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Interoperability challenges in AgTech sector

The rapid advances of loT technologies, Al and Big Data, among
others, have boosted the adoption of smart farming practices.

This, however, has led to an explosion of data, generated by a wide
range of different systems and platforms that rarely interoperate.

Some of the key challenges hampering the seamless exchange and
integration of the data produced or collected by those systems
include:

« Availability of data in different formats and represented
according to different models

« heterogeneity of data models and semantics used to represent
data

* lack of related standards dominating this space

« Insufficient interoperability mechanisms that enable the
connection of existing agri-food data models
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The current use of data systems in agriculture
Broad existing categories

- Regulatory
Rural payments Data Space

Operational, Data from Fields = and grants

ertifi
I caren neishe Certification
Farm Management and Admin
bapar consultant
data :S .
Rural Payments and Grants o ) (5 sunstcs
2o0K é Insight, advice, value -
. . = Input
= E
Current situation omerstons. () &
@ DatafromFields /[ &% buyers /
Highly fragmented e
g y g @ :’Iaarr?:lgement & ERP . Ef"rsﬂz::
“ Administration :;:::n;?:c':l

Little, to no interoperability
Short-sighted, siloed, data-ownership based business models
Plus: Lot of legacy to deal with... -
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How do participants interact in and between spaces (solution neutral). General building
blocks that are harmonised for each data space. Not all services are obligatory to each case

DATASPACE

Architectural Building Blocks -
Data Plane

B Technical Building Blocks overnance Building Blocks

Basic integration (communication 0n Promis
protocols . Fart ]

foundational interoperability (i.e. MQTT, REST/HTTP)

Intermediate (machine—readabili%) A [
interface interoperability (i.e. JSON, metadata)

Advanced (data models) AN )" <€

syntactic interoperability (i.e. structured APIs) ?
Full (common ontologies, vocabularies) _K
semantic interoperability (i.e. AIM, AGROVOC) { ?
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Agriculture Information Model - AIM

AIM aims to establish the basis of a common agricultural data space, enable the

interoperation of different systems, and the analysis of data produced by those systems in
an integrated manner

AIM follows a modular approach in a layered architecture:

« realized as a suite of ontologies and associated JSON-LD contexts enabling both the
specification of formal semantics, and a simple adoption and implementation by tech
providers, plus a set of SHACL shapes enabling validation of data at the semantic level.

 implemented in line with best practices, reusing existing standards and well-scoped models

« establishes alignments between base models to enable their interoperability and the
integration of existing data
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AIM layers

b
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Example data types represented via AIM

agrida
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Farm data (e.g., field data, field status, soil data, Crops/treatment/fertilisation data, farm input data,
energy consumption data, ...)

Earth Observation Data (eN%, satellite data, remote sensing imagery, soil maps, vegetation indices,
such as NDVI, EVI, NDRE, M)

I\/tlet)eorological data (e.g., temperature, humidity, wind speed/direction, solar radiation, pressure,
etc.

Agricultural machinery data (e.g., engine data, fuel consumption, emissions, exhaust gas, NOx-
conversion, exhaust temperatures, ...)

Representation of data quality metrics

Field Operations data (irrigation, fertilisation, soil tillage)
Livestock data

Traceability data (transport)

Financial farm data, benchmarking data and KPIs
Farmer information
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AIM cross-domain layer

« Generic model re-used by various domain-specific models
« Define concepts and terms that are generic and applicable to various domains
« Avoids conflicting/redundant definitions of the same concept in different domain specific models
« Provides basis for interoperability with information systems and tooling that are aligned

« Specified by reusing concepts from a number of ontologies and vocabularies:
« W3C OWL Time concepts of temporal properties and time values
« OGC GeoSPARQL and associated definitions for geographical and geometrical properties

» Concepts from W3C/OGC recommendation SOSA/SSN regarding sensor and actuator data,
including observations, observation collections, observed properties, systems and platforms

« QUDT regarding units of measurement, and concepts to represent quantities and quanity kinds

« Concepts from the RDF data cube vocabulary to represent statistical data, including datasets, data
structures, slices, measure properties, dimension properties, etc.

 Basic terms from other standard or widely used vocabularies like skos, foaf, schema.org.

« Alignment with ISO geographic technology standards , including features (domain and sampling
feature), and observations

« Alignment with core meta-model layer (NGSI-LD) Fundely e

European Union
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AGRI Q DEMETER Cross-Domain

DATASPACE https://w3id.org/demeter/crossDomain

Version: 1.0
Author(s): _:genid249385

Cross domain ontology overview oo~
e V ' E ¥ Description

within

/

within ‘ontaing

Line String £
contais - : Sublaa o The DEMETER cross domain ontology i) defines
Subctas o concepts and terms that are generic and
i applicable to various domains; ii) avoids
conflicting or redundant definitions of the same
Supcass of concept in different domain specific models; iii)
3 provides the basis for interoperability. The
ontology is specified by reusing concepts and
O G C terms from a number of standard ontologies and
vocabularies including OGC/W3C SOSA/SSN, OGC
GeoSparql, W3C RDF data cube, QUDT, FOAF,

;ssol Su?clas;oi
T s e O pa rq schema.org and others. It includes alignment to
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Comment: /fvalues are not provided for the
following Observation properties, they may be
provided by the ObservationCollection of which it
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resultTime - usedProcedure
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AIM domain layer

 Defines agricultre-specific concepts and properties covering different
aspects of interest of agri related applications and data sources

* Aligns relevant vocabularies in the sector allowing interoperability and

integration of existing data sources

DEMETER Agri-Profile Y
W3id i ! AGROVOC Concept Scheme
W3C Permanent Identifier : 1
Community Group :
. Sa ref4A ri ! skosinScheme AGROVOC Concept SKOS
https://w3id.org/demeter/ ! g I Scheme ot
1
]
1
1
: ' agroVocConcept skos topConceptOf
~C : 1 del _
! e Oconce t ’.-'. skos:broader -
: : PP P k05 |geeds ] bsmeuee -| 871 | —
: FOODIE FIWARE | ks t sssss ercader sosiiteralForm
' Agri-profiles | P 2, _
JSON-LD b 1 e 5 “ritape
\\ 4 "'U«[ typds,  skos:broader 3 ) /_
(d b . . \‘._ “{ 12332 Maize [en) _~dttype
cross-domain ", sosmarower, ot
‘@ N e R T
Resolvable r
Persistent SHACL

Content-negotiation

Versioning Full context:

https://w3id.org/demeter/agri-context.jsonld

Conf

EPPO Global Database

EPPO
#  Global
72 Database

Taxono my

2 Kingdom Plantae ( 1PLAK )
> Phylum Magnoliophyta ( 1MAGP )
> Class Angiospermae { 1ANGC )
¥ Category Commelinids ( 1COMD )
> Order Poales ( 1POAO )
> Family Poaceae ( 1GRAF )
¥ Subfamily Panicoideae ( 1PANS )
> Genus Zea (1ZEAG)
> Species Zea mays ( ZEAMX )
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AIM Pilot-Specific Layer

livestockFeature
HealthStatus transportCondition
. MilkProduct Producer
o EXte n d th e d O m a | n | aye r fieldOperation CQualityValue PouliryProduct
’ al fiware: Vehicle predictionMetric Transport
to cover pilot specific
n e e d S a n d/o r to exte n d breaking lamenessPrecision mhr
fuelConsumption lactations certifications

AlIM coverage.
 Each pilot-specific

PhysiologicalCondition agriProduct
O nto | Ogy i m p O rtS at | ea Stasr\-mrphuIngicaICnndition
. leaiMitrogen
O n e d O m a | n m O d U | e kpilndicator poultryFeeding stressRecognition :
. Sector Silos lightintensity agriSystem
(and thus cross-domain)
referenceValue flockAverageige stresslLevel
C waterEfficiency silosVolume DDT’HEFLUSE
| m p O rtd animalF eedingQuality animalRawsound
_
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i EAEA I Ed,

AIM alignments | mmas

e ] = - E 5“'
FIWARE term Il'ype IAIM mapping l’napping_type IQIM module
Fiware:AgriCrop class sarefdagri:Crop equivalentClass agriCrop
Fiware:AgriFarm class sarefdagri:Farm equivalentClass agriFeature
[imare: fe SarefdAgri/Saref term lype IAIM mapping Inapping_type IQIM module
iware:Ag ]
| . nspire- . .
barefdagri:Animal rlass . . equivalentClass armAnimal
hf:FarmAnimalSpecies
barefa4; B B : B = L
. ADAPT term Il'ype IAIM mapping lnapping_type IADAPT module
tare 4
adapt:Farm class carefdagri:Farm equivalentClass (Grower
adapt:Field class sarefdagri:Parcel equivalentClass Prower
ad FOODIE/INSPIRE term type AIM mapping mapping_type AlIM module
foodie:Alert class fiware:Alert equivalentClass agriAlert
foodie:CropSpecies class sarefdagri:Crop equivalentClass agriCrop
foodie:Plot class saref4agri:Parcel equivalentClass agriFeature
agrldataspac foodie:Product class fiware:AgriProductType equivalentClass agriProduct
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AIM alignments: meta-model layer =

AIM can be aligned with high level meta-models
Current alignment with NGSI-LD meta-model, which provides the formal basis for

representing "property graphs" using RDF(S)/OWL, thus allowing AIM to

« Obtain the best of two worlds, i.e., enabling the conversion between datasets based on the

property graph model and linked data datasets that rely on the RDF framework
« be compliant and easily integrated with NGSI-LD data and models
« Implemented an OWL ontology with corresponding JSON-LD context

agridataspace-csa.eu
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AIM-based JSON-LD content

« Context links terms in a JSON file to
elements in an ontology

o @context needs to be defined and
include AIM context(s) as reference

« Main AIM context contains all AIM
terms (upper image), but also individual
contexts -equivalent to modules- may
be used (lower image)

Simple farm example

agridataspace-csa.eu
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"@context": [
"https://w3id.org/demeter/agri—-context.jsonld"

1,

"@id": "urn:ngsi-1d:farm:72d9fb43-53f8-4ec8-a33c-fa931360259a",
Il@typell: lIFarmll'
"name": "Wheat farm",

"description": "A farm producing wheat",

"hasGeometry": {
"@id": "urn:ngsi-ld:AgriFarm:geo:72d9fb43-53f8-4ec8-a33c-fa931360259x",
"@type'": "Point",

"asWKT": "POINT(11.3 44.12)"
}l‘
"containsPlot": [
{
"@id": "urn:ngsi-ld:plot:72d9fb43-53f8-4ec8-a33c-fa931360259a",
"@type": "Plot",
"hasGeometry": {
"@id": "urn:ngsi-ld:plot:geo:72d9fb43-53f8-4ec8-a33c-fa931360259y",
"@type": "Polygon",
"asWKT": "POLYGON (100 @, 101 0, 101 1, 100 1, 100 0)"
}l
"area": 2012120,
"description": "Spring wheat parcel",
"category": "arable",
"crop": {
"@id": "urn:ngsi-ld:crop:df72dc57-1eb9-42a3-88a9-8647ecc954b4",
"@type": "Crop",
"cropSpecies":{
"@id": "urn:demeter:croptype:df72dc57-1eb9-42a3-88a9-8647ecc954b4",
"@type": "CropType",
"name": "Wheat",
"alternateName": "Triticum aestivum",
"agroVocConcept": "http://aims.fao.org/aos/agrovoc/c_7951",
"description'": "Spring wheat"
}l
"cropStatus": '"seeded",
"lastPlantedAt": '2016-08-23T10:18:16Z"
}
}l



"@id": "urn:demeter:plot:72d9fb43-53f8-4ec8-a33c-fa931360259a",
"@type'": "Plot",
"hasGeometry": {
"@id": "urn:demeter:plot:geo:72d9fb43-53f8-4ec8-a33c-fa931360259y",
"@type": "Polygon",

"asWKT": "POLYGON (1¢0 o, 101 o, 101 1, 100 1, 100 0)" Fa rm relatEd
}

"area": 2012120 ~
"description": "'Spring wheat plot", O bse rvat I O n S

"category": "arable",

"crop": { I
"@id": "urn:demeter:crop:df72dc57-1eb9-42a3-88a9-8647ecc954b4", exa m p e

Il@typell: "Crop"’
"cropSpecies": "urn:demeter:croptype:df72dc57-1eb9-42a3-88a9-8647ecc954b4",

"cropStatus": "seeded", @
"lastPlantedAt": "2016-08-23T10:18:16Z" "@id": "urn:demeter:observation-20180101",
} "@type": "ObservationCollection",
} "observedProperty": "http://purl.oclc.org/NET/ssnx/cf/cf-property#normalized_difference_vegetation_index",
{ "hasFeatureOfInterest": "urn:demeter:plot:72d9fb43-53f8-4ec8-a33c-fa931360259a",
"@id": "urn:demeter:croptype:df72dc57-1eb9- | “padeBySensor": "sensor/35-207306-844818-0/BMP282",
"@type": "CropType", "resultTime": "2018-01-01T12:36:12Z" ,
"name": "Wheat", "hasMember": [“urn:demeter:observation/20180101/q1@", "urn:demeter:observation/20180101/q50","urn:demeter:observation/20180101/q90"]

"alternateName": "Triticum aestivum", ,
"agroVocConcept": "http://aims.fao.org/aos/ {
"eppoConcept": "https://gd.eppo.int/taxon/T | "@id": "urn:demeter:observation/20180101/q10",
"description": "Spring wheat" "@type": "Observation",
e "identifier": "q10",
"hasSimpleResult'": "0.27121272683143616"

"@id": "urn:demeter:observation/20180101/950",
"@type": "Observation",
"identifier": "qg5@",
"hasResult": {
"@id": "urn:demeter:observation/20180101/950/result",
"@type": "QuantityValue",
"numericValue": "0.3173256516456604",
"unit": "“qudt-unit:UNITLESS"
¥
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° [ 0 Open - .
AIM value proposition S S War
. . . e @)y (@
« AIM harmonizes and aligns relevant cross-domain ST Y v
standards with domain models, bridging various views i
on the agriculture data and providing a formal | EF
representation enablm%unamm Uous translations 2"
between them, establishing the Dasis to enable a
semantic interoperability data space QUDT
° 1 ‘o
Benefits for farmers FOODIE N " —

. . . . . . . Highslaid
* use the best suited solution for their needs, including systems and components from different technology provrd“er?%@vat@wﬁl be able to

seamlessly interoperate and exchange data (avoid vendor lock-in)
* support their decision making processes (exploiting full value of available data)

* Benefits for tech providers
* allow systems and components to interoperate with other existing solutions (focus on main expertise, reduce costs, times, efforts)
* allow providers, especially smaller (e.g., SMEs, start-ups), to enter in otherwise monopolized farming solutions.

» ensure future interoperation with other components, as long as they will produce/consume AlIM-compliant data.

Funded by the
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AIM adoption and evolution

< O @

e | agroportal lirmm fr,

« DEMETER pilots have all adopted AIM

« Still on-going development of extensions
* Issue Tracker: used to report and request for AIM changes.

« Examples of how to represent AIM compliant data
» Recommended terms

« Usage guidelines - AIM adoption

System Home | Models | Search

loanna Re

| SPARQL | Aboutthe System

173
Resource https:/w3id.org/demeter/agri/agriFeature

« How to find terms and retrieving annotations (reference terms)

« How to create JSON-LD content using AIM o 2 T T
« How to validate data is AIM compliant It T T e
« Profiling methodology by OGC g

« From a domain model to multiple implementation
patterns

. ImF)A|el\r/IT1entation of (linked) data pipelines for data integration based
on

« Data Preparation & Integration enabler/service

4 th
agmdataspace—csa.eu CAPIGI 2023, Amersfoort, Netherlands, 10" May 2023
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JSON schema

+ application/json

« application/schematjson

SKOS ConceptScheme

conceptscheme | « text/htm|

FeatureType

owL

Class Diagram

= text/html

= application/json
oge_feature s

« application/ld+json

= text/turtle

= text/html

s application/json

owl pp- e
= application/ld+json

s text/turtle

class_diagram

Object context diagram

context_diagram

the
lion
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AIM as a candidate OGC stcmdqrd

OGC Agriculture Information Model (AIM) SWG
Charter, proposed via the OGC agriculture
DWG, to specify:

« Purpose of the standard

 Business value proposition

« Scope of work

 Description of deliverables

« |IPR Policy for this SWG

 Anticipated Audience / Participants

« Domain Working Group Endorsement

Public Comment Requested
on Draft Charter of new

Agriculture

?"Information
Qlﬁ MOdel SWG

Home / About / Committees / Standards working groups

Standards working groups

Standards Working Groups (SWG) have specific
charter of working on a candidate standard prior to
approval as an OGC standard or on making revisions
to an existing OGC s '

Geospanal Key topics 4 About | Innovaf
Consortium Open
Geospctlol
Consortium

§

The Agriculture Information Model SWG will
develop, publish and maintain an Agriculture
Information Model (AIM) to support
interoperability of information in the Agriculture

Agriculture Information Model SWG

(AIM.SWG)
Domain, with emphasis on the re-use of generic

. . OGC standard iate.
View Options: [ Sho standards as appropriate

Technical Committee

Charter of the OGC Agriculture Information Model (AIM) SWG

Vote Item Start End Voter Pool (# users / orgs)

Role (183 /92)

(-]
1) Charter of the OGC Agriculture Information Model (AIM) SWG 92 Distinct Organizations

2023-03-07 2023-04-21

e Other informative information about the work of

this SWG

agridataspace-csa.eu
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26% B 24 Yes 26.09%  Req.Quorum 33.33%
10 Abstain  10.87% Current Quorum 36.96%
58 Not Voted 63.04% v QUORUM REACHED
63%



AGRI(A

DATASPACE

4 Data )
Acquisition/Collection

(Including Data Ingestion,
fProcessing, Internal Storage and
Retrieval/Access/Queryies,
\_ Different data types) )

/ 5' Heterogenous data sources '

it =0

Farm Mgmt. System, Sensor Mgmt. System,
Fishery Mgmt. System, EO registries, Data

Multiple data access methods

Data Preparation &
Integration

(including Data Protection ,
Fusion, Integration, Linking,
Extraction, Curation,
Publication/Registration,

Data Analytics
(including Data
Processing for Analysis,
Al and Machine Learning)

/

/ Semantic querying &
knowledge discovery

f
%
SPARQL
{REST APT} _E

Model
definition

: Linked Data Pipelines

Ve.- Ve ep
T shos ¥,
dﬂll‘l’l‘la dee <.

agridataspace--
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RDF ) Pata post)( RDF |(” Da@ (" Data )
rocessing | storage || Linking publicationi
_ﬁ* i

._",:":-',.'-'_. @ i
X |

i

\ )i

Data Visualisation &\

User Interaction
(including data
presentation and user
interaction)

/

Visualization & exploitation

Decision Support

IR
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From common semantic data models
to standard APIs e

ONTEXT APIS SPRINTS VIDEOS BLOGS DOCUMENTS GET IN TOUCH

_ . _ APIs for the Web
« The semantic data models provide the common language (lingua

franca) to represent data, with explicit semantics, so that different
components can understand and validate it

« The data pipelines allow the harmonization of data according to

those models in order to enable an integrated view over different —
d at a SO u rce Approved Standard @ OGC API - Common provides those Approved Standard @

elements shared by most or all of

OGC API - Features - Part 1: Core and the OGC APl Standdirds t6 ensure Environmental Data Retrieval (EDR)

- However, different components normally implement different APIs  Siiiluiiiiis, o e T mrtacosio st
that expose or consume the data ooy ot s
« ->need for standardized APIs

« ->0ngoing efforts to expose harmonized data via OGC API.

Cue s JR e

Cllia AGRI(D

B ot o 3 DATASPACE 't Netherlanc

N Records Processes Coverages
O R e o i
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Pathway towards a secure and trusted
European data space for agriculture

Thank you

CAPIGI 2023, Amersfoort, Netherlands, 10" May 2023
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