescription : string[0..1] M sarefisInterrupionPossible : boolean
M saref:hasManufacturer : string[1.1]
M saref:hasModel : string[1..1]

saref:Power sarefiEnergy
[ sarefiisMeasuredln : saref:Powerlnit [ sarefiisMeasuredin : saref:EnergyUnit
I saref:hasValue: [1..] I sarefthasValue: [1.]

sarefiTime
[ saref:consistsOf : time:TemporalEntity
[ sarefiisMeasuredln : time:TemporalUnit

SArennasEnce

saref:Price
[ sarefiisMeasuredIn : saref:Currency
B saref:hasValue: [1..]

Figure 8: Profile class

Thesar ef : Profi | e classalowsto describe the energy (or power) production and consumption of a certain device
usingthesar ef : hasProducti on andsaref: hasConsunpti on properties shownin Figure 8. This
production and consumption can be calculated over atime span (the sar ef : hasTi ne property) and, eventualy,
associated to some costs (the sar ef : hasPri ce property).

Thesar ef : Power and sar ef : Ener gy classes are characterized by a certain value (sar ef : hasVal ue property)
that is measured in a certain unit of measure represented by the sar ef : Uni t OF Measur e class, namely Ki | owat t
and Ki | owat t _Hour , respectively. Analogoudly, thesar ef : Pri ce classis characterized by a certain value

(sar ef : hasVal ue property) and is measured using acertain sar ef : Currency, whichisasubclass of the
saref: Unit Of Measure class.

Thesar ef : Ti me class alows to specify the "time" concept in terms of instants or intervals according to the existing
W3C® Time ontology that was imported in SAREF to avoid defining this concept from scratch. The concepts of the
W3C® Time ontology that are useful for the purpose of SAREF are shown in Figure 9. It isreferred to W3C® Time
ontology withthet i me: prefix in order to distinguish from the classes and properties of SAREF, which are referred
tousingthesar ef : prefix.
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saref:Property
[ saref:isMeasuredln : saref:UnitOfMeasure
M saref:hasValue: [1..]

? time: Temporal Entity

- time:before : time:TemporalEntity
sarefiTime

k . _ time:hasBeginning : timeInstant
[ saref:consistsOf : time:TemporalEntity caref:consictsOf time:hasDurationDescription : time:DurationDescription
[ sarefisMeasuredln : timeTemporallUnit T

time:hasEnd : time:Instant

sarefiisMeasuredin time:DateTimeDescription
sareh:UnitOfMeasure time:dayOfWeek : time:DayOfWeek[0.1]

- n — — timetimeZone : tzont: TimeZone[0..1]
[ sarefthasSingularUnit : saref.UmtOfMezliure time:unitType : time: TemporalUnit[L.1]

N— sarefiisMeasuredn time:day : gDay[0..1]

time:TernporalUnit time:dayOfYear : nonMegativelnteger[0.1]
= ol B0 timethour : nonMegativelnteger(0..1]

[ timeminute : nonNegativelnteger(0..1]

time:month : gMonth[0.1]

time:second : decimal[0..1]

time:mweek : nonMNegativelnteger{0.1]

timeryear : g¥ear[0.1]

Figure 9: Time class

NOTE: WB3C®, EnOcean®, and OSGi™ are examples of suitable products available commercialy. This
information is given for the convenience of users of the present document and does not constitute an
endorsement by ETSI of these products.

4.4 Observations about SAREF

SAREF currently does not contain explicit references to upper ontologies such as DUL or SUMO. The use of upper
ontologiesis abest practice in ontology engineering , but the smart appliances industry - main user of SAREF - isvery
pragmatic and is not acquainted with high-level upper ontologies. Introducing DUL would have unnecessarily
complicated the understanding and, consequently, the adoption of SAREF by the smart appliances industry. Anyway,
SAREF has been built on a solid ontological foundation and can be related to DUL, but this will not be done at this
early stage of SAREF in order not to confuse the smart appliances industry's users. Furthermore, SAREF currently has
mappings to the W3C® SSN ontology, which isin turn related to DUL. Therefore, SAREF currently includes an
indirect reference to DUL through the W3C® SSN ontology. An ontology is regarded as an artifact that includes precise
definitions of the ontology concepts in natural language e.g. ‘an appliance is atangible object designed to accomplish a
particular task in households, such as cooking or cleaning. In order to accomplish this task, the appliance performs one
or more functions. In the "saref ttl file" that contains the OWL version of SAREF, these definitions can be found as
rdf s: coment properties attached to the most important SAREF classes. Due to the large amount of conceptsin
SAREF, the definitions of self-explanatory concepts, e.g. sar ef : OnCommand class, are omitted. Table 1 shows a
summary of the main SAREF definitions.

Table 1: Summary of main SAREF definitions

CONCEPT DEFINITION
Building Object A Building Object is an object in the building that can be controlled by devices, such as a
door or a window that can be automatically opened or closed by an actuator.
Building Space According to FIEMSER, a Building Space in SAREF defines the physical spaces of the
building. A building space contains devices or building objects.
Command A Command is a directive that a device shall support to perform a certain function. A

command may act upon a state, but does not necessarily act upon a state. For example, the
ON command acts upon the ON/OFF state, but the GET command does not act upon any
state, since it gives a directive to retrieve a certain value with no consequences on states.
Commodity A Commodity is a marketable item for which there is demand, but which is supplied without
qualitative differentiation across a market. SAREF refers to energy commodities such as
electricity, gas, coal and oil.
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CONCEPT DEFINITION
Device A Device in the context of the Smart Appliances study is a tangible object designed to
accomplish a particular task in households, common public buildings or offices. In order to
accomplish this task, the device performs one or more functions. For example, a washing
machine is designed to wash (task) and to accomplish this task it performs the start and
stop function.
Device Category A Device Category provides a way to classify devices according to a certain point of view,
for example, the point of view of the user of the device vs. the device's manufacturer, or the
domain in which the device is used (e.g. smart appliances vs. building domain vs. smart grid
domain), etc.
Function A Function represents the particular use for which a Device is designed. A device can be
designed to perform more than one function.
Function Category A Function Category provides a way to classify functions according to a certain point of
view, for example, considering the specific application area for which a function can be used
(e.g. light, temperature, motion, heat, power, etc.), or the capability that a function can
support (e.g. receive, reply, notify, etc.), and so forth.
Profile A Profile caracterizes a device for the purpose to optimize the energy efficiency in the home
or office in which the device is located. The saref:Profile class allows to describe the energy
(or power) production and consumption of a certain device using the saref: hasProduction
and saref:hasConsumption properties. This production and consumption can be calculated
over a time span (the saref:hasTime property) and, eventually, associated to some costs
(the saref:hasPrice property).

Property A Property is anything that can be sensed, measured or controlled in households, common
public buildings or offices.
Service A Service is a representation of a function to a network that makes the function

discoverable, registerable, remotely controllable by other devices in the network. A service
can represent one or more functions. A Service is offered by a device that wants (a certain
set of) its function(s) to be discoverable, registerable, remotely controllable by other devices
in the network. A Service shall specify the device that is offering the service, the function(s)
to be represented, and the (input and output) parameters necessary to operate the service.

State A State represents the state in which a device can be found, e.g. ON/OFF/STANDBY, or
ONLINE/OFFLINE, etc.

Task A Task represents the goal for which a device is designed (from a user perspective). For
example, a washing machine is designed for the task of cleaning.

Unit of Measure The Unit of Measure is a standard for measurement of a quantity, such as a Property. For

example, Power is a property and Watt is a unit of power that represents a definite
predetermined power: when it said 10 Watt, it is actually mean 10 times the definite
predetermined power called "watt". Our definition is based on the definition of unit of
measure in the Ontology of units of Measure (OM). It is proposed here a list of some units of
measure that are relevant for the purpose of the Smart Appliances ontology, but this list can
be extended.

Usually, it would be common practice for an ontology devel oper to create hierarchies of device categories as subclasses
(types) of the sar ef : Devi ce class, asshownin Figure 10 (a). In contrast, is was decided to adopt in SAREF a flat
classification of devices under thesar ef : Devi ce class- in other words, no hierarchies of device types - and
provide device categories using the sar ef : hasCat egor y relation, as shown in Figure 10 (b). This was a specific
design choice to simplify SAREF as much as possible for its users and keep it as much as possible independent from
subjective choices. For example, most of the users would classify Tenper at ur eSensor and SnmokeSensor as
subclasses of Sensor , asdepicted in Figure 10 (a). But thisis an easy example. If it is needed to add a new device of
type Mobi | ePhone, where the users of SAREF would add it? One could say it is a subclass of

Mul ti medi aDevi ce, but another user could argue that it is a subclass of Sensor . To make it even more difficult,
what happensif it is needed to define a new type of combined sensor such as Tenper at ur eHum di t ySensor ?
Should it be a subclass of Tenper at ur eSensor or Huni di t ySensor or asubclass of both? In order to avoid
this type of issues, which require choices that are too specific/subjective and would harm the general applicability of
SAREF, it was decided to have aflat list of devices under the sar ef : Devi ce class with no further hierarchy, even if
itisin principle possible to create hierarchies. It is then possible to assign devices from this flat list to device categories
usingthesar ef : hasCat egory relation to the sar ef : Devi ceCat egory class. Users can eventually define
their own categories under the sar ef : Devi ceCat egory class and other users can simply ignore categorizations
that are not relevant for them.
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Figure 10: Device categories as subclasses of Device (a) vs. using the has Category relation (b)

The scope of SAREF was limited to an indoor managed domain, such as a building managed by a building manager or
an apartment managed by a user. This scope also includes the outdoor premises that belong to the considered indoor
managed domain, in other words, a pergolathat is part of the building is also within the scope, as well as a sensor
located under that pergola. Note that the smart city domain was not considered, i.e. if the same sensor that is under the
pergola isasoin astreet, then the sensor in the street is out of the scope of SAREF. However, sincein principle the
sensor in the street can be also defined using the SAREF definition of device, it is possible in the future to extend the
scope of SAREF also to outdoor domains (e.g. smart cities) managed by managers different than building managers or
apartment users considered here, such as for example an administrative manager of the city government.

4.5 Extensions of SAREF

The goal of the present document is to have a system, in which SAREF can be used, e.g. for conformance tests of
SAREF. The horizontal oneM2M architecture (as the follow-up system of the ETSI M2M architecture) is chosen as a
system to be used with SAREF in order to facilitate the communication between the Smart Appliances and any remote
application. If SAREF is used with the oneM2M architecture, SAREF requires more fine-grained modelling of services
than given in the original (TNO) SAREF. Thus, SAREF requires extensions. The main point is that the original SAREF
is rather weak regarding the modelling of services and it is not sufficient to do a complete mapping to a system like
oneM2M in such away that an application is actually able to call the modelled service using the oneM 2M resource
structure in the end.

SAREF is extended by the concepts Operation, Method, Target, Input, and Output (see, red bubblesin Figure 11). An
Operation is a means of a service to communicate over the network. It shall specify the method, the target and the input
and output parameters necessary to execute the operation. The methods that are needed for oneM2M are CREATE,
RETRIEVE, UPDATE, DELETE and NOTIFY and are specified as individuals of the Method class. The target for
oneM2M is specified using the hasTargetURL data property of target.
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saref:Device
[ sarefilsUsedFor: saref:BuildingObject or saref:Commeodity or saref:Property
[ sarefiaccomplishes : sarefiTask (min 1 sarefiTask)
[ sareficonsistsOf : saref:Device
[ saref:hasCategory : saref:DeviceCategory

[ saref:hasFunction : saref:Function (min 1 saref:Function) saref:Service
[ saref:hasProfile : saref:Profile [ saref:hasOperation : saref:Operation
[ saref:hasState : sarefiState e oo | M sarefiisOfferedBy : sarefiDevice (min1 saref:Device)

[ saref:hasTypicalConsumption @ sarefiEnergy or saref:Power sarefiisOfferedBy

[ sarefiisLocatedIn : saref:Building5pace
[ saref:offers : saref:Service

M sarefithasDescription : string[0..1]

M sarefthasManufacturer : string[1..1]
B saref:hasModel : string[1..1]

[ sarefirepresents : sarefiFunction (min 1 saref:Function)

3

sarefiSwitchOn5ervice

saref:Operation
[ saref:hasnputParameter
[ saref:hasMethod @ saref:Method
[ saref:thasOutputParameter
[ saref:hasTarget : sarefiTarget

Method N— refthasTarget

saref:Method sarefiTarget
B saref:hasTargetURL : anyURI

Figure 11: Service and Operation

The extensions are shown in Figure 11 to clarify the difference with the original TNO SAREF, see Figure 7.

A service shall specify the device that is offering the service, the function(s) to be represented and the operation(s)
(saref:hasOperation min 1 saref:Operation) that can be executed. An operation specifies the method (e.g. RETRIEVE),
the target URL, and the input and output parameters necessary to execute the operation (saref:hasl nputParameter and
saref:hasOutputParameter properties).

For example, alight switch can offer the service of remotely switching the lights in a home through mobile phone
devices that are connected to the local network. This "remote switching" service represents the saref: OnOff Function
previously described. The corresponding operation shall specify the method (e.g. UPDATE), the target URL, and a
saref: State as input parameter, e.g. with value "ON", and a saref: State has output parameter, namely with value " OFF"
in this example since the input state value was "ON".

The extended SAREF is called ETSI SAREF. The Turtle version of ETSI SAREF belongs to the present document.
NOTE 1: Available at http://uri.etsi.org/m2m/saref.

It can be opened with any ontology editor, such as TopBraid Composer™, Protégé and NeOn.

NOTE 2: TopBraid Composer™ is an example of a suitable product available commercially. Thisinformation is
given for the convenience of users of the present document and does not constitute an endorsement by
ETSI of this product.

5 Mapping on oneM2M resources

NOTE 1: Thisclause describes how ETSI SAREF isto be used with the oneM2M architecture. The ideaisto map
ETSI SAREF to the oneM2M base ontology. For the oneM2M base ontology, oneM2M is in the process
of defining mapping rules that map some key concepts to oneM2M resources, e.g. creating an Application
Entity resource for a device like a washing machine and creating containers, e.g. for storing the status of
the washing machine. The ETSI SAREF description of the device will be stored in a semantic descriptor
child resource of the Application Entity resource representing the device.

NOTE 2: Asthe oneM2M base ontology is not stable yet, the mapping on oneM2M resources will be specified in
the revision of the present document. A draft of the mapping as of September 2015 is given in annex A.
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Annex A (informative):
Mapping on oneM2M Resources

A.1  Mapping of ETSI SAREF to oneM2M base Ontology
A.1.1 Introduction

In oneM2M TS-0012 [i.1], oneM2M has created a base ontology that describes key classes, relations and properties that
arerelevant for enabling semantic functionalities within oneM2M systems, as well as enabling interoperability between
applications and interworking with existing non-oneM2M technologies. The approach is that given a semantic
description of instances according to the oneM2M base ontology, a oneM 2M resource structure can be automatically
created.

General oneM2M resources are created for those ontology instances that are related to functionalities. They will enable
application interactions and thus concern dynamic aspects. Other, more static aspects like the manufacturer of a device
will be stored in special semantic descriptor resources that are attached to general oneM2M resources, e.g. thereis
oneM2M resource representing a device which has a semantic descriptor resource attached that contains semantic
information related to the device, e.g. the manufacturer. Such a semantic descriptor resource also contains information
concerning the relation to other resources, e.g. operations that can be executed.

A two step approach for the mapping of ETSI SAREF instances to oneM2M resourcesis used. In the first step, key
ETSI SAREF classes are mapped to oneM2M base ontology classes by defining an "is-a" relation between the ETSI
SAREF and the oneM 2M class. Thus instances modelled according to those ETSI SAREF classes for which such a
definition exists, are also automatically modelled accorting to the corresponding oneM2M base ontology classes. In the
second step, the oneM 2M instantiation rules are applied to those instances of ETS| SAREF classes that are derived from
oneM2M classes. Not al ETS| SAREF classes can be mapped to base ontology classes as ETSI SAREF models certain
aspects that are closely related to the smart appliance application domain and the base ontology is meant to be agnhostic
to specific application domains. If no equivalent oneM2M base ontology classes exist, e.g. for Commaodity, the
respective ETSI SAREF instances are stored together with ETSI SAREF instances with which they are connected
through an object property and which are mapped to the oneM2M base ontol ogy.

In clause A.1 the mapping of ETSI SAREF classes on oneM2M base ontology classesis described, in clause A.2 the
application of oneM2M instantiation rules are defined.
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A.1.2 Sub-class relationships of ETSI SAREF with the Base
Ontology

oneM2M Base Ontology SAREF Ontology

hasThingProperty

. Building
"""""""""""""""" aS Object
concerns
---------- is-a i ittt Device
hasService hasFunctionality offers hasFunction
ExposesI """"""""" isa
Functionali . . ’ represents .
Functionality Service 0 Function
isExposed -1 e~ e
. is-a ===
~EByService— |
hasOperation hasCommand hasOperation hasCommand
refersTo| Moo
Input

describe

Target )eq_____ e NN

Figure A.1: Mapping of ETSI SAREF to the oneM2M Base Ontology

Figure A.1 shows the mapping of ETSI SAREF to the oneM2M Base Ontology. i s- a relationships (modelled as

rdf s: subC assOF ) are introduced between the key classes of ETSI SAREF and the oneM2M Base Ontology. These
are needed to be able to apply the oneM2M instantiation rules to the semantic description of entities that are described
according to ETSI SAREF.

rdf s: subPropertyOF relationships are introduced between the ETSI SAREF properties and oneM2M properties,
where this is applicable. These relationships are not shown in Figure A.1, but will be explained following the class

mappings.

Table A.1 shows which ETSI SAREF classis a subclass of which oneM2M class. Asaresult all oneM2M instantiation
rules defined for the oneM2M class can a so be applied to the instance of the respective ETSI SAREF class.
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Table A.1: ETSI SAREF classes as subclasses of oneM2M classes

ETSI SAREF class

oneM2M base ontology class

sar ef : Devi ce oneM2M Devi ce
saref: Servi ce oneM2M Servi ce
sar ef : Functi on oneM2M Functional ity
saref: Operation oneM2M Qper ati on
sar ef : Command oneM2M Comrand
sar ef : | nput oneM2M | nput

sar ef : Qut put oneM2M Qut put

sar ef : Tar get oneM2M Tar get

sar ef : Met hod oneM2M Met hod
saref: Property oneM2M Aspect
saref: State oneM2M Aspect
sar ef : Bui | di ngbj ect oneM2M Thi ng

Table A.2 shows which ETSI SAREF property is a subproperty of which oneM2M property.

Table A.2: ETSI SAREF properties as subproperties of oneM2M classes

ETSI SAREF property

oneM2M property

saref:offers oneM2M hasServi ce

sar ef : hasFuncti on oneM2M hasFunctional ity
saref:represents oneM2M exposesFunctional ity
sar ef : hasQperati on oneM2M hasQper ati on

sar ef : hasCommand oneM2M hasConmmrand

sar ef : hasl nput oneM2M hasl| nput

sar ef : hasQut put oneM2M hasQut put

sar ef : hasMet hod oneM2M hasMet hod

sar ef : hasTar get oneM2M hasTar get

sar ef : descri be oneM2M descri be

In addition to the ETS| SAREF classes that are directly subclassed as shownin Table A.1, al the ETSI SAREF classes
that are subclasses of these classes are transitively subclasses of oneM2M classes and thus the oneM2M instantiation
rules can also be applied. The respective subclasses for which thisis the case are shown in Figure A.2, Figure A.3,

Figure A.4, Figure A.5 and Figure A.6, respectively.
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A.2  Instantiation Rules for Creating the oneM2M
Resource Structure

The Smart Appliances oneM2M Mapping should follow the instantiation rules defined in clause 7 of
oneM2M TS-0012 [i.1] "Base Ontology".
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