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Intellectual Property Rights
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IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential 1PRs, if any, are publicly available for ETSI membersand non-members, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, |PRs notified to
ETS inrespect of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the
ETSI Web server (https:/ipr.etsi.org/).

Pursuant to the ETSI Directives including the ETSI IPR Policy, no investigation regarding the essentiality of IPRs,
including IPR searches, has been carried out by ETSI. No guarantee can be given asto 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,
essentia 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 L TE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ |ogo is a trademark 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 6 of a multi-part deliverable covering SmartM2M; Extension to SAREF, asidentified
below:

Part 1:  "Energy Domain";

Part 2:  "Environment Domain";

Part 3:  "Building Domain”;

Part4:  "Smart CitiesDomain";

Part 5.  "Industry and Manufacturing Domains’;
Part 6: " Smart Agricultureand Food Chain Domain";
Part 7:  "Automotive Domain";

Part8: "eHeath/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 SAREF4AGRI, an extension of SAREF for the Smart Agriculture and Food Chain
Domain.

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 103 548: "SmartM2M; SAREF reference ontology patterns'.

[3] ETSI TS 103 673: "SmartM2M; SAREF Development Framework and Workflow, Streamlining

the Development of SAREF and its Extensions".

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 hyperlinks included 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] ETSI TR 103 411: "SmartM2M Smart Appliances SAREF extension investigation”.

[i.2] ETSI TR 103 511: "SmartM2M; SAREF extension investigation; Requirements for AgriFood
domain".

[1.3] ETSI TS 103 410-4: "SmartM2M; Extension to SAREF; Part 4: Smart Cities Domain".

[i.4] Verhoosel J. and Spek J.: "Applying Ontologies in the Dairy Farming Domain for Big Data

Analysis'. Proceedings of the 1% Semantic Web Technologies for the Internet of Things (SWIT)
2016 workshop, co-located with 15" International Semantic Web Conference (ISWC 2016), Kobe,
Japan, October 2016, pg. 91-100, CEUR.

[i.5] ETSI TR 103 781: "SmartM2M; Study for SAREF ontology patterns and usage guidelines”.
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3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms givenin ETSI TS 103 673 [3] and the following apply:

ontology: formal specification of a conceptualization, used to explicitly 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:

AEF Agricultural industry Electronics Foundation
FOAF Friend of a Friend

GPS Global Positioning System

ICAR Global Standard for Livestock Data

IT Information Technology

NDVI Normalized Difference V egetation Index
oM Ontology of units of Measure

OWL Web Ontology Language

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

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

SAREF4AGRI  SAREF extension for the Smart Agriculture and Food Chain Domain
SAREF4BLDG SAREF extension for Buildings
SAREFACITY SAREF extension for Smart Cities

SOSA Sensor Observation Sampling Actuator
SSN Semantic Sensor Network

STF Specialists Task Force

TR Technical Report

TS Technical Specification

4 SAREF4AGRI ontology and semantics

4.1 Introduction and overview

The present document is atechnical specification of SAREF4AGRI, an OWL-DL ontology that extends SAREF [1] for
the agricultural domain.

ETSI
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The present document is a mgjor revision of the SAREF4AGRI ontology extension, developed in the context of the
STF 641, using updated reference ontology patterns specified in ETS| TS 103 548 [2] to solve the harmonization needs
identified in ETSI TR 103 781 [i.5], with updated development framework and tools defined in ETSI

TS 103 673 [3].The present document was originally developed in the context of the STF 534, an ETS| specialists task
force that was established with the goal to extend SAREF [1] for the domains of Smart Cities, Smart Industry &
Manufacturing, and Smart AgriFood (https.//portal .etsi.org/ST F/stfs/'STFHomePages/STF534). The intention of
SAREF4AGRI isto connect SAREF with existing ontologies (such as W3C SSN, W3C SOSA, GeoSPARQL, etc.) and
important standardization initiativesin the Smart Agriculture and Food Chain domain, including ICAR for livestock
data (https.//www.icar.org/), AEF for agricultural equipment (http://www.aef-online.org), Plant Ontology Consortium
for plants (http://archive.plantontology.org), AgGateway for IT support for arable farming
(http://www.aggateway.org/), as mentioned in the associated SAREF4AGRI requirements document ETSI

TR 103511 [i.2].

To show the potential of SAREF4AGRI, the present document focuses on two examples, which are the "livestock
farming" and "smart irrigation” use cases. Various other examples exist in the Smart Agriculture and Food Chain
domain, such as arable farming, horticulture, agricultural equipment, greenhouses and food chain, as mentioned in [i.2]
(for an exhaustive list of use cases, see aso the H2020 Large Scale Pilot "Internet of Food and Farm 2020 (10F2020)" at
https://iof2020.eu/trials). However, it was necessary to make actionable choices within the STF 534 timeframe and the
available resources, thus livestock farming and smart irrigation have been chosen as the two initial examplesto create
SAREF4AGRI. Asanext step, it isrecommended to further refine the proposed livestock farming and smart irrigation
examplesto add relevant sensors that are not considered yet, and also consider additional use cases to create new
releases of SAREF4AGRI, following and extending the examples provided in the present document. As all the SAREF
ontologies, SAREF4AGRI is a dynamic semantic model that is meant to evolve over time. Therefore, the stakeholders
in the AgriFood domain (starting from the ICAR, AEF and AgGateway initiatives) are invited to use, validate and
provide feedback on SAREF4AGRI, collaborating with the SAREF ontology experts to improve and evolve
SAREF4AGRI in an iterative and interactive manner, so that changes and additions can be incorporated in future
releases of the present document.

The livestock farming and smart irrigation use cases used as basis to create SAREF4AGRI in the present document are
concerned with the integration of multiple data sources for the purpose of providing decision support services located
on the local "Farm Management System" of the farmers or provided by a service over the network. Multiple data
sources of interest include GPS, meteorological data (both historic and current), remote observation (via satellite
sources such as Copernicus) and local observation using near or proximal sensors. As an extension of SAREF, whichis
asemantic model for 10T that describes smart devices and applications in terms of their functions, services, states and
measurements [1], SAREF4AGRI is concerned with the description of proximal sensors that measure a variety of
relevant parameters for agriculture, including: (on animal) movement, temperature, etc., (in the soil) moisture/humidity,
Ph value, salinity, compaction, (on plant) plant colour (NDV1), etc. The measurements from these sensors need to be
integrated by a decision support service to enable the planning of (for example) atreatment plan for animals (ina
livestock scenario), or adecision to irrigate or harvest (in an irrigation, horticulture or greenhouse context). The
requirements used to create the SAREF4AGRI extension specified in the present document are described in the
associated ETS|I TR 103 511 [i.2].

The prefixes and namespaces used in SAREF4AGRI and in the present document are listed in Table 1.

Table 1: Prefixes and namespaces used within the SAREF4AGRI ontology

Prefix Namespace
sdagri https://saref.etsi.org/saref4agri/
saref https://saref.etsi.org/core/
dbpedia http://dbpedia.org/resource/
dcterms http://purl.org/dc/terms/
owl http://www.w3.0rg/2002/07/owl#
om http://www.wurvoc.org/vocabularies/om-1.8/
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs http://www.w3.0rg/2000/01/rdf-schema#
sosa http://www.w3.0org/ns/sosa/
ssn http://www.w3.org/ns/ssn/
xsd http://www.w3.0rg/2001/XMLSchema#
geo http://www.opengis.net/ont/geospargl#
foaf http://xmIns.com/foaf/spec/#
taxrank http://purl.obolibrary.org/obo/taxrank.owl#
org https://schema.org/
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Diagrams are to be interpreted using the Chowlk notation [3], Clause 9.7.2.

4.2 SAREF4AGRI
421 Void

4.2.2 Platform, System and Deployment

The main entitiesin the modelling of platforms, systems and deployments are represented by thessn: Syst emand
ssn: Depl oynment classes. Note that the design patterns for modelling these concepts have been taken from the W3C
SSN ontology and, as a best practice for reuse, the SAREF4AGRI model refers directly to the URIs of the SSN
(http://www.w3.org/ng/ssn/) and SOSA (http://www.w3.org/ns/sosal) ontologies.

Thessn: Syst emclassin the SSN ontology represents a system and is components as specific devices, actuators or
sensors. Moreover, thessn: Depl oynent class from the SSN ontology describes the deployment of one or more
systemsonasosa: Pl at f or mfor a particular purpose for a given time period. SAREF4AGRI defines a

sar ef : Devi ce assubclass of anssn: Syst emand extendsthessn: Depl oynent class by means of the
sdagri : Depl oyment class. Inthisway, it ispossible to represent a specific installation of a certain agricultural
system (e.g. a smart irrigation system) in a given space (expressed by means of the property

sdagri : i sDepl oyedAt Space) and at a given temporal frame (expressed by means of the property

sdagri : hasDepl oynment Per i od) where SAREF4AGRI devices (e.g. a pluviometer, a soil tensiometer, a weather
station, and a watering gun) can be deployed. The deployment can involve agiven sosa: Pl at f or mwhich hosts the
system deployed in such deployment. In order to represent temporal information the TIME ontology has been reused.
For the geographical information the GeoSPARQL ontology (http://www.opengis.net/ont/geospargl#) is reused.

Table 2 summarizes the properties that characterize the s4agr i : Depl oynent class.

Table 2: Properties of Deployment

Property Definition

sdagri:Deployment ssn:deployedOnPlatform some sosa:Platform |The relation between a deployment and the
platform in which it is deployed.

sdagri:Deployment ssn:deployedSystem some ssn:System The relation between a deployment and the
system deployed.

sdagri:Deployment s4agri:hasDeploymentPeriod some The relation between a deployment and the

time:TemporalEntity time span during which the systems are
deployed.

sdagri:Deployment s4agri:isDeployedAtSpace some The relation between a deployment and the

geo:SpatialObject spatial area in which the systems are deployed.

4.2.3 Void

4.2.4  Animal, Crop and Soil (Feature of Interest)

The main features of interest in SAREF4AGRI currently support (aspects of) the livestock farming and smart irrigation
use cases and are represented by thes4agri : Ani mal , s4agri : Ani mal Gr oup, sdagri : Cr op and
sdagri : Soi | classesthat are shown in Figure 1.
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l saref:FeatureOfInterest l

AN

———  sdagricAnimal |
—— sdagri:AnimalGroup |
——{  stagicrop |
———{  sdagrisoil |

Figure 1: Animal, Crop and Soil

Thes4agri : Ani mal class describes an animal that can be classified in SAREF4AGRI reusing the TAXRANK
taxonomy vocabulary (http://purl.obolibrary.org/obo/taxrank.owl#). Besides the reuse of the TAXRANK taxonomy
vocabulary, an animal is furthermore defined in SAREF4AGRI as having a birth and death date. An animal also hasa
unique identifier and can be part of one or more s4agri : Ani mal Gr oup that are used to conduct experiments and
observations on the livestock. Note that animals can be also specialized using subclasses, asis shown in the examplein
clause 4.3.1 withtheex: Lact at i ngCow class that was created as a subclass of s4agri : Ani mal . Animalsand
animal groups are related to measurementsviathe sar ef : Feat ur eOf i nt er est concept of SAREF [1].

Thesdagri: Soi | class represents the upper layer of the earth in which plants grow. Thes4agri : Cr op class
describes a collection of homogeneous plant species that is grown on alarge scale commercially (especially a cerea,
fruit, or vegetable) and is planted on asingle location. A s4agri : Cr op isgrown on somes4agri : Par cel , which
isan area of land, defined in SAREF4AGRI as subclass of the geo: Feat ur e (see clause 4.2.6). Moreover,

sdagri : Cr op isrelated to measurementsviasar ef : Feat ureCf | nt er est [1] .

Table 3 and Table 4 summarize the definitions of the main classes and properties described above.

Table 3: Animal, Crop and Soil: class definitions

Class Definition
sdagri:Animal An individual and identifiable organism that feeds on organic matter, typically having
specialized sense organs and nervous system and able to respond rapidly to stimuli.
Animals can be further specialized using subclasses, for example, to represent a
lactating cow that is a domesticated cow specialized for the production of milk.

sdagri:AnimalGroup A collection of one or multiple s4agri:Animal.

sdagri:Crop A collection of cultivated plants that is grown on a large scale commercially, especially a
cereal, fruit, or vegetable.

sdagri:Soil Upper layer of the earth in which plants grow.
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Table 4. Animal and Crop: property definitions

Property Definition
sdagri:Animal
0bo: TAXRANK_1000000 some The taxonomic ranking using TAXRANK.
obo: TAXRANK 0000000
sdagri:hasBirthDate max 1 The birth date of an animal.
xsd:dateTimeStamp
sd4agri:hasDeathDate max 1 The death date of an animal.
xsd:dateTimeStamp
saref:hasldentifier exactly 1 xsd:string The unique identifier of an animal.
sdagri:isLocatedIn some geo:Feature The physical location of an animal.
sdagri:isMemberOf some s4agri:AnimalGroup [An animal can be part of groups.
rdfs:label max 1 xsd:string The name of an animal.

sdagri:AnimalGroup

sdagri:hasMember some s4agri:Animal The members of an AnimalGroup.
sdagri:receives some sdagri:Intake The intake/consumption of an AnimalGroup.
sdagri:generates some s4agri:Yield The yield generated by an AnimalGroup.
sdagri:isLocatedIn some geo:Feature The physical location of an AnimalGroup.
rdfs:label max 1 xsd:string The name of an AnimalGroup.

sdagri:Crop

0bo: TAXRANK_1000000 some The taxonomic ranking using TAXRANK.
0bo: TAXRANK 0000000

sdagri:receives some sdagri:Intake The intake/consumption of certain substances in a Crop.
sdagri:generates some s4agri:Yield The yield generated by a Crop.
sdagri:hasPlantDate some The day the crop is planted.
xsd:dateTimeStamp

sdagri:hasHarvestDate some The day the crop is harvested.

xsd:dateTimeStamp

sdagri:Parcel
sdagri:contains some s4agri:Crop A parcel can contain some crops.
rdfs:label max 1 xsd:string The name of a parcel.

425 Device

SAREF4AGRI extends the device hierarchy defined in SAREF in order to include devices needed to support the
livestock farming and the smart irrigation use cases. These devices are shown in Figure 2. The devicesincluded for the
Smart Irrigation use case are: s4agri : Pl uvi onet er,s4agri : Soi | Tensi onet er,

sdagri: Weat her St at i on, ands4agri : Wat er i ngGun. The devicesincluded for the Livestock Farming use
case are: sd4agri : Movenent Acti vi t ySensor, Eati ngActi vitySensor,s4agri: M| ki ngSensor, and

sdagri : i ght Sensor .

| saref:Actuator | \ saref.Sensor |

A

sdagri:WateringGun sdagri:Pluviometer
sdagri:WateringValve s4agri:SoilTensiometer

sdagri:Thermometer

sdagri:EatingActivitySensor

sdagri:MilkingSensor

s4agri:MovementActivitySensor

sdagri:WeightSensor

Figure 2: Device hierarchy

ETSI
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4.2.6 Property

SAREF4AGRI extends the property hierarchy defined in SAREF in order to include properties needed to support the
livestock farming and the smart irrigation use cases. These devices are shown in Figure 3.

The propertiesincluded for the smart irrigation use case are: s4agri : Soi | Moi st ur e,
sdagri:lrrigati onWater,s4dagri: Soil Tenmper at ure,s4agri: A r Tenper at ur e,
sdagri : Anbi ent Humi di ty, sdagri: Precipitation,ands4agri: Pl ant G owt hSt age.

The propertiesincluded for the livestock farming use case are: s4agr i : Yi el d (which can further be specialized in
subclasses, such asMilkYield, CropYield, MeatYield, MilkYield, etc. as needed) and s4agr i : | nt ake (which can
further be specialized in subclasses, such as Foodintake for animals, FertilizerIntake for crops, etc. as needed).

saref:Property

sdagri:SoilMoisture | -----4------ saref:Humidity
sdagri:lrrigationWater ------i T A : A
! skos:broader— s4agri:AmbientHumidity

sdagri:Precipitation |----- ‘

|
e saref:Temperature

sdagri:PlantGrowth | :
Stage : T
K H skos:broaderﬁ{ sdagri:AirTemperature
sdagri:Intake o
. s4agri:SoilTemperature
sdagri:Yield ~ p------

Figure 3: Property hierarchy

Table 5 summarizes the definitions of the classes described above.

Table 5: Intake and Yield: class definitions

Class Definition
sdagri:Intake The amount of food or other substance taken into the body of an animal or into the soil.
sdagri:Yield The produced amount of food for animals or of agricultural products.
s4agri:SoilMoisture The amount of water or humidity contained in the soil.
sdagri:IrrigationWater The amount of water falling in the soil by irrigation methods.
sdagri:Precipitation The amount of water falling in the soil by natural process (e.g. rain).
sdagri:PlantGrowthStage The level or stage of growth of the plant.
sdagri:AmbientHumidity The amount of water vapour in the air.
sdagri:AirTemperature The degree or intensity of heat present in the air.
sdagri:SoilTemperature The degree or intensity of heat present in the soil.

4.2.7  Topology

SAREF4AGRI adopts the same topology modelling pattern that is adopted in the SAREFACITY extension [i.3], where
existing standard ontologies have been reused for this purpose. As shown in Figure 4, for representing spatial objectsin
SAREF4AGRI, thegeo: Spati al Cbj ect class from GeoSPARQL has been reused along with its subclasses

geo: Feat ur e, geo: Geonet r y and the propertiesgeo: sf Cont ai ns, geo: sf Wt hi nand

geo: hasGeonetry.
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geo:sFC'Dntalns
geo:sfWithin geo:SpatialObject

geo:Feature }»- -geohasGeometry- -

~

— sdagri:Farm

———  s4bldg:Building

s4bldg:BuildingSpace

L——  sdagri:Parcel

Figure 4. Topology model

For the purpose of SAREF4AGRI, the geo: Feat ur e class has been extended with the following subclasses:
e theddagri:Farm
. the s4bldg:Building
e  the s4bldg:BuildingSpace
o  thesdagri:Parcel

A s4dagri : Far mcan contain one or more s4bl dg: Bui | di ng ands4agri : Par cel (viathe

geo: sf Cont ai ns relation). Note that these types of feature are used in the present document as examples, but more
feature types (and building types) can be added as needed. Moreover, as4bl dg: Bui | di ng can be further
decomposed in one or more s4bl dg: Bui | di ngSpace individuals (once again viathe geo: sf Cont ai ns
relation). As subclasses of geo: Feat ur e, al the classes mentioned above inherit the possibility to have a physical
geometric description using geo: Geonet ry, if needed (e.g. especialy relevant for s4agri : Parcel ).

4.2.8 Person and Organization

The SAREF4AGRI extension reuses the FOAF vocabulary (http://xmlins.com/foaf/0.1/) to represent the concepts of
Person and Organization. Figure 5 shows that in SAREF4AGRI thef oaf : Per son and f oaf : Or gani zati on
classes are extended with the s4agri : Far mer and s4agri : Far mHol di ng subclassesto describe farmers and
their organizations, respectively. Both f oaf : Per son and f oaf : Or gani zat i on are subclass of f oaf : Agent .
Organizations (e.g. s4agr i : Far nHol di ng) have members (e.g. farmers). Both s4agri : Far ner and

sdagri : Far nHol di ng can manage somes4agri : Farm

foaf:Agent
sdagri:Farm
A
' foaf:Person
sdagri:managesFarm

A
lrommmmninennnn-d sdagri:Farmer
H

foaf:Organization

A

AR — sdagri:FarmHolding

Figure 5: Person and Organization model
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4.3 Instantiating SAREF4AGRI

4.3.1 Livestock farming

This clause shows an example of how to instantiate the SAREF4AGRI extension of SAREF for the livestock farming
use case. The example describes a family company owned farm that grows certain crops and owns lactating cows.
Various sensors are used in the farm to monitor animals and crops.

Thefirst part of the example is related to the organizational aspects of the farm and is shown in Figure 6.
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ex:J. Jansen [ ‘ H. Jansen ‘
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sdagriiisMemberOf
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ex:Heated Glass

| DR )| ex:Greenhouse
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o ). ........... ex:FarmingBuilding

— s4bldg:Building

exPacel Wesl  —sdagriconians>  exSweel Com 2

.

| exiJansen and sons ]—«agri:manages—#

]
_‘.}i sdagri:Crop

—|—’[ exParcel East H.agﬁicontains){ ex:Sugar_Snaps_1

sdagri:contains { S o

T ssagnparce

ex:LactatingCow

sdagri: oontalns

ex:Cow2

M ex:Parcel South } ----------- J\ s4agri:AnimalGroup

Figure 6: Farm example
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Figure 6 shows two instances of afarmer, namely ex: H. _Jansen and ex: J. _Jansen, which are both members of
thes4agri : Far nHol di ng ex: Jansen_and_Sons. The organization managesthes4agri : Far m
ex: Farm Jansen_and_Son_Ei ndhoven.

Note that the s4agr i : Far misasubclass of geo: Feat ur e, which enables the description of the exact geometrical
aspects of the area. Moreover, ex: Far m Jansen_and_Son_Ei ndhovencontains the following additional
instances of typegeo: Feat ur e:

. four s4agri : Par cel individuals. ex: Par cel _Sout h, ex: Par cel _West ,ex: Parcel _Nort h, and
ex: Par cel _East

e twos4bl dg: Bui | di ng individuals: ex: M | k_Cow _Bar n, ex: Heat ed_d ass_Gr eenhouse

Furthermore, the figure shows that ex: Par cel _East and ex: Par cel _West both contain somes4agri : Crop
(ex: Sweet _Corn_1 and ex: Sweet _Cor n_2, respectively). Additionally, ex: Par cel _Nor t h contains the
sd4agri : Ani mal G oup individual ex: Cow_Group_A, which consists of thes4agri : Ani mal individuas
ex: Cowl and ex: Cow?2. Finally, Figure 6 showsthat ex: Par cel _Sout h does not contain anything.

Figure 7 elaborateson ex: Par cel _Nor t h that containstheex: Cow_Gr oup_A with two cows (i.e. ex: Cowl and
ex: Cow2) which are similarly taxonomically described using the TAXRANK taxonomy vocabulary. The

ex: Cow_Group_Ageneratess4agri : M | kYi el d, whichisatypeof s4agri : Yi el d and consequently a

sar ef : Property. The example contains one instance of s4agri : M | k_Yi el d that represents the outcome of
the milking procedure of acertain cow. Thes4agri : M | k_Yi el d instanceis measured inom Li t er by the

ex: M 1 kYi el dSensor.Theex: M | kYi el dSensor isof types4agri: M | ki ngSensor , whichisa

sar ef : Sensor, andthusasar ef : Devi ce. Figure 7 further shows that the sensor is contained in an

ex: M | ki ng_Machi ne, whichisasar ef : Devi ce, andtheex: M | ki ng_Machi ne has a sensor that measures
the yield. The measurements are directly linked to the sensor, instead of to the milk machine itself, because alarge
machine can have multiple sensors.
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ex:Cow2 ——obo: TAXRANK_100000 ex:Bovidae @ ------ »| obo:TAXRANK_0000004
sdagri:Parcel )
A - :
] sdagri:isMemberOf i
E v
ex:Parcel North —sdagri:contains» ex:Cow Group A ex:LactatingCow ex:Bos Taurus F----- » obo:TAXRANK_0000004
A obo: TAXRANK_1000
s4agri:isMemberOf i
i obo:TAXRANK 100000
sdrer.hasFesluraCiinterest ex:Cow1 exAnimalia  r----- » obo:TAXRANK_0000004
obo: TAXRANK_1000000
saref:PropertyValue |[€----------- { %kﬁ%‘:l—dTw }—saref:isVaIueOfPropeﬂy—) ex:MilkYield
saref-hasPropertyValue  sarefisMeasuredin
_ . ex:Milk_Yield Obs om:liter
saref:Observation |€----------- { 2019-03-01 w
saref:madeBy
exMilkYieldSensor ------------ » ex:MilkingSensor > saref:Sensor

saref.consistsOf

ex:Milking_Machine r ——————————— » saref:Device

Figure 7: Cow, milking sensor and measurement example
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Figure 8 further shows an example of another s4agri : Ani mal G- oup, namely ex: Cow_G oup_B. Thiss4agri : Ani mal Gr oup only contains asingle cow, ex: Cow3,
whose eating activity is being monitored by ex: Cow_Eat i ng_Acti vity_Sensor _33. Thiss4agri : Eati ngActi vi t ySensor made two measurements about the
cow eating activity.

s4agri:AnimalGroup .
= ex:Cow3 ——obo: TAXRANK_1000000—| ex:Bovidae  (----- » obo:TAXRANK_0000004
1 sdagriisMemberOf E obo: TAXRANK_1000000
: \
ex:Cow_Group_B ex:LactatingCow ex:Bos_Taurus  F----- » obo:TAXRANK_0000004
sarErhasFeatureOnersst sarefhasFeatureOfinterest ex:Animalia  F----- »| 0bo: TAXRANK_0000004

ex:Cow_Activity 2019 ex:Cow_Activity 2019

—saref:isValueOfProperty-» ex:MilkYield €<—saref:isValueOfProperty——

03 01-15 00 03 01-14 00
E sarefiisMeasuredin saref.isMeasuredIn :
A 4 V4
saref:PropertyValue time:minute saref:PropertyValue

Figure 8: Cow, eating activity sensor and measurement example
4.3.2 Smart Irrigation

This clause shows an example of how to instantiate the SAREF4AGRI extension of SAREF to represent the deployment of some sensors and an example of measurement for
the smart irrigation use case. This example is shown in Figure 9.
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sd4agri:Deployment ‘ sosa:Platform ‘ ssn:System sdagri:SoilSensor saref:Property

3 A A A A

ex:ArvalisDeployment20162017Land07

ssn.deployedOnPlatform sosa:hosts

exArvalisirrinovStation01

SoilSensor0? —saref.observes» sdagri:SoilMoisture

ex:ArvalisDeployment20162017Land07 ————ssn:deployedSystem——» ex:ArvalisirrinovStation01 %ssn:hasSubSystem)

saref.:madeExecution

sdagri:hasDeploymentPeriod sarefisValueOfProperty

: islrrinov
SoilSensor02Value
ex:instant 2017-12- AtPT24H2016-

317235959 06147000000-0200

‘ .
.
&5 -

- K
7 time:hasEnd time:Instant

g ap PR ex:ArvalisirrinovStation01

1 = SoilSensor02Value ;
‘ ex:Instant 2016-01-01T000000 AtPT24H2016-0614T000000- |~~~ 777" > saref:PropertyValue

a 0200

ex: al -2017 ——time:hasBeginning—»

saref. hasResult

time:Interval

Figure 9: Smart Irrigation example
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Theex: Arval i sDepl oynent 20162017Land07 deployment is deployed in the

ex: Pl at f or mArval i sLandQ7 platform and has a deployed system, namely the smart irrigation station

ex: ArvalislrrinovStation01. Thedeployment takes place in the time interval between January 2016 and the
end of 2017, defined asex: Ti nel nt er val 2016- 2017.

The deployed system, ex: Arval i sl rrinovStati on01, iscomposed of two sensors identified by the URIs

ex: ArvalislrrinovStati on01Soi | Sensor01 andex: ArvalislrrinovStati on01Soil Sensor 02
which are linked from the system by the property ssn: has SubSyst em Both sensors are of the type

ex: Soi | Tensi onet er . Both sensors measure (sar ef : obser ves) the soil moisture property

(sdagri: Soi | Moi sture).

A measurement taken by theex: Arval i sl rrinovStati on01Soi | Sensor 02 sensor is also depicted, namely
the measurement ex: Arval i sl rrinovStati on01Soi | Sensor 02Chser vat i onAt PT24H2016- 06-
14T000000_0200. This measurement is about (sar ef : i sVal ueO Pr opert y) the soil moisture property
(s4agri : Soi | Moi st ur e). This measurement has avalue of 1 490,0 expressed in millibars (om mi | | i bar).
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Annex A (informative):
Approach

To create the SAREF4AGRI extension specified in the present document, a combination of bottom-up and top-down
approaches was followed. First, the SAREF4AGRI extension has been devel oped bottom-up from a set of requirements
extracted from the livestock farming and smart irrigation examples (also considering existing ontologies in the sector,
such as the Common Dairy Ontology in [i.4]). Note that although various other examples exist in the AgriFood sector
(such as arable farming, horticulture, agricultural equipment, greenhouses, food chain, etc.), it was necessary to make
actionable choices within the STF 534 timeframe and the available resources, therefore livestock farming and smart
irrigation have been chosen as the two initial examplesto create SAREF4AGRI.

As a second step, following atop-down approach, the SAREF4AGRI extension development has been driven by reuse
in order to connect SAREF with already existing ontologies (such as SOSA, SSN, FOAF, Schema.org, GeoSPARQL,
and WGS84).

Afterwards, following the process defined in [i.1], the ontological engineers with the support of domain experts
considered existing AgriFood standards (e.g. ICAR, ISOBUS, etc.) and vocabularies (e.g. TAXRANK). A list of the
considered standardsis detailed in [i.2]. Finaly, an initial version of the ontological requirements for SAREF4AGRI
was proposed, which was then refined together with domain expertsin order to obtain a stable version of the
requirements and create SAREF4AGRI.

The following classes and properties have been directly reused from FOAF:
. foaf: Agent
e  foaf:Person
e  foaf:member
o foaf:Organization
The following classes and properties have been directly reused from GeoSPARQL :
. geo: Spatial Object
. geo:Feature
. geo:Geometry
. geo:sfContains
The following classes and properties have been directly reused from SOSA:
0 sosaPlatform
The following classes and properties have been directly reused from SSN:
. ssn:System
. ssn:deployedOnPlatform
. ssn:deployedSystem
. ssn:Deployment

Finally, the Time ontology (http://www.w3.0rg/2006/time), which is already reused by SAREF, has also been reused in
SAREF4AGRI.
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Asanext step, it is recommended to further refine the livestock farming and smart irrigation examplesto add relevant
sensors that are not considered yet, and also consider additional use cases to create new releases of SAREF4AGRI,
following and extending the examples provided in the present document. As all the SAREF ontologies, SAREF4AGRI
is adynamic semantic model that is meant to evolve over time. Therefore, the stakeholders in the AgriFood domain
(starting from the ICAR, AEF and AgGateway initiatives) are invited to use, validate and provide feedback on
SAREF4AGRI, collaborating with the SAREF ontology experts to improve and evolve SAREF4AGRI in an iterative
and interactive manner, so that changes and additions can be incorporated in future releases of the present document.

ETSI



23 ETSI TS 103 410-6 V2.1.1 (2024-10)
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