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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and 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 ETS| Secretariat. Latest updates are available on the
ETSI Web server (https:/ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
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 ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

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

The present document is part 10 of a multi-part deliverable covering SmartM2M; Extension to SAREF, as identified
below:

Part 1:  "Energy Domain";

Part 2. "Environment Domain";

Part3:  "Building Domain";

Part 4.  "Smart CitiesDomain";

Part5:  "Industry and Manufacturing Domains';
Part 6:  "Smart Agriculture and Food Chain Domain®;
Part 7. "Automotive Domain";

Part 8:  "eHealth/Ageing-well Domain";

Part9: "Wearables Domain®;

Part 10: "Water Domain";

Part 11: "Lift Domain";

Part 12: "Smart Grid Domain”;

Part 13: "Maritime Domain".
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Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal 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 present document presents SAREFAWATR, an extension of SAREF for the Water domain. SAREFAWATR V2.1.1
isamgjor revision of SAREFAWATR, using updated reference ontology patterns [3] to solve the harmonization
needs [i.9], with updated development framework and tools [i.10].

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
referenced document (including any amendments) applies.

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

NOTE: While any hyperlinks included 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] ETSI TS 103 264: "SmartM2M; Smart Applications; Reference Ontology and oneM 2M
Mapping".
2] ETSI TS 103 410-4: "SmartM2M; Extension to SAREF; Part 4: Smart Cities Domain®.
[3] ETSI TS 103 548: "SmartM2M; SAREF reference ontology patterns'.
[4] Void.
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
referenced 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.

[1.1] ETSI TR 103547 (V1.1.1) (10-2019): "SmartM2M; SAREF extension investigation;
Requirements for the Water domain”.

[i.2] EN 13757-2:2017: "Communication systems for meters - Part 2: Wired M-Bus communication”,
(produced by CEN).

[i.3] TR 17167: "Communication system for meters - Accompanying TR to EN 13757-2,-3 and -7,
Examples and supplementary information”, (produced by CEN).

[i.4] World Health Organization (2017): "Guidelines for Drinking-water Quality. Fourth edition
incorporating the first addendum®.

[i.5] Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human
consumption.

[i.6] Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006

concerning the management of bathing water quality and repealing Directive 76/160/EEC.
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[i.7] Directive 2006/118/EC of the European Parliament and of the Council of 12 December 2006 on
the protection of groundwater against pollution and deterioration.
[i.8] OGC 11-052r4: "OGC GeoSPARQL - A Geographic Query Language for RDF Data’".
Version 1.0.
[1.9] ETSI TR 103 781: "SmartM2M; Study for SAREF ontology patterns and usage guidelines'.
[i.10] ETSI TS 103 673: "SmartM2M; SAREF Development Framework and Workflow, Streamlining

the Development of SAREF and its Extensions".

3 Definition of terms, symbols and abbreviations

3.1 Terms

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

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

3.2 Symbols

Void.

3.3 Abbreviations

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

EC European Commission

KPI Key Performance | ndicator

M-Bus Meter-Bus

OWL-DL Web Ontology Language - Description Logics
RDF Resource Description Framework

RDF-S Resource Description Framework Schema
SAREF Smart Applications REFerence ontology

SAREF4SYST SAREF extension for Systems
SAREFAWATR SAREF extension for the Water domain
WKT Well-Known Text

4 SAREF4AWATR ontology and semantics

4.1 Introduction and overview

The present document is atechnical specification of SAREFAWATR, an OWL-DL ontology that extends SAREF for
the Water domain.

SAREFAWATR V2.1.1 isamgjor revision of SAREFAWATR, using updated reference ontology patterns specified in
ETSI TS 103 548 [3] to solve the harmonization needs identified in ETSI TR 103 781 [i.9], with updated devel opment
framework and tools defined in ETSI TS 103 673 [i.10].

This extension has been created by investigating resources from potential stakeholders of the ontology, such as
standardization initiatives, associations, European projects, EC directives, existing ontologies, and data repositories, as
reported in ETSI TR 103 547 [i.1]. In addition, the use cases defined in [i.1] were also taken into account, namely:

. Use case 1. Remote reading of metrological registers

o Use case 2: Advanced meter reading and configuration
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. Use case 3: Risk management over water critical infrastructure
. Use case 4: Interaction of cross-domain variables and models for policy-making

Taking into account ontologies, data models, standards and datasets provided by the identified stakehol ders, a set of
requirements were identified and grouped in the following categories: Water infrastructure, Water meter, Meter
observations, Infrastructure observations, Water observations, Indicators, and Tariff. Such requirements and categories
were validated during the "SAREFAWATR Validation Workshop" at the ICT4Water Cluster annual event in Brussels
on 11" June 2019. During the workshop, attendees validated the use cases proposed above and the list of requirements
for the above-mentioned categories. According to the feedback and outcomes of the workshop, some actions were taken
such asto better define the geolocation of meters or to allow connecting information from the water domain to other
domains. The concrete decisions were reported in ETSI TR 103 547 [i.1]. The requirementslisted in ETSI

TR 103 547 [i.1] were taken as input for the ontology devel opment.

SAREFAWATR isan OWL-DL ontology that extends SAREF and reuses six other ontologies. SAREFAWATR
includes 54 classes (40 defined in SAREFAWATR and 14 reused from the SAREF, SAREFACITY, SAREF4SY ST,
time, geo, and sf), 34 object properties (8 defined in SAREFAWATR and 26 reused from SAREF, SAREFACITY,
SAREF4SY ST, and geo), 19 datatype properties (12 defined in SAREFAWATR and 7 reused from SAREF and
SAREFACITY), and 65 individuals.

SAREFAWATR focuses on extending SAREF in order to create a common core of general concepts for water data
oriented to the 10T field. The mainideaisto identify the core components, as mentioned, that could be extended for
particular water subdomains, for example, for water supply.

The prefixes and namespaces used in SAREFAWATR and in the present document are listed in Table 1.

Table 1: Prefixes and namespaces used within the SAREFAWATR ontology

Prefix Namespace
s4watr https://saref.etsi.org/saref4watr/
s4city https://saref.etsi.org/saref4city/
s4syst https://saref.etsi.org/saref4syst/
saref https://saref.etsi.org/core/
dc http://purl.org/dc/elements/1.1/
dcterms http://purl.org/dc/terms/
geo http://www.opengis.net/ont/geospargl#
owl http://www.w3.0rq/2002/07/owl#
time http://www.w3.0rg/2006/time#
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs http://www.w3.0rg/2000/01/rdf-schema#
sf http://www.opengis.net/ont/sf#
vann http://purl.org/vocab/vann/
xsd http://www.w3.0rg/2001/XMLSchema#

4.2 SAREF4AWATR

421 General Overview

An overview of the SAREFAWATR ontology is provided in Figures 1 and 2. For all the entities described in the present
document, it isindicated whether they are defined in the SAREFAWATR extension or elsewhere by the prefix included
before their identifier, i.e. if the element is defined in SAREFAWATR, the prefix iss4wat r, while if the element is
reused from another ontology it isindicated by a prefix according to Table 1.

Arrows are used to represent properties between classes and to represent some RDF, RDF-S and OWL constructs, more
precisaly:

o Plain arrows with white triangles represent ther df s: subd assOf relation between two classes. The origin of
the arrow is the class to be declared as subclass of the class at the destination of the arrow.

. Dashed arrows between two classesindicate alocal restriction in the origin class, i.e. that the object property

can be instantiated between the classes in the origin and the destination of the arrow. The identifier of the
object property is indicated within the arrow.
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. Dashed arrows with no identifier are used to represent ther df : t ype relation, indicating that the element in
the origin of the arrow is an instance of the class in the destination of the arrow.

Datatype properties are denoted by rectangles attached to the classes, in an UML-oriented way. Dashed boxes represent
local restrictionsin the class, i.e. datatype properties that can be applied to the class they are attached to.

Individuals are denoted by rectangles in which the identifier is underlined.

Note that Figures 1 and 2 aim at showing a global overview of the main classes of SAREFAWATR and their mutual
relations. More details on the different parts of the figures are provided from clause 4.2.2 to clause 4.2.9.

saref:isActedUponBy

b v
: N saref:Property | saref:FeatureOfInterest
Co : saref:isPropertyOf : A
saref:isObservedBy !
saref:isObservedBy 1
! ! saref:actsUpon
i saref:observes
v ! v ! saref:madeBy v :
[ seretpevee [ swetobsenaton T
saref:madeExecution j A saref:observes
saref:isMeasuredin e
v :
| saref:FeatureOfInterest |< ----------- ' SEEILIIOT BRI
: ! A :
A s4city:hasKPI ; : ;
¥ ; sarefisMeasuredin Es4city:isDerivedFrom
o 1 s4city:assesses !
- s4city:KeyPerformancelndicator sdcity:isA dBy
s4city:isKPIOf:¢ ' Assessment Lol >‘ sédcity:Agent

P '

| s4city:KeyPerformancelndicator

T . ) i s4city:refersToFeature
» s4city:hasCalculationPeriod E  GOGECEEEEETTELTEEEEEEEEEERERPLED

A 4

s4city:refersToTime
| time:TemporalEntity |< ------------------------------------ !

Figure 1: SAREFAWATR overview, Observations and KPIs
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|s4syst:System| | saref:FeatureOfinterest |
; ;
]
l s4syst:hasSubSystem l
| saref:Device | | s4watr:WaterAsset |< -------------------- { s4watr:WaterInfrastructure l—
| Z|P A s4watr:isIntendedFor s4watr:isDesignedFor
| saref:Actuator | | saref:Sensor | '
Zr | s4watr:WaterUse | |s4watr:WaterKind| | s4watr:Water |
| saref:Meter | |s4watr:WaterDevice | saref:hasProperty

1 T

R _s_:%rff:observes saref:Property :
s4watr:appliesTo
! : v

s4watr:Tariff EEREEREEE > | s4watr:WaterFlowProperty |——| s4watr:WaterProperty|

1 saref:hasProperty
----------------------------- >| s4watr:WaterMeterProperty |——| s4watr:EnvironmentalProperty |

s4watr:WaterMeter

Figure 2: SAREFAWATR overview, Water-related terms

422 Observation

Asit appearsin Figure 3, the modelling of observations in the SAREFAWATR ontology relies on the observation model
proposed in SAREF. In order to reduce duplication with SAREF documentation, the reader is referred to the SAREF
specification ETSI TS 103 264 [1] for details about observation modelling including here details only for the new
concepts.

SAREF alowsto define the temporal extent of an observation by defining the timestamp for it (using the
sar ef : hasResul t Ti ne property) and to define the temporal interval to which an observation applies, apart from the
temporal instant defined by the timestamp (using the sar ef : hasPhenomenonTi ne property).

Besides, the extension requires to be able to represent those devices that observe a certain feature of interest (and those
features of interest that are observed by a device) independently of having observations from which this relationship
could be inferred. This can be represented with two properties of SAREF that relate sar ef : Devi ce and

saref: FeatureOf | nt erest: saref: act sUpon and sar ef : i sAct edUponBy.

saref:isActedUponBy

sarefiisActedUponBy saref:hasProperty v

T sarefProperty _:::::::::::j saref:FeatureOfinterest
b ' sarefiisPropertyOf : A

saref:isObservedBy ! :
sarefiisObservedBy |

1 saref:actsUpon

:
, saref:observes
1

v v saref:madeBy v
[wstooe [ stobeenaton [

saref:madeExecution saref:observes

Esaref:haSResultTime::xsd:dateTime

! saref:hasResult

saref:hasPhenomenonTime
v ,—\
i i saref:PropertyValue -------------------- »| saref:UnitOfMeasure
time:TemporalEntity I saref:isM

1saref:hasValue::

Figure 3: Observation model
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4.2.3 Water meter

Figure 4 provides an overview of how to represent a water meter using the s4wat r : Wt er Met er class. The

representation of water meters and their properties has been extracted from the European M-Bus standard
(EN 13757-2[i.2]).

A water meter may be defined by the properties inherited from SAREF (e.g. sar ef : hasManuf act ur er or

sar ef : hasMbdel ) and also by a set of properties defined in SAREFAWATR to indicate: its fabrication number
(s4wat r: hasFabri cati onNunber ), itsfirmware version (s4wat r : hasFi r mmar eVer si on), its hardware version
(s4wat r : hasHar dwar eVer si on), itsversion (sar ef : hasVer si on), the radio frequency in which it operates
(s4wat r : oper at esAt Radi oFr equency), and its required power (s4wat r : r equi r esPower ).

Observations may be taken from the water meter themselves. To enable the representation of such observations, water
meters are defined as features of interest (sar ef : Feat ur eOf I nt er est ) and a non-exhaustive list of properties has
been defined based on the M-Bus standard to allow measuring: on time (s4wat r : Met er OnTi ne), operating time
(s4wat r : Met er Oper at i ngTi ne), battery operating time (s4wat r : Bat t er yOper at i ngTi ne), battery last change
(s4wat r: Bat t er yLast Change), and battery remaining time (s4wat r : Bat t er yRemai ni ngTi ne).

saref:hasProperty
saref:Device | saref:FeatureOfInterest } --------------------- »| saref:Property

A
saref:hasManufacturer::
saref:hasModel::
| sd4watr:WaterMeterProperty |
A
saref:Actuator | | saref:Sensor | | sdwatr:MeterOnTime }71 s4watr:BattervODeratianime|
AN E
| s4watr:MeterOperatingTime }—'1 s4watr:BatterylL astChange |
saref:Meter
1 s4watr:BatteryRemainingTime |

sd4watr:WaterMeter

1 sdwatr:hasFabricationNumber::rdfs:Literal !
s4watr:hasFirmwareVersion::rdfs:Literal
s4watr:hasHardwareVersion::rdfs:Literal

1 saref:hasVersion::rdfs:Literal

i s4watr:operatesAtRadioFrequency::

1 s4watr:requiresPower::

Figure 4: Water meter model
Table 2 summarizes the properties that characterize the s4wat r : Wat er Met er class.

Table 2: Properties of the s4watr:WaterMeter class

Property Definition
s4watr:hasFabricationNumber max 1 The fabrication number of a device.
s4watr:hasFirmwareVersion max 1 The firmware version of a device.
s4watr:hasHardwareVersion max 1 The hardware version of a device.
saref:hasVersion max 1 The version of a device.
s4watr:operatesAtRadioFequency The radio frequency at which a device operates.
sdwatr:requiresPower The power required by a device.
saref:hasProperty only s4watr:WaterMeterProperty | The relation between a water meter and its properties.

424 Water flow

Water meters are mainly intended to measure water flows. SAREFAWATR defines the main properties related to the
water flow that are defined in the European M-Bus standard (EN 13757-2 [i.2]): pressure (s4wat r : Fl owPr essur e),

rate (s4wat r : Fl owRat e), temperature (s4wat r : Fl owTenper at ur e), and volume (s4wat r : Fl owvol une). These
properties are depicted in Figure 5.

ETSI
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saref:Property
saref:observes ZF
s4watr:WaterMeter |------------------------- >| s4watr:WaterFlowProperty |

A

| s4watr:FlowPressure } eres | s4watr:FlowTemperature |
| s4watr:FlowRate }L| s4watr:FlowVolume |

Figure 5. Water flow model
Table 3 summarizes another property that characterizesthe s4wat r : Wat er Met er class.

Table 3: Property of the s4watr:WaterMeter class

Property Definition
saref:observes some s4watr:WaterFlowProperty The relation between a water meter and the water flow
properties it observes.

There are also other environmental factors that are relevant since they affect water and the infrastructures using it.
Therefore, the following environmental properties, depicted in Figure 6, are defined: atmospheric pressure

(s4wat r : At nospheri cPressure), humidity (s4wat r : Humi di ty), precipitation (s4wat r : Pr eci pi t ati on) and
temperature (s4wat r : Ext er nal Tenper at ur e).

saref:Property

| s4watr:EnvironmentalProperty |

A
| s4watr:AtmosphericPressure }ri s4watr:Precipitation |
| s4watr:Humidity }-Li s4watr:ExternalTemperature |

Figure 6: Environmental properties model

425 Tariff

SAREFAWATR allows describing the tariff that is applied to awater meter by means of thes4wat r: Tari ff class, as
presented in Figure 7. The representation of tariffs has been extracted from TR 17167 [i.3].

A tariff may be described using different properties to describe its: start timestamp (s4wat r : hasSt ar t Ti mest anp),
duration (s4wat r : hasDur ati on), period (s4wat r : hasPeri od), billing date (s4wat r : hasBi | | i ngDat e) and
billing period (s4wat r : hasBi | | i ngPer i od). Besides, atariff can be related to awater meter by means of the
sdwat r : appl i esTo property.

There are different types of tariffs, depending on whether they are based on thresholds

(s4wat r: Thr eshol dBasedTari f f ), consumption (s4wat r : Consunpt i onBasedTari f f), or time

(s4wat r: Ti meBasedTar i f f ). Each of these types of tariffs hasits own properties: for threshold-based ones their
volume flow can be defined (s4wat r : f or Vol umeFI ow), for consumption-based ones their volume and financial
consumption can be defined (s4wat r : f or Vol uneConsunpt i on and s4wat r : f or Fi nanci al Consunpti on,
respectively), and for time-based ones their absolute time at day, week day and day in month can be defined

(s4wat r: f or Absol ut eTi meAt Day, s4wat r : f or WeekDay and s4wat r : f or Dayl nMont h, respectively). Itisaso
possible to define a combined tariff by making it an instance of more than one type of tariff.
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s4watr:hasDuration
s4watr:hasPeriod

s4watr:appliesTo I s4watr:hasBillingPeriod
4—{ s4watr:Tariff | » time:TemporalDuration

i s4watr:hasStartTimestamp::xsd:date Time :
i s4watr:hasBillingDate::xsd:dateTime

l |

s4watr:ThresholdBasedTariff I ‘ sd4watr:ConsumptionBasedTariff I ‘ s4watr:TimeBasedTariff

1 1k s4watr:forWeekDay .
1 s4watr:forVolumeFlow:: ! is4watrforVolumeConsumption:: ! isdwatrforDayinMonth:xsd:gDay | time:DayOfWeek

""""""""""""""""""""" 1 s4watr:forFinancialConsumption:: :

Figure 7: Tariff model
Table 4 summarizes the properties that characterizethe s4wat r: Tari ff class.

Table 4: Properties of the s4watr: Tariff class

Property Definition
s4watr:appliesTo The water meter to which a tariff applies to.
s4watr:hasStartTimestamp The start date and time of a tariff.
s4watr:hasDuration The duration of a tariff.
s4watr:hasPeriod The period of a tariff.
s4watr:hasBillingDate The billing date of a tariff.
s4watr:hasBillingPeriod The billing period of a tariff.

Table 5 summarizes the properties that characterize the s4wat r : Thr eshol dBasedTari f f class.

Table 5: Properties of the s4watr:ThresholdBasedTariff class

Property Definition
s4watr:forVolumeFlow The volume flow related to a tariff.

Table 6 summarizes the properties that characterize the s4wat r : Consunpt i onBasedTari ff class.

Table 6: Properties of the s4watr:ConsumptionBasedTariff class

Property Definition
s4watr:forVolumeConsumption  [The volume consumption related to a tariff (e.g. after consumption of 900 litres).
s4watr:forFinancialConsumption |The financial consumption related to a tariff (e.g. prepaid tariffs).

Table 7 summarizes the properties that characterize the s4wat r : Ti meBasedTari f f class.

Table 7: Properties of the s4watr:TimeBasedTariff class

Property Definition
s4watr:forAbsoluteTimeAtDay |The time interval in each day for which a tariff is applied (e.g. 8:00 to 10:00).
s4watr:forWeekDay The day of the week for which a tariff is applied (e.g. each Saturday and Sunday).
s4watr:forDaylnMonth The day of the month for which a tariff is applied (e.g. each 15).

4.2.6 Water kinds

SAREF4AWATR defines four kinds of water as instances of the s4wat r : Wat er Ki nd class: raw water

(s4wat r : Rawmat er ), drinking water (s4wat r : Dri nki ng\Wat er ), storm water (s4wat r : St or mAat er ), and waste
water (s4wat r : Wast eVat er ). All these kinds of water, depicted in Figure 8, are defined as feature kinds

(sar ef : Feat ur eKi nd).
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saref:FeatureKind

i

s4watr:WaterKind
A
s4watr:RawWater ----+----1 s4watr:StormWater
s4watr:DrinkingWater [----+----1 s4watr:WasteWater

Figure 8: Water kinds model

4.2.7 Water properties

SAREFAWATR includes a classification of the different water properties based on the classification proposed by the
World Health Organization [i.4], as shown in Figure 9. Water properties (s4wat r : Wt er Pr oper t y) are classified into
acceptability (s4wat r : Accept abi | i t yProperty), chemical (s4wat r: Cheni cal Property), and microbial
(s4watr: M crobi al Property) ones, being bacteria (s4wat r: Bact eri al Property) properties a subclass of
microbial ones.

The extension defines different individuals for each type of water property, based in different EC directives on the
quality of drinking water [i.5], bathing water [i.6] and groundwater [i.7]. Thislist of individuals does not aim to be
exhaustive but to reflect the potential use of the ontology. Note, for example, that it is out of the scope to categorize
chemical compounds according to their intended use (e.g. pesticide, fertilizer, etc.).

saref:Property
JAN
s4watr:WaterProperty

I 1

’s4watr:AcceptabilityF’roperty‘ ’ s4watr:ChemicalProperty ‘ ’ s4watr:MicrobialProperty ‘
: T
’ s4watr:Colour } ’ s4watr:12Dichloroethane }{ s4watr:lron ‘ _
1 s4watr:BacterialProperty
’ s4watr:Conductivity } ’ sdwatr:Acrylamide + —-ie- { sdwatr:Lead ‘ A
E { s4watr:ClostridiumPerfringens ‘
s4watr:Aluminium Soovee- s4watr:Manganese
s4watr:Hardness H
’ s4watr:Ammonium } - -:----{ s4watr:Mercury ‘ { sdwalr,ColiformBacteria ‘
’s4watr HydrogenIonConcentratlon} !
’ s4watr:Antimony }{ s4watr:Nickel ‘ + s4watr:ColonyCount22C ‘
’ s4watr:Odour % i :
’ s4watr:Arsenic } —eebe- { s4watr:Nitrate ‘ - { s4watr:ColonyCount37C ‘
’ s4watr:Oxidisability ‘ .
’ s4watr:Benzene %1{ s4watr:Nitrite ‘ + s4watr:Enterococci ‘
’ s4watr:Taste ‘ 5 '
’ sdwatr:Benzoapyrene }:v{ sdwatr:Oxygen ‘ { sawatr-EscherichiaColi ‘
:Temp .- . : :Polycycli i H
’ s4watr:Temperature ‘ sdwatr:Boron B S s4watr:PolycyclicAromatic :
! Hydrocarbons + s4watr:PseudomonasAeruginosa
’ s4watrTotallndicativeDose ‘ sdwatr:Bromate }{ sdwatr:Selenium ‘
’ s4watr:TotalDissolvedSolids + s4watr:.Cadmium }'{ s4watr:Sodium ‘
’ sawatr-TotalSuspendedSolids }> s4watr:Chloride }1{ s4watr:Sulphate ‘

s4watr:Chromium }---:---{ s4watr:Tetrachloroethene

|
|
|
|
|
|
|
|

s4watr:Copper } .- : -- { s4watr:TotalOrganicCarbon
s4watr:Cyanide } --- . -- { s4watr:Trichloroethene ‘
s4watr:Epichlorohydrin }:{ s4watr:Trihalomethanes ‘
s4watr:Fluoride }---i----{ s4watr:Tritium ‘

|

1——# s4watr:VinylChloride

Figure 9: Water properties model
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4.2.8 Water infrastructure

In SAREFAWATR water infrastructures can be defined using the s4wat r : Wat er | nf r ast r uct ur e class. Such
infrastructures may be designed for one of the water kinds described in clause 4.2.6 (through the

s4wat r: i sDesi gnedFor property), may have an intended use (through the s4wat r : i sl nt endedFor property), and
may be classified into five different types, although others may be defined if needed: distribution systems

(s4watr: Di stributi onSyst em), storage infrastructures (s4wat r : St or agel nf r ast r uct ur e), treatment plants
(s4wat r: Tr eat nent Pl ant ), hydroelectric power plants (s4wat r : Hydr oel ect ri cPower Pl ant ), and monitoring
infrastructures (s4wat r : Moni t ori ngl nfrast ruct ure).

In order to represent the topology of a water infrastructure or its assets, the GeoSPARQL ontology has been reused and
connected to the SARE4AWATR terms. As shown in Figure 10, for representing spatial objects the

geo: Spat i al Obj ect class from GeoSPARQL has been reused along with its subclasses that allow defining spatial
features (geo: Feat ur ) and geometries (geo: Geonet ry). Different properties from GeoSPARQL can be reused to
define spatial relations among spatial objects (e.g. geo: sf Cont ai ns, or geo: sf Wt hi n) or to define the geometry of
afeature (geo: hasGeonet ry). Two types of geometries from the GeoSPARQL Simple Features ontology are
proposed to be used: points (sf : Poi nt ) and polygons (sf : Pol ygon), athough others may also be used from that same
ontology or from another one.

GeoSPARQL standard [i.8] referenceis provided for further details on how to define the topology of water
infrastructures.

geo:sfContains

geo:sfWithin : : i
_____ geo:SpatialObject
JAN

s4syst:hasSubSystem

| sf:Point | | sf:Polygon | ‘s4syst:System ‘(—-:

I s4watr:WaterKind

s4syst:hasSubSystem
sawatrWaterasset [€77777TTTTTITTI T ] sqwatnwaterintrastructure [+ =

+ s4watr:isintendedFor A s4watr:isDesignedFor
s4watr:WaterUse (€ -----------------nmnn : | s4watr:DistributionSystem |——| s4watr:Storagelnfrastructure|
A
| s4watr:Agriculture }*'{ s4watr:Domestic | | s4watr:HydroelectricPowerPlant |——| s4watr:TreatmentPlant |
| s4watr:Aquaculture }*‘{ s4watr:Industry | —| s4watr:MonitoringInfrastructure |

1

| s4watr:GaugingStation

| s4watr:Recreation |

Figure 10: Water infrastructure model

By reusing the SAREFASY ST ontology, the different subsystems of awater infrastructure may be defined. A water
infrastructure is acomplex system (s4syst : Syst em) and each of its subsystems may be defined (using the
s4syst : hasSubSyst emproperty) as a water asset (s4wat r : Wt er Asset ).

Asshown in Figure 11, SAREFAWATR defines the main types of water assets found in the literature in a hierarchy that
is not intended to be exhaustive and that may be extended if needed. This hierarchy classifies water assetsinto source
assets (s4wat r: Sour ceAsset ), Sink assets (s4wat r : Si nkAsset ), storage assets (s4wat r : St or ageAsset ), and
transport assets (s4wat r : Tr anspor t Asset ).

A dedicated class has been defined for water devices (s4wat r : Wat er Devi ce), which are those water assets that are
also devices according to SAREF (sar ef : Devi ce). A water meter, described in clause 4.2.3, is one specia type of
water device, among other possible water-related sensors and actuators.
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| sdwatr:WaterAsset |

A

| s4watr:SourceAsset I Is4watr:TransponAsset |

A N

| |

|s4watr:GIacier | | s4watr:Lake |

s4watr:Lagoon | sdwatr:Pipe || s4watr:Channel |

sdwatr:Pit

i
7 [

s4watr:Vent

sdwatr:Intake

sdwatr:SinkAsset s4watr:Manhole

A

| sd4watr:Estuary |——| s4watr:River |
saref:Device
| sdwatr:Ocean I I sdwatr:Sea | [ .
| s4watr:WaterDevice
A
|s4watr:StorageAsset|7 | s4watr:FireHydrant l——| s4watr:Valve |
| | | | s4watr:Pump l——| s4watr:WaterMeter |

|s4watr:Aquifer|| s4watr:Reservoir || s4watr:Tank |

Figure 11: Water asset model
Table 8 summarizes the properties that characterize the s4wat r : Wat er | nf rast r uct ur e class.

Table 8: Properties of the s4watr:WaterInfrastructure class

Property Definition
s4watr:intendedFor some s4watr:WaterKind The relation between a water infrastructure and the kind
of water it is intended for.
s4syst:hasSubSystem The relation between a water infrastructure and the water
assets it is composed of.

4.2.9 Key Performance Indicator

Figure 12 provides an overview of the modelling of Key Performance Indicators (KPIs). The KPI modelling involves
two main concepts, namely s4ci t y: KeyPer f or mancel ndi cat or and

s4ci ty: KeyPer f or mancel ndi cat or Assessnent . As can be seen in the figure, the modelling of KPIsin
SAREFAWATR totally relies on the KPI model proposed in SAREFACITY [2]. In order to reduce duplication with the
SAREFACITY documentation, the reader is referred to the SAREFACITY specification for details about KPI modelling.

In SAREFAWATR, KPIs are intended to be defined for water infrastructures (s4wat r : Wat er | nf r ast r uct ur e).
However, KPIs may also be defined for other features of interest.
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Zf A s4city:hasKPI

|s4watr:WaterInfrastructure |

% .

s4city:isKPIOf!

| s4city:KeyPerformancelndicator |< ------

s4city:hasCalculationPeriod |

A 4

|time:TemporaIDuration |

s4city:assesses|

17
saref.isMeasuredin

1 saref:isMeasuredin
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saref:UnitOfMeasure [€---------------- saref:Observation

s4city:isDerivedFrom

s4city:KeyPerformancelndicator
Assessment

______________ ! saref-hasValue::
s4city:quantifieskPlI ' s4city:hasLastUpdateDate::xsd:date Time
1s4city:hasCreationDate::xsd:dateTime
1s4city:hasExpirationDate::xsd:date Time

_____________________ Fmmm e

sdcity:refersToTime :

time:TemporalEntity

| time:Instant | |time:|nterva|

Figure 12: Key Performance Indicator model

4.3

Instantiating SAREFAWATR

This clause shows different examples of how to instantiate the SAREFAWATR extension of SAREF.

The example presented in Figure 13 depicts awater meter (ex: Met er 4837QW.23). It can be described by a set of static
properties either reused from SAREF (e.g. sar ef : hasModel ) or from SAREFAWATR (e.g.

s4wat r : hasFi r mavar eVer si on). The spatial extent of the meter is described by its geometry (ex: Met er Geon) that is
represented as a point in space following its WKT representation. SAREFAWATR defines different measurable
properties of awater meter, among them the battery remaining time (s4wat r : Bat t er yRemai ni ngTi ne) that isthe
one used in the example. Observations of the meter for this property can be represented (ex: WMObser vat i on200206)
using for example the time instant of the observation and its value and the unit of measure in a property value.

s4watr:WaterMeterProperty

saref:isPropertyOf

saref:hasModel

»| "Meterall"

saref:hasManufacturer

» "Turion"

saref:hasVersion

s4watr:WaterMeter

> nqom

sd4watr:hasFabricationNumber

s4watr:BatteryRemainingTime |

> ex:Metera837QwW123

saref:isObservedBy

saref:observes

N

saref:Observation

> "4837QW"

s4watr:hasFirmwareVersion

saref:hasProperty 4

> "123.7"

s4watr:hasHardwareVersion

> "23.5b"

s4watr:operatesAtRadioFrequency

saref:isObservedBy

> "2.4 GHz"

s4watr:requiresPower

ex:WMObservation200206 |

saref:observes

sf:Point

saref:hasResultTime ["2020-02-06T15:44:12"

AMxsd:dateTime

ex:MeterGeom

saref:hasResult

saref:PropertyValue

ex:27Months

» "24 volts"

diElEfRaT

geo:hasGeometry
2

geo:asWKT "POINT (-3.705346 40.417351)"
AMgeo:wktLiteral
saref:hasValue
> "27"Mxsd:float

saref:UnitOfMeasure

> om:month

saref:isMeasuredin

Figure 13: Example of water meter
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The main function of water metersisto measure water flow. Figure 14 presents two examples of water flow
observations (ex: WFQbser vat i on170206 and ex: WFCbser vat i on643234) for awater flow property

(s4wat r : Fl owvol urre) and an environmental one (s4wat r : Ext er nal Tenper at ur e), respectively. Notice how the
flow volume observation is described with a time instant while the external temperature one is described with atime
interval (ex: PT838452).

s4watr:WaterFlowProperty

s4watr:FlowVolume

saref:isObservedBy saref:observes

"2020-02-06T15:07:12"

saref:hasResultTime

———————  saref:hasValue oo
saref:Observation saref:PropertyValue > "127""xsd:float

»| ex‘WFObservation170206 ex:127Litres —
saref:hasResult —

Mxsd:dateTime

saref:UnitOfMeasure

saref:madeExecution 4 om:litre

"2020-02-06T14:00:00Z"
AMxsd:dateTimeStamp

saref:isMeasuredin

s4watr:WaterMeter
ex:Meter4837QW123

time:inXSDDateTimeStamp

. e time:Instant
time:hasBeginning

ex:PT838452B

time:Instant

I ex:PT838452E
time:hasEnd

» ex:WFObservation643234 itime:inXSDDa‘(eTimeStamp

"2020-02-06T14:59:59Z2"

Mxsd:dateTimeStamp
————————————— saref:hasValue . N

saref:isObservedBy saref:observes saref:PropertyValue > "24.5""xsd:float

> ex:245DC ——
saref:hasResult ——————

sdwatr:ExternalTemperature om:degreeCelsius
saref:isMeasuredin

time:Interval

> ex:PT838452

saref:hasPhenomenonTime

saref:madeExecution

saref:Observation

s4watr:EnvironmentalProperty saref:UnitOfMeasure

Figure 14: Example of water meter observations

Different tariffs can be applied to water meters. Figure 15 presents an example of a consumption-based tariff

(ex: Met er 4837QM\L23Tar i f f) for awater meter (ex: Met er 4837QAL23). Different individuals are defined for
describing the duration (ex: Fi veYear s), period (ex: OneYear ) and billing period (ex: OneMont h) of the tariff.
SAREFAWATR does not restrict how to define particular conditions of a tariff; in the example, for the consumption
description a string literal is used.

time:numericDuration e N
. . 5"Mxsd:decimal
time:Duration
> ex:FiveYears

X time:TemporalUnit
"900 liters"

A time:unitYear

s4watr:hasDuration

time:unitType

s4watr:forVolumeConsumption

s4watr:WaterMeter s4watr:ConsumptionBasedTariff

time:numericDuration v I
L . "1"Mxsd:decimal
s4watr:hasPeriod time:Duration

ex:Meter4837QW123 ex:Meter4837QW123Tariff ex:OneYear

s4watr:appliesTo time:TemporalUnit
time:unitYear

time:unitType

s4watr:hasStartTimestamp

time:numericDuration
L . "{"Mxsd:decimal
3020033 TT23 5958 s4watr-hasBillingDate sawatrhasBilingPeriod | tme:Duration

Mxsd:dateTime > ex:OneMonth

"2019-02-01T00:00:00" | ¢

AMxsd:dateTime

time:TemporalUnit

time:unitMonth

time:unitType

Figure 15: Example of tariff

The observation of the different properties of the water itself is also of interest. Figure 16 presents two observations
(ex: DTSObser vat i on106 and ex: DTSObser vat i on107) of one chemical property (s4wat r : Cadni um) and of one
bacterial property (s4wat r: Escheri chi aCol i ), along with their timestamps, values and units. Even if
SAREFAWATR includes a set of predefined water properties, other properties could be defined by instantiating the
corresponding s4wat r : Wat er Pr oper t y subclass.
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s4watr:ChemicalProperty

sdwatr:Cadmium

Y
saref:iisObservedBy saref:observes

saref:hasResultTime  5555:02-06721:01:10"
)
Mxsd:dateTime
»| _exDTSObsenvation106 |[—  rethasvae ————
saref:isObservedBy saref:PropertyValue > "0.005""xsd:float
/e

saref:hasResult
ex:0005MGPL

saref:Observation

saref:UnitOfMeasure

s4watr:Water

A 4

om:microgramPerLitre

ex:DTSample335632 sarefiisMeasuredin

saref:isObservedBy saref:hasResultTime [73020-02-06T21:01:30"
>
AMxsd:dateTime

saref:Observation

»  ex:DTSObservation107

————————— saref:hasValue "
A saref:PropertyValue > "0.42"*xsd:float
)

saref:hasResult
ex:042CFUPM

saref:UnitOfMeasure

saref:isObservedBy saref:observes

A 4

om:colonyFormingUnitPerMillilitre

s4watr:BacterialProperty saref:isMeasuredin

s4watr:EscherichiaColi

Figure 16: Example of water observations

Figure 17 depicts a water infrastructure (ex: Downt ownDS) that represents a distribution system for drinking water
(s4wat r: Dri nki ngwat er ) intended for domestic use (s4wat r : Donest i ¢). The spatial extent of the infrastructureis
described by its geometry (ex: DSGeon) that is represented as a polygon in space following its WKT representation.
The water distribution system has different subsystems: a water meter (ex: Met er 4837QW23), atank

(ex: Tank38472) and a pump (ex: PunpRT73467). These subsystems can be represented through their geometries, as
pointsin the example (ex: Met er Geom ex: TankGeom ex: PunpGeon), and different measures could be made of them
such as the one depicted (ex: PObser vat i on854306) that observes the flow rate (s4wat r : FI owRat e) of the pump.

s4watr:WaterKind s4watr:WaterUse
s4watr:DrinkingWater s4watr:Domestic
’ : s4watr:WaterMeter sf:Point
s4watr:isDesignedFor s4syst:hasSubSystem geo:hasGeometry geo:asWKT [TFOINT (3705346 40.417351)"
ex:Meter4837QW123 »| ex:MeterGeom ————————»| Mgeo-wkiLiteral

s4watr:isintendedFor

s4watr:DistributionSystem s4watr:Tank hasG st:Point WKT
geo:hasGeometry geo:as' "POINT (-3.703240 40.418498)"
. ; » ex- >
ex:DowntownDS ex:Tank38472 ex:TankGeom ’ Mgeo:wkiLiteral ‘
geo:hasGeometry
s4watr:Pump hasG sf:Point WKT
geo:hasGeometry geo:as! "POINT (-3.7 44041 g
sf:Polygon ex:PumpRT73467 >| ex:PumpGeom —,’ O '("‘sgeg:svﬁiuteoral 8560) ‘
A
ex:DSGeom saref:isObservedBy
geo:asWKT saref:observes
"POLYGON ( saref:Observation saref:isObservedBy s4watr:WaterFlowProperty
-3.704522 40.412313, ex:PObservation854306 s4watr-FlowRate
3705037 40 420280 seretopsemes

-3.708768 40.415940, f-hasR tTi
-3.704522 40.412313)" sarethasnesultlime (w5620-02-06T13:48:22"
Mgeo:wkiLiteral Mxsd:dateTime
saref:hasValue — ——
saref:PropertyValue > "8.3"“xsd:float

ex:83LPH

saref:UnitOfMeasure

saref:hasResult

om:litrePerHour

saref:isM sredin

Figure 17. Example of water infrastructure and water assets
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Figure 18 contains an example of akey performance indicator (ex: M ni nunPr essur eLevel ) defined for a water
distribution system (ex: Downt ownDS). The key performance indicator is defined with its name and cal culation period
(ex: OneWek). Besides, an assessment is made for the KPI (ex: MPL2020020723), derived from existing observations
(ex: PLObser vat i on56206, ex: PLObser vat i on56207 and ex: PLObser vat i on56208), indicating the value of the
assessment and its temporal properties.

s4city:isDerivedFrom sarefiGbsevation

»  ex:PLObservation56206

geo:Feature saref:Observation

»  ex:PLObservation56207

dbpedia:Madrid
Y

s4city:refersToFeature
s4watr:DistributionSystem »  ex:PLObservation56208

saref:Observation

ex:DowntownDS <

saref:hasValue
1 s4city:haskPI . » "true" Mxsd:boolean
- sdcity:assesses s4city:hasLastUpdateDate‘,,2020_02_1“01:01:15,,
s4city:isKPIOf v Mxsd:dateTime

s4city:KeyPerformancelndicator
s4city:KeyPerformancelndicator Assessment g :
s4city:quantifieskPI s4city-hasCreationDate > "2020-02-10T01:01:15"
ex:MinimumPressureLevel € ex:MPL2020020723 Mxsd:.dateTime

s4city:has ity i
CalculationPeriod rdfs:label SAcHyefersTTIMe | sacity-hasExpirationDate [s3r26-55 1050007
l "Minimum pressure level" ‘ > AMysd:dateTime

A 4

time:Instant time:inXSDDateTimeStamp

time:Duration ime: inni
time:numericDuration v SR sy "2020-02-03T00:00:00Z"
ex:0OneWeek —>l "1"Mxsd:decimal ‘ time:Interval X MPLI /b AMxsd:dateTimeStamp

ex:MPL37222

K N time:Instant time:inXSDDateTimeStamp
time:unitType time:TemporalUnit Ty p— "2020-02-09123/50:59Z"
> time:unitWeek time:hasEnd — Mxsd:dateTimeStamp

Figure 18: Example of key performance indicator

4.4 Discussion

In the following paragraphs, several observations about the SAREFAWATER ontology and its usage are mentioned.

The hierarchies and individual s defined in the extension should not be considered exhaustive, the ontology currently
represents those devices described in different relevant standards and directives. It might be needed to extend the
hierarchies and lists of individuals for particular use cases, as well asto specialize some of the defined classes.

Apart from this, some of the properties defined for a water meter that were extracted from the M-Bus standard are quite
generic (e.g. s4wat r : hasHar dwar eVer si on or s4wat r : hasFi r mwar eVer si on) and could be applicable to other
domains (at least those covered by the standard: energy and gas). Therefore, they could also be moved to SAREF.
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